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challenges are touching the most private aspects of our lives. This connectivity that has very visible 
effects on our local economy, trade, and distribution of goods is perhaps not so obvious in other aspects 
as the effects on our local-intrinsic values. Climate change, economic insecurity, political friction, and 
some may say the forces of nature are some of the global challenges putting some share of distress in 
society, it is therefore useful and necessary the open and informed -based discussion about how to act 
in preparation for a resilient future. Technology and innovation are surely playing an important role, 
but the implementation of such is a long resource-intense process. Therefore, the knowledge and 
understanding of the underlying forces such as economic cycles, our governmental institutions, 
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importantly a local and national necessity. In a market-driven society, we are bound to compete and 
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DESIGNING AND DEVELOPMENT OF AUTOMATIC WATER CONTROL GATE 
FOR PADDY FIELDS 

S.M.M.N. Jayasinghe, W.M.A.B. Wijekoon, C.M.R.R. Chandrasekara, D.D.D Suraweera* 

Department of Electrical and Electronics Technology, University of Vocational Technology, Sri Lanka 

 

ABSTRACT 
 

Agriculture is the main source of livelihood, and rice is the staple food of Sri Lankans. This study is 
focused on water management in paddy cultivation. In paddy cultivation, "WAKKADA" is traditionally 
used for water control in paddy fields. In this method, the farmer goes to the paddy field with the help 
of a hoe and opens and closes the rows. Also, during the rainy season, one has to be constantly on the 
lookout for WAKKADA in the paddy fields and go to the paddy fields to control water levels, which has 
become a difficult, labor-consuming, and risky job in the present context due to epidemics and increased 
occurrences of lightning. In this project, an attempt was made to design a device to control water level 
by automating traditional WAKKADA and associated processes by integrating technology. By 
comparing the data provided by the farmer on water requirements to the device and measuring the water 
level in the paddy field with a sensor, this device automatically controls the water between the paddy 
fields. This is a single device that can be attached to the WAKKADA, and the devices in each WAKKADA 
communicate with other devices through Naval Reactors Facility (NRF) technology. 
 
Keywords: Paddy cultivation, WAKKADA, Naval Reactors Facility Technology, Microcontroller. 

 

1. INTRODUCTION 
Sri Lanka is a country with an agricultural economy. Paddy cultivation, which plays a major role in 

this, is done on a commercial scale as well as on a small scale. This project can be used to automate 

the water management of paddy cultivation using the concept we propose. The water level required 

varies from time to time, depending on whether the paddy is prepared before planting or after 

planting. In this case, the farmer had to go to the paddy field from time to time and close the 

WAKKADA or open the WAKKADA to control the required water level. At present, this operation 

is done manually. There is no automated technology for this yet. Due to this, farmers must go to the 

paddy fields to remove excess water, even during heavy rains. This device, introduced by us, is 

programmed to get water from a source of water as needed for paddy cultivation. In some cases, 

water is obtained from water sources for their paddy fields. In some cases, water is obtained from 

adjacent paddy fields. At present, in each of these cases, control of the water level is done by the 

farmer himself. We have proposed an automated system for this problem. 

This automated equipment section helps control the water level. In the case of rain, excess water is 

released, and the water is retained only at the required level. In the event of rain, farmers will even 

face lightning strikes by going to the paddy fields. For this reason, farmers do not need to go to the 

paddy fields unnecessarily during the rainy season, at night, or in the early morning. By inputting the 

water level, that water level flows into the field, which can be set as the farmer wants. We hope this 

 
* Corresponding author: E mail - dimuthusiri@gmail.com 
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project will facilitate the farmer's activities, as he needs to control the water level to suit the situation 

from the very beginning of paddy cultivation. 

Paddy farming is carried out in many areas of Sri Lanka. Some farmers carry out this paddy 

cultivation on a commercial scale, while some farmers do it only for their consumption. We suggest 

that this device is more suitable for commercial-scale paddy areas. This device, introduced by us, is 

programmed to get water from a source of water as needed for paddy cultivation. This device is ideal 

for the convenience and safety of the farmer 

 

1.1 REVIEW OF LITERATURE. 

1.1.1 MECHANISM OF GATE 
This project introduced a method of controlling water for paddy fields by extracting water from water 

sources. It is designed to be automated using wireless technology. In this concept, a water level sensor 

is placed in the center of the paddy field. Its output is transmitted by radio waves to a remote control 

room, which is then configured to receive the output as a command to regulate the field water valve. 

This is programmed by plc. The result is that the water valve can be opened or closed at any opening, 

depending on the water flow output required by the data analysis and control settings. (Setiawan, 

Saptomo & Sofiyuddin, 2011). 

This project proposed developing an automated water management system for large-scale paddy 

fields. Its purpose is to automatically irrigate the paddy fields or drain them automatically, reducing 

water consumption and getting a good harvest. Each field is equipped with a different set of sensors 

and two plumbing and field units for water supply and drainage. The sensor package is housed in a 

paddy field and includes semiconductor sensors to measure water level, temperature, and 

conductivity. There are pipelines and road supply and drain valves that connect to each field. 

(Sekozawa, 2010). 

Hailu and Thakur, (2018) researched the development of sliding gates in the Tigray Region, Mekelle, 

Ethiopia. They designed and developed a new gate mechanism for diversion dams that reduces 

operational and structural failure problems. Their design is a mechanical sliding gate that operates 

with human power. There is no electronic or electrical automated controlling part. 

Sanjula et al., (2020) did a project in Sri Lanka and developed a water-gate control system for paddy 

fields using the Internet of Things (IoT). Mainly they use the IoT method for the system they create 

to control the paddy field water. The automatic water gate control system added several 

environmental factors through a smart module fitted with sensors to get to know what the situation 

on the paddy field is. Users are provided with a graphical interface that facilitates the processing and 

display of all real-time data and forecasts of rainfall and reservoir water levels. And control depend 

on users. 
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2. METHODOLOGY 

 

 

 

 

 

 

 

 
2.1 FLOW CHART 

Figures 1, 2, and 3 gives an idea of how the project works and how the device differs from each other. 

Here, we mentioned 2 types of gate types according to the paddy fields. The methods of obtaining 

water from the paddy fields are to obtain water directly from a water source or to obtain water from 

the adjacent paddy field. 

• Paddy fields in the middle that is not directly connected to the water source (source is adjacent 

farmer field)- Indirect method 

• The first paddy field directly connected to the water source – Direct method 

Gate type 1 is the gate device that is mentioned for paddy fields that obtain water from the adjacent 

paddy field. Gate type 2 is the gate device that is used for the first paddy field which is directly 

connected to the water source while obtaining water. In the direct method, the same gate type 1 

devices are used for other paddy fields. Also, in most cases, the average value is obtained while 

getting the sensors reading values. These gate devices communicate with each other and for that, we 

have used the NRF module. 

L= the required water level for the paddy field provided by the farmer 

I= Sensor reading water level value  

X= The distance from the lower limit of the water level of the first paddy field to the lower limit of 

the water level of the water source 

Y= The difference between the distance from the lowest water level in the first paddy field to the 

lowest water level in the water source and the height of the water level in the first paddy field  (L-X) 

  

Figure 1: Traditional WAKKADA & Prototype sluice gate mechanism 
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Figure 2: Flow chart of gate type 1 Figure 3: Flow chart of gate type 2 
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Figure 4: Parts of sluice gate mechanism 
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2.2 WORKING METHOD 
2.2.1 FRAMEWORK, SLIDE GATE, AND SIDE PLATES 
We first build the framework with an aluminum plate. In this U shape frame, the slide gate opens and 

closes the gate by moving it up and down to get water for the paddy field. In this way, to make the 

framework in the shape of a U, the whole set is made 90 degrees and welded. It is then fixed using 

beading to prevent water leakage between the framework and the slide gate. A 3mm thickness iron 

plate was used to make the side plates. The purpose of using these two side plates is to secure the 

gate well. 

 

2.2.2 SENSOR DESIGN 
We designed a sensor to measure the height of the paddy field water level.  We used a two-inch PVC 

pipe for this. It is slightly larger than the width of the two speakers on the ultrasonic sensor so it's 

easily placed high in the circular section.   The ultrasonic sensor has a top-end cap on the tube to 

protect it from moisture conditions.  PVC pipe height is 300 mm which is the average height. 

“NIYARA”.  The tube has two bottom windows.  This causes water to enter the inlet pipe. The bottom 

of the tube has an aluminum plate.  This allows the base of the device to be located on a larger area 

of the field.  Also, the aluminum plate has two long wires at both ends.  It should hit the ground in 

the field. This prevents the device from moving around and attaches it to our main gate with another 

aluminum ring-like holder and an aluminum plate. 

2.2.3 SAFETY METHOD 

• Waterproofing Method: The electronic circuit is included in the control box of our device.  Also, 

due to the ecosystem in which we install our devices, water can affect the electronic circuit at any 

time. Therefore, we will inform you here about a method to make our circuit waterproof. We can 

use nail polish, silicone, and potting compound to waterproof the circuit.  

• Thrust Collar: In this case, a thrust collar was used to connect the motor and the gate and prevent 

the motor from going down.  This is used to prevent the thread from coming down from the motor 

when moving up and down on the follower nut thread.  This is due to the increase in the force 

exerted on the thread.  This is a safety device used to prevent the motor from going down due to 

the increase in weight when the slide gate is lifted by the motor.  Applying this will make the slide 

gate move up and down steadily.  

• Mesh Cover: The mesh cover was made of metal and coated with anti-corrosion paint to prevent 

corrosion.  This mesh cover is used to prevent debris such as hooks and debris from entering the 

gate.  This mesh cover is designed as a safety device to prevent damage to the beading, thread 

screws, and other parts of the gate. 
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2.2.4 ENCLOSURE 
The enclosure mainly contains two circuits. The main circuit here controls the main output device in 

our design, a motor.  To control it, we need inputs. They are obtained by a Hall Effect sensor and 

ultrasonic sensor and control the motor. This circuit is made on a dot board which is used for circuit 

soldering.  We planned to connect many parts with jumper wires.  For that, you can see the female 

headers here. Also, the NRF module used to communicate between the gates is connected to the 

microcontroller through a jumper wire. The other circuit here is the relay circuit.  A small signal 

received from the microcontroller is developed and caught by the transistor called bc 547 by changing 

the direction of the motor with the help of a relay. The material we have used to create this control 

box is PVC.  The farmer can control the operation of our gate by its push button.  Also, we did not 

forget to install a four-segment display here for the farmer to see the values that he changes.  The 

control box can be seen in two parts. They are the top lid and the bottom part that contains the circuit 

called the "box". Rubber beading should be used to seal the control box and to remove the heat inside, 

let's think of using windows cut in a shape so that water does not enter inside or a heat sink. 

All the above-mentioned parts help in the operation of the prototype gate design. U shape frame helps 

the slide plate in our gate to move up and down. The slide plate moves up and down and is held 

between the rubber beadings. The power to move the slide plate up and down comes from a gear 

motor. Power is transmitted through the motor to the slide gate through a lead screw and a follower 

nut.  According to the amount of rotation of the motor, how much the follower nut moves is 

determined by the programming given to the atmega328p microcontroller. Hall Effect sensor reading 

and ultrasonic sensor reading are used as input for that. A hall effect sensor was installed in the gate 

frame to know the openings of the slide gate. The farmer can input the desired level of water in his 

paddy field with the help of the input button.  Motors require a potential of 12V and a current of 

approximately 1A.  We designed and used a separate relay module to switch them. All the parts here 

are powered by a 12V AC to DC power supply. The reason for that is use this is a prototype design.  

There is a separate part in the main control circuit which contains a 7805 voltage regulator transistor 

to get 5 voltages to the microcontroller and other parts.  Also, it was planned to provide 3.3 voltage 

to the NRF with the help of the resistor at the same place. 

 
3. RESULTS AND DISCUSSION 

In this prototype design, the gate operated-accordance with the data provided by the farmer. Here we 

have installed the sensor designed for each gate. It is necessary to obtain an average of the water level 

in the paddy field using the same sensors. If the sensor reading value is lower than the water level 

given by the farmer, the gate opens and receives the necessary water from the water source or from 

an adjacent paddy field.  If the value of the sensor reading is higher than the value given by the 

farmer, then excess water will be disbursed by opening the gate. Thus the gate will automatically 

adjust the water level of the paddy field required by the farmer. 
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4. CONCLUSION AND FUTURE DEVELOPMENT 
4.1 CONCLUSION 
Water control is an important part of paddy cultivation. It is because the amount of water required 

varies at different stages of paddy cultivation. At present, the water is controlled by the farmer 

manually using WAKKADA. It is a difficult and risky task for the farmer to do it manually. 

Therefore, as a solution we have developed, an automated system. Through it, the water control 

process can be done automatically as per preset values. This automatic gate is designed to be activated 

by obtaining the required water level data using sensors and comparing those values with preset water 

level data fed to the system manually by the farmer. This can be described as a very efficient and 

convenient device for the daily work of the farmer. This automatic gate can be introduced as a 

technical solution to a major problem in paddy cultivation.  It is more suitable for paddy cultivation 

as it is designed to operate the gate in a way that is convenient for the farmer and also to get maximum 

efficiency at the lowest possible cost. However, in the project we only tested the prototype on 

simulated conditions, therefore system needs to be field tested under real conditions and need to be 

finetuned based on the field test results. 

4.2 FUTURE DEVELOPMENT 

• For the device we have set up, the farmer manually enters the value by the button input at the 

height of the water level required for the paddy field. To do so, the farmer has to go to the paddy 

field. But as a development part of this device, the farmer can enter the required data without 

having to go to the paddy field. By creating an app using wireless technology, we can provide the 

necessary data from home very easily. Then the farmer will have the opportunity to make his 

cultivation work easier.  

• As another development opportunity, it can be done using a GSM module. The gate of the paddy 

field is activated by taking the data input of the water levels that we provide.  If one of these gates 

becomes inactive, it can be indicated immediately using a GSM module and we can set up a 

massage.  Doing so will allow us to quickly identify any gate or failure. Also by using the GSM 

module we can know if there is a failure even in adverse weather conditions.  GSM is more reliable 

as it does not have signal issues like IoT. 
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ABSTRACT 
 

Bedsores are a type of injury that occurs in a person who is completely or partially paralyzed 
and has been staying in the same position for a long time. Bedsores are extremely painful and 
inconvenient for the patient. Due to the effect of bedsores on patients, bedsores must be prevented. 
The primary goal of the research is to control the temperature and pressure to prevent bedsores, 
which are the primary causes of bedsores. A mattress, specially designed for use in the medical 
profession, and a special water cover are utilized. A computer provides input data to the interface. 
The DS18B20 sensor monitors the patient's body temperature fluctuations, and the data is sent 
back to the Raspberry Pi3 model B through the WIFI module. The programme analyses the data 
and operates the solenoid valve to allow water to flow through Peltier. The data is obtained by a 
pressure sensor, and the solenoids are operated accordingly to regulate pressure by directing 
water to an inclining mattress. The objectives could be met while the clinical application for 
direct patients and various clinical circumstances were noted as project limits. 
Keywords: Bedsores; Pressure ulcers; Bedsore preventing. 

 

1. INTRODUCTION 
In the twenty-first century, several biomedical advancements and ideas are offered to the world to 

improve human life and well-being. A few devices only provide therapy in combination with proper 

regulatory methods and practices. Bed sores are typically developed by patients who must spend a 

significant amount of time in bed in the same position. They are also known as pressure ulcers and 

decubitus ulcers. They are occurred reducing the blood circulation to vulnerable areas of the body 

joints such as heels, shoulders, elbow, and tailbone. (Mayo Clinic, 2020). 

The ability to change body positions and time spent in the same position are the key risk factors for 

developing bedsores, therefore if the patient spends a long time in the same position, the probability 

of bedsore formation increases. Even with treatments, some of them are difficult to heal. Therefore, 

prevention of the development of bedsores is important (New England Journal of Medicine. 2018). 

This project entails the development of a hardware-software integrated system for preventing 

bedsores by utilizing primary contributing parameters, temperature, and pressure. 

Various ideas and implementations from the field of biomedical engineering are brought forward to 

monitor bed sores, taking into account all patient factors and providing knowledge to the research 

facilities (New England Journal of Medicine, 2018). This treatment method is used for the 

convenience of the patient and to ensure the patient's good health. Therefore, the main focus is to 
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provide additional support for the survival of the patient in a way that doesn't harm his life. For this 

purpose, this has been introduced as a patient care device, under the doctor's recommendations, 

conclusions, and full supervision. 

 

1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 

Certain drugs are used to treat bed sores both internally and externally to avoid the further deepening 

of ulcers caused by pathogenic activity (Johns Hopkins Medicine Health Library, 2018).  

Even though there are several existing bedsore monitoring systems, they do not track patients' vital 

metrics for bedsore occurrences, such as temperature and pressure. However, reducing the risk of 

bedsores over time enables medical professionals to monitor patient movements over time. 

To keep the patient's body regulated at a constant temperature without increasing body heat in areas. 

There are air mattress systems in which cold air or air that maintains room temperature is circulated 

orderly across the mattress (Indian Journal of Plastic Surgery, 2012). Using the same principle, cold 

water is also utilized in those mattresses. 

Taking into account all of the aforementioned factors, the project's main goal was to design and 

implement a hardware-software integrated system to predict and monitor bedsore-causing parameters 

and to provide an effective therapeutic output to prevent bedsore occurrence. 

 

2. METHODOLOGY 

 

 

 

 

 

 

 

 

 

 

Figure 1: Hardware block diagram 

 

Here, the Peltier element and the flow rate of the water pump affect the temperature control. The 

pressure is affected by the flow rate of the water pump. To check the temperature, mattresses filled 

with water at different temperatures were used. Also, to check the pressure, water mattresses filled 

with different weights of water were used. 
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The pressure and temperature sensors capture the patient's blood pressure and body temperature. 

These values were transmitted over the internet to a local server running on the Raspberry Pi 3 single-

board computer. This local server has a database where sensor readings are stored. This local server 

also hosts the HTML-based web user interface. During this period, the Peltier, submersible water 

pump, and solenoid valve are used to circulate the water on the mattress. Peltier translates the 

circulating water's temperature variation. The hot and cold water flows are controlled by the water 

pump and solenoid valve. An AC-to-DC converter powers all of these electronics. 

The system was built using hardware components to perform three key functions: data collection, 

data processing, and data transmission to the database. Furthermore, peace fair Through the sensors, 

the ESP-32 controller was used to collect temperature and pressure. In addition, a controller was used 

for data processing and control. The ESP-32 module was used to transport data to the database over 

the internet. To connect to the internet in this module, a WIFI network was employed. A relay module 

was also employed to control the output of the solenoid valve. The node red platform was used to 

implement the GU. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Node red user interface 

The node-red user interface was implemented to monitor bed temperature, pressure value set by the 

user, temperature set by the user, temperature of water flowing into bed, and temperature of water 

flowing out of bed, as shown in Figure 2. Also, through this user interface, it is possible to monitor 

the ON/OFF status of the water return valve, cooling valve, heating valve, and water valve. Three 

operation modes (Constant temperature & pressure mode, Constant pressure mode, and Constant 

temperature mode) could be set by changing the software configuration. 
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Figure 3: View of the final product 

3. RESULTS AND DISCUSSION 
When checking this out, we mainly focused on how long the temperature and pressure can be raised 

to a suitable level. According to medical opinion, it is important to reach this level gradually. 

It was concluded that approximately 24 s of time is taken to change the pressure applied on 1 kg. 

When considering this time, it takes more time to regulate the pressure applied to a higher weight. 

The reason for that is that it should be regulated under control to maintain the functions of this system 

optimally.  

 Table 1: Time changes with weight increasing 

 

 

 

It was also found that approximately 32.4 S is required to change the temperature by 10 C. Serious 

health issues can occur if we change our body temperature rapidly. Therefore, the flow rate is set to 

the level where the temperature regulates gradually. 

Table 2: Time changes with temperature variation 

 

Several factors affect the regulation of temperature. Those factors are the room temperature at that 

time, the body temperature of the patient, and the target temperature of this treatment. When the target 

temperature is higher than the room temperature and the body temperature is lower than the room 

temperature, it may take a longer time than mentioned here. Such cases can rarely occur, and on such 

Weight (Kg) Time(s) 

2 54 

5 117 

10 248 

Actual Temperature (C) Time(s) Target Temperature (C) 

20 354 27 

25 110 27 

30 40 27 



Towards a Resilient Future – Opportunities and Innovations 

14 
International Research Symposium – 2022   University of Vocational Technology 
 

occasions, the process can happen as mentioned above. But, in cases where the body temperature is 

higher than the room temperature and the target temperature is lower than the room temperature, it is 

easier to reach that temperature level. Therefore, the time taken may be lower than expected. But, as 

the flow rate is controlled, it may not appear to be a huge difference. 

This device works in two ways to prevent bedsores.  That means receiving data from the sensors and 

changing the parameters according to them and controlling the pressure and temperature. The above 

results show that the temperature of the relevant mattress can be changed according to the body 

temperature.  It is observed that the body temperature can reach a favorable temperature value from 

the risk temperature zone of bedsore occurrence. 

 And when we focus on pressure, we can see that pressure can also be regulated according to different 

values.  Therefore, by varying the pressure, this risk can be reduced to a pressure value. Therefore, 

since the patient's temperature and pressure are constantly measured, it is possible to reach some 

preliminary conclusions by comparing those values. Considering all this, this device can monitor the 

factors related to the occurrence of bedsores and prevent the occurrence of bedsores following the 

data.  If necessary, some scope is also open to making predictions by analyzing the data. 

Finally, considering this, it can be concluded that the bedsore prevention system with predicting and 

monitoring bedsore-causing parameters has been completed properly in the relevant industry.  

We are unable to test this equipment on humans because before going for human trials there is a long 

procedure to obtain permission to do human trials. Permission should be obtained from particular 

government organizations. Also, that includes working under some rules and regulations. For the 

testing procedures, we need to get permission and approvals from the national medicine regulatory 

authority, which is under the ministry of health. Therefore, this equipment has been tested under the 

preliminary testing procedures. 

4. CONCLUSION(S) RECOMMENDATIONS & LIMITATIONS 
Due to the economic changes in the world, people have become busier. They spend most of their time 

trying to fulfil the main requirements for living. But today's workforce will get old in the next several 

years. At that time, they require the help of another person to fully fulfill their needs. In this case, 

they have to face several problems, like the fact that the caring person doesn't have enough knowledge 

of caring. If they have, there may not be enough time to care for them or her well. The problem that 

is being considered here is an issue that a great number of elderly people have to face. When people 

get older or get into a paralyzed situation, the main issue they have is bed sores. Two water mattresses 

were used, and a system was developed to continuously circulate the water through them. The body 

temperature of the patient was compared with the temperature that was recommended by the doctor, 

and the water was circulated by the system by increasing or decreasing the temperature and keeping 

the patient's body at the recommended temperature. The same procedure was carried out in the case 

of pressure. By maintaining the temperature and pressure that are the main factors in the formation 



Towards a Resilient Future – Opportunities and Innovations 

15 
International Research Symposium – 2022   University of Vocational Technology 
 

of bedsores, the occurrence of bedsores could be effectively prevented by this bedsores-preventing 

system. 

Bedsores are precisely caused by the friction and pressure between the person and the surface he 

touches, causing the body surface to heat up. But since it is very difficult to measure, body 

temperature is considered a factor. To check the accuracy, it has to be done with the authority and 

permission of the patient as well as various parties. 

For the future development of this, since water is used here, it is hoped to include a water leak 

detection system and safety methods; to obtain and store data related to body temperature changes 

daily; and to refer to the study of medical complications during those days. 
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ABSTRACT 
 

Every human and animal need to live free from any disturbance. But these days, human-elephant 
conflict is the biggest crisis that people have faced in rural areas of Sri Lanka. Every day, the 
villagers have to walk along the electric elephant fence to find out if the electric fence is broken 
or if there is a fault. If a fault is identified, it will be reported to the wildlife ranger officer. 
Villagers who go to check electric fences do not properly inspect; they do not properly 
communicate with the wildlife officers. Time is wasted trying to find a fault in an electric fence. 
Conventional fault-finding methods' cost is high. Therefore, this research paper introduces a 
device to mitigate the above problems. We install the device on every strain post in the electric 
fence (the length between two strain posts is 250 m). If a fault occurs, we can determine that it is 
located between the fault-detecting device and the pre-strain post device. As a result, wildlife 
officers can pinpoint the location of a fault within 250 meters. Fence faults can be quickly 
identified because this device identifies faults using a voltage divider circuit. The voltage divider 
circuit measures the voltage difference in the wire. This device uses a 900A GSM module to send 
SMS to wildlife ranger officers. 

 
Keywords: Electric Fence, Fence fault finding, Human - Elephant conflict, Location detecting. 
. 

1. INTRODUCTION 
One of the significant problems in Sri Lanka right now is the loss of life, property, and crops caused 

by human-elephant conflicts. The government of Sri Lanka has erected electric fences in areas where 

there is human-elephant conflict to prevent damage caused by human-elephant conflicts. The 

conventional way of doing electric fence fault-finding in Sri Lanka is that an authorized person goes 

along with the electric fence to search for faults every day. It is time-consuming work and adds 

additional workload to the wildlife rangers. 

This research aims to design and manufacture a cost-friendly electric fence fault-finding system that 

helps detect electric fence faults easily and quickly by using new technologies. The novelty of this 

system is the use of a wireless communication system (GSM) to quickly find the faults and send the 

data to the wildlife ranger officers to maintain the electric fence. This project's main objective is to 

develop a mechanism to reduce the time to find faults and get data from those devices.  

The Smart Electric Fence Fault Finding System uses a voltage-detecting device every 250 meters. 

One electric fence has 20 devices within a 5 km range. Therefore, the rangers can get an update on 

the status of the electric fence and where the first damage occurred on the fence within a short period. 

All voltage detectors were indicated at their first damage point. Rangers must focus their attention on 

the first indicated damage point, after it is repaired, they can get an update on the rest of the fence. 
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This system works using wireless ss 7 (GSM) protocols to transmit data. and an individual mini solar 

panel is used to power up those voltage detector devices. 

1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 

Human-elephant conflict is one of the biggest issues in Sri Lanka (Köpke et al., 2021). Human-

elephant conflict has gradually increased in the past decade. It causes harm to the Sri Lankan elephant 

population and the lives and properties of humans (Fernando et al., 2008). An average of over two 

hundred elephants and seventy to eighty human lives were lost during the human-elephant conflict. 

The last official elephant count issued by the Department of Wildlife Conservation in 2011 counted 

5879 elephants in the Sri Lankan wild. According to Prakash, Wijeratne, and Fernando (2020), the 

failure of traditional physical fences to prevent deaths caused by human-elephant conflict and 

elephant-train collisions necessitated the development of novel approaches to problem management. 

The elephant is an enormous and clever animal that cannot be effectively controlled by physical 

barriers; the majority of construction has been built without considering long-established elephant 

passages. Therefore, human habitats and infrastructure, such as highways, should be pre-planned 

following a larger strategy to allocate natural resources to each party in such a way that natural 

habitats are not affected even more than is feasible. Instead, they invented bee sounds, tiger sounds, 

and drone sound alarm systems (Dampage et al., 2021). As a result, a proposed system that detects 

the presence of elephants, raises alarms for concerned parties, and coordinatively and tactically repels 

the animals back to safer places has been suggested. According to experimental data, the sounds of a 

drone and the sounds of tiger growls both have a significant preventive effect on elephants. In terms 

of encounter and retreat reactions, the sound of bees and the low-frequency burst had similar results, 

but elephants that had faced this alarm for a long time were shaped up for those sounds. so further 

that an alarm system was not an effective solution to the human-elephant conflict. As the solutions 

to the human-elephant conflict have been invented many times over many years (Dissanayake et al., 

2018). James Eastwood invented the electric fence alarm system. It mainly has two parts: an alarm 

transmission unit and an alarm receiving unit. The breakpoint was found with the help of an alarm 

transmission unit, which sent a unique transmission signal to the receiver (Jayasuriya et al., 2017). 

This system can only detect two conductors and also wants an additional power line to energize the 

transmission unit. So, it was suitable for short-distance electric fences and low-cost electric fences. 

If you wanted to transmit long-range, you should have used long-distance transmitters and an 

additional high-quality power line with the fence. Therefore, the Department of Wild Life 

Conservation in Sri Lanka has used General Electric fences across the country. (Osterburg, n.d.) The 

electric fence has many conflicting requirements. It needs to be safe for humans and animals. It means 

it should not cause death or injury to any animal or human. 
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2. METHODOLOGY 

 

 

 

 

 

 

 

 

Figure 1: System layout of the smart electrical fence fault finder 

Figure 1 describes the system layout of the smart electrical fence fault finder. In Sri Lanka, electric 

elephant fences use strain posts every 250m. This fault-finding system is installed on every strain 

post. Every fault-finding system consists of a voltage-detecting system and a GSM module. If the 

fault happens, the voltage detection system will detect that there is no voltage on the fence. Wildlife 

officers, via the GSM module, will be notified via an SMS about which pole of the fence is faulty. 

Then wildlife range officers can quickly fix the faults of the electric fence. Voltage-detecting devices 

are used in the solar system to power up the device. every device has a 6 V mini solar panel on the 

top of the device to charge the battery. device powered by a 3v battery and uses a boost circuit to get 

5V output. 
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Figure 2: Fault finding block diagram 
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Figure 2 describes the Smart Electric Fence Fault Finding Method. First, the system checks if there 

is a voltage on the fence. The system is programmed to collect the number of pulses in one minute. 

After one minute, the system will compare the number of pulses detected and the voltage of the fence. 

If the system detects more than 30 pulses within one minute, it means there is a current flowing along 

the fence. If the current flows through the fence wires, the Smart Electric Fence Fault Finding System 

checks if the voltage is less than 3 kV. If so, it sends a message through the GSM module to the 

wildlife ranger officer to report a fault in the electric fence. If NO (greater than 3kV), it doesn't send 

the message. Then the Smart Electric Fence Fault Finding System checks the messages for a message 

from a wildlife ranger officer. If wildlife ranger officers want to inspect the electric fence, they can 

send the message "check" to the Smart Electric Fence Fault Finding System. The Smart Electric 

Fence Fault Finding System then begins to determine whether the electric fence voltage is less than 

3 kV. If so, notify the wildlife ranger officer via the module that the electric fence is damaged. If the 

voltage is greater than 3kV Smart Electric Fence Fault Finding System, verify that the time is 4.00 

pm or 6 am. If the time is 4.00 pm, the system will turn on and automatically turn off at 6.00 

am.  When it is turned on, it starts measuring the voltage through the electric fence wires. If the 

voltage was less than 3 kV If so, notify the wildlife ranger officer that the electric fence is broken. If 

the voltage is greater than 3kV, return to the start position and start the system. 

 

2.1 DEVELOPMENT OF THE PROJECT 

Figure 3(a) describes the voltage-reducing device. It has a high voltage resistor bank that is parallel 

connected with two 10MΩ resisters and connected serially with six 1MΩ resistors. All resistors are 

covered by high voltage insulating flux to avoid current leakage between the ends of the resistors. 

This device connects the electric fence wire and the voltage-detecting device in parallel. It reduces 

11kV to 5V, which can be detected by the microcontroller. To connect devices to the fence wire, a 

high-voltage DC wire is used.  

 

 

 

Figure 3 (a): Voltage Reducing device Figure 3(b): Micro Controller Circuit 
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Figure 3(b) describes the microcontroller circuit. The AT Mega 328P IC is used to control this device. 

because it has low power consumption and is easy to program. The 12V solar charging battery 

management device is used to charge the battery. A red LED is used to indicate the power-on status 

of the device. 

 

 

 

 

 

 

 

 

 

Figure 3(c) describes the inside of the final prototype of the Smart Electric Fence Fault Finding 

Device. It consists of a GSM module, a microcontroller circuit, a 12V solar battery management 

system, and a Li-Ion battery. The prototype enclosure is a normal waterproof enclosure. 

3. RESULTS AND DISCUSSION 

When final testing is done, you will get the message from the Smart Electric Fence Fault Finding 

System when it detects an electric fence voltage of less than 3kV. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 shows when sending the "Check" messages to the Fence Node 1, Node 2 only.  Node 1 

(Fence Alert 1) does not send the fault-detecting message. Node 2(Fence Alert 2) sends the fault-

detecting message. Then the officer can identify that there is a fault between Node 1 and Node 2. 

Figure 3(c): Inside of the Electric Fence Fault Finding System 

Figure 4: Send "Check" SMS 
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Node 1 is working correctly because Node 1 did not send the message. But Node 2 sends the fault-

detecting message. 

 

 

 

 

 

 

 

 

 

 Figure 5 shows the final view of the prototype of the Smart Electric Fence Fault Finding System. It 

has a plastic enclosure box with a high voltage insulation vax. High voltage insulation vax protects 

from high voltage electricity. The enclosure box is also weather-resistant. It protects the components 

on the inside. 

4. CONCLUSION(S)/ IMPLICATIONS/ RECOMMENDATIONS & LIMITATIONS 
The Smart Electric Fence Fault Finding System is designed to minimize the errors of traditional 

electric fence fault-finding methods. Conventional electric fence fault-finding systems are traditional, 

time-consuming, and require people to walk along the electric fence to find the fault. It can also cause 

human errors by not finding the faults in the electric fence. Smart Electric Fence Fault Finding uses 

new technologies to find the faults in the electric fence and minimize the errors of conventional fault-

finding methods, focusing mainly on the maintenance of the electric fence in the event of a fault. 

When it comes to designing and completing the Smart Electric Fence Fault Finding System, we first 

gather information about the human-elephant conflict, the electric fence systems and components of 

the system, and the methods used to find faults. We got information from the wildlife conservation 

department, and we visited Wasgamuwa National Park. We gathered more information from the 

wildlife ranger officers about the practical situation of the current fault-finding methods. From the 

gathered information, we design the device to minimize the current fault-finding method errors. But 

when it comes to designing and completing the Smart Electric Fence Fault Finding System, we face 

a lot of difficulties. Finally, we designed this prototype and tested it on our homemade electric fence. 

When this device is installed on the real fence post, the enclosure must be made using waterproof 

material. The estimated cost of the installation of this system is LKR 12000.00 per unit device. There 

is a cost of LKR 240000.00 per fence. but it will save wasting time finding fault, transportation costs 

for travel, and salaries of the employee who allocates the find fault. 

 

 

Figure 5: Final Output of Smart Electric Fence Fault Finding System 
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ABSTRACT 

 
The consequences of chemical weeding methods in the agriculture field become an important 
global issue for sustainability in food production and the weeding process of farming is a 
challenging task. Among all renewable energy sources, solar energy is the most suitable for 
agricultural activities. Therefore, the solar-powered farm assisting robot was designed and 
developed to contribute to farming operations. The aim of the project is the replacement hand 
weeding and fertilizing in farming with a farm-assisting robot working at the field level. Most of 
the previous inventors have developed agricultural robots with fuel consumption, which will not 
only be consuming more financial resources but also reduce the sustainability of food production. 
This proposed method, contained a solar panel and rechargeable battery for power consumption 
to reduce air pollution and designed a mechanical weeding mechanism such as a plough-type 
rotary tool. The advantage of this solar-powered farm-assisting robot is that it does not require 
any fuel or petrol to perform. This robot was designed to be remote control. For fertilizing task, 
there are three fertilizing outputs each on the left and right side. The flow of fertilizer from the 
tank will be controlled by solenoid valves. 
Keywords: Agriculture, Agribot, Solar-powered, Weeding, Fertilizing. 
 

1. INTRODUCTION 
The agriculture sector in Sri Lanka always acts as a major economic strength to the national economy 

as it ensures the food security, employment, and poverty alleviation of rural communities. Nowadays, 

the effect of weeds on the crop is a dangerous threat to the organic farming system in Sri Lanka. It 

leads to the pull-down of the economy of Sri Lanka. 

Bambaradeniya et al. (2001) weeds are an important biotic constraint to achieving increased 

productivity having direct and or indirect interferences with crop production. Rao et al. (2017) 

indicate that weeds have caused about 50% of crop yield losses, in addition to reducing the quality 

of the crop harvest and threatening the native biodiversity of Sri Lanka. 

The majority of small-scale farmers are suffering to reduce the threats of weeds and manpower for 

fertilizing. The main goal of this project is to reduce the effects of weeds and fertilizing without 

manpower. 

The solar-powered farm assisting robot was designed and developed including a few agricultural 

tasks. This farm-assisting robot was designed with a pair of two front wheels and rear wheels and the 

robot is a two-wheel drive. The pair of front wheels are powered by motors to perform in the field. 

This farm-assisting robot can perform two multi-tasking to reduce or remove weeds and spread 

fertilizer, by using resources. It can perform various agricultural tasks automatically without wasting 

time and use of manpower in the farming field. Structure of the autonomous robot, with a mobility 
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platform that has four lags (wheels) that can able to move independently at any point in the farming 

field. The robot can able to remove 95 percent of the weed in a single row. 

                           
Figure 1: Solid work design of the robot       Figure 2: Farm-Assisting Robot 

1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 

From a literature survey, one of the developers developed an autonomous weeding robot for an 

organic farming system and the objective of this project is, the replacement of hand weeding system 

in organic by use of an autonomous robot. This autonomous robot was developed with a diesel engine 

and hydraulic transmission system. they also used mechanical actuators to remove weeds between 

the crops (Intra-row). In this paper, they mentioned many other solutions for weeding but the only 

solution for intra-row weeding is the use of a mechanical actuator. 

This project addresses the new agricultural robot with solar energy consumption 

because nowadays it’s cost-efficient and convenient. The solar-powered farm assisting robot is able 

to perform from 6 to 8 hours per day. For this operation, the suitable power source is solar energy. 

Because solar energy is long-term. Also, solar energy is sustainable for crops and the environment. 

2. METHODOLOGY 

The Solar-Powered Farm Assist Robot was designed with four lags (Wheels) robot platform. This 

robot is based on Atmega328p Microcontroller, Bluetooth communication method, DC motors and 

relays. Other components are interfaced with a microcontroller to perform various performances 

which are weeding and fertilizing. This farm assist robot is controlled by a remote by using Bluetooth 

communication method. The wireless Bluetooth protocol is used to operate the robot in four 

directions (front, back, left, and right), releasing fertilizer by solenoid valves and operating the 

weeding tool. The development of this farm assist robot has followed a few major key points such as 

low-cost, Autonomous, solar-powered, user friendly, easy maintenance, lightweight and non-

hazardous. 

To get a proper prototype of the farm-assisting robot and accomplish our objectives, we followed 

some stages from the beginning. 

• Proper literature survey 

• Got ideas by Hand sketching 

• Converted to engineering drawing using SOLID WORKS 
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• Designed circuit diagrams using Proteus 

• Motors and controller selected by proper calculations 

• Chassis designed with proper material 

 

Figure 3: Block Diagram of Farm Assisting Robot 

2.1. ROBOT CHASSIS 

This part mainly focused on the robot structure/ body with lightweight, therefore the solar-powered-

farm assisting robot body was built using a galvanized iron square tube (ASTM A36). The robot has 

four wheels that can move independently in the farming field. It can be able to adjust the high and 

width of the body according to the type of farming field. 

 

2.2. PLOUGH-TYPE WEEDING METHOD 

Mechanical weeding has been regarded as an important part of agriculture. In this project, a plough-

type mechanical weeding mechanism was designed and mounted to the front of the robot platform to 

archive the weeding task. For the weeding process, there are four major technologies (thermal, 

electrical, mechanical, and chemical). Already indicate the advantages of the mechanical method and 

the disadvantages of other methods. The solar-powered farm assisting robot can reduce 95 percent of 

weeds between rows without injuring crops by using this mechanical method. 
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Figure 4: Plough Type Weeding Mechanism 

2.3. FERTILIZING METHOD 

In fertilizing task, a customized fertilizer tank was designed and mounted on the top of the robot 

body. There are two fertilizing outputs on each left and right side. The flow of fertilizer from the tank 

control by solenoid valves. When the user presses the pushbutton where in our remote-control device, 

the solenoid valves open for fertilizing task. Also, can adjust the distance of fertilizing output nozzles 

according to crop distance. 

2.4. POWER MANAGEMENT SYSTEM 

One of the most complicated sub-systems in Solar-powered farm assisting robot is the power 

management system. Solar power is the best way to get free energy. The main objective of using solar 

power is every dry cultivation farmer gets the best quality optimum harvest with positive 

environmental impact and low cost. This system is containing a photo voltaic (PV) panel, solar 

charger controller, and rechargeable battery. In a few surveys of a related project, the existing robots 

were archived the related tasks by using fuel energy or rechargeable battery. The main objective of 

using solar energy is to reduce burning fuel and cost. Already indicated the effects of burning fuel 

above. Another problem was identified from the literature survey, a single rechargeable battery was 

used to archive this related task. These types of robots can use only 2 hours of work per day or have 

to recharge again and use. But in solar-powered farm assisting robot, has a 12V rechargeable battery 

and solar panel on the top of the robot body in the robot chassis and it will recharge automatically by 

solar energy, therefore it was designed with a 12V-20V output range solar panel. The robot can work 

12 hours a day and can also work in any weather conditions by use of the battery. 

Battery charging time = Battery capacity 

    Solar charger output 

35Ah 

12A 

2.91 h  
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Figure 5: Block Diagram of Power Management System 

2.5. REMOTE CONTROL METHOD 

For this part, the specific circuit diagram was designed and customized with a microcontroller 

including a Bluetooth module, and potentiometer, and fixed some buttons such as the pushbutton and 

joystick buttons. The remote device can be operated easily by farmers also. When providing a 

command to the robot by remote control device the signal will send through the Bluetooth module 

which is fixed in the remote controller and the command signal will receive by another Bluetooth 

module were interfaced in the robot microcontroller circuit. After the command signal is received, 

the microcontroller will execute the command. 

2.6. VEHICLE MOVING SYSTEM 

The robot moving system performs a major role in the entire robot system. This system was 

implemented as a two-wheel drive (2WD) with two DC 12V, 45 rpm wiper motors. The robot moving 

system controls the robot and its four directions (front, back, left, and right). This system consists of 

two DC motors to handle the robot and they are controlled by the motor driver and the motor driver 

is controlled by the user using the remote controller. In the selection of a motor controller to control 

the motor, the most suitable one that BTS7960B. with this motor controller it is very easy to generate 

a high signal and PWM signal. These two signals can control the rotation and speed of the wiper 

motor. 

                      

           Figure 6: Windscreen Wiper Motor               Figure 7: BTS7960B Motor Controller 

 



Towards a Resilient Future – Opportunities and Innovations 

28 
International Research Symposium – 2022   University of Vocational Technology 
 

3. RESULTS AND DISCUSSION 

The solar-powered farm assisting robot is based on 2WD system with two wiper motors. Only the 

wiper motors can archive the objectives at a low cost. Some information was collected namely the 

speed of the motor with time. 

Table 1: Wiper Motor Speed Test Results 

Time (s) Speed (rpm) 

0 0 

1 3 

2 7 

3 11 

4 15 

 

According to the test result, the motor will take 8-10 seconds to work with high rpm. 

3.1. MOTOR SELECTION CALCULATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSION/ IMPLICATIONS/ RECOMMENDATIONS & LIMITATIONS 
The prototype of a Solar-powered farm-assisting robot will be more beneficial for both small- and 

large-scale farmers. Weeding and fertilizing are essential and high-cost operations in any farming.  

Requirement power 

calculation for motor 

(without load(fertilizer) 
Fmoving = m × a 

= 16kg × 2ms-2 

= 32Kgms-2 

= 32N 

Fnormal = mSFAR × g 

= 16Kg ×9.8ms-2 

= 156.8N 

FFriction = c × Fnormal 

= 0.04 × 156.8N 

= 6.27N 

FSFAR = Fmoving + FFriction 

= 32N + 6.27N  

= 38.27N 

 

ζ = FSFAR × Reff.wheel 

= 38.27N × 0.25m 

= 9.56Nm 

P = FSFAR × V 

= 38.27N × 1.19ms-1 

= 45.54W 

≈ 46W 

Requirement power 

calculation for motor 

(with load(fertilizer)) 

Fmoving = m × a 

= 21kg × 2ms-2 

= 42Kgms-2 

= 42N 

 

 

Fnormal = (mSFAR + mfertilizer) × g 

= (16Kg+5Kg) ×9.8ms-2 

=205.8N 

FFriction = c × Fnormal 

= 0.04 × 205.8N 

= 8.23N 

FSFAR = Fmoving + FFriction 

= 42N + 8.23N 

=50.23N 

ζ = FSFAR × Reff.wheel 

= 50.23N × 0.25m 

= 12.55Nm 

 

P = FSFAR × V 

= 50.23N × 1.19ms-1 

= 59.77W 

≈ 60 
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Collected some information by discussing with a few farmers about the cost which were spent to 

accomplish weeding and fertilizing for their farming and the effect of weeding and effects for a crop 

without fertilizing. However, according to their information, it can be concluded that more consumer 

costs and time are consumed to accomplish this operation manually. 

The main thing about this robot is, this is an electric vehicle with zero emissions. When compared to 

other types of agricultural robots, it has zero-emission therefore, no effects on crops and a positive 

impact on the environment. Hope this will reduce the problems that farmer face in the farming field 

and increase the efficiency of plant growth. 
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ABSTRACT 
 

A water meter is used to measure water consumption. They are used to measure the volume of 
water used by residential and commercial buildings, supplied by the public water supply system. 
Water consumption in Sri Lanka is calibrated in liters. According to the traditional method of 
water meter reading, the meter reader visits the meter once a month and takes the meter readings. 
But the smart water meter allows consumers and water suppliers to automatically monitor the 
amount of customer water usage, in addition, it's giving consumers greater visibility and control 
over their usage and water bills. It is displayed on the water meter display and can be read by 
customers using their mobile devices. In this system, a web application enables stopping the flow 
of water at a specific rate specified by the customer. It provides data on peak utilization and other 
information that can be used by consumers and utilities. Using smart water meters allows water 
suppliers to quickly find and fix leaks. Furthermore, water suppliers can send monthly bills to 
customers without visiting the customer's location. Also, the customer can stop the water supply 
after exceeding the limit by entering the water or water bill to limit the water consumption as 
required. 
 
Keywords: Consumption, development, monthly bill, web application, water meter. 

 

1. INTRODUCTION 

Water is a human basic need. In a busy life, humans need to manage their life easier because it will 

be affected the human economy. So smart water meter has been designed to help human day-to-day 

life easier. It will save time and money for the consumer and water supplier. The smart water meter 

has been designed to work with national grid power and solar power. Instant meter reading has been 

saved to memory in the control board and data will be uploaded to the cloud system in periodical 

time intervals. Customers can be logging into the cloud system (unpaid trial version) and be able to 

view daily consumption and analytical information during the given period. In addition, meter readers 

can download meter readings via WiFi to handheld devices using the meter reader mobile application 

with this system, it is expected to facilitate consumers to make better service, save water as a resource 

and reduce the meter reading cost of the national water supply board. Sustainable energy can be used 

in areas where well sunlight. It will help to use this device in a wide range of rural areas. 

1.1 REVIEW OF LITERATURE 

In Sri Lanka Water Supply Schemes cover 34 % of the total population with pipe-borne water supply. 

10.5% of the population is served with pipe-borne water supply by some Local Authorities, NGOs, 

and Community Based Organizations. 13% of the population is served with hand pump tube wells. 

So, 44% of the population uses a conventional water meter to measure the volume of water used by 
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residential and commercial building consumers. Most of the meters are calibrated in cubic meters 

(m3). The traditional method of water meter reading is for the meter reader to visit the meter once a 

month and takes the meter readings. In the water meter, there are two different color numbers where 

red numbers are liters and white color numbers are kilo liters. here, the monthly water consumption 

is measured by subtracting the previous month's meter reading from the current meter reading. In a 

busy life, human needs to manage their life easier because it will be affected the human economy. So 

smart water meter has been designed to help human’s day-to-day life easy. It will save time and 

money for the consumer and water supplier.  

In 1790 Reinhard Woltman, Hamburg Germany applied a multi-bladed fan to measure flowing air 

and water. The pilot tube was first described in 1732 by Henri de Pitot as a device for sensing water 

velocity and ship speed. In 1850 Werner von Siemen designed the Woltman meter to be applied in a 

closed conduit. In 1884 L H Nash for an oscillating piston meter. This semi-positive metering 

principle is currently used in a large number of modern designs. The first commercial meter appeared 

in 1950. In this project also electromagnetic Hall Effect sensor is used for the development of a water 

meter (Asia-Pacific Legal Metrology Forum APLMF, October 2019) 

According to introduce and studied An Efficient IoT-based Smart Water Meter System of a Smart 

City Environment. That was different from other systems that we discussed. They used two separate 

nodeMCU for cloud services and measuring purposes. Also, they are using only AC power to charge 

the battery but we are using solar power and ac power to charge the battery. (Raad AL-Madhrahi et 

al, June 2021) 

A Smart Meter for Water Utilization using IoT research discussed a system for measuring water flow 

and volume display on a serial monitor, it also discusses sending data to the cloud but the paper did 

not describe it clearly. In this project, we are including a water flow controlling part of their project. 

(Anandhavalli, April 2018). According to domestic-type water meter measurement errors under 

varying flow rates and water pressures. He determined measurement accuracy affected by water 

pressure is negligible. Whereas water pressure affects the measurement accuracy at lower flow rates. 

(Karadirek, 2020) 

 

2. METHODOLOGY 

The connectivity of hardware modules, protocols, and software tools are required for the designing 

of a smart water meter. This section explains the building blocks of the systems. The smart water 

meter block diagram is shown in Figure 1.  

The smart water system consists of three major systems. 
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I. Water Measuring system 

We used the YF201C water flow sensor to measure water consumption. When water flows through 

the rotor, the rotor rolls, and its speed changes with different rates of flow. This change of speed is 

known as the Hall Effect signal and is sent to the raspberry pi board.  

 

 

 

 
 

 

 

 

 

 

 

Figure 3: Block Diagram 

The basic relationship for determining the liquid’s flow rate in such cases is X=VxA,  

Where, 

X is flow rate  

V is average velocity of the flow 

A is the cross-sectional area of the pipe  

Pulse y (Hz) = 7.5X, X is flow rate in L/min 

Flow Rate (L/h) = (Pulse frequency x 60 min) / 7.5X 

Sensor Frequency (Hz) = 7.5 * X (Liters/min) 

Liters .= X * time elapsed (seconds) / 60 (seconds/minute) 

Liters = (Frequency (Pulses/second) / 7.5) * time elapsed (seconds) / 60Liters = Pulses / 

(7.5 * 60) 

II. Main Power supply and charging system 

The whole process is powered by a Li-Ion battery. The battery is charged by the solar power system 

and main power supply. There is an additional dc 12V input as per customer requirement. All of the 

calculations are done assuming the water meter has a 24/7 working time 

• The relay module is working with 5V voltage and 70mA current so, it gets 0.35 W power  

Power consumption of the relay module (per month) 0.35W x 24h x30 = 252Wh  

Cloud 
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• 0.96 OLED display gets 0.06W power so, its monthly power consumption is  

0.06W x 24h x 30 =xs 43.2Wh  

• The solenoid valve working voltage is 12v and it gets 4.8W power in working mode  

Power consumption (per month) =4.8W x 24h x 30 = 3456Wh  

• The water flow sensor works with 5V DC and 15mA current .so it gets 0.075w power  

Power consumption of water flow sensor (per month) = 0.075W x 24h x 30 = 

54Wh  

• Total power consumption per month=3805.2Wh 

III. Data Communication system and information display 

The sensed data will be processed and sent to the cloud through a using Wi-Fi connection. Real-time 

data saving on the raspberry pi board can be achieved every 5 minutes and the update interval can be 

changed by the supplier. The database is updated through Wi-Fi. Then the user can log into the web 

page application to check the consumption, also he can control the water consumption through the 

user interface. Suppliers also can check the water consumption of the user. If the user exceeds the 

user limit, the supplier can stop the flow of the water. In addition, Suppliers can identify unauthorized 

usage of the water through their database analysis.  

 

3. RESULTS AND DISCUSSION 

The water flow sensor is used to measure the flow rate. oscilloscope waveform and its parameters 

such as Frequency, Amplitude, Pre-shoot, etc as shown in Figure 2. We conduct this test, we used a 

water flow sensor, raspberry pi board, display, and power supply unit. After preparing the code 

(needed to measure the flow rate) we checked the code and uploaded it to the raspberry pi board. then 

water flow sensor, display, and power supply unit were installed. 

 
Figure 4: Flow sensor Oscilloscope waveform 

Then started the run this and send stream of water through the sensor. Then we could see the flow 

rate using the display and calibrate the flow rate using raspberry thonnyID as shown in Figure 3. 
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Figure 5: Flow sensor reading 

WEB Application (Liqua X) 

We created the local host server using raspberry pi and we named it LIQUAX as shown in Figure 4. 

It helped consumers and suppliers to control and get an idea about water usage. Using this smart 

water meter system consumers and suppliers can control the valve without reaching the place. If 

consumers use a water supply connection without payment or using of limited volume supplier can 

disconnect the supply remotely. 

 
Figure 6: LiquaX website 

Figure 5 shows the final overview of the final product. 

 
Figure 7: Final Product  
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  Figure 8: Smart water meter distribution point  locations 

4. CONCLUSIONS/ IMPLICATIONS/ RECOMMENDATIONS & LIMITATIONS 
A water meter is a device that can measure the volume of water. Especially water meters can measure 

the volume of water used by residential and commercial buildings that supply water from the supply 

chain. Normally traditional water meters work with a mechanical system, therefore meter readers 

should collect data one by one. But in the traditional meter, customers cannot get an easy idea about 

average usage, monthly usage, etc. in smart water meters have more benefits for suppliers and users. 

In this system, customers can view their daily consumption, monthly consumption, average 

consumption, price limit, and consumption limit. When exceeding the water limit, or leakage of the 

domestic line, customers can identify easily and disconnect the supply easily as shown in figure 6. 

 The supplying parties, also have special benefits. It can reduce the labor cost of the meter readers. 

When suppliers add this smart water meter according to the purposed grid system they can get a lot 

of benefits. This is the method of applying this system to new housing schemes. in this method 

suppliers can get more important data such as,  

• Find the leakage of the system - When the supply chain works properly, supply volume must equal 

the total volume of users. In some cases, it unbalances suppliers can find the leakage lane easily.  

• Find unauthorized users - Some peoples use water for commercial purposes but they use the 

domestic connection. This system can monitor this type of unauthorized use.  

• Disconnect water supply remotely - Somebody uses a water supplying connection without payments 

or overusing of limited volume then the supplier can disconnect the connection remotely.  

When maintaining selected areas, the supplier can access for disconnect the water supplying the 

connection. This system can disconnect the supply separately by the distribution point or the 

beginning of the lane. 
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ABSTRACT 
 

The roofs of most houses in the suburbs are very high, making it impossible for them to repair the 

roof. Due to the changing climate, the roofs of the houses become discolored and change their 

durability. There, asbestos roofing sheets deteriorate due to the inability to paint the roof on time. 

The objective of this project is to coat roofs with asbestos roofing sheets using the latest 

technology and paint on roofing sheets by the required standards. People in many urban homes 

are suffering from these conditions. After asbestos roofing, the paint will peel off and the sheet 

will rot. But nowadays most of the people who lead a busy life are not able to dedicate time to 

this. As a result, people in those homes continue to suffer. As a solution to this, it is proposed to 

create a robot to paint roofs with asbestos using modern technologies and knowledge. It can spray 

paint evenly, covering even the smallest pores, giving it a good look and durability. This painting 

robot can do more work in less time than a human-intervention painter. Further enhancement of 

this robot will enable it to apply paint not only on the roof but anywhere in the house. 

 
Keywords: Automation, Mechatronics, Robotics, Safety, Spray painting. Obstacle sensor. 
 

1. INTRODUCTION 
In the past, people used wood parts, such as straw, coconut twigs, and palm branches as roofing 

materials and their durability were low. They used various tactics to increase it. The new technology 

methods are roof tiles, asbestos sheets, Zinc aluminum sheets, and I-roof sheets. These things are 

gradually getting to use. The special thing is that the materials used today have a better finish and 

durability than the materials used in the past. Over time, things like algae appear on the roof. Also, 

changes in physical stretchers are caused by processes such as expansion and contraction in the 

presence of ambient temperature. Due to the acidity of the rain and the salinity of the sea breeze in 

the coastal areas, it undergoes a chemical process. The above defects interfere with the durability and 

finish of the roof. Therefore, the roof is painted as an alternative to this. It can bring great benefits to 

the homeowner. They are resistant to algae and water-sealing, thermal-sealing, and chemical-resistant 

properties, and can have a color and finish that suits the individual’s preferences. There are several 

methods of painting. Two of them are painting the paintbrushes and painting the spray gun. There 

are paint lines when applying paint with a brush, but there is a high finish when applying spray paint. 

You can also save on paint. The paint sprayer method is widely used in roof painting. There are two 

methods of painting. Air spray and Airless paint spray. This robot uses the air spray method. The 
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painting process consists of two layers. The first coating mixes 30% water with paint. In the second 

coat, 20% water is mixed with the paint and applied. This takes about 30 minutes at 30 oC to dry 

(touch dry). It takes an hour at 30 oC to dry completely. It can also cover an area of 12 to 15 m2 per 

liter. Its thickness is about thirty microns. After painting the roof with the above, its durability is 

longer than before. There are several reasons to use robotics for painting. The ability to save the life 

of the person being painted, the ability to minimize damage to the roofing material when a person is 

on the roof, and the ability to do more work in less time and at a lower cost. There are several roof 

restoration companies in Sri Lanka as well. Their people climb on the roof and paint. Therefore, after 

the production of this robot, the painting roof is moving in a technically new way.  

 

1.1 REVIEW OF LITERATURE 

Xu (2021) developed a repairing cable of cable-stayed bridges. This system has two types of 

operation methods. It is automatic and manual. manly try detecting in repairing damaged and overlay 

this system has two structures. first is the structure of the grinding, cleaning, and spray mechanism 

and it includes the Rotary platform, The grinding mechanism, The cleaning mechanism, spraying 

mechanism. The second is the winding mechanism and it includes the Lifting platform, the Rotary 

platform, the pressing mechanism, and the tape-wrapping mechanism.STM32F103CBT6 controller 

uses this system and transmitting part and reserving part connect by NRF24L01 radiofrequency 

transgressed module. All parts have been said to be successful. It uses a spray tank for spraying paint 

and a linear solenoid to activate it. The process of moving down and up is done by the climbing 

mechanism. The painting process is done by rotating the rotating platform. (Xu et al., 2021) .  

                                           
                        Figure 1. The overall structure of the spraying mechanism & winding mechanism 

Iqbal (2013) published A Novel Track-Drive Mobile Robotic Framework for Conducting Projects on 

Robotics and Control Systems. This system uses a space system consisting of a lander and a robotic 

rover. The robot is connected to the wire with a tether that serves the purpose of power delivery and 

communication. it's landing on a planetary surface. the lander directs and navigates the robot to the 

location from where soil samples need to be collected. The tracking resolution is ±6cm. Although the 

implementation of a trivial control algorithm (PID) has been discussed the framework can be used to 

realize more sophisticated control strategies like Sliding Mode Control (SMC), Linear Quadratic 
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Regulator (LQR), etc. they are used ATMEL family controller AT90CAN128 chip, LMD18200 

motor driver, 10500 rpm dc brush motor and 84:1 ration Planetary gearhead use for rubber tracks 

(Iqbal, 2013). 

              

Figure 2. End elevation of robot 

 

Vishal (2020) published a design of flying robot painting system for Indian railway passenger 

coaches. It is said that a small amount of paint can be applied over a large area and the environmental 

impact can be minimized. Drone DJI M. 200 technology is also used to apply the paint. This system 

is used the airless spray paint method in Graco LW025A pneumatically operated pump. The spray 

nozzle of the gun is blocked by any fine paint particles and the pump will stop painting, but the drone 

continues to move. In the system, presented here, the human has to pause and bring the drone to the 

home position, clear the blockage, and then the drone shall go to the paused location by start painting. 

They were assumed to be designed the pause the drone and clean the nozzle automatically. In this 

design, they use a hose of 6 m. When the drone moves beyond 6 m, but the coach length is 25 m, the 

worker has to move the pump (Vishal, 2021) 

 

 

 

    

 

 

      
       Figure 3: Dimension of railway passenger coaches                                Figure 4: Drone         

Nalawade (2019) published an Industrial Roof Painting Robot. They have used relays, ultrasonic 

sensors, and motor drivers interfaced with it to control the locomotion and spray painting. they made 

efforts to develop a system to get the industrial as well as domestic metal roofs painted efficiently. 

Arduino is used to take the input with the help of a keypad and LCD and input from an ultrasonic 

sensor. Output to the motor drivers and relay module for spray painting. The robot is designed using 

CREO and analyzed by ANSYS. Open-source Arduino Software (IDE) is used to develop a program. 
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They state that all attempts have been successful and that it is possible to vary the distance between 

the spray and the surface. 

 

               
Figure 5: RP robot 

 

2. METHODOLOGY 

Block Diagram  

 
Figure 6: Block Diagram 

In the creation of this robot, it was divided into six parts, designed and developed. There, we control 

the part by rf remote control, lithium iron battery pack to provide power, dc gear motors and chain 

wheel system to move, height system and rotation system, and painting system. It was set up to be 

airless and connected to the smart camera to capture images for the vision system. In addition, IR 

distance measuring sensors have been designed for the safety system. 

 
                        Figure 7: Side Basic View              Figure 8: End Basic View  
First step - First, the robot was placed on the roof. should be placed on the roof. The left wheel was 

placed on the left end slot of the roof. should be placed on the left end slot of the roof. Then paint 

tank was filled as required for painting and the tank was closed. fill the paint tank as required for 
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painting and close the tank. After switching on the system, calibration was started and shifted to the 

second step. start the calibration and shift to the second step. 

Second step - The second step was started at the end of the calibration. This starts at the end of the 

calibration. the starting point for applying the paint was applied manually. The robot was moved by 

using the remote to the starting position to paint the roof. 

Third step - The robot then moves the nozzle part up and down, spraying ink. The camera can monitor 

and check the situation. Then the robot moves down and sprays paint from the painting part again as 

before. That way the first strip was painted. 

Fourth step - A 90-degree turning section and a lifting section were used to move to the second 

column. First, the rubber track was lifted by the lifting part and the track is rotated 90 degrees and 

then placed by the lifting part itself. Now the track can move left and right. After that, the robot will 

turn the track 90 degrees and move to the top of the roof to move to the right and go to the second 

section and go up and down again. After that paint was applied as before. 

Fifth step - This process begins with painting the last Colum of the roof. The paint nozzle part was 

turned 90 degrees and the robot moves down applying paint from top to bottom. When looking at 

the last position, a box of about 40*40 is left. It has to be painted manually. 

 

                                 

            

                                             Figure.9: Asbestos Roof Painting Robot                   

 
3. RESULTS AND DISCUSSION 

 
 Figure 10: Actual view of the project 

 



Towards a Resilient Future – Opportunities and Innovations 

42 
International Research Symposium – 2022   University of Vocational Technology 
 

Result of the Moving Part  

After the robot was built, its movement instructions are associated with three parts. It was observed 

that the three parts of the moving part (Chain track, lifting part and 90-degree rotating part ) easily 

walked on an asbestos roof with 300 angles. It also can move up and down and left and right separately 

on the roof.  

 
Figure 11: Up to down mode 

Capable of reading up to 500M in remote areas when remote controlled. However, a Wi-Fi facility 

should be provided for smart cameras. Or the robot can connect directly to the operator's phone. Then 

the robot can shoot scenes without any problem while moving. This robot can shoot at low speed 

very easily due to the use of ESC. The remote can handle the robot very easily due to the channel 

mixing capability. In addition to the visuals of the camera, the sound can also be heard, so even the 

sound of a technical error in the device can be identified.  

Result of the Painting Part 

The nozzle can be moved by the linear travel stage, and the pump sends ink to the four nozzles. The 

same nozzle has the ability to change the way the dot is shot. In addition, the nozzle panel can be 

lowered in height. 

 
Figure 12: up to down mode 

4. CONCLUSION 

Create a robot that can move on an asbestos roof and paint over it using the latest technology. Most 

houses in urban areas are covered with asbestos roofing sheets. Roofs with those asbestos roofing 

sheets are discolored due to climate change over time. Using a robot can have a more systematic 

finish and be a safer operation than having a person climb on the roof and paint on it. It is also possible 

that asbestos roofs may explode due to their body weight due to people walking on asbestos roofs in 
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most homes. Also, in the sale of paints by individuals, it is not possible to apply the paint to a finished 

surface. There are also many problems, such as the paint not moving well into the small holes in the 

asbestos sheets. To overcome this situation, we used the latest technology to create a robot that paints 

asbestos roofs. Because of this, there is no risk to life, and even small holes in the paint can be sprayed 

in a tactile manner. Therefore, a good finish can be obtained on the surface. Further development and 

use of this robot can solve many problems that arise in Sri Lanka. 
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ABSTRACT 
 

To maintain safety and smoothness in traffic flow on any type of construction zones connected to 
roads, the usage of a manual traffic controller or human controller is very essential. An 
Automated Traffic Control System for Construction Zones is designed to replace a manual traffic 
controller on a construction site. In the first stage, one or both flagmen are expected to be 
replaced with our design device during the two-lane closures in the event of road traffic in any 
construction area. Mistakes and inefficiency can be made during the manual traffic controlled by 
flagmen. It could be a fatal traffic accident to a flagman during manual operation. Additionally, 
construction projects require 24 hours and 07 days of traffic control in different weather 
conditions. Implementing new technologies in automating the traffic flow in construction sites 
could possibly eliminate the usage of conventional flagmen at all times. Therefore, an Automated 
Traffic Control System for Construction Zones is a practical solution to solve problems that will 
be contributed to hazards at the construction site and to be in line with the safety regulations 
which will be taken into granted by the relevant authorities. An Automated Traffic Control System 
can be reduced time and money wasted on both parties, direct costs in manpower utilization, and 
increase safety for road users and construction workers by eliminating the need for a flagman. 

 
Keywords: Automated Traffic Control, Flagman, Microcontroller, Ultrasonic Sensors, Wireless 
Connections. 

 

1. INTRODUCTION 

Using a manual traffic controller as a flagman is essential in maintaining safety and smoothness in 

traffic flow at a construction area or a site. Such a practice was introduced a long time ago; since 

then, it has been widely in practice worldwide. Figure 1 shows the present practical scenarios at said 

locations. Mainly there are two scenarios as shown in Figure 1(a) and Figure 1(b).  

 
Figure 1(a): Traffic controlled without using Flagman            Figure 1(b): Traffic controlled by using Flagman 
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1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 

Construction zones-traffic accidents are a continuing problem in many countries around the world. 

The safety regulations are revised by responsible authorities periodically to ensure a safer working 

environment in a typical construction site area. The prime concern in a construction zone connected 

to roads is the safety of construction workers and road users.  

An automated traffic control system for Construction Zones has been designed to replace a manual 

traffic controller on a construction site attached to roads. At the outset, one or both flagmen are to be 

replaced with this designed device during the two-lane closures in the event of traffic control in a 

construction area. This is an around-the-clock automated traffic control system for construction 

zones; no equal system has yet been implemented in the local context. Figure 2 shows the model 

assembled for the demonstration of our design, which will overwrite the conventional flagmen 

practice.   

 

 

Figure 2: View of our Model (Under the initial design stage)  

There has been a requirement to implement an automated system for the manual operation of 

construction zone traffic by construction companies or contractors. Our design increases the accuracy 

and efficiency of construction area traffic control. Implementing new technologies in automating the 

traffic flow at the construction site could be eliminating the critical duties of conventional flagmen 

at all times. An automated traffic control system for construction sites is a practical solution to solve 

problems that will contribute to prevent from hazards in the construction area connected to roads and 

be in line with the safety regulations which will be taken into consideration by the contractors and 

the relevant parties 

1.2 AIM   

Our main focus is to design an Automated Traffic Control System for Construction Zones connected 

to roads, replacing the existing manual traffic control system. 
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1.3 OBJECTIVES  

● To design an intelligent automated road traffic control system for construction zones.  

● To introduce a safe & easy handling construction zone-road-traffic control system. 
● To assemble the control circuits to check the viability of the solution. 

1.4 FIELD SURVEY  

Before implementing our design, some preliminary data was collected by contacting some 

Construction Companies in Sri Lanka to get their feedback about our design of an Automated Traffic 

Control System for Construction Zones. Table 1 shows the summary of the field survey.  

 
Table 1: Summary of Field Survey 

No. Name of the Company Present 
System  

Proposed System by 
our group 

Remarks by Company 

1 M/s. Ceylex Engineering 
(Pvt) Ltd 

Manual  Accepted  Cost & Durability 

2 M/s. Sierra Construction 
(Pvt) Ltd 

Manual  Accepted Durability 

3 M/s. Sanken Construction 
(Pvt) Ltd 

Manual Accepted Performance & 
Accuracy 

4 M/s. Finite Lanka (Pvt.) 
Ltd 

Manual  Accepted Cost 

5 M/s. K.D.A. Weerasinghe 
& Co. (Pvt) Ltd 

Manual Accepted Cost  

6 M/s. Vasisri Construction 
(Pvt.) Ltd 

Manual Accepted Cost 

7 M/s. Squire Mech. 
Engineering (Pvt.) Ltd 

Manual Accepted Cost, Performance & 
Accuracy 

 

2. METHODOLOGY 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Device distance gap in the actual condition  
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Road traffic on each side of the construction site is monitored using three numbers of ultrasonic 

sensors per side. Each sensor was located every 50m distance gap and connected to the main 

controller unit through the wireless connection. The following dimensions are shown in Figure 3 is 

the calculated values for each component after completing the field study with the selected 

equipment. 

Another two numbers of ultrasonic sensors are used as counters, to be fixed at both ends of the critical 

zone in a two-lane. The total number of vehicles passing each traffic light unit is to be temporarily 

saved in the control unit and compared with another end to make sure all the vehicles are passed 

before the transition of the traffic light changes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: System Flow-chart  
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The length of the traffic is identified by the microcontroller as per the sensor inputs and gives priority 

to selecting the traffic lane to move the vehicle through the critical zone. The conventional flagman 

is replaced by a servo motor-operated gate with two indicator lights (Display as Red=STOP and 

Green=GO). The Figure 4 demonstrates the Flow Chart of our design. 
 

2.1 DESIGN ARCHITECTURE  

The Design Architecture of our design is shown in Figure 5,  

 

Figure 5: Design Architecture 

 
3. RESULTS AND DISCUSSION 

Determine the vehicle blocked side,  

Let’s say it is Side-A (Left Side)  

Side-B (Right Side) is not blocked 

Note:  NO= Vehicle is Not Coming  YES= Vehicle is Coming  

 

 

 

 



Towards a Resilient Future – Opportunities and Innovations 

49 
International Research Symposium – 2022   University of Vocational Technology 
 

Table 2: Possible Results of both Sides at Two Lane 

# Side-A Side-B Action Taken as Result Remarks as Analysis 
1 NO YES Keep Side-B Open only Side-A is Closed 
2 YES NO Keep Side-A Open only Side-B is Closed 
3 YES YES Detect the Length of the vehicle on Side-A 

Close Side B and Open Side-A  
Provide priority for Open 
the Gate  

4 NO NO Both Gates are Closed STOP light (RED) is kept 
ON 

5 Emergency Situation  The automated function is Paused and 
operation by Manually  

As per the requirements 

6 System Fault Gates are Half-Open and Lights are Blinking  No Automated Function 
is available till it is back 
to normal   

 

 

3.1. MAIN COMPONENT ARRANGEMENT 

The main component placement of our design is shown in Figure 6. 

 

1. Programmable        

Microcontroller  

2 Servo Motor 

3 Communication Module used 

as Wireless Connection  

4, 7, 10 Ultrasonic Sensor 

5, 8, 11 Microcontroller 

6, 9, 12 Communication Module 

used as Wireless Connection 

13 Flag 

14 LED-Green- "GO" 

15 LED-Red- "STOP" 

16 Solar Panel 

17 Solar Panel Control Unit 

(Regulator, Battery & etc.) 

18, 19, 20 Vehicles 

 

 

 
Figure 6: Component Arrangement 

Initial Step 

To determine the side with more traffic by comparing Count 1A and 1B - 
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Time interval for comparison can be given as an Input 

When One Side is closed, the number of vehicles in the queue is to be determined, 

For Side-A, Count 1A- Count 2A 

Rate of accumulation = Number of vehicles in queue 

                                                      Time elapsed 

If, Rate of accumulation > Count 1B,  

Then, it can be determined that More traffic is on Side-A. 

4. CONCLUSION & RECOMMENDATIONS 
The implementation of a new technology shall be a wise step in ensuring the safety of flagmen and 

road users on a construction site. Visualization of technology growth has shown mass changes to 

mankind in many ways in their daily lives.  

The revolution of an Automated Traffic Control System for a construction zone attached to roads 

creates a compact solution for more hazardous situations as highlighted in this project. The 

implementation of such technology could result in saving a considerable amount of time and Rupees 

in damage, and the most important factor is to prevent life losses. 

Such an approach has been taken in developing an Automated Traffic Control System for 

Construction Zones, which is believed to provide a better and safer indication to the Construction 

Companies, Contractors and the public.  

In common practice, the human controller is always placed in a high-risk location in a construction 

site area. The awareness of safety signs and safety regulations should be complied with by both the 

contractors and the road users as the first avoiding to avoid unwanted accidents to happen. 

Appropriate measures should be taken by the responsible authorities in affording to minimize the risk 

involved to the flagman on a typical construction site. 

Therefore, an Automated Traffic Control System emphasizes the elimination of a human controller 

from the conventional practice in many construction site areas. 
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ABSTRACT 

Drying is used to attain the quality of coconut husk chips in most Asian countries. Fluidized bed 
drying (FBD) outperforms here as it prevents adverse impacts on product quality, such as cell 
rupturing and case hardening. To date, there has been no effort to apply FBD to manufacturing 
coconut husk chips. Thus, an automated fluidized bed dryer, which utilizes a Proportional-
Integral-Derivative controller to keep the hot air temperature constant throughout the dryer is 
proposed. A published work was referred to obtain the optimum design ranges of machine 
components that were made from mild steel. The machine’s performance was evaluated at two 
hot air temperatures (60 and 90℃) by using two moist chip sizes (0.5 and 0.9 cm3). Overall, the 
machine is capable of efficiently attaining and maintaining the desired drying temperature. It can 
fully dry 5 kg bed of moist materials in less than 20 min and is recommended for respective 
industries as a convenient way of assuring product quality. 

 
Keywords: Fluidized bed dryer; Coconut husk chips; PID temperature controller; Drying rate. 
 
 

1. INTRODUCTION 

Coconut husk chips, which are consisted of coir pith and fibre, are ideal moisture retainers due to 

their considerably high water-holding capacity (up to 8-9 times their dry weight) (Paramanandham 

et al., 2014). They are also advantageous in terms of high availability, quality, consistency, and 

comparatively low production costs. Due to these reasons, coconut husk chips are used as an 

alternative to popular growing mediums (e.g., grow bags), animal residue absorbers, water purifiers, 

and organic fertilizers (Arancon, 2008, Ambagahakumbura, 2015). India and Sri Lanka are the 

primary producers of coir products (Arancon, 2008). In commercial manufacturing of coconut husk 

chips, drying is mainly used to meet the quality requirements (Adikari, 2016). Sun drying is a 

common practice for wet coconut husk chips to a safe moisture level before they are compressed 

(Fernando and Amarasinghe, 2016, Elmehri, 2020). However, sun drying has prominent drawbacks 

such as process slowness, weather uncertainties, long rainy seasons, high labor costs, and large area 

requirements. Flash drying, oven drying, and rotary drying are also practiced in Sri Lanka to dry 

coconut husk chips. However, due to non-uniform drying usually taking place in these techniques, 

cell rupturing and case hardening of coir pith may occur (Fernando and Amarasinghe, 2016).   

Fluidized bed drying has been reported as an effective way of drying moist solids (Jangam et al., 

2009). Some notable advantages of this technique include a high drying rate, relatively low capital 
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cost, ease of process control due to stable conditions, assurance of uniform temperature across the 

dryer, robustness to rapid temperature changes, and applicability for large- or small-scale operations 

(Varghese et al., 2014, Obregón et al., 2013). Nevertheless, there has been no research to process 

dried coconut husk chips by fluidized bed drying. This study aimed to build an automated fluidized 

bed dryer for drying coconut husk chips that can ensure even temperature distribution throughout the 

dryer to fill the research gap. This work is significant as it offers a convenient way to prepare quality 

dried coconut husk chips for the appropriate industries.  The three research objectives include, (1) 

designing and fabrication of the machine, (2) setting up a suitable temperature control system (to 

achieve constant hot air temperature) and (3) characterization of drying kinetics performed by the 

machine. In this article, the design and fabrication strategy of the machine is discussed first, which is 

followed by the evaluation of the machine’s performance. Here, the performance is discussed under 

temperature controller and drying kinetics, and a cost analysis of the machine is also provided to shed 

light on financial aspects.  The conclusions of the study and recommendations for future work are 

detailed last. 

 

2. METHODOLOGY 

2.1 DESIGN AND FABRICATION OF THE MACHINE 

A fluidized bed dryer is composed of a drying chamber (plenum), hot air pipe (nozzle), gas chamber, 

distribution plate, and blower (or heat pump), with facilities to measure the temperature and airflow 

rate (Senadeera et al., 2003). During the design, the sizing of each component is specified while 

ensuring that fluidization is taken place. As shown in Figure 1, there is a minimum velocity for air to 

initiate the fluidization (i.e., minimum fluidization velocity or 𝑈𝑚𝑓).  

 

Figure 1: Fluidization patterns in a fixed bed of materials (Mujumdar, 2014) 

𝑈𝑚𝑓 is given by Eq. (1) (Mujumdar, 2014), where 𝜌𝑝, 𝜌𝑝 and 𝑑𝑝 denote for the density of moist 

materials, density of air and diameter of an equivalent spherical particle. For this dryer, two particle 

sizes were used, namely 0.5 cm3 and 0.9 cm3 (See “Analysis of drying kinetics” for more details). 

For those, 𝑈𝑚𝑓 values were computed as 0.74 m/s and 0.82 m/s, given 𝜌𝑝 = 0.15 g/cm3 and 𝜌𝑎 = 

0.001059 g/cm3 . Usually, the air velocity inside a fluidized bed dryer is maintained around 1 m/s in 
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most reported works and the hot air blower was selected for the dryer considering these facts while 

ensuring that velocity is more than 𝑈𝑚𝑓 .  

 

𝑈𝑚𝑓
2 =

𝑑𝑝(𝜌𝑝 − 𝜌𝑎)𝑔

24.5𝜌𝑎
 (1) 

 

The gas distributor has a significant impact on the performance of a fluid bed dryer. Some notable 

design parameters in this regard are: the ratio of orifice diameter (𝑑0) to the distribution plate 

thickness (𝑡), percentage of the open area of the distribution plate, the aspect ratio of the drying 

chamber (or plenum chamber) (i.e., 𝐻/𝐷, where 𝐻 is the height and 𝐷 is the diameter), and position 

of the gas inlet nozzle (Jangam et al., 2009). Jangam et al. (2009) determined the optimum value 

ranges for these parameters through computer simulation and experimental study. In this study, three 

experimental setups with a drying chamber diameter of 200 mm (note: chamber height differed), 

distribution plate diameter of 150 mm and nozzle diameter of 76.2 mm were developed and tested. 

Here, the decision parameter was the maldistribution function (𝑀), which is the percentage deviation 

of air distribution in the dryer from the uniform distribution. Table 1 shows the optimum conditions 

for each parameter recommended by this work. 
Table 1: Optimum values of parameters indicated in published work (Jangam et al., 2009) 

Parameter  Optimum condition Best value tested  

Orifice diameter to plate thickness ratio (𝒅𝟎/𝒕) Lower the better 1.413 

Drying chamber height to diameter ratio 

(𝑯/𝑫) 

Higher the better 2 

Nozzle position Side bottom - 

Orifice diameter (𝒅𝟎) Smaller the better 5 mm 

Percentage open area of the distributor Smaller the better 10% 

Nozzle diameter  Larger the better 76.2 mm 

 

The dryer was designed by considering the optimum ranges outlined above, and it was fabricated in 

the Engineering Workshop of Uva Wellassa University of Sri Lanka. The design was targeted to 

process approximately 5 kg of moist coconut husk chips (this occupies approximately 0.78 l in the 

drying chamber). During the fabrication, mild steel was used to make all components considering its 

low-cost, high availability, and the ability to withstand internal stresses.  Mica sheets were also used 

as electrical insulation for the relevant areas. As described previously, it is vital to have a constant 

temperature during the operation of the dryer. For this purpose, a Proportional-Integral-Derivative 

(PID) temperature control system was employed to adjust the hot air temperature to the “set” value. 

The control and instrumentation unit consists of a temperature controller (Type: FT803-GQ2-B PID), 
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a hotplate heating element (1000 W), a SS Relay (XSSR-DA4840W1240A), a thermocouple (4mm 

PRO J TYPE 2M), plug with 13A fuse, and 15A switch.  

 

2.2 PERFORMANCE ANALYSIS OF THE PID TEMPERATURE CONTROL SYSTEM 

Coconut husk chips (dimensions: 0.5×1×1cm) collected from a factory in Palai, Sri Lanka were used 

for this task. After soaking the chips in clean water for about 2 min, they were loaded into the drying 

chamber to a 10 cm bed height (0.78 l of volume). The PID controller was initially set to a temperature 

of 60°C before trials. In a PID controller, the proportional (𝐾𝑃), integral (𝐾𝐼) and derivative (𝐾𝐷) 

controller parameters should be adjusted when setting the temperature. Following a series of trial 

experiments, the stable values of these parameters were obtained as 𝐾𝑃 = 42, 𝐾𝐼 = 20 and 𝐾𝐷 = 5.  

After this step, the hot air temperature was recorded in 1 s time intervals and the whole performance 

analysis experiment was repeated four more times to have five experimental trials altogether. 

 

2.3 ANALYSIS OF DRYING KINETICS 

Drying kinetics are used to determine how the moisture content of the material changes with time 

and these are vital to characterize a particular drying process along with the materials and machine. 

Drying experiments were conducted to obtain the drying kinetics, which describes how a moisture 

content (𝑋) of a moist material varies with drying time 𝑡. To further elaborate on drying kinetics, two 

particle size ranges (0.5×1×1 cm and 0.6×1×1.5 cm and respective volumes were 0.5 cm3 and 0.9 

cm3), and two hot air temperatures (60°C and 90°C) were used. The experiments were conducted for 

each particle size-temperature combination and the mass of a particle chosen from the bed (𝑚) was 

weighed in 1 min time intervals. The weighing procedure was conducted until a constant particle 

mass (𝑚𝑐) was obtained, which implies that the particle has been fully dried.  

By assuming the equilibrium moisture content is zero, the dry particle mass (𝑚𝑑) was obtained by 

this constant particle mass (i.e., 𝑚𝑑 = 𝑚𝑐).  Given that dry particle mass (𝑚𝑑) was known, the 

moisture mass (𝑚𝑊)  at each 𝑡 value was computed (i.e., 𝑚𝑊 = 𝑚 − 𝑚𝑑). The moisture content was 

expressed as the wet basis moisture content 𝑋𝑤𝑏 (defined as 𝑋𝑤𝑏 =
𝑚𝑊

𝑚𝑊+𝑚𝑑
). To this end, normalized 

moisture content (moisture content at time 𝑡 / initial moisture content) is usually used as a key 

parameter in literature to compare different drying experiments (Senadeera et al., 2003). Thus, four 

normalized moisture content–drying time curves were plotted and used to analyze drying kinetics.  

 

3. RESULTS AND DISCUSSION 

3.1 DRYER SPECIFICATIONS 

Figure 2 shows the 3-D wire drawing of the fluidized bed dryer. This fluidized bed dryer comprises 

an inlet pipe, gas distributor, drying chamber, removable lid, distribution plate, a heating element 
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with PID controller (not shown), wire mesh filter (not 

shown), and handle. The materials are fed into the drying 

chamber by removing the removable lid. A handle is 

attached to the top of the removable lid to lift it 

conveniently. The air is supplied via a blower of 650W 

(not shown), which is connected to the inlet pipe 

(nozzle). The air is heated using a hot plate element 

which is fixed in the gas distributor section of the dryer. 

The heated air is distributed via the distribution plate of 

2 mm thickness. As mentioned in Section 2.1, to meet 

the air velocity of around 1 m/s and more than Umf, the 

blower flow rate is chosen as 0.14 m3/min. In addition, 

a wire mesh filter (not shown) is placed slightly above 

the distribution plate to avoid the falling of moist 

particles.  

 

Table 2 provides the dimensions of each component used in the dryer, where the dimensions of the 

drying chamber and gas distribution area agree with recommended values outlined in Table 1. 

However, the dimensions of the removable lid and the thickness of the drying chamber were designed 

by considering the convenience in use. Based on the dimensions, the dryer can handle a 1.96 l volume 

of moist materials (approximately 12.6 kg). Based on the results discussed so far, the design and 

fabrication stage of the dryer is now complete, which directs to the achievement of research objective 

1.  
Table 2: Selected dimensions of the fluidized bed dryer 

Component Dimension name Value 
Removable lid Height 102 mm 

Thickness 4 mm 
Drying chamber Internal diameter 100 mm 

Thickness 4 mm 
Height 250 mm 

Inlet pipe (Nozzle) Internal diameter 76.2 mm 
Thickness 4 mm 
Length 300 mm 

Gas distribution chamber Height 75 mm 
Internal diameter 102 mm 
Thickness 2 mm 

Distribution plate Thickness (t) 2 mm 
Orifice diameter (d0) 3 mm 
Number of holes 250 

 

 

 

Figure 2: 3-D wire drawing of the        
dryer 
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3.2 VARIATION OF DRYER TEMPERATURE WITH TIME 

Figure 3 shows how the PID controller described in Section 2.2 performs. During the trials, the initial 

temperature inside the dryer was 34°C and it was expected to reach 60°C (i.e., drying temperature). 

According to the trials, the response is underdamped and the PID controller can adjust the temperature 

to the set value within 60 s of operation and maintain the same value afterward. In drying, quick 

adjustment of the dryer temperature to a constant value is highly desirable in terms of achieving 

quality dried products. During this process, an overshoot can be observed in all trials at about 17s of 

operation. 

 

Figure 3: Performance curve of the PID temperature controller 

To analyze the control characteristics further, an additional set of parameters were derived, as shown 

in Table 3. Key parameters in this regard are overshoot, settling time (Ts), rise time (Tr) and peak time 

(Tp). Ts refers to the time required to reach the output and remain within a given error band, where Tp 

refers to the time required to reach the first peak of the curve. Tr can be defined as the time required 

to reach the temperature from a lower specified value (usually the initial value) to a specified high 

value (usually 90% of the set value). Overshoot refers to the maximum deviation of the temperature 

from its set value. 

 
Table 3: Parameters extracted from the PID temperature controller curve 

Parameter Value 
Maximum (°C) 67.8 ± 0.4 
Overshoot (°C) 7.8 ± 0.4 
%Overshoot  13.0 ± 0.6 
Settling time (Ts) (s) 23.6 ± 6.3 
Rise time (Tr) (s) 7.8 ± 1.0 
Peak time (Tp) (s) 12.2 ± 1.6 

 

Accordingly, the average percentage of overshoot is 13%, which shows a low deviation of the dryer 

temperature from the set value. By referring to values Ts and Tr, it is evident that the PID controller 

efficiently increases the temperature to the set value. However, some PID controllers reported a 0% 

percentage overshoot with less than 1s of Ts and Tr (Madhankumar et al., 2021). Some studies also 
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achieved comparatively low overshoots by combining the PID controller with an actor-critic-based 

intelligent system (Bi et al., 2020). Thus, further tuning of the PID controller in a future study is 

expected to achieve lesser overshoot, Ts and Tr. As per research objective 2, it was required to 

maintain a uniform temperature throughout the drying time, which has now been achieved.  

 

3.3 DRYING KINETICS 

As shown in Figure 4, the variation of the normalized moisture content ( 𝑋

𝑋0
) with drying time was 

used in this analysis where 𝑋 represents the moisture content at any time 𝑡, and 𝑋0 corresponds to 𝑋 

value at 𝑡 = 0. 

 

Figure 4: Variation of moisture content with the drying time of different samples 

Accordingly, the drying of coconut husk chips at the examined sizes and hot air temperatures follows 

a falling rate period of drying, where the moisture content drastically drops with time. The behaviour 

is commonly observed for drying most plant materials (Senadeera et al., 2003). Furthermore, a chip 

of examined sizes requires around 8 min to completely dry at 90°C, while it requires about 20 min at 

60°C. Therefore, the initial drying rate for a chip at 90°C is around 0.07 kg/min, which is about seven 

times higher than that at 60°C. However, to ensure product quality, the dried products do not always 

have to be fully dried. Considering coconut husk chips, it is recommended to have a final moisture 

content of around 20% [6]. Therefore, the developed dryer could be operated for about 10 min at 

60°C and about 5 min at 90°C to achieve the above moisture level. Furthermore, with a satisfactory 

analysis of the drying kinetics, it is evident that research objective 3 has been achieved. Apart from 

the research objectives, a cost analysis is presented next to obtain insights into the financial aspects 

of the dryer. 

 

3.4 COST ANALYSIS 

Table 2 presents the cost breakdown for each item used in the dryer. Accordingly, around 23,000 

LKR budget can be anticipated for fabricating the fluidized bed dryer to dry coconut husk chips.   
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Table 4: Cost breakdown for the fabrication of the dryer 

Component Total cost [LKR] 
Mild steel pipes 2,000 
Temperature controller 4,850 
SS relay 1,750 
Thermocouple 825 
Mica sheets 1,400 
Hot plate heater (1000W) 150 
Heating sleeves 125 
Plugs and switches 340 
Blower (650 W) 5,800 
Labour cost 5,000 
Total cost 22,240 

 

4. CONCLUSIONS  

In this study, a fluidized bed dryer was designed and fabricated to dry coconut husk chips, and a 

performance analysis of the machine was performed. The following can be concluded.  

• About 5 kg of coconut husk chips (approximately 0.78 l volume) with maximum particle 

volume of 0.9 cm3 can be completely dried within 20 min at 60°C, and within 10 min at 90°C. 

• The PID controller of the dryer only requires 60 s to reach the set temperature and it 

corresponds to 13% of average overshoot, 23.6 s of average settling time, 7.8 s average rise 

time, and 12.2 s average peak time.  

• The fabrication cost of the machine is approximately 23,000 LKR to cater 12.6 kg 

(approximately 1.96 l volume) of coconut husk chips. 

 

Further research may lie in finetuning the PID controller to minimize the overshoot etc., to achieve 

the desired “set” values quickly. Furthermore, as humidity is also essential for the quality of a dried 

product, the PID controller can be improved to control the humidity. 
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A STUDY ON THE MANAGEMENT OF CRITICAL RISK FACTORS FOR PUBLIC-
PRIVATE PARTNERSHIP CONSTRUCTION PROJECTS IN SRI LANKA 

P.L. Perera*, K.D.M. Gimhani 

School of Engineering, SLTC Research University, Sri Lanka 

ABSTRACT 
 

The success of Public-Private Partnership (PPP) construction projects in developing nations is lower 
than in developed countries owing to a lack of financial capacity, knowledge, and exposure to managing 
the hazards of big complex building projects over a long period of time. Without an effective risk 
management approach, the majority of the risks associated with PPP projects are challenging to 
evaluate, regulate, and meet the goals and receive value for money for both sides. This research aimed 
to determine which party should carry the most important risk elements while implementing PPP 
projects in Sri Lanka. A questionnaire survey was conducted as part of a quantitative research strategy. 
Quantitative analysis was used to rank and evaluate the 62 responses through a simple random sampling 
method. The findings of this study revealed six (6) categories of risk factors and thirty- six (36) risk 
factors. Despite that, Operational Risks factors were able to rank as the most crucial among the 
identified risk factors. There are 14 Most critical out all & 11 factors must be managed by the public & 
9 must be managed by the private & the rest factors risk management depends on the project.  

 
Keywords: Public-Private Partnership (PPP); Risk Management; Risk Factors; Sri Lanka. 

 

1. INTRODUCTION 

Since the turn of the century, Public-Private Partnerships (PPP) have grown in popularity in developing 

countries as a means of engaging the private sector in the building of public infrastructure (Javed et al. 

2013). The success of the PPP construction projects is less in developing countries compared to other 

developed countries due to several aspects (Loosemore and Cheung 2015). Hwang, et.al, (2013) has stated 

that the majority of the risks involved with PPP projects are difficult to control & analyze; therefore, proper 

risk management is critical to achieve its ultimate objective & to obtain value for money spent for both 

parties. Moreover, in the government context, it is critical to identify who’s responsible to the handle 

different kinds of risks. This is owing to the fact that shifting risks to the private sector comes at a cost, and 

inappropriate risk allocation among private and public parties may have an impact on the project's success 

level (Hayford, 2006). Consequently, the government must strike a balance by distributing the best possible 

amount of risk to each participant in order to reduce the project's hazards (Hayford, 2006). Further, the past 

researchers depict that every country must have a proper objective, reliable, practical & fair risk allocation 

& management method for PPP construction projects among different parties for the success of the projects 

(Jin and Doloi 2008). Hence, there should be a carefully designed contractual partnership in which every 

party must have an in-depth understanding of the roles & responsibilities of them & their counterparts 

regarding the risk management process, especially in most developing countries, where PPPs are still at an 

early stage (Babatunde, Perera, Adeniyi, 2018). Thus, the purpose of this study was to determine which 

party should carry the most important risk elements while implementing Public-Private Partnership (PPP) 

construction projects in Sri Lanka. Accordingly, a set of objectives were established in order to achieve the 
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study's purpose: (1) Identify all the risk factors for PPP construction projects in Sri Lanka; and (2) Assess 

the most significant risk categories for PPP construction projects in Sri Lanka. (3) Determine which 

principal party in PPP construction projects in Sri Lanka should bear each risk factor. 

1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 

1.1.1 PUBLIC- PRIVATE PARTNERSHIPS (PPP) AS A PROCUREMENT STRATEGY 
PPP is a framework between a public (government) agency and a private corporation in which the private 

party delivers assets and services formerly done by government agencies (Chan, et.al, 2011). PPP covers 

all the contractual relationships between the public and the private sectors to deliver projects efficiently by 

providing financial assistance to the private sector & reducing the financial burden of the government 

institute. (Sarvari et.al,2014). Furthermore, public and private parties contribute their complementing 

abilities to a project and manage the tasks at various degrees and capacities, which will help them to reach 

a greater achievement that cannot be attained separately (Efficiency Unit, 2008).  

1.1.2 RISK MANAGEMENT PROCESS 
According to PMI (2017), there are 7 iterative process groups in the risk management process. Namely: 

Plan Risk Management, Identify Risks, Perform Qualitative Risk Analysis, Perform Quantitative Risk 

Analysis. Plan Risk Responses, Implement Risk Responses, Monitor Risks. The identified risk should be 

prioritized by the construction stakeholders by utilizing the following tools & techniques during the risk 

analysis stage such as sensitivity analysis, probabilistic analysis, influence diagrams. Then in the next stage, 

the stakeholders must develop options, select the most suitable strategies to manage the risks and agree on 

how to handle the risk & assign the most suitable party to handle the risks. According to Jin (2010), the risk 

must be distributed while taking into account a number of factors, including: the most suitable agent, who 

can ably bear the risk and is able to influence and control the risky outcome, should be borne by the agent, 

who can bear the risk at the lowest cost and who exhibits willingness or commitment to bear the risk. 

1.1.3 CATEGORIES OF RISKS IN PUBLIC-PRIVATE PARTNERSHIPS (PPP) CONSTRUCTION PROJECTS 
Risks were categorized into general risks and project-specific risks in the form of a checklist. Construction 

risks and operational risks were grouped under project-specific risks, whereas political risks, commercial 

risks, and legal concerns were under the general risk category. Additionally, Xu et al. (2010) identified 37 

risk variables connected to Chinese PPP projects. However, Li et al. (2005) found that primary project 

patricians can manage risk distribution in PPP projects with ease, either individually or collectively. 

Specifically, risks in the public, private, and joint sectors. Moreover, Ibrahim et al., (2006) has grouped five 

main categories: Solely bear by the private sector, solely bear by the public sector, mainly bear by the 

private sector, mainly bear by the public sector, shared by both parties. The allocation of risks as above 

mentioned must be done before finalizing of project procurement method and contract negotiation to 

recognize the value engineering process & cash flow for both private & public sector parties (Roumboutsos 

and Anagnostopoulos, 2008). Chen et al. (2017) has identified six financing risk categories in Chinese PPP 

projects as follows:  political risks, social risks, financial risks, construction risks and operational risks. 

Political risks are risen because of the alterations in the legal framework, the poor decision-making process 



Towards a Resilient Future – Opportunities and Innovations 
 
 

64 
International Research Symposium – 2022   University of Vocational Technology 

of the government & unfavorable macro policies & regulations implemented by the government for the 

PPPs. The government policies are changing due to the unreliable application of new rules and regulations, 

which are more common & frequent in developing countries than in others. According to Sarvari et.al, 

(2014), market risks are generated when there is a deviation of the demand & price of a commodity from 

the expected level which gains lower revenue & lower profit than the stakeholder expectation. Delayed 

payments & non-payments are the most critical risks in revenue risks which occur due to poor customer 

economic status, high taxes implemented by most of the governments in developing countries, poor 

payment attitudes of public institutions (Ameyaw & Chan,2013). Financial risks such as fluctuating 

exchange rates, interest rates & inflation risk immensely influence PPP construction projects in Asian 

countries. Due to unexpected changes in the exchange rate during the project life cycle, there is a high risk 

of income reduction from foreign currency. Further, unexpected market interest rate changes inflation, the 

devaluation of the currency and the value of the assets of the developing countries are reducing their net 

income & return on investment. Jingning and Li Wenkang, (2015) has mentioned that design change risks 

& design unreasonable risks are done mainly by the designing team after finalizing the approved designs 

before or after the construction work is undertaken by the contractor party. Sarvari et.al, (2014) has 

identified that operational cost & maintenance cost overrun than plan cost is the main operational risks that 

should be mainly considered by the public & private parties. Stakeholder Risks are generated due to 

different views, objectives, ethics, practices & strategies that implement to resolve the private and public 

sectors’ PPP projects (Ibrahimet al., 2006). 

2. METHODOLOGY 
The questionnaire surveys are commonly applied in explorative research which seeks the general views of 

a sample population (Berg, 2009). Hence, this study has adopted a questionnaire survey which is one of the 

quantitative research approach methods that is an easy & most convenient way of collecting mass data 

sources from a social experiment. The questionnaire survey was circulated among well-experienced 

construction stakeholders who have first-hand exposure to PPP projects in Sri Lanka. The questionnaire 

survey was based on the data collected through an in-depth analysis of past researchers’ publications. 18 

study papers from each literature were first marked down by reference, and 36 identical risks were then 

found and assessed under the six major risk categories (Refer Table 2). The questionnaire survey was 

prepared by using google forms & distributed google form links among the sample population by using 

social media such as WhatsApp, Messenger, Email as they are the most convenient & one of the quickest 

approaches to collecting data from respondents. The five-point scale (4- Critical Impact or Probability to 0- 

Negligible Impact or Probability) was adopted to retrieve the views of the respondents of the questionnaire 

survey regarding the probability of occurrence and impact on the public & private sector partners separately 

in a PPP project. Due to the lack of accessibility for all the stakeholders, the study was conducted among 

100 different types of stakeholders who have been involved in the Sri Lankan PPP construction projects by 

using the simple random sampling method. The simple random sampling method provides an equal 

probability of being chosen from each sample that has a known non-zero probability of selection. (Showkat 
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2017). The response rate is 62% from professionals who are having diversified views regarding the 

management of critical risk factors for PPP construction projects in Sri Lanka. Additionally, Millward 

(2001) has stated that the medium effect size of the sample is around 14 to 50 participants & large effective 

rate is between 35 to 133 participants. Hence the response sample for this study falls at a large effective 

rate. Besides, Easterby-Smith et al. (2002), presented a rough formula for calculating sample size (n) in 

terms of (E) the maximum error required, as shown in Equation 1. 
n= 2500/E2…………………………Equation 1 

the accepted error level is less than 10% & which means for a questionnaire survey study the response rate 

is at least 25. According to the responses considered for this study, the error of the sample is 6.35%. The 

profiles of the respondents are depicted in table 1. The sample covers almost all the experienced levels of 

professionals, but there are considerably fewer responses from the architectural profession compared to 

their counterparts. 
Table 1: Profiles of the Questionnaire Survey Respondents 

Respondents Total Experience in Construction Industry 

1-5 5-10 10-15 15-20 20-25 Total 

Professionals Project Manager   2 5 7 4 18 
Architect 1  3 4  8 
Engineer  3 4 2 5 2 16 
Quantity Surveyor 8 3 2 4 3 20 

Total 12 9 12 20 9 62 
Collected data through the questionnaire survey was analyzed by using Mean Probability of Occurrence 

(MPO) & Mean Impact of Severity (MIS). MPO & MIS were adopted to identify the behavior of each and 

every risk factor compared to the rest of the factors to determine the most critical risk according to criticality 

for the public sector & private sector. For both, the following equation is adopted in this study for the 

average mean (See Table 2 Columns B & C). 

………………Equation 2 

In Equation 2, AM - Arithmetical Mean (Range from 0-4), ai – Frequency of responses (Range from 0-4), 

n – Total number of respondents. Further, calculated the average mean of the data set for probability & for 

the impact according to the two stakeholder parties. Additionally, probability & impact are clustered into 

high & low based on the average mean of probability & impact (See Table 2 Columns E & F). This method 

was adopted due to all the factors the individual probabilities & impacts were more than 2 (i.e. high 

probability & impact cluster) & the study needs to identify the most critical factors. According to 

Saravi,(2014) the risk score was determined based on the following equations: (See Table 2 Column D) 
Risk Score = Probability of Risk x Impact of Risk ………………Equation 3 

Then based on the risk score all the risks are ranked within the risk category & they are considered risks for 

both private & public parties separately. (See Table 2 Column I) 
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Table 2: Most critical risk factors depending upon the severity, probability, criticality, type & rank for PPP projects in Sri Lanka 

Risk factors Risk 
Code 
(A) 

MIS(B) MPO 
(C) 

Risk 
Score 

(D) 

MIS 
(E) 

MPO 
(F) 

Risk Criticality (G)  Risk 
Mgt. 
Type 
(H) 

Rank (I) 

Category Over
all 

P
U
B 

PR
I 

P
U
B 

PR
I  

P
U
B 

P
R
I 

PUB PRI P
U
B 

P
R
I 

PU
B 

P
R
I 

Lack/ 
inconsistenc
y of legal & 
regulatory 
framework 

PR
1 

2.6
4 

2.7
4 

2.5
8 

6.8
1 

7.0
7 

L L L LESS 4 LESS 4 P1 5 5 16 1
7 

Delay in 
project 
approvals & 
decision-
making 
process 

PR
2 

2.5
7 

2.8
9 

2.8
5 

6.6
3 

7.4
6 

L H H MOD
E 

3 MOST 1 P4 6 2 30 3 

Strong 
political 
interference 
& corruption  

PR
3 

2.8
7 

2.8
3 

3.0
4 

7.4
0 

7.3
0 

H H H MOS
T 

1 MOST 1 P3 1 3 2 5 

Inconsistenc
e 
government 
policies 

PR
4 

2.8
3 

2.8
3 

2.8
5 

7.3
0 

7.3
0 

H H H MOS
T 

1 MOST 1 P3 4 5 3 3 

Lack of 
government 
support/ 
grantee 

PR
5 

2.8
5 

2.9
6 

2.7
5 

7.3
5 

7.6
4 

H H H MOS
T 

1 MOST 1 P4 3 1 2 1 

Unstable 
government/ 
strong 
political 
opposition  

PR
6 

2.7
7 

2.7
4 

2.6
2 

7.1
5 

7.0
7 

H H L MOD
E 

2 MODE 2 P1 4 5 7    
1
7 

Market 
demand 

MR
1 

2.4
5 

2.8
1 

2.6 6.3
2 

7.2
5 

L -
H 

L LESS 4 MODE 2 P4 5 1 33 9 

Change in 
Tax/ Tariff 

MR
2 

2.5
5 

2.7
4 

2.7 6.5
8 

7.0
7 

L H L LESS 4 MODE 2 P4 3 3 31 1
7 

Inadequate 
competition 
in tender 

MR
3 

2.3
4 

2.6
4 

2.5
8 

6.0
4 

6.8
1 

L L L LESS 4 LESS 4 P2 6 5 34 2
9 

Rate of 
return 
restriction  

MR
4 

2.5
1 

2.6
4 

2.8
1 

6.4
8 

6.8
1 

L L H MOD
E 

3 MODE 3 P4 4 5 32 2
9 

Poor 
financial 
market  

MR
5 

2.6
2 

2.7
4 

2.9
6 

6.7
6 

7.0
7 

L H H MOD
E 

3 MOST 1 P1 2 3 23 1
7 

Import/ 
export 
restriction 

MR
6 

2.7
7 

2.8
1 

2.8
5 

7.1
5 

7.2
5 

H H H MOS
T 

1 MOST 1 P4 1 1 7 9 

Interest rate 
& inflation 
volatility 

FR
1 

2.7
4 

2.7
7 

2.7
2 

7.0
7 

7.1
5 

H H H MOS
T 

1 MOST 1 P1 4 3 11 1
4 

Foreign 
exchange 
fluctuation  

FR
2 

2.8
3 

2.8
3 

2.7
9 

7.3
0 

7.3
0 

H H H MOS
T 

1 MOST 1 P3 1 1 4 5 

Less 
attraction for 
investors 

FR
3 

2.7
5 

2.6
8 

2.7 7.1
0 

6.9
1 

H L L MOD
E 

2 LESS 4 P1 2 5 9 2
5 

High initial 
cost 

FR
4 

2.7
5 

2.8
3 

2.8
7 

7.1
0 

7.3
0 

H H H MOS
T 

1 MOST 1 P4 2 1 9 5 

Long 
payback 
period 

FR
5 

2.6
4 

2.6
8 

2.9
1 

6.8
1 

6.9
1 

L L H MOD
E 

3 MODE 3 P1 6 5 16 2
5 

High 
residual risk 

FR
6 

2.6
6 

2.7
4 

2.7
7 

6.8
6 

7.0
7 

H H H MOS
T 

1 MOST 1 P1 5 4 15 1
7 
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Contractual 
Variation & 
Contractual 
risk 

DR
1 

2.6
2 

2.6
2 

2.8
5 

6.7
6 

6.7
6 

L L H MOD
E 

3 MODE 3 P1 4 4 23 3
1 

Variation in 
time, cost, 
quality & 
scope 

DR
2 

2.6
4 

2.7
4 

2.6
6 

6.8
1 

7.0
7 

L H L LESS 4 MODE 2 P1 3 3 16 1
7 

Late design 
changes/ 
design 
deficiency  

DR
3 

2.5
8 

2.5
7 

2.5
1 

6.6
6 

6.6
3 

L L L LESS 4 LESS 4 P1 6 6 28 3
5 

Failures of 
contractors, 
sub-
contractors, 
suppliers 

DR
4 

2.7
2 

2.7
5 

2.7 7.0
2 

7.1
0 

H H L MOD
E 

2 MODE 2 P1 1 2 12 1
6 

Availability 
of material 
& labor 

DR
5 

2.7 2.8
1 

2.7
7 

6.9
7 

7.2
5 

H H H MOS
T 

1 MOST 1 P4 2 1 13 9 

Unproven 
engineering 
techniques 

DR
6 

2.6
2 

2.5
8 

2.4
5 

6.7
6 

6.6
6 

L L L LESS 4 LESS 4 P1 4 5 23 3
3 

Operation 
cost overrun 

OR
1 

2.6
2 

2.9
8 

2.8
3 

6.7
6 

7.6
9 

L H H MOD
E 

3 MOST 1 P2 5 1 23 1 

Higher 
maintenance 
cost 

OR
2 

2.6
4 

2.6
2 

2.7
4 

6.8
1 

6.7
6 

L L H MOD
E 

3 MODE 3 P1 3 5 16 3
1 

Low 
operating 
productivity 

OR
3 

2.6
4 

2.7
7 

2.8
3 

6.8
1 

7.1
5 

L H H MOD
E 

3 MOST 1 P1 3 2 16 1
4 

High 
frequency of 
maintenance 
work 

OR
4 

2.5
8 

2.6
8 

2.7 6.6
6 

6.9
1 

L L L LESS 4 LESS 4 P1 6 4 28 2
5 

Low 
operational 
revenue 

OR
5 

2.9
2 

2.5
8 

2.6
8 

7.5
3 

6.6
6 

H L L MOD
E 

2 LESS 4 P3 1 6 1 3
3 

Delays/ 
interruptions 
in operation 
& 
maintenance 

OR
6 

2.7 2.7
2 

2.6
2 

6.9
7 

7.0
2 

H L L MOD
E 

2 LESS 4 P1 2 3 13 2
3 

Inadequate 
distribution 
of authority, 
responsibilit
y and risk 

SR1 2.6 2.8
1 

2.6
6 

6.7
1 

7.2
5 

L H L LESS 4 MODE 2 P4 4 2 27 9 

Lack of 
commitment 
from 
public/privat
e partner 

SR2 2.6
4 

2.8
5 

2.4
9 

6.8
1 

7.3
5 

L H L LESS 4 MODE 2 P4 2 1 16 4 

Third party 
liability 

SR3 2.2
8 

2.6
6 

2.5
3 

5.8
8 

6.8
6 

L L L LESS 4 LESS 4 P2 6 5 36 2
8 

Inadequate 
experience 
in PPP 

SR4 2.8
3 

2.7
2 

2.7 7.3
0 

7.0
2 

H L L MOD
E 

2 LESS 4 P3 1 4 4 2
3 

Organization 
and 
coordination 
risk 

SR5 2.6
4 

2.8
1 

2.7
2 

6.8
1 

7.2
5 

L H H MOD
E 

3 MOST 1 P4 2 2 16 9 

Different 
working 
methods 

SR6 2.3 2.4
9 

2.4
7 

5.9
3 

6.4
2 

L L L LESS 4 LESS 4 P2 5 6 35 3
6 

 Risk Code: PR- Political & Regulatory Risks, MR- Market & Revenue Risks, FR - Financial & Economical Risks, 
DR- Design & Construction Risks, OR- Operational Risks, SR- Stakeholder Risks 
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Criticality& Impact: High: H, Low: L, Criticality: Less: Less Critical, Mode: Moderately Critical, Most: Most Critical              
Stakeholders: PUB - Public Sector         PRI. – Private Sector     
Risk Mgt. Type: Depend On The Project: P1, Solely Bear By PUB: P2, Primarily Be Bear By PUB: P3, Primarily Be 
Bear By PRI:P4 

 

3. RESULTS AND DISCUSSION 

3.1 RISK FACTORS FOR PPP CONSTRUCTION PROJECTS IN SRI LANKA 

Thirty-six (36) risk factors were identified by referring to eighteen (18) journal articles that were published 

from year 2005 to 2014 under six (6) main categories which consist of Political & Regulatory Risks, Market 

& Revenue Risks, Financial & Economical Risks, Design & Construction Risks, Operational Risks and 

Stakeholder Risks. Each category has consisted of six (6) risk factors as demonstrated in Table 2.  

3.2 MOST CRITICAL RISK FACTORS FOR PPP CONSTRUCTION PROJECTS IN SRI LANKA 

Table 2 provides the results of MIS & MPO for each factor according to the main two stakeholders. 

Furthermore, the criticality of the risk factors was categorized into three categories: most critical, 

moderately critical and less critical (See Table 2 Column E, F, G). For the public sector, 9,15 & 12 risk 

factors were respectively considered as Most Critical, Moderately Critical & Less critical. Respectively, 

14, 11 & 11 risk factors were considered for the private sector. OR5 has ranked first in the overall context 

categorization of the public sector and respectively, PR5 & PR3 ranked second in the overall category. 

Then, PR4, FR2 & SR4, PR6 & MR6 have ranked third, fourth and fifth in the overall categorization. 

Besides, OR1, PR5 and SR2 have ranked first, second & third in the private sector overall categorization. 

FR2 & F4R4 and PR3 have ranked fourth and fifth. Despite that, under the Political & Regulatory Risks, 

PR3 and PR5 have ranked first in the public & private sectors, respectively. Under the Market & Revenue 

Risks, MR6 and MR1 & MR6 have ranked first in the public & private sectors. FR2 and FR2 & FR4 have 

ranked first in the public & private sectors from a Financial & Economical Risks perspective. Moreover, 

DR4 and DR5 have ranked first in the Design & Construction Risks category. For Operational Risks, OR5 

and OR1 have ranked first in the public & private sectors. SR4 and SR2 have ranked first in the Stakeholder 

Risks category. 

3.3 RESPONSIBLE PARTIES FOR BEARING EACH RISK FACTOR IN PPP CONSTRUCTION PROJECTS IN 

SRI LANKA. 

According to Ibrahim et al., (2006), the percentage score has been interpreted as follows. If the score is 

more than 75% that risk should solely bore by the Private/ Public party, If the score is within 74%-70% the 

risk should primarily be bored by the relevant party if 69%-65% that risk factor was projected as dependent, 

if 64%-60% that risk factor should bear primarily by other party, if 59%- 50% risk should solely bear by 

other party and less than 40% that risk should be shared by both parties (See Table 2 Column H). All 36 

factors can be managed by each party as per Table 2. Depending on the project, 3 Nos. CRFs were Most 

critical to one party & moderately critical to the other party; hence, it has been considered as one of the 

most critical factors. Further, 2 Nos. CRFs were moderately critical to one party & less critical to the other 

party. Hence, those were considered moderately critical risk factors. There were 16 risk factors that should 
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be managed by either public or private sector depending upon the situation, 4 risk factors must be solely 

born by the public sector and 5 risk factors should be primarily borne by the public party. Finally, there 

were 11 risk factors that should be primarily borne by the private party. 

4. CONCLUSIONS/ IMPLICATIONS/ RECOMMENDATIONS & LIMITATIONS 

This study has revealed thirty- six (36) risk factors under six (6) main categories and among all the risk 

factors low operational revenue has ranked first most critical risk factor in the public sector and operation 

cost overrun has ranked first in the private sector. Moreover, this study has been able to identify which party 

has to bear the responsibility for all identified 36 risk factors from the literature review. This study assists 

as a baseline for any future studies carried out in other developing nations to investigate CRF in executing 

PPP projects. Moreover, the study can be used to justify changes in public policy aimed at improving the 

value for money in PPP construction projects in Sri Lankan context. Due to COVID- 19 constraints, the 

sample size for the questionnaire survey was only sixty - two (62) respondents, which is a significant study 

limitation. The study has identified 14, 15 & 7 factors which can be categorized as Most critical, Moderately 

critical and Less critical according to their criticality. As a recommendation, 9 of the most critical factors 

should be primarily borne by either party and the rest must be borne by the main parties depending on the 

project. All the less critical factors should be solely borne by the public sector depending on the project 

private sector may handle some of the less critical factors. Further, 11 factors should be borne by the private 

party, 9 factors should be borne by the public party & rest of the factors’ risk management can be decided 

depending on the characteristics of PPP construction project. 
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ABSTRACT 
 

Buildings that are the consequence of construction projects have a lengthy lifespan and a high cost. 
Currently, clients expect buildings to provide value for money for a lengthy lifespan. In order to get the 
best value for money, it is necessary to assess all costs incurred over the life span of the building. 
Therefore, life cycle costing (LCC) can be used as a technique to select the suitable solution with the 
lowest life cycle cost. However, in the Sri Lankan context, the LCC concept was at a very early stage. 
This study was focused on the implementation of building LCC within the Quantity surveyors (QS) 
perspective. QS is the professional who has the responsibility of managing the cost of the construction. 
As a result, QS must inevitably have the ability to collaborate with LCC. Thus, this research aimed to 
find the knowledge gap among quantity surveyors to perform the total life cycle costing of building 
projects. Literature analysis was used to summarise the required knowledge areas for LCC 
implementations. there were twenty interviews were used to evaluate QS knowledge levels relate to LCC 
implementations. A qualitative research approach was followed and the content analysis method was 
used to analyze the data. The findings of this research show that there were unsound knowledge areas 
related to LCC. However, most of the unsound areas have been dragged within the entire career because 
QSs have limited interference with the building post-construction phases. 

 
Keywords: Life cycle costing (LCC), Quantity Surveyors, Life span. 

 

1. INTRODUCTION 
The building construction industry plays a vital role in the social and economic growth of the country (Liu 

and Lin,2016). To successfully contribute to the country's economy, the construction industry must 

complete projects within three key parameters: time, cost, and quality (Fung, Salleh, and Rahim,2014). Cost 

can be viewed as the most important of these three factors because the entire project cost should always fall 

within the client's budget (Fung, Salleh, & Rahim, 2014) (Goh & Sun, 2015). In general, clients worry about 

the upfront construction costs, and the construction industry places more emphasis on the aesthetic design 

of the buildings (Deore and Ambre,2019). Currently, In order to reduce the overall costs associated with 

the buildings, clients concern their vision into account throughout the entire life cycle. Therefore, the life 

cycle cost estimate can be used as a technique to determine the design solution that will have the lowest 

overall project life cycle cost ( Fuller, 2006). Life cycle costs typically include related costs for construction, 

operation, maintenance, and demolition throughout the life span (Han, Srebric, and Promme,2014). In the 

global context, construction professionals have narrow awareness of LCC (Lim, Zhan, & Lan, 2018). In the 

meantime, lack of access and reliability of LCC data lack of standardisation and guidance documentation 

professionals do not tend to practice LCC (Oduyemi & Okoroh, Barriers to Life Cycle Costing Usage, 

2014). When considering the Sri Lankan context, there is a lack of consideration regarding the 
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implementation of the LCC concept into the construction industry. Further, there is a knowledge gap among 

quantity surveyors when involving the LCC process. This becomes a challenge in any action taken to assure 

Sri Lankan QS readiness to conduct proper LCC. 

Therefore, this study aims to find the knowledge gap of quantity surveyors that affects when performing 

the process of life cycle costing. The objectives encompassing this study are to, (1) Identify the theoretical 

knowledge required to perform LCC of a building project, (2) Identify knowledge acquired by quantity 

surveyors relate to LCC in building construction, and (3) Analyse the gaps between required and acquired 

knowledge on building LCC.  

1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 

Lifecycle costing is a valuable thing that should be applied to the construction industry, though the 

application of the LCC is still in the limited stage in practical scenarios (Dwaikata & Ali, 2018). As a 

quantity surveyor, there should be adequate knowledge to apply the LCC concept to the construction 

industry (Langdon ,2007). There have been a few obstructions when considering the realistic LCC method 

inside the construction industry such as knowledge barriers, lack of standardisation and guidance, and lack 

of awareness (Oduyemi, Okoroh, and Dean, 2014). In the Sri Lankan context, there are limited occurrences 

that have applied the LCC concept to the construction industry. Therefore, there were research and 

industrial gaps in the knowledge and awareness of the application of the LCC concept. Due to time 

constrain the scope of the research was limited to identifying the gaps between required and acquired 

knowledge on building life cycle costing in the Sri Lankan context.  

1.1.1 LIFE CYCLE COSTING (LCC) 

LCC is “The present value of the total cost of that asset over its operational life. This includes initial capital 

costs, finance costs, operational costs, maintenance costs, and the eventual disposal costs of the asset at 

the end of its life. All future costs and benefits are reduced to present-day values using discounting 

techniques” (Goh & Sun, 2015) . Hyrkas, Pasanen, and Castro (2018) argued that LCC could be considered 

a tool that may optimize different building solutions at the start. Further, there are two main drives, (1) 

LCC can be used to choose the most cost-effective design solution for designers, and (2) Adopting LCC 

methodology can be helped to reduce building costs over the entire life span (Hyrkas, Pasanen, & Castro, 

2018). 

1.1.2 CALCULATION OF LCC 

Haram, Marenjak, and Horner (2002) stated that analysis of LCC is the method of calculating all the direct 

and indirect costs of designing, constructing, and facility management (operating, maintenance, and 

replacement) of buildings within the entire building service life include the disposal process. Basically, 

when quantity surveyors involve with LCC calculation for building construction capital cost (design and 

construction cost), maintenance cost, replacement cost, operation cost, and end life cycle cost have been 

calculated as the main components for LCC (Haram, Marenjak, & Horner, 2002).  
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1.1.3 LCC CALCULATING METHODS 

As per Goh and Sun (2016), discounted cash flow is the most common method that is used for LCC 

calculation. Further, other suitable calculation approaches are Net Present Value (NVP), and the Equivalent 

Annual Cost (EAC) for assessing the life cycle cost of building construction (Goh & Sun, 2015). 

1.1.4 RISK AND UNCERTAINTY OF LCC CALCULATION 

Gluch and Baumann (2004 stated that LCC calculation comprises with a high degree of uncertainty because 

LCC forecasts future consequences. While using algorithms for calculating LCC impacts of the risk factors 

occur on the value of the LCC (Plebankiewicz, Zima, & Wieczorek, 2016). That uncertainty generates from 

the parameters based on the assumptions, and time horizon, price increase, and discounted rate are 

identified as those parameters (Kovacic & Zoller, 2015). Kishk, et al, (2003) have identified that dealing 

with the uncertainty of the information and data is crucial thing for the successful outcome of LCC. 

Sensitivity analysis, probability-based techniques, and the fuzzy approach are identified as various risk 

assessment techniques relevant to the LCC (Kishk, et al, 2003). 

1.1.5 UTILISING TECHNOLOGY USING FOR LCC CALCULATION 

Langdon (2007) has completed a basic assessment of the LCC calculation software and several software 

are based on spreadsheets. Bourke, et al (2005) stated that although LCC has a simple calculation process, 

it consumes a high amount of time and data so LCC calculation can be considered a tedious thing. Further, 

some software has been developed for facilitating the cost quantification and decision-making processes 

namely Bid-Builder, BLCC 5.3, Kostenreferentiemodel, LCCID, LCProfit, LCCWare 3.0, PARAP, 

RealCost 2.1, Relex LCC are  (Bourke, et al., 2005). 

2. METHODOLOGY 

According to Grossoehme (2014), the qualitative approach is based on the collection, organization, and 

interpretation of textual data. The subject of this study was knowledge, beliefs, attitudes, and opinions 

towards LCC. These things can be easily captured in textual a manner and interpreted them. Therefore, the 

qualitative approach could be considered the most suitable approach for this study. 

A literature survey was undertaken to identify the theoretical knowledge required to perform the LCC of a 

building project. An interview guideline was developed with the use of literature findings. This study is 

also based on the “what” types of questions to identify the knowledge gap of LCC among the QS. 

Especially, it was an exploratory and descriptive study. Therefore, the survey strategy was used for this 

research. 

Meanwhile, this study was sometimes focused on capturing interviewee responses related to LCC 

implementation. Structured interviews cannot be used to capture interviewees’ opinions freely. Therefore, 

fully structured interviews cannot be used. There were occasionally some topics that had to be covered in 

close-ended questions. As a result, fully unstructured interviews also will not be effective. Therefore, this 

study was planned to conduct via semi-structured interviews. Respondents were chosen using the snowball 

sampling technique because awareness of LCC of other responses was identified based on existing research 

participants. This interview guideline was developed in four sections. Section one presents the general 
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information about the research, such as the research title, research aim, and research objectives. Section two 

is for the collect background information of the interviewees. Then section three is to capture the 

interviewee's opinion towards the LCC and their approach towards the LCC. Section four focuses on the 

calculation part of the LCC. This section addresses the current practice in the industry.  

Furthermore, Gibbs (2007) has emphasized that Content Analysis as the commonly accepted data analysis 

method relates to the qualitative approach. Further, the author has identified Content Analysis as a widely 

used data analysis method under a qualitative approach. This study was also done a content analysis. This 

was done using the MS word macro, which was based on the fully structured codebook. Based on the 

analysis finding were identified the knowledge acquired by quantity surveyors relate to LCC in building 

construction. 

3. RESULTS AND DISCUSSION 
The semi-structured interviews were conducted with twenty (20) Quantity Surveyors who have experience 

in the construction sector of Sri Lanka. Respondents were selected using the snowball sampling technique. 

Table 1 summarised the working experience of the respondents contacted in data collection. 
Table 1: Working Experience of the Respondents 

 0-5 Years 10- 20 Years 20- 30 Years 30- 40 Years 

Proportion of 

respondents  

8 5 5 2 

(%) 40% 25% 25% 10% 

 

3.1 AWARENESS OF THE BUILDING LIFE CYCLE COSTING CONCEPT 

Table 2 summarised the result of analytical data regarding the awareness of the different stages of the life 

cycle of building construction and LCC concept.   
Table.2: Awareness of The Different Stages of The Life Cycle of Building Construction and LCC Concept 

 Stages of the building construction LCC Concept 

Number of respondents having 

awareness 

20 (100%) 17 (85%) 

Number of respondents with a lack of 

awareness 

- 3 (15%) 

Total number of awareness  20 (100%) 20 (100%) 

As per the analytical data, 100% of respondents were aware of the different stages of the life cycle in 

building construction. 85% of respondents are aware of the LCC concept and 15% of respondents have 

some understanding despite a lack of experience regarding LCC concept. 
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3.2 AWARENESS OF CALCULATION OF MAIN COMPONENTS IN LCC  

Awareness of the LCC calculation was assessed through the different aspects which are used to calculate 

LCC. Table 3 summarised the result of analytical data regarding the awareness of the calculation of main 

components in LCC.    
Table 3: Awareness of Calculation of Main Components in LCC 

Main components in LCC 

Number of 

respondents having 

awareness 

Number of 

respondents with 

lack of awareness 

Number of 

respondents 

without awareness 

Capital cost Calculation 

(Design and Construction Cost) 

20 (100%) - - 

Maintenance cost Calculation 12 (60%) 8 (40%)  

Replacement cost calculation 6 (30%) 2 (10%) 12 (60%) 

Operation cost calculation 6 (30%) 2 (10%) 12 (60%) 

End life cost calculation 5 (25%) 5 (25%) 10 (50%) 

As per the analytical data, respondents have considerable awareness for the calculation of capital cost and 

maintenance costs. Further, a limited number of respondents only have experience regarding the calculation 

of replacement cost, operation cost, and end-life cost.  

3.3 AWARENESS OF VARIOUS RISK ASSESSMENT TECHNIQUES RELEVANT TO THE LCC  

As per the literature synthesis Serval techniques have been described that can be used to deal with risk and 

uncertainty. Table 4 summarised the result of analytical data regarding the awareness of various risk 

assessment techniques relevant to the LCC. 
Table.4: Awareness of Various Risk Assessment Techniques Relevant to the LCC 

Technique Number of respondents 

having awareness 

Number of respondents 

without awareness 

Knowledge 

Extracted  

Sensitivity analysis  12 (60%) 8 (40%) 

Monte Carlo simulation  8 (40%) 12 (60%) 

Areas from  Confidence index approach 7 (35%) 13 (65%) 

In a summary, an average number of respondents has considerable awareness of all three (03) techniques 

relevant to the LCC calculation.  

3.4 AWARENESS OF UTILISING TECHNOLOGY USED FOR LCC CALCULATION 

As per the literature synthesis serval, technologies have been described that can be used for LCC 

calculation. Table 5 summarised the result of analytical data regarding the awareness of utilising technology 

used for LCC calculation. 
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Table 5:Awareness of Utilising Technology Using for LCC Calculation 

Technology Number of respondents 

having awareness 

Number of respondents 

without awareness 

Spreadsheets 20 (100%) - 

Bid-Builder 02 (10%) 18 (90%) 

BLCC 5.3 01 (05%) 19 (95%) 

Kostenreferentiemodel - 20 (100%) 

LCCID - 20 (100%) 

LCProfit - 20 (100%) 

LCCWare 3.0 01 (05%) 19 (95%) 

PARAP - 20 (100%) 

RealCost 2.1 01 (05%) 19 (95%) 

Relex LCC 01 (05%) 19 (95%) 

As a summary, all the respondents have experience in using a spreadsheet to calculate LCC. When 

considering new IT software which has been used to calculate LCC, respondents have rare knowledge. 

3.5 APPLICATION OF LCC CONCEPT INTO SRI LANKAN BUILDING CONSTRUCTION  

Rather than the factor that has been identified from literature synthesis, there was the requirement for 

identifying the application of the LCC concept in Sri Lankan Building Construction. As per the opinion of 

the respondents, the LCC concept has been applied for areas such as, evaluating design, measuring of 

suitability, facility management work, procurement and tendering, cost planning, and making decisions 

with the building design development.  

3.6 ISSUES GENERATED AREAS DUE TO LACK OF KNOWLEDGE 

As per respondent opinion, lack of awareness and application of the global and local standard for LCC in 

construction projects, data scarcity, minimum exposure to the functional stage, lack of knowledge regarding 

relevant cost elements related to a functional stage, and limited technological application which is used in 

industry were identified as the issue generated area due to lack of knowledge of resource persons. 

3.7 REVIEW THE GAPS BETWEEN REQUIRED AND ACQUIRED KNOWLEDGE ON BUILDING LCC 

Based on the analysis part, when considering the Sri Lankan context, QSs lack awareness and knowledge 

related to the LCC concept. Qs have focused on capital cost expenditure when involved in building 

construction. Further, the building construction industry also has narrowed the role of QS within the initial 

phase of building construction. Research findings show that most of the time QS has to consider capital 

expenditure. Usually, QS has limited chances to touch other building phases’ cost implications. As a result 

of that, they had to drag their silent knowledge areas within their entire professional carrier. Research 

findings show that QS can cover some knowledge areas related to LCC but are not very structured 
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4. CONCLUSION(S)/ IMPLICATIONS/ RECOMMENDATIONS & LIMITATIONS 

This research mainly focuses on the building LCC and this provides a basic understanding of the LCC. 

When considering the Sri Lankan context still concepts like LCC were in the very initial stage. Meanwhile, 

there was a scarcity of the use of LCC within the building construction sector. If the LCC concept is 

optimally utilised within the building construction, it may lead to a high amount of cost conservation. The 

advantages and applications of the LCC have been expressed within this study. This research's outcomes 

are more relevant to the QS who have an interest in building LCC. This can be used to identify the LCC 

implementation barriers which may have to face by QS. The research was limited to the Sri Lankan context. 

Because research findings were focused only on the Sri Lankan QS practice. The study was done within the 

QS perspective; therefore, this cannot be recommended for other professionals.  
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ABSTRACT 

Sri Lanka is currently experiencing its greatest economic crisis since gaining independence and as a 
result, this year is expected to see a decline in the country's construction industry. Although risk 
management in construction projects in Sri Lanka has been the focus of a few past studies, it is not 
specifically addressed risk management in the economic crisis in Sri Lanka. This study aims to identify 
the methods for managing the risk in the construction industry which arose due to the economic crisis 
in Sri Lanka in 2022. The required empirical data were collected by conducting a literature review and 
a questionnaire survey. The collected data were analysed using content and descriptive statistics. The 
results revealed the fundamental areas in which the economic crisis affected how construction projects 
are handled: the adoption of more uniform project governance, more strict risk management procedures, 
and a more thorough project portfolio management. According to the research, the creation of an early 
warning system, the creation of crisis scenarios, and the establishment of a crisis management team 
should be prioritized when it comes to Risk management during an economic crisis. 

Keywords: Construction Industry, Economic Crisis, Risk Management, Sri Lanka. 

1. INTRODUCTION 

The construction sector is an investment-led sector where the government shows high interest and 

government contracts with the construction industry to develop infrastructure related to health, transport as 

well as the educational sector most importantly construction industry is quintessential for the property of 

any nation (Manoharan, et al., 2021). Therefore, the construction industry is identified as the cannonading 

industry of the Present day that has a great impact on the economy of any nation (HHI, 2018). When risk 

comes as an economic crisis, that can negatively affect both developed and developing economies, the 

Sustenance of the construction industry is very important for the national economy (Weerasinghe, 2020) 

All the financial or economic down-towns have impacted the country's construction industry (Edmund, 

Yang, & Eric, 2018). 

The construction industry is a high-risk industry, with regard to the economic crisis, complex and dynamic 

project environments creating an atmosphere of high uncertainty and risk (Eshan, et al., 2010). Potts and 

Ankrah (2013) stated that the proper process is essential to mitigate risk in the construction industry and 

that process must have the aim of identifying and assessing the risk by using risk management. Risk 

management can be used as a tool to mitigate risks that occurred during an economic crisis (Scheytt & 

Huber, 2013). 

Wijerathne (2022) stated that the Sri Lanka construction industry, which is one of the biggest GDP 

contributors and used to contribute an average of 8%-10% to the GDP, considering the negative impact in 
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2019 and 2020 the contribution decrees to 7.4% and 6.2% respectively. In addition, this sector has provided 

employment to 650,000 direct and 325,000 indirect and economic crisis impact, (Wijerathne, 2022). The 

government decided to halt large construction projects after realising that since the beginning of the 

economic crisis this year, around 500,000 workers in the construction sector had lost their employment. Sri 

Lanka’s real GDP is expected to fall by 9.2 percent in 2022 and a further 4.2 percent in 2023. Nonetheless, 

Sri Lanka is facing the worst-ever economic crisis in the year 2022 since its independence and it has created 

vast risk for the construction industry (Wijerathne, daily news, 2022).  

Since the importance of risk management has been recognized, many research studies on risk management 

and related theories have been conducted on an international basis. Only less number of studies have 

discussed risk management in the construction industry during the economic crisis. When considering the 

Sri Lankan context, there is a research respite in this area hence the Sri Lankans faced a vast economic 

crisis for a time.  

Therefore, the aforementioned study aims to identify the methods for managing the risk in the construction 

industry which arouse due to the economic crisis in Sri Lanka in 2022. The objectives encompassing this 

study are to, (1) Review the impact of the economic crisis on the construction industry, (2) Investigate the 

impact of the economic crisis on the Sri Lankan construction industry, and (3) Identify the measures to 

manage the risk arouse by reason of economic crisis in Sri Lankan construction industry.  

1.1. REVIEW OF LITERATURE 

The economic crisis in Sri Lanka caused a vast impact on the construction industry. The study mainly 

focuses on identifying how the economic crisis in Si Lanka affects the Sri Lankan construction industry and 

by what method to manage that risk. As a result of time constrain the scope of the research was limited to 

identifying the measures to manage the financial risk which occurs due to the economic crisis in the Sri 

Lankan construction sector. 

1.1.1. ECONOMIC CRISIS IN SRI LANKA IN 2022 

The term "economic crisis" refers to a circumstance in which a country's economy experiences a sharp drop 

in output, usually as a result of a financial crisis (Edmund, Yang, & Eric, 2018). A drop in a state's or 

country's economic growth has an impact on construction activity, resulting in widespread hardship and 

joblessness in the industry (Hicks, 1981). Sovereign debt crises occur when a government takes on too 

many debts and is unable to meet its obligations, this leads to an economic crisis (Gunasekara, 2021). A 

global currency crisis occurs when the US dollar depreciates in value due to a loss of investor confidence 

(Lukmanova & Yaskova, 2016). 

Sri Lanka has never experienced a serious financial or economic crisis in its history (Gunasekara, 2021). 

The Sri Lankan government announced a soft default on April 12, 2022, and will default on its US$51 

billion ($70.09 billion) debt in the interim (Tohfeek, 2022). Official reserves dropped from US$7.6 billion 
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in 2019 to less than US$400 million in June 2022 (CBSL, 2022). Net foreign assets in the banking system 

also fell to US$ -5.9 billion in June 2022. This severe for liquidity constraint has been felt across the 

economy, particularly from the second quarter of 2022, with shortages of fuel, medicines, cooking gas, and 

inputs needed for economic activity (Weddikkara & Devapriya, 2022).Year-on-year inflation reached an 

unprecedented 64.3 percent in August 2022, and CCPI-based headline inflation was recorded at 69.8% on 

year-on-year basis in September 2022 (CBSL, 2022). Sri Lanka's central bank floated the rupee in March 

after the currency depreciated by about 78 percent since the floating. Poorer households are hardest hit 

owing to food inflation, job losses, limited fertilizer supply and a drop in remittances (Ihalavithana, 

Bandara, & Jayasoriya, 2022). To raise more revenue, the government increased the Value Added Tax rate 

from 8 to 15 percent and proposed additional tax measures in May, and through the Interim Budget in 

August (Tohfeek, 2022). 

The Chamber of Construction Industry of Sri Lanka cannot be certain of the future because authorities have 

paid insufficient attention to the difficulties confronting the construction industry (Razeek, 2022). As a 

result of Global Data's sharp downward revision of its growth projection for the Sri Lankan construction 

industry for 2022, which was previously expected to grow by 9.2%, the industry is now expected to contract 

by 4.6% in real terms this year. This is down from the previous projection of growth of 9.2% (Gunatillake, 

2022).Sri Lanka's construction sector has crashed with 90 per cent of their work countrywide coming to 

standstill. Over 1000 building material suppliers had to close down owing to non-availability of items like 

cement, iron and other essential items for the construction industry (Jayalath & Gunawardhana, 2022). The 

whole construction industry is in a severe financial crisis, despite the fact that many large projects were 

started under the prior administration due to their failure to finish payments. The government has also halted 

practically all major infrastructure projects, which has made the situation worse. Contractors are thought to 

owe the banking industry a staggering Rs. 200 billion (Gunatillake, 2022). 

Table 1: Risk Factors that Affected to the Construction Industry During Economic Crisis 

Risk Factors Sources 
Pandemic risk (Lukmanova & Yaskova, 2016) (Edmund, Yang, 

& Eric, 2018) 
Delayed Payments to contractors (Cao, Zhu, Han, & Zhu, 2018) 
Design change (Razeek, 2022) (Scheytt & Huber, 2013) 
Inflation of construction materials price (Razeek, 2022) 
Fluctuation of the currency (Mhetre, Konnur, & Landage, 2016) 
Lack of solvency (Choudhry & Iqbal, 2013) 
Interest rates fluctuation (Patel, et al., 2020) 
Lack of clarification in taxes liabilities (Tohfeek, 2022) 
Unavailability of foreign currency exchange (Cao, Zhu, Han, & Zhu, 2018) 
Unmanaged cash flow (Gunasekara, 2021) 
The reduction of public procurement and investment 
programmers. 

(Wijesekera, Abeyaratna, Hemacandra, Shantha, 
& Indika, 2020) 

The decrease in the private construction industry (Tohfeek, 2022) 
The tightening of bank lending (Wijesekera, Abeyaratna, Hemacandra, Shantha, 

& Indika, 2020) 
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Risk Factors Sources 
The past incorrect administration/ management of construction 
companies. 

(Tohfeek, 2022) 

Profit margin decrease (Gunasekara, 2021) 
Competition increase (Gunasekara, 2021) 

 

Table 2 presents the negative factors affecting the construction industry in the wake of the economic crisis. 

Table 2: Negative Factors Affecting the Construction Industry in the Wake of the Economic Crisis 

Effects of the Economic crisis Sources 
Competition increase  (Nafday, 2010) 
Profit margin decrease  (Babu & Sudhakar, 2016) 
The cutting of public investment programmers.  (Babu & Sudhakar, 2016) 
The decrease of private construction industry  (Hicks, 1981) 
The past incorrect administration/ management of construction 
companies.  

(Babu & Sudhakar, 2016) 

The tightening of bank lending  (López & Coto, 2015) 
 

Table 3 presents the risk in the construction industry due to the economic crisis. 

Table 3: The Risk in the Construction Industry Due to the Economic Crisis 

Risks Sources 
Postponement of project  (Choudhry & Iqbal, 2013) 
Reduction of the number of new projects  (Choudhry & Iqbal, 2013) 
Limiting the scope of the project already initiated  (Choudhry & Iqbal, 2013) 
Budget cutting while maintaining project scope  (Thomson, 1984) 
Redefine the objective of the project  (Razeek, 2022) 
Reassessment of project risk  (Lukmanova & Yaskova, 2016) 
Staff reduction in project already initiated  (Gunasekara, 2021) 
Cancellation of project already initiated  (Lukmanova & Yaskova, 2016) 
Undertaken of smaller projects.  (Hicks, 1981) 
Redefine of project portfolio  (Nafday, 2010) 
Merging of project  (Nafday, 2010) 
Less priority to project quality  (Razeek, 2022) 

Table 4 presents the measures to mitigate risk in economic crisis. 

Table 4: Measures to Mitigate Risk in Economic Crisis 

Measures Sources 
Emphasis on project planning and control (Choudhry & Iqbal, 2013) 
Develop risk and crisis control procedure (López & Coto, 2015) 
From a competitive crisis management team (Wells, 1984) 
Cut down unnecessary cost and reduce unnecessary activities (Tohfeek, 2022) 
Search for other field with growth potential (Tohfeek, 2022) 
Carefully select project that better fit the company (Zafiu & Saracu, 2013) 
From and test crisis plan and scenarios (Zafiu & Saracu, 2013) 
Develop an early warning system (Patel, et al., 2020) 

2. METHODOLOGY 

The major objective of this study is to find out the current threats affecting Sri Lankan construction 

industry and how economic crisis affects the construction industry in Sri Lanka and to identify the methods 
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to manage the risks arouse due to economic crisis. The questionnaire has consisted of Three sections include 

questions about general information, current risk for construction industry and solutions. The questionnaire 

is directed mainly to all professional bodies currently working in construction industry.  The data used for 

data collection were mainly from a comprehensive literature review. The qualitative and quantitative both 

research approaches were selected as the best method to collect data due to the Due to the limited time and 

the possibility of reaching the professionals. There were thirty five (35) professional bodies who are 

currently working in construction industry respond for the questionnaire survey. They were selected through 

random sampling technique. Questionnaire surveys were transcribed and analyzed using Microsoft Office 

Excel Rapid analysis and clear graph. Based on the ‘Mean Weighted Rating’ formula (Equation 01), 

quantitative data were analysed.  

Mean value    =  ∑ 𝒇(𝒙)

𝐍
    (1) 

 Where, 𝑓(𝑥)  -Rating given by the respondent and N- Total number of responses. 

3. RESULT AND DISCUSSION 

The questionnaire Survey were conducted with thirty-five (35) professionals who have experience in the 

construction industry at Sri Lanka. Respondents were selected using random sampling technique. Tables 5 

and 6 provide the summary of respondents contacted in data collection. 

Table 5: Summary of the Respondent Profile 

 Quantity 
Surveyors 

Engineers Contractors Total Number of 
Respondents 

Proportion of respondents  15 14 6 35 
(%) 43% 40% 17% 100% 

 

Table 6: Working Experience of the Respondents 
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Proportion of respondents  10 13 04 05 03 35 
(%) 28.57% 37.14% 11.43% 14.29% 8.57% 100% 

3.1 RESEARCH FINDINGS 

3.1.1 CURRENT RISKS FACTORS AFFECTING SRI LANKAN CONSTRUCTION INDUSTRY 

Table 7 summarised the result of analytical data regarding the main current risk factors which are affecting 

the Sri Lankan Construction industry due to the economic crisis.   
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Table 7: Risk Factors which Affect Construction Sector 

Risk factor  Mean Value Rank 
Inflation of construction materials price  3.17 1 
Fluctuation of the currency  3.17 1 
Unavailability of foreign currency exchange  3 2 
Lack of solvency  2.97 3 
Interest rates fluctuation  2.97 3 
Delayed Payments to contractors  2.94 4 
Lack of clarification in taxes liabilities  2.83 5 
Unmanaged cash flow  2.77 6 
Design change  2.63 7 
Pandemic risk  2.6 8 

Fluctuations in the value of currencies and increases in the cost of construction materials are two of the 

most frequently cited risk factors. Lack of access to foreign exchange resulted in a shortage of materials in 

the sector, as well as fuel shortages and power outages, both of which have a negative impact on the 

construction business. 

3.1.2 EFFECTS OF THE ECONOMIC CRISIS ON THE CONSTRUCTION INDUSTRY IN SRI LANKA 

Table 8 summarised the result of analytical data regarding the effects of the economic crisis on the 

construction industry in Sri Lanka.   

Table 8: Effects of the Economic Crisis on the Construction Industry in Sri Lanka 

EFFECTS OF THE ECONOMIC CRISIS Mean Value Rank 

Competition increase  2.97 1 
Profit margin decrease  2.94 2 
The cutting of public investment programmers.  2.91 3 
The decrease of private construction industry  2.89 4 

The past incorrect administration/ management of construction companies.  2.71 5 
The tighten of bank lending  2.69 6 

The economic crisis resulted in a significant drop in public and private project spending. Many construction 

companies went bankrupt due to the confluence of ongoing unproductive projects, a shortage of capital, and 

improper management. The increase in competition led to a run of failing projects for many organizations. 

3.1.3 THE RISK IN THE CONSTRUCTION INDUSTRY DUE TO THE ECONOMIC CRISIS 

Table 9 summarised the result of analytical data regarding the risk in the construction industry due to the 

economic crisis in Sri Lanka.   

Table 9: The Risk in the Construction Industry Due to the Economic Crisis 

Risk Mean Value Rank 
Postponement of project  2.03 1 
Reduction of the number of new projects  2 2 
Limiting the scope of project already initiated  1.91 3 
Budget cutting while maintaining project scope  1.89 4 
Redefine the objective of the project  1.89 4 
Reassessment of project risk  1.86 5 
Staff reduction in project already initiated  1.8 6 
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Cancellation of project already initiated  1.77 7 
Undertaken of smaller projects.  1.77 7 
Redefine of project portfolio  1.77 7 
Merging of project  1.71 8 
Less priority to project quality  1.69 9 

The majority of construction companies did not halt work on projects that had already begun. However, the 

start of the crisis undoubtedly caused delays in the schedule of construction activities. Construction firms 

are said to be able to utilize their limited resources more effectively during an economic downturn. 

3.1.4 MEASURES TO MANAGE THE RISKS AROUSE DUE TO ECONOMIC CRISIS 

Table 10 summarised the result of analytical data regarding the Measures that can be used to manage the 

risks arouse due to economic crisis in Sri Lanka.   

Table 10: Measures Manage the Risk 

Measures to Manage the Risk Mean Value Rank 
Emphasis on project planning and control 2.14 1 
Develop risk and crisis control procedure 2.09 2 
From a competitive crisis management team 2.06 3 
Cut down unnecessary cost and reduce unnecessary activities 2.06 3 
Search for other field with growth potential 1.91 4 
Carefully select project that better fit the company 1.97 5 
From and test crisis plan and scenarios 1.97 5 
Develop an early warning system 1.97 5 

Construction companies in Sri Lanka concur that enterprises should give project planning more attention. 

The overwhelming majority of survey participants believe that there should be a stronger emphasis on 

accountability. Despite the difficulties brought on by the crisis, firms have shown responsibility by giving 

careful consideration to project quality. 

3.2 DISCUSSION 

The construction industry was one of the most severely hit industries by the economic crisis, according to 

a survey of over 35 construction workers in Sri Lanka. The most popular answers among all the mentioned 

risk factors are Fluctuation of the currency and Inflation of construction materials price. Lack of 

clarification in taxes liabilities, Design change, and unmanaged cash flow can identify as risk factors that 

affect the construction industry. The survey shows that only a small percentage of respondents were led to 

unemployment, according to the results of the survey. 

Sri Lankan construction firms have revised their project profit to address the problems posed by the 

economic crisis. Many construction enterprises went bankrupt during the crisis years due to the combination 

of ongoing unprofitable projects and a lack of funding. The majority of construction companies did not 

choose to cancel already initiated projects, however, the outbreak of the crisis caused disruptions to the 

timetable of construction activities. 

Research highlights the importance of project prioritization as a component of project profit management. 

The majority of respondents think that better staff training is a crucial lesson from the economic crisis. Sri 
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Lankan construction firms also believe that businesses need to place more focus on project planning. The 

majority of Sri Lankan respondents support the creation of a crisis team, although weakly. According to the 

respondents, the best option is Emphasis on project planning and control. Developing risk and crisis control 

procedures are the most important tools for managing an economic crisis. 

4. CONCLUSION 

The Sri Lankan construction companies did not halt already started projects in terms of the construction 

process, but there were some interruptions to the regular construction activity. Main conclusion is that 

the economic crisis altered how construction companies saw project management and helped them 

realize the value of having project management. The project quality was handled with seriousness, and 

it will be maintained throughout the years of the crisis. They have elevated the position of project 

managers inside their organization and placed greater emphasis on Risk management. The initial stages 

toward an effective Risk management response to an economic crisis include the creation of a crisis 

team and the creation of an early warning system.  All employees of a corporation should display a 

heightened feeling of responsibility during the entire construction process due to the gravity of the 

issue. 
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ABSTRACT 

 
Carbon Accounting Concept is granted with a role in calculating the Carbon Foot Print. This paper 
aimed to develop recommendations to improve adoptability of Carbon Accounting (CA) practice at key 
professionals: Civil, Structural Engineers, Architects, Project Managers MEP Engineers and Quantity 
Surveyors at construction industry in Sri Lanka, at various Design/Project stages. A questionnaire 
survey and a structured interview was conducted among sample key building professionals, identifying 
CA adoptability. Results indicated as awareness of key professionals at basic concepts of Carbon 
emission is considerably low. Specially at material selection at construction stages the application of 
CA concept is not highly applied with lower awareness of micro-level basic concepts of CA ideologies. 
Yet, a considerable application green building codes of Sri Lanka is further noticed in practice, but it 
was found out that because of the minimal application of fundamentals of CA concepts in these codes, 
the CA fundamentals were not reveled in the specific jobs. Therefore, as recommendations it was 
suggested that, their needs a major revision in the Green Building codes, with special reference to CA 
concepts as a fundamental application, to impose as a central governmental enactment. An utter need 
of filling fundamentals of Carbon Accounting knowledge gap at key professionals is also highly 
recommended, as per the study.  
 
Keywords:  Embodied Carbon, Carbon Accounting, Construction Stages, Quantity Surveyor’s Role, 

Professional’s Role 
 

1. INTRODUCTION AND BACKGROUND 
Construction Industry is a dynamic diligence in the journey of economic development of any economy. 

(Polèse, 2005).  As per the rapid development of global economy, its impact to the natural environment also 

has been increased correspondingly (Sayma et al, 2021).  Since the construction sector is the largest material 

and energy consumption sector in the world, impact to the environment due to the construction industry is 

very high, overcoming the negative impact to the environment. (Kucukvar & Tatari, 2013). Carbon 

Footprint is considered as a sustainable development indicator and the Carbon Accounting Concept, that 

will undertake an excessive role when calculating the Carbon Foot Print. (Laurent, Olsen & Hauschild, 

2012) 

Carbon Accounting is identified as a process of quantifying, monitoring, recording and reporting the amount 

of embodied Greenhouse gas emissions of a product or service, throughout the defined production process, 

based on reported data from internal and external systems. (Hogne, Edgar, & Hertwich, 2009) 

“Carbon Accounting” (CA) is a process undertaken to measure the amount of Carbon Dioxide and 

equivalent Greenhouse gases emitted by an entity and the primary objective of measuring the Carbon 

emission is to improve the environmental performance (Jayalath, 2017).  But according to the “r2r.com” 

web site, the Carbon Accounting is a process of measuring, monitoring, benchmarking and reporting the 

 
 Corresponding author: E mail - mpseneviratna@uovt.ac.lk 
 



Towards a Resilient Future – Opportunities and Innovations 
 
 

88 
International Research Symposium – 2022   University of Vocational Technology 

Greenhouse gas emissions, in a defined reporting period. Qingliang Tang (2016), in the “The Role of 

Carbon Accounting in Corporate Carbon Management Systems: A Holistic Approach”, argue that the 

Carbon Accounting has referred to a set of accounting methods and procedures that can be used to quantify 

the amount of embodied Carbon and account for Carbon related assets, liabilities and disclosures.  Yet, 

generally CO2 emissions have become established as an indicator for Greenhouse Gases, but they should 

have expanded by further Greenhouse gases (GHG), stated as CO2 equivalents (Schmidt, 

2009).  Subsequently, not only the CO2 emissions of fossil origin, but also the emissions of Methane (CH4), 

Nitrous Oxide (N2O), Hydrofluorocarbons, Perfluorocarbons or Sulphur Hexafluoride (SF6), have to be 

taken into account (Schmidt, 2009).  

Although the world begun to change as a better living place due to the application of CA concepts, the Sri 

Lankan construction industry is still found to be in an infantile age in CA, when compared with the 

international context. (Nawarathna, Siriwardana, Alwan, 2021).  As per several researches, it was found out 

that the awareness of construction professionals in Sri Lanka have poor wakefulness about carbon emission 

strategies. Construction professionals in Sri Lanka are basically aware of some basic/conventional 

mitigation strategies, yet their awareness of micro-level strategies is considerably poor. (Abeydeera, 

Mesthrige, Samarasinghalage, 2019) 

Further, research conducted to find out the extent considered emission of carbon at material selection 

criterion at building professionals in Sri Lanka indicated as consideration of carbon emissions as a material 

selection criterion is very minimally considered among construction professionals of Sri Lankan architects, 

engineers, sustainability managers, even if they primarily follow green building rating systems and basic 

level green strategies (Nawarathna, Siriwardana, Alwan, 2021) 

Hence, to face the challenge of improving the application micro-level mitigation strategies at carbon 

emission concept application at Sri Lankan construction sector, recommendations have to be implemented 

immediately. This is vital as from traditional practices need to change in to suitably regulation level 

enactment to improve. Therefore, this research will be identifying the recommendations to improve the 

carbon emission consideration practices at construction stages, will initially foster the growing carbon 

accounting adoptability in the construction industry, to an awareness level towards an application of micro-

level strategies in application mode.  

Several researches were identified with discussions of application of CA concepts of the construction sector 

in Sri Lanka. Yet, as there are not much studies found as followed with need of improving the adoptability 

of carbon accounting practices at stages of design and construction, especially with lack of evidences in the 

Sri Lankan context to adopt the practice with the related roles of professionals. Therefore, there is a 

specified need to identify recommendations at CA application, related to Sri Lankan context with related 

key professional activities. The objectives of this study are a.) to find out the knowledge and application of 

adoptability of CA concept in the design and construction stages by the construction related professionals 

in Sri Lanka, b) to find out the role of construction professionals in the CA of Sri Lankan construction 
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industry and c) to make recommendations and to improve the AA concept in the construction projects in 

Sri Lanka. 

2. METHODOLOGY 

In this research, the concept of CA and the design stages of a construction project will be 

identified/investigated through a Literature Review. 

Further, in order to find the opinion of the research area, a questionnaire survey and a Structured interview 

at the sample of key professionals was conducted. The respondents are selected at a sample among the key 

professionals of the construction industry as Civil Engineers, Structural Engineers, Architects, Project 

Managers MEP Engineers and Quantity Surveyors. 

Adoptability of the CA concept by all related professionals, for different stages of a construction project 

such as: inception, feasibility, briefing, concept, outline design, scheme design, detail design, construction 

at site stages, are to be investigated through a detailed questionnaire survey.  

A detailed role of a quantity surveyor in the construction field identified through a literature review was 

validated via a questionnaire survey.  An in-depth-interview is to be carried out for validating each role 

separately and also for identifying the key professionals and Quantity Surveyors’ adoptability for the CA 

practice as per construction stages.  

3. RESULTS AND DISCUSSION 

3.1. CONCEPT OF CARBON ACCOUNTING FOR CONSTRUCTION PROJECTS 

With the beginning of the 21st century, the world order has begun to talk about the environmental 

performance accounting systems, as a new way of Corporate Social Responsibility (CSR) strategies, to 

assist the global warming issue and those environmental accounting programs were very attractive and 

accountable, because it allows companies to account their environmental performance as much as possible, 

to minimize the impact of climate change (Tiphaine, 2017). The negative impact of climate change on 

economy, social activities and peoples’ health, has already been emerging and the trend towards a low 

Carbon economy has been beginning (Qingliang, 2016).  

The fundamental objective of the Carbon Accounting, is the mitigation of the impact of Greenhouse gases 

in the built environment (RICS 2018). 

3.2 CONSTRUCTION PROJECT STAGES OF CONSTRUCTION INDUSTRY 

Construction project stages are identified as strategic definition, preparation and briefing, concept design, 

spatial coordination, technical design, manufacturing and construction, handover and use of building stages 

(Plan of Work, RIBA 2020). 

 

3.3 ADOPTABILITY OF CARBON ACCOUNTING CONCEPT, IN THE PROJECT STAGES OF 

CONSTRUCTION INDUSTRY IN SRI LANKA 

To conduct the study on finding out the adoptability of CA concept in project stages of the Sri Lankan 

construction industry, the respondents were subjected to a questionnaire. 
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At a preliminary survey, awareness among the industry professionals about the adoptability of CA concept 

for construction projects in Sri Lanka, was investigated. 

 
As shown in Figure 1, only 4% of the professionals 
were aware of this concept, while 68% were not 
aware of it and 29% did not respond at all. 
 
 
 
 
 
 

 
 

 
As given in Figure 2, among the 
respondents, 20% were Civil Engineers, 
30% were Architects, 10% were Project 
Managers, 10% were Structural Engineers, 
25% were MEP Engineers and 5% were 
other professionals. Among them, one 
respondent had only less than 1-year 
experience in the construction industry, 1-
5-year experience, 7 of them had 6-11-year 
majority had over 11 years of experience.                 

 

Figure 3 shows the Carbon accountability 
applied at the concept design stage. 5% of 
the professionals have always applied the 
CA at the concept design stage (least 
response), 20% have applied it highly, 35% 
have applied it only sometimes (most 
response), 15% have not applied it 
frequently, 10% have never applied it and 
15% have not responded.  
 
 
 
 

Figure 4 depicts CA applied at brief design 
stage. 5% of the professionals have always 
applied the CA at the brief design stage 
(least response), 20% have applied it highly, 
50% have applied it sometimes, 15% have 
not applied it frequently and 10% have 
never applied it. 

 
 
 
 

 Figure 1: General Awareness about Carbon Accounting Concept 
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Figure 2: Professions of respondents 
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Figure 4: CA applied at brief design stage 
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Figure 3: Carbon accountability applied at concept design stage 
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CA applied at outline designed stage is shown 
in Figure 5. 11% of the professionals have 
always applied the CA at the outline design 
stage, 26% have applied it highly, 42% have 
applied it only sometimes (most response), 
11% have not applied it frequently and 11% 
have never applied it.  
 
 
 
 
 

 
                                                                                               
Figure 6 shows the CA applied at scheme 
design stage. 10% of the professionals have 
always applied the Carbon Accounting at 
the Scheme Design Stage, 25% have 
applied it highly, 40% have applied it only 
sometimes (most response), 15% have not 
applied it frequently and 10% have never 
applied it. 
 
 
 

 
As shown in Figure 7, 10% of the 
professionals have always applied the Carbon 
Accounting at the Detail Design Stage, 25% 
have applied it highly, 40% have applied it 
sometimes, 15% have not applied it 
frequently and 10% have never applied it. 
 
 
 
 
 

 
 
 

Figure 8 shows the CA applied at the 
construction at site stage. 10% of the 
professionals have always applied the 
Carbon Accounting at the Construction at 
Site Stage, 10% have applied it highly, 40% 
have applied it sometimes, 25% have not 
applied it frequently and 15% have never 
applied it. 
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Figure 5: CA applied at outline design stage 

0 20 40 60

Always Applied

Highly Applied

Sometimes Applied

Not frequantly…

Not Applied

PERCENTAGE

R
ES

P
O

N
SE

Figure 6: Carbon Accounting applied at scheme design stage 
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Figure 8: Carbon Accounting applied at construction at site stage 
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Figure 7: Carbon Accounting applied at detail design stage 
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Figure 9 shows CA applied at the 
maintenance stage. 10% of the 
professionals have always applied the 
Carbon Accounting at the 
After Construction/Maintenance Stage, 
30% have applied it highly, 35% have 
applied it only sometimes (most response), 
20% have not applied it frequently and 5% 
have never applied it. 
 
 
 
 
 

 
3.4 QUANTITY SURVEYOR’S ROLE IN THE CARBON ACCOUNTING OF SRI LANKAN CONSTRUCTION 

INDUSTRY AND HIS POTENTIALS 
 

3.4.1 LITERATURE REVIEW ON QUANTITY SURVEYORS’ ROLE IN THE IDENTIFICATION OF CARBON 

ACCOUNTING 

Quantity Surveying is a profession, that guarantees the assets of the construction business are used to the 

best point of interest of Society, by suggesting to obtain the optimum value for money, by monetary 

administration (Reddy, 2018). 

The total amount of embodied Carbon of a material or structure, is directly proportional to the quantity of 

the material used in the building (Akbarnezhad and Xiao, 2017). 

Quantity Surveyors are the professionally qualified group, typically involved in measuring the quantities of 

materials for the preparation of cost plans, since they are the most ideal professionals in the industry to 

quantify the embodied Carbon dimensions for their reports and to calculate and manage this environmental 

impact of the built environment, as a part of the cost planning. (RICS, 2012) 

Further, RICS (2012) described, that Carbon emissions released from the entire activities through the 

lifecycle of a building, could be measured by a Quantity Surveyor, since he is well armed with a good vision 

about quantities and specifications.  The Quantity Surveyor can perform an initial assessment of embodied 

Carbon at the initial stages of a construction project.  The RICS (2012) further recommends the quantity 

surveyors, for Carbon critical elements to be included in embodied Carbon calculations, highlighting that 

the Quantity Surveyor is one of the best professionals to help the sustainability by identifying Carbon 

values.   

Affori (2012), also has pointed out the importance of Carbon indexing of buildings, by Quantity 

Surveyors.  Although, the Carbon accounting must not only consider the quantification of GHG emitted, 

but also the emission cost or Carbon price, which is the financial impact of emissions.  For example, Carbon 

allowances could be used to determine financial risks (Tang, 2014). 

Table 1 summarizes the responsibilities of modern quantity surveyors.   
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Figure 9: Carbon Accounting applied at construction at site stage 
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Table 1: Responsibilities of Modern Quantity Surveyors 
 

Involvement Area Authors 

Value Management (Reddy, 2018), (Cartlidge, 2018) 

Provision and Accessibility to Wide Range of Procurement Services (Reddy, 2018), (Cartlidge, 2018) 

Cost Management and Controlling Concepts (Reddy, 2018), (Cartlidge, 2018) 

Conception of Innovative Developmental Approaches (Reddy, 2018), (Cartlidge, 2018) 

Life Cycle Costing (Reddy, 2018), (Cartlidge, 2018) 

Working Ability with BIM (Reddy, 2018), (Cartlidge, 2018) 

Sustainability Assessment (Reddy, 2018), (Cartlidge, 2018) 

Analysis of Embodied Carbon Values (Cartlidge, 2018), ((RICS), 2012) 

 
Ultimately, the value management skills, provision and accessibility to a wide range of procurement 

services skills, cost management and controlling skills, conception of innovative developmental approaches 

skills, etc., are concluded as quantity surveying competencies. 

 

3.4.2 RESULTS OF INTERVIEWS: OPINION SURVEY ON QUANTITY SURVEYORS 

Basically, the interviews were carried out as an opinion survey, to verify the awareness of the CA 

concept.  The survey was carried out among 10 quantity surveyors, who had more than 10 years of 

experience in the industry. 

 
As shown in Figure 10, 10% of the 
respondents had 6-10 years of experience, 
50% had 11-15 years, 10% had 
16-20 years, 20% had 26-30 years and 
10% had 31-35 years of experience.  
 
 
 
 
 
 

 
Accordingly, an in-depth-study was planned to be conducted through an Interview Survey among the 

quantity surveyors, to identify the applications of CA at each stage of the expertise areas, such as the 

provision and accessibility not limited to cost management and cost controlling, procurement services 

management, value management, developmental approaches of life cycle costing, etc. 

Before going through this in-depth-study, an assessment was made to evaluate the initial awareness of 

quantity surveyors on the CA in the Sri Lankan construction industry.  
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According to Figure 11, 40% of the 
respondents were not aware of the CA 
concept. 50% of respondents had not 
responded. 10% of the participants were 
aware of it but had not practically applied.  

 
 
 
 
 

 
As a conclusion, even though the CA is not a novel concept to the construction industry, 90% of the 

interviewees had no idea about it. 

As such, the in-depth-study, originally planned to be conducted through an Interview Survey, was found to 

be not feasible technically, as the basic knowledge of the quantity surveying practitioners on the application 

of CA concept in the construction industry, was found to be not up to the required standard.  

 
3.5   RECOMMENDATIONS TO IMPROVE THE ADOPTABILITY OF CARBON ACCOUNTING CONCEPT IN 

THE CONSTRUCTION PROJECTS OF SRI LANKA 

According to the results the key construction professionals in Sri Lanka: civil, structural engineers, 

architects, project managers, MEP Engineers and quantity surveyors shown with a significantly lower 

awareness about carbon emission strategies and Carbon Accountability concepts at built material. However, 

the professionals of the construction industry such as civil engineers, architects, project managers, structural 

engineers, etc., after being explained the benefits of the concept have responded favorably in the application 

of it, in future construction projects. 

Special focus was made at consideration of Carbon emissions as a material selection criterion, as per CA 

concepts, and it was identified key professionals were identified with very minimally considerations of CA 

concepts when selecting material at construction. 

As per the interviews, it was further identified with comments of some minimal application of fundamentals 

of CA concepts in green building codes of the country. Therefore, as recommendations it was suggested 

that, the needs of major revision at Green Building enactments, Green Building codes, to be done with 

special reference/consideration with CA concepts fundamental applications. It is specially recommending 

to a central governmental enactment, making the CA concept-based codes while selecting the Building 

Material, to be implemented as mandatory to apply construction jobs of Sri Lanka. Suitable regulation level 

enactment to improve is also proposed.  

Knowledge and application of CA concepts by the professionals in construction projects is not found to be 

at a very satisfactory level, according to this study.  Therefore, a lot of improvements in the filling of the 

knowledge gap on this subject, among the Quantity Surveying professional would be 

essential.  Interviewees have expressed their willingness to learn more about CA concept and also to get 

involved positively in the application of it in future projects, if they were given the opportunity.  need of 
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Figure 11: Evaluating the Quantity Surveyors' awareness, in the 
Carbon Accounting of Sri Lankan Construction Industry 
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filling fundamentals of CA knowledge gap at key professionals is also highly recommended, as per the 

study.  

4. CONCLUSIONS  
The particpants of the survey have responded, that they have “practically applied” or “sometimes applied” 

the CA at the construction stages overall.  This shows conflicting findings that: their awareness level, and 

application level of CA.  Therefore, it can be concluded that participants of the study are not aware of the 

real meaning of “Carbon Accounting”, and the related fundamentals. but they identify it as per the 

ideologies of “Green concepts in overall sense”. 

Results indicate that interviewees, as key professionals: Civil and Structural Engineering, Architectural, 

Project Managing and MEP Engineering disciplines), were in lack of satisfactory knowledge level (4%), 

about the application of CA concept for construction industry projects.    

40% of the sample were not aware of the CA concept and only 10% have responded that they are aware of 

the said concept, yet they do not practically apply the knowledge in construction projects.  

Moreover, it is recommended to conduct awareness programs on the CA concept, among the key 

professionals involved in the Sri Lankan Construction Industry. Further, even if application green building 

codes of Sri Lanka is considerably noticed among the key professionals in construction practice, as per the 

interviews it was identified with minimal essential applications of CA fundamental concepts in these codes 

as a basis. Also, it is recommended to impose enactments regarding green building code application as 

mandatory to apply at construction work, which to be developed in special focus to applications of CA 

fundamental in green building codes 
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ABSTRACT 
 

Daylighting or natural lighting is the freely available natural lighting source which can be utilized for 
internal lighting of buildings specifically in tropical countries like Sri where the sunlight is available 
throughout the year. However since the daylighting levels generally vary over the year and during the 
day, designing a lighting system with natural lighting is a complex process and simulation software 
are used to predict the amount of daylight levels available at a given point at a given time. Hence 
accuracy of the software is crucial. This study looks at a typical room in a building in Sri Lanka and 
compares the results produced by two such simulation software with actual measurement and also 
compares the results obtained by the two software in order to verify how realistic the simulated values 
are. 

 
Keywords: Daylighting, Simulation, Sri Lanka. 

 

1. INTRODUCTION 
Natural light or daylight as it is also commonly known is a freely available lighting source.  Sri Lanka is a 

tropical country where sunlight is available all throughout the year. Therefore it is widely discussed that it 

is possible to incorporate daylighting to Sri Lankan buildings as an alternative to artificial lighting. However 

in most of the commercial buildings in the country, very low attention is given for effectively incorporating 

daylighting to the building. Most of the buildings are installed with a full system of artificial lighting to 

cater to all lighting requirements. While artificial lighting is a mandatory requirement when the building is 

used during the night time or in the daytime when daylighting levels are low, during the daytime artificial 

lighting usage can be minimized by incorporating daylighting to the building.  

1.1 BACKGROUND STUDY AND REVIEW OF LITERATURE 

The main problem for not integrating daylighting as a regular lighting source in buildings is due to the 

unpredictable nature of natural lighting. Natural lighting that penetrates the building will change during the 

time of the day, over the year and also it will be changing with the climatic condition of the day. Therefore 

designers sometimes see natural lighting as unreliable source and do not consider the building design. The 

most common practice is to think that if daylight is there it will be an additional bonus, and users will 

switch off artificial lighting when natural lighting is available. This approach however does not work since 

users will very rarely be concerned about whether they should switch off the artificial lighting. Therefore 

proper planning of daylighting is essential if the advantages of daylighting is to be utilized for a building. 

This is specifically important for a country like Sri Lanka where we see that daylighting is available 

throughout the year. Due to the unpredictability and dynamic nature of natural lighting, prediction of 
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availability of daylighting at a particular site at a given time is important to make decisions regarding 

incorporating daylighting for a building at the design stage. There are several software tools available, 

which can simulate and predict natural light; however the accuracy of the software with the actual condition 

has to be evaluated. Further, although it is presumed that natural lighting is available in Sri Lanka all 

throughout the year its variation and other dynamic behaviors have to be determined. 

Many research work have been carried out to evaluate the advantages and effectiveness of incorporating 

daylighting, According to (Chien & Tseng, 2013) “to achieve a higher level of energy efficiency and 

sustainability in the buildings sector, the consideration of natural daylight utilization during the daytime is 

crucial. Towards this end, the electric lighting would then be supplemental, such that significant reduction 

of electric lighting demands can be achieved. That can result in significant impacts on building 

performance, energy efficiency, productivity, as well as occupants’ comfort and satisfaction” . Research   

work has been carried out in relation to capabilities and accuracy of daylight simulation software. “Despite 

computer simulation programs being frequently used during the design development stage, the complexity 

of the programs and insufficient program documentation have been identified as weaknesses of the existing 

computer simulation programs. Such level of complexity increases the amount of time required for 

calculations and only those with reasonable skills and knowledge would be able to perform the 

calculations.” (Wong, 2017) 

According to Wong (2017) minimum accuracy between measurements and simulation was reported as 

around 20% and one of the main difficulties is how to acquire reliable measurements of reflectivity from 

surroundings. Chien & Tseng (2013) discusses a possible reason for the accuracy of the simulation results. 

“The most used daylight metric is based on a simplified daylight performance model at one time step under 

the standardized overcast sky. There have been concerns that the results obtained from such a metric may 

not reflect intermediate daylight performance conditions over an extended period of time with variable sky 

conditions.” In Sri Lankan context, (Korale, 2013) has carried out a simulation modelling on daylight 

implementation for a commercial building using Dialux 4.11 software. 

After reviewing previous work, the research objectives of this study are:  

i. To evaluate the accuracy of the simulation results produced by daylighting software with actual 

readings in Sri Lankan conditions. 

ii. To determine the variations of natural lighting in Sri Lanka over the day and also over the year. 

  

2. METHODOLOGY 

In order to achieve the two specified objectives experimental measurement and software simulation was 
used. 
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2.1. EXPERIMENTAL MEASUREMENT 

One of the objectives is to compare the experimental data with the simulation data produced from the 

software. In order to evaluate the accuracy of the results, a set of experimental data were obtained. For 

the measurement an office building in the old building of University of Vocational Technology was 

selected. The location of the selected room is illustrated in figure 1. The room selected is an office room 

and it has windows facing approximately the south east.  

 

 
 

2.2. SIMULATING THE SCENARIO WITH SOFTWARE 

In order to compare the experimental data and the results given by the simulation software, the same 

scenario where the experimental data were measured must be simulated using a software that is suitable 

for daylight simulating. Dialux and Design Builder software were selected for this purpose since the 

software were readily available and both software had several settings that can be configured so that 

the actual scenario can be simulated as close as possible to the actual case. The results of daylighting 

calculation may depend on many factors. Some of these factors are location of the building , building 

orientation, size, material of the window or other opening through which the daylight enters the 

building, day and time of the year the simulation is done, condition of the sky and calculation of surface 

height, size etc.  

Most of these factors were customizable in both software and the relevant details are presented below. 

2.2.1 SIMULATING WITH DESIGN BUILDER SOFTWARE 

Design Builder software enables setting parameters such as building shape, size and material of the 

window and calculation surface. However weather data (location of the site) for Sri Lanka was only 

available for Katunayake and therefore the location of the building had to be set as Katunayake. 

However the orientation of the building with respect to north could be adjusted accurately. The software 

presents seven sky models defined by CIE are CIE Sunny Clear Day, CIE Clear Day, CIE Sunny 

Intermediate Day, CIE Intermediate Day, CIE Overcast Day, and Uniform Cloudy Sky. Therefore a 

Figure 1: Location of the Selected Room for Experimental Measurement 
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suitable sky condition can be selected that is applied to the scenario and in most of these options the 

date of the year and time of the day could be also selected. 

2.2.2 SIMULATING WITH DIALUX EVO SOFTWARE 

Dialux Evo 9.2 was used for the simulation. The software enables setting parameters such as building 

shape, size and material of the window and calculation surface. The location of the site could be given 

accurately with longitude and latitude and the orientation of the building with respect to the north also 

could be given accurately. In that aspect Dialux is more flexible than Design Builder. The time of the 

day and day of the year can also be given. However there are only three sky models described in CIE 

110-1994 which can be selected in the Dialux Evo software. They are Clear Sky, Average Sky and 

Overcast Sky. 

2.3 SIMULATION SCENARIOS CONSIDERED 

The simulations were carried out for a few cases. For the scenarios the experimental data were 

measured, the simulation was carried out from both software. The illuminance levels were calculated 

for the same working plane that was considered for the experimental measurement. The sky condition 

that was prevailing at the time of the measurement was taken for the simulation as well. Another set of 

simulations was carried out for every 1st  and 15th  of each month of the year at 10am, 12 noon and 2pm. 

This simulation was done from both software with the intention of analyzing the variation of natural 

lighting conditions over the year and also over the time of the day. 

 
3. RESULTS AND DISCUSSION 

3.1 COMPARISON OF EXPERIMENTAL AND SIMULATED DATA 

The comparison between the results obtained through experimental measurement and simulation for 

different days of the year is tabulated in Table 1. From Table 1, it can be observed that in some cases 

there are significant differences between simulated value and experimental value. The Pearson 

correlation coefficient was calculated for   the two series of   data. Correlation coefficient between   

measured   and simulated data of Design builder software is 0.948 and correlation coefficient between   

measured   and simulated data of Dialux Evo software is 0.67. Hence the simulated data by design 

builder is closer to the actual measured data. However in order to verify this further the analysis must 

be done for a higher number of points. 

3.2 VARIATION OF EXPERIMENTAL DATA OVER THE YEAR  

The experimental data was measured from the month of July to December. Using this data, analysis 

was done on the variation of natural lighting. Most of these measurements were made at 1 pm however 

there are some points that were taken at different timing. Since timing also has an effect on the 

illuminance, these points were not considered for the analysis. The variation of the natural lighting of 

the measured working plane from July to December is illustrated in Figure 2. 
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Table 1: Experimental Data vs Simulated Data 
 

Date Measured 
Average 

Illuminance 
Value (Lux) 

Simulated Average 
Illuminance Value 

(Lux)- Design 
Builder 

Simulated  
Average 

Illuminance 
Value (Lux)- 
Dialux Evo 

Error 
% 

Design 
Builder 

7/14/2021 759.25 750.6 918 1% 
7/26/2021 254.5 331 735 -23% 
8/02/2021 975.75 819 958 19% 
8/10/2021 982.75 847.8 984 16% 
10/21/2021 734 801.4 712 -8% 
10/21/2021 881.75 789 616 12% 
11/05/2021 738 825 638 -11% 
11/16/2021 926 912.6 903 1% 
12/02/2021 637.75 720 575 -11% 
12/10/2021 1281.25 1244.8 1243 3% 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 VARIATION OF SIMULATED DATA OVER THE YEAR  

As explained in the research methodology simulations were carried out over the year at three selected 

times (three cases) under clear sky conditions. The simulation was carried out using both software. For 

this calculation the whole room was considered as the working plane (except for the wall boundary). 

The analysis was done for three cases, that is at 10 am, 12 noon and 2 pm. The results are illustrated in 

Figure 3. When the three graphs were analyzed it was observed that there is a difference between the 

values simulated by the two software. This can be due to various reasons such as the approximations 

made in location, variations of the data used in the two software etc. However if the variation of the 

illuminance over the year is considered the same type of pattern can be observed in all three cases. 

During the first months (January, February) the illuminance levels are high and then the illuminance 

gradually decreases and comes to the minimum values in the months of June, July and August and then 

the illuminance values gradually increase and come to the maximum in December. 
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4. CONCLUSIONS  AND LIMITATIONS 

From the data and the analysis several conclusions can be made. There is a significant difference 

between the values simulated by Design Builder and Dialux Evo software. This variation may be 

because of the various approximations made in the software in respect of location of the site, weather 

data, internal and external reflections from obstacles and the material properties. Specially the definition 

of the sky model in each software is different and this could make a considerable difference in the 

results given. Further by comparing the Pearson correlation coefficients it can be concluded that the 

experimental data are closer to the Design Builder therefore we can conclude that Design Builder 
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software gives more realistic results for the case considered. However this should be further verified 

with more experimental data. Regarding the variations of the daylighting over the year from 

experimental and simulation data it can be concluded that the daylighting levels are higher in the months 

of December, January and February and lowest in the months of June, July and August. However 

whether this variation is common for rooms facing all directions must be verified further by a more 

detailed study. 
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ABSTRACT 

Emerging research on green building materials focuses excessively on utilizing agro-waste to 
ensure sustainable practices. In this regard, there has been appreciable work done in Sri Lankan 
masonry unit construction industry using agro-waste such as rice husk, rice husk ash, coconut 
shells, coconut shell ash, cow dung ash, ground nut shells, and fruit resin. However, to date, no 
critical analysis in this arena has been presented and thus the study was conducted. We reviewed 
the literature from 2000 to 2022, and 19 key works were chosen to compare the performances. 
According to study outcomes, rice husk ash is the most commonly used agro-waste among the others. 
The masonry units made from coconut shells, rice husk ash/alkali activated fly ash, groundnut ash, 
cow dung ash and bamboo leave ash possess higher compressive strengths, while fruit resins and 
sugarcane bagasse yield low compressive strengths. Only a few masonry units meet both ASTM C90 
and ASTM C129 standards and usually an optimum agro-waste dosage exists to ensure the best 
performance. 
 

          Keywords: Agro-waste, Masonry units, Compressive strength, Review, Sri Lanka. 

 

1. INTRODUCTION 

More than 40% of the world’s population still resides in building made of earth (Jannat et al., 2020). 

Although fired clay bricks have been a traditional choice in most Asian countries for buildings, the 

processing technique involves significant CO2 gas emission and energy demand (i.e. a fired clay brick 

results in approximately 0.43 kg of CO2 production (Abdel-Gawwad et al., 2021)). Therefore, green 

building materials recently emerge as an excellent choice to ensure sustainable development (Jannat et 

al., 2020). Agro wastes (denoted as AW hereafter), which are generated during the processing and 

consumption of agricultural products, play a key role in developing such materials for the construction 

industry. In fact, the annual consumption of agro waste exceeds 4.4 billion MT in the Asia region alone 

and thus an excellent resource to develop greener products by completely or partially replacing the 

ingredient in traditional products. In this context, research have been progressing in several sectors in 

the construction industry to achieve the sustainability goals and the published literature encompasses 

the progress in the development of earth blocks, cement blocks, bricks, binder materials, aggregates, 

reinforcement materials and particle boards from AWs (Madurwar et al., 2013).  

As an agricultural country, Sri Lanka produces a significant amount of AW annually. For example, the 

annual production of rice husk, rice straw, and bagasse ash account for 6.5 million MT, 9.3 million MT 

and 2.1 million MT, respectively (Arachchige and Sakuna, 2019, Fernando et al., 2022b). These 
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materials can be used in construction industries as masonry materials. There has been a significant 

portion of published works that focus on using AWs in the Sri Lankan construction industry (Sathiparan 

and De Zoysa, 2018, Yatawara and Athukorala, 2021, Fernando et al., 2017, Fernando et al., 2018a, 

Fernando et al., 2022b, Udawattha et al., 2018, Perera et al., 2015). Even though the outcomes are 

promising, they have not been critically analyzed nor aligned well in a single document. In addition, 

some recently published review papers (Jannat et al., 2020, Madurwar et al., 2013)  have not considered 

the recent improvements in the Sri Lankan context. No study has been conducted to date to address the 

research gaps mentioned. Thus, this review aims to critically analyze the relent research work and we 

restrict the scope to masonry units considering the length of the article. The research objectives include 

(i) compilation of relevant literature, (ii) comparison of the performances of masonry units made of 

different AWs, and (iii) analyze the effect of the amount of AW added on the performance. The 

outcomes of this study are significant in comparing the benchmarking the performances of reported 

agro-waste-based products and engineering agro-waste-based products in future. In this article, we first 

outline the methodology of selecting the relevant article and the resulting key investigations are then 

summarized based on different agro-waste varieties. The properties mentioned above of these masonry 

units are critically analyzed next, followed by conclusions and recommendations for future work. 

 

2. METHODOLOGY 

During the research design, the relevant set of literature was first screened from an appropriate database 

by using appropriate keywords. We selected the Google Scholar database based on its accessibility and 

availability of the most published works, including books, journal articles, theses and conference 

proceedings. For the search, the time period ranging from 2000 to 2022 was chosen considering the 

emergence of relevant works in Sri Lanka. During the screening phase of relevant literature, the 

keywords “Agro waste”, “Sri Lanka”, “Earth blocks”, “Blocks” and “Bricks” were used to initially 

screen all the relevant works. This search was further refined by specifying the AW type, for example, 

“Rice husk”, “Rice husk ash”, “Wood ash” etc. and by using the Booleans such as “and” “or”.  

Accordingly, the study screened and analyzed 19 key works. 

 

3. RESULTS AND DISCUSSION 

3.1 TYPES OF AWS USED FOR THE CONSTRUCTION OF MASONRY UNITS 

The most common AW varieties considered in masonry unit construction include rice husks, rice 

straws, shells (e.g., groundnut, coconut etc.), and the ashes of respective husks and shells. In addition, 

recent attention has been on certain abundant materials such as resins of fruits (i.e., bael, wood apple),  

leaves (i.e., bamboo leaves) tea waste, cow dung ash and eggshell ash (Udawattha et al., 2018, Fernando 

et al., 2018b, Madhushani and Yatawara, 2019, Fernando et al., 2019b). Among AWs, rice husk ash 

has been highly used agro-waste and around 45% of examined works focus on it. Furthermore, fruit 
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resins, sawdust, leave ash and animal-waste-ash have been minimally experimented and recently 

introduced. During the production of masonry units, AWs are mixed with (i) clay (Perera et al., 2015, 

Fernando, 2017, Fernando et al., 2019a, Fernando et al., 2018b, Fernando et al., 2019b) or (ii) 

clay/cement (Yatawara and Athukorala, 2021) or clay/lime (Fernando, 2020) or  (iii) cement/sand 

(Sathiparan and De Zoysa, 2018, Fernando et al., 2017, Fernando et al., 2018a, Prabagar et al., 2015, 

Nilantha et al., 2010, Dolage et al., 2015) or (iv) cement/sand/lime (Pushpakumara and De Silva, 2012) 

or (v) cement/clay brick waste (Rajapaksha and Wijerathne, 2021) or (vi) NaOH or Na2SiO3 (Fernando 

et al., 2022a, Poorveekan et al., 2021) or (vii) soil (Udawattha et al., 2018) or (viii) soil/cement 

(Madhushani and Yatawara, 2019). Apart from providing a greener solution, by using AWs, it is usually 

expected to enhance the quality of the masonry unit based on several properties such as binding activity, 

stabilizing activity, hydraulic activity and pozzolanic activity (Prabagar et al., 2015, Rajapaksha and 

Wijerathne, 2021, Madhushani and Yatawara, 2019, Udawattha et al., 2018). The following section 

outlines how the masonry units discussed so far perform in terms of popular physical properties such 

as compressive strength and water absorption.  

 

3.2 PERFORMANCE COMPARISON OF MASONRY UNITS 

The performance of a masonry unit is usually assessed by its compressive strength, flexural strength, 

water absorption,  thermal conductivity and acoustic properties (De Silva and Perera, 2018, Sathiparan 

and De Zoysa, 2018). Out of these, compressive strength and water absorption were chosen for the 

performance comparison as they directly impact the strength of the building made by using the brick 

and construction quality standards usually focus on them. Figure compares the compressive strengths 

of different masonry units, which are either 21-day or 28-day values depending on the data available. 

The compressive strength data are compared against the ASTM C90 and ASTM C129 standards, which 

have been developed to assess the suitability of masonry units under load-bearing and non-load-bearing 

scenarios. The minimum recommended compressive strengths are 4.14 MPa for ASTM C129 and 13.79 

MPa for ASTM C90, respectively (Sitton et al., 2018, Dolores et al., 2020).  

In Figure, each bar's bottom and top values represent the minimum and maximum compressive strengths 

achieved in the study by differing the dosage of AW. In this way, the whole range of compressive 

strength obtained through the masonry unit is presented. However, for some studies, only one 

compressive strength value is provided in the relevant article and in such cases, a solid line is used to 

show the corresponding value (see for example, (Rajapaksha and Wijerathne, 2021),  (Fernando et al., 

2022a) and (Madhushani and Yatawara, 2019) ). As per Figure, coconut shell ash-clay, cow dung ash-

clay, ground nut ash-clay and rice husk ash-fly ash-Na2SiO3-cement masonry units can achieve larger 

compressive strength values while achieving the ASTM C90 standard. Apart from these, six masonry 

units, which are made from rice husk-sand-cement, coconut shell-sand-cement, rice husk ash-clay-lime, 

rice husk ash -cement-lime, peanut ash-cement-sand and saw dust-cement-sand achieve ASTM C129 
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standard even though they fail to reach the ASTM C90 standard. The remaining set of masonry units 

does not meet these standards. Out of these masonry units, when a combination of resin and soil is used, 

the compressive strength yields significantly low values.  Furthermore, the compressive strength can be 

varied in a comparatively broader range when coconut shell ash, groundnut ash and bamboo leave ash 

are used as the AW.  

 

 
Figure 1: Compressive Strengths of Different Masonry Units (RH – Rice Husk, RHA – Rice Husk Ash, CSA 
– Coconut Shell Ash, CS – Coconut Shell, PS –  Peanut Ash, GNA – Ground Nut Ash, GNS – Ground Nut 
Shell, BLA – Bamboo Leaves Ash, SD – Saw Dust, SCR – Sugarcane Resin, BR – Bael Resin, WR – Wood 
apple Resin, RS – Rice Straw, PTW – Processed Tea Waste, CDA – Cow Dung Ash) 

 

Figure 2 compares the water absorption rendered by different masonry units and the data representation 

is the same as Figure. Similar to compressive strength, water absorption can also be altered based on 

AW dosage. In this regard, masonry units made from ground nut ash-clay, rice husk ash -sand-cement, 

rice husk ash-clay and bamboo leave ash-clay demonstrate comparatively high variations of water 

absorption with the AW content.  Lower water absorption is preferred to a masonry unit and the ASTM 

standards recommend a maximum of 12% water absorption (Holmes et al., 2016). Considering the 

products examined, the lowest water absorption is shown by rice husk ash-fly ash-Na2SiO3-cement unit, 

which has been investigated very recently (Fernando et al., 2022a). Furthermore, only four masonry 

units, namely, rice husk ash-fly ash-Na2SiO3-cement, ground nut ash-cement-sand, sugar cane resin-

soil and wood ash-cement-sand masonry units, exhibit water absorption within the recommended value 

for the range of AW dosage tested. The coconut shell ash-sand-cement and rice husk ash-sand-cement 

masonry unit agree with the ASTM standards only for some values of AW dosage.  
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Figure 2: Percentage of Water Absorption of Different Masonry Units (RHA – Rice Husk Ash, CSA – Coconut 
Shell Ash, GNA – Ground Nut Ash, BLA – Bamboo Leaves Ash, SCR – Sugarcane Resin, WR – Wood apple 
Resin, CDA – Cow Dung Ash, WA – Wood Ash) 

 

Some studies present water absorption as the mass of water absorbed per unit of the dry mass of the 

masonry unit. Figure 3 shows such data while comparing with the ASTM C90 standard. Accordingly, 

all the examined masonry units can achieve the standard provided that the masonry units made from 

rice husk-sand-cement, saw dust-sand-cement and rice straw-sand-cement can satisfy the requirement 

for specific values of AW dosage only.  
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Table 1 provides a comparison among different masonry units that individually meet compressive 

strength and water absorption requirements recommended by ASTM C90 and ASTM C129 standards. 

Accordingly, coconut shell ash-sand-cement and rice husk ash-fly ash-Na2SiO3-cement masonry units 

satisfy both standards. Thus, they may be considered to construct both load-bearing and non-load-

bearing structures. Furthermore, masonry units that only satisfy the ASTM C90 requirement may be 

recommended for non-load-bearing structures. However, these results have been derived entirely based 

on ASTM standards and different results may be expected when a different standard is considered (i.e., 

SLS 855). 

Table 1: Agreement of Different Masonry Units on ASTM Compressive Strength and Water Absorption Criteria 
(Acronyms: RH – Rice Husk, RHA – Rice Husk Ash, CSA – Coconut Shell Ash, CS – Coconut Shell, PS –  
Peanut Ash, GNA – Ground Nut Ash, BLA – Bamboo Leaves Ash, SD – Saw Dust, SCR – Sugarcane Resin, 
CDA – Cow Dung Ash, Symbols:  √ Satisfy,  X  Does Not Satisfy) 

Masonry unit Compressive strength 
criterion 

Water absorption 
criterion 

ASTM 
C129 

ASTM C90 

RH- sand-cement √ X √ 
RHA- sand-cement X X √ 
RHA- clay-lime √ X X 

Figure 3: Amount of Water Absorbed by Unit Dry Mass of Different Brick Types (RH – Rice Husk, RHA – 
Rice Husk Ash, CS – Coconut Shell, PS –  Peanut Ash, RS – Rice Straw) 
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RHA-cement-lime √ X X 
PS-cement-sand √ X √ 
SD-cement-Sand √ X √ 
BLA-clay √ X X 
CSA-clay √ √ X 
CSA-sand-cement √ √ √ 
CS- sand-cement √ X √ 
GNA-clay √ √ X 
RHA-fly ash-Na2SiO3-cement √ √ √ 
CDA-Clay √ √ X 
GNA- sand-cement X X √ 
RS-cement-sand X X √ 
SCR-Soil X X √ 
WA- sand-cement X X √ 
RHA-cement-eggshell powder – NaOH-soil X X √ 

 

3.3 EFFECT OF THE AMOUNT OF AW ADDED  

Table 2: Effect Of The Amount Of AW On Compressive Strength And Water Absorbance Of Different 
Masonry Units (RH – Rice Husk, RHA – Rice Husk Ash, CSA – Coconut Shell Ash, CS – Coconut Shell, PS –  
Peanut Ash, GNA – Ground Nut Ash, GNS – Ground Nut Shell, BLA – Bamboo Leaves Ash, SD – Saw Dust, 
SCR – Sugarcane Resin, BR – Bael Resin, WR – Wood apple Resin, RS – Rice Straw, PTW – Processed Tea 
Waste, CDA – Cow Dung Ash) 

Brick type Range of AW added Optimum 
compositi
on 

Compressive 
strength 
beyond 
optimum 
composition 

Water 
absorbance 
beyond 
optimum 
composition 

Work 

RHA-clay 2-10% (w/w%) 4%  Decreases Increases and 
decreases 

(Perera et al., 2015) 

RHA-clay-
cement 

5-20% (clay 
replacement) 

7.5%  Decreases Increases (Yatawara and 
Athukorala, 2021) 

RHA-clay-
lime 

2-14% (w/w) 12% Decreases Increases (Fernando, 2020) 

RHA-cement-
lime 

5-20% (w/w%) 10%  Decreases Increases (Pushpakumara and De 
Silva, 2012) 

CSA-clay 2-10% (w/w%) 2%  Decreases Increases (Fernando, 2017) 
CSA-sand-
cement 

5-50% (w/w%) 10%  Decreases Increases and 
decreases 

(Fernando et al., 2017) 

GNA-clay 2-12% (w/w%) 8% Decreases and 
increases 

Decreases (Fernando et al., 2019a) 

GNA-sand-
cement 

5-25% (w/w%) 10% Decreases Increases (Fernando et al., 2018a) 

BLA-clay 2-10% (w/w%) 8% Decreases Increases (a 
little) 

(Fernando et al., 2018b) 

WA-sand-
cement 

10-25% 
(cement replacement) 

15% Decreases Increases (Prabagar et al., 2015) 

CDA-sand-
cement 

5-20% 
(w/w) 

10% Decreases Increases (Fernando et al., 2019b) 

RHA-cement-
eggshell 
powder-
NaOH-soil 

10-20% (RHA + 
eggshell powder) 
Within each mixture, 
eggshell powder: RHA 
ratio was also varied 
(10:90, 20:80, 30:70, 
40:60) 

30:70 
(eggshell 
powder: 
RHA)  

Decreases Decreases (Poorveekan et al., 2021) 

According to the outcomes in the examined literature, the dosage of AW governs the properties of the 

masonry unit. Table presents information on AW dosage and the effect of AW dosage on compressive 

strength and water absorption of selected studies. These studies were selected based on the availability 
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of compressive strength and water absorption with a varying AW dosage. Based on that, for most 

masonry units developed, an optimum amount of AW (usually less than 10% w/w) can assure the 

maximum compressive strength and minimum water absorption. Beyond this limit, usually, the 

compressive strength tends to decrease, and water absorption increases while making the product 

undesirable as per construction protocols. However, some studies present the optimum AW dosage 

based on the workability and surface finish of the masonry unit (Rajapaksha and Wijerathne, 2021).  

4. CONCLUSIONS  

The current study was carried out to critically evaluate the agro-waste (AW) use in the Sri Lankan 

masonry unit construction industry. Accordingly, rice husk ash is identified as the most used AW. The 

masonry units made from coconut shells, coconut shell ash, groundnut ash, bamboo leave ash and cow 

dung ash possess larger compressive strengths, while fruit resins and sugarcane bagasse result in 

significantly low compressive strengths. The water absorption is significantly low in the masonry units 

made from rice husk ash-fly ash-Na2SiO3-cement, ground nut ash-cement-sand and coconut shell-sand-

cement. Out of the products examined, coconut shell ash-sand-cement and rice husk ash-fly ash-

Na2SiO3-cement masonry units satisfy ASTM C90, C129 standards in both compressive strength and 

water absorption. Thus, they can be recommended for both load-bearing and non-load-bearing 

scenarios. The AW dosage can finetune the compressive strength and water absorption in masonry units 

and an optimum agro waste dosage usually exists to ensure the best performance. This study can be 

further extended by analyzing other reported properties, such as dry density, thermal conductivity etc. 

to further elaborate on the use of various agro waste in controlling the properties of masonry units. 
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ABSTRACT 
 

Effective tools of cost control are important to achieve project success in the construction industry, 
as various tools of cost control help to minimize cost overruns. The aim of the research is to gauge 
the effectiveness of various tools of cost control preferred by contractors in Sri Lankan building 
construction projects and minimize cost overruns. This research identifies ways to gauge the 
effectiveness of various tools of cost control preferred by contractors and to identify the most effective 
tools of cost control. Estimating, planning, earning value, project budget, site inspection, work 
program, meetings, record keeping, monitoring work and cost performance, evaluation using bills of 
quantities, and software were identified as the twelve cost control tools used in the literature review. 
This research depended on both qualitative and quantitative information obtain through a 
questionnaire survey conducted among a questionnaire survey considering C1 to C2 grade 
contractors. Accordingly, a sample of 30 quantity surveyors and project managers were selected 
(from the contractor’s perspective) as a sample for a detailed questionnaire survey. They were ranked 
as traditional cost control tools and validated in the survey questionnaire. Collected data is analyzed 
using a relative importance index (RII), and factors are ranked based on their percentage. According 
to the findings, project budget control, site meetings, estimation, and planning were all done at a 
high level and were thus recommended for broad use in construction projects. Furthermore, 
respondents' software programs and other approaches were among the least preferred cost control 
tools; therefore, it was suggested to identify ways to improve in practice for construction projects. 

   
Keywords: Tools of Cost Control, Cost Overrun, Effectiveness, Versatile. 
 

1. INTRODUCTION 

In construction industry almost, all clients are interested in obtaining fully functional facilities 

completed in time, cost, quality and scope (Harris and McCaffer, 2002). A builder who is able to 

construct within the estimated time and budget, to the right standards and scope is an excellent builder 

(Harris and McCaffer, 2002). Cost control is a process where the construction cost of the project is 

managed through the best methods and techniques so that the contractor does not suffer losses when 

carrying out the activities of the project (Harris and McCaffer, 2002). Cost control is to ensure that 

scarce and limited resources are used to best advantage (Harvey, 2004). Cost control is about ensuring 

that clients receive the best value for money for the projects that they construct. Ultimately the decision 

of the manager that something should be done differently and the translation of that decision into 

practice are the actions to achieve control (Harris and McCaffer, 2002). Cost control in construction is 

the process by which managers keep expenses under control by managing labor, material, and overhead 

costs to ensure that the project finishes on budget. Cost control relies on sound estimates and constant 

monitoring over the course of a project. Without cost control, a project quickly burns through its budget 
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and leaves the construction firm with very little profit or even a loss. As a result, good cost control is a 

must for any construction business that wants to be successful The (Motley Fool. 2022). 

Most Project managers, Quantity Surveyors and Contractors find difficulty in controlling costs on their 

construction sites due to a number of problems which include poor project preparation, lapse in 

management and control, over budgeting, poor materials, labour shortages, increased cost of materials, 

delays in deliveries, wastage of materials, unexpected weather changes, loss of materials, insecurity and 

poor communication. This results into cost overruns, conflicts and sometimes abandoning projects 

(Otim at al, 2011). 

This report identifies the tools of cost control preferred by contractors of Sri Lanka and their 

effectiveness to minimize cost overruns. It specifically looked at problems faced by the contractors in 

controlling the costs on site studied the tools of cost control commonly used by the contractors during 

the construction stage and proposed remedies to be used by contractors on site to control their costs. 

 

1.1 THE PROBLEM STATEMENT 

Project control includes both progress control and cost control aspects altogether. Project managers, 

quantity surveyors, and contractors mostly find it difficult to control costs on their construction sites 

due to a multitude of problems. Thus, there are various tools of cost control applied to controlling costs 

by these groups. Therefore, there is a need to identify the most frequently used tools of cost control in 

the construction industry and their effectiveness to minimize cost overruns to find the most 

recommended types of cost control tools. 

 
1.2 AIM & OBJECTIVES 

The aim of the research is to gauge the effectiveness of various tools of cost control preferred by 

contractors in Sri Lankan building construction projects and minimize cost overruns. 

This research identifies ways to gauge the effectiveness of various tools of cost control preferred by 

contractors and to identify the most effective tools of cost control. 

The aim of this research is achieved through the following objectives: 

1) To find out the tools of cost control preferred by contractors of building construction projects, 

2) To examine the user perception as to the efficacy criteria (usage, reliability, accuracy, and 

versatility) of cost control tools. 

3) To identify the most effective tools of cost control among the frequently applied practices. 

4) To recommend the most effective tools of cost control to minimize cost overruns of 

construction projects in Sri Lanka. 

1.3 REVIEW OF LITERATURE 

The construction industry is an economic investment and its relationship with economic development 

is well posited. Many studies have highlighted the significant contribution of the construction industry 
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to national economic development (Myers 2013). The construction industry of a country was basically 

linked to its economy (Willis, Ashworth & Hogg, 2007). Sri Lankan industry sector provided 30% of 

the annual GDP for year 2014, while construction accounted for 10% of it, and is claimed to be growing 

at a rate of 10% (Central Bank of Sri Lanka, 2014). Construction is the process of planning, designing, 

and manufacturing buildings and building systems. Construction organizations manage the 

construction, alteration, and/or repair of large structures. Construction is a high hazard industry that 

produces residential properties, bridge erections, roadway paving, excavations, demolitions, and even 

large scale painting jobs (Awsweldlink.org.,2018). In order to successfully operate in construction 

industry, the output of the industry which are known as construction projects need to be managed 

effectively and efficiently to achieve the desired results of the stakeholders. One of the major 

components and stakeholder concern is project cost. Cost is the bottom line factor for any project to 

determine its success. Therefore, it is extremely vital to plan and control cost to achieve of the project 

for different stakeholders. 

The cost control techniques help to keep the project within the budget. Poor cost control often results 

in the cost overrun of a project. The overall planning process in a project budget plays an important 

role, it evaluates the financial consequences of the plan and provides financial feedback so that plans 

can be monitored and revised (Marsh C, 2009). Companies must complete projects on budget to achieve 

financial objectives. Project managers applying cost control techniques effectively can ensure that 

projects stay within projected budgets or are allowed to exceed budgets in a controlled way for specific 

reasons. When company implements appropriate project cost controls, it reduces risk and receives the 

full benefits anticipated from project completion (Source: Smallbusiness.chron.com, 2018). Control 

costs can be as mostly applying techniques as using the estimating, planning, earned value, budget, 

inspection of work, work programme, meetings, records keeping, monitoring works and cost 

performance, evaluation of the works, by software applications and others. (Source: Small Business - 

Chron.com. n.d.). 

The calculation of total amount of cost overrun of a project is established by the difference between the 

final contract cost of completion and the bid amount in the tender document (Bordat, McCullouch, 

Labi, & Sinha, 2004). The terms of “cost escalation”, “Cost increase” or “budget overrun” are usually 

used instead of the word cost overrun Zhu and Lin. The degree of cost overrun can be compared by 

measuring the change in contract amount divided by the original contract award amount. This 

calculation can be altered to a percentage for simplicity of comparison Jackson (as cited in Enshassi, 

Al-Najjar, & Kumaraswamy, 2009). 

Cost overrun = 
Final contract amount−Original contract amount

Original contract amount
 

 
Cost overrun is a frequent phenomenon and is associated with most of the projects in the Sri Lankan 

construction industry (Roachanakanan, 2005). Possible causes of cost overruns from the beginning of 
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projects include omission of some items and out of-date cost estimates (Roachanakanan, 2005).  The 

cost information such as labour rates, equipment rates and material costs used in estimating should be 

accurate (Roachanakanan, 2005). These can be obtained from historical data, past projects, a proprietary 

database, or current material costs (Roachanakanan, 2005).  

 

2. METHODOLOGY 
To identify the tools of cost control in Sri Lankan construction projects, it is essential to observe the 

applications of the construction industry regarding the practice. Furthermore, in order to determine the 

efficacy of various cost control tools in Sri Lankan construction projects, information about the cost 

control tools must be gathered from the Sri Lankan construction industry. To attain the above goals, it 

is necessary to select a qualitative approach to carry out the research. The quantitative approach is used 

mostly to identify effective cost control tools to minimize cost overruns in the construction industry. 

Therefore, within the mixed approach, combining both quantitative and qualitative approaches, the 

research is advanced. 

The triangulation of quantitative and qualitative methods was highly useful for this study as both 

methods complemented each other, yielded a comprehensive picture and provided a range of 

perspectives to enhance the study. Further a simple random sampling was carried out for each sub group. 

This ensures representation of not only the overall population, but also key subgroups of the population; 

especially small minority groups. This gives higher statistical efficiency than simple random sampling 

(Krishnaswami and Sathyaprasad, 2010, p.62). 

The data collected from the survey was analyzed using Likert scale and relative Relative Importance 

Index. Likert Scale as bipolar ranging from two extreme ends provides series of statement within those 

ends. In this research five points Likert scale was used to understand the perception of Practitioners as 

1 for very low, 2 for low, 3 for medium, 4 high and 5 for very high (Likert, 1932). The contractor’s 

frequently used Cost Control Techniques was calculated by using Relative Importance Index (RII).  

A total of twelve numbers of questions out of fifteen questionnaires presentations were in the form of 

graphs, bar charts, and tables. RII was calculated with the following expression: Where: 

RII = Relative importance index 

w = weighting given to each factor by respondents and it ranges from 1 to 

5  

x = frequency of its response given for each cause   

A = highest weight (i.e., 5 in this case) 

N = total number of respondents 
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3. RESULTS AND DISCUSSION 

3.1 Tools of Cost Control frequently used by contractors in construction projects 

According to the response of professionals, 

Figure 1 illustrates that 100% of respondents 

mentioned the usage of cost control tools on 

building construction projects in Sri Lanka. 

Thus, in considering the use of cost control 

tools, professionals in the construction 

industry frequently use cost control tools in 

construction projects. 

 
Figure 2 illustrates the sufficiency of 

resources in the organization. Accordingly, 

80% of respondents reacted positively when 

the resources were sometimes low-usage or 

medium-usage for effective construction 

practice. 20% of respondents mentioned that 

resources are not sufficient. 

 

 

 
As illustrated in Figure 3, 27% of 

respondents mentioned the 

awareness of tools of the cost 

control approach as medium, and 

73% of respondents mentioned 

the awareness of tools of the cost 

control approach as high. It can be 

identified that the awareness of 

tools of the cost control approach 

is high. 
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Figure 1: Usage of tools for cost control by professionals 
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3.2 TO EXAMINE THE USER PERCEPTION AS TO EFFECTIVENESS CRITERIA (USAGE, 
RELIABILITY, ACCURACY, AND VERSATILITY OF TOOLS OF COST CONTROL). 

  
Figure 4 illustrates the management of 

the tools of cost control in 

construction projects. 67% of 

respondents manage the use of large 

and critical projects. 33% of 

respondents mentioned it as being 

used for any type of project. C1 and 

C2 contractors are mostly tools of cost 

control used for large and critical 

projects.  

 

Moreover, 100% of respondents claim that they maintain documents for records for controlling the cost. 

 

As illustrated in Figure 5, 40% of 

respondents mentioned the level of 

documents maintained for records 

for controlling the cost as medium; 

53% of respondents mentioned the 

level of documents maintained for 

records for controlling the cost as 

high; and 7% of respondents 

mentioned the level of documents 

maintained for records for 

controlling the cost as very high.  

 

Figure 6 illustrates the use of 

software for controlling the cost. 

7% of respondents were using 

software for controlling the cost; 

13% of respondents were not using 

software for controlling the cost; 

60% of respondents were using 

software for controlling the cost 

sometimes; and 20% of 
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respondents couldn’t say whether they were using software for controlling the cost in construction 

projects.  

As illustrated in Figure 7, 47% of 

respondents mentioned the level of use 

software to control the cost as very low, 

33% of respondents mentioned the level 

of use software to control the cost as 

low, 13% of respondents mentioned the 

level of use software to control the cost 

as medium, and 7% of respondents 

mentioned the level of use software to 

control the cost as high.  

Once the data has been collected and the format has been established for a report, there then comes the 

need to ensure that the report is accurate and understandable. For example, a summary report can 

provide accurate WBS or cost details while also providing a level of clarity on the project. 

As Figure 8 shows that 93% of 

respondents mentioned producing 

accurate results by tools of cost control as 

yes, while 7% of respondents mentioned 

producing accurate results by tools of cost 

control as sometimes. As a result, it can be 

concluded that the majority of respondents 

believed these cost-control tools produced 

accurate results in construction projects in 

Sri Lanka.  

 

Figure 9 illustrated the valuable tools of 

cost control in the long run. According 

to that, 93% of respondents indicated 

that cost-controlling tools are valuable in 

the long run, while 7% indicated that 

cost-controlling tools are valuable in the 

long run only occasionally. Therefore, it 

can be concluded that most respondents 

believed these control tools were 

valuable in the long run in the construction projects which cost more than 100 million rupees in Sri 

Lanka. 
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3.3 IDENTIFY THE MOST VERSATILE COST-CONTROLLING TOOLS AMONG THE FREQUENTLY 
USED PRACTICES.  

This objective is achieved by a detailed questionnaire survey. The questionnaire survey used a five-

point scale to rank the various cost control tools based on the professionals' responses. 

Table 1 illustrates tools of cost control frequently used by contractors. Twelve tools of cost control 

frequently used by contractors on sites are identified in the literature survey as: estimating, planning, 

earning value, project budget, site inspection, work program meetings, record keeping, monitoring work 

and cost performance and evaluation using bills of quantities, software applications, and other tools. 

In the results, 83% of respondents used the project budget and 81% of respondents used the site 

meetings. 80% of respondents used the estimating and 79% of respondents used the planning, with 

higher responses for tools used for cost control. Furthermore, 77% of respondents used earned value; 

77% of respondents used record keeping; 76% of respondents used the work program; 76% of 

respondents used the monitoring of work and cost performance; 73% of respondents used work 

inspection; 68% of respondents used work evaluation; 31% of respondents used software; and 25% of 

respondents used other tools. 
Table 1: Tools of Cost Control in percentage and rank based on RII 

 

  1 2 3 4 5 
Very  
Low 

Low Mediu
m High Very  

High 
a Estimating 0 0 12 88 20 120 80% 3 
b Planning 0 0 12 96 10 118 79% 4 
c Earned Value 0 0 12 104 0 116 77% 5 
d Project Budget 0 0 0 104 20 124 83% 1 
e Inspection of Work 0 0 30 80 0 110 73% 9 
f Work Programme 0 0 18 96 0 114 76% 7 
g Site Meetings 0 0 0 112 10 122 81% 2 
h Records Keeping 0 0 18 88 10 116 77% 5 
i Monitoring Works and Cost Performance 0 0 18 96 0 114 76% 7 
j Evaluation of Works Carried Out 0 4 42 56 0 102 68% 10 
k Software 16 24 6 0 0 46 31% 11 
l Others 22 16 0 0 0 38 25% 12 

Total % of  
RII 

Rank No. Cost Control Techniques 
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3.4 RECOMMEND THE MOST EFFECTIVE COST-CONTROL TOOLS FOR REDUCING COST OVERRUNS 
ON CONSTRUCTION PROJECTS IN SRI LANKA. 

This study has been entirely focused on gauging the efficacy of various tools of cost control for projects 

costing above 100 million rupees in Sri Lanka (Colombo suburbs). Findings from the literature review 

and questionnaire survey confirm the necessity of implementing a proper framework in attaining a 

successful project. It is recommended the need to keep an eye on all appropriate tools and cost control 

practices in Sri Lanka. 

After analyzing the questionnaire survey data, it was found that the frequently used and most versatile 

tools for cost control are as follows: project budget control, site meetings, estimating, and planning. 

Therefore, it is recommended to implement these cost control techniques in construction projects in a 

wide application and arena. Furthermore, software applications and work evaluation are found to be the 

least preferred cost control tools, which require more attention to develop as tools of cost control in the 

Sri Lankan construction industry. 

4. CONCLUSION(S)/ IMPLICATIONS/ RECOMMENDATIONS & LIMITATIONS 

The proper tools of cost control will help to minimize the cost overruns of construction projects. The 

aim of this research gauge the effectiveness of various tools of cost control preferred by contractors in 

Sri Lankan building construction projects and minimize cost overruns by identifying the preferred tools 

of cost control used by contractors on Sri Lankan construction projects to complete projects as budgeted. 

The findings of this study elaborate precisely on the effective tools of cost control preferred by 

contractors. The twelve tools of cost control used by contractors on their sites in Sri Lanka are identified 

in the literature survey, including use of: estimating, planning, earned value, project budget, site 

inspection, work programme, meetings, record keeping, monitoring work and cost performance, 

evaluation using bills of quantities, software usage, and other tools, further validated in the questioner 

survey to identify the most frequently applied tools in the industry. 

The research results indicate project budget control as the most preferred technique, with 83% of 

respondents having an RII value. 81% of respondents used site meetings. 80% of respondents used 

estimating and 79% of respondents used planning with RII values, found with considerably higher 

responses for techniques used for cost control. These highly preferred tools are highly recommended 

for widespread implementation in construction projects, as proposed measures allow projects to be 

completed within budget. 

Furthermore, 31% of respondents found for the software applications and another 25% found for the 

other tools with RII values, which were identified as the least preferred methods as cost-controlling 

tools in the findings and are proposed to be improved for applications. 

This research suggests implementing the most preferred cost control tools to improve the effectiveness 

of cost control in Sri Lankan construction industry. It is recommended that the least used cost-control 
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tools be critically examined from a technical standpoint for further research that will be beneficial to 

improving cost control events in the Sri Lankan construction industry. 
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PIRIVENA TEACHERS ATTITUDES TOWARDS INTRODUCTION OF  
INFORMATION TECHNOLOGY AS A SUBJECT FOR PRIMARY PIRIVENAS IN 

RATNAPURA EDUCATION ZONE, SRI LANKA 

Rev. Guruluwane Chandrasiri Thero, Padma Shanthi Y. Gamage 

Department of Education and Training, University of Vocational Technology, Sri Lanka  

ABSTRACT 
The study explored issues affecting the introduction of information technology to the Primary 

(Mulika) Pirivenas (Buddist monastic colleges).  The study is focused on three objectives identify 

attitudes toward the introduction of IT subject among the teachers, finding out the current situation 

of available and to explore the issues related introduction of IT subject. Two samples are used, one 

consisted of 42 teachers and 07 Principals in Pirivenas in the Ratnapura Education Zone. Purposive 

sampling was used as the sampling method. A questionnaire was used for data collection. Findings 

revealed IT is increasingly contributing to the learning. increase the attention and interest of 

students in attending classes. Also, IT supports students in self-studies.  As for the conclusions of 

the study, in introducing IT in Primary Pirivenas, lack of facilities and resources, was revealed. 

Furthermore, the fact that teachers who were assigned to teach IT should be given technical training 

and resources and recruitment of a separate teacher to teach IT was revealed. Updating the 

Pirevana Act is recommended to resolve most of the challenges in introducing IT for Primary 

Pirivenas.   

Keywords: pirivena, IT, teachers, attitudes, teaching learning process 

 

1. INTRODUCTION 

Pirivenas were established in 2004 in Sri Lanka and the main types of Pirivenas in Sri Lanka are the 

Primary Pirivenas, Maha Prirvenas, Vidyathana, bilingual mission and Seela Matha Pirivena 

Institutions. Current Pirivena education applies to monks, nuns and lay students who wish to study in 

the Pirivenas. Pirivenas mainly offer Buddhist philosophy and culture studied with Pali Sanskrit and 

Sinhala subject and most Pirivenas not teach Information Technology (IT) at least as additional subject. 

IT has become an essential element of anything in the world. In terms of education, the integration of 

IT has made the teaching and learning process effective. 

Therefore this study was conducted to identify the issues affecting the introduction of IT as a subject to 

primary Pirivenas and modern teaching learning methods and knowledge of online platforms, was 

specifically explored in the study. 

The objectives of the study are;  

1. To find the attitudes of Pirivena teachers regarding the facilities available in Primary Pirivenas 

to teach IT as a subject 
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2. To find the attitudes of Pirivena teachers regarding the contribution of IT towards learning and 

teaching in Primary Pirivenas 

3. To find the attitudes of Pirivena teachers regarding the challenges in introducing IT as a subject 

in Primary Pirivenas 

 

2. METHODOLOGY 
Total population of this study is all Primary Pirivena teachers in Ratnapura Education Zone. The target 

population of this study is 84 Pirivenas teachers and 14 Principals in 14 Pirivenas. Accessible population 

is 42 teachers and 07 Principals in 7 Pirivenas. Purposive sampling method was used as the sampling 

method.  Data collection instrument was a questionnaire. Quantitative data was collected through the 

questionnaire and analyzed through charts and graphs based on the objectives. 

 

3. RESULTS AND DISCUSSION 

3.1 ATTITUDES OF PIRIVENA TEACHERS REGARDING THE FACILITIES AVAILABLE IN PRIMARY 

PIRIVENAS TO TEACH IT AS A SUBJECT  

 

Figure 1: Available Facilities to Introduce IT in Primary Pirivenas  

As shown in Figure 1, the study found that although all the Primary Pirivena institutes subjected to the 

study had electricity, but there was a dearth of other computers and laptops, multimedia projectors, 

internet and a teacher to teach IT, which is essential for the introduction of the subject of IT. Therefore, 
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the practicality of introducing IT as a subject is questionable. Lack of facilities and lack of qualified 

teachers might lead to negative attitudes towards introducing IT for Primary Pirivenas among the 

teachers who teach in Primary Pirivenas.  

3.2 ATTITUDES OF PIRIVENA TEACHERS REGARDING THE CONTRIBUTION OF IT TOWARDS LEARNING 

AND TEACHING IN PRIMARY PIRIVENAS 

As given in Table 1, study revealed the attitudes of the teachers that information technology is 

increasingly contributing to the learning process. Also most of the teachers were in the attitude that, it 

help to study other traditional Pali, Sanskrit and Sinhala subjects. Further, many of the teachers believed 

that IT increasingly conducive to innovation and to improve attitudes and motivation in the classroom 

as well as outside the room. 

Table 1: Attitudes towards introduction of IT towards learning and teaching 

Attitudes 
St

ro
ng

ly
 

A
gr

ee
 %

 

A
gr

ee
 %

 

N
ei

th
er

 
A

gr
ee

 
no

r 
D

is
ag

re
e 

%
 

D
is

ag
re

e 
%

 

St
ro

ng
ly

 
D

is
ag

re
e 

%
 

IT based teaching is needed as a mode of delivery 7 16 22 00 00 
Modernized delivery methods create more 
engaged environment in teaching  

24 10 03 02 00 

Introduction of IT will encourage active 
participation of learners 

25 17 02 02 00 

IT based teaching supports different learning 
styles 

14 12 14 00 00 

Improving IT related facilities will enhance the 
quality of teaching 

20 24 01 00 00 

Application of IT for other subjects helps 
improving English and the use of IT related 
technology 

28 16 00 02 00 

IT based teaching will support teaching the other 
subjects 

19 11 15 01 00 

IT encourages self-learning 29 14 03 04 00 
It is easy to teach in a technology enhanced 
learning environment 

21 20 03 00 00 

Attention of authorities in including IT for 
Pirivena education 

18 17 00 05 07 

 

3.3 ATTITUDES OF PIRIVENA TEACHERS REGARDING THE CHALLENGES IN INTRODUCING IT AS A 

SUBJECT IN PRIMARY PIRIVENAS 

Figure 2 shows the attitudes among the Pirivena teachers regarding the challenges in introducing IT as 

a subject in Primary Pirivenas.  
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Figure 2: Attitudes of teachers regarding the challenges in introducing IT as a subject 

Most of the teachers were in the view that they are willing to accept and agree that IT is introduced as 

a subject in Primary Pirivenas. They do not find that students are unable to work with new technology. 

As one of the major challenges they found the staff would find it challenging because they do not have 

adequate IT knowledge and IT skills to initiate teaching IT in Primary Pirivenas. Majority of the 

teachers were in the attitude that lack of support from the Ministry of Education in introducing IT as a 

subject in Primary Pirivenas as one of the major challenges. Most of the teachers were in the view that 

due to some of the restrictions in the Pirivena Act, the implementation of teaching IT is hindered and 

therefore the Pirivena Act should be revised to support teaching of IT as a subject.  

4. CONCLUSIONS AND RECOMMENDATIONS  

Pirivena teachers were in the attitudes that facilities including infrastructure facilities and human 

resources are not adequate to introduce IT as a subject in Primary Pirivenas. In considering the teachers 

attitudes related to introducing of IT towards learning and teaching, the teachers were very positive 

about the possible benefits of contribution of introducing IT in teaching and learning processes. 

Regarding the challenges in introducing IT as a subject in Primary Pirivenas, the study revealed that the 

current Pirvena Act hinders such implementations and lack of support from the government are the 

major challenges.  

Therefore, it is recommended to provide basic facilities needed to provide to Primary Pirivenas and 

qualified IT teachers to be recruited while revising the Pirivena Act to support IT education in Primary 

Pirivenas.   
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ABSTRACT 
 

Information Communication Technologies (ICTs) have made a significant contribution to the 
advancement of higher education by providing free and remote assistance at all stages of the 
research process. Current research contributes to the understanding of ICT use and research 
efficiency in Sri Lankan academia. The main objective of this study was to look into employment of 
ICT tools in improving the efficiency of researchers in Sri Lankan universities. A questionnaire was 
administered to academics to collect quantitative data through a survey strategy. Majority of 
academics (85.7%) has agreed using ICTs for publishing their research outputs and the lowest 
(34.8%) agreed to use ICTs for data collecting. Most of the academics (87.4%) agreed use of online 
research networks to publish research outputs. Also a considerable percentage of academics 
(97.1%) have agreed using ICTs for Internet searching for literature and 94.8% agreed using 
Electronic collections/Electronic journals/Journal databases. Based on these findings it could be 
recommended to improve further the technological infrastructure to enhance the research culture 
of the Sri Lankan academia. 

 
Keywords: Academic Research, ICT Adoption, ICT usage, Knowledge production. 

 

1. INTRODUCTION 

Over the last two decades, the Internet and related Information Communication Technologies (ICTs) 

have become increasingly central to scientific work. ICT is a process in which human data interaction 

occurs; through one or more networked telecommunication systems. The use of ICTs in research is one 

of the major shifts in processes of scientific research. Concurrently, ICT promoters argue that the ICT 

will improve and provide a great support on scholarly work, increase technology transfer, and widen 

information access. Moreover ICT has become an important source of innovation and improvement of 

efficiency for many sectors across the globe. 

Applications of ICTs are particularly powerful and uncontroversial in higher education's research 

function. It has grown steadily in the past 10 to 15 years in both developing and developed countries, 

although there are wide variations in usage both within and between countries and regions. These 

variations reflect the vision and commitment of the leadership of Higher Education Institutions (HEIs) 

to deploying ICTs in research; the funds and people available to sustain investments in ICT 

infrastructure and support systems; and the existence of helpful national and institutional ICT policies. 

Adoption of ICT in teaching, learning and research has come a long way and so is the use of various 

ICT tools. Academic researchers use a diverse set of ICT tools to communicate, create, disseminate, 

store, and manage information for their research activities. The possibilities of conducting research with 

Internet and its virtual components by individuals and organizations are innumerable. While going 
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through the research papers among others, several authors have mentioned that ICTs support: 

instantaneous information exchange despite geographical barriers. 

1.1 BACKGROUND STUDY 

ICTs have made a significant contribution to the advancement of higher education by providing free 

and remote assistance at all stages of the research process, including the collection of data and 

documents, improvements in the precision of knowledge reproduction, and innovative and more 

effective routines for designing new products and conducting problem-solving activities. Many 

technological tools, such as electronic bulletin boards, databases, forums, emails, blogs, and social 

networking sites, have been made available to aid researchers' work. As a result, researchers may find, 

gather, and arrange data in a highly accurate, successful, and timely manner. Despite the belief that ICT 

has influenced scientific research and contributed to enhanced efficiency, there is still a scarcity of data 

on the use of ICT in research activities in Sri Lankan academics. Therefore, the current research 

contributes to extend the understanding of ICT use in Sri Lankan academia. The main objective of this 

study was to look into employing ICT tools for research activities by the academics in Sri Lankan 

universities.  

2. METHODOLOGY 

Reviewing a larger number of technology adoption theories there are number of frameworks/models 

have been used in the literature to assess IS systems. Technology acceptance models discussed in the 

literature review are Diffusion of Innovation (DOI), Theory of Reasoned Action (TRA), Theory of 

Planned Behavior (TPB), Technology Acceptance Model (TAM), Unified Theory of Acceptance and 

Use of Technology (UTAUT) and Task Technology Fit (TTF). All of the presented models seem to 

concentrate rather strongly on individual attributes of the users and of the technology, neglecting 

attributes of tasks which are highly important to understand IT adoption processes. TTF (Figure 2.1) is 

however important as it concerned with the notion of fit, explaining that it is not individual attributes 

which are important, but the quality of fit between task and technology.   

 

The idea of fit is more comprehensively elaborated in the task-technology-fit model (TTF) of Goodhue 

and Thompson (1995). They take into account not only technology and user, but also considers the 

complexity of the tasks which have to be supported by an IT system. The TTF model measures the 

correspondence between task requirements, individual abilities, and the functionality of information 

systems. The essence of this model is the assertion that information systems will have a positive impact 

on individual performance if the system is used, and it has a good fit with the tasks it supports. Thus 

TTF model is suitable to investigate the use of ICT by academics in Sri Lanka on their research work 

activities. 
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Figure 1: Task Technology Fit Model 
Source: Goodhue and Thompson, 1995, p. 141 

 

Goodhue and Thompson (1995, pp 141) indicated that individuals’ interactions with an information 

system are often intertwined with their task-technology individual-adoption behaviors. TTF is measured 

by assessing how satisfactorily the system function meets the individual task needs; this is so in the 

current research. TTF is the relationship between task requirements, individual abilities, and the 

functionality of the ICT. Furthermore, TTF has been linked to the criterion of personal performance, 

which can be used in the larger context of considering the impact of IT on individual performance 

(D’Ambra et al., 2013; McGill, 2009; Migosi, 2009; Williams and Kotrlik, 2004; D’Ambra and Rice, 

2001; Goodhue and Thompson, 1995). Previous research has identified varying approaches to 

conceptualize fit between available IT functionality and the functionality required to complete various 

tasks. 

 

TTF relationships can inform the associations between tasks and technology use from a number of 

perspectives: improved performance (Goodhue et al., 2000; Carswell et al., 2000), altered user 

perceptions (Wenger and Carlson, 1995) or increased user utilization (Ngai, Poon and Chan, 2007; Kim 

and Malhotra, 2005; Venkatesh et al., 2000). Moreover, empirical results have suggested that TTF and 

technology usage together better explain the impact of IT on individual task performance than does 

usage alone (D’Ambra and Wilson; 2004, D’Ambra and Rice, 2001). Further studies have demonstrated 

the efficacy of the TTF construct to measure the value of an IT (Goodhue and Thompson, 1995). 

The TTF model considers the importance of fitting the functionality and attributes of technology used 

to the demands imposed by individual needs. Researcher argues that if the tasks of academics in research 

process such as information retrieval, creating publications and dissemination of publications and 

technology used to complete the above tasks are fit with each other, the academics will use such 

technology in their research work. Therefore the researcher used TTF as a lens to see the technology 

context in the scientific research. Overall, TTF used to conceptualize the present research on use of ICT 

by academic in Sri Lankan academia for their research work.  
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2.1 POPULATION AND SAMPLE OF THE STUDY  

Academics in the field of Arts, Engineering, Medicine, Science and Management from 6 universities 

out of 17 universities governed under University Grant Commission (UGC) are the population of the 

present study. Top six universities of the Webometrics ranking of universities in July/2021 were 

selected for the study. These universities are University of Colombo, University of Peradeniya, 

University of Sri Jayewardenepura, University of Kelaniya, University of Moratuwa and the University 

of Ruhuna. These six universities demonstrate a fair representation of all 17 universities in Sri Lanka 

as for specific subject streams selected: Arts, Science, Management, Medicine and Engineering. 

Professors, Associate professors and Senior Lecturers from all 6 universities are considered as the 

population of the study. Probationary Lecturers were not included in this study as they do not have 

much experience about research and their scholarly communication and their contribution would be 

minimal with respect to research productivity. The target population for the study is 2527 (UGC 

statistics, 2020) and the sample size is determined using the Morgan table under the 0.05 significance 

level (Krejcie & Morgan, 1970). The sample size was 335 and stratified sampling technique was 

employed to select the respondents considering universities as strata. Only 247 were responded. The 

response rate is 69.77%. Use of ICT for literature searching, collecting data, analysing, compiling, 

publishing and collaboration under the task technology fit theory was analysed using the SPSS 21. 

 

3. RESULTS AND DISCUSSION 

3.1 DISTRIBUTION OF THE SAMPLE 

The highest percentage of respondents (32.8%) was from the University of Sri Jayewardenepura and 

the lowest (6.8%) was from the University of Moratuwa. Most of the respondents were from Science 

faculties (23.5%). There were 55.5% of males and 44.5% females in the sample. The age group of the 

most academics (40.1%) was 41-50 years. The sample comprised of 68% of senior lecturers and 32% 

professors. Majority (79.7%) of the respondents held PhD degrees and majority of them (72.1%) has 

been obtained their post graduate degrees from foreign universities.  

 

3.2 PERCEPTIONS FOR FHE USE OF ICT BY THE UNIVERSITY ACADEMICS 

Use of ICTs for identified 15 tasks including literature searching, collecting data, analysing, compiling, 

publishing and collaboration  under the task technology fit theory by the academics in the fields of 

Arts/Humanities & Social Sciences, Engineering, Medicine, Science, and Management was analysed.  

 Following Table 1 demonstrates the percentages for the agreement to use of technologies for 15 tasks 

under the 5 point Likert scale. 
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Table 1: Percentages for the agreement to use ICTs for research purposes under TTF theory 

 Task % Use 

  Agree Strongly 

Agree 

Total 

Searching for Literature                                                                                            (76.8%) 

1 Internet search engines for literature tracking  18.2 78.9 97.1 

2 Library OPACs, Wikipedia, Encyclopedia to find literature  32.8 25.5 58.3 

3 Websites, blogs and twitters to gather literature 31.2 25.9 57.1 

4 Electronic collections/Electronic journals/Journal databases (Emerald, 

JSTOR, Hinari, Taylor and Francis, PubMed, Science direct) to find 

literature  

23.1 71.7 94.8 

Collecting data                                                                                                            (34.8%) 

5 Social networks to collect data 18.6 16.2 34.8 

Analyzing research data                                                                                            (61%) 

6 Analytical software  (SPSS,  Minitab)  to  analyse research data 23.3 37.7 61 

Compiling the researches                                                                                             (79.4%) 

7 Word processing software to prepare manuscript of research 

publications 

13.4 82.2 95.6 

8 Referencing software to compile the bibliography of publications   21.9 41.3 63.2 

Publishing the research outputs                                                                                  (85.7%) 

9 Online publishing services (online journals, open access journals) to 

publish research outputs 

34.8 45.7 80.5 

10 Online  research networks (Google Scholar/ Research gate) to publish 

research outputs 

26.7 60.7 87.4 

11 Presenting software (Ms PPT) to present/publish findings 13.0 76.1 89.1 

Collaboration with other researchers                                                                    (67.6%) 

12 E-groups (Listserve or e-mail alert, chat groups, BBS, News groups, 

Discussion groups) to collaborate with researchers  

24.3 23.1 47.4 

13 E-mail to communicate with supervisor/reviewer, 

scholars/professionals at other institutions, submit proposals)  

12.1 83.0 95.1 

14 Instant messaging/Video conferencing (Skype, Viber) communicate 

with scholars 

32.4 43.7 76.1 

15 Media sharing (You tube, Google drive) to share information 25.9 27.9 51.8 

 

As shown in Table 1, if it considers the grand mean of agreeing percentages, the highest percentage of 

academics (85.7%) has agreed using ICTs for publishing their research outputs. Most of them (87.4%) 

agreed use of online research networks (Google Scholar/ Research gate) to publish research outputs. 

The lowest percentage (34.8%) agreed to use ICTs for data collecting. 79.4%, 76.8%, 67.6% and 61% 
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agreed using ICTs for compiling researches, literature searching, collaboration with other researchers 

and analyzing data respectively. 

Though 79.4% have agreed using ICTs for compiling researches, 95.6% agreed to use Word Processing 

for compiling activities. Only 63.2% agreed using reference management software while compiling 

their researches. As highlighted in Table 1, among 76.8% who agreed using ICTs for literature 

searching, 97.1% has agreed using ICTs for Internet searching for literature. Furthermore, 94.8% agreed 

using Electronic collections/Electronic journals/Journal databases (Emerald, JSTOR, Hinari, Taylor 

and Francis, PubMed, Science Direct) for literature searching. Only 57.1% agreed use of websites and 

social media. 58.3% has agreed using Library OPACs. 

Among 67.6% who agreed using ICTs collaboration with other researchers, 65.1% mostly agreed use 

of e-mail as the communication media to cooperate with each other collaborators. Only 61% agreed to 

use ICTs for analyzing data. 

4. CONCLUSION & RECOMMENDATIONS  

According to the findings of the study, the highest percentage of academics (85.7%) has agreed using 

ICTs for publishing their research outputs and lowest percentage (34.8%) agreed to use ICTs for data 

collecting. Most of the academics (87.4%) agreed use of online research networks to publish research 

outputs. Majority (95.6%) agreed to use Word Processing for compiling activities. Also a considerable 

percentage of academics (97.1%) has agreed using ICTs for Internet searching for literature and 94.8% 

agreed using Electronic collections/Electronic journals/Journal databases. As analysed here, it could be 

concluded that more than 50% of academics used to practice of ICTS for all their research activities 

except data collecting. However, for last 2-3 years with the Covid-19 pandemic almost all the academics 

only used technological ways to collect data for their research purposes. Based on these findings it 

could be recommended to improve further the technological infrastructure to enhance the research 

culture of the Sri Lankan academia. 
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ABSTRACT 

Object Detection Simulation is a system that will facilitate multiple features and 
functionality implementation to fulfill current challenges due to the pandemic 
situation and bring the advantage of better financial management for industries in 
Sri Lanka. This will aim to fill the gap between vehicle transformations and its 
behaviors. This project is to identify vehicles or any kind of moving objectives to 
collect unique data with specific criteria. This implementation will hope to fulfil 
gathering information regarding any kind of vehicle within this pandemic situation 
& also getting location details when the vehicle passes barriers that are implemented 
with this system. Sri Lanka Traffic Police will be well supported in providing 
essential services and it will be very easy for the Traffic Police to deal with such 
emergencies. They will also have the opportunity to provide their services to the 
people without wasting their time on essential services. It can also be used not only in 
emergencies but also in the future to track and analyses road traffic and their data. 
The system also helps to compute vehicle data related to crimes. 

 
Keywords:  emergencies, vehicle, QR code 

 
 

1. INTRODUCTION 
QR code is a type of matrix barcode or two-dimensional barcode. This technology is useful for 

our developing system. The main purpose of QR code is, uses in the system like vehicle 

identification. This technology is helpful in situations where the license plate number is missing 

or GPS tracking is not available due to geographical issues. 

QR Codes are generally used to encode information. And people can scan QR Codes via their 

smartphones to decode the information. To enhance the verification process could be added 

important information to the QR Code. These may include the driver’s contact details and their 

registration certificate. 

Behalf of that, Object Detection Simulation is a system that will facilitate multiple features and 

functionality implementation to fulfill current challenges due to the pandemic situation and bring 

the advantage of better financial management for industries in Sri Lanka. and also this will aim 

to fill the gap between vehicle transformations and its behaviors. In addition to that this will 

provide solutions to store and analyses the records about vehicles and locations and generate 

automated reports to authorized parties. On this system, there are 3 levels of corresponding 

applications that synchronously work as one application. 

Regarding the user level application functions that include at the system level will be fully 

 
 Corresponding author: E mail - k.l.gunarathne1988@gmail.com 



Towards a Resilient Future – Opportunities and Innovations 
 
 

137 
International Research Symposium – 2022   University of Vocational Technology 

automated with legible validations to manage data through the system. So the user can control the 

whole system with different permission of users through the permission matrix of this system. 

Apart from that this system is secured with JWT which will be helpful to secure network requests 

from unauthorized parties. For this, the system is functioning Single Sign On to access this system 

where the system is physically placed. This system is required only a device that is facilitated with 

an internet connection to access this system without any troubles due to Web Based System. That 

means, a user can manage data through internet browsing and the user can operate the whole 

system through the internet. 

The vehicle detection application is only to implement on the physical location that will identify 

vehicles using camera/s. To monitor this detection part, this application will show the user real-

time data reporting on the screen. 

The service level application is storing data in the database level through the API that will function 

with CRUD operation. So, this application is the middle layer operator to make communication 

between user-level application and the detection model. 

 

1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 
Object detection is a fundamental, and practical, research branch in the field of computer vision, 

practicing border and category prediction of each instance object in an image by corresponding 

algorithms. Compared with earlier detectors, current mainstream real-time anchor-based detectors 

such as Faster R-CNN, SSD (Single Shot Multi-Box Detector), and YOLOv3 have achieved favorable 

detection results. Current object detectors identify each object through an axis-aligned bounding box 

that tightly encompasses the object, and reduces object detection to image classification of potential 

object bounding boxes. Specifically, the classifier would classify the image content in each bounding 

box into specific objects or backgrounds. 

However, in this chaotic world situation caused by the SARS-CoV- 2 viruses (COVID-19 pandemic) 

has hampered many sectors of human activity, especially in activities that require physical interactions. 

Thus, requiring social restrictions for those sectors that are affected. To limit the people's interactions 

Sri Lanka police, give special permits to distribute emergency services to those affected areas. And 

also introduce a color code to identify service categories. 

It is too difficult to track emergency service vehicles and keep records for future analysis. In this 

project, vehicles can detect using a QR code without stopping the vehicles on the road. When each 

vehicle registers as an emergency service vehicle QR code will be provided. QR code will keep the 

information about a vehicle no, service category, etc. 

The detecting QR code system will track vehicle details and store them in the database. When Sri 

Lankan police need to analyse or find any information about emergency vehicles, using the system 

they can find the details easily. 

In addition to that this project will provide data obtained using this system will be of great help to the 
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computations in dealing with the situation in which the information has been analyzed. Also, the Sri 

Lanka Traffic Police will be well supported in providing essential services and it will be very easy for 

the Traffic Police to deal with such emergencies. They will also have the opportunity to provide their 

services to the people without wasting their time on essential services. It can also be used not only in 

emergencies but also in the future to track and analyze road traffic and its data. The system also helps 

to compute vehicle data related to crimes. 

1.2 AIM  

This project aims to identify vehicles or any kind of moving objectives to collect unique data with 

specific criteria. This implementation will hope to fulfill gathering information regarding any kind 

of vehicle within this pandemic situation & also get location details when the vehicle passes 

barriers that are implemented with this system. 

1.3 OBJECTIVES 

To achieve the aim of this project, the following objectives are defined: 

• Identify the Covid-19 permitted vehicles or the industry authorized vehicles using QR code. 

• Generate Automatically QR code based on vehicle details. 

• Alert authorized members about unauthorized vehicles. 

• Keep records about vehicle details and locations. 

• Keep record history & analyze the records. 

• Record road details with vehicle movement time find all the vehicle details between 

specific time periods. 

• Filter by specific emergency service type. Filter by locations. 
 
 
2. METHODOLOGY 
To identify the emergency service vehicles by introducing a QR code to each vehicle when 

register time. Every checkpoint will have a CCTV or HD Camera directed to the coming vehicles 

on the road. The illustration of the design is depicted in Figure 1 and the Checkpoint view 

(Detection) is depicted in Figure 2.  

If a vehicle comes with the QR code system will detect the QR code and read its information. 

This mechanism is the type of validation and classification in regard image processing. The used 

technology of this system automates to identify moving objects with Line Region of Interest 

(ROI). For this detection model, there are two (2) different model that will facilitate to identify 

License Plate of vehicle and detect QR. 

The detected vehicle by the detection model will process QR to get information about this object 

and send that data into the service layer to store data in the database through the API’s. 

The License Plate detection model is work as a unique model to identify vehicle registration 

numbers in the country. 
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The stored data in the database can fetch by the web-based system using service layer CRUD 

operation through the Model View Control (MVC) architecture that is based on separate 

applications. 

Using a web browser users can access the system by facilitating Single Sign On with JWT 

authentication and users can filter or find the required information from the system easily. By the 

way, the application perform by the user will have multiple permission levels to manage users in 

the system. 

 
 

 

 

 

 

 

 

 

Figure 1: Illustration of the design 

 
The main system is divided into two sub-systems. First part is a Vehicle Detection System and the 

second part is the Web-based Management System. 

Using Web-based Management System must register all vehicles in the company/special 

permitted with valid details (ex: - Register No., Type, Category, etc.). When registering successful 

system will give a unique QR Code to each vehicle. That QR Code must stick to vehicle side of 

the windscreen or side door. (QR Code must be 4”X4 or 5”X5” size) 

Each Checkpoint/Entrance have a HD Camera or CCTV Camera to detect the parsing vehicles. 

Detection system will detect and validate the vehicles using QR Code and License Plate and store 

its information to Cloud DB. Users can use Web based Management System to get necessary 

information and reports. 

 
Figure 2: Checkpoint view (Detection) 
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3. RESULTS AND DISCUSSION 

3.1 DETECTION SYSTEM (CHECKPOINT) 

Figure 3: Detection System (Screenshot) 

As given in Figure 3, the Detection System can successfully detect the passing vehicle’s QR Code 

and License plate. Above screenshot is a taken from the Detected System. System shows live feed 

in left side and detection details on the right side. After detect the vehicle features system call the 

API and validate the vehicle. 

3.2 WEB BASED MANAGEMENT SYSTEM 

Figure 4: Frontend - Login Page (Screenshot) 
 

Figure 4 shows the login page of the Web based Management System. Users can use their username 

and password to login to the system and this will act as a Single Sign on Login. 

Apart from that, this is secured with JWT (JSON Web Token) and credentials stored in the database 

level. Also, this token is perform multilevel user types and there are main 3 user levels. 

• SUPERADMIN 

• ADMIN 

• DATAENTRY 

These three user levels supposed to control CRUD operation (Create, Read, Update, Delete) and 

features may restrict according to the logged on user type. 

However, The SUPERADMIN have super permissions to manage all process without any 

dependencies. 
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Figure 5: Frontend – Vehicle Details Page (Screenshot) 
 
Figure 5 shows the View of Vehicle Details. There are four main data about vehicles. Those are, 

• Vehicle ID, Registration No 

• Registration Date, Registration Address 

The showing data can change according to the client or customer request and the data grid(table) 

is a fully customize grid to considering cognitive load and keep user’s behavior in simple. Also, 

there are Buttons to manipulate operations for the vehicles 

Figure 6: Frontend – Vehicle Registration Page (Screenshot) 
Figure 6 shows a form on the top of the grid (table) that functions with two-way form controlling 

with its unique validations. This view is called Vehicle Registration. 

The form is functioning with nine fields to describe the vehicle which is ready to register a new 

vehicle to this system. 

Regarding the field validations, a user cannot bypass a field if it is mandatory to fill it before 

submitting. If any field has wrong data then the errors will appear logically according to the business 

logic. 

A user can print the QR Code after completing the vehicle registration. The QR Code i s  automatically 

populated by the system and it will b e  supposed  to print QR without any dependencies. 
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Figure 7: Frontend – QR Code view (Screenshot) 

Figure 7 shows a QR Code that was automatically generated according to the registered vehicle 

details. This will become a popup view and cannot bypass without downloading this QR. 

Figure 8: Frontend – Checkpoint Creation and Details Page (Screenshot) 

 

 

Figure 9: Frontend – Company Creation and Details Page (Screenshot) 

Figures 8 and 9 show the Checkpoint and Company details view. These views are fully 

functioning with their data creation form with validations. 
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Figure 10: Frontend – Report/Analytic Page (Screenshot) 
 

Figure 10 shows the Report view of this system. It shows all the analytical data of the detected 

vehicles. There are three (3) different graphs. The Pie chart will describe the percentage of 

detected vehicles that data separate by the vehicle categories. 

The Graph chart will describe system-registered vehicle details according to the categories of 

vehicles. 

The line chart will describe vehicle traffic at the checkpoints. 

And also, these all charts will give the ability to download the graph option as an image format 

and the whole report can download as the EXCEL format as an example below in figure 11. 
 

Figure 11: Downloaded Excel Report (Screenshot) 
 
4.  IMPLICATIONS / RECOMMENDATIONS & LIMITATIONS 
 
By using this system drivers and authorities don’t need to stop the vehicle and show all the documents 

to pass. Simply stick the valid QR Code on the windscreen or the side of the vehicle authorities can 

validate vehicle identification and the purpose of the moving vehicle. And also, if someone duplicates 
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the QR Code and try to pretend as a valid vehicle it can detect by the system. 

However, there were few limitations and difficulties during identifying the QR Code on the moving 

vehicles. The first deficit was to identify the QR Code. When capturing the QR Code on a moving 

vehicle using Web Cam or CCTV camera has taken image can be blur. 

The second problem was that using high-resolution captured images, requires very high processing 

power to process the images. When processing power is low detection process gets very slow. 
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PROPAGATION MODEL TUNING FOR SUB URBAN REGIONS IN SRI LANKA   
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ABSTRACT 

 
The global tends to use high rates of multimedia applications. High-speed data services through 
cellular networks are the major sector that facilitates data service. LTE is the one of cellular 
technology in the mobile industry that achieves the required data demand. Currently all of the 
mobile operators in Sri Lanka have been launched the 4G network and the number of LTE 
attached subscribers are rising rapidly and most of networks are ready for 5G also. The goal of 
model tuning is to calibrate the parameters of propagation model and improve the prediction 
model. Prediction simulation was the first action of the any mobile network and based on 
simulated model it can be taken rough coverage level which can be provided with on air. All the 
planning procedures are based on coverage simulation and total process will be depended with 
propagation model which used. There for fine tune the correct propagation model is important 
task. 

 
Keywords: LTE, Model, Model Tuning, Propagation, Simulation.  

 

1. INTRODUCTION 

Propagation or path loss models are basically used to produce a coverage simulation to check the 

predicted coverage. By tentative coverage simulation which can be produced by planning tools will be 

said the feasibility of the site. Basically, coverage prediction is produced based on the antenna pattern 

and the propagation model with path loss calculation. The generalization of the propagation models to 

any environment can be either area (urban, suburbs, and rural) or a specific cell radius (macrocell, 

microcell, picocell). It is depending on the diversity of the environment. 

1.1. BACKGROUND STUDY/ REVIEW OF LITERATURE  

Propagation models are used extensively in network planning, particularly for conducting feasibility 

studies during initial deployment. They are also very useful for performing interference studies as the 

deployment proceeds. The generalization of these models is either particular areas (urban, suburbs, and 

rural) or specific cell radius (macrocell, microcell, picocell). That’s depending on the diversity of 

environments where mobile communications occur. In general, there is a relationship between these 

models and the types of environments to which they are applicable. 

These models can be broadly categorized into three types empirical, deterministic and stochastic. 

Empirical models are those based on observations and measurements alone. These models are mainly 

used to predict the path loss, but models that predict rain-fade and multipath have also been proposed. 

The deterministic models make use of the laws governing electromagnetic wave propagation to 
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determine the received signal power at a location. Deterministic models often require a complete 3-D 

map of the propagation environment. Stochastic models, on the other hand, model the environment as 

a series of random variables. These models are the least accurate but require the least information about 

the environment and use much less processing power to generate predictions. 

2. METHODOLOGY 

Stage 1:   

Collect the drive test data with enough field measurement. Log file collection by TEMS DT kit. 

Stage 2:  

With help of field test measurement (Drive test data) extract the basic radio frequency (RF) parameters 

reference signal received power (RSRP) and primary cell identity (PCI). RSRP measurement indicates 

the received signal reference power and PCI indicates the received signal dominant cell. Use the ACTIX 

post-processing tool to extract the required data.  

Stage 3:  

Extract the CW measurement points with help of ATOLL 9955 RNP tool by importing CSV formatted 

DT log information’s.  

Stage 4: 

Tune up the individual propagation model for each selected site with help of extracted CW 

measurements. Follow the same process for each site. 

Stage 5: 

Considering the outcomes of initial parameter tuning and reference with the standard model (SPM 

model) for pathloss calculation identified the most affectable “K” variables for final model tuning.  

Stage 6: 

Based on the stage 5 analysis selected “K” factors which use for the final model. Tune up the final 

propagation model with K1, K2, K4 & K5 as variable factors and all other parameters as fixed with 

standard model values. 

Stage 7: 

Calculate the path loss for all sites referring with same standard (same height & distance). 

• Ex: standard site H =40m and d =1000m 

• Initial tuning excludes the clutter tuning 

• Clutter tuning need to proceed after the K factor tuning. 

 

SPM 2600 MHz propagation model is based on the following formula: 

  

                                (Eq:01)                                                   
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Table 1: Parameter Description 

Factor Description 

Lmodel total pathloss at the d distance 

K1 constant offset 

K2 multiplying factor for log(d) 

K3 multiplying factor for log(HTxeff) 

K4 multiplying factor for diffraction calculation 

K5 multiplying factor for log (HTxeff)log(d) 

K6 multiplying factor for HRxeff. 

K7 multiplying factor for log (HRxeff ) 

d distance between the receiver and the transmitter (m) 

HTxeff effective height of the transmitter antenna (m) 

HRxeff effective mobile antenna height (m) 

Kclutter multiplying factor for f(clutter) 

f(clutter) average of weighted losses due to clutter 

 

3. RESULTS AND DISCUSSION 

Based on the similarity overall analysis identified the site samples which can be taken for final model 

tuning for sub urban model region. 

“K” Parameters of Tune-up Sub Urban model 

Table 2: Tune-up “K” Parameters 

 

Sub Urban model applicable the sites which located in sub urban areas with less vegetation. 

Selected sites for suburban model  

1)  Katharagama      2) Ambalantota        3) Thissamaharamaya      4) Angunukolapelessa 

5)  Embilipitiya       6) Polonnaruwa        7) Aranaganwila 

8)  Kaduruwela        9) Pulasthigama       10) Dehiattakandiya 

  

Model Name K1(los) K2(los) K1(nlos) K2(nlos) K3 K4 K5 
Standard Model 18.5 42 18.5 42 10 0.5 -6.93 
Sub Urban Model 22.89 39.93 18.5 42 5 0.5 -4.48 
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                    Figure 1: “k” and “Clutter” parameters of Sub urban model 

Most of “K” Parameters and clutter parameters clearly shown the deviation with standard parameters. 

Initial coverage simulation was not accurate due to the parameter deviation. Based on tune-up results 

of “K” parameters final outcome produce the 70% accurate coverage simulation. Further tuning need 

to be done with clutter tuning for more accurate simulation.  

 

                          Before Model Tuning                     After Model Tuning 

 

 

 

Figure 2-a: Actual & Coverage with standard model Figure 2-b: Actual and coverage with sub urban model 
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                          Before Model Tuning                     After Model Tuning 

 

 

 

Figure 2-c: Actual & Coverage with standard model Figure 2-d: Actual and coverage with sub urban model 

 

4. CONCLUSION(S)/ IMPLICATIONS/ RECOMMENDATIONS & LIMITATIONS 
 

4.1 CONCLUSION 

By using different sets of field measurements over the target regions and pre-and post-processing with 

measurements try to develop a set of propagation models which can be used for LTE 2600MHz TDD 

band in Sri Lanka.  With developed regional models, most can be given predictions with expected 

accuracy. As a result, the accuracy of the radio-propagation predictions of the whole network was 

improved. Moreover, the improvement was significant when applying the presented approach to a 

network deployed island-wide. Basically, develop two models sub-urban and rural. But the suburban 

model extended through terrain and clutter variance. That would be a good decision I have taken at the 

developing stage. Because of regional models, I can get a well-accurate prediction with accurate clutter 

parameters.  
 

4.2 RECOMMENDATION  

Models need to be selected on a regional basis. An example of the southern region must be used 

suburban model for the southern region. Each model is identical for regional clutters. Their model 

selection is important. The rural model is only for sites that have less than 30m in height with heavy 

shadowing. Most of the shadowing happens due to the heavy vegetation. Digital maps need to be 

updated with 5m resolution. Currently use 20m clutter digital database. It will impact the accuracy of 

the prediction. Models may be NOT perfect. Optimization will always be required. 
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ABSTRACT 

 
Road accidents have significantly increased in developing nations like Sri Lanka as a result of recent 
technological advances and rapid economic expansion. It is evident that by identifying accident 
hotspots and providing drivers with the necessary knowledge beforehand, these accidents can be 
significantly reduced. Accident hotspots are places with a high density of accidents, which are the 
main cause of injury-related death. With advance planning, both drivers and passengers may 
guarantee their own safety when traveling. These pre-awareness systems are uncommon, though, 
for a variety of financial, technological, and psychological reasons, including the fear of emerging 
technologies. These accident hotspots are frequently identified, examined, and treated through 
implemented awareness systems. Some excellent improvements have also been put into practice 
using the concepts of ubiquitous computing, which will have a significant impact on the field of road 
safety. We identify accident hotspots in our system using vehicle data, dashboard camera video 
analysis, object detection and analysis, and sending the driver the appropriate warning message 
when a warning circumstance is found along the way. 
 
Keywords: Accident Hotspots, Computer Vision, Data Science, Video Analysis. 

 

1. INTRODUCTION 
Life is the greatest enterprise one could achieve in his or her lifetime. Due to numerous unfortunate 

factors, including the prevalence of traffic accidents in many developing nations, including Sri Lanka, 

life on the road has now devolved into such a pitiful scenario. There are many factors that contribute to 

high traffic accident rates, but the most common ones are driving while distracted, driving too fast, 

driving while intoxicated or under the influence of drugs, changing lanes suddenly, driving while lane-

splitting, driving through an animal crossing, poor road management, infrastructure issues, and weather 

[1]. Researchers, engineers, and even governments have concentrated on developing rigid solutions to 

minimize these controllable road accidents due to the rapid increase in the number of fatal and non-

fatal deaths and injuries caused by traffic accidents, which are also reported to go unreported in rural 

areas. In truth, cutting-edge developments in data science, machine learning, and image processing 

would provide fantastic solutions for making significant strides in avoiding these senseless fatalities. 

Authorities in the EU or the NHTSA in the USA have been continuously advising drivers [2], and 

numerous research groups have demonstrated the impact that using in-vehicle warnings of impending 

accident hotspots has on driver behavior. However, people favor technological solutions to these 

problems over straightforward verbal cautions. Programs like EuroRAP, RANKERS, and EURO TAP 

[2] that focus on enhancing the road infrastructure are another strategy to lower traffic accidents. Today, 

there are also a number of in-vehicle systems like automated braking systems, steering pattern detection 

 
 Corresponding author: E mail - suranga@uovt.ac.lk 



Towards a Resilient Future – Opportunities and Innovations 
 
 

152 
International Research Symposium – 2022   University of Vocational Technology 

systems, night vision assistance systems, EBD (Electronic Brake-Force Distribution), etc. that were 

built utilizing cutting-edge technology and would encourage good driving habits [3]. The majority of 

emerging nations have also implemented legislation involving traffic accidents, however despite 

rigorous regulations, severe penalties, and safety precautions to avoid corruption, the number of 

fatalities has not decreased globally. Methodologies for reducing fatal accidents by being aware of 

accident hotspots beforehand are already a developing research field. Road traffic accident hotspots are 

areas with a high probability of ongoing accidents occurring and where accidents have previously been 

reported and concentrated. In the next parts, the study at hand gives a review of the existing created 

systems born with assessing accident hotspots to answer traffic accidents problem. The essay is set up 

as follows. Section 3 highlights other’s efforts with compliments and critiques in their techniques. Our 

intended model is provided in Section 4. Section 5 also discusses other tasks we should complete for 

the field research setup, such as the system activation and data gathering process. The document ends 

by providing a conclusion and a forecast for the project's launch on a solid foundation.   

1.1. BACKGROUND STUDY/ REVIEW OF LITERATURE  

Geographical information systems (GIS) have supplanted the principles, frameworks, and methods for 

identifying recurring hotspots with a wide range of mishaps. In order to locate regions with a high 

cluster of a particular behavior, a number of studies on road safety, accident minimization, traffic 

information mapping, and hotspot mapping have already presented their GIS-based approaches. For a 

variety of purposes, geographic information systems (GIS) are a computer-based technology and 

methodology for gathering, managing, analyzing, modeling, processing, and portraying geographic 

data. Kernel Density Estimation (KDE) based on both planer KDE and network KDE, the Empirical 

Bayesian Method, the Accident Frequency Method, the Accident Rate Methods, and Quality Control 

Methods are some hotspots identifying techniques in this subject that have been documented in the 

literature [4][5]. /Researchers have made great efforts to locate, map, and analyze the temporal and 

spatial patterns of traffic accidents, as well as to identify hotspots in these areas. Also, they have sought 

to determine the core causes of traffic fatalities while also searching for answers on how to control them 

by enhancing road safety measures. The suggested system would next concentrate on evaluating the 

vehicle data and other data parameters linked with the driver at hotspot locations once the hotspots have 

been correctly identified. The method for receiving CAN-Bus signals coupled with video clips, position 

data, and other extra sensor data from the phone is described in [1] and [2] studies. Signal name, 

frequency, wheel speed, wheel slip status, fuel level, brake pressure, etc. are some of the specified 

CAN-Bus data parameters. GPS altitude, GPS longitude, GPS latitude, GPS speed, GPS accuracy, etc., 

are among the smartphone data parameters that are being targeted. However, both of these studies used 

a tailored crowdsensing approach to categorize accident hotspots and risky driving behavior on the 

road.  Here, a Bluetooth dongle will be linked to the vehicle via the OBD-II connection in order to 

retrieve and gather the vehicle and driving data from the CAN Bus of a vehicle. Their system consists 
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of three components: the vehicle and any accompanying sensors, the driver's smartphone that transfers 

data from the vehicle to the server, and the server that saves, analyses, and relays accident hotspot data 

to the driver's smartphone. Data was captured there and sent over Bluetooth to the smartphone before 

being forwarded to the server using a dongle put at the OBD-II port to access the CAN Bus. Nowadays, 

cell phones with On-Board Diagnostics (OBD) sensors can access crucial sensor data collected by in-

vehicle computers that are considerably more capable of doing so. In-built sensors on smartphones and 

tablets include accelerometers, gyroscopes, GPS, and also potent cameras. Therefore, compared to old 

methods, current developments in smartphone technology have made it possible to detect automobile 

accidents in a more portable and affordable manner. Researchers have demonstrated a prototype that 

can gather real-time data from moving automobiles, including speed, engine RPM, fuel usage, and GPS 

locations, without jeopardizing the device's security in [8]. The majority of the research has used road-

mounted detectors including cameras, microwave sensors, and Bluetooth scanners to gather data on the 

kind and quantity of cars that pass through an area as well as their speed, trip time, and other relevant 

information. The most popular OBU report car information to other vehicles directly or to a centralized 

server where researchers can gather measurement data to monitor traffic, detect traffic accidents, spread 

emergency alerts, and convey diagnostic information. An architecture for detecting automotive 

accidents based on Wreck Watch, a mobile client/server application that was created to automatically 

detect car accidents, is also shown in [9] research. The system was created using Java/MySQL with 

Jetty and the Spring framework on the server side and Android on the client side. The client applications 

will interface with the wreck watch server using bespoke XML and JSON, and the clients will send 

data to the server using regular HTTP post operations. Additionally, various cutting-edge approaches 

fusing the fields of AI have also been realized and utilized in several domains, including the automobile 

fault detection sector. Research has been done in [10] to utilize the expertise of expert systems that can 

offer fresh and efficient ways to diagnose automotive maintenance faults. The effectiveness and 

standardization of tests and maintenance for vehicle failures have increased [10]. The primary factor 

determining life on the road in the majority of traffic accidents is irresponsible driving. The most recent 

and cutting-edge research in the fields of wearable technology and mobile technology has made it 

possible to find novel and creative ways to identify and offer workable solutions to this reckless driving 

behavior. The dissemination of driver behavior has been done via C2C communication. Most 

frequently, basic errors can result in tragic incidents. According to their research findings, [18] it has 

been shown that driver inattentiveness and distraction are the two primary causes of traffic accidents. 

Some of the most frequent errors that result in road accidents include texting while driving, talking on 

the phone, eating or drinking, being sleepy or distracted. In [18], they made an effort to prevent traffic 

accidents brought on by driver behavior by using image processing and machine learning ideas to find 

the best solutions. The majority of the research has focused on the study of facial expressions, head 

movements, pupil movements, and eyelid movements. As a result, methodologies based on both visual 

and nonvisual aspects have been developed. For instance, techniques like Haar-like, SVM, LBP, 
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HOSVD, and Nave Baiyes have been used to analyze eye conditions, and SVM and Nave Baiyes have 

been used to analyze mouth and yawning conditions. Non-visual features can be divided into two 

categories: driver-based features and vehicle-based features. Driver-based features include the driver's 

pulse rate and brain activity, while vehicle-based features include brake pressure, speed fluctuations, 

and wheel angle. These can be investigated using EEG, ECG, and EOG. lane holding, acceleration 

pedal movement, braking, and vehicle movement analysis. 

2. SYSTEM DESIGN 
As shown in the following Fig.1, the proposed model is based on four distinct sections. Vehicle data 

will be collected through the Bluetooth dongle which connects the vehicle unit with the OBD II port. 

The smartphone will be collected the data over Bluetooth. The mobile phone will be transferred the 

collected data to the server through the cellular network. The server will process the data and warning 

messages will be sent by the system if a hazardous scenario is found through analysis by processing the 

vehicle data. In the second section, when the vehicle passes across the hotspot area, warning messages 

will be broadcast. Location will be monitored through the GPS, and it will compare with the hotspot 

database.  

 
Figure 1: System Design 

In the third section, will be analysis the video data through the vehicle’s dashboard camera based on 

the image processing techniques, If the system captured any harmful effect that appropriate warning 

message will be produced. In the fourth section, focusing on information of driver behaviour and 

information and data will be collected through the sensors and other cutting-edge methods, such as 

wearable technology and mobile phones. If any inappropriate behavior was detected, warning messages 

will be generated.   

 

3. RESULTS AND DISCUSSION 

Up to now, circuit development was completed to carry out the fundamental stages used for data 

gathering using the OBD II port. The gadget which needs to be fixed to the vehicle is shown in Fig. 2. 

The GPS data can be obtained from the GPS sensor. Additionally added the Real Time Clock sensor 
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which can be used to determine the time zone. An accelerometer that is coupled to this device will be 

used to measure acceleration as well as its angle. Also, need to we obtained the hotspots' geographic 

coordinates from Sri Lanka's Ministry of Transport and Civil Aviation.  
 

 
 

Figure 2: Device to collect Vehicle Data 
 

4. CONCLUSION(S)/ IMPLICATIONS/ RECOMMENDATIONS AND LIMITATIONS 

Using data analysis and image processing tools, we have compiled a study of the systems that have been 

put in place to pinpoint areas that are traffic accident hotspots and find ways to prevent possible 

accidents. The system was deployed in the field to gather a sizable dataset of hotspot locations that had 

already been discovered in order to determine the correct cause of a hotspot. With the solid information 

base gained from the review, a smart in-vehicle system for successfully minimizing and preventing road 

accidents would be constructed.   

 

REFERENCES 

Chen, P. and Min, Y. (2013). Research and Implementation of Vehicle Fault Diagnosis Expert System. In: 

Advances in information Sciences and Service Sciences(AISS). 

Gahr, B., Ryder, B., Dahlinger, A. and Wortmann, F., (2018), July. A crowd sensing approach to video 

classification of traffic accident hotspots. In International conference on machine learning and data mining in 

pattern recognition. pp. 183-197. Springer, Cham.. 

Mutya, K., and. Rudra, S., Road safety mechanism to prevent overtaking accidents, International Journal of 

Engineering Trends and Technology, 28(5), 2015. 

Nyoni, R. (2019). A GIS based approach to identify road traffic fatal accident hotspots in the greater Durban city 

from 2011-2015. University of KwaZulu-Natal 

Reininger, M., Miller, S., Zhuang, Y. and Cappos, J. (2015). A First Look at Vehicle Data Collection via 

Smartphone Sensors. In: 2015 IEEE Sensors Applications Symposium (SAS). Zadar, Croatia. 



Towards a Resilient Future – Opportunities and Innovations 
 
 

156 
International Research Symposium – 2022   University of Vocational Technology 

Ryder, B., Gahr, B. and Dahlinger, A., (2016). An in-vehicle information system providing accident hotspot 

warnings. In Proceedings of the 24th European Conference on Information Systems (ECIS), Istanbul, Turkey (p. 

3). AIS Electronic Library (AISeL).. 

Thompson, C., White, J., Dougherty, B., Albright, A. and Schmidt, D. (2010). Using Smartphones to Detect Car 

Accidents and Provide Situational Awareness to Emergency Responders. In: International Conference on Mobile 

Wireless Middleware, Operating Systems, and Applications. Nashville, TN USA. 

Truong, L. and Somenahalli, S. (2011). Using GIS to Identify Pedestrian-Vehicle Crash Hot Spots and Unsafe 

Bus Stops. Journal of Public Transportation, 14(1), pp.99-114. 

Zinebi, K., Souissi, N. And Tikito, K. (2018). Driver Behavior Analysis Methods: Applications oriented study. 

In: The 3rd International Conference on Big Data, Cloud and Applications. Morocco. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Towards a Resilient Future – Opportunities and Innovations 
 
 

157 
International Research Symposium – 2022   University of Vocational Technology 

INFLUENCE OF SOCIAL MEDIA ON HEALTHINESS OF ADOLESCENTS IN  
SRI LANKA 

T.D. Udawelaarachchi, H. A. G. Madushanka 

Department of Film and Television Production Technology, University of Vocational Technology, Sri Lanka.  

 

ABSTRACT 
The use of social media has become a common practice among adolescents in Sri Lanka. Today, 

social media is highly responsible for various effects on adolescents’ health. This paper 

investigates how social media affects adolescents’ vision, attention, and overall physical and 

mental health, as well as how they spend their leisure time. Primary data were collected through 

a survey and in-depth interviews. The results demonstrate that the majority of adolescents faced 

physical and mental health problems as a result of their use of social media.                

Keywords: Adolescents, Eye Disorders, Face Book, Social Media, New Media. 

 

1. INTRODUCTION  

The use of social media in Sri Lanka is steadily increasing. With this increase, adolescents have been 

motivated to use social media irrespective of age. More than 8.20 million people in Sri Lanka use social 

media. Also, 11.34 million people use the internet. (DIGITAL 2022: SRI LANKA, 202 C.E.) Here social 

media like Facebook, YouTube, WhatsApp, and Instagram are the most popular social media among 

teenagers in Sri Lanka. The objective of the study is to investigate the physical and mental health 

problems due to the use social media for adolescents. 

However, social media yield positive and negative influences on them.(Positive and Negativ e and 

Negative Effects of Social Media on Adolescent W Ects of Social Media on Adolescent WellBeing., 

2019) Adolescents use this social media for positive impacts such as education, information, 

communication, e-money and etc. Also, in recent times, it has been pointed out that adolescents have 

faced physical and mental health problems because of their addiction to social media. Adolescents faced 

depression, back pain, eye disorders, and anxiety due to the long time using social media.(Social Media 

Use and Depression in Adolescents: A Scoping Review, 2020) Since the use of social media, a lot 

throughout the day, from the morning until the time of going to bed at night, and because the use of 

social media without taking a break and taking exercise, here adolescents facing these kinds of health 

problems more. Thus, due to the continuous use of social media from childhood, greatly affects their 

minds. Here for example thinking power is decreasing, memory power is decreasing and the 

responsibility to continue as a generation has gradually decreased. (Social Media Use and Depression 

in Adolescents: A Scoping Review, 2020) 

2. LITERATURE REVIEW  
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Dr. Kavitha Karan has done research on the effects of social media on the health of college students. In 

this study, a survey has been done as a method of data collection. (VanOverbeke, 2008) A questionnaire 

consisting of 117 questions was used and 206 students participated from Midwest University, USA. 

The research investigates the high level of social media use among college students and their negative 

health and academic habits. The results show social media's downsides include cyber bullying, 

depression, and social media addiction. The findings show that issues have a large impact on their 

physical and lead to changes in their mental health.  

The impact of social media on adolescent’s general health research done by Dr. Saima Nisar, Dr. Safa 

Akmal, Hamza Hussain, Quart Ul Ain Ainy, and Syed Nawazish. (Nisar et al., 2020) The method used 

in this research is a survey method. There, a questionnaire collected data from Karachi schools in 

Pakistan. Random sampling technique has been used by school participants at lower-, middle- and 

upper-class levels at different social levels. There were 100 respondents and the data was obtained from 

teenagers between 12- 18.  The research shows how social media changes adolescents or teenagers’ 

physical health, and mental health (behavior changes, social anxiety, sleep disorders). The findings are 

that social media strongly negatively influenced for teenagers. However, this research shows there is a 

negative result with mental disturbance, and depressive anxiety because of addiction to social media. It 

also finds teenagers faced physical health problems such as migraine, vision, backache, and headaches. 

Anali Singh, Herendra Kumar, Sunita Kumari have done research about the impact of social media on 

adolescent’s mental health. (Kumar & Singh, 2020) 100 students in Aligard district of India were 

selected and students who use social media mostly using mobile phones were used as a sample. The 

study served 100 students people aged 16 – 18 using for this survey and find when adolescent use social 

media for more than two hours, they have huge impact on their stress level, depression and anxiety. The 

research hypothesized “there will be a significant adolescent who use social media for less than two 

hours and who use social media more than two hours on depression, stress, anxiety “. The hypothesis 

was found to be true in the results of the research.  Finally, in this research find adolescents who are 

using social media more than two hours have a poor mentality.  

Rahman et al., (2020), researching on the effects of social media usage and how it impacts on health 

and academic performance among students at University of Sharjah, data collection was done through 

a questionnaire and an in – depth interview through a sample of 300, 18 years of age participants 

selected through random sampling technique. Results of Rahman et al., (2020), show the harm of the 

social media of the students’ academic performance and health that; when students spend a lot time on 

social media, they easily get addicted to it and they got a lot of general health problems such as 

headache, neck pain, poor posture and fatigue, confronting a huge health risk. McNamee et al., (2019) 

had researched on social media extensive and emotional, and behavioral outcomes for adolescents in 

the age group of 10- 15 years in UK, showing high levels of usage of social media and how it effects 

the mental wellbeing also the behavioral problems.  
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3. METHODOLOGY  

The study was conducted in the Western Province of Sri Lanka. This research use primary data was 

collect based through a questionnaire survey and in – depth interviews. 

3.1. SURVEY 

All the respondents belong to the age group of 14 – 19 in the Western Province in Sri Lanka. Total 

population of the teenagers is 450 278 in the Western Province. The accessible sample size is 384 which 

was decided thorugh sample size calculator. Thus, the number of sample particpants of the survey is 

384 in the Western Province, Sri Lanka. Survey data was anlyzed using SPSS.   

3.2. IN-DEPTH INTERVIEWS 

In – depth interviews were conducted from 02 randomly selected physiologists and 06 randomly 

selected teenagers in the Western Province. 

4. ANALYSIS 
Among the adolescents who participated the questionnaire survey, 61.2% were females and 38.8% were 

males.                                                           

4.1. SOCIAL MEDIA USAGE 

 

 

 

 

 

 

 
Figure 1: Social media usage 

Figure 1 shows that, among the particpants 95.30% are using social media, 7% of the particpants do not 

like to use social media and7% of adolescents’ parents do not like them using social media  
 

   

 

 

 

 

 

 

 

 

Figure 2 shows the social media platforms 

that adolescents are using. WhatsApp 254 (66.7 %) is the most frequency used social media platform 

Figure 2: Types of social media platforms 
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and YouTube as the second most used social media type, with a frequency of 49, (12.9%). Facebook is 

the third most used social media platform and it is 43, (11.3%). Other platforms are Instagram 15, 

(3.9%) and TikTok 10, (2.6%). The participants do not use other types of social media. 

 

 

 

 

 

 

 

 

 

Figure 3 shows the frequency of adolescents’ use social media. The most frequency of adolescent’s 

using social media daily. 219, (53.4%) of the particpants claim that they are using social media daily.  

148, (36.10%) of the particpants have mentioned that they are using social media several times a day. 

A number of 4, (1.0%) adolescents claim that they use social media once a week. 10 (2.6%) 

adolescentshave mentioned that they are not using social media. Among the particpants who claim that 

they are using social media daily, following information shown in Figure 4, 5 and 6 was revealed.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Frequency of social media usage 
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Figure 6 shows the time spent for social media when the adolescents woke up in the morning. 31.23% 

of the participants claim that they are using social media for 15 minutes when they wake up in the 

morning 24.67% claim that they are using social media for half an hour when they wake up, whereas 

13.91% of the participants claim that they are using social media more than one hour, when they wake 

up in the morning.  As shown in Figure 5, before going to bed at night, 26/12% of the adolescents claim 

that they are using social media for 15 minutes, 24.54% are using social media for 30 minutes and 

24.01% are using social media more than one hour. In considering the overall usage, as shown in Figure 

6, 47.63% of adolescents claim that they are using social media more than one hour per day.  
 

4.2. PHYSICAL AND PSYCHOLOGICAL DIFFICULTIES  

 
Figure 7: Physical and psychological difficulties            Figure 8: Physical and psychological difficulties   

                                                                                                                  may occur due to social media                                                                                     

Figure 7 shows the physical and mental difficulties adolescents get due to the use of social media while 

Figure 8 shows how the participants believe in whether physical and psychological factors may occur 

due to social media. Most of the participants claim that they have difficulties in eye sight, when some 

suffer from back pain. Psychologically the have felt depressed and anxious as well.  
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Figure 9: Interest for social media vs. outdoor sports       Figure 10: Whether they are addicted to social media 

 

Figure 9 shows the adolescents’ interest for social media vs outdoor sports. Here majority of 254, (62%) 

of the participants said that they prefere outdoor sports. Interview data revealed that “outdoor sports are 

healthy and mind relaxing, and it is good for entertainment”. 126, (30.7%) of the adolescents said that 

they like social media. Interview data revealed that some adolescents said that; “social media is best” 

“social media is not boring”.  

Figure 10 shows the participants’ viewpoint regarding their own addiction of social media. 58.79% of 

the particpants claimed that they are not addicted to social media when 41.21% of the particpants 

claimed that they are addicted to social media.  Here, those who claim that they are addicted to social 

media without playing outdoor sports, it might have a great impact of their physical health. One 

interview participant claimed that “We like social media and we do not like to play outside”.  

 

4.3. ACADEMIC PERFORMANCE 

 

 

 

 

 

 

                                                               
Figure 11: Academic Performance 

Figure 11 shows the attitudes of adolescents regarding whether social media influences their academic 

performance. 44.90% of the participants claim that social media impact their education. Some interview 

participants claim that “If social media is used with moderation, it will not be a problem”. In analyzing 

reasons for this the participants mentioned that they are fond of new technology. They are using it as a 

source of information, entertainment, e – money, and communication. Some of such participants have 

mentioned that “Social media is very good for mind relaxing”. Among them, 37.8% are using social 
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media for education, 19.8% are using social media for information and 7.3% are using social media for 

communication. 

 

5. CONCLUSION  

In conclusion, the findings demonstrate that social media influenced adolescents’ physical and 

psychological health. When the participants use mobile phones to access social media, it also greatly 

affects the physical and psychological health though such conditions as blue screen effect, which 

contributes to poor eye sight. Using social media for more than one hour every day can reduce the 

blinking rate of the eyes. Also, the screening time means how long the eyes are exposed to the screen. 

There is a possibility of eye redness, eye irritation, visual impairment and eye damage due to spending 

too much time on social media. Due to the decrease in the blinking rate, dry eyes can damage the vision. 

Another difficulty can be headaches. There, long – term headaches can come due to the excessive use 

of social media. It can lead to migraine as well.  Moreover, when the postures are not positioned 

properly, it will create physical difficulties. There, lying on the bed or sitting in a chair and using social 

media for a long time can cause long – term physical problems. 

The findings of this research show the adolescents have become increasingly accustomed to using social 

media before going to bed at night. This greatly disturbs sleep of adolescents.  Lack of proper bed time 

can cause fatigue and physical discomfort. This can affect adolescents directly and indirectly. Social 

media greatly affects the minds of adolescents. Adolescents make various connections through social 

media, which can cause psychological problems. Although social media is used to build up 

relationships, social media gives a lot of pressure to the mind due to cyber bullying, etc. 
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ABSTRACT 
Prevention of respiratory infectious diseases is indispensable as they adversely impact physical 
and mental health, economy, and child education in the world. Therefore, a biological protective 
respirator with an antimicrobial function would be a timely approach to keep the public safe from 
unforeseen diseases during this post covid era. In this study, antibacterial filtration material was 
developed by incorporating green synthesized silver nanoparticles (AgNPs) with stem extract 
of Coscinium fenestratum (Venivel) to woven cotton fabric. The solution of synthesized AgNPs was 
characterized using UV–visible (UV–vis) spectroscopy. The UV–vis absorption spectra showed the 
typical absorption peak at ∼430 nm corresponding to the surface plasmon resonance of AgNPs. 
The microstructural characteristics, surface morphology, and elemental composition of treated 
fabric were investigated by Scanning Electron Microscopy (SEM) with Energy Dispersive X-ray 
analysis (EDX) and Attenuated Total Reflectance- Fourier Transform Infrared spectroscopy (ATR- 
FTIR) analysis. SEM - EDX revealed that AgNPs having a diameter of ∼70 nm were present on the 
surface of the developed fabric material. X-ray Diffraction (XRD) analysis further revealed the 
formation of AgNPs. The developed cotton fabric showed good durable antibacterial activity 
against Pseudomonas aeruginosa and Staphylococcus aureus strains. The wash durability of 
antibacterial activity of developed fabric was found to withstand up to twenty wash cycles. The 
results of this study emphasize the significant antibacterial efficacy of AgNPs incorporated in 
woven cotton fabric material and its potential application as a filter material in an antibacterial 
face mask.  

Keywords: Antibacterial, Green, Silver nanoparticles, Venivel, Cotton fabric. 

1. INTRODUCTION 

The respiratory tract infections can adversely affect the sinuses, throat, airways, or lungs of human 

beings. Streptococcus pneumoniae, Haemophilus influenzae and Moraxella catarrhalis are the most 

common bacterial pathogens in upper and lower respiratory tract infections (Fadlyana et al., 2018). 

Recently whole world suffered from Covid - 19 which is an infectious disease caused by the SARS-

CoV-2 virus. The main route of transmission of these diseases was found as inhalation of infectious 

aerosols. The transmission of disease varies according to several factors; including environmental 

conditions, availability and effectiveness of medical care in infection prevention and control, host 

factors, pathogenic characteristics, and density of microbial population.  

Infection prevention and control are commonly based on early recognition and source control, 

administrative controls, environmental and engineering controls, and personal protective equipment 

(PPE). Examples of recommended PPE are face masks, impermeable gowns, gloves, goggles, face 

shields, surgical hoods or caps and fluid resistant shoe covers or boots. Among the PPE, the role of face 

mask, should be explored in the prevention of respiratory infections. At present, polypropylene melt-
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blown nonwoven fabric has been extensively employed as a filter material for Filtering Facepiece 

Respirators (FFR) type masks because it resists microparticles such as pathogenic microorganisms. 

However, there is a known possibility to retain microorganisms on filter materials which can survive 

and multiply under favorable conditions and result in secondary infections in human beings. Hence, an 

antibacterial facemask filter is urgently needed. Nowadays, there is a new revolution in the textile 

industry with the apparition of new technologies that could add special functions and properties to the 

fabrics.  

For the time being in the current covid-19 pandemic situation, an antimicrobial filtration material is 

developed in this study using a woven cotton fabric embedded with green synthesized silver 

nanoparticles. Further, silver nanoparticles are first time synthesized using the stem extract of 

Coscinium fenestratum which is an efficient approach compared with other reported work; one study 

has used time consuming approach using Azadirachta indica aqueous leaf extract as a capping 

agent.(Ahmed et al., 2016) Further, Venivel stems are readily available, inexpensive and with known 

medicinal properties. In addition, present study incorporates the synthesized AgNPs to cotton fabric 

and the antibacterial properties of the developed fabric are investigated against both Gram-positive and 

Gram-negative bacteria. 

Cost-effective solutions are needed to control the transmission of respiratory tract infections in mass 

gatherings. In a recent study, a large-scale facemask trial has been carried out during the Hajj pilgrimage 

in Saudi Arabia. This trial concluded that the efficacy of facemask used in preventing respiratory tract 

infections at mass gatherings is significant. Bashir, Edward and Dominic, (2015) As the filter materials 

in face masks can retain microorganisms, the incorporation of antimicrobial properties to filter materials 

has been studied. The application of nanoparticles and metal oxides has been reported as surface 

modifiers of fabrics for imparting antimicrobial properties. 

1.1 BACKGROUND OF THE STUDY/ REVIEW OF LITERATURE 

It is found that silver is more toxic towards prokaryotic cells than towards mammalian cells, leading to 

a therapeutic window where mammalian tissue is not harmed but where bacterial cells are destroyed. 

Hence, these compounds were used as antimicrobial agents with biocide effects for sixteen types of 

bacteria (Aymonier et al., 2002) In addition to silver salts, silver nanoparticles are increasingly used 

due to their slower dissolution rate, leading to a continuous release of silver ions and large surface area 

to volume ratio. Antibacterial efficiency of the silver nanoparticles has been investigated by introducing 

the particles into a media containing E. coli as test microorganism. The nanoparticles were found to be 

completely cytotoxic to E. coli for surface concentrations as low as 8 μg of Ag/cm2 (Baker et al., 2005). 

Green approaches to synthesize metal nanoparticles have recently gathered grounds, providing safer 

and cost-effective alternative procedures to conventional chemical methods. Green synthesis utilizes 

mild experimental conditions such as ambient temperature and pressure, and uses nontoxic, 

environmentally benign solvents, reducing agents and capping materials. Natural extracts obtained from 
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plant materials such as leaf, root, seed, and stem have been frequently applied for the green synthesis 

of nanoparticles. These natural extracts contain various polysaccharides, proteins, vitamins, alkaloids, 

which are generally nontoxic, and biodegradable, and can act both as reducing and capping agents to 

promote the formation and inhibit the agglomeration of nanoparticles (Kozma et al., (2016).  

Silver nanorods have been synthesized using the extract of Coscinium fenestratum leaves along with 

tender stem samples (Jacob et al., 2012) The major and active constituent among the isoquinoline 

alkaloids found in wood and root of C. fenestratum is berberine. Oxidative biotransformation of 

berberine has been studied hence berberine can be used as both a reducing agent and the stabilizing 

agent in green synthesis procedures. Therefore C. fenestratum can be used as a bio-reductor for reducing 

silver to allow nanoparticle formation (Skopalová et al., (2012) Three main approaches have been 

practiced in the incorporation of metal nanoparticles to fabrics. In the first method, colloid solution of 

metal nanoparticles is synthesized at first step and then, the fabrics are impregnated by dipping them in 

the colloid solution of metal nanoparticles for a certain time period. Secondly, the metal nanoparticles 

are synthesized in-situ the fabrics whereas the third method uses the spinning process to synthesis a 

polymer-nanoparticles composite. 

Antibacterial activities of developed antibacterial textiles have been investigated against different 

strains of bacteria. In a recent study, methanol extracts of Helichrysum arenarium were used as natural 

sources in wool fabric dyeing and the dyed wool fabrics demonstrated significant antimicrobial activity 

against Staphylococcus aureus and Escherichia coli (Cuce et al., 2020) 

2. METHODOLOGY 

This is only a laboratory scale concept that has been developed; there are no preclinical or clinical 

studies have been conducted as there was no intention to cover that aspect during the study period.  

2.1. SYNTHESIS OF SILVER NANOPARTICLES 
The stem of C. fenestratum was washed with distilled water and pared into small pieces and shade dried 

for one-month period. Then weight of crushed stem (2. 0000 g) was boiled in distilled water (100.0 mL) 

for 10 minutes at 100 ˚C. The boiled leaf extract was filtered through filter paper (Whatman No: 1) and 

the collected filtrate was centrifuged for 40 minutes at 3500 rpm using a table centrifugation machine 

(FlexiFuge-NU-C2000VR). The supernatant was stored at 4 ˚C for the synthesis of AgNPs.  

A volume of 2 % (w/v) stem extract of C. fenestratum (25.0 mL) was mixed with a volume of 100 ppm 

silver nitrate (200.0 mL) and pH was adjusted to 8.0 by adding 0.1 M NaOH dropwise using the pH 

meter (Hanna pH 211, Rhode Island, United States). Then, the mixture was stirred at 1200 rpm at 60 

˚C for 20 minutes on magnetic stirrer machine (AREC.X, VELP SCIENTIFICA). The resulted rust 

orange color solution of nanoparticles was centrifuged at 3500 rpm for 40 minutes. The supernatant 

solution was discarded and the pellet of nanoparticles was dried at 70 ˚C until a constant weight was 

obtained. 
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2.2. INCORPORATION OF AGNPS TO WOVEN FABRIC MATERIAL  
A cotton woven textile fabric (2” × 2”) was impregnated with synthesized AgNPs by dipping in a colloid 

solution of AgNPs (25.0 mL) in a 250 mL conical flask for four hours at 25 ˚C while shaking at 1000 

rpm. The treated fabric sample was vacuum dried for six hours and finally dried at 70 ˚C in an Oven 

(Sanyo MOV-112) until a constant weight was obtained. This method was followed to incorporate the 

AgNPs to fabric material as it is time efficient as well as requires no complex instrumentation. 

2.3. CHARACTERIZATION OF SYNTHESIZED AGNPS AND THE DEVELOPED COTTON FABRIC 

MATERIAL 
UV-absorption spectra of synthesized AgNPs solution were measured using UV-visible spectrometer 

(Shimadzu UV2700). Oven-dried AgNPs were analyzed by XRD Unit (Pan Analytical, X-pert pro, 

Netherland). The study of morphology and composition of synthesized AgNPs and AgNPs incorporated 

cotton fabric material was carried out by using electron microscope (Carl Zeiss EVO 18 research, 

Germany). FTIR spectrometer (PerkinElmer, Spectrum Two, USA) was used to study the chemical 

composition of the synthesized AgNPs and the AgNPs incorporated cotton fabric material.  

Antibacterial activity of synthesized AgNPs and AgNPs incorporated cotton fabric material were 

analyzed by disk diffusion method against Gram - positive bacteria (Staphylococcus aureus) and Gram 

- negative bacteria (Pseudomonas aeruginosa). The analysis of the retaining of antibacterial activity 

against laundering was carried out using disk diffusion method. 

3. RESULTS AND DISCUSSION 

3.1. UV-VIS SPECTRAL ANALYSIS 
In this study phytochemicals present in stem extract of Coscinium fenestratum (Venivel) were used for 

the reduction of Ag precursor salt and to produce AgNPs. The initial color of the mixture of 2 % (w/v) 

C. fenestratum extract (25.0 mL) and 100 ppm silver nitrate (200 mL) was pale yellow. When the 

mixture was stirred at 60 ˚C for 20 minutes after adjusting the pH of the mixture to 8.0, a color change 

was observed from pale yellow to rust orange {Figure 1(a) and (b)} indicating the formation of AgNPs.  

As given in Figure 1 (c), the presence of the characteristic plasmon resonance band, centered at λmax of 

420 nm for the AgNPs, confirmed the formation of the AgNPs. 

                             
 

Figure 1: (a) 2 % (W/V) stem extract of C. fenestratum (b) The solution of AgNPs synthesized using the stem 
extract of C. fenestratum (c) UV/VIS spectrum of synthesized AgNPs and UV/VIS spectrum of C. fenestratum 

stem extract 

(c) 
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3.2. MORPHOLOGICAL OBSERVATION OF AGNPS AND THE AGNPS INCORPORATED COTTON 
FABRIC THROUGH SEM ANALYSIS  

According to Figure 2(a), AgNPs in solution phase can be observed as spherical structures attached to 

fibrils like particulate matter of the C. fenestratum stem extract with a mean diameter of 62.65 ± 21.49 

nm with most of them falling in between 27 nm and 80 nm. Figure 3.2(b), indicates that AgNPs in solid 

phase have been aggregated and those are having the sizes between 140 and 270 nm. Figure 3.2(c), 

indicates that AgNPs of the developed cotton fabric sample were approximately smooth and having a 

mean diameter of 76.60 ± 22.34 nm, consistent with the sizes present in the solution phase. 

 

Figure 2: (a) SEM image of AgNPs in solution phase (b) SEM image of AgNPs in solid phase (c) SEM image of 

AgNPs incorporated cotton fabric material 

 

3.3. EDX ANALYSIS OF AGNPS INCORPORATED COTTON FABRIC MATERIAL 

The EDX pattern of AgNPs incorporated cotton fabric material (Table 1 and Figure 3) indicates the 

presence of element silver on the surface of the developed cotton fabric material. 
Table 1: EDX weight ratio of AgNPs incorporated cotton fabric material 

 

 

   

 

 

 

 

 

 

 

 

 
Figure 3: EDX pattern of AgNPs incorporated cotton fabric material 

Element Weight % Atomic % 
   

C 37.31 46.90 
O 55.14 52.04 
Ag 7.55 1.06 
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3.4. FTIR CHARACTERIZATION OF THE STEM EXTRACT OF C. FENESTRATUM, AGNPS AND AGNPS 

INCORPORATED COTTON FABRIC MATERIAL 
The major alkaloid present in C. fenestratum is Berberine {Figure 4 (b)}. Berberine is responsible for 

N-H stretching appears in 3460 cm−1, 3406 cm−1, 3363 cm−1 and 3267 cm−1. The C-H stretching peaks 

can be attributed to aromatic functional groups at 3176 cm−1, alkanes at 2985 cm−1, 2943 cm−1, 2885 

cm−1, 2839 cm−1, alkenes at 2731 cm−1, alkynes at 2196 cm−1, 2179 cm−1. A saturated aliphatic aldehyde 

stretching at 1736 cm−1, 1685 cm−1, C-C stretching (in ring, aromatic) at 1606 cm−1, 1450 cm−1, C-H 

rocking (alkanes) at 1379 cm−1, C-O stretching (esters) and C-N stretching (aromatic amines) at 1288 

cm−1, 1273 cm−1, 1247 cm−1 are evidences for the presence of phenolic compounds in the extract of C. 

fenestratum. Lone electron pairs of Berberine may stabilize the Ag+ ions and nucleation sites can be 

created avoiding the agglomeration of AgNPs. This observation highlights that AgNPs were capped 

with plant derived molecules, which might have reduced the Ag(I) precursors and provided a 

stabilization effect. Additionally, the slight reduction of –OH stretching intensity (3252 cm−1) in coated 

AgNPs indicated the possible interaction of alcohols and phenols of plant extract with AgNPs.  

When the AgNPs incorporated cotton fabric sample and untreated cotton fabric sample were compared, 

no additional peaks or considerable differences in the intensity of the transmission were observed. 

 
Figure 4: (a) FTIR spectra of a. AgNPs incorporated cotton fabric material b. Untreated cotton fabric material c. 

AgNPs in solid state d. AgNPs in solution e. stem extract of C. fenestratum (b) Structure of berberine 
 
3.5. CRYSTALLOGRAPHIC CHARACTERIZATION USING XRD ANALYSIS 
The Bragg reflections with 2θ values of 37.80 ˚, 45.96 ˚, 64.25 ˚and 76.66 ˚ indicate the [111], [200], 

[220] and [311] reflections of metallic silver, clearly indicating the cubic crystalline face-centered cubic 

structure of AgNPs (Figure 5). Increased intensity at the 45.96 ˚ peak of AgNPs is indicative of the 

predominance of [200] facet during the formation of AgNPs.  
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Figure 5: XRD patterns of synthesized AgNPs 

3.6. ANTIBACTERIAL ACTIVITY OF AGNPS INCORPORATED COTTON FABRIC MATERIAL 

AgNPs incorporated cotton fabric exhibited maximum bactericidal activity against Pseudomonas 

aeruginosa (inhibition zone of 4.5 mm) followed by Staphylococcus aureus (inhibition zone of 4.0 

mm). This performance difference seems to result from the different cell structures between Gram-

negative and Gram-positive bacteria. Gram-negative bacteria such as Pseudomonas aeruginosa have a 

layer of lipopolysaccharide at the outer cell wall, which is rich in negative charges. Thus, it is inclined 

to attract weak positive charges available on AgNPs. Once inside the cell, AgNPs would destroy the 

bacterial growth signaling pathway, thus inhibiting its viability and division. 

 

Figure 6: Disk diffusion test, zones of growth inhibition against P. aeruginosa (a) AgNPs incorporated cotton 

fabric (b) Positive control - cotton fabric saturated with Gentamycin (c) Negative control - cotton fabric saturated 

with 100 PPM AgNO3 solution (d) Negative control - cotton fabric treated with stem extract of C. fenestratum (e) 

Negative control - untreated cotton fabric (f) Negative control - cotton fabric washed with the detergent followed 

by drying 

 

Figure 7: Disk diffusion test, zones of growth inhibition against S. aureus (a) AgNPs incorporated cotton fabric 

(b) Positive control - cotton fabric saturated with Gentamycin (c) Negative control - cotton fabric saturated with 

100 PPM AgNPs solution (d) Negative control - cotton fabric treated with stem extract of C. fenestratum (e) 

Negative control - untreated cotton fabric (f) Negative control - cotton fabric washed with the detergent followed 

by drying 
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It is worthwhile mentioning that still considerable P. aeruginosa bacterial reduction and S. aureus 

bacterial reduction are maintained up to twenty cycles of laundering as shown in Figures 8 and 9. This 

durable antibacterial ability is significant compared with similar work.  
 

 

 

 

 

 

Figure 8: Antibacterial activity of AgNPs incorporated cotton fabric against P. aeruginosa with the effect of 

frequent laundering (23 washing cycles) 

 

 

 

 

 

 
Figure 9: Antibacterial activity of AgNPs incorporated cotton fabric against S. aureus with the effect of frequent 

laundering (23 washing cycles) 
 
4. CONCLUSION 
 
The bioactive or phytochemical components of the plant extract are utilized as potential capping and 

reducing agents in green synthesis of nanoparticles. This study used the matured stem extract of C. 

fenestratum for the first time to synthesize AgNPs. The study confirmed the incorporation of AgNPs to 

the fabric material. The developed AgNPs incorporated fabric material exhibits significant antibacterial 

activity against both gram - negative bacterium of P. aeruginosa and gram - positive bacterium of S. 

aureus, especially prominent for P. aeruginosa. Further bacterial reduction has been maintained up to 

twenty cycles of consecutive laundering. Therefore, the developed fabric has great potential to be 

utilized in the fabrication of antibacterial textiles which can be used as the filter layer of a face mask. 
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ABSTRACT 
 

The textile industry is regarded as one of the leading industries that contribute to polluting the 
environment. Several technological enhancements are extensively carried out by the researchers to 
introduce novel solutions and innovations to overcome the negative impact on the environment 
occurring due to the industrial activities during textile manufacturing. The key intention of this 
article is to do an analytical literature review on nanocellulose applications on textiles in its 
processing, investigated by the research community focusing on sustainable textile material 
development. Literature review was documented following research publications done during the 
period of 2016 -2022 found in two main databases, The Web of Science and the Science Direct. 
Types of nanocellulose and their properties, sources and extraction processes and application on 
sustainable textile manufacturing are discussed in the literature emphasizing the future directions 
of the utilization of nanocellulose in textile development. Altogether,about 35 research publications 
were found from several journals, which has led the focus on nanocellulose application in building 
advanced properties on textiles.  

 
Keywords: Nanocellulose, Sustainable, Textiles, Coating. 

 

1. INTRODUCTION 
The textile industry has become a challenging industry for the sustainability of the environment due to 

the continuous use of non renewable fossil fuels in manufacturing synthetic textiles, catering the high 

demand that exists with fast fashion movement (Gapsari et al., 2021; Provin et al., 2021). The increase 

of the consumption of synthetic textiles ends up with its production waste and consumer waste in 

landfills or incineration causing several environmental issues (Barbero-Barrera, Pombo and 

Navacerrada, 2016; Sanchis-Sebastiá et al., 2021). Being ranked as the second largest environmental 

pollutant industry, one of the leading suppliers of greenhouse gas emissions to the environment, the 

textile industry is moving towards seeking solutions to reduce the impact of it productions for the air, 

water and lands to make a promising environment without pollutants (Salah, Vololonirina and Gidik, 

2022; Subramanian et al., 2020). Several researchers have highlighted the impact of the environment 

occuring during all the stages of the product life cycle of textiles such as use of larger amounts of water, 

energy and chemicals in cotton textile processing. (Dissanayake et al. 2018; Shiwanthi, Lokupitiya and 

Peiris, 2018; Hu et al., 2018). As mantioned by Provin et al., (2021), the use of upcycling strategies 

supporting circular economy such as reuse and recycle  of textile waste, use of living organisms and 

biotechnology for biodegradable materials are highlighted as sustainable approaches in the textile 

industry. As stated by Felgueiras et al., (2021);  Pradhan, Jaiswal and Jaiswal, (2022); Phanthong et al., 

(2018); Choi, (2018); Spagnuolo, D’Orsi and Operamolla, (2022); Saremi et al., (2020) and Clemons, 

(2016) application of nanocellulose which is less than 100 nm in its diameter and length in several 
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micrometers derived from the most abundant natural polymer cellulose has grabbed greater attention 

and its application in several industries including textile, automotive, food and medical due to its 

biodegradability, high strength, low cost processing and low density and larger surface area.  

According to Pradhan, Jaiswal and Jaiswal, (2022); Pires, Souza and Fernando, (2019); Isogai, (2020); 

Phanthong et al., (2018) and Industrial Applications of Nanocellulose And Its Nanocomposites., (2022) 

biological wastes such as residues of food manufacturing, agriculture and forests are being used as the 

sources for nanocellulose.  

The sustainable development goal number 12 of the policy brief of the United Nations 2030 agenda, it 

is focuses on ensuring sustainable consumption and production patterns being responsible to reduce 

waste and pollutants, utilizing cleaner and more resource efficient attempts (UNDP, n.d.; Provin et al., 

2021).   

Through this context, a review of unique properties of nanocellulose, its extraction processes and 

potential application on textiles to mitigate the sustainable issues being done in order to identify possible 

opportunities for musch greener industry in future aiming to meet the goals established by the United 

Nation in its 2030 Agenda.  

1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 

Lignocellulose biomass consists of three main polymers, cellulose, hemicelluloses and lignin (Pires, 

Souza and Fernando, 2019; Isikgor and Becer, 2015). Nanocellulose is derived from the most abundant 

and infinit natural polymer, cellulose, which is biodegradable, renewable and nontoxic through 

chemical, mechanical and chemo-mechanical processors in respect to its type of formations (Panchal, 

Ogunsona and Mekonnen, 2018). 

Several research studies have emphasized the investigations of nanocellulose based compound 

applications during the textile processing, specially at the finishing processes such as dying and coating 

stages while enhancing their performances (Spagnuolo, D’Orsi and Operamolla, 2022; DP & BH, 2016; 

Saremi et al., 2020).  

1.1.1 NANOCELLULOSE AND THEIR PROPERTIES 
According to Saud, Saleem and Zaidi, (2022); Abdullah et al., (2021); Pradhan, Jaiswal and Jaiswal, 

(2022) and Panchal, Ogunsona and Mekonnen, (2018) nanocelluloses are varied due to the variations 

in the formation of cellulose nanoparticles (CNP) and those are identified as cellulose nanocrystals 

(CNC), cellulose nanofibrils (CNF), and bacterial nanocellulose (BNC) (Panchal, Ogunsona and 

Mekonnen, 2018; Thomas et al., 2020; Pires, Souza and Fernando, 2019). CNC are refered as 

nanocrystalline cellulose (NCC) or cellulose nanowhiskers (CNW) (Abitbol et al., 2016) and are having 

high modulus and strength, large surface area, greater thermal stability, 100-250 nm length and with 5-

70 nm diameter (Thomas et al., 2020). CNF are found mentioned in several researches as nanofibrillated 

cellulose (NFC) or cellulose nanofibres (Nechyporchuk, Belgacem and Bras, 2016). CNF are flexible, 

500-2000 nm length, 1-100 nm diameter and consist with high cristalinity index (>70%), low density, 
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high tensile strength (7500 MPa), renewable and biodegradable and with larger surface area (~150 

m2/g) which are identified as suitable cellulose nonoparticle for surface modification of materials 

(Phanthong et al., 2018; Lavoine et al., 2012; Nechyporchuk et al., 2016).  BNC’s are generated from 

several bacterias, such as bacterias belongs to the gene of Gluconacetobacter (Abdullah et al., 2021; 

Abdul Khalil et al., 2014), Acetobacter xylinum (Spagnuolo, D’Orsi and Operamolla, 2022) and algae 

through the fermentation of biomasses. (Panchal, Ogunsona and Mekonnen, 2018; Sharma and 

Bhardwaj, 2019).  

1.1.2 SOURCES OF NANOCELLULOSE AND EXTRACTION PROCESSES 
The preparation of the CNC and CNF is done through a top-down process while a bottom-up process 

is applied in the preparation of BNC (Pradhan, Jaiswal, and Jaiswal, 2022; Nechyporchuk et al., 2016; 

Teo & Wahab, 2020).  

Extraction of CNC is done through a acid hydrolysis process which is considered a chemical process 

and CNF are derived from lignocellulosic biomass through the combination of mechanical and 

chemical process (Abdul Khalil et al., 2014; Abdullah et al., 2021; Panchal, Ogunsona and Mekonnen, 

2018). 

Figure1 presents the CNC and CNF production methods and its properties according to Pires, Souza, 

and Fernando, (2019). 

 

 

 

 

 

 

 
Figure1: Production method and properties of cellulose nanocrystals (CNC) and cellulose nanofibers (CNF) 

 
Table 1: Comparison of physical properties and morphology associated with CNC, CNF, and BNC 

 
Type of  
nanocellulose 

Synonyms Sources Formation 
process 

Average size 

Cellulose 
nanocrystals 
(CNC) 

Nanocrystalline 
cellulose (NCC) 
Cellulose 
nanowhiskers 
(CNW) 

Cotton, wood, flax, 
wheat  
straw, hemp, rice 
straw,  
tunicin, BC 
mulberry bark,  
Avicel, ramie, 
MCC, algae 

Acid hydrolysis Length: 100–250 nm 
(from the plant)  
100 nm to several  
micrometers  
Diameter: 5–70 nm 

Cellulose 
nanofibrils 
(CNF)  

Nanofibrillated 
cellulose (NFC) 

Hemp, Wood, 
potato tuber,  
flax, sugar beet  

Combination 
of mechanical 
and chemical 
process 

Length: several  
micrometers  
Diameter: 5–60 nm 
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Bacterial 
nonocellulose 
(BNC)  

Microbial 
cellulose, bio- 
cellulose bacterial 
cellulose (BC)  

Bacterial 
synthesis 

Bacterial 
synthesis 

Length: several  
micrometers  
Diameter:  
20–100 nm 

(Thomas et al., 2020) 
 

2. METHODOLOGY 

In this research review, literature findings through a deep research in two scientific databases, 

ScienceDirect and The Web of Science was done under key search terms “Nanocellulose”, “textiles”, 

“Crystalline nanocelluloses”, “Nanofibrillated cellulose”, “Bacterial nanocelluloses” and “sustainable 

material”. Considerable number of research reviews and experimental research articles have been found 

under the titles of combination of certain search terms. Out of all the findings, it was selected the 

research papers which complements the objectives of the research title and conducted the review with 

the focus of finding nanocellulose applications on textiles. 

 

 

 

 

 

 

 

Figure2: Illustration of the method used for the selection of journal articles 

3. RESULTS AND DISCUSSION 

Due to the high demand of textile manufacturing and use of dyes which releases hazardous dye particles, 

salts and hydroxides and use of larger amounts of water which is not undergoing sometimes for 

recycling has become a huge issue to the environment. According to Liyanapathiranage et al.,( 2020), 

nanocellulose hydrogels of NFC was utilized as an effective and efficient carrier of dyes instead direct 

dyeing of cotton fabric with reactive dyes under standard dyeing conditions and generate coloured NFC-

dye pigment and further processing stepped to the deposition of the same on the textile using regular 

dye deposition methods with heat treatment application. In comparison of this method versus 

conventional dying process, NFC application has lessened one sixth the use of water, alkali, and salt 

making it a much greener production technology for textile dyeing. Further it is found through the patent 

information, NFC has the ability to act as dyes or other molecule carriers as well as gluing or binding 

Database:  
Science Direct - The Web of Science 

Key Search Terms:  
Nanocellulose, Textile, Sustainable materials, Crystalline 
nanocelluloses, Nanofibrillated cellulose, Nanofibrillated cellulose, 
Bacterial nanocelluloses 

Document type: 
Research articles and Research reviews 

Analysis: 
Research Title, Abstract, Keywords, Conclusions 
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agents. Due to its high binding ability, it reduces the amount of dyes used and the same result in reducing 

the dye contamination in water resources at the end of the dyeing process (Minko, 2016). 

It is found that the CNC has high Hydrophobicity which leads to the application on the surface of textiles 

developing less friction surface, water repellent properties with self cleaning ability (Panchal, Ogunsona 

and Mekonnen, 2018).  

Nanocellulose has been investigated as coatings on textiles by very few researchers and understand that 

it is viable to use nanocellulose as coatings on both natural and synthetic fibre made textiles through 

chemical functionalization. It is observed that the nanocellulose coatings have deposited and adhesion 

has successfully happened on cellulose, nylon and cellophane surfaces. In comparison to CNC and CNF 

coatings, CNC coatings have shown higher adhesion than CNF. It tested the CNC coating application 

on polyester and observed that the coating improves the resistance to load and colour strength of the 

fabric withstanding against the colour fastening at soping. Further, it is mentioned that the CNF coatings 

are being used on the special textile used for lumbar belts which are considered as medical devices 

(Spagnuolo, D’Orsi and Operamolla, 2022).  

It is found that the indigo dyes used in denim manufacturing are flammable and build corroding in 

wastewater pipelines. According to Spagnuolo, D’Orsi and Operamolla, (2022) indigo dyeing on cotton 

fabrics has been achieved by the utilization of CNF. Further BNC have been advanced to use as wound 

dressings and absorbent textiles. 

Instead of modifying fabric surfaces with chemical substances and use of chemical solutions for fabric 

coatings, the use of nanocellulose modified with organosilane has resulted the improvement of 

antibacterial and water repellent properties of cotton fabrics (Hongrattanavichit & Aht-Ong, 2021). 

According to the above research findings, the use of nanocellulose variations extracted from different 

biomasses are successfully applied mostly at the finishing processes of the textile manufacturing with 

advanced properties. 

4. CONCLUSION(S)/ IMPLICATIONS/ RECOMMENDATIONS & LIMITATIONS 
Coating of nanocelluloses and use of nanocellulose as dye carriers brings solutions for serious 

environmental issues occurring during textile manufacturing as of the biocompatible, biodegradable 

and easy functionalization characteristics on them. Nanocellulose properties should be further 

investigated to do greener surface development of textiles for sustainable textile industry. Emerging 

interest in research for the application of nanocelluloses in textile manufacturing is evident through the 

findings and a wider variety of opportunities are available. It is recommended to carryout further 

characterization of nanocelluloses derived from a variety of cellulosic sources such as ayurvedic 

lignocelluloses and continuous green technological advancements to replace with or to minimize the 

use of acids and other chemicals in textile processing for the development of sustainable textile 

materials for various.  
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ABSTRACT 
 

Tourism industry takes numerous shapes resulting variety in concepts and tourist attractions. This study 
is based on one such tourism concept which is promoted in agricultural societies. The agro-tourism in 
Sri Lanka is identified as an important aspect in gaining the benefits of tourism. The purpose of the study 
was to examine the factors determining the level of satisfaction in agro-tourists and define the possible 
ways and means to enhance their satisfaction levels in promoting agro-tourism in Sri Lanka. Research 
aim is to examines the factors determine level of satisfaction of agro-tourists in Sri Lanka. This research 
utilized both qualitative and quantitative data collection methods. The gathered data were analyzed 
using three instruments; reliability test, pearson correlation analysis, regression analysis.  
 
Keywords: Agro-tourism, Tourist Satifaction, Destination characteristics. 

1. INTRODUCTION 

Guest satisfaction is important in determining the happiness of the customers who experience a product or 

a service. Consideration on guest satisfaction is essential for any industry in order to establish customer 

loyalty, brand credibility, profitability, and long run of a business. The service-based industries such as 

tourism and hospitality industry are also more focused on establishing guest satisfaction. This study has 

focused on analyzing the guest satisfaction of agro-tourists in Sri Lanka with reference to destination 

characteristics. Research aim is to examine the factors which determine the level of satisfaction of agro-

tourists in Sri Lanka. 

 1.1 REVIEW OF LITERATURE 

The destination characteristics that influence tourist satisfaction is addressed in tourism literature. 

Accommodation, activities, and attractions of destinations are identified as factors that satisfy the tourists 

who visit agro-tourism sites in Sri Lanka (Malkanthi and Routray, 2012). Accessibility and amenities were 

the other two destination characteristics influencing tourist satisfaction which were not in a satisfactory 

level for tourists who visited agro-tourist sites in Sri Lanka (Malkanthi and Routray, 2012). Further, the 

tourists destination characteristics were analyzed using the multiple regression model in order to identify 

its influence on tourist satisfaction in cultural tourism study (Kodithuwakku, 2018). A Poland based study 

titled “Mesuring tourist satisfaction with destination attributes”, discussed the influence of destination 

characteristics in satisfying tourists. Study had been carried out through a questionnaire survey with the 

tourists who visit Poland during summer holiday. Sample consisted of 463 units. Five variables had been 
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utilized in the study based on the services, activities and facilities offered at the destination (Ghose and 

Johann, 2019).  

 

 

 

 

 

 

 

 

 

 

2. METHODOLOGY 
The study utilized both qualitative and quantitative data collection methods. A field survey was carried out 

using a structured questionnaire to gather the primary data required. The survey was carried out among the 

tourists who visited agro-tourism sites in Sri Lanka. The literature survey supports to determine the 

destination characteristics of the agro-tourism destinations and their influence on tourist satisfaction. Both 

primary and secondary data collected were utilized to discuss the possible ways and means to enhance 

tourist satisfaction and positive experience for agro-tourists in Sri Lanka. The population of this study is 

unknown since there is no any proper means of calculating the agro-tourism service providers in Sri Lanka. 

Majority of the services are provided by unauthorized service providers. 260 tourists were selected as the 

sample for the questionnaire survey. Purposive sampling has been used as the sampling method. This is a 

type of nonprobability sampling. The sample was selected using tourists from social media groups who 

visited Sri Lanka. A pilot survey was carried out before the live survey. The responsive level was recorded 

above the level of acceptance. The questions with likert scale and drop down answers were used to collect 

data from the questionnaire.   
3. RESULTS AND DISCUSSION 
Descriptive Analysis 

In the descriptive analysis mean, standard deviation, kurtosis and skewness were observed.  

Table 1: Descriptive Analysis for Attractions 
 Mean Std. 

Deviation 
Skewness Kurtosis 

Statistic Statistic Statistic Std. 
Error 

Statisti
c 

Std. 
Error 

Clear display of 
agricultural function 

3.92 .964 -.572 .343 .117 .674 

Tourist 
satisfaction 
on available 
agro-tourism 

products 

Agro-tourist destination 
characteristics 

 

 Attractions 

Accessibility 

Accommodation 

Amenities 

Activities 
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Interpretation of 
functions in the site 

4.06 .932 .622 .343 .582 .674 

Places to see in the site 4.04 .988 -.776 .343 -.386 .674 
Valid N (listwise)       

Source: Author’s calculations 

Table 2: Descriptive Analysis for Accessibility 
 Mean Std. 

Deviati
on 

Skewness Kurtosis 

Statist
ic 

Statisti
c 

Statisti
c 

Std. 
Error 

Statisti
c 

Std. 
Error 

location is easily 
accessible 

3.31 .888 -.088 .343 -.821 .674 

Condition of the road 3.35 .263 .251 .343 -.959 .674 
Signage available in the 
road 

3.75 .694 .352 .343 -1.421 .674 

Accommodations 
availability nearby 

3.94 .954 -.484 .343 -.717 .674 

Valid N (listwise)       
Source: Author’s calculations 

Table 3: Descriptive Analysis for Accommodation 
 Mean Std. 

Deviatio
n 

Skewness Kurtosis 

Statisti
c 

Statistic Statis
tic 

Std. 
Error 

Statistic Std. 
Error 

Comfortable rooms 3.92 .942 -.946 .343 .995 .674 
Hotel amenities 4.21 .824 -.412 .343 -1.406 .674 
Physical environment 
in the 

3.75 .158 -.429 .343 -.938 .674 

Organic grown food 4.35 .812 -.998 .343 .081 .674 
Taste of the food 4.02 .978 -

1.181 
.343 1.894 .674 

 Availability  of dining 3.88 .937 -.552 .343 .311 .674 
Valid N (listwise)       

Source: Author’s calculations 

Table 4: Descriptive Analysis for Amenities 
 Mean Std. 

Deviat
ion 

Skewness Kurtosis 

Statistic Statisti
c 

Statis
tic 

Std. 
Error 

Statis
tic 

Std. 
Error 

 Agricultural background 4.08 .846 -.822 .343 .383 .674 
Cleanliness of the 
environment 

3.10 1.134 .062 .343 -.816 .674 
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Financial facilities are 
provided at 

3.58 1.007 -.238 .343 -.413 .674 

Required information 
provided at 

3.60 1.180 -.463 .343 -.760 .674 

Sanitary facilities/ rest 
rooms at 

3.63 1.265 -.360 .343 -
1.123 

.674 

Drinking water facilities 
provided 

3.15 1.203 .014 .343 -.848 .674 

Emergency services and 
signage 

3.17 1.078 .079 .343 -.702 .674 

Valid N (listwise)       
Source: Author’s calculations 

Table 5: Descriptive Analysis for Activities 
 Mean Std. 

Deviati
on 

Skewness Kurtosis 

Statist
ic 

Statisti
c 

Statisti
c 

Std. 
Error 

Statis
tic 

Std. 
Error 

Activities designed 
utilising Agro 

3.46 1.184 -.338 .343 -.681 .674 

 Appropriate time has 
given to each activity 

3.54 1.091 -.522 .343 -.375 .674 

 Activities designed to 
provide 

3.67 1.173 -.627 .343 -.576 .674 

Activities are attractive 3.08 1.217 -.092 .343 -.719 .674 
Shopping facilities 
located at the 

3.54 1.110 -.742 .343 -.065 .674 

The products are aligned 
with the 

3.63 1.196 -.854 .343 -.065 .674 

Product prices are 
appropriate 

4.00 .989 -.825 .343 .382 .674 

Valid N (listwise)       
Source: Author’s calculations 

In the descriptive analysis, values of all five elements are clused towards agree direction. Where the standard 

deviation indicates 1.1 which stays closer to mean value. The skewness of the questions of five variables 

were between -.05 to +.05 confirming the responses are symmetric. Standard error of kurtosis explains the 

normality. Therefore, in this data, it can be established that the dispersion is shorter based on kurtosis values. 

The Cronbach’s Alpha test was used to analyse the reliability. It is generally accepted in research arena that 

a Cronbach's alpha of. 70 and above is good. 

The summery of Cronbach’s alpha are depicted in Table 7.  
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Table 7: Reliability Test 

Variables  Cronbach's Alpha Items  
Attractions .778 3 
Accessibility .839 4 
Accommodation .844 6 
Amenities .899 7 
Activities .946 7 
Service Quality .721 6 
Satisfaction  .780 3 

     Source: Author’s calculations 

The CBA shows over .7 which is good.  

Correlation Analysis  

Correlation is a statistical measure that expresses the extent to which two variables are linearly related. It’s 

a common tool for describing simple relationships without making a statement about cause and effect.  The 

correlation coefficient values are ranging from -1 to+1. Where, Zero to +1 stands for a positive correlation 

while Zero to -1 stands for a negative correlation. 

From the correlation test the hypothesis one developed was; 

H1: There is a relationship between destination characteristics and tourist satisfaction on available agro-

tourism products 
Table 8:  Correlations 

 
 SATI ATTR ACCE ACCO

M 
AME ACTI 

SATI Pearson 
Correlation 

1 .548 .479 .811* .435** .878** 

Sig. (2-tailed)  .040 .025 .032 .002 .008 
N 48 48 48 48 48 48 

ATTR Pearson 
Correlation 

.548 1 .721** .648** .591** .661** 

Sig. (2-tailed) .040  .000 .000 .000 .000 
N 48 48 48 48 48 48 

ACCE Pearson 
Correlation 

.479 .721** 1 .653** .565** .468** 

Sig. (2-tailed) .025 .000  .000 .000 .001 
N 48 48 48 48 48 48 

ACC
OM 

Pearson 
Correlation 

.811* .648** .653** 1 .782** .742** 

Sig. (2-tailed) .032 .000 .000  .000 .000 
N 48 48 48 48 48 48 

AME Pearson 
Correlation 

.435** .591** .565** .782** 1 .818** 

Sig. (2-tailed) .002 .000 .000 .000  .000 
N 48 48 48 48 48 48 
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ACTI Pearson 
Correlation 

.878** .661** .468** .742** .818** 1 

Sig. (2-tailed) .008 .000 .001 .000 .000  
N 48 48 48 48 48 48 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

Source: Author’s calculations 
Accommodation and activities have a high positive correlation with the satisfaction of agro-tourists as well 

as attraction has a moderately high positive correlation with the satisfaction of agro-tourists. Accessibility 

and amenities have a low high positive correlation with the satisfaction of agro-tourists. 

Hypothesis one, there is a relationship between destination characteristics and tourist satisfaction on 

available agro-tourism products, implied that hypothesis one is accepted. 

 

Hypothesis testing  

H1: There is a relationship between destination characteristics and tourist satisfaction on available 

agro-tourism products 

There is a relationship between destination characteristics and tourist satisfaction on available agro-tourism 

products which implied that hypothesis one is accepted. 

H2: Attractions impact on tourist satisfaction on available agro-tourism products 

The attraction was regressed on tourist satisfaction. The tourist satisfaction explained significant amount of 

the variance in attractions, F (5, 42) = 2.147, p = .000, R2 = .751. The regression coefficient (B=.319, 

p=.000) indicated that there is a significant positive impact of attractions on tourist satisfaction.  

H3: Accessibility impact on tourist satisfaction on available agro-tourism products 

The accessibility was regressed on tourist satisfaction. Tourist satisfaction explained significant amount of 

the variance in accessibility, F (5, 42) = 2.147, p = .000, R2 = .751. The regression coefficient (B=.442, 

p=.000) indicated that there is significant positive impact of accessibility on tourist satisfaction.  

H4: Accommodation has impact on tourist satisfaction on available agro-tourism products 

The accommodation was regressed on tourist satisfaction. The tourist satisfaction explained significant 

amount of the variance in accommodation, F (5, 42) = 2.147, p = .000, R2 = .751. The regression coefficient 

(B=.582, p=.000) indicated that there is a significant positive impact of accommodation on tourist 

satisfaction.  

H5: Activities have impact on tourist satisfaction on available agro-tourism products 

The activities were regressed on tourist satisfaction. Tourist satisfaction explained significant amount of the 

variance in Activities, F (5, 42) = 2.147, p = .000, R2 = .751. The regression coefficient (B=.378, p=.000) 

indicated that there is a significant positive impact of Activities on tourist satisfaction.  

H6: Amenities have an impact on tourist satisfaction on available agro-tourism products 
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The amenities were regressed on tourist satisfaction. Tourist satisfaction explained a significant amount of 

the variance in amenities, F (5, 42) = 2.147, p = .000, R2 = .751. The regression coefficient (B=.674, p=.000) 

indicated that there is significant positive impact of amenities on tourist satisfaction. 

 

4. CONCLUSION AND RECOMMENDATIONS 

According to the correlation analysis, accommodation and activities have a high positive correlation with 

the satisfaction of agro-tourists as well as attractions have moderate high positive correlation with the 

satisfaction of agro-tourists. Accessibility and amenities have low high positive correlation with satisfaction 

of agro-tourists. The influence of destination characteristics on tourist satisfaction is addressed in the study. 

Accommodation, activities and attractions of destinations were known as the factors that satisfy the tourists 

who visit agro-tourism sites. Regression analysis revealed that one unit change in attraction would change 

guest satisfaction by .319 units; it can be concluded that agro tourism destinations must be attractive sites 

for tourists. Accessibility would change the guest satisfaction by .442 units which implies that accessibility 

impact agro tourists’ satisfaction and amenities. One unit change in amenities would change the guest 

satisfaction by .378 units. Accessibility and amenities were the other two destination characteristics 

influencing tourist satisfaction which was not in a satisfactory level for tourists who visited agro tourism 

sites in Sri Lanka. Further, the tourists’ destination characteristics were analyzed using the multiple 

regression model in order to identify its influence on tourists’ satisfaction. Accommodation, activities, and 

attractions of destinations were identified as the factors that satisfy the tourists who visit agro-tourism sites 

in Sri Lanka. This research proves that one unit change in accommodation would change the guest 

satisfaction by .582 units. One unit change in activities would change guest satisfaction by .647 units. All 

effects are significant and positive. 

The recommendations of the study were based on government corporations in tourism, private-sector 

collaboration and new product development in agro-tourism. Sri Lanka Tourism Development Authority, 

Department of Agriculture, Agrarian Services, Hotel Corporation, and Sri Lanka Tourism Promotion 

Bureau should establish a corporation in directing the agro-tourism businesses for sustainbale development. 

Information, education, guidelines, government funding support, and quality assurance should be promoted 

in these collaborations. Furthermore, agro-tourism destination promotion to be addressed by the National 

Tourism Organisation in order to increase the international market share of tourism. Managing and 

introducing Agro-tourism zones that are aligned with the traditional tourist routes is also recommended by 

the authors. Product diversification is suggested based on activities and packages. Travel and hotel sector 

operators are vital in performing this recommendation. The agro-tourism activities to be included in 

traditional packages via tour operators. In long run, the new agro-tourism package development is 

recommended.  

To ensure the quality of service delivery measures to be taken to enhance the quality of the workforce. Short 

courses, workshops and education opportunities to be provided for the potential and existing workforce 
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targeting micro and macro level tourism establishments. Tourism entrepreneurship must be promoted in 

agri societies for the better utilization of the resources.  

Apart from service standardization and quality assurance, healthy diet and organic farming practices should 

be promoted. The tourist experience has to be carefully determined by blending with the ecology of the 

farmlands. Environmemtal impacts to be analysed and provide solutions with the utilization of new 

technology. Monitoring and controlling of the tourism development could be established in agro-tourist 

destinations with use of technology and government and private sector collaborations.   
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ABSTRACT 
Recent research shows that as the global middle class' per capita income has grown, it has demanded 
larger quantities of higher quality and more diverse food. In this global change, local industry must 
increase their sales volumes, generate more income, and increase the export volume of our country. In 
this positive situation, startups in the food industry need to introduce their products to the market 
through the use of effective marketing strategies. Startups' initial investment and working capital get 
high value after calculating the total budget. Then the most effective method of marketing for startups 
is to use non-paid marketing tools like social media. The study was done by a startup dehydrated food 
manufacturing company. Secondary data is collected through research articles and competitor 
analysis. Primary data display by the existing customer questionnaire and complete marketing 
campaign use in social media, TV and radio programs, paper articles, and websites Finally, the results 
illustrate fluctuations in sales volume and product inquiries. As well as the result of this non-paid 
awareness campaign, it has had the most effect on increasing the sale of startup food and industrial 
businesses.  
Keywords: Sales Volume, Marketing, Non-Paid advertising, Social Media 

1 INTRODUCTION 

The basics of marketing shifted to the aspects of modern marketing through the evolution of both traditional 

marketing and digital marketing. Many of traditional marketing’s ground rules still apply to modern 

marketing, such as the purpose of marketing, how to define the target market, and the marketing mix. 

Recently, people tend to spend more time online, except for cutouts, handbills, leaflets, and magazines. 

These are replaced by social platforms such as Facebook, Instagram, Telegram, YouTube, Twitter, online 

publications, and online streaming series. Some are addicted to online ordering systems. Elderly persons 

engage with television and radio to spend their leisure time. Now that the company is able to identify how 

its target consumers are using the internet and understand the modern way of finding information about the 

products and comparing them, it can make the most of digital marketing. This understanding is the basis 

for creating a successful digital marketing plan in practice. (Narkiniemi, 2013) 

Startup companies engage in developing a proper business plan in the initial stage, but most do not pay 

attention to developing a marketing plan. When developing the marketing plan, consider the budget for the 

marketing campaigns. In this point, it is most important to engage in a non-paid marketing campaign. When 

you use these tools, there is zero cost for the marketing at the initial stage. Common non-paid marketing 

tools are social media platforms, websites, media programs, paper articles, and online sales apps. Most start-
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ups don't have the digital literacy to use these platforms, but they can learn online, and these are user-

friendly tools. 

2 BACKGROUND STUDY 

Most startup businesses haven’t gradually increased sales because this is the introduction stage of the 

business life cycle. Yet, large-scale food industries spend more money advertising their new products. When 

startup companies use these methods, they are not effective because they do not have high sales output or 

high customer awareness for these products. They also invest more than $1 million in their marketing 

campaigns because they haven’t recovered this cost in a short time period. Most of the startup company‘s 

management does not know what the benefits of these marketing tools are or how to use them in an effective 

way. They also have no idea about the non-paid campaign methods. Recently, most people have highlighted 

this digital marketing concept because people are engaging with the internet. Therefore, startups can use 

digital marketing strategies to promote their products without paying. Startups can apply the non-paid 

marketing strategies to increase sales. How and what are the non-pay marketing strategies used for in order 

to achieve the targets of marketing and sales? 

A specially selected startup industry in the food manufacturing industry is a dehydrator manufacturer. 

Dehydrated foods have less demand in the local market because of the availability of fresh fruits and 

vegetables. Then marketing is the most powerful strategy to introduce the product to the customers and 

explain the convenience, benefits, and values. 

Irem and Mesut (2012) in their article "The Impact of Social Media Marketing on Brand Loyalty" The aim 

of his study is to identify the effect of social media marketing on the brand loyalty of consumers, given that 

the concept is receiving increasing attention from marketing academia and practitioners. The scope of the 

study consists of customers who follow at least one brand on social media in Turkey. The results of the 

study showed that brand loyalty of the customers is positively affected when the brand (1) offers 

advantageous campaigns, (2) offers relevant content, (3) offers popular content, (4) appears on various 

platforms, and (5) offers applications on social media. Customers prefer to share music, technology-related, 

and funny contents on social media platforms. 

Gail, Alan and Dave (2014) did a SWOT analysis of competitive knowledge from social media for a small 

start-up business. The analysis of data from social media sites can provide useful decision-making 

information for businesses; however, can small businesses with limited budgets and limited technical 

expertise compete in this new social media-driven market? This study provides a proof of concept for 

increasing a company’s competitive knowledge through the use of the Strengths, Weaknesses, 

Opportunities, and Threats (SWOT) framework model by gathering qualitative data about the use of social 

media from employee interviews. By increasing their competitive knowledge through evaluating the results 

of the SWOT analysis, this small start-up company will have a strategic plan for increasing their competitive 

advantage. Several of the short- and long-term recommendations are substantiated through prior research 

studies. Future research could include a follow-up study of this company using a SWOT framework tool or 
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other methodologies to indicate what social media tools and strategies provide the most beneficial 

competitive knowledge for a small business and why. Additionally, comparing the results from this study 

with a similar study of a different small start-up business could lead to the design of a model for other small 

businesses trying to increase their competitive knowledge through the effective use of social media. 

Liis (2017) said his study, "Online marketing for start-up and small companies: getting the word out there," 

confirmed that before starting online marketing for a brand, the company needs to know the essence, 

concept, and goals of the company or brand. The study confirmed the importance of a strategic approach. 

The approach should derive from the character of the business and/or service. The interviewees confirmed 

the theory that an Instagram account for more personable visuals and a younger audience, Facebook for 

storytelling and a wider and more mature audience, and a website for driving sales and/or providing 

information The communication channels recommended by the participants and also chosen for the study 

were Facebook, Instagram, and a company’s own website.  

 

3 METHODOLOGY 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Figure 1: Type of collection of data to select best marketing strategies for start-up business 
Source: Developed by the Author (2022) 

 

In this research, we selected one startup dehydrated food manufacturing company, studied the company 

background and industry background, and got an idea about the current situation. In this case, it was 

identified that the company did not pay attention to its marketing strategies to catch more customers. Then 

we identified the requirements needed for the startup dehydrated food company. 

One of the secondary data collection methods was reading the research articles related to our main key 

points: marketing strategies, techniques, and digital marketing. In the food industry, customers are mostly 
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aware of the manufacturing process, the quality of the products, a reasonable price, and attractive packaging. 

But to increase product awareness, companies must market their products. In their initial stages, startup 

companies are better off using non-paid advertising methods to promote their products and raise customer 

awareness. Sometimes, startup companies lack customer awareness because of a limited use of marketing 

strategies. reason for the low knowledge about initial investment in marketing and the lack of concern about 

non-paid advertisement methods like, for example, the use of social media. 

After the studies and on-going studies, select the best solutions to apply to the business. Regarding the 

study, we selected a Facebook application and website to promote the products among the customers who 

were interested in buying the selected products. Then they used some other internet tools and applications 

to do the marketing promotions. They used other marketing tools like TV, radio, and newspaper articles to 

promote the brand among the customers. These methods can be used to identify the behavior of product 

sales and inquiries. 

Basic, non-paid advertising methods include social media. In January 2021, reached 7,646,000 Facebook 

users in Sri Lanka. When we use Facebook, we can reach a large population of customers, but if we select 

a physical area, we can’t reach the entire population with one advertisement. This is a high benefit for the 

startup company. Customers are more aware of the attractive photos, videos, and article with stories. 

Initial-stage customers have no idea about the product or the manufacturing company. In the initial stages, 

it is difficult to satisfy customers. company creates a good image for other products and the company's 

background. After the customer shows interest in the company and products, In the dehydrated food 

industry, customers are most careful about the product and the background of the manufacturing company. 

In a normal marketing platform, the product is introduced with its package and name, and the company 

name and other small details can identify these methods. But social media or websites can display all the 

details in one post or on one platform. When using social media, you can publish public posts that anyone 

can see. These posts include all product details, history, nutritional value, company details, and the full 

story about the product and the company. But other paid methods want to physically accept the products to 

learn more details. Customers' interest is in knowing the details at one time. It is easy for customers to 

become interested in the product. Before 5 years, customers were physically able to reach the place and, 

after seeing these promotions, physically touch the product and purchase it. But now that social media 

platforms are free to use, they can display the marketing promotions. The customer can compare the 

products with the other products easily. The company can get feedback, comments, and suggestions online. 

The customer can ask the question and complete the clearance on time. 

Primary data collection is done by studying the increase in post sharing on the business Facebook page and 

analyzing the data on how people engaged with the products through the Facebook posts. Facebook has an 

overview facility. On the other side, TV programs, radio programs, and newspaper articles help to increase 

marketing so customers can engage with the company with trust. It provides a digital outlook to the 

company free of charge. company website, another digital marketing platform that anyone can access at 

any time and from any place. Other data collection methods included doing a marketing survey to get 
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customer feedback on existing customers, collecting the data, and analyzing it. It helps to make decisions 

based on the output of how you've applied some changes to ongoing company processes. 

Then we identified the customer expectations and special requirements through these methods for existing 

products to fulfill the market demand gap. Finally, analyze the fluctuation of sales volume and product 

inquiries for a startup dehydrated food business.  

 

4 ANALYSIS 
According to the primary data collection, which selected around 50 competitors, they didn’t plan the 

marketing strategies as non-paid advertising techniques. More than 80% of companies fail to develop their 

marketing strategies through paid-form advertisements, and they also can’t recover this cost in a short time 

period. When the start-up food manufacturing company implemented the non-paid advertisement 

techniques, sales grew, and there were more customer inquiries and engagements in Sri Lanka and outside 

the country. When using the Facebook page to promote the products, any customer worldwide engages with 

the product and gets easy access to details about the product and the company. Recently, most customers 

engaged with internet platforms and used social media. Other methods used in the survey for existing 

customers screened around 50 customers, with more than 39% being highly satisfied with their overall 

experience with products and services and 0% being dissatisfied. 30% of customers are highly satisfied 

with the product price, and 5% are moderately satisfied. Most satisfied product range: 95% of customers. 

According to the question, customers also suggest sharing product details, company details, and product 

images for use on digital platforms, essentially developing the website. 

When the Facebook post is shared, it gradually increases the reach of the people. By evaluating the data  

looking at the Facebook graphs showing how people engage with the post reactions, comments, and shares, 

the number of people who saw any content from the page, and the total reach from each day. It helped 

increase the number of inquiries in different countries and from local customers. Startups can use their 

Facebook pages very effectively to catch customers and attach their marketing strategies. TV programs, 

radio programs, and paper articles can be published on digital marketing platforms free of charge. Many 

TV, radio, and newspaper articles are done for entrepreneurs free of charge. These programs can be 

published on the internet, like YouTube and social media platforms. Then when published ,it indicates  the 

post-reach count and engagement count; such as more than 1 million people reached these programs. 

According to the results of the secondary data, Olonde (2017)'s study results indicated that email marketing 

and social media marketing had a significant impact on SMEs' sales growth and did so to a great extent. 

Mobile marketing, search engine optimization (SEO) marketing, pay-per-click (PPC), and online marketing 

all had a significant effect on SMEs’ sales growth, albeit to a moderate extent. The study findings indicated 

that lack of digital media knowledge was the greatest challenge for SMEs in the adoption of digital 

marketing, followed by a lack of suitable digital marketing techniques and a lack of finances. The findings 

led to the conclusion that email marketing and social media marketing are important to improve SMEs' 

sales, while the other techniques (mobile marketing, SEO marketing, P.P.C., and online marketing) have 
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little or moderate effect on sales. The study recommended that SMEs be trained and sensitized on the 

available digital marketing techniques and how they are suitable for their businesses. The study also 

recommended that proper policies be made by the government to assist SMEs in adopting digital marketing. 

Finally, the study recommended that SMEs be provided with funds in order to improve their knowledge of 

digital marketing. 

Finally, the startup food business increased its sales by more than 50% within 3 months, not only because 

product inquiries got more local customers but also because more international customers wanted to export 

the products. The purpose of the methods is to keep customers satisfied with the overall performance of the 

company, increase trust, and add digital value to the business. 

 

5 DISCUSSION 

Hansson, Wrangmo, and Silen (2013) said social media has increased as a marketing channel, and Facebook 

is the biggest social media company globally. Facebook contains both positive and negative information 

about companies; therefore, it is important for companies to manage their Facebook page to best serve their 

own interests. Although most users are familiar with business and marketing activities on Facebook, they 

use it primarily for fun and personal purposes. The most effective methods for companies to use Facebook 

have not been clear. The personal nature of Facebook presents unique challenges for companies by raising 

ethical and social responsibility issues that are important to users. 

Guesalaga (2016), as his article shows There is recognition that social media can benefit personal selling 

and sales management, especially in the B2B context. This research draws on interactional psychology 

theory to propose and test a model of social media usage in sales, analyzing individual, organizational, and 

customer-related factors. We find that organizational competence and commitment with social media are 

key determinants of social media usage in sales, as well as individual commitment. Customer engagement 

with social media also predicts social media usage in sales, both directly and (mostly) through the individual 

and organizational factors analyzed, especially organizational competence and commitment. 

Startup companies can use non-paid marketing methods to develop their business, engage with new 

customers, share product details, create attractive images, videos, and audios, create a digital value and 

image for the business, and, in return for all of these more customer inquiries, increase sales and generate 

profits. 
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ABSTRACT 
Stakeholders’ views on dealing with waste management are very important, as our sustainable existence 
could impede because of ineffective waste management practices. This study aims to explore career 
opportunities in the waste management system in Sri Lanka. In addition to collecting official documents, 
stakeholders in the waste management industry were interviewed to collect data for this study. There 
were four categories of stakeholders recognized as a result of a desk study namely Government, NGO, 
Private sector, and the community.  Data were collected from eight (8) key informants, representing 
four stakeholder categories. Our findings reveal that a range of stakeholders could assume different 
roles and responsibilities in managing waste and considering the emerging career opportunities in the 
waste management industry, universities should offer educational and training programs to meet the 
expectation of stakeholders and to prepare graduates to take up emerging job opportunities, which are 
financially attractive. Findings further unveiled that career opportunities in the job categories of 
Researchers, Policy development officers, Directors, Waste centers controllers/officers, Environmental 
Consultants, Waste audit, and Environment design & Management Trainees produced by the waste 
management industry in Sri Lanka.   
Keywords: Waste Management; Stakeholders; Career Opportunities     

 

1. INTRODUCTION 

Global warming and environmental pollution underscore the necessity of managing domestic and industrial 

waste effectively and efficiently. The United Nations’ Sustainable Development Goal (SDG)-12/13 states 

that conserving natural resources is a basic requirement for improving the quality of human life (UN –

Progress Report 2022). Similarly, the nascent literature envisages how waste management systems render 

financial and non-financial benefits to stakeholders (Kulkarni, 2000; Sharratt & Choong, 2002). In Europe, 

there were 0.8 million employees (Full-time equivalents) in waste management in 2000 (EPSU, 2017). In 

Sri Lanka, the local authorities, which consist of 15 Municipal Councils, 37 Urban Councils and 257 

Pradeshiya Sabhas, are primarily bestowed with the task of managing waste. Based on the estimation by 

the Waste Management Authority of Western Province (WAM of WP), 7000 tons of  Municipal Solid 

Waste (MSW) are generated daily and systematically collected by around 60% by the municipalities and 

the private sector waste management institutions, whilst only about 30% of such waste is systematically 

disposed of (WMA of WP report, 2019). All in all, such a scenario could contribute to triggering health 

issues and undermining the decent lifestyle of inhabitants and the ecological system’s existence. Drawing 

on stakeholder theory, our study explores career opportunities in the waste management industry in Sri 

Lanka. 
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2. BACKGROUND STUDY 

The International Labour Organization (ILO) has identified the waste management sector as an intervention 

area for technical assistance to foster job creation and the promotion of decent work through enterprise 

development. As a result of the increased concerns on sustainable environment conservation and mitigating 

the risk caused to the environment due to human activity, most countries attempt to upgrade their waste 

management system. As such, the waste management sector is becoming a symbol of the green economy. 

Dumping of unsorted waste at landfills is gradually giving way to improving recycling and reusing of waste. 

As such, a large number of job roles emerge starting from segregating and collecting waste to the research 

and development level while the opportunities for entrepreneurs in the waste sector are open to taking up 

challenges in re-engineering to better respond to environmental concerns and incorporate innovations in 

recycling processes. Literature confirms that increasing the waste management plants will create 

opportunities of employment to several unemployed, skilled, semi-skilled and un-skilled manpower in 

society. Sharma1.S. et.al coined that the waste management industry produce  job opportunities in HRM, 

Research & Development Person, Engineers, Executive Staff, Labours, Entrepreneurs and  Sales & 

Marketing persons. Further, the municipal waste generation is expected to increase to 2.2 billion tons by 

2025, accordingly each person generates approximately 0.65kg per day in Sri Lanka with an estimated 4.8 

billion MT of waste collected per annum in the country (Dharmasiri, 2020).  This increasingly articulates 

that the waste management sector has the potential to create jobs specifically in recycling. However, the 

recent literature is lacking evidence of empirical studies on employment opportunities in the emerging waste 

management sector. This paper attempts to examine the employment opportunities in the waste 

management industry in Sri Lanka from the stakeholders’ perspective.  

2.1. STAKEHOLDER THEORY  

Stakeholder theory is frequently used in business management and sustainability research (Rambaree et al., 

2021). States stakeholders are “all of those groups and individuals that can affect, or are affected by, the 

accomplishment of organizational purpose” (Freeman, 1984) and can be defined as anybody or any group, 

to some extent or through certain linkage, can be a stakeholder of a given organization. Stakeholder theory 

promotes a practical, efficient, effective, and ethical way to manage organizations in a highly complex and 

turbulent environment (Freeman, 1984; Freeman et al., 2007; Garvare & Johansson, 2010). 

 

3. METHODOLOGY 

We relied upon a qualitative research approach to collect data for this study. Semi-structured and focus 

group interviews were conducted with 16 key informants, representing 4 stakeholder groups, namely 

government, NGO, Private, and Community. These groups were identified through a desk study. The 

duration of each interview was 1 to 3 hours. Open-ended questions were posed in the order to obtain 

unbiased comments from respondents on the existing and potential employment categories in the waste 

management industry and the roles and responsibilities, incorporated with each category. The data was 
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analyzed using the stakeholder analysis template adapted from the World Bank report (2010), which 

interprets the job opportunities available, attributes expected from graduates and roles and responsibilities 

incorporated. The secondary data were collected from the World Bank report, Waste Management 

Authority (WMA) reports of the Western Province, Data Collection Survey report on Solid Waste 

Management in the Democratic Socialist Republic of Sri Lanka and Road map for sustainable waste 

management and resource circulation in south Asia, 2019-2030. 

 

4. EMPIRICAL FINDINGS 

Stakeholders possess the means of pinpointing their needs and can adversely respond when their needs and 

concerns are not addressed (Garvare & Johansson, 2010). The identification of relevant stakeholders is a 

process that requires a substantial amount of work and care (Hemmati, 2002; Harrison (2003). Normally, 

the government is the main stakeholder in the waste management industry in Sri Lanka. Nevertheless, the 

private sector, NGOs and the community also appear to be powerful stakeholders, playing a vital role in 

disposing of waste in the country. Table 1 demonstrates the main groups of stakeholders, and their roles 

and responsibilities. Based on the stakeholder analysis, there are more opportunities for collaborating 

institutions and individuals to contribute to the sustainable waste management process.  
Table 1: Role and responsibilities of stakeholders  

Stakeholders Roles and Responsibilities 
Government Representing government sectors: Waste Management Authority, Central Environmental 

Authority, Municipal Council, Universities. 

Policy making and activating rules and regulations are monitored towards sustainable waste 

management, according to the United Nations, The European Union, and the world bank, and 

encouraging public-private partnerships to waste management.  
Private Integrating with manufacturing industries and promoting reverse logistics and recycling, upcycle 

for sustainable industrial waste management, and providing environmental service towards a 

circular economy.  
NGO Consultation, Environmental Impact Assessment, Waste Reduction, Waste Management, Comply 

with Regulatory Requirements, Troubleshooting.  
Community Reduce waste generation, dispose of domestic waste as appropriately, follow 3R, and Properly 

segregate waste before dumping. 

 

 

The UN particularly encourages establishing new partnerships in addressing issues and challenges that 

could undermine the sustainable existence of human beings. As envisaged in Table 2, a diverse group of 

individuals and institutions are involved in the process of collecting and disposing of waste.  
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Table 2: Career opportunities in the waste industry  

Stakeholders Career Opportunities 

Government Career Opportunities for graduates with sound knowledge and practical exposure in waste 

management as Researchers, Policy development officers, and Directors. 
Waste centers controllers – officers: there are many vacancies for Graduates with knowledge of 

sustainable holistic Waste management and Practical exposure as project managers of waste 

projects.  
Private There is a high demand for graduates with Hands-on experience and who specialized in waste 

treatment, and renewable energy. But the country is lacking graduates in those demanding areas.  

There are opportunities in all aspects of the career path from front supervisor to operation manager 

and quality manager etc., in the waste management industry. In the present context, graduates 

with the knowledge in handling contingencies, leadership and the existing inefficiencies in the 

waste management sector have financially attractive career opportunities.  
NGO There is no basic degree such as Environment Engineering in Sri Lanka. 

No qualified graduates for career opportunities at Environment related institutions Offices 

(Sustainability, Brand image, and CSR, Officers Environment, Labour and Health, and Safety), 

Environmental Consultant, Waste audit, and Environment design & Management Training 
Community Can promote entrepreneurial culture to introduce new products using waste as raw materials such 

as compost, toys and educational equipment, and colored coconut dust. Number and letter cubes, 

papers/fabric for Arts and handicrafts. Can generate extra income and provide more employment 

opportunities basically for women.  
 

They mainly play the roles of resource recovery-based waste solution providers, waste collectors, reducing 

and recycling waste, and research and education amongst others. However, there are untapped 

opportunities, as there is no degree program that specifically aims at waste management education in the 

island.    

5. CONCLUSIONS AND RECOMMENDATIONS 

It is necessary to consider global sustainability, which is involving the interest of future generations and the 

natural habitat in addition to organizational sustainability (Garvare & Johansson, 2010). Every human 

activity creates waste and the amount of waste depends on the number of people, homes, institutions, and 

industries in the relevant area. Individuals, homes, and organizations are a source of waste. The different 

stakeholders have different roles and responsibilities which are ultimately linked to a better waste 

management system in Sri Lanka. Further, it revealed that highly demanding and financially attractive 

career opportunities are available for university graduates with specialized knowledge and hands-on 

experience in waste management and waste treatment areas. However, many organizations should 

contribute to managing waste with a well-established system from sewage treatment to MSW 
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collection.  Based on emerging career opportunities in the waste management industry, universities should 

offer educational and training programs to meet the expectation of stakeholders and to prepare graduates to 

take up emerging job opportunities, which are financially attractive. Any organization must satisfy a range 

of stakeholders’ needs and expectations to sustain its operational activities in a turbulent and uncertain 

context. We urge scholars to explore how various organizations cooperate and adopt sustainable waste 

management practices to minimize negative consequences on the ecological system and the interest of 

future generations from their operational activities.    
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ABSTRACT 
 

There is a strong trend to market products that promise improved health in Sri Lanka. Functional 
Beverages are rather a new concept promoting the healthfulness of beverages. This cross-sectional 
survey investigates the awareness, consumption, and purchasing behavior of functional beverages 
among aged 20 – 49 consumers in the  Asgiriya area in  Gampaha District, Sri Lanka. Google form 
questionnaire containing 14 questions relevant to awareness, consumption, and purchasing behavior of  
functional beverages was prepared with particular reference to Drinking Yoghurt, Soy Milk, Black Tea,  
Green Tea, Coffee, Herbal Infusion and Fresh Fruit Juices (Ready to drink). The survey link of the 
Google form was circulated via e-mail and social media. The study adopted the snowball-sampling 
technique where participants were asked to roll out the online questionnaire to their acquanties and 
relatives, under the Non-Probability sampling method. Data was collected from 200 consumers who are 
residing in the Asgiriya area. The survey was conducted within a week from 16 March 2022 to 23 March 
2022. The survey results were downloaded for analysis in SPSS 26 (Statistics Package for Social 
Sciences). Descriptive statistics (percentages, frequencies) were measured to identify the awareness, 
consumption and purchasing behavior of the functional beverages among consumers. The chi-square 
((χ2) test was used to analyze the relationship between separate variables and the respondents’ socio-
demographic features. Statistical significance for all tests was set at a p-value of 0.05. According to the 
survey results, it was identified that the daily consumed functional beverage was Black Tea (41.5%). 
Sixty percent (60%) of the respondents purchased functional beverages to stay healthy as per the 
purchasing intentions. Respondents gave the priority as the basics and stimulus when purchasing 
functional beverages as (very important) to the health benefits (62.0 %) ,  brand (41.0%),price (40.0%) 
,sensory properties (37.0%) ,packaging and quantity (31.5%) and  availability (29.5%) respectively.It 
was identified that there is a significant difference between age and the consumption of   Fermented 
Milk Beverages(Drinking yoghurt), age and consumption of   Fresh Fruit Juices, the highest E/L and 
consumption of Fermented Milk Beverages(Drinking yoghurt), and highest E/L and consumption of 
coffee. Also, there is a significant difference between  purchasing Fermented Milk Beverages(Drinking 
yoghurt) and age, purchasing Fermented Milk Beverages(Drinking yoghurt) and  the highest E/L, and 
purchasing coffee and the highest E/L. 

 
Keywords: Awareness, Beverages, Consumption, Functional, Purchasing. 
  

1. INTRODUCTION 

Functional beverages have beneficial effects on one or more functions of the human body in addition to 

their basic nutritional values. Fermented milk beverages, Plant-based milk beverages, Caffeinated 

beverages, Herbal Beverages and Fruit Beverages are the most popular categories in Sri Lankan functional 

beverage market. Under these categories Drinking Yogurt, Soy Milk, Black Tea, Green Tea, Coffee, Herbal 

Infusion, and Fresh Fruit Juices (Ready to drink) are the most popular beverages among consumers 

respectively. 
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In that sense, these product categories can be considered as the best carriers that can be developed into 

functional beverages.  

Even though the global market for functional beverages is remarkably at a high level with expanding trend, 

the market share for healthy drinks including functional beverages in Sri Lanka is existing yet in infancy. 

A better understanding of consumers’ awareness, consumption, and purchasing behavior are key factors for 

the market success of functional beverages in Sri Lanka.  

This research is aiming at finding the knowledge and awareness, consumption and purchasing behavior, 

among consumers in the Asgiriya area in Gampaha District, Sri Lanka between the age span from 20 to 49 

on healthy functional beverages with particular reference to Drinking Yoghurt, Soy Milk, Black Tea, Green 

Tea, Coffee, Herbal Infusion and Fresh Fruit Juices (Ready to drink). These indications may contribute to 

innovative product development and marketing decisions to maximize the satisfaction of health-conscious 

consumers. As specific objectives of this research is aiming to identify the most popular functional beverage 

among Sri Lankan consumers and the intentions of consumption of functional beverages, as well the basics 

and stimulus for purchasing functional beverages, and the relationship between socio-demographic factors 

which affect for consumption and purchasing behavior of functional beverages.  

1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 

1.1.1 FUNCTIONAL FOODS AND BEVERAGES 

Functional food (FF) influences specific functions of the organism, may provide (beyond basic nutrition) 

additional health benefits or remedy some diseases following the addition/concentration of a beneficial 

ingredient, or removal substitution of an ineffective or harmful ingredient (Gautam et al., 2018). FF is also 

defined as food products possessing the appearance of traditional food and included in the daily diet. These 

products provide physiological benefits and or can reduce the risk of noncommunicable diseases.   

According to EU documents if it can be proven that a food product affects one or more target functions in 

the body in a positive way, this food product is regarded as a functional food, (Çakiroğlu and Uçar,2018) 

Functional beverages are a segment in the functional food industry that is comparatively easier to process, 

handle, and incorporate bioactive compounds. Beverages are a “go and grab product” and 

attractconsumers’demand.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

1.1.2 FUNCTIONAL FOOD AWARENESS AND PERCEPTION 

Urala et al. (2011) stated that the concept of functional foods is vague for U.S. consumers in the United 

States. They are not familiar with the term, do not know what products can be considered functional foods 

and health benefits do not seem to affect their food choices. In addition, consumers do not trust 

manufacturers, food retailers, or the media in functional food-related information. Clear and understandable 

communication from independent authorities and nutrition specialists may be the best way to make the term 

familiar and reliable.      

Vella et al, (2014) study invested that consumers, the awareness and perceptions of older adults concerning 

functional foods are of particular interest, as this population could greatly benefit from the incorporation of 

functional foods into their diets.  



Towards a Resilient Future – Opportunities and Innovations 

203 
International Research Symposium – 2022   University of Vocational Technology 

 

1.1.3 FUNCTIONAL FOOD CONSUMPTION AND PURCHASING BEHAVIOR 

Studies in the literature showed that demand for consumption of functional foods is affected by 

demographic variables such as age, gender and education can be classified as micro factors. Moreover, 

traditions, cultural heritage, and economic factors which affect the consumption rate of functional foods 

can be grouped as macro factors. Macro and micro factors emerged as potential determinants for consumer 

acceptance of functional foods (Verbeke, 2005).  

1.1.4 INTENTIONS OF PURCHASING FUNCTIONAL BEVERAGES/FOOD 

Consumers may consume functional food if such food is perceived as healthy. For example, Rezai et al. 

(2014) found that consumers who perceived greater benefits from functional foods (e.g. reducing the risk 

of health problems, improving skin conditions, providing daily nutrition) were more accepting of functional 

foods.  
1.1.5 BASICS AND STIMULUS OF FUNCTIONAL BEVERAGES  

The reviewed studies indicated that product characteristics (e.g. the combination of carriers and ingredients, 

price, taste, brand, and health information) can influence consumer acceptance of functional foods. 

 

2. METHODOLOGY 

Asgiriya area in Gampaha District which including four Grama Niladhari Devisions (Asgiriya, Agiriya 

West, Asgiriya South, Asgiriya North) was selected as the study area. The target population was males and 

females, in the span of age between the age of 20 to 49, who are consumers of functional beverages. The 

total population (2720) was obtained from the Department of Census and Statistics. 200 people were 

selected as per the sample size at the confidence level of 85%, Margin of Error of 5%, and Population 

Proportion of 50%.  

2.1 QUESTIONNAIRE PREPARATION AND SAMPLING METHOD 

Google form questionnaire was pre tested using 15 people. It was developed with fourteen questions to 

evaluate consumers’ awareness, consumption and purchasing behavior of functional beverages. The study 

adopted the snowball-sampling technique which included in the Non probability sampling method. 
2.2 DATA COLLECTION AND DATA ANALYSIS 

The online survey was conducted within a week (16 of March 2022 to 23 of March 2022). The survey link 

was circulated via email and social media e.g., Whatsapp, Facebook, Viber, Gmail. The survey results were 

downloaded for analysis in SPSS 26 (Statistics Package for Social Sciences). Descriptive statistics 

(percentages, frequencies) were measured. 
The chi-square ((χ2) test was used to analyze the relationship between separate variables and the 

respondents’ socio-demographic features. Statistical significance for all tests was set at a p-value of 0.05. 
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3. RESULTS AND DISCUSSION 

The cross-sectional survey results related to socio-demographic characteristics of the survey participants,  

consumer awareness, consumption, purchasing behavior, opinions related to functional beverages, and the 

relationship between socio-demographic factors and functional beverages consumption behavior and 

purchasing behavior were evaluated respectively. 

3.1 SOCIO-DEMOGRAPHIC CHARACTERISTICS OF THE SURVEY PARTICIPANTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
3.2 AWARENESS OF FUNCTIONAL BEVERAGES 

  

 

 

 

 
  
       

 

                                                                                       

Variable  Answer Options Frequency Valid Percent (%) 

Gender Male 52 26  
Female 148 74 

Age 20-29 114 57  
30-39 72 36  
40-49 14 7 

Martial Status Married 102 51  
Unmarried 98 49 

Highest Education GCE O/L Passed 1 0.5  
GCE A/L Passed 30 15  
Undergraduate 42 21  
Graduate or above 126 63  
Other 1 0.5 

Household income Below 30 000 8 4.0 
 30 000 – 50 000 50 25 
 50 000 – 75 000 44 22 
 75 000 – 100 000 33 16.5 
 Above 100 000 65 32.5 
Household 
composition 

Single person household 7 3.5 

 Living with parents 105 52.5 
 Married with children 36 18.0 
 Married without children 42 21.0 
 Extended family 10 5.0 
Employment status Government Sector 92 46.0 
 Private Sector 80 40.0 
 Student 14 7.0 
 Unemployed 12 6.0 
 Other 2 1.0 

Figure 2: Percentages of the respondents who have 
thought that consuming of beverages has any 
medicinal properties other than nutritional 
properties 

Figure 1: Percentages of the 
respondents   who have heard the 
term "functional" 

Table 1: Socio-Deographic Characteristics of the Participants 
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3.3 CONSUMPTION OF FUNCTIONAL BEVERAGES                 

 

 

 

 

 

 

 

Table 3: Percentages of Respondents Regarding Consumption of Functional Beverages 

   Functional    
         Beverages 
 
Frequency  
of Consumption 

Fermented  
Milk 
Beverages 
(Drinking 
Yogurt) 

Soy 
Milk 

Black 
Tea 

Green 
Tea 

Herbal 
Infusion 

Coffee Fresh Fruit 
Juice (RTD) 

Daily 18.5 1.5 41.5 17.5 8.0 14.5 14.5 

Weekly 28.0 9.5 11.0 12.0 25.0 30.5 34.0 
Monthly 8.5 15.0 5.0 8.5 17.5 10.0 11.5 
Frequently 12.5 15.0 12.5 8.5 14.5 12.5 20.5 

Occasionally 29.0 16.0 9.0 17.5 16.5 18.5 15.0 
Rarely 10.0 28.5 10.5 22.5 14.0 12.5 3.5 
Never 7 14.5 10.5 13.5 4.5 1.5 1.0 

 

 

 

 

 

 

 

 

 

 

          Functional  
             Beverages           
 
Question no  
03 & 04 

Fermented  
Milk 
Beverages 
(Drinking 
Yogurt) 

Soy 
Milk 

Black 
Tea 

Green 
Tea 

Herbal 
Infusion 

Coffee Fresh 
Fruit 
Juice 
(RTD) 

Considered 
as being a 
functional 
food % 

Yes 72.5 50.0 78.5 80.5 58.0 67.5 67.5 

No 10 17.0 9.0 7.5 18.0 15.0 15.0 
Not 
Sure 

17.5 33.0 12.5 12.0 24.0 27.5 17.5 

Awareness 
of its 
benefits 

Correct 
answers 
% 

55.0 24 40 46 40 34.5 45.5 

Table 2: Percentages of Respondents Regarding Awareness of Functional Beverages 
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Figure 3: Percentages of Respondents of Daily Functional Beverage Consumers 
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3.4 PURCHASING BEHAVIOR OF FUNCTIONAL BEVERAGES 
Table 4: Percentages of the Respondents Regarding the Frequency of Purchasing Functional Beverages 

 

3.5 PURCHASING INTENTIONS OF THE FUNCTIONAL BEVERAGES 
 

 

 

 

 

 

 

 

 

 

 

3.6 FUNCTIONAL BEVERAGES BUYING PLACES 

 

 
 

 

 

 

 

 

  Functional    
        Beverages 
 
Frequency  
of Purchasing 

Fermented  
Milk 
Beverages 
(Drinking 
Yoghurt) 

Soy 
Milk 

Black 
Tea 

Green 
Tea 

Herbal 
Infusion 

Coffee Fresh 
Fruit 
Juice 
(RTD) 

Every Week 28.0 3.5 16.0 9.0 11.0 12.5 24.5 

Every Two Weeks 17.5 8.0 17.0 7.5 11.0 13.0 25.5 

Once a month 17.0 14.0 29.5 23.0 25.5 30.0 14.0 

Less than once a month 5.0 16.0 10.5 7.0 10.5 15.5 9.5 

Occasionally 20.5 14.0 7.0 15.0 20.0 15.5 19.5 

Rarely 9.5 25.5 8.5 20.5 17.5 11.5 6.5 

Never 2.5 19.0 11.5 18.0 4.5 2.0 0.5 
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Figure 5: Percentages of Respondents of Purchasing Functional Beverages from Different Marketplaces  

Figure 4: Percentages of Respondents Regarding Purchasing Intentions of Functional Beverages 
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 3.7 BASICS AND STIMULUS FOR PURCHASING FUNCTIONAL BEVERAGES 
  

 

 

 

 

 

 

 

 

3.8 PRECONDITIONS OF PURCHASING FUNCTIONAL BEVERAGES 
 

 

 

 

 

 

 

 

 

 

 

3.9 OPINIONS REGARDING THE STIMULUS AND BASICS OF THE FUNCTIONAL BEVERAGES 

It was identified that 63% of respondents were satisfied with the present market prices of functional 

beverages and the other 37 % were not satisfied with it. It was identified that 92.5% of respondents were 

thinking that consuming functional beverages give health benefits to the body 
3.10 NEW FUNCTIONAL BEVERAGES TRENDS FOR SRI LANKAN MARKET 

According to the present survey as new functional beverages, some respondents have indicated that meal 

replacement drinks (Porridges, Soups, Fruits and Vegetable drinks, etc) King coconut water drinks, Natural 

and healthy indigenous beverages, and Smart water drinks products with adding minerals.  
3.11 RELATIONSHIP BETWEEN SOCIO-DEMOGRAPHIC FACTORS AND CONSUMPTION OF FUNCTIONAL 

BEVERAGES  

It was identified that there was a significant difference between Age and Consumption of   FMB, Age and 

Consumption of   FFJuice, Highest E/L and Consumption of FMB, and Highest E/L and Consumption of 

coffee.  

Stimulus 
 

Importance 

Price Brand Sensory 
Properties 

Packaging/ 
Quantity 

Availability Health 
Benefits 

Very Important 40.0 41.0 37.0 31.5 29.5 62.0 

Important 46.0 45.5 45.5 48.0 54.5 31.5 
Neutral 10.0 7.0 12.5 19.0 15.5 6.0 

Less Important 2.5 5.5 4.5 1.5 0.5 0.5 

Not Important 1.5 1.0 0.5 0.0 0.0 0.0 

Figure 6: Percentages of Respondents Regarding Preconditions of Purchasing Functional Beverages   

15%

15%

24%
23%

23%

Lower prices

If Recommended by relatives or
friends

If recommended by doctor or
nutritional consultant

Clear evidence and efficacy of
such products

Occurrence of health problems

Table 5: Percentages of Respondents Regarding the Importance of the Stimulus for Purchasing 
Functional Beverages 
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3.12 RELATIONSHIP BETWEEN SOCIO-DEMOGRAPHIC FACTORS AND PURCHASING BEHAVIOR OF 

FUNCTIONAL BEVERAGES 

It was identified that there was a significant difference between Purchasing FMB and Age, Purchasing FMB 

and the Highest E/L, and Purchasing coffee and the Highest E/L. 

 

4. CONCLUSION(S)/ IMPLICATIONS/ RECOMMENDATIONS & LIMITATIONS 

 A lack of knowledge regarding functional food concept was noticed. From this point of view, it is important 

to educate consumers about the health benefits of functional products or functional ingredients and to 

encourage the consumption of functional foods through ethical and informative marketing. According to 

the present survey considering the daily consumption black tea was the most frequently consumed 

functional beverage by the respondents. The frequency of purchasing of short shelf life beverages  (Drinking 

Yoghurt , Fresh Fruit Juices) are high among the respondents compared with long shelf life products such 

as Black Tea ,Green Tea , Herbal Infusion  and Coffee.Most  of the respondents purchased functional 

beverages to stay healthy and purchased from Supermarkets.Respondents were giving the priority as the 

basics and stimulus when purchasing functional beverages  (Very Important) to the health benefits 

.According to the  present study has shown that sociodemographic characteristics such as age, level of 

education and also health benefits, brand , prices are important factors which influence consumers decision 

to buy and/or consume functional beverages. The present survey indicated that consumers have been 

positive attitude reagrding the functional beverages. Respondents have recommended that meal replacement 

drinks ( Porridges, Soups, Fruits and Vegetable drinks, etc) King coconut water drinks, Natural and healthy 

indigenous beverages, and Smart water drinks products with adding minerals have potential demand as new 

functional beverages among Sri Lankan consumers. These findings disclosed that functional 

foods/beverages generate one of the most promising and rapidly developing segments of the future food 

industry in Sri Lanka, requiring at the same time scientifically sound evidences of their health promoting 

benefits. As limitations of this study was valid for the urban consumers because the selected location 

belongs to the urban area. Therefore this scenario may be differ comparatively sub urban and rural areas. 
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ABSTRACT 
 

Plain carbon steel (PCS) is a highly consumed universal engineering metal, and it is mainly used in 
sectors that require mainly strength characteristics. It is easily amenable to heat treatments while 
displaying superior mechanical and fabrication properties. Properties of PCS can be altered with heat 
treatments, and hardening followed by tempering is the main heat treatment applied for PCS. The 
objectives were to analyse the pattern of change of mechanical and metallurgical properties of 0.45C 
medium carbon steel with the change of holding time at different tempering temperatures. Four sets of 
specimens of the given steel were used, and each set was assigned a particular tempering temperature. 
Similar holding times assigned for all sets were 1.00, 1.25, 1.50, 1.45, and 2.00 hours. Selected heating 
temperatures were 250 0C, 350 0C, 450 0C, and 550 0C. Change in grain size was also observed for a 
few specimens, tempered at different holding times, and for different tempering temperatures. Almost 
similar-shaped four plots of hardness versus holding time were developed for different temperatures. 
However, the determination of the actual curvature needs precise analysis, with more test cases. The 
observed average grain size variation also agrees with the hardness versus holding time plots.  

 
Keywords: Grain Size; Hardness; HoldingTtime; Plain Carbon Steel; Tempering Temperature. 

 

1. INTRODUCTION 
Plain carbon steel is the most widely used category of engineering metals, universally. Iron carbon alloys 

containing up to 2% carbon are called carbon steels. In addition to carbon, carbon steels generally contain 

small amounts of sulphur, phosperous, silicon, and manganese. However, their role is insignificant in 

determining the properties of plain carbon steels. 

Although the number of steel specifications runs into thousand, plain carbon steel accounts for more than 

90% of the total steel output. The main reason for its importance is its strength, toughness, ductility, and 

cheapness. It is a material with reasonable casting, forming, and machining characteristics, and it is 

amenable to heat treatments to produce a wide range of properties.  

The amount of carbon in steels has a profound effect on the structure, and thus properties of steels. With 

the increase of carbon content, carbon steel increases strength and hardness and decreases ductility and 

impact strength. Based on carbon content, plain carbon steels can be classified as low carbon steels with 

carbon in between 0.08% and 0.35%, medium carbon steels with carbon in between 0.35% and 0.6%, and 

high carbon steels with carbon in between 0.6% and 1.5% (Pakirappa, 2004, pp. 132-157). 

Among the main heat treatments carried out for carbon steels, hardening is the main heat treatment applied 

for medium and high carbon steels. Hardening is applied to cutting tools and machine parts, where high 

hardness and wear resistance are important. Hardened steels are highly brittle so a slight impact will cause 
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them to fracture. Toughness of such steel is improved by secondary heat treatment of tempering. However, 

with this treatment, there can be a slight reduction in strength and hardness. The main purposes of hardening 

followed by tempering are to reduce extreme brittleness, improve toughness and remove internal induced 

stresses (Pakirappa, 2004, pp. 132-157). 

Tempering consists of reheating hardened steel to a temperature below the lower critical temperature, 

holding it at that temperature for a period of time, and then slowly cooling it in the air to room temperature. 

At the tempering temperature, carbon atoms diffuse out and form fine cementite and soft ferrite structure. 

Thus, the structure of tempered steel consists of ferrite and cementite (Pakirappa, 2004, pp. 132-157). Several 

studies are found in the literature based on hardening followed by tempering heat treatments. The found 

studies indicate that the rise of holding time and tempering temperature generally causes a reduction in the 

hardness of carbon steel. However, non of them describes the pattern of variation of the property. 

The objectives of the study are focused on demarcating the pattern of variation of the hardness with the 

change of holding time, and developing a set of data for scheduling the tempering procedure, for obtaining 

the required hardness of the given medium carbon (0.45%C) steel, and also comparing approximate grain 

sizes as change with holding time and tempering temperatures.  

1.1 REVIEW OF LITERATURE 

One study (Tukur et al, 2014) explains that hardness, yield strength, and tensile strength decrease with the 

increase in temperature of tempering. However, ductility initially decreases until 450 0C, and then increases, 

while the temperature of tempering increases. To get well-balanced mechanical properties, the best 

temperature of tempering was observed to be 2500C.  

Cai (2018) has made a few observations based on his study on the tempering process of AISI4140 steels. It 

was noted that with the increase of tempering temperature, peaks of tempered martensite (ferrite) are 

sharpened and the carbon content in tempered martensite decreases with the precipitation of the carbides. 

It was also observed that carbide size increases when the tempering temperature increases and carbide size 

decreases as the heating rate increases. Further, he observed carbides with two different shapes; needle 

shape carbides which are precipitated along low-angle boundaries, and disc-shaped carbides which are 

precipitated along high-angle boundaries.  

Another similar study was conducted (Purwanto et al, 2019) to analyse the effects of varying the tempering 

temperature on the mechanical properties of steel plates, which had been surface hardened by induction 

heating and quenched in oil. The utilised tempering temperatures were 100oC, 200oC, 

300oC and 400oC. The hardness of the tempered samples was observed to be decreased with increasing the 

tempering temperature. However, the tensile strength was increased at lower temperatures.  

A previous similar study (Mohamed et al, 2013, pp. 81-85) had also revealed that the increase of tempering 

temperature of medium and high carbon steel causes a gradual decrease in both, the ultimate tensile strength 

and the hardness and an improvement of ductility.  



Towards a Resilient Future – Opportunities and Innovations 

213 
International Research Symposium – 2022   University of Vocational Technology 

 

Orhorhoro et al (2018) conducted a study by varying the cooling rates of the tempering process of a low-

carbon steel. The cooling rate was changed by putting the test specimens heated to 7000C, into different 

cooling mediums of water, oil and brine. The study findings revealed that the brine-tempered specimen 

shows the lowest corrosion behavior and the least weight loss, followed by the untreated reference 

specimen, oil –tempered and water-tempered specimens. 

 

2. METHODOLOGY 
The used material was a 0.45 % carbon steel. When bought, it was a bar with a 01.00” diameter. Its 

spectrometric analysis indicated the composition mentioned in Table 1. 

Table 1: Composition of the Steel 
 

Element Percentage by weight 
Carbon (C) 0.45 

Manganese (Mn) 0.71 

Silicon (Si) 0.30 

Ferrous (Fe) Balance 

 

The steel bar was cut into 22 number of specimens, with 01.00 cm thickness in each, using a lathe machine. 

2.1 HEAT TREATMENT 

Except for one specimen, others were subjected to a hardening heat treatment, under the same conditions. 

Heat treatments were conducted using a programmable furnace. Heating temperature was 8500C, and the 

heating rate was approximately 6.830C. Soaking time of the hardening treatment was set to 35 minutes. 

Cooling medium was water, maintained at 700C. After cooling to room temperature, except for one 

hardened specimen, the other 20 specimens were divided into four different sets, specifying a tempering 

temperature for each set. Each specimen in each set was assigned a specific holding time. The assigned 

tempering temperature and the holding time for each specimen are indicated in Table 2.   

 

Table 2: Specified Tempering Temperatures and Tempering/Holding Time Periods 
 

Sample set 
number 

Tempering temperature 
(0C) 

Specimen 
number 

Holding time (hrs) in the 
selected temperature 

1 250 1 1.00 
2 1.25 
3 1.50 
4 1.75 
5 2.00 

2 350 1 1.00 
2 1.25 
3 1.50 
4 1.75 
5 2.00 
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3 450 1 1.00 
2 1.25 
3 1.50 
4 1.75 
5 2.00 

4 550 1 1.00 
2 1.25 
3 1.50 
4 1.75 
5 2.00 

 

2.2  HARDNESS MEASUREMENT 

After heat treatments, the hardness of all test specimens was measured using a Vickers hardness tester.  

Hardness test results were recorded by averaging three test readings of each test piece.  

2.3 MICROSTRUCTURE  OBSERVATION  

After hardness measurement, five specimens were prepared for microstructure observation. Surface 

preparation was done for two test specimens with two different holding times of one hour and two 

hours, from each tempering temperature of 2500C and 4500C, and for the untreated specimen. One flat 

end of each test specimen was ground with a set of successively finer-grade emery papers. Nest, the 

five test specimens were polished with a rotary polisher having a diamond lapping compound (3 

microns) on it. The polished surfaces were etched with Nital (10 % HNO3) etchant. Microstructure of 

the all five polished specimens was observed under 500 magnification, using a metallurgical 

microscope. 

3. RESULTS  

3.1. HARDNESS  MEASUREMENT 

The average hardness for different holding time periods at different tempering temperatures are shown 

in Figure 1. 

   

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Average Hardness (HV) Versus Holding Time (Hours) for Different Tempering Temperatures 
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3.2 MICROSTRUCTURE OBSERVATION  

The obtained microstructures of the heat treated and the non-treated specimens are shown in the Figure 2 

and Figure 3, respectively. 

              

                                 
                                                  (a)1                                       (a) 2 

                                                                                  
                                                  (b) 1                                     (b)2 

Figure 2: Microstructure of the Hardened and Tempered PCS Test Specimens (X500), by Changing the 

Holding Time: (a) For One Hour: (1) At 2500C (2) At 4500C (b) For Two Hours: (1) At 2500C (2) At 

4500C                                                   

 
 

Figure 3: Microstructure of the Non-Heat-Treated Specimen (X500)  
 

4. DISCUSSION  

According to both, the test results and the review of the literature, the following assumptions can be made. 

A decrease in hardness is observed with the increase in the holding time (at all test temperatures).  

Additionally, average grain size is observed to be increased, as with both, tempering temperature and 

holding time.  

According to the correlations found in the literature, strength and hardness are directly proportional to each 

other, while strength and ductility are inversely proportional. This relationship enables to plan of the heat 

treatments as per the required strength and plasticity properties also.  
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Additionally, according to another correlation, as grain size increases, hardness and strength (both yield 

strength and ultimate tensile strength) decrease, and vice versa. Thus, the observed microstructure details 

emphasise the results shown with the hardness.  

When specimens are heated to a temperature of 8500C and held for 35 minutes at that temperature, and then 

quenched rapidly in water, phase transformation of steel is taken place. Then the crystal structure of the 

steel changes immediately from face-centered cubic (FCC) (γ phase) to body-centered tetragonal (BCT) 

martensite. In martensite, the carbon dependence of hardness is attributed to carbon atoms, trapped in the 

octahedral interstitial sites of martensite crystal structure. Thus, high hardness correlates with high 

resistance to dislocation and slip formation. 

As the temperature of hardened steel is raised for tempering, the mobility of atoms is increased and the 

phase tends to pass into a stable and equilibrium state. When this transformation takes place, both 

temperature and time are variables. During tempering, martensite decomposes into a mixture of ferrite and 

cementite, with a decrease in the volume of martensite platelets. As tempering temperature or holding time 

increases, the structure changes its physical and mechanical properties. 

When the specimens are tempered at a lower temperature around 250 0C, precipitation of hexagonal closed-

packed (HCP) carbide (epsilon carbide) occurs due to a decrease of the tetragonality of martensite. The 

crystal structure of martensite transforms finally to body-centered cubic (BCC) of ferrite, from body-

centered tetragonal (BCT) structure. With the increase of tempering time, dendritic carbide (orthorhombic 

Fe3C) also forms at 2500C. 

Further increase in tempering temperature and tempering time causes to form sorbite structure, with finely 

divided cementite and ferrite structure, which brings lower hardness and strength with higher ductility.  

The developed plots of hardness versus holding time at different tempering temperatures generally predict 

the reduction of the hardness property as with the increase of holding time, though the apparently observed 

shape of each curve is somewhat different to others, corresponding to different test temperatures.   

Since the sample preparation for microstructure observation consumes more time, this examination was 

limited to few specimens, at two different tempering temperatures for two different holding time periods of 

one hour and two hours. The observed microstructures (at 500 magnification) clearly compares the average 

grain size, as with the change of the tempering temperature. Comparison of average grain size with regard 

to the change of holding time is sufficient for the observations made at 2500C; however the developed 

structures are not much comparable for the observations made at 4500C. 

  

5. CONCLUSIONS AND RECOMMENDATIONS 

5. 1 CONCLUSIONS  

For plain carbon steels, for a particular tempering temperature, as the holding time increases, hardness 

decreases. The developed plots of hardness versus holding time indicate approximately similar shapes, 

However, more data with more test cases are necessary to predict the real shape of the curves.   
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The obtained hardness versus holding time plots can be used to decide a preferable tempering schedule, for 

obtaining the required hardness of the given steel. 

Microstructure observation agrees with the observed variation of hardness, as per the change of holding 

time and tempering temperature. 

 5.2 RECOMMENDATIONS 

To get more precise results, more samples need to be tested repeatedly, in each tempering temperature, 

keeping the holding time gap between any two consecutive samples smaller (approximately five minutes). 

This will be more helpful to decide the pattern of change of the property (hardness), while holding time 

increases, at a given tempering temperature. 

Also, the approximate grain size of these cases may be tabulated at different magnifications, enabling us to 

easily predict the approximate grain size, at different tempering temperatures, and for different holding 

times.  
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ABSTRACT 
 

Concrete bricks are an integral part of the buildings and construction industry.  However, nowadays, 
the fast increase in their prices has been an issue for consumers to survive. The main objective of the 
study was to produce lightweight concrete bricks with raw paddy husk (RPH) as a reinforcing material, 
according to the Sri Lankan concrete mix design. Production of low-cost concrete bricks is another 
objective. Furthermore, the environmental threats due to industrial wastes have now been greatly 
exacerbated. This study was designed considering solutions for this factor also. Seven sets of concrete 
bricks, with five bricks in each set were produced. In the study, visual appearance, density, percentage 
of water absorption, and compressive strength were tested for the bricks prepared by replacing concrete-
brick mixture with 0, 10, 20, 30, 40, 50, and 60 by volume of  RPH, in each set. The maximum percentage 
of RPH was revealed to be 30% by volume of RPH, by optimizing  all concerned  
Properties and the cost. 

 
Keywords: Compressive Strength, Concrete Bricks, Density, Paddy Husk, Water Absorption. 
 

1. INTRODUCTION 

Concrete brick is a hardened mixture of Portland cement, stone aggregate, sand, and water, according to 

the Sri Lankan context. Today, most of these concrete bricks are used in the construction industry. However, 

these concrete bricks are highly expensive. Also, the high demand for these bricks in the construction 

industry has reduced natural resources, such as stone, sand, and apatite deposits. Because of this, 

environmental damages such as the decay of riversides also occur. This creates an environmental imbalance.   

Aiming to reduce all these problems, it was decided to make concrete bricks using RPH as additional 

reinforcing material. This facilitates the production of lightweight bricks, making construction work easy. 

Additionally, this saves the cost of raw materials, also. Furthermore, this will be an environmentally friendly 

project, since the additionally involved material is biodegradable, agricultural waste.   

The silicious content of paddy husk is resistant to the natural degradation of the constituent, which may 

lead to a large environmental load, emphasizing the requirement for alternative disposal methods. Due to 

interconnected porosity, concrete bricks produced by mixing concrete-brick mixture and agricultural wastes 

would be superior bricks, in terms of their lightweight. 

Several studies have been conducted using RPH as a reinforcing material in concrete bricks. Each study has 

been planned according to the mixing schedules available in each region/country. Further, specific mix 

designs have been displayed in each study; replacing RPH with the filler, using specific ratios of certain 

ingredients, replacing RPH with a portion of the main concrete-brick mixture, and measuring added 

ingredients according to weight percentage or volume percentage are some of the variations that have been 

observed. Certain studies have used different sizes of RPH (ground RPH) while some others have used 
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unground RPH.  However, studies designed according to the Sri Lankan context of concrete bricks, with 

the unground RPH as a partial replacement of a normal concrete-brick mixture are rarely found in the 

literature.  

The main objective of the study is to produce lightweight concrete bricks, while improving/preserving the 

essential physical and mechanical properties, using unground RPH as an added reinforcing material, 

according to the Sri Lankan concrete-brick mix design.  Producing low-cost bricks, and reducing solid waste 

management issues together with the related carbon footprint values are the other objectives. The study 

employed partial replacement of the entire brick – mixture with RPH. 

1.1 REVIEW OF LITERATURE 

The literature describes several studies with RPH as additional material in concrete bricks. A summary of 

their findings is given below. In one recent study conducted in Indonesia by Winarno (2021), RPH has been 

used as a natural reinforcement for making lightweight concrete bricks. Portland cement and sand were 

used as the base ingredients and RPH was the only reinforcement. The mix contents were in a fixed 

volumetric ratio of cement 1.25 and sand 2.75 while changing the RPH dose from 8.5 to 10. It has been 

shown that, the higher the percentage of RPH, the lower the compressive strength and density. The study 

seeks improvements with increased cement and RPH contents and reduced sand contents, aiming to keep 

both density and compressive strength values within acceptable levels.   

Winarno (2019) had previously conducted another study also, to check the possibility of RPH being used 

in concrete bricks.  The study had planned to replace filler (sand) with RPH.  A fixed ratio of ordinary 

Portland cement (OPC) to filler had been used by varying the ratio of OPC to RPH. The used sand has been 

a very fine aggregate, generated as a waste material from cutting stone blocks. According to this previous 

study, the optimum ratios of materials had been decided as OPC: Sand: RH to be 1: .63: 6, by volume. 

Compressive strength and percentage of water absorption were the concerned properties of this study.  

Another recent study (Bassam A. et al., 2021) has presented the improved properties of paddy husk ash-

added concrete. Density, workability, tensile strength, flexural strength, compressive strength, modulus of 

elasticity, and durability were the concerned properties of concrete. Technical results were verified with the 

microstructural analysis of test samples. Additionally, paddy husk ash has shown increased resistance to 

sulfate and acid attack. 

According to a study conducted in Africa (Abdul et al., 2019), unburnt ground paddy husk has been used 

as an additive material in concrete made with water and cement only. OPC percentages of 0, 1.5, 2.5, 5.00, 

7.5, and 10 in the original composition were replaced with a mixture of water and ground rice husk at a 0.5 

volumetric ratio. According to test results, cement can be reduced up to 15% with unburnt ground paddy 

husk, without scarifying compressive strength requirements. However, an increase in paddy husk carries 

negative results, since increased water absorption results in durability issues of concretes.  

Another recent study conducted by Eduardo et al. (2021) has sought to improve the mechanical, thermal, 

durability, and acoustic properties of concrete with the combined incorporation of paddy husk and straw. 
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2. METHODOLOGY 
2.1 MATERIAL SELECTION 

RPH, as in obtained form in dumping yards was used as a reinforcing material of concrete bricks. Ordinary 

Portland Cement (OPC) and river sand were used as the base raw materials.  

Certain physical properties of used raw materials of OPC, river sand and RPH are given in Table 1, and a 

sample of used RPH is shown in Figure 1. 
Table 1: Properties of Added Constituents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Raw Paddy Husk (RPH) 

 

2.2 PREPARATION OF BRICKS FOR TESTING 

The raw material was measured in percentage by volume. The percentage volume of each material used 

in different sets, for making bricks is given in Table 2. 

 

 

 

 

Constituent Concerned Property 

RPH Size 0.212-0.850 mm 

Bulk density 90–150 kg/m3 

Specific gravity 3.12 

OPC Grade OPC – 43 

Specific gravity 3.05 

Fineness modulus 0.16 

Sand 

 

Size Pan to 4.75 mm 

Specific gravity 2.67 

Fineness modulus 3.28 
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Table 2: Percentage (by Volume) of Materials Used for Bricks  

Set number Percentage of cement Percentage of sand Percentage of 
RPH 

1 20 80 0 

2 18 72 10 

3 16 64 20 

4 14 56 30 

5 12 48 40 

6 10 40 50 

7 08 32 60 
 

The raw materials of cement and sand were mixed in 1:4 ratio, and water was added until a homogeneous 

mixture with sufficient plasticity was obtained.  Then the allocated percentage volume of RPH was added 

and mixed. The wet mixture was filled into the mould and compacted with a flat end of a wooden bar. 

When the mould was compacted well and filled, the excess mixture was wiped off.  The concrete bricks 

were then removed from the mould and placed in a shady area, allowing them to harden naturally. Water 

spraying was done twice per day, in the morning and evening, for seven days. Next, the concrete bricks 

were left to dry in the shade for another 21 days, before using for testing. 

2.2.1 MOULD DESIGN 

A combined wooden mould with five similar chambers (moulds) was fabricated to get the shape of the 

bricks. The dimensions of each chamber are 7.5 cm X 4.1 cm X 4.75 cm. The external dimensions of the 

wooden block are 43.5 cm X 6.1 cm X 4.75 cm. The design of the block was made using Solidworks 

software.  

2.3 TESTING OF CONCRETE BRICKS FOR PHYSICAL PROPERTIES 

2.3.1 VISUAL APPEARANCE   

 All of the prepared dried bricks were tested visually, to report any change in color and shape, in each 

brick. 

2.3.2 DENSITY MEASUREMENT 

The density of dried bricks was calculated, using the dimensions of the mould and the average weight 

of bricks of each composition. The following formula was used to calculate the density of concrete 

bricks.  

 
Ρ  =   𝑀   

𝐿 𝑋 𝑊  𝑋 𝐻
                                                                                                                                            

(Eq:01) 
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Where, 

Ρ  =  Density of brick   

M = Weight of brick, g   

L  = Length of brick, cm 

W = Width of brick, cm   

H  = Height of brick, cm 

2.3.3 WATER ABSORPTION TEST 

Two bricks from each composition were used for the water absorption test. Since both, visual appearance 

inspection and density measurement are non-destructive tests, the same bricks used for the above two tests 

also could be used for this test.  

First, the initial dry weight of each brick was measured. Next, each brick was completely immersed in water 

for 24 hours. Individual weight was measured immediately after each brick was taken out of the water. The 

following formula was used to calculate the percentage of water absorbed into bricks.   

 WA =   𝑊2−𝑊1

𝑊1
 ×100%                                                                                                                        (Eq:02)                

Where, 

WA = Percentage of water absorption  

W1 = Weight of initial dried brick, g 

W2 = Weight of brick with absorbed water, g  

2.3.4 COMPRESSIVE STRENGTH  MEASUREMENT 

Three bricks from each composition were tested for compressive strength, using compressive strength 

testing machine (Model no. CT7comTest).  

The following formula was used to calculate the compressive strength of bricks.  

CS =   𝑊
𝐴

                                                                                                       (Eq:03)                

Where,  

CS =  Compressive strength of  brick, kN/m2 

W  = Compressive load applied on brick, kN 

A  = Load applied surface area of brick, m2 

 

3. RESULTS AND DISCUSSION 
3.1 RESULTS 

3.1.1 VISUAL APPEARANCE 

Compared to ordinary concrete bricks, almost all prepared bricks showed the same ash color.  However, as 

the content of RPH increases, especially with 40% and higher contents of RPH, visual surface porosity 

increases, and surface evenness reduces. Additionally, surface covers with higher contents of RPH.  

3.1.2 DENSITY MEASUREMENT 
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The density of the bricks prepared with different contents of RPH is given in Figure 2. 

 
Figure 2: Density of the Bricks Prepared with Different Contents of RPH 

3.1.3 WATER ABSORPTION TEST 

Figure 3 shows the percentage of water absorption of the bricks prepared by varying RPH. 

 
Figure 3: Percentage of Water Absorption for the Bricks Prepared with Different Contents of RPH 

3.1.4 COMPRESSIVE STRENGTH  MEASUREMENT 

Figure 4 shows the compressive strength of the concrete bricks prepared by RPH. 
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Figure 4: Compressive Strength of the Bricks Prepared with Different Contents of RPH 

3.2 DISCUSSION 

Concrete bricks were made by replacing RPH up to 60 % by volume. However, the composition of 70 % 

volume of RPH failed to prepare the bricks with stable dimensions. Due to lower cement content, the 

mixture was unable to form a hardened structure. 

The test results indicate that, as the percentage of RPH increases, the density of bricks decreases, and the 

density value varies from, 2157.53 g/cm3 for 0% of RPH to 1746.57 g/cm3 for 60% of RPH. Water 

absorption of concrete bricks varies from 3.17% for 0% of RPH to 11.53% for 60% of RPH. Compressive 

strength varies from 161.12 kgf/cm2 for 0% of RPH to 76.48 kgf/cm2 for 60% of RPH.  

According to the ISO (International Organisation for Standardisation) and other international standards, 

construction concrete bricks used for load-bearing work should have a density value above 1700 g/cm3  

(Alonso et al., 1990, p. 40).  More international standards accept a higher value of percentage of water 

absorption, such as 40%, as the maximum allowable water content for concrete bricks (Alonso et al., 1990, 

p. 40).  Generally, acceptable minimum compressive strength is above 35-40 kgf/cm2 ,  only if the concrete 

brick is to be used for load bearing walls (Alonso et al., 1990, p.45).  

With respect to the all concerned properties, RPH added concrete bricks can be used in all of the load-

bearing structural work. However, none of the tested bricks may be recommended for light construction 

work, since the minimum average density obtained (1746.57 g/cm3) is above the maximum allowable 

density of lightweight bricks (Alonso et al., 1990, p. 40). 

Additionally, to verify the suitability of prolonged usage of these RPH-added concrete bricks, additional 

studies are needed, preferably to check the durability and thermal characteristics.  

 

4. CONCLUSION 

Aiming to reduce the weight and cost of construction, together with a positive contribution towards 

agricultural waste discarding issues, concrete bricks were made by replacing cement-sand concrete mixture 

with different percentages of RPH, as a reinforcement. 
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The physical properties of visual appearance, density, percentage of water absorption, and mechanical 

properties of compressive strength were tested during the study. The obtained test results are within the 

acceptable limits of ISO and more number of other international standards. With respect to the concerned 

properties, RPH  up to 60% by volume can be used in concrete bricks, used in local structural construction 

work.  

However, a more critical analysis has to be done to check the prolonged usage of the RPH-added concrete 

bricks, especially under critical environmental conditions.  
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ABSTRACT 

 
The global rate of energy use is increasing. As a result, researching alternate energy generation 
methods, even on a small scale, is critical to combating the looming energy crisis. Finding alternate 
means of electricity generation is very important in the current Sri Lankan power crisis. The goal of this 
project is to create a mechanical speed breaker electricity generator that runs on a rack and pinion 
mechanism. It is expected that the rotational action of the generator will transform the kinetic energy of 
the cars moving on the speed breaker into useable electrical energy. The designed prototype's output 
power is 2-3 W, and it can be improved further based on the necessity. 
 
Keywords: Kinetic energy, Rack and pinion mechanism, Speed breaker power generation. 

 
1. INTRODUCTION 
The use of automobiles has become the number one mode of transportation used by general population of 

Sri Lanka. To decrease road accidents, mechanisms known as speed breakers/speed bumpers have been 

installed at strategic locations along roads. Every time a vehicle travels over a speed breaker, however, a 

significant quantity of energy is wasted due to heat loss and friction. Speed breakers can be built to capture 

energy from passing vehicles and transform it into usable energy. Another issue that comes up while 

discussing power generation is the environmental impact of electricity generation. The environmental 

implications of power production and energy use are inextricably linked. Electricity created from renewable 

energy sources has a lower environmental impact than power generated from fossil fuels. Finding alternate 

power producing technologies so contributes to a greener environment. 

1.1 BACKGROUND STUDY 

1.1.1. PROBLEM STATEMENT  

In today's civilization, the demand for electricity is increasing. The sources of power in Sri Lanka are 

depicted in Figure 1. Despite the fact that the overall cost of this system is considerable, the country 

continues to use a large percentage of petroleum. 

Therefore,  alternative methods of electricity generating methods must be discovered. 

In Sri Lanka, there are thousands of automobiles on the highways every day. To further ensure pedestrian 

safety, many speed breakers have been erected on the road. Devices called speed breakers use vertical 

deflection to slow down motor vehicle traffic. 
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Vehicles spend a significant amount of energy every time they cross a speed breaker. In order to use the 

speed breaker as a power generating device, a technique must be developed to capture the energy created. 
 The objective of this project is to design a mechanical "speed breaker power generator" that uses a rack 

and pinion mechanism to transform kinetic energy into mechanical energy. The energy can then be 

transformed into active electrical energy that can be used. An LED light bulb and a multimeter will be used 

to display the electrical energy output. 

1.2. REVIEW OF LITERATURE 

The energy can be made by speed breakers through various mechanisms like roller, the crank-shaft, the 

magnetic and the rack and pinion mechanisms. Ramadan et al., (2014) has discussed about various 

mechanisms that can be used for speed breakers and their corresponding governing equations. Sinha et al., 

(2021) used a crank and slider mechanism for designing a speed breaker. Aswathaman and Priyadharshani, 

(2011) designed a speed breaker system consisting of Rack, pinion and Chain, sprocket arrangement. It 

reported an output of 4.0875 Watts for a one pushing force of a 250 Kg Load. But the design did not harness 

the energy stored in the springs during compression.  

Ahmad and Masood, (2014) has also designed a speed breaker system consisting of rack and pinion and 

chain and sprocket arrangement with two parallel connected generators to charge the batteries earlier. 

According to their calculations 11.445 watts of power are generated when one vehicle passes over the speed 

breaker. Ramadan et al., (2014) introduced a prototype containing rack and pinion mechanism. When 

masses of 73 kg and 85 kg are applied, it was demonstrated that the bumps can create powers ranging from 

almost 43 to 65 W. This is an average of 0.68 W/kg. But the design of the prototype is practically not 

suitable for the vehicles because of the 3 bumps. Ramadan et al., (2015) has discussed about a prototype 

where 26.2 to 44.7W can be generated from the speed-breaker with rack, pinion and belt connected to 

generator system when masses of 65 kg and 80 kg are applied. Hence, an average of 0.37 W/kg. 

Extrapolations to a real physical system indicated that In that case, an average power of 0.56 kW, in 

minimum, can be produced. 

Todaria et al., (2015) have done an expensive energy harvesting by a system of Mechanical Motion Rectifier 

(MMRTo generate electrical power, the MMR translates both down and up pulse motions of the speed 

Figure 111: Sources of Electricity in Sri Lanka 
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Figure 13 : Block Diagram 

bump into a single direction rotation of the electrical generator. They used a rack pinion clutch mechanism. 

High power of up to 200 W was created in one phase of a three-phase generator. Ullah et al., (2016) 

developed idea about a speed breaker system where, the hydraulic press converts the vehicle pressure on 

the speed breaker into rotary energy via rack and pinion. Younas et al., (2017) has developed a rack pinion 

and chain sprocket system. The efficiency of the system was low. 

Emovon (2018) conducted a comparative examination of many mechanisms (Roller, Rack and pinion, and 

Air Piston mechanism) in order to establish the most effective technique of power generation in a speed 

bumper. In this paper, the most appropriate mechanism for power generation was determined using an 

integrated Analytic Hierarchy Process (AHP) and WASPAS technique (which is a mix of the Weighted 

Sum Model (WSM) and the Weighted Product Model (WPM). According to their findings, even if the roller 

mechanism is inexpensive and simple to construct, its efficiency is only 50%. On the other hand, the cost 

of the Rack and Pinion mechanism is moderate, and the design is dependent on weight bearing capacity. 

But the efficiency is 70% which is higher than roller mechanism. And the Air Piston mechanism is very 

costly and is very difficult to setup. Das et al., (2013) created a system in which a roller is fitted between a 

speed breaker and some form of grip is supplied on the speed breaker such that when a vehicle passes over 

the speed breaker, the roller turns. The spinning of the roller converts the vehicle's kinetic energy to the 

roller's rotational energy. Olugboji (2016) created a speed breaker system to generate electrical energy using 

air compression. However, the system is complex to build and expensive. 

 

2. METHODOLOGY 

A prototype was designed to convert inactive energy into active usable energy. A downward force is applied 

to the speed bumper plate as a vehicle passes over the bumper region. The spring compresses as a result of 

the downward force. After then, the rack begins to move vertically downward and upward. The pinion gear 

rotates in a circular motion because it is meshing with the rack gear. The engaged segment pinion teeth 

move a length equal to the rack length during one compression cycle. The engaged segment pinion 

disengages, followed by the engaged segment pinion. This is a spring tension reaction. The bumper then 

returns to its original position, completing a full cycle. The pulleys connected to the gear wheels transfer 

rotational energy to the generator via belt, which provides electrical energy.

Figure 2 shows the full working process of the proposed system. 

 

2.1. DESIGNING THE PROTOTYPE 

2.1.1. COMPONENTS USED AND THEIR DRAWINGS  

Solid works software was used to design the following components of the prototype.

• Rack and pinion 

Speed Bumper 
Arrangement 

Rack and Pinion 
+ Spring 

Arrangement
Gear 

Drives Generator Diode 
Arrangement 

Battery 
Charging Output

Figure 212: Block Diagram 
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• Two spur gears 
• Pulleys 
• Springs 
• Spring guide, Guide pin and Linear guide brush 
• Speed bumper plate 

 
2.1.1.1. PINION DESIGN PARAMETERS 

Module (m) = 02,  No. of. Teeth (t) = 16 , Pressure angle (Q) = 20˚, Pinion angle  =115

2.1.1.2. RACK DESIGN PARAMETERS 

Module (m) = 02  No. of. Teeth (t) = 16  Pressure angle (Q) = 20˚ 

Pinion angle  = 115˚   Rack length  = 100mm No. of. Teeth (t)  = 16 

2.1.2. DESIGN CALCULATION 

Table 1 : Design Calculation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For 50 – teeth spur gear For 20 – teeth spur gear 
connected with dynamo 

• Module (m)            = 02 

• No. of. Teeth (t)     = 50 

• Pressure angle (Q) = 20˚ 

• Pitch circle diameter (PCD)  

=Module × No. of .teeth  = 100 mm 

• Base circle diameter  

=Pitch circle diameter (PCD)×𝐜𝐨𝐬 ∅  = 

93.97mm 

• Addendum(a)= Module (m)= 02 mm 

• Dedendum(d)=1.25 × Module = 2.5 mm 

• Clearance =Dedendum(d)- 

Addendum(a) = 0.5 mm 

• Tip circle diameter   

= Pitch circle diameter (PCD)+(2 × 

Addendum(a)= 104 mm 

• Root circle diameter   

= Pitch circle diameter (PCD)-2 × 

Dedendum(d) = 95mm 

• Circle pitch (p)=𝛑 × Module(m) = 6.3 

mm 

• Module (m)            = 2 

• No. of. Teeth (t)     = 20 

• Pressure angle (Q) = 20˚ 

• Pitch circle diameter (PCD) 

=Module × No. of teeth  = 40 mm 

• Base circle diameter =Pitch circle 

diameter (PCD) ×cos ∅  = 37.59 

mm 

• Addendum(a)= Module (m)      = 

2mm 

• Dedendum(d)=1.25 × Module   = 

2.5 mm 

• Clearance =Dedendum(d)- 

Addendum(a) = 0.5 mm 

• Tip circle diameter = Pitch circle 

diameter (PCD)+(2 × 

Addendum(a))   =  44 mm 

• Root circle diameter  = Pitch 

circle diameter (PCD)-(2 × 

Dedendum(d))   =35mm 

• Circle pitch (p)=π × Module(m)  

=6.3mm 
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Table 1 shows the design calculation for the prototype. 

2.1.3. COMPONENTS AND SPECIFICATIONS  

Table 2 shows the components used and their specifications. 

Table 2 : Materials and Componets 

 

 

 

 

 

 

 

For power generation, the device requires a configuration that can convert the linear motion of the speed 

breaker to rotating motion. The rack and pinion system is a good example of this. A rack and pinion linear 

actuator are made up of two gears that transform rotational motion to linear motion. The "pinion" circular 

gear engages teeth on the "rack" linear gear bar. When rotational motion is provided to the pinion, the rack 

travels relative to it, turning the pinion's rotating motion into linear motion. The spur gear is a tooth 

component with a cylindrical shape that can be used to convey mechanical movements as well as govern 

speed, power, and torque. It is a device for positive power transmission with a fixed velocity ratio. These 

gears can be combined to increase the speed and torque. Spur gears can be manufactured of metals like steel 

or brass, or polymers like nylon or polycarbonate. Plastic gears may have inferior strength and loading 

capacity. Spur gears, unlike other gear types, do not suffer from substantial losses due to slippage, hence 

they have a high transmission efficiency.   

Pulleys are used to transfer power from one source of energy to another in the It uses a belt and pulley 

mechanism here. To impart a rotational motion to the application, this power is obtained from either an 

electrical or mechanical generator. Pulleys are always located on the rotational section of the energy source, 

allowing power to be delivered to the device via a belt. In our device, power is transmitted between the two 

pulleys by a belt. One pulley drives the belt (driving pulley) and the other pulley is driven by the belt (driven 

pulley). Drive Pulley which is attached to the 20 teeth Spur Gear wheel, the “source of power” for the drive 

pulley in the device. A driven pulley is one that is not connected to a power source but is connected to the 

drive pulley via a belt.  

The rack when pressed down has to be reset for the next incoming force. So, to do this task the rack has to 

retrace its downward motion in upward direction. Therefor springs can be used. A spring is an elastic body 

that distorts when loaded and returns to its original shape when the force is removed. It absorbs, cushions, 

 Components No.s Specification  
1 

 

Speed bumper 

arrangement 

01 MS Steel was used 
2 Segment Pinions  02 No of teeth – 16 

Module – 02 3 Gear wheels – 20 teeth 01 Module – 02 
4 Gear teeth – 50 teeth 02 Module – 02 
5 Driven Pulley 01 Diameter-35mm 
6 Drive Pulley 01 Diameter-200mm 
7 Belt 01 750mm 
8 Dynamo 01 6V, 20mA 
9 Block Bearing  06 UCP type 
10 Linear guide 04 Ball type linear bearings 
11 Spring 05 length140mm,D-100mm 
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or controls energy caused by shocks or vibrations.  Springing devices must strike a balance between 

flexibility and rigidity. If it is more rigid, it will not absorb road shocks as well, and if it is more flexible, it 

will continue to vibrate even after it has been repaired. When choosing springs for the prototype, they have 

to be selected carefully. The downward motion of the force due to weight applied should transferred to the 

pinion and when doing that spring should deform easily. At the same time the springs should not give 

unnecessary shocks to the rack and the whole assembly of components. When the weight applied on the 

rack is removed the spring should reset the rack to its initial position. Therefore through trial and error of 

the device we have decided that the spring we have select should be of less stiffness, while having enough 

compressive strength to withstand the applied pressure.Spring guide pins provide support to the springs and 

helps in creating a smooth motion on the spring without bending to various sides. We have used four spring 

guides. The four linear provide support to the four spring guide pins. The dynamo used was 6V and 30 mA. 

Perspex material was used to laser cut and design the segment Pinions, Gear wheels and Pulleys of the 

Prototype. 

2.1.4. CONSTRUCTION AND OPERATIONS OF THE DEVICE 

2.1.4.1 .ASSEMBLY OF THE PROTOTYPE 

 

 

 

 

 

 

The prototype was constructed to reproduce a “speed breaker on a road with vehicles” Scenario. Figure 3 

shows the front view of the prototype made for the project after assembling all the components. It shows 

how the rack is in contact with the pinion wheels. Figure 4 shows the side view of the prototype. 

 3. RESULTS AND DISCUSSION 
Following the design and construction of the mechanical speed breaker for electricity generation, the 

machine was tested to determine its performance. 

 

3.1. WORKING PROCEDURE 

When a force is applied on the speed breaker plate on top of the prototype the bumper plate is displaced 

vertically downward. The rack also moves downward along with it. The rack meshed with the pinions 

causes the gear wheels to move in a circular motion and the pulley attached give that energy through belts 

to the dynamo. The electrical energy generated was used to light a 2.5 W LED bulb.  

Figure 3 : Prototype Front View Figure 4 : Prototype Side View 
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3.2. CALCULATIONS 

 3.2.1. PROPOSED OUTPUT POWER CALCULATION 

If the prototype can be developed further in future as an actual device capable of withstanding the weight 

of an average weighted car, the following output power can be made. Let us consider, 

The mass of a body             = 1500 Kg (Approximate weight of a car) 

Height of speed brake            = 10 cm    ∴ Work done     = Force x Distance 

Here,  Force = Weight of the Body   = 1500 Kg x 9.81  = 14,715 N 

Distance traveled by the body        = Height of the speed brake  = 10 cm = 0.10 m 

∴Output power  = Work done/Sec = (14,715 x 0.10)/60      =24.52Watts    (For one pushing force) 

If the speed-breaker power generation systems can be implemented on roads, the expected power 

corresponding to this mass can be estimated to be about 24.52 Watts per car.  Therefore we may generate 

power that will be sufficient to satisfy the desired electrical demand to lighten roads during night-time, and 

deliver power to other electrical devices put on roads. 

 

4. CONCLUSION(S) 

The objective of the project was to construct a working prototype to demonstrate the idea introduced in our 

project. Solid work software was used in designing, modeling, and analyzing the components before 

manufacturing. The components were manufactured from Perspex material for the prototype by using laser 

cutting. And the output power generated by the prototype was between 2 – 3 Watts.  

Finding alternative methods of power generation is an important task due to the current power crisis, and 

the environment impact traditional fossil fuel soured power generation is having.  

Therefore in this project, a prototype model was proposed, which generated power by the operation of a 

rack and pinion mechanism underneath a speed breaker. Our project work gives a way of electric power 

generation without polluting the environment. Also this method is a promising technology that can provide 

a solution to the current power crisis. The proposed prototype can be installed near public car parks to 

generate electricity. This work can be improved by adding four or more DC generators used in combination 

to increase the current.  
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ABSTRACT 
 

The implementation of online teaching and learning during the Covid 19 pandemic in Sri Lanka was 

a big challenge for both teachers and students. With the lockdowns, schools were partially shut down. 

Therefore teachers had to shift from physical face-to-face classrooms to online classrooms in 

continuing the teaching and learning process by using different kinds of online platforms. Out of the 

several platforms, Zoom was the most used online platform by teachers and learners. The research 

objectives of this study are to find out the existing situation among grade seven provincial school 

children when using zoom applications and the reasons behind the low attendance to zoom classes. 

The existing situation and the reasons were gathered from the questions and the interviews conducted 

with students and teachers. This study includes a sample of 40 students and 8 teachers. In the 

methodology, data were gathered from questionnaires and semi-structured interviews. The collected 

quantitative data were presented using graphs and charts. Based on the analysis, the results showed 

that there is less attendance to zoom classes. The students do not switch on videos as a result of poor 

connections. It takes a time to hear the responses of the participants. The participants leave the session 

and rejoin the class because of the poor signal connections. The research found that there were a few 

reasons behind these problems. Lack of digital literacy, economical issues, and geographical issues 

can be considered as some of the reasons behind the low attendance. 

Keywords: Covid 19, Low Attendance, Online School Education, Zoom. 

1. INTRODUCTION 
1.1 BACKGROUND TO THE STUDY: STRUCTURE OF THE GOVERNMENT SCHOOL SYSTEM AND THE 

TYPES OF SCHOOLSIIN SRI LANKA 
In the year of 1945, Sri Lanka achieved success to have free education from the level of kindergarten to 

university which was associated with the British Education Act, of 1994. According to the annual census 

report published by the Department of Sri Lanka in 2020, currently, there are 10,155 schools and 4,063,685 

children in Sri Lanka. The government schools were categorized into 5 types as follows, National schools, 

Type 1 AB, Type 1 C, Type 2, and Type 3. According to the “Ceylon Journal of Science”, Type 1 AB 

schools have the Advanced Level science stream. These schools are considered the “best-equipped type of 
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schools.” (Dorabawila, 2002) Type 2 schools have classes from grade 01 to grade 11. The classes which 

have from grade 01 to grade 08 or 05 are called Type 3 schools. These Type 2 and Type 3 schools are 

regarded as “small schools” with fewer facilities and resources and are mostly situated in rural areas.  

 

1.2 Rationale for The Study: Covid-19 Pandemic And Its Influence On School Education In Sri Lanka 

The outbreak of Covid - 19 devastated the usual lifestyle of people all over the world. It was first recognized 

in a seafood market in Wuhan City, Hubei Province, China. Then it was primarily conveyed to the World 

Health Organization (WHO) on December 31, 2019. On 30th of January, 2020, the World Health 

Organization confirmed this as a Global Health Emergency. The first confirmed case of Covid 19 was 

reported on 20th January 2020 in Sri Lanka. As there was a risk of rapidly spreading the virus all over the 

country, the government of Sri Lanka declared to shut down all public events, gatherings, meetings, and 

all other social activities including attending schools. 

Accordingly, the Ministry of Education in Sri Lanka announced to close of all academic institutions 

temporarily including government schools as a health safeguard to prevent this deadly disease. Therefore, 

teachers decided to shift from physical classrooms to online platforms to continue the teaching and learning 

process for their students. Yet, the Ministry of Education stated that out of the entire school children 

population only 40% of students engage in online classes. All the students do not get an equal opportunity 

to engage in online classes. The statics collected from the Ibbagamuwa  Educational divisional office of 

the division in the month of June 2021 confirmed that between 5% to 81% of grade 07 provincial school 

children who study in Type 2 schools do not engage in zoom classes. 

The ultimate target of this research is to find out the existing situation in zoom class attendance and whether 

the independent variables such as income, physical, geographical, and economic diversities, digital 

illiteracy, and attitudes are certainly influencing the dependent variable of low attendance rate to zoom 

online classes. 

 

1.3 RESEARCH QUESTIONS: 
i. What is the existing situation of students’ participation in “zoom classes” (Grade 7 students of 

type   2 schools) in Ibbagamuwa Educational Division? 

ii. What are the influencing factors behind this low attendance to zoom classes during Covid 19 

pandemic? 

1.4 RESEARCH OBJECTIVES: 
i. To identify the existing situation of student participation in Zoom Sessions of grade seven (7) 

students.  

ii. To find out the influencing factors for the low attendance to Zoom Sessions of grade seven (7) 

students. 
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2. LITERATURE REVIEW 

2.1 DEFINITIONS OF “ONLINE EDUCATION” 

Online Education can be defined as a “kind of learning and teaching in which the learning content is 

available online and provides automatic feedback to the student’s learning activities” (Paulsen, 2002).  As 

mentioned by him, there are some characteristics of online education. First of all, there is a deviation of 

teachers from students in face-to-face teaching and learning environment. Secondly, there is a high demand 

for self-learning and self- tutorial. Thirdly, both the parties; teachers and students use computers and the 

internet for studies and corrections. Lastly, it is a two–way communication.  

2.2 A SHIFT FROM CONVENTIONAL CLASS TO “ZOOM” 
With the pandemic, conventional education has been replaced by online education. Instead of blackboards 

teachers had to use virtual whiteboards. As the students could not engage in physical classrooms they had 

to meet each other at breakout rooms virtually to share their ideas. “Zoom is a collaborative, cloud-based 

videoconferencing service offering features including online meetings, group messaging services, and 

secure recording of sessions” This feature is freely accessible on desktops, laptops, i-pads, tablets, and 

even smartphones. (Zoom Video Communications Inc., 2016) Serhan (2020) stated that many government 

agencies, universities, non-profit organizations, and individuals moved to Zoom web-based collaborative 

video conferencing during the pandemic. Zoom is the most used online platform among school teachers 

and students. According to Priyadarshani and Jesuiya (2021), it is acknowledged zoom is the most used 

(51%) and favored utensil for virtual classrooms among the teachers and students in the Colombo district. 

Moreover, Utomo (2020), also stated that during the pandemic period, Zoom is the most used video 

conference among teachers and learners. 

2.3 EXISTING ATTENDANCE STATE IN ZOOM CLASS 
Wang et al. (2018) pointed out that, though the students have flexibility towards Zoom webinars, there is 

a low attendance to Zoom Conferencing. Students switched off their cameras and did not respond when 

the instructors asked. There is a lack of communication between teacher and student in the zoom classes. 

There is a lack of feedback given by the teacher to students. Moreover, less control and feedback given by 

the teacher weakened the commitment of students. (Nartiningrum and Nugroho, 2020) 

2.4 FACTORS AFFECTING LOW ATTENDANCE TO ZOOM CLASSES 
There are difficulties in operating online applications. Some children lack the abilities in computer skills 

and it makes them uncomfortable in joining and handling online classes. Even the low awareness of 

students and parents about online learning makes them feel online is an informal platform and they think 

to spend a good holiday. Some students argued that online classes are less interactive but more informative 

and there is no communication between students and educators which feel them tougher to join. (Nambiar, 

2020) 

A survey in 2020 reported that around 12.70% of poor families do not have at least a smartphone or a 

stable internet connection to attend online classes (Tariq and Fami, 2020). Further, Atmojo (2020) found 
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that some children do not have devices because of the financial condition of the family. Not having a 

separate room to engage in online classes make distracts concentration. Another reason may be due to the 

lack of PCs or phone service to attend the lecture. (Elhadary1, 2020) In 2021, Indah Komsiyah said that 

“not all students have sufficient internet quota to zoom”. Further, he mentioned that parents are greatly 

affected by economic challenges. Therefore they cannot buy enough data for the students. 

According to Nartiningrum and Nugroho (2020), poor network connection such as bad signals and 

electricity blackouts is a challenge to joining online classes. Internet coverage is not strong in rural, remote, 

and mountain areas. At the same time, students can’t afford enough data quota online. The unstable 

connection and the electricity are the two main reasons behind the irregularity of student participation. 

(Atmojo, 2020) Student participation in online learning range between 40% to 60%. Even there is a 

disparity between the distribution of rural and urban resources. (Al-Amin, 2021) 

3. METHODOLOGY 

This study is expected to find out the existing situation and the underlying reasons for the low attendance 

to zoom classes in type 02 schools of the Ibbagamuwa division. 

3.1 RESEARCH DESIGN 
For the study, the researcher considered 40 students and 8 teachers of the grade 7 class. The quantitative 

research design is adopted in the study. A questionnaire sheet for the students and a face-to-face interview 

for each teacher were used as the primary data collection tools for the study. The teachers’ interview was 

used to achieve more accurate and genuine information in drawing conclusions and recommendations. The 

distributed amount for conducting the research is fair.  

3.2 POPULATION AND SAMPLE 
All the students and teachers who engage in the learning and teaching process in the Ibbagamuwa 

Educational division were taken as the population of the study. The target population was the students and 

teachers in Type 2 schools. The accessible population was composed of 250 students and 135 students who 

enrolled in grade 07 in the year 2021 type 2 schools. The samples were assured by both female and male 

students and female teachers of grade seven. Out of the 40 students and 8 teachers were selected using 

convenience sampling and purposive sampling respectively.  

3.3 METHODS OF DATA COLLECTION 
For this study two surveys were conducted; a questionnaire for the students and a face-to-face interview 

for the teachers. The questionnaire for the students is the main instrument and the interview for the teachers 

is the second. The teachers’ interviews were recorded for further use. The design included 26 

questionnaires for the students and a face-to-face semi-structured interview allocating 10 minutes for each 

teacher using their mother tongue (Sinhala) and translating it to English. All the data were collected for 

further purposes.  
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3.4 METHODS OF DATA ANALYSIS 
Quantitative data can be interpreted in graphs clearly and accurately. Therefore, in this research also the 

collected data were analyzed and presented by using pie charts and bar graphs with the help of MS excel. 

4. RESULTS AND DISCUSSION 

The first part of the questionnaire was aimed at investigating the existing situation in zoom   classes. 

When analyzing the collected data, the following results could be seen. These questions were aimed to 

know the number of hours students engage in zoom classes per week and the way they log in. 

                                  
 

 

 

According to Figure 1 majority (13) of students, engage in Zoom classes for only up to 2 hours. Only, 5 

students engage in Zoom classes for more than 10 hours per week. 12 students do not respond to the 

question in the survey. As depicted in Figure 2, only 12% of the students engage in zoom classes every day 

while the majority (55%) sometimes join the class. But, 33% of the students answered that they never 

joined the zoom classes regularly. 

The teachers also responded that there is less attendance to Zoom, even more than 50%. The students do 

not stay until the class ends and they cannot switch on the webcams as the results of signal drops. In 

advance, students log out and rejoin the class several times automatically. One teacher said in the interview, 

“I asked my students to switch off their webcams to keep a strong connection.” Another teacher added that 

it takes a time to hear the responses from the students. Their voices dragged and echoed making a nuisance 

for the whole class. The parents always complained about the difficulties in using zoom saying “We don’t 

have enough signals and enough equipment at home.”  

The second part of the questionnaire was designed to know the reasons behind low attendance. The research 

pointed out that there are several reasons which affected this low attendance.  

Figure 3 indicates the computer literacy of students. Among the students, 97.50% answered that they did 

not follow the ICT course. But 77.50% of the students answered that they can operate a device while 

22.50% of them cannot operate a device. The students who can operate the Zoom application (70%) are 

more than the students who cannot operate the zoom application (30%). 

Figure 1: The Number of Hours 
Students Engage in Zoom Classes per a 

week 

Figure 2: Frequency of the Students 
Log into Zoom Classes 
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As depicted in Figure 4, almost all the students (100%) who were involved in the research live in the 

village. Out of them, 10% of the students live close to mountain areas and 72.5% far from the main road. 

Among these students, only 12.5% of students have laptops at home and only 7.5 % have computers. The 

students are using smartphones as they do not have computer devices. They answered that they receive 

calls while engaging in the classes and leave the class. Few students mentioned that, as they have schooling 

sisters and brothers at home, the devices are not enough. They also have online classes at the same time as 

them. Another teacher said that “the given free 40 minutes by Zoom are inadequate to conduct the class. 

We cannot ask students to buy the license because they have many economical issues at home. In most 

families, the parents do not have a proper job. Even the teachers cannot buy it.” This idea was verified by 

the answers of students that, in most families, only the father or mother earns for the family.  

The answers proved that these areas are equipped with electricity and other infrastructure facilities. The 

majority of students have telephones at home. But they do not have wifi or broadband facilities. Though 

Dialog can be considered the most used mobile partner, its connection is not strong enough for online 

platforms.  

Students responded that they prefer to study in a physical classroom with the interaction of peers. Most of 

the teachers admitted that they like to conduct physical classes. A teacher answered that “Zoom is important 

in this pandemic as there are no other options.” She added that there is a risk of addicting students to online 

games and chatting groups while in class. Another teacher mentioned that she conducts the zoom class 

early in the morning at around 5.30 a.m in order not to clash it with other school classes and tuition classes. 

Additionally, she mentioned that signal coverage in the early morning is better than in the daytime. 

5. CONCLUSION(S) & RECOMMENDATIONS  
 
5.1 CONCLUSION 

This study revealed that there is a low attendance to zoom classes. Many students had not joined even a 

single class during the pandemic. Students have to switch off their cameras when joining because of signal 

Figure 3: Computer Literacy Figure 4 Location Issues 
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issues. The teachers also instruct not to switch on their web camera as it is important to keep the signal 

strength. The students prefer the physical classrooms because they love the company of their friends. They 

feel bored while engaging in zoom classes and can’t hear the teacher. Students face difficulties in taking 

down notes as the time duration is less. 

There are different types of issues with this problem. One of them is the financial issues. In most families, 

only the mother or father works and earns for the family. Though their parents buy enough data quota, they 

lack devices such as laptops and computers to log in to classes. As a result, they have to use smartphones. 

When using smartphones, they find personal calls in between classes that disturb their lessons. They cannot 

buy the zoom license to have a long-hour class because it’s expensive. The students lack basic computer 

skills. They had not followed any ICT course yet. Though they can handle the computer or zoom 

application, more knowledge and skills are needed to handle advanced features.  

Another reason is that they live in village areas far from the main road and close to mountains. The village 

areas have bad signals.  These areas are not equipped with technological strategies and facilities such as 

wi-fi and broadband. There are no signal towers nearby to provide the connection. Therefore, they are 

facing many technical issues like poor network connectivity, broadband issues, poor audio and video 

quality, and getting disconnected in between classes.  

Another issue highlighted in the research was that the students have classes for other subjects and tuition 

classes at the same time. Therefore, they found difficulties in joining both classes. Even the signal 

connection in the daytime is slower than in the early morning. 

5.2 RECOMMENDATIONS 
The following recommendations are suggested to improve the attendance of students in zoom classes. The 

villages situated far from the main road and close to mountain areas should be facilitated with broadband 

connections and Wi-Fi facilities. Mobile and internet coverage should be broadened and improved from 

town to village. It is better if the Dialog internet partner can make strong connections. At the school level, 

steps should be taken to improve computer skills among students. As well the schools should be provided 

with computer devices, internet facilities, and trained ICT subject teachers. Teachers should arrange a 

timetable to have online classes for students without clashing with other classes and subjects. On the other 

hand, careful attention should be given to students when they are studying online. 
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ABSTRACT 

For a long period, the Sri Lankan labor market has been recognized for unemployment and 
underemployment, in a contrast statement there is a shortage of labor in various industries. 
Studies reveals that while shortage of labor increase, a large number of youths leaving schools 
are entering to self-employment as three-wheel drivers. The objectives of this research are to 
identify factors related to youth school dropouts, reasons for attracting three-wheeler driving 
as employment for youth, and youth awareness on vocational training opportunities. 
Methodology of this study is a quantitative analysis with a deductive approach. Four 
independent variables and one dependent variable used to test four hypotheses. Findings of 
this study reveal that; there is a positive relationship of student related factors, school related 
factors, family related factors and community related factors towards the desire to take up self-
employment as three-wheeler driver. 
 
Keywords: School dropouts, Three-wheeler, unemployment. Labor shortage. 

1. INTRODUCTION AND BACKGROUND 
Unemployment and underemployment are identified in the Sri Lankan labor market for a long period 

(Ranasinghe et al., 2016 & 2014).  In contrast, the Chairman of Board of Investment (BOI), the regulating 

body of all free trade zone manufacturing facilities reveals that there are over 200,000 vacancies in Sri 

Lanka (Ranasinghe et al., 2016, Sri Lanka Brief, 2016). Per International Labor organization, 

unemployment is defined as a person who is available to work or looking for work, and who did not work 

and took steps to find a job during the last four weeks and ready to accept a job given a work opportunity 

within the next two weeks (www.ilo.org).  Further in the statement by chairman of BOI, statistically shows 

that younger generation is preferred to take up employment as three-wheeler drivers and drastic increase 

in registration of three wheelers annually (Sri Lanka Brief, 2016) 

Dissanayake (2020) explains that the youth unemployment is not a result of lacking employment 

opportunities, but voluntary unemployment. Youths are reluctant to take up hard working and scheduled 

employment, but to have a physically and financially comfortable living.  Employers’ main recruitment 

challenge is to find the right candidate with the right skills and other characteristics to fill their vacancies. 

Apart from minimum education qualifications provided by the school system, employers are always 

searching for additional qualifications to fulfill their carders (Dissanayake, 2020). 
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Many manufacturing and service organizations are facing a serious labor shortage while there is 

approximately a 5% unemployment rate in Sri Lankan annual statistics.  Construction, Garment and allied 

manufacturing, Hotel and tourism industry are few of them and all the time need skilled and semi-skilled 

youth. In contradiction, many youths are on the road under employment as three-wheeler drivers with less 

contribution to the economy (NHRDC, 2019; Sri Lanka Brief, 2016). 

Previous research work identifies that there is a tendency of school dropouts and young school leavers to 

take up driving of a three-wheelers than joining the skilled or semi-skilled labor force, despite of 

government and private institutions provide vast training needs for the youths (Mayadunne and 

Kariyasekara, 2021). 

1.1 OBJECTIVES 

Objectives of this study are to identify (a) factors related to youth school dropouts, (b) reasons for attracting 

three-wheeler driving as employment for youth, (c) youth awareness on vocational training opportunities.  

 

2. REVIEW OF LITERATURE 

In the context of human rights and human needs, education is identified as one the basic needs (Farwis, M. 

2020). Education provides development to society and countries including rights of education to their 

constitutions and practice with their economic and cultural policies (Perera, 2015).    

As per census in 2016, Sri Lanka had 353 national schools and 9809 provincial schools totaling 10,162 

with a student population of 4,143,330 and teacher population of 232,603 which can provide adequate 

support to educate the student who are in schooling age (School-Census-Report-2016). 

Primary education is compulsory for the children between 5-14 of age in Sri Lanka has invested wisely on 

education (Perera, 2015).  Such investment has achieved 92% literacy rate by 2020 (World bank data, 

2020). Even though Sri Lanka has spent large amounts of their expenditure on education, many studies 

have found that the student drop outs are causing economical challenges with difficulties in finding ways 

for proper employment upon leaving the school (Farwis, M.(2020).   

In the statistics published by UNESCO (2018), Sri Lanka has reached closer to universal access to primary 

and lower secondary education. As in 2018, enrollment rates were 99.1% in primary, 98.5% in lower 

secondary, and 81.4% in upper secondary education. Gender parity was achieved in primary and lower 

secondary schools, but at the upper secondary level, 107 girls are enrolled for every 100. But in tertiary 

education it has dropped to 19.1% total, with gender parity of 23.4% female to 15.8% male (UNESCO, 

2018). It shows a large drop from school between the ages of 14 to 16 years. 

Findings of study work by Arunatilake (2006), Mayadunne and Kariyasekara (2021) shows that (a) poor 

quality of teaching, (b) lacking good teachers, (c) weak student- teacher relationship, (d) shortage of basic 

facilities, (e) access barriers to school are key reasons for such drop.  Concluding comments of research by 

Perera (2015), children from poor families attend schools, but their socio-economic background compel 

them to leave the school and engage in activities to support their parents to ease monetary burdens.  
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Research work by Mayadunne and Kariyasekara (2021) finds the majority of school dropouts are after 

failing G.C.E. (O/L) and no matter poor or better off. Poor students are more likely to take up employment 

than a second attempt. Better off students are also not interested in sitting for the second attempt and seek 

easy earning employment with a comfortable lifestyle (Mayadunne and Kariyasekara, 2021).  

Four common factors being identified by  Perera (2015) &  Farwis (2020) in their research work for school 

dropouts, (a) Student related factors such as no interest on education, scoring poor marks in examinations, 

parents need their help to ease financial burdens, lack of facilities (b) Family related factors such as family 

size and no of siblings, poverty, parents lacking education etc., (c) Factors related to school such as quality 

of teaching and learning support, poor cohesion between teacher and student, student feeling of belonging 

to the school etc., (d) Community related factors, such as distance to the school, poverty etc.  

Dissanayake (2020) finds a disconnection with the reality and youth expectation, which demotivate and 

discourage youth to less ambitious options or start up self-employment. Youths look for more convenient 

and flexible work such as driving a three-wheeler for hires, engaging in illicit work, which generate income 

than the traditional employment (Dissanayake, 2020).   Statement by chairman of BOI, that younger 

generation is preferred to take up employment as three-wheeler drivers and drastic increase in registration 

of three wheelers annually (Sri Lanka Brief, 2016).  Study by NHRDC (National Human Resources 

Development Council of Sri Lanka, 2019) shows fast growing self-employment in Sri Lanka is hiring 

three-wheelers, quoting statistics of Department of motor traffic reports, Sri Lanka had 766,784 in 2012 

and grown to 1,062,447 vehicles by 2016, the total vehicle fleet does not engage in hiring, but at-least 75% 

appeared to be hired at any stage.  Further NHRDC (2019) report reveal that out of their sample lot, 16% 

of Three-wheel drivers were below 30 years of age and more than 33% of them were below 35 years. For 

the category of below 30, around 50% has completed GCE (O/L) and 42% has dropped without qualifying 

GCE O/L (NHDRC, 2019).   

Also, in NHRDC (2019) study findings, drivers are able to earn higher level of income compared to other 

forms of self-employment, based on the sample survey, average income is Rs. 39,000, within a income of 

minimum of Rs. 4,800 to a maximum of Rs. 140,000 in year 2017 at the time of survey which highly attract 

youth.  

Findings of this study may help to bridge the gap of vocational training needs and guide youth to take up 

high skilled jobs rather than being underemployed or unemployed.  

3. METHODOLOGY 

The quantitative analysis methodology adopted for this study. The approach for the research was deductive 

and four independent variables were selected from literature survey, namely (a) Student related factors, (b) 

School related factors, (c) Family related factors, (d) community related factors towards the school dropout 

emerged from previous research work. Conceptual framework designed and developed four hypotheses is 

given in Figure 1.  
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Figure 1 

 

To obtain information systematically, a descriptive survey method was used. A questionnaire comprising   

research related questions developed and administered to collect primary data. It contained a total of 35 

questions, Part A with 07 demographic and exit questions, Part B with 21 questions with 5 Likert scaling 

related to independent variables, 4 questions with 5 Likert scaling related to dependent variables and Part 

C with 03 awareness and likeliness questions.  

Statistics on NHRDC (2019) shows that there are approximately 800,000 three-wheeler operators island 

wide, while 352,540 are operated in the western province. Based on Krejcie and Morgan (1970), the 

research sample lot has to be 384 to cover the population in the western province, but due to the time 

constraint this study had to limit to the youth three-wheeler drivers in the area of Ratmalana with a 

convenience sample lot of 110. 

 

4. RESULTS AND DISCUSSION 
110 responded to the questionnaire and all were valid responses and confirmed. (a) they are currently 

engaged as self-employed three-wheel drivers. (b) 107 were males and 3 were females.  (c) 93 were within 

the age group of 18-30 years, 6 were within the 31-40 years, and 11 were within the 41-50. (d) 14 has 

completed primary education, 34 studied up to O/L, 36 passed GCE O/L examination, 13 studied up to 

GCE A/L and 15 passed GCE A/L examinations.  

Collected data analyzed using SPSS 26 and results are tabulated from Tables 1 to 4.  
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Reliability analysis in Table 1 shows values of Cronbach’s alpha over 0.7 indicating good internal 

consistency between items in the questionnaire. The variable creation is accepted corresponding items 

included in the questionnaire.  

Results of descriptive statistics in Table 2, mean values of variables are close to Likert scale 4 interpreting 

variables are within agreed level. Highest standard deviation is 0.70 with desire related factor variable 

interpreting comparatively high variance. Minimum variance results are from community related factors 

with standard deviation of 0.511 with low variance.  All coefficients of skewness lie within -1 and +1 

indicating data are normally distributed and values. 

 

Correlation analysis results tabulated in Table 3 showing all the probabilities are highly significant between 

dependent variables (desire related factors) and four independent variables.  All values are above 0.7, 

interpreting strong positive association. 

 

 

 

 

 

 

 

In the coefficient analysis results tabulated in Table 4, all four independent variables are highly significant 

with positive beta values providing interpretation of selected four independent variables are positively 

influence individually and jointly on dependent variable of desire to take up self-employment as three-

wheeler driver.              
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5. CONCLUSION(S), IMPLICATIONS AND LIMITATIONS 
In conclusion, it is statistically proven there is a positive relationship of (a) Student related factors, (b) 

School related factors, (c) Family related factors, (d) community related factors towards the desire to take 

up self-employment as a three-wheeler driver.  

The results provide an alarm to the relevant authorities, that there is a high tendency of school leavers to 

take up self-employment to drive a three-wheeler due to low cost, flexibility, convenience, earning more 

income than traditional employment 

Due to the timing, restricted mobility and epidemic situation, the sample lot was limited to the Ratmalana 

area. It is suggested to expand to provincial level and later to national levels, for better understanding of 

current needs towards vocational training needs.   

 

6.0 RECOMMENDATIONS 

Per study, interviews and analysis findings, four recommendations can be listed. (a) The mentality of 

children in the school leaving age have to be monitored within the school system. Career guidance system 

should educate the youth that there is high potential employment available in service and production sectors 

with long term benefits. (b)  Out of 110 respondents, 86 respondents have shown willingness to continue 

further education while 68 of them are aware of vocational studies available for school leavers. It provides 

clear evidence that the youth can be redirected to vocational studies to enhance knowledge and improve 

their living. (c) Preventive actions to be taken to discourage school leaving youth taking up self-

employment as three wheelers driver unless they have vocational training with a compulsory NVQ level 

etc. (d) Encourage to enroll and achieve NVQ qualification for the existing three-wheeler operators such 

as tourist guides, plumbers, carpenters or versatile maintenance labor work.  All suggestions will increase 

the utilization of man hours of the three-wheeler driver, reduce new entrants for driving three wheelers and 

enhance their living skills. Meantime to improve the living standards of their families through increased 

earnings.  
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ABSTRACT 

 
University libraries invest a huge amount of money every year for the development of their resources 
and the purchase of new references for undergraduates and other uses of the university. Most of the 
students use the library during their examination period. It was also discovered that resources 
currently available are fairly adequate The main objectives of the study are to examine the purpose 
of the use of library resources, the occurrence of library visits, to determine the type of information 
needed, find out the duration of time spent in the library, and to determine the level of satisfaction of 
users towards library resources and services. A structured questionnaire was distributed to 120  
undergraduates of all 4 faculties of the University of Vocational Technology. A total of 88 (74%) 
filled-in questionnaires were received. It was found that the habit of using the library should be 
improved, library collection has to be enhanced, Library space should be extended, photocopy 
facilities and internet facilities have to be improved and a computerized system should be introduced 
to the library.   

Keywords: Library resources, Library users, User satisfaction. 

1. INTRODUCTION 
The primary function of any University Library is to provide the most needed and up-to-date information 

materials that will support teaching, learning, and research studies. The libraries have been described as 

the “heart” of the learning community, providing a place for students and faculties to conduct their research 

and advance their knowledge in the education system. Since university libraries are an important part of 

the higher education system, they should provide support services for formal educational programs as well 

as facilities for research and the generation of new knowledge. Any other library needs to know the real 

needs of the user community. 

Since the university library is committed to providing excellent resources and services, it has to develop 

an ongoing dialog with its user community. On the other hand, libraries have to improve the quality of their 

services to survive in this volatile competitive environment. Therefore it is crucial to evaluate the library 

service from the service provider’s point of view. At the same time to set up user-centered services the 

library needs to know the users and user needs. One of the main tools that can be used to evaluate and 

assess library services is the user survey. It is impossible to assess the changing needs of the client unless 

user surveys are conducted to determine user needs and their reading interests. 

1.1. BACKGROUND  

The library of the University of Vocational Technology (UoVT) consists of sections for lending, reference, 

and permanent reference. At present, it possesses more than thirty thousand volumes of books and 

continues to provide its services to both undergraduates and professionals in the Technical and Vocational 
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education sector of Sri Lanka. It has been in existence for the past four decades and there is a timely need 

of developing it to suit the current demands while improving the infrastructure for the purpose. Hence, the 

major initiative developed to achieve this goal is conducting a user survey to assess the services of the 

library to make recommendations for its improvement.  

Resources in the University of Vocational Technology library such as books, periodicals, reference books, 

CDs, Magazines, thesis, dissertation, and e-resources. are being provided to the users of the library. The 

University allocates money for the library every year. Therefore it is necessary to find out whether user 

utilizes them in a good manner and find out the issues faced by the students in the library. Further, the users 

satisfy their need either to visit the library to get the resources by themselves. It is observed that students 

of the university rarely visit the library. 

1.2 AIM AND OBJECTIVES OF THE STUDY 

The aim of the study is to find out whether the library resources and services are sufficient and adequately 

utilized by the students of UoVT Library and if not find a way of improving the situation.  

The objectives of the study are; 

i. To identify the purpose of visiting the library among the undergraduates 

ii. To find out the desired sources of information of the undergraduates 

iii. To find out the frequency of library visits among the undergraduates 

iv. To find out the duration of time users spend in the library  

1.4 REVIEW OF LITERATURE  

The library of the university plays a pivotal role in the process of study and research of the student 

community. Over the past decades, interest in the use of the library by students and information needs have 

increased mainly due to an increase in the number of students and libraries must meet the needs of their 

clients in the best way. Research on student attitudes and the use of university libraries has been held in 

several countries (Eskola, 1998). 

Williams (1995) investigated student library use in Canada and found that active learners who participate 

more in class and read and write and regular and active users of the library are learning more. Fauve (1989) 

found the difference in the frequency of library use by teachers and students, and that 94.8% of students 

use the services of the library. Olanlokun (1982) found that students use the library for classroom work, 

research, discussion, recreation, and other goals. Ajayi (1993) notes that students do not appreciate the 

value of the library, are at a disadvantage, and can visit the read-only library for exams.  

Undergraduate Research relations with the libraries of the Scandinavian countries were carried out in 

Denmark in  1995, Sweden in  1995, and Finland in  1996. The results show that students are fairly frequent 

users of the library, although there are large differences in the way students of different specialties use 

library services. Student wants more learning tiles, more coursework, and more generous opening hours. 

According to Finnish and Swedish research Journal of the Association of University Librarians of Sri 
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Lanka. Volume 14 (number 1), June 2010, the students themselves demand more education in their search 

for information and use of the library (Hoagland, 1996). 

Research by Fister (1992) showed that teachers play an important role in the leadership research of their 

students. She noted that the use of research tools can be a good starting point for the preliminary stage of 

the research process: later phases force students to rely more on citations because research questions are 

more clearly defined. User-specific characteristics that have been measured in the past. 

Powell (1997) includes the frequency of access to the library and information library usage, attitudes and 

opinions, reading habits, levels of satisfaction, demographics, personality, lifestyle,e and awareness of 

library services. Majid (2001) found that the adequacy of the collection, services, and amenities was closely 

related to the perception of the library’s efficiency. Some other factors that positively affect the intended 

effectiveness of the library were adequacy and effectiveness, library promotion, user involvement in the 

selection of library documents, convenient location of the library, participation in user training programs, 

the availability of assistance in the use of library resources and tools, and professional library subject. 

Adjibero (1980) found that Nigeria's university libraries fell short of user expectations. As a result, most 

of the students did not learn how to use the library and did not know the attitude of the library to their 

activities. 

 

2. METHODOLOGY 
The study used a mixed (qualitative and quantitative) approach questionnaires were used as the data 

collection method and convenient sampling was used. A structured questionnaire was circulated to 100  

undergraduates among four faculties namely The Faculty of  Information Technology,  Faculty of 

Engineering Technology,  Faculty of Industrial Technology, and Faculty of Education Technology. Out of 

which 88 (78%) students responded. Responses were analyzed using MS Excel software. 18 are from the 

Faculty of Education Technology. The analysis depicts that the Students from the Faculty of IT respondents 

are more prone to submit the filled-in questionnaire than other Faculty students. 
Table 1: Distribution of Respondents according to Faculties 

#  Faculty Number of Respondents 

1 Information Technology 26 

2 Engineering Technology 22 

3 Industrial Technology 22 

4 Education Technology 18 
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3. RESULTS AND DISCUSSION 
 

3.1. PURPOSE OF VISITING THE LIBRARY  
 

The purpose of library visits gives important information about the library resources and information 

services that are required for the users. This helps the librarian to develop the library collection as well as 

improve the library services. Figure 1 shows that the majority of 38(43%) students visit the library for 

borrowing books. 20 students (23%) for studying, 15(17%) to refer materials, 10 (11%) for reading, and 

only 5(6%) visit the library for relaxing. 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Purpose of visiting the library 

 
3.2. DESIRED SOURCES OF INFORMATION   
 
Figure 2 shows that undergraduates prefer to use books and e-Books which comes to 56 (50%) respondents, 

followed by 25 (22%) reference material, 14 (13%) Internet sites, 6(5%) journals and Newspapers, and 

Magazines which a   the least in a number. Generally, the students of the university under the study required 

a proper guide to use the various information resources such as newspapers, magazines journals, etc. to 

enable them with a great potential of information for their study and research. 
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Figure 2:  Desired Sources of Information  

3.3 FREQUENCY OF LIBRARY VISITS 

The frequency of visits to Uthe university library helps us to know about the regularity of the library patron 

for consulting library resources. Table 2 shows that 28 (32%) of the respondents visit the Library twice a 

month, followed by 21 (24%) weekly, 18(20%) visited twice a week, 15(17%) on monthly basis, 5 (6%) 

visited every day and 1(1%) of the respondents never visit the library. This is because the faculties are 

engaged in different academic activities and hence they are unable to visit the library regularly. 

Table 2:  Frequency of library visits 

S/N 
 

Periodicity Students  
 

Total (%) 

1 Everyday 5 6% 

2 Twice a week 18 20% 

3 Weekly 21 24% 

4 Twice a month 28 32% 

5 Monthly 15 17% 

6 Never 1 1% 
 

3.4. TIME SPENT IN THE LIBRARY  
 
Table 4 shows that 541(61%) majority of the respondents prefer to spend 1 hour or less in the library, 

followed by 27(31%) 2 hours,4 (5%) 3 hours, and 3(3%) respondents 4 hours.  
Table 3: Time spent in the library 

22%

5%

5%

13%

50%

5% Reference Materials

Journals

Newspapers

Internet sites

Books and e-Books

Magazines

Time Spent Students % 

1 hour or less 54 61 

2 hours 27 3 
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4. CONCLUSIONS 
The results of this survey are presented in four sections under four major objectives: 

The findings of the study show that the majority of undergraduate students of the University of Vocational 

Technology visit the library for borrowing their recommended books while a very minor percentage visit 

for relaxation purposes. 

Most of the respondents have mentioned that their desired sources of information the books (hard copies) 

and e-books, and very few expect to have journals, magazines, and newspaper 

The frequency of library visits by undergraduates is not really at a satisfactory level. The pathetic situation 

is some students never visit the library. Some actions to be taken to rectify this issue and motivate the 

students to use the library services and get the maximum benefit to in their competencies and especially 

update their knowledge. 

This study reveals that undergraduates spend less than 1 hour on their visit to the library. This is also not a 

good indication since there are a lot of new reference materials available in the library. Once again this 

should be further analyzed and measures are to be taken to encourage students to fully utilize the available 

library facilities to enhance their competencies to match the modern world of work. 
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ABSTRACT 
 

This study has been undertaken with the main objective of investigating the impact of teaching methods 
on students’ academic Performances in University Colleges, in Sri Lanka. According to the Labor 
Market Information Bulletin – 2021, the number of students recruited to university colleges was 1933. 
But as per the data, the number of students who have completed the studies was only 307. Hence, the 
main problem area of the study is low academic performance. There can be a lot of factors affecting 
low students’ Academic Performances. This study has been undertaken to study whether there is an 
impact of Teaching Methods on Students’ Academic Performances with Special Reference to University 
Colleges in Sri Lanka. A stratified random sampling technique has been adopted in the selection of the 
sample. Regression analysis was used to test the impact and SPSS 23 version has adopted in the data 
analysis. According to the findings, the researcher was able to find that there is an impact of Teaching 
Methods on Students’ Academic Performances. It was recommended to use teacher-student interactive 
methods in teaching rather than teacher-centered or student-centered methods. 
 
Keywords: Performance, Students, Teaching methods, University College. 

 

1. INTRODUCTION 
Technical and Vocational education is one of the important sectors in a country. Students of technical and 

vocational education provide a significant contribution to the country’s economic growth and development 

in various ways.  However, full completion of the studies in technical and vocational education by the 

students become a serious concern. In Sri Lanka, there are a lot of institutes that provide technical and 

vocational education and among those institutes, University Colleges held a priority.  There are six 

University Colleges that has established to promote technical and vocational education. University 

Colleges offer National Vocational Qualifications through two levels Level 05 and Level 06. When it 

comes to the student’s performance in these University Colleges, the majority of students were unable to 

complete their studies. There should be a lot of factors affecting this problem. Some of the problems are 

lack of interest, poor economic conditions to continue the studies, external influences, etc. However, there 

is another factor to be considered which affects the students’ low performances. That is the teaching 

method. Most of the lecturers have university degrees and some have postgraduate degrees as well. Based 

on the academic background of NVQ students sometimes, teaching methods may influence the students’ 

performances.  So this study has been undertaken with the main purpose of investigating the impact of 

teaching methods on students’ academic performances with special reference to University Colleges in Sri 

Lanka. 

As per the available data, the number of students who have completed their technical and vocational 

education in university colleges is considerably low. There can be a lot of factors affecting that. Lack of 
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interest, poor economic conditions, difficulties in understanding, family problems, etc. are a few examples. 

However, there is another factor that has to be considered, in finding the reasons for students’ low 

performances. That is the teaching method.  

Therefore, the main objectives of this study are: 

i. to find whether there is any impact of the teacher-centered method on students’ academic performances 

with special reference to University Colleges in Sri Lanka 

ii. to find whether there is any impact of the student-centered method on students’ academic performances 

with special reference to University Colleges in Sri Lanka 

iii. to find whether there is any impact of the teacher-student interactive method on students’ academic 

performances with special reference to University Colleges in Sri Lanka 

1.1 BACKGROUND STUDY 

Students’ academic performance is one of the important areas and it has a growing interest. When it comes 

to technical and vocational education in Sri Lanka, University Colleges have a priority. University 

Colleges are mainly responsible for Providing Vocational Education in Sri Lanka. Currently, there are 06 

University Colleges in Sri Lanka. These are the University College of Anuradhapura, the University 

College of Matara, the University College of Jaffna, the University College of Kuliyapitiya, the University 

College of Batangala, and the University College of Rathmalana. These educational institutes offer a 

variety of vocational courses which allow students to get the National Vocational Qualification under two 

levels Level 05 and Level 06.  

As per the data of the Labor Market Information Bulletin, in 2021, in 1933 students have admitted to 

university colleges. But only 307 students were able to complete their studies. This is one of the problems 

which needs the immediate attention of responsible parties since the government is spending a lot of money 

on providing vocational education. Table 1 shows the data regarding the number of students recruited in 

public university colleges’ number of students who have completed the courses in 2021. 
Table 1: Number of students recruited and completed the courses in 2021 

University Colleges No. Recruited No. Completed 
University College of Anuradhapura 767 48 
University College of Jaffna 206 62 
University College of Matara 276 32 
University College of Kuliyapitiya 249 - 
University College of Batangala 164 - 
University College of Rathmalana 271 165 
Total 1933 307 

Source: Labor Market Information Bulletin, in 2021 

According to the Labor Market Information Bulletin in 2021, 1933 students have recruited but only 307 

students were able to complete the courses. This indicates the poor academic performance of students. 

However, there can be a lot of factors affecting this. Among the factors, teaching methods can be 

considered one of the influential factors affecting students’ academic performances.  
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The main purpose of teaching at any level of education is to bring a fundamental change in the learner 

(Tebabal & Kahssay, 2011). There are three teaching methods as teacher-centered, student-centered, and 

teacher-student interactive method. This study will find the impact of teaching methods on student’s 

academic performance in University Colleges, in Sri Lanka. 

 

2. METHODOLOGY 
The type of the study is a survey and the study will be conducted in a natural environment, where events 

normally occur, that is non – a contrived setting. This study is a cross-sectional study. The unit of the study 

was individuals’ i.e. NVQ students in Sri Lanka. 

A conceptual framework is the foundation of the entire research project and also conceptual framework 

helps to identify and define the important variables and their associations that are relevant to a specific 

problem area (Sekaran and Bougie, 2011). Figure 1 shows the Conceptual Model of the study.  

 

 
 

Figure 1: Conceptual model 

The population of the study consisted of students who are currently enrolled in University Colleges and 

approximately consisted 2000 students. A stratified random sampling technique has been adopted in the 

selection of the sample. The researcher adopted Krejcie and Morgan’s table (1970) in deciding the sample 

for the study. Accordingly, 325 students have selected as the sample. SPSS 23 version was used in data 

analysis and regression analysis was used to test the impact. The questionnaire developed by Elvis 

Munyaradzi Ganyaupfu, 2013 has been used to collect data. 

3. RESULTS AND DISCUSSION 

Table 2:  Results of Regression Analysis 

 Statistics 
Variables Teacher-Centered 

Methods 
Student-Centered Methods Teacher–Student 

Interactive Method 
Method Linear Linear Linear 
R Square .527 .512  .761 

Adjusted R Square .526 .510  .760 
F 421.59 395.8  1201.5 

Significance 000 000 000 
B- Constant .489 .661 -0.605 

 b - value .758 .714 .950 
Source: Survey data, 2022 

Teacher-Centered Teaching Methods and Students’ Academic Performance - The b value of the 

equation is 0.758. As indicated by R Squared, 52.6 % of the variance in students’ academic 

• Teacher Centered Method 
• Student Centered Method 
• Teacher Student 

Interactive Method 

Students’ Academic 
Performances in University 

Colleges, Sri Lanka 
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performance is explained by teacher-centered teaching methods with a standardized beta of 0.527. 

The F value is 421.59, which is significant at 1% which implies that teacher-centered teaching 

methods have significantly explained 52.6 % of the variance in students’ academic performances.  

Student-Centered Teaching Methods and Students’ Academic Performance - The b value of the 

equation is 0.714. As indicated by R Squared, 51.0 % of the variance in students’ academic 

performance is explained by student-centered teaching methods with a standardized beta of 0.512. 

The F value is 395.8, which is significant at 1% which implies that student-centered teaching 

methods have significantly explained 51 % of the variance of students’ academic performances.  

Teacher Student Interactive Teaching Methods and Students’ Academic Performance - The b 

value of the equation is 0.950. As indicated by R Squared, 76.0 % of the variance in students’ 

academic performance is explained by teacher-student interactive teaching methods with a 

standardized beta of 0.761. The F value is 1201.5, which is significant at 1% which implies that 

teacher-student interactive teaching methods have significantly explained 76 % of the variance of 

students’ academic performances.  

Table 3: Regression between independent variables and dependent variable 

Source: Survey data, 2022 

The ‘R’-value of the table explains the multiple regression coefficients which are 0.772 and it shows a 

positive relationship between independent variables and dependent variables. According to the above table, 

the ‘R2’ value is 0.596. Accordingly, 60% of students’ academic achievement can be explained by the three 

independent variables (teacher-centered, student-centered, and teacher-student interactive teaching 

methods) jointly and the remaining unexplained 40 % might be due to other factors that were not considered 

in this study. 

4. CONCLUSION(S)/RECOMMENDATIONS 

McWhorter & Hudson-Ross (1996) found that without new approaches to instruction that connect to the 

learning needs of students, many will perform poorly and are likely to drop out of studies. The problem of 

the research was the low study completion rate among students in University Colleges in Sri Lanka and 

thereby the low academic performance among students. Based on the findings, the research was able to 

find that there is an impact of teaching methods on students ‘academic performance. Among the variable 

that comes under teaching methods, the teacher-student interactive teaching method has an impact on the 

Model Summary 

Model R R Square Adjusted R Square Std. The error in the Estimate 

1 .772a .596 .569 .53234 
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student’s academic performance in University Colleges in Sri Lanka. As per the findings of the study, 

lecturers have to follow the teacher-student interactive method in delivering lectures so that students will 

actively engage in academic activities which will add a direct impact on improving the academic 

performance of the students. Students of technical and vocational education join the university colleges 

according to their advanced-level examination results. The majority of them do not have top-level English 

knowledge and considerable time is needed to understand the subject-related facts. If the subject delivery 

method is teacher-centered, students won’t be able to properly understand things. Hence there will be a 

dropout or the student will fail the subject due to a lack of understanding. On the other hand, these students 

do not have the competency to follow student-centered teaching methods such as case studies, especially 

without poor practice. Under the teacher-student interactive method, lecturers can use various interesting 

tools and techniques to boost the motivation of the students to learn. A typical learning environment will 

add little or no value to the student but teacher – student’s interactive method can add value to the delivery 

process. Finally it is recommended to adopt the teacher-student interactive teaching method in increasing 

the students’ performance. 
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ABSTRACT 
 

When a nation’s economy is in deep recession, every other sector of the nation rapidly deteriorates 
qualitatively and quantitatively. Quality education shows how powerful a nation could be. When an 
economic crisis impacts the education sector negatively, the overall development of a nation worsens 
leading to illiteracy, unemployment, poverty, restlessness among youth, etc. With the main objective of 
identifying the effect of economic crises on education systems, this review mainly looked at the positive 
and negative effects on education. Thirteen articles published between the years 1990 to 2017 were 
selected based on the keyword search of the respective discipline of study.  The review revealed that 
economic crises could impact education systems both negatively and positively. The impact was 
observed mainly in the teaching and learning processes taking place at the school level, tertiary level, 
and in TVET sector. This has negatively affected the improvement of physical resources and the well-
being of human resources. In addition, permanently dropping out of both young schoolers and adult 
schoolers from schools and higher educational institutes and increased rate of unemployment among 
youth were significant. In reviewing the positive impact of economic crises on education, the expansion 
of the professional capacity of the education system, and the resilience of teachers and the stakeholders 
in facing challenges at different levels, were identified as significant. 

 
Keywords: Economic crisis, education, negative impact, positive effect. 

 

1. INTRODUCTION 

With the swift expansions in education after World War II, the notion of universal education has been that 

it is the right of every citizen in a country to access elementary education. According to Heynaman (1990), 

the practice of universal education as a model was initiated in Western Europe and spread to countries now 

known as The Organization for Economic Cooperation and Development (OECD) and then socialist 

countries in Eastern Europe and to the republics in the Soviet Union.  By the end of the 1960s, when the 

colonized countries became independent political states, education was regarded as one of the prime public 

priorities. Thus, the school-age population urged for universal education and created an expansion of the 

system of education throughout the world. 

  

The economic system of any country and its growth is essentially related to its educational system. A 

decline in the economy of a country influences its education adversely. Thus, the economic crisis a country 

faces throughout deeply affects the quality of human life. Therefore, this paper is an attempt to narrate the 

findings published in the literature regarding the negative and positive impact of the economic crisis on 

education. Thus, the review paper looks at the following two objectives 

  

i. to find out the negative effects of the economic crisis on education in a country and 
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ii. to explore the positive impact of the economic crisis on education in a country. 

  

In reviewing the available literature, the focus could not be limited to any specific countries because 

economic crises had taken place under various circumstances throughout history in both developed and 

developing countries. 

 

2. METHODOLOGY 
The review was conducted based on the narrative review, reviewing 13 articles published between the years 

1990 to 2017. The articles were selected based on the keyword search of the respective discipline of study.  

Selected articles were then categorized into identified common themes analyzed through the review. Since 

economic crises occurred at different times in different countries due to ample reasons, the review was not 

limited to the recent past.  

Instantaneous assessment of the effect of financial crises on education has become a difficult task mainly 

due to the rigid patterning of the structure of education systems. Hence identifying the particular effects of 

a crisis on any education system becomes a slower process. Further, the education system monitors and 

publishes their statistical progress annually. This delay hinders identifying the effects of financial crises on 

the education sector. Therefore, identifying research related to recent national economic crises and their 

impact on education became a difficult task. The collected literature was critically analyzed and the review 

was limited to two themes; the positive effect of the economic crisis on education and the negative effect 

of the economic crisis on education. 

 

3. RESULTS AND DISCUSSION 

From the reviewed literature, the researchers were able to extract several domains affected by the 

deteriorated education system as a result of economic crises that occurred since 1990. Hence the review is 

based on how the economic crises affected school education, tertiary education, and higher education 

ultimately affecting the well-being of people in society. 

 

3.1. NEGATIVE EFFECTS OF THE ECONOMIC CRISIS ON EDUCATION  

Heynaman (1990) notes that the economic crisis has enormously damaged the quality of education in 

developing countries. Further, it is highlighted that specifically, the recurrent budget resources allocated 

for non – the salary category in education, such as reading material, stationery, furniture, etc will get 

affected negatively. Frankenberg et al. (1999) in discussing the effect of the economic crisis in 1998 on 

education, highlighted how the crisis has affected the operation of schools. The increase in the cost of 

papers affected the rising costs of books, supplies, and photocopying. In elementary schools in Indonesia, 

payment of monthly fees became a major issue compared to junior secondary schools whereas, in junior 

secondary schools, the cost of transportation and shortage of maintenance funds was more problematic. 



Towards a Resilient Future – Opportunities and Innovations 

263 
International Research Symposium – 2022   University of Vocational Technology 
 

Frankenberg et al. (1999) studying deeply into the fact how the cost and school fees affected the functioning 

of schools found certain remedies followed to overcome the issues. For instance, the participants opted to 

write on the board, read test questions, and increase test fees or ask parents for donations as solutions for 

the rising costs of papers and photocopying. In addition, the participants opted to request students to share 

books, keep more copies in the library, and no longer require the use of books as solutions for the shortage 

of books. Revealing similar findings, Bamigboye et. al (2016) elaborated that the parents could not afford 

to buy books and other related educational materials in Southwest Nigeria due to the economic crisis in 

2016.  

According to Heynaman (1990) the attempts made by countries that are affected by the economic crises to 

control the negative impact on education, encounter severe challenges in changing policies as they 

drastically affect the salaries of teachers and their service conditions. For instance, Young (2014) studying 

how the economic crisis in Greece affected English language teaching in Greece concluded that most 

English as foreign language students attend private language schools in Greece named frontistiria and due 

to delays in payment of school fees, the salary payments for staff have also been halted. This too has 

affected students’ choice of exams. Further, Bamigboye et. al (2016) reports that Nigeria’s education 

system which depends completely on government budgetary allocations was disturbed severely affecting 

students, teachers, and parents. The impact had been direct on teachers causing salary reductions. Teaching 

which attracted the best individuals and was considered much respected among many other professions 

was treated otherwise consequently affecting the quality of education in the long run, especially in 

Southwest Nigeria. Reduction in the recruitment of teachers and other resource personnel essential for 

effective education curriculum delivery has resulted in classroom teaching and learning discouraging, 

especially affecting the teaching and learning of core subjects. Low budgetary allocations on education 

affected “the payment of allowances to teachers, purchase of books, subscription for journals needed for 

effective education curriculum delivery, staff training through workshops, conferences and seminars as 

well as the rate of renovation of dilapidated buildings” (p. 2894). Another major finding of the study was 

that the reduced salaries affected teachers’ motivation, especially in the effective delivery of their lessons 

due to lack of concentration. “Some even become unnecessarily harsh to students and would not take time 

to give a proper explanation on any concept taught, as students lose interest in class activities thereby 

affecting the impartation of such knowledge.” (p. 2894). This economic recession too had caused higher 

graduate unemployment causing a national crisis causing unrest among youth in the country. 

Nambissan (2010), observes that in some studies of the East Asian economic crisis of 1997, the impact of 

the crisis differs across regions but whatever the region it may be, education and health of children 

harmfully affected the poor families and increased inequalities in education.  Thomas et al. (2004), found 

that the economic crisis in Indonesia made severe impacts on the education of students from the poorest 

households, resulting in early withdrawals from schools. One strategy followed by parents to avoid the 

withdrawal of all children from school was younger children were encouraged to discontinue their 
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education while older children continue school and gain an education. Further studies by Thomas et al. 

(2004) revealed that later, even though the economic situation recovered and the family income increased, 

the children who were taken out of schools during the crisis found it difficult to continue their education. 

As observed by Highway (2009), as cited by Nambissan (2010), in India, the global economic crisis has 

severely affected the children of the workers who engaged in informal sector jobs. Some such workers lost 

their jobs, some had to choose lower-paid jobs and many returned to their hometowns. Consequently, some 

children belonging to such family backgrounds had been forced to quit school as a result of not being able 

to afford school fees, others had shifted to cheaper local schools, and the school expenses were cut down. 

It was further observed that, in India, among the families who were involved in gem and jewelry work 

compared to the boys, 20% of the girl children were withdrawn from schools.  

In analyzing the economic crisis that took place in Indonesia in 1998, Frankenberg et al. (1999) claim that 

one of the major negative impacts of the economic crisis on education in Indonesia had been that children 

and young adults withdrew from schools. The researchers predict that the impact of withdrawal from the 

schools would have long-term effects on the well-being of both age groups. Among the group of older 

children, those who stopped schooling would never return to school after the crisis. Younger children have 

the possibility of returning to school after the crisis. This is a different observation from that made by 

Thomas et al. (2004) regarding the economic crisis in Indonesia and its impact on education. Accordingly, 

the younger children in Indonesia discontinued their education while the elder children continued.  Further, 

Frankenberg et al. (1999) predict that, if children who permanently drop out of school due to economic 

crisis, cannot read and write properly, the consequences can be observed only after many years.  

Varghese (2009) discusses several ways that higher education and employment were affected due the 

economic crisis in East Asia. The crisis affected the job prospects of graduates, and reduced funding for 

education at the three levels the government, private, and household level, universities lost their 

investments due to the bankruptcy of the banks the universities invested their savings, student support 

systems such as student loans be severely affected, freezing of the academic programs and the staff 

recruitment and declining of the aid to education by bilateral and multilateral agencies. 

Similarly, when discussing the Tertiary and Vocational Education Training (TVET) sector and its survival 

during financial crises, Barakat et al (2010) note that the impact of the economic crisis is mixed. According 

to Barakat et al (2010), the sector seems to have negatively affected Ireland, the Netherlands, Belgium, and 

Hungary, due to the economic recession. In contrast, As Barakat et al (2010) mention, in the TVET sector 

during the economic recession in Germany, a significant shortage of training places as a result of the crisis 

could not be observed. This is reflected both in official statistics of youth seeking and obtaining 

apprenticeships and in survey responses among private enterprises. 

As Koudahl (2010) states, in several countries, especially in the European continent, vocational education 

and training are based on the principle of dual education, where the apprentices spend one part of their 

education and training at a vocational school and another part in a company or firm directly involved in 
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ordinary working life. The economic crisis in the continent put pressure on the principle of dual education 

within vocational education and training because the firms and companies were less motivated to provide 

the necessary number of training places for the apprentices. Further this caused problems for the young 

people who wanted to take vocational education as they were not able to finalize it without access to a 

proper training place. On the other hand, it provided problems for businesses and enterprises because there 

was a shortage of skilled labor in the market. Although certain countries such as Denmark, Germany, and 

Holland substituted the company training of apprentices with school-based training, the quality of the 

training was questionable and the status of such apprentices was low in the labor market. Hence the 

employability rate of them in the market was lower. 

In analyzing the impact of the economic crisis on labor and education in Europe, Barakat et al (2010) 

highlighted that education attainment had a strong influence on job security during an economic crisis. 

Barakat et al (2010) claim that, in the European context, the impact of the economic crisis on higher 

education has been affected in contradictory ways, directly and indirectly.  On one hand, the students who 

depend on financial assistance from their parents will face challenges if the parent’s income drops or 

unemployed. Moreover, access to student loans will be restricted. It is also claimed that the expected 

demand for tertiary degrees might also decline due to future job uncertainty. Barakat et al (2010) note that 

there are positive aspects of higher education (discussed in subsection 3.2), in discussing the economic 

crisis that in the European context, there is an overall increase in demand for higher education. Yet, it does 

not imply that individuals who are engaged in higher education will not be affected. They may interrupt, 

postpone or abandon their higher education plans due to economic hardships faced by either the students 

as individuals or by their families. Moreover, there is a necessity of monitoring the different components 

such as delayed graduation, prolonged stay in the universities as a student, and the negative impact of the 

economic crisis on higher education.  

Heynaman (1990) identifies that, compared to the developed countries, the problems in education largely 

take place in largely fiscal situations of unavailability of adequate resources to sufficiently finance 

quality education, in the developing countries.  In such countries, Heynaman (1990) finds that the issue is 

not the insufficient level of resources but the insufficient motivation to utilize the resources effectively. 

 

3.2. POSITIVE IMPACT OF THE ECONOMIC CRISIS ON EDUCATION  

Researchers find that the economic crisis makes a positive impact on education as well. Heynaman (1990) 

highlights that the economic crisis “may increase the professional capacity to manage the education system 

based upon what is feasible rather than upon precedent” leading to “greater professional credibility” in 

education (p.115). For instance, Botoul et. al (2017) discussing primary school teachers’ resilience during 

the economic crisis in Athens, Greece mentioned that the economic crisis in Greece too created economic 

and social problems, and hurt the quality of education. However, teachers did not abandon their jobs, 

despite the difficulties they encountered as a result of the crisis, since they did not have many job choices, 
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and if they abandoned it, they would lead to unemployment.  The major finding of the study was that half 

of the primary school teachers in Athens, Greece showed moderately high and high resilience towards the 

economic crisis and its impact on education. Their resilience had been influenced by the economic crisis 

at a moderate level facing the difficulties due to the crisis at a good level. Another important finding was 

that the Greek teachers’ resilience was very highly correlated to his/her relationship with their families and 

his/her colleagues explaining the strength of the Greece family nexus. 

Moreover, Heynaman (1990) observed that the economic crisis may allow the policymakers to relook at 

their policy dilemmas, and the practical measures can be adapted across categories of economic 

development to find multilateral solutions to basic education. As an institutional-level measure taken to 

overcome difficulties in continuing the functioning of foreign language schools in Greece, Young (2014) 

mentions that a reduction in fee structure has been introduced in response to the crisis. To encourage the 

enrolment of more students, thereby increasing the income, the schools introduced English courses 

receiving discounts on lessons in a second foreign language and introduced a reduction in fees for younger 

students if their older siblings attended the school. 

The economic crisis too to impacted positively the education sector by enabling the use of multiple 

teaching-learning techniques. Accordingly, Varghese (2009) highlights through the findings of an online 

education survey in Berlin in 2008, “the economic crisis boosts e-learning, informal learning, and blended 

learning, and that the crisis, with a shrinking education sector budget, is enlarging the use of technology” 

(p.23). 

Considering the positive impact of an economic crisis on higher education and employment, Douglass 

(2010), as cited by Barakat et al (2010) claims that, as an alternative to unemployment, young people may 

face an increased motivation to enroll in higher education which may increase their employability through 

increased qualifications and to ‘wait out the crisis. In the European context, the experience of the economic 

crisis is that “demand for higher education generally goes up during economic downturns” (p. 7). 

 

4. IMPLICATIONS 
The review revealed that there are both negative and positive impacts of the economic crisis towards 

education in the teaching and learning process in education at the school level, tertiary level, and in the 

TVET sector.  As for the negative impact, the economic crises that occurred in various parts of the world, 

the economic crisis led to a lack of finances to support school education in the aspects of reading materials, 

stationery, furniture, teaching, and learning aids in the schools. In considering the human resources in 

education, reduction of salaries provided for teachers, and reduction of recruitment of teachers and other 

resource persons occurred mostly when the countries faced economic crises, while students of several age 

groups in most affected families of lower social strata, temporarily or permanently dropped out from the 

schools. In the higher education sector, student support systems were severely affected, while the freezing 

of academic programs, avoiding staff recruitments for universities, and declining aid to higher education 



Towards a Resilient Future – Opportunities and Innovations 

267 
International Research Symposium – 2022   University of Vocational Technology 
 

occurred in several countries. Yet, in the TVET sector, the review revealed that the impact of the crisis is 

mixed. The available literature related to the TVET sector is limited to developed countries such as Ireland, 

the Netherlands, Belgium, Hungary, Denmark, Germany, and Holland. 

In reviewing the positive impacts of economic crises on education, it is revealed that the economic crisis 

expands the professional capacity of the education system, and made the teachers and the stakeholders 

resilient in facing challenges at different levels, such as sharing of resources, using alternative methods in 

providing teaching learning aids, etc. During the economic crisis that occurred in Greece, teachers’ 

resilience was highly connected to the support of their families and colleagues. Moreover, restructuring the 

payment of fees creatively, by providing concessions and lessening the economic burdens at the family 

unit level had been practiced in Greece. In the aspect of the teaching-learning process, the economic crisis 

has enabled the education sector to practice multiple teaching-learning techniques and magnified e-

learning, informal learning, and blended learning by increasing the use of technology.   In considering the 

higher education sector, the review revealed that, even though the individuals suffer due to several aspects 

of the economic crisis, it shows an increase in motivation among young people to gain higher education, 

especially in the European context.  

In considering the developing countries, it was observed that the issue is not the insufficient level of 

resources but the insufficient motivation to utilize the resources effectively. Therefore, economic crises 

allow countries to relook at their policy dilemmas in the education sector, which is interconnected with 

employability, development, and well-being of the society while allowing the stakeholders in the education 

sector to be resilient in facing the economic crisis.    
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ABSTRACT 

 
Personal, academic, and professional, are the broad field of counseling. This study aims to assess the 
counseling and guidance requirements of junior secondary school children in light of their perceptions. 
Participants in the deliberate sampling were chosen based on a set of criteria. Ninety-nine percent of 
the participants in the study had previously acknowledged that they required counseling services from 
the school counseling department. A total of 91 students who contacted the career counseling section 
were interviewed. Students who volunteered to take part in the study submitted written applications. 
The data that was gathered was examined using the content-analysis approach. Finding concepts and 
connections that might be utilized to analyze the information acquired was the main goal of content 
analysis. Three categories were recognized after studying the responses provided by the students such 
as successful learning strategies, getting over test phobia, and self-motivation. One of the most 
important phases in a young person's development is the transition from childhood to puberty. 
Individual or group guidance programs about exam anxiety, efficient learning, and motivational 
techniques should be implemented to appropriately prepare students for courses and lessons. 
Aggressive behavior and bullying should not be tolerated by teachers or counselors. 

 
Keywords: Career; Educational; Personal Guidance and Counseling Needs. 
 

1. INTRODUCTION 

The broad field of counseling encompasses three basic areas such as personal, academic, and professional. 

(Caipang,2014) asserts that a school counselor does not know the subject matter in the interview while a 

teacher is aware of the results to clearly distinguish between teachers, school counselors, and 

psychotherapists. According to her, counseling has a wider scope than psychotherapy, which has a deeper 

one. According to some experts, counseling is a procedure that involves two counselors working with a 

client who needs assistance. Students in the junior secondary level may require assistance and counseling. 

These issues often have an impact on students’ academic, professional, social, and personal growth. Three 

important factors significantly influence pupils. Students who have moved on to the next level of their 

education are anxious, enthusiastic, and enthused about the new institution. Students who experience these 

feelings become anxious and stressed (2005). Counselor insight and the integration of all sources of data 

and information supports the client in self-exploration and the decision-making process. (Okumu,2017) 

defines counseling as the help some students receive from credentialed professionals to help them 

overcome personal and social problems which interfere with learning. (Garret, 1996), supporting this 

position of counseling at the educational level says that the counseling program is an integral part of the 

total educational program. Counseling in the educational system should help boys and girls alike, to 

develop their capacities to the full. Effective school counseling should help to improve the self-image of 
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young people and facilitate achievement in life tasks. Parents expect the school to provide solutions to the 

indiscipline in junior secondary schools caused by their children and assist them to make career choices. 

1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 

According to the American School Counselor Association (ASCA), school counselors are certified 

educators who improve student success for all students by implementing a comprehensive school 

counseling program. They are trained professionals who meet with students individually and in groups to 

address concerns that may be interfering with the student’s learning and personal development. As stated 

there, school counselors may be facilitating whole-school workshops, leading small-group discussions, or 

providing one-on-one instruction. School counselors are consultants when they spend time working 

individually or with groups of teachers and parents, or other mental health and school personnel. The 

school counselor sometimes encounters difficulties while trying to do their job. Reporting the student’s 

success and the problems of the student to the parents sometimes can be challenging. Many parents are not 

prepared and do not want to collaborate with counselors rejecting their children's needs. The 

responsibilities of the school counselor were unclear for a considerable amount of time. It is frequently 

thought to be under the purview of the classroom teacher, pedagogue, or school psychologist. The school 

counselor has a significant and vital role in the organization, structure, programs, and policies of the school, 

according to Lindwall (Coleman,2011School counselors can influence school policies by making sure they 

mirror the values of the school. They can also have an impact on educational initiatives by ensuring that 

they are useful for students and provide them with opportunities to engage with the greater school 

community, according to the American Psychological Association (APA). 

School counselors assist students in overcoming obstacles in the classroom as well as other issues that may 

affect their academic achievement. like one-on-one counseling, counseling in small groups, counseling in 

big groups, or lectures. Additionally, they take part in behavior plans for the whole school that encourage 

good behavior and discourage bad. They are assessed to determine whether the Guidance Counseling 

program has been executed and whether students' needs and expectations have been met, even though they 

have significant responsibility for the implementation and success of the school program. (Gysbergs,2011), 

school counselors are expected to show how their work supports students' performance, particularly 

academic accomplishment, within the context of comprehensive guidance and counseling programs. As a 

result, school counselors are expected to not only describe what they do but also to give examples of how 

it has a positive impact on students' lives. They are also expected to be responsible for their work and to 

answer for it. Today, school counseling is a requirement for all educational levels. Throughout the 

academic year, students face a variety of personal, educational, and academic challenges, and frequently 

they are unsure of where to turn for professional assistance or whom to turn to in the first place. In addition 

to offering a wide range of skills and services, school counseling also attends to all of the requests made 

by students. Meeting students' needs in the areas of the school, employment, personal/social advice, and 

counseling is part of preparing them for life. A student who gets these needs met may build harmonious 
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relationships with parents and friends, know who they are, and develop their communication and problem-

solving abilities. Additionally, he or she can gain problem-solving abilities, social skills, and the ability to 

manage exam anxiety. This study aims to assess the counseling and guidance requirements of junior 

secondary school children in light of their perceptions. The following questions were addressed in this 

context: 

i. What are the educational and counseling needs of junior secondary school students? 

ii. What are the needs of junior secondary school students in terms of career counseling? 

iii. What are the junior secondary school students’ requirements for personal and social therapy 

(related to personal issues)? 

iv. About the friendly environment, what are the personal/social guidance and counseling 

requirements of junior secondary school students? 

 

2. METHODOLOGY 
The qualitative research technique was used for the study and this method emphasizes qualitative technical 

definitions and meanings. Methods for purposeful sampling naturally develop during the qualitative 

research process. They allow the researcher to thoroughly examine the situations with lots of information. 

According to a set of criteria, purposeful sampling was used to select the sample. Ninety-nine of the 

participants had previously stated they needed advice and therapy from the school counseling unit. They 

were also included in the research based on this criterion. Students in the junior secondary level in the 

Welimada Educational Zone participated in the study and they had been advised by the school counseling 

unit if they were interested in taking part in a survey to learn more about their needs for guidance and 

counseling. Interviews were conducted with a total of 91 students who contacted the career guidance unit. 

16 girls and 14 boys from the sixth grade took part in this study. 15 girls and 16 males from the seventh 

grade took part in this study. Eleven boys and nineteen girls in the eighth grade took part in this study.  
Table 1: Sample Structure 

Grade Girls (N) Percentage(%) Boys(N) Percentage(%) Total 
Grade 6 16 53.3 14 46.6 30 

Grade 7 15 48.3 16 51.6 31 

Grade 8 19 63.3 11 36.6 30 

Total 50 54.9 41 45 91 

 

Data were gathered using a semi-structured interview approach, and relevant literature was examined. 

Studies with the selected group of junior secondary students concentrated on vocational and personal/social 

advice and counseling. Students who voluntarily agreed to participate in the study submitted applications 

in writing. To increase the data's dependability, some of it was delivered directly. Participation in 

interviews was contingent upon voluntarism. An explanation was prepared for the interviewers. It made 

explicit the study's objectives as well as the methodology that will be used. The fact that the participants' 
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identities would remain private was also highlighted. Written formats were utilized during the interviews. 

Interviews lasted for 30 to 45 minutes. The content-analysis method was used to examine the data. The 

fundamental objective of the content analysis was to identify concepts and relationships that might be used 

to interpret the material that was gathered. The main goal of content analysis was to group comparable 

pieces of data and remark on them within the context of particular concepts and themes. As a result, the 

acquired data were considered first, then structured logically in line with the ideas that were forming, 

followed by themes that explained the relevance of the data. Themes that had been previously decided upon 

(such as educational, occupational, personal/social, or concerns with oneself and friends) were utilized. For 

each subject, categories were created, and significant percentages were chosen to make these categories 

relevant. For each category, examples of student opinions were provided. 

 
3. RESULTS AND DISCUSSION 

A total of 58.9% of sixth-grade students, 76.1% of seventh-graders, and 55.9% of eighth-graders identified 

a need for educational advice and counseling on efficient study methods under the first category of 

educational guidance and counseling needs. One of the sixth-graders said, "I want to know how to study 

and listen," about this area. I want to learn about how to focus and study, a seventh-grade student remarked. 

A student in the eighth grade stated, "I want to learn how to make a successful study schedule. I want the 

academic advisor to design a study schedule for me and teach me how to speak out in class. 53.1% of sixth-

graders, 29.7% of seventh-graders, and 58.9% of eighth-graders identified a need for educational advice 

and counseling on overcoming test anxiety in the second category of needs for educational guidance and 

counseling. I get worried during the tests, says one of the sixth-graders. I require guidance to maintain my 

composure while taking the examinations. "I need to be informed about how to manage worry and tension, 

as well as how to act throughout the exam," a seventh-grade student commented. One of the eighth-graders 

remarked, "I get so anxious before examinations that I have stomachaches. Help is needed with this. 

Additionally, I feel pressured when I have a lot of schoolwork.” 9.8% of sixth-graders, 3.6% of seventh-

graders, and 6.7% of eighth-graders specified they needed educational guidance and counseling on self-

motivation approaches for the third category of educational guidance and counseling requirements. I want 

my counselor to tell me, "You can do it, you can succeed, and you can have wonderful outcomes," a sixth-

grade student said in response. "I want my counselor to say, If you study, you can become successful and 

pass your tests with good marks," one of the seventh-graders remarked. One of the eighth-graders 

remarked, "I want my counselor to tell me that if I study hard, I can succeed. I have complete faith in you.”  

3.1 STUDENTS’ VIEWS OF CAREER GUIDANCE AND COUNSELING NEEDS 

After analyzing the responses given by the students, two categories were established regarding their career 

guidance and counseling needs such as information about professions and career decision-making. 96.1% 

of sixth-graders, 86.1% of seventh-graders, and 76.1% of eighth-graders indicated they required career 

assistance and counseling in a variety of occupations for the first category of needs related to these services. 

“I want to be a lawyer or study psychology in the future, a sixth-grade student declared. I need to know 
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what to do, how to study for these things, and what occupations are available. How many years should I 

study to become a doctor, said one of the seventh-graders. “Which degrees ought I pursue? What kinds of 

schools should I attend? I want to be a doctor, a pupil in the seventh grade declared. My academic standing 

allows me to enroll in a university. But  I don’t know the opportunity that I have”. In the area of need for 

career guidance and counseling, 3.4% of sixth-graders, 13.5% of seventh-graders, and 22.9% of eighth-

graders said that they did. These students were talking about their need for career guidance and counseling 

concerning making professional decisions. One of the sixth graders responded, "I want to be a teacher in 

the future," for this category. A counselor, who belief am also a teacher, can assist me with this. I want to 

be a psychologist, a seventh-grade pupil declared. I need the counselor to let me know whether my decision 

was good or bad. Only the questions listed were asked of the students since the substance of the 

personal/social guidance and counseling needs too were sensitive. These inquiries were linked to the 

various personal and societal issues for which students want career and academic help and counseling. 

These responses were broken down into individual analyses. 

3.2. STUDENTS’ VIEWS OF PERSONAL/SOCIAL GUIDANCE AND COUNSELING NEEDS  

After analyzing the students' replies, it was found that they required personal/social therapy as well as 

assistance with household issues linked to personal issues. Examples include having strict parents, having 

issues with siblings, insisting on doing chores, having puberty issues, and having to take extra classes in 

certain topics. 51 percent of sixth-graders, 29.9 percent of seventh-graders, and 29.8 percent of eighth-

graders said they didn't require personal/social supervision and counseling unless difficulties arose when 

asked about their needs. One sixth-grade student said, "Unless there are major difficulties, I don't need 

advice and therapy," when asked about this area. When I have tests and issues with my family and friends, 

I just need assistance and therapy, one seventh-grade student said. "I need assistance and counseling before 

examinations when I have issues with my family, and when I quarrel with my friends," a student in the 

seventh grade stated. 19.9% of sixth graders, 63.1% of seventh graders, and 66.1% of eighth graders 

indicated they required personal/social advice and counseling on domestic issues in response to the 

question about personal/social guidance and counseling requirements (authoritative parental attitude, 

problems with siblings, and insistence on responsibilities). One sixth-grade student's observation regarding 

strict parental behavior was, "They don't often let me go out." stated a pupil in the seventh grade. "My 

family and I have some issues. They placed me under a lot of strain. They forbid me from using the 

computer or television for extended periods. They won’t let me go where I want to, a seventh-grade pupil 

remarked. They belittle my buddies and don't comprehend my issues. "I quarrel with my family about 

going out with my pals," a student in the seventh grade said. My mother wants me to work more on my 

studies, but I want to play outside for at least an hour. Another eighth-grader remarked, "I feel a lot of 

pressure from my family, especially my mother. She claims that, “if you don't go to school, you'll soon get 

married and become a housewife. Regarding family disputes, one sixth-grader remarked, "My issue just 

involves my brother. He often beats and makes fun of me. Another sixth-grader remarked, "I typically 
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argue with my family because of my brother or sister. I'm disturbed by their concern for him/her. I have 

issues with my brother, a seventh-grade student remarked. He often turns the computer on when I'm 

studying. A student in the eighth grade stated, "My brother claims that if I don't pass the examinations and 

he won't allow me to go high school. Please let the parents know. They'll demoralize us by saying stuff 

like that. Regarding the emphasis on potential, one of the sixth-grade students remarked on this. "I fight 

with my family over how messy my room is." The seventh-grader who spoke forward said, "I fight with 

my family because I'm messy. They want me to maintain order. One of the eighth-graders remarked, "We 

usually fight when I don't clean up my room. But it doesn't last long. Another sixth-grader remarked, "My 

mother gets upset with me because I spend a lot of time playing video games and don't assist her." "I have 

issues with my family because of computers," remarked a different eighth-grade student. They claim that 

I talk for a long time. Only 19.6% of sixth-grade children reported needing personal/social advice and 

therapy for puberty-related issues when asked about their requirements. "I need guidance concerning 

changes noticed during puberty," one sixth-grader exclaimed. On occasion, a gain in height might be noted 

along with a breakout that disappears rapidly. The children in seventh and eighth grade did not find this to 

be a serious issue. 3.4% of sixth-grade students, 6.8% of seventh-graders, and 26.7% of eighth-graders 

indicated they required personal/social advice and counseling on topics needing specific training when 

asked about their requirements in this area. One of the sixth-graders said, "I am energetic and cannot sit 

still," for this category. I make an effort to stop it, but I fail. Could you please aid me with this? Please!” I 

have trouble hearing clearly and understanding what is being said, one of the seventh-graders mentioned. 

My buddies make fun of me because of this, which genuinely saddens me. I'm not interested in going to 

class. I have trouble communicating, a pupil in the seventh grade stated. Before I started elementary school, 

things began to worsen.” Likewise, the students presented more opinions regarding the need for counseling 

in their lives. 

3.3STUDENTS’ VIEWS ABOUT PERSONAL/SOCIAL GUIDANCE AND COUNSELING NEEDS THAT ARE 

CONNECTED WITH A FRIENDLY ENVIRONMENT 
From the replies got from the students, it was found that students required personal/social therapy related 

to the friendship setting. Verbal abuse (mockery, snitching), social skills, and peer pressure are a few 

examples. In regards to the need for personal/social advice and counseling for verbal abuse, 9.98% of sixth 

graders, 6.8% of seventh graders, and 12.9% of eighth graders mentioned that they need such services due 

to issues resulting from a fear of being mocked. "I can't engage in classes out of concern that my peers will 

make fun of me or say anything terrible," one sixth-grader said. One of my buddies made fun of me for not 

wearing a tracksuit to our physical education session. One of the children in the seventh grade remarked, 

"Some of my classmates make fun of me because I wear glasses. They mock me for speaking. I experience 

similar experiences and feel sick. One of the eighth-graders remarked, "My peers mock my issues. This is 

why I disagree with them. In addition, they criticize me whenever they identify a weakness in me. Please 

resolve this issue.” These were some issues they had. 6.78% of sixth graders, 3.48% of seventh graders, 
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and 19.78% of eighth graders said they required advice and therapy for personal/social reasons related to 

snitching when it came to their needs for counseling on verbal abuse. One-eighth grader claimed, "My 

buddies truly talk differently, snitching increased," while a sixth grader added, "Snitches in my classroom 

make me feel pretty terrible and this becomes a major problem for me." 52.9% of students in the sixth 

grade, 56.7% of students in the seventh grade, and 58.9% of students in the eighth grade indicated they 

required personal/social assistance and counseling due to issues they had with social skills. "I don't enjoy 

my classmates' misbehavior and despising one of the pupils who has just started attending our lessons," a 

sixth-grade student declared. They are occasionally correct, but it is not essential to criticize someone 

constantly. Typically, they treat her unfairly and exclude her. My buddies never understand me, a seventh-

grader said. I'm always kind and polite to them, yet the contrary is how they treat me. I tried very hard to 

comprehend the rationale, but I just can't. Due to peer pressure, students in sixth and seventh grade reported 

needing personal/social supervision and therapy as well. My pals usually do what they want, a sixth-grader 

remarked. “I don't have any issues. They always make us pay attention to what they say”, another student 

said. We occasionally quarrel for this reason. 

 

3.4 DISCUSSION 
The selected junior secondary children were the focus of this study, which also looks at their needs for 

guidance and counseling. Three topics were included in the research educational, career, and 

personal/social. It is based on information for pupils who are beginning the time between first and second 

grade. Exams, according to many parents, are the finest method to get students ready for the future. This 

conclusion of the research is supported by McDonalds (2001) claim that tests play a significant role in the 

educational system and that their frequent application leads to exam anxiety. Since seventh graders 

inevitably move on to eighth grade, they require less counseling on exam anxiety or strategies for 

overcoming it than other students. To support this fact, students who perform badly in school require 

counseling and mentoring. More than half of sixth and eighth-grade students need counseling on effective 

studying skills. Sixth-grade students transfer to the second level and a new adaptation process begins. The 

problems occurring during the transition to different school stages cause psychological disturbance in 

students. The second level of elementary education is acclimated to seventh graders in the middle of the 

school year. As a result, they require less counseling. Selected junior secondary graders participate in 

professional active learning to a greater extent than their peers. This implies the necessity of active learning. 

Few junior secondary students claimed that they require direction and counseling on motivational 

strategies.  

3.4.1CAREER GUIDANCE AND COUNSELING THEMES 
According to (Dahir,2001), pupils in sixth and eighth grades ought to be exposed to career awareness. 

According to (Borg,1996), knowledge about various professions has an impact on the process of choosing 

a vocation. Students who participated in interviews said they were aware of who they were, but they were 
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unsure of the qualities needed for the career path they desired. The selected student group needed career 

counseling as well. Pupils in the junior secondary level require career decision-making counseling. 

However, a small percentage of students in the second stage of elementary education require career 

counseling. To acquire knowledge about professional options, they want career coaching. There is a 

parallelism between this research conclusion and (Okey and Snyder's,1993) assertion that it is crucial to 

educate students’ professional decision-making strategies and provide them with experience in this area 

before it is too late.  

3.4.2 PERSONAL/SOCIAL GUIDANCE AND COUNSELING  
There were established categories for household issues (authoritative parental attitude, issues with siblings, 

insistence on obligations, etc.) and adolescent issues. Most seventh and eighth graders, as well as the 

majority of sixth graders, require guidance and counseling for personal issues. Students require assistance 

and therapy for domestic issues (authoritative parental attitude, problems with siblings, and, in- existence 

of responsibilities). The data that follow, nonetheless, support the pupils. Accordingly, authoritative 

parenting is associated with the highest levels of interfamily contact and academic achievement. A 

supportive setting, moderate control, and high tolerance should be used to promote authoritative parenting. 

Consistent expectations between parents and children for one another may help to solve these issues. A 

few junior secondary students require assistance and therapy regarding issues with their siblings. Students' 

requirements for guidance are brought on by improper communication and verbal abuse. Students who 

don't tidy up their rooms or spend too much time on computers or television instead of studying cause 

conflict with their parents.  

Only a few sixth graders require assistance and counseling to deal with puberty-related issues. Because 

they could require therapy to successfully adapt to the changes. A few pupils in the selected junior 

secondary schools require assistance and counseling on topics that call for specialized instruction. 

Although it is well recognized that children with impairments have issues, according to (Thompson and 

Rudolph,2000), there hasn't been enough study done to fully understand their unique requirements. In 

addition, the categories of peer pressure, social skills, and verbal abuse (mockery, snitching) were created. 

A few pupils in the sixth, seventh, and eighth grades require counseling and supervision because their peers 

make fun of them. If ridicule and snitching are examined as sub-categories, elementary education pupils 

require assistance with verbal abuse. They said that they are suffering from verbal abuse. Snitching, 

backbiting, and fascinating are all serious issues among teenagers. Teenagers require direction and therapy 

on these difficulties for this reason. According to a different study, girls and boys both engage in more 

indirect than direct hostility. Compared to younger pupils, older students employ compromise more 

frequently. More than half of sixth, seventh, and eighth-grade students require guidance and counseling 

due to issues with peer pressure, social skills, and verbal abuse (mockery, snitching). The excessive 

dominance of certain teenagers can negatively impact group dynamics and generate issues for others. 

Positive peer relationships can help pupils to develop emotionally and socially. However, if they are 
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subjected to peer pressure, it might have a detrimental impact on how they develop their sense of autonomy 

and identity. 

CONCLUSION(S)/ IMPLICATIONS/ RECOMMENDATIONS & LIMITATIONS 

For pupils, the word "transition" has two distinct connotations. First, it's crucial for adaptability to the 

school environment that there be transitions between school levels. The passage from infancy to puberty is 

the second one. During this crucial period, some students could feel anxious and unsettled. They could thus 

require greater counseling and assistance services. Based on the results of the findings, these 

recommendations can be made. To adequately prepare students for courses and lessons, individual or group 

guidance programs relating to testing anxiety, effective learning, and motivating approaches should be 

used. Students should regularly get introductory material on careers in the mail from school counselors and 

guidance agencies. They should also plan classroom exercises to hone their decision-making abilities 

regarding careers. Families, educators, and counselors should refrain from acting aggressively or bullying 

others. Services for peer counseling should be made available to students who are going through a change. 
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ABSTRACT 

 
Teachers play a significant role in early childhood education by creating a supportive learning 
environment for young children. In Sri Lanka high turnover rate is reported of early childhood 
education teachers which reduce the quality of education.  The lack of knowledge on elements that 
affect employee retention is a key issue in most early child education centers. The current study 
investigated the factors affecting early childhood educators' intention to leave, perception of workplace 
climate and job-related attitude. 50 early childhood educators from western province, Colombo, Sri 
Lanka were surveyed in the study. According to the findings, the majority of respondents (50.6%) 
possessed pre-school diploma qualification. The respondents’ perception on profession indicated 
55.2% attended a pre-school study programme to start their own school. Only 1.7% of respondents 
mentioned the need to care for their children and many chose early childhood education only as a 
career option. 69% of Preschool educator’s satisfaction on workplace conditions revealed low 
satisfaction on salary received, promotional path, fellow staff and facilities available. Inadequate 
salary is considered as the major factor affecting turnover intention of the respondents in the sample 
with the mean of 4.6 indicating “Strongly Agree”. Lack of mental freedom and lack of job recognition 
and career progress are also considered as major factors affecting turnover intention with mean =4.2 
and 4.4 indicating strong agreement by the respondents. 

 
Keywords: Early childhood education; Turnover intention; Workplace conditions 

 

1. INTRODUCTION 

The early years of a child's life are critical to their long-term development. Children grow, learn, and thrive 

when they have good health and nutrition, a safe, secure, and responsive home environment, and 

opportunities for early learning. Leading economists agree that high-quality early childhood education 

programmes can change children's lives and result in better health and education outcomes as well as good 

citizens in the long run (Markowitz et al., 2018). Early childhood education has been on the rise over the 

past decade as more mothers are returning to the workforce by the time their child is of preschool age, if 

not sooner (UNICEF, 2017). Research shows that children who receive good preschool education perform 

better than their peers who do not. Barnett (2007) stated that “high-quality preschool education improves 

later school success, employment and earnings. It has lessened crime and delinquency and unhealthy 

behaviors”. 

Many research findings reveal how important preschool education is to a child’s future success, leading to 

the assumption that quality teachers, leadership, and curriculum are needed in these facilities to see these 

results. Because effective teachers are needed in these early years of education, it is important for 
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researchers to look at different factors of job satisfaction to increase retention of qualified early childhood 

educators. (Geiger and Pivovarova, 2018; Mérida et  al., 2020) 

In Sri Lanka, early childhood educators and caregivers are frequently underprepared to provide high-

quality preschool experiences. Early childhood education entry qualifications are currently non-specific 

and ill-defined, with no tertiary qualifications required. (Sri Lankan National Policy on Preschool 

Education, 2018) As a result, teacher attrition has been significant in the Sri Lankan context (Sumanasena 

et al.,2020). 

Furthermore, data and research on the Sri Lankan preschool sector are scarce and dispersed across 

numerous stakeholders and systems, making it difficult for the government to use data for policy making, 

efficient resource allocation, and effective public service delivery. As a result, the aim of this study is to 

investigate perceptions of early childhood educators' satisfaction on working conditions, attitudes and 

intentions to leave the job position. 

1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 

Early childhood educators are required to build a strong foundation in the classroom, but they are also 

expected to build strong relationships with the parents of their students and their community (Pivovarova, 

2018). Mérida et  al., (2020) explain that “accomplished teachers know that positive outcomes result from 

viewing families as allies in their work” .These demands require early childhood educators to maintain a 

strong physical and mental capacity to keep up with the day to day requirements of teaching young 

children. When the teachers begin to deplete mentally and physically, it is not only affecting their own 

lives, but the lives of many young children in the classroom. Exploring what makes early childhood 

teachers happy in their positions can provide the necessary information to eliminate the possibility for job 

dissatisfaction. Grant and Buettner (2019) suggest that teachers’ well-being and perceived working 

conditions relate with their intentions to remain at their job or within the field and to their commitment to 

the profession. 

Preschool is compulsory for children aged three to five in Sri Lanka. In Sri Lanka, there are approximately 

17,020 early childhood education centers serving a total population of 475,620 children aged 3 to 5. 

Approximately 89% of Early childhood education centers are standalone preschools, with the remainder 

being a mix of preschool and day care facilities. (National Census, 2018) Preschools or early childhood 

education centers in Sri Lanka are either for-profit businesses or non-profit organizations. The government 

establishes standards and regulates the industry. In Sri Lanka, preschool education is not compulsory. 

Hence preschool education is not included in official educational policy or administration. 

According to the National Census of Early Childhood Development Centers in Sri Lanka, in 2018, there 

are 19,668 preschools in Sri Lanka, with 71% managed by private organizations or individuals, 19.8% 

managed by public institutions and local government authorities such as municipal and urban councils, 

6.8% managed by religious organizations, and 3% managed by non-governmental organizations (NGOs). 
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Fees are charged by 88.2% of these preschools. In 2018, 578,160 children aged two to five years were 

enrolled in preschools. In Sri Lanka, 55.6 percent of three to five-year-old preschool children are enrolled. 

50.3 percent of those in this age group are boys, while 49.7 percent are girls. Enrollment rates by sector 

show a significant disparity between the urban (67.6 percent), rural (47.5 percent), and estate (43.9 percent) 

sectors. When it comes to Early Childhood Educators, 59.9% of the 28, 449 preschool teachers have passed 

the General Certificate of Education (Advanced Level) Examination. It was observed that 83% of teachers 

have completed a one-year or longer professional training programme whereas  9.5% of current teachers 

are without any formal qualification.  

Although the number of public and private preschools is growing, many lack quality standards and a 

regulatory framework. This is because the majority of preschools are run by for-profit private service 

providers. The government's participation in regulating pre-school education may be improved. (UNICEF 

Discussion Paper, 2018). 

To understand work satisfaction in educators, it is necessary to examine human behavior theories to 

determine what makes individuals happy and dissatisfied in their jobs. Maslow's Hierarchy of Needs 

Theory (Maslow, 1943) is related to human behaviour and proposes that humans have five needs that must 

be met in a specific order. Maslow's hierarchy of needs suggests that basic, physiological needs come first, 

followed by more abstract needs. When it comes to job satisfaction Maslow's hierarchy applies differently. 

For example, people require food and water in order to survive, followed by safety, social recognition, 

respect and approval, and, finally, self-actualization. Educators may believe their basic needs are met, but 

as their needs rise up the hierarchy, their job satisfaction may suffer. 

According to job characteristics theory, the characteristics of a position can be directly related to the 

outcomes of the position. Hackman, Oldham, Janson, and Purdy (1975) compare work to play, arguing that 

successful people regard their jobs as satisfying as they do play. These perspectives translate to high job 

satisfaction because they provide workers with intrinsic satisfaction and motivation to work hard. The 

model has five characteristics: autonomy, task identity, task significance, skill variety, and feedback. These 

characteristics have an effect on the three psychological conditions of experienced meaningfulness, 

experienced responsibility for outcomes, and knowledge of actual results, which in turn stimulate outcomes 

such as job satisfaction (Hackman et al., 1975). The three psychological factors cause someone to feel good 

when they believe their performance was of a high caliber. According to the Job Characteristics Theory, 

there is a domino effect that determines whether a position is satisfied or unsatisfied. Workplace conditions 

don't just refer to the actual workspace; they also take into account the accessibility of resources such as 

tools and equipment as well as the safety of the workplace and relationship with fellow workers 

(Sumanasena et al., 2020). 

2. METHODOLOGY 

The researcher used the survey research design to carry out this study. According to Sekaran and Bougie 

(2016)  the survey design attempts to describe and explain conditions of the present by using many subjects 
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and questionnaires to fully describe a phenomenon. Begi (2009) explains that a survey is used to assess the 

distribution of specific behaviors in a given population. He further explains that the design can be used to 

collect detailed data needed in justifying the current conditions and practices. The current study aims at 

answering the main research question that, what are the possible factors that affect early childhood 

educators’ turnover intention in Sri Lankan context? 

The study setting for the research is western province of Sri Lanka and participants for the survey  were 

drawn from a random sample of teachers located in Western Province early childhood education centers.  

According to the Children and Women's Bureau. There are 2317 registered teachers in the Western 

Province. For the study a sample of 50 preschool teachers contributed and selected based on a convenient 

sampling method representing Colombo, Gampaha and Kalutara Districts.  

This study employs questionnaire instrument as survey strategy , because questionnaire allows researcher 

to examine and explain relationships between constructs and cause and effect relationships .Use of 

questionnaire in this study is justified based on relatively low cost and it’s a  quick and efficient way of 

collecting large amount of information as described by Sekaran, U. and Bougie, R., (2016).Scales for the 

measurement of each item were identified through literature with considerably accepted Cronbach Alfa 

values and adapted slightly to suit the local context. The questionnaire has four sections. First section 

covers the demographic profile of the respondents, section 02 includes questions related to job satisfaction, 

section 03 related to attitudes on the profession and section 04 covers the possible reasons for turnover 

intention. 

Demographic profile included the items of age, gender, district, marital status, educational qualifications, 

A/L stream followed and job related qualification of respondents.  Early childhood educators answered the 

six items on their satisfaction with working conditions. Relationship with coworkers and management, 

work itself, physical facilities, salary and promotion. Respondents rated answers on a five-point scale ( 

1=Strongly Agree , 5=Strongly Disagree). The measurement items were adapted from Work Attitudes 

questionnaire (Baker et al.,2010) 

To capture teachers’ turnover intentions regarding their job and career, we asked what teachers would 

cause teachers to quit the profession. Their responses were evaluated by 7 items indicating possible reasons 

for turnover. These items were adapted from Early Care and Education Workforce Survey (Sandstrom 

,2021) To measure teachers’ attitudes for their job, we asked why they chose to work in the early childhood 

education field and how they feel about the work assigned to them in the Early childhood center.   Teachers 

were evaluated using 6 items with the rating of point scale, 1=Strongly disagree ,5= Strongly agree.  The 

items were adapted from Watt & Richardson, 2008. Data are analyzed descriptively using SPSS version 

23.0. 
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3. RESULTS AND DISCUSSION 

3.1  DEMOGRAPHICS 

Descriptive statistics of the sample reveal early childhood educators' demographics and job 

characteristics which were generally consistent with the findings from the National Census of Early 

Childhood Development Centres in Sri Lanka ,2018. In terms of age group,78% of respondents were 

in-between 40-60 age groups and 22% are in the age group of 30–40 years of age. All teachers in the 

sample were female (100%). 58 % of the respondents were from Kalutara district, 28% from Colombo 

and 9% from Gampaha. With regard to marital status, 64% were unmarried and 36 % were married and 

no divorcees or widows have reported. Within our sample, 50.8% passed GCE A/L and   28.6% sat for 

GCE A/L examination and were not successful in passing all the subjects. 20.6% had only GCE O/L 

qualifications and none reported without O/L qualifications. With regard to the GCE A/L subject 

streams taken, 71% of respondents have followed Art stream, Business Studies 25%, Mathematics & 

Information technology 2% and none from the science stream. 

Teacher diploma has the highest percentage which is 50.6% and 39.8% of the respondents have national 

certificate of competence NVQ level. This illustrates that most of the respondents have reasonable 

knowledge in preschool teaching. Further, respondents with national certificate of competency & NVQ 

level 5 certificates 8.4% & 1.2% respectively. (Figure 01) 

 

Figure 01: Professional courses followed in preschool teaching  

3.2 TEACHER ATTITUDES WITH RESPECT TO PROFESSION 

The outcome of attitudes of respondents with respect to profession was evaluated by why respondents 

attended an early childhood education programme in the first place and selection of early educator as 

a career option which is depicted in Figure 02. It is highlighted that respondents attended a preschool 

study programme in order to start their own preschool (55.2%), and 32.8% of respondents stated that 

they wanted to work in the public sector. Furthermore, 25.9% said they wanted to work in a preschool, 

and 17.2% said they wanted to travel abroad. Only 1.7% respondents mentioned the need to care for 

the children. With regard to the question why respondents chose early childhood education as a career 

option reveals that 69% of respondents wish to work in preschool as a job while 43.1% of respondents 

wish to do preschool teaching as a social service. On the other hand, 12.1% of them chose this sector 
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as self-employment and 8.6% were chosen as a business. Therefore, the majority of respondents 

selected early childhood education simply as a job.  

 

 

 

 

 

Figure 02: Reason for attending early childhood programme 

3.3 SATISFACTION ON WORKPLACE CONDITIONS  
The survey asked Preschool educator’s satisfaction on workplace conditions was evaluated with five-

point scale (1=Strongly Disagree , 5=Strongly Agree ), which analyzed descriptively ( Table 1) 

Table 1: Preschool educator’s satisfaction on workplace conditions 

 Statements N Min Max Mean SD 

 I like work assigned to me 50 3 5 4.02 .654 

 I can rely on supervisors and coworkers 
for help 

50 2 5 3.38 1.086 

 There are enough teaching staff available 50 1 4 2.58 .950 

 I feel the work I do is appreciated 50 2 5 3.18 .896 

 I feel like I am working too hard 50 3 5 4.12 .594 

I’m happy with the salary and other 
benefits I   receive 

50 2 4 2.36 .776 

 I have sound promotional path 50 2 4 2.10 .416 

 Centre environment has sufficient 
facilities 

50 1 4 2.02 .869 

Note. 5 strongly agree, 4 agree, 3 neutral, 2 disagree, 1 strongly disagree 

According to Pimentel (2010), the five-point Likert scale is considered an interval scale. The mean is 

very significant. From 1 to 1.8, it means strongly disagree. From 1.81 to 2.60, it means disagree. From 

2.61 to 3.40, it means neutral; from 3.41 to 4.20, it means agree; from 4.21 to 5, it means strongly agree.  

In the first statement, the mean is 4.02. Hence, it means that the majority of participants are in 

agreement with the satisfaction of work assigned to them. The mean of second statement is 3.38, which 

denoted respondents are neutral to the support and collaboration they receive from supervisors and 

coworkers. The third statement is about availability of sufficient staff, the majority of respondents were 

not satisfied (Mean=2.58). Majority of respondents remained neutral on the appreciation they receive 
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from supervisor or management (Mean=3.18). Many respondents (Mean=4.12) agree that they work 

too hard. Perceptions on Salary and benefits, promotional path received very low satisfaction mean 

=2.36 and 2.10 respectively denoted many respondents were not happy about the salary, benefits and 

promotional avenues. The sufficiency of physical facilities at the workplace too received a lower rating 

as seen in the mean of 2.02. 

3.5 TURNOVER INTENTION  
Table 2: Factors that would cause leaving the job/ turnover intention 

 Statements  N Min Max Mean SD 

 Inadequate salary 50 4.00 5.00 4.6600 .47852 

 Working environment is 

not conducive 

50 3.00 5.00 4.4000 .69985 

 Lack of sufficient physical 

material to work 

50 2.00 4.00 3.2000 .85714 

 Lack of mental freedom 50 3.00 5.00 4.2000 .83299 

 Difficulty in engaging in 
frequent practical 
activities with children 

50 3.00 4.00 3.3000 .46291 

 Lack of appreciation and 
support from Management 

50 3.00 5.00 3.8400 .58414 

Lack of Job recognition 
and lack of career progress 

49 4.00 5.00 4.4082 .49659 

As per the survey results, inadequate salary is considered as the major factor affecting turnover intention 

of the respondents in the sample with the mean of 4.6 indicating “Strongly Agree” (Pimentel 2010). Not 

conducive work environment also identified as a strongly agreed factor (mean = 4.4)  for possible turnover 

of early childhood educators. “Lack of sufficient physical material to work” and “Difficulty in engaging in 

frequent practical activities with children” are considered as “Neutral” factors with the mean of 3.2 and 3.8 

respectively. Lack of “mental freedom” and “Lack of Job recognition & career progress” are also 

considered as major factors affecting turnover intention with mean =4.2 and 4.4 indicating strong 

agreement by the respondents. 

4. CONCLUSION(S)/ IMPLICATIONS/ RECOMMENDATIONS & LIMITATIONS 

Based on the findings of the study it can be concluded that, childhood educators demographics and job 

characteristics were generally consistent with the findings from the National Census of Early Childhood 

Development Centers in Sri Lanka ,2018. Majority of respondents have GCE A/L qualifications and 

Diploma qualification in preschool education. When considering the GCE A/L subject stream, the majority 

(71%) have followed Art stream subjects and none with science stream subjects. The respondents’ 

perception on profession indicated 55.2% attended a pre-school study programme to start their own school. 

Only 1.7% respondents mentioned the need to care for their children and many chose early childhood 

education as a career option mainly as a job. (69%) Preschool educator’s satisfaction on workplace 



Towards a Resilient Future – Opportunities and Innovations 

286 
International Research Symposium – 2022   University of Vocational Technology 
 

conditions revealed low satisfaction on salary received, promotional path, staff and facilities available. 

Inadequate salary is considered as the major factor affecting turnover intention of the respondents in the 

sample with the mean of 4.6 indicating “Strongly Agree “Lack of mental freedom and Lack of Job 

recognition & career progress also considered as major factors affecting turnover intention with mean =4.2 

and 4.4 indicating strong agreement by the respondents. 

Future research using a larger sample size to examine actual turnover behaviour can help confirm whether 

these teachers' inclinations translate into their actual decisions. Furthermore, further research into specific 

working conditions and coping mechanisms may shed light on the dynamics of their relationship with early 

childhood education teacher turnover. 

REFERENCES 
Barnett, W.S. and Yarosz, D.J., (2007). Who Goes to Preschool and Why Does It Matter? Preschool Policy Brief. 
Issue 15. National Institute for Early Education Research. 
Begi, N., (2009). Research, monitoring and evaluation made simple: A Guide Book. Nairobi: Blesmo Research and 
Publications. 
Brien, M., Hass, C. and Savoie, A., (2012). Psychological health as a mediator between need satisfaction at work and 
teachers' self-perceptions of performance. Canadian Journal of Behavioural Science/Revue canadienne des sciences 
du comportement, 44(4), p.288. 
Craig, C.J., (2017). International teacher attrition: multiperspective views. Teachers and Teaching, 23(8), pp.859-862. 
Geiger, T. and Pivovarova, M., (2018). The effects of working conditions on teacher retention. Teachers and 
Teaching, 24(6), pp.604-625 
Grant, A.A., Jeon, L. and Buettner, C.K., (2019). Relating early childhood teachers’ working conditions and well-
being to their turnover intentions. Educational Psychology, 39(3), pp.294-312. 
Geiger, T. and Pivovarova, M., (2018). The effects of working conditions on teacher retention. Teachers and 
Teaching, 24(6), pp.604-625. 
Hackman, J.R. and Oldham, G.R., (1975). Development of the job diagnostic survey. Journal of Applied 
psychology, 60(2), p.159. 
Mérida-López, S., Sánchez-Gómez, M. and Extremera, N., 2020. Leaving the teaching profession: Examining the 
role of social support, engagement and emotional intelligence in teachers’ intentions to quit. Psychosocial 
Intervention, 29(3), pp.141-151. 
Markowitz, A.J., Bassok, D. and Hamre, B., (2018). Leveraging developmental insights to improve early childhood 
education. Child Development Perspectives, 12(2), pp.87-92. 
Mérida-López, S., Sánchez-Gómez, M. and Extremera, N., (2020). Leaving the teaching profession: Examining the 
role of social support, engagement and emotional intelligence in teachers’ intentions to quit. Psychosocial 
Intervention, 29(3), pp.141-151. 
Maslow, A.H., (1943). Preface to motivation theory. Psychosomatic medicine. 
Sri Lanka, Ministry of Women and Child Affairs, National Census of Early Childhood Development 
Pimentel, J. (2010). A note on the usage of Likert scaling for research data analysis. (18). pp.109-112. 
Sri Lanka, Ministry of Women and Child Affairs, National Census of Early Childhood Development Centres in Sri 
Lanka 2016 (Colombo, 2018) 
Sumanasena, M. L. H., Nawastheen, F. M. & Jayawardena, P. R., (2020). Job satisfaction of teachers working in the 
most difficult schools, with special reference to Puttalam Education Zone, Sri Lanka. Sri Lanka Journal of Social 
Sciences, 43(1), pp. 39-52. 
Sri Lankan National Policy on Preschool Education (2018). Retrieved from http://nec.gov.lk/wp-
content/uploads/2019/11/PreSchoolPolicy_EN.pdf 
Sekaran, U. and Bougie, R., (2016). Research methods for business: A skill building approach. john wiley & sons. 
United Nations Children’s Fund, “Required Investments to Deliver High Quality Early Childhood Education (ECE) 
in Sri Lanka”, discussion paper presented at the ‘Building Brains, Building Futures’ - Sri Lanka Early Childhood 
Development High-Level Meeting, July 2018. 
UNICEF Annual Report 2017. (2022). Retrieved 8 August 2022, from https://www.unicef.org/reports/unicef-annual-
report-2017  

http://nec.gov.lk/wp-content/uploads/2019/11/PreSchoolPolicy_EN.pdf
http://nec.gov.lk/wp-content/uploads/2019/11/PreSchoolPolicy_EN.pdf
https://www.unicef.org/reports/unicef-annual-report-2017
https://www.unicef.org/reports/unicef-annual-report-2017


Towards a Resilient Future – Opportunities and Innovations 

287 
International Research Symposium – 2022   University of Vocational Technology 
 

 
 
 
 
 
 
 

RESILIENCE THROUGH INNOVATIONS IN LANGUAGE STUDIES 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Towards a Resilient Future – Opportunities and Innovations 

288 
International Research Symposium – 2022   University of Vocational Technology 
 

AN ANALYSIS OF ATTITUDES OF TEACHERS OF ENGLISH ON COMPETENCY-
BASED CURRICULUM 

J.C. Vidanapathirana, L.W. S. Kularatne 

1Department of Language Studies, University of Vocational Technology, Sri Lanka 

ABSTRACT 

Competency Based Curriculum (CBC) has been used in school education worldwide. It was 
introduced to Sri Lanka in two phases. This descriptive survey analyzes the attitudes of secondary 
school teachers of English on curriculum in Deniyaya Education Zone. The objectives are to find 
out whether the teachers are familiar with the competencies, these competencies are achievable 
through the prevailing syllabuses, to examine the attitudes of teachers and to identify other options 
instead of competency- based syllabus. 25 participants were used in three education divisions of 
Pasgoda, Morawaka and Kotapola. Semi structured interviews and a questionnaire were used to 
collect data. The data were analyzed both quantitatively and qualitatively. It was found that the 
teachers do not follow the curriculum irrespective of their awareness on the basic concepts. In the 
textbooks, focus was given to improve reading skill rather than other skills. It is recommended to 
introduce teacher training programs together with the curriculum developers without using the 
cascade model. It must introduce a series of simple to complex textbooks and to design new 
supplementary materials to change the current evaluation process by including eight competencies. 
An awareness program for the other stake holders also is recommended. 
 
Keywords: Attitude, Competency, Curriculum, ELT teachers, Secondary Education. 

1. INTRODUCTION 

English has become the principal language of the modern world and the second language in many 

countries. With the rapidly growing demand for English language, it is used as the medium of 

communication as well as the medium of instructions. In education sector, there is a growing interest in 

the concept of “Competency-Based Education (CBE)”. CBE approach permits students to improve 

based on their ability to master a skill on their own way in any environment. This method is designed 

to meet different learning abilities and can produce more efficient learners.  

Most of the earlier research on this have pointed out that teachers have negative ideas about CBC. Those 

revealed that teachers have taken it as an extra burden on them. They also highlighted that; teachers do 

not use CBC effectively in the classroom. With the introduction of the second phase of competency-

based syllabus textbooks and Teachers’ Instructional Manual (TIM) were introduced with the same 

content in a particular order and teachers are allowed to use a suitable methods and approaches when 

teaching. (Nawastheen, 2019). As the researchers noticed, the issue on attitudes regarding CBC is still 

there and the findings of the earlier research are applicable to the present also. Therefore, it was worth 

to have a new consideration on this focusing on teachers of English. Hence, the researcher was 

conducted this research with the aim of achieving the following set objectives. 

i. To find out whether the teachers of English are familiar with the competencies. 

ii. To find out that whether these competencies are achievable through the prevailing syllabuses. 
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iii. To examine the attitudes of teachers of English on competency-based curriculum. 

iv. To identify another option that can be used instead of competency- based syllabus. 

The researcher aims at examining the attitudes, feelings as well as to find the challenges face by teachers 

of English in Deniyaya Education Zone in the process of teaching and learning as far as the CBC is 

concerned. 

1.1 BACKGROUND STUDY/ REVIEW OF LITERATURE 

CBC appeared for the first time in 1970’s in United States of America. Subsequently, it extended to 

other countries. The need of this curriculum was firstly seen in the field of adult education. The change 

from content-oriented curriculum to competency-oriented curriculum was seen as a solution for the 

above-mentioned need and to the innovation of education system. (Komba & Mwandanji, 2015; 

Richard & Rogers, 2014; Wong, 2008) 

By the end of the 1980’s, Competency- Based Language Teaching (CBLT) was accepted as the “state-

of-the art” approach to English as Second Language (ESL) by national policymakers and leaders in 

curriculum development in United States. (Joel, 2017)  

Hence, Sri Lanka also identified the need of a change in the curricular of the education to meet the 

global needs. A study regarding educational and curriculum changes in Sri Lanka reveals that, a new 

CBC was introduced in several stages and firstly it was introduced in 2007 focusing on the secondary 

school curriculum replacing the existed CBE as a continuation of the previous curriculum reforms of 

1998. It also points out that the aim of this implementation was to eliminate the previous methods of 

teaching and give a chance for teachers to become more active and creative in the classroom and prepare 

students to face the challenges of 21st century by giving them a chance to develop all the 4 skills. 

(Reading, Writing, Speaking, Listening) It was an eight-year curriculum cycle. TIM was introduced for 

teachers with instructions about various competencies and competency levels. The lessons were based 

on a model called E5. A set of textbooks and workbooks were designed and introduced for students to 

practice the language. The second phase of this syllabus was introduced to the system in 2015. 

Identifying the difficulty in planning lessons according to E5 model, 3P model was introduced as a new 

instructional approach. The syllabus from grade 6 to 11 consists of 8 competencies and 72 competency 

levels. (Nawastheen, 2019) 

With this change, most of the teachers criticized it saying that this has put an extra burden on them and 

according to earlier research, attitudinal change is needed. In a journal it has mentioned that, teachers 

should give more attention to develop student competencies through “exploration” by students. 

(Nawastheen, 2019) Also in another research it clearly said that most of the teachers neither use E5 

model nor 3P model and those who write are at the initial stage. As this method gives more freedom for 

teachers to be creative in the classroom than earlier, students also get a chance to be active. (Nawastheen 

et al., 2021) The teaching methodologies recommended are learner- centered. These include activity 

learning (individual/pair/group), educational visits (visits to various relevant institutions and 

organizations), role-play, debate, demonstration, question and answer technique and teacher exposition. 
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(Komba & Mwandanji, 2015) Anyhow, this curriculum change had failed due to the lack of supports 

from the stakeholders especially from school level. (Nawastheen, 2021) Therefore, this proves that still 

teachers are not ready to get rid of content based traditional method due to vague understanding on 

CBC. It was mentioned in research that, English teachers needed proper training which should coincide 

with the current theoretical, empirical, and pedagogical views of SLA. (Samaranayake, 2016) Also, still 

there is a lack of trained teachers to address the needs of the present learners. (Aloysius, 2015) 

Further, “English Pupils Textbook series introduced by the Department of Educational Publications 

(DEP) under the directives of the National Institute of Education (NIE) in Sri Lanka highly focus on 

reading, writing, and grammar while listening and speaking skills are slightly tackled and some 

speaking activities are intended for writing rather than speaking.” (Samaranayake, 2016) This shows 

that still there are some issues with related to the content and the structure of the textbooks. 

Moreover, the studies revealed that this existing curriculum had not been able to fulfil the students’ or 

social expectations due to heavy academic workload, exam-oriented nature, and lack of relevance in 

addressing the global needs of the changing world. (Nawastheen et al., 2014) This clearly shows that 

there are issues with this CBC and teachers also have some issues in changing themselves in accordance 

with the novelties of the curriculum.  

According to the findings of a research it clearly stated that, “teachers have undergone several training 

programs offered by institutes such as the Regional Educational Service Centre (RESC), Zonal 

Educational Office, and Ministry of Education, where they were not exposed to any research as means 

of improving quality of teaching and learning English in Sri Lankan school system. Through all 

programs, the knowledge of 'outside experts’ has been disseminated.” (Gunawardana et al.) This 

suggested to make teachers to be involve with research as a remedy to overcome the issues with their 

professionalism and the quality of the education. In contrast to that it is recommended to organize 

regular training for in-service teachers to enable them to acquire up-to-date teaching skills as required 

by the changes introduced in the school curricula. (Komba & Mwandanji,2015) 

As alternatives, suggested to introduce new higher education software by cooperating technology with 

education. (Leuba, 2019) Moreover, as a support for this showed the importance of using blended 

learning as it can be introduced to improve the quality of education by breaking the monotony in the 

education. (Liyanagunawardena et al.,2014) As the same, the findings also added a new outlook on this 

issue. 

 

2. METHODOLOGY 

The research was conducted according to descriptive survey design using mixed method. Quantitative 

method was used to gather more reliable data as researcher wants to analyze the findings statistically. 

The study was conducted covering Deniyaya Education Zone which is one of the Education Zones 

located in Matara District. This study obtained its information from the three educational divisions 
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named Morawaka, Pasgoda and Kotapola in Deniyaya education zone. The researcher chose this area 

due to the possibility of access. 

The target population of the study consists of 160 teachers of English in Deniyaya education zone. 

(Teacher census report of Deniyaya Education Zone, 2018) The population was selected based on the 

study area as this basically consider upon the attitudes of English Language Teaching (ELT) teachers 

on CBE. 

Sample of 25 people were selected including 23 teachers of English and 2 In-Service Advisors (ISA) 

covering all the three divisions of Deniyaya Education Zone, since it is not feasible and not productive 

to involve the entire population for data collection. 

The method of snowball and purposive sampling was used to develop the sample of the research. For 

that researcher selected 8, 7 and 8 ELT teachers respectively from Morawaka, Kotapola and Pasgoda 

and 2 ISAs from Deniyaya Education Zone.  

The researcher collected primary data by sending a questionnaire via online to three ELT teachers 

covering all the three divisions who teach in different types of schools in Deniyaya education zone. A 

Questionnaire with 25 questions was prepared to collect information towards the satisfaction of research 

objectives. It consisted of both close-ended and open-ended questions and those questions are formed 

according to the five-point Likert scale (Strongly disagree, Disagree, neither agree nor disagree, Agree, 

strongly agree) and Dichotomous Scale type of Likert scale (Yes, No). Data were collected under three 

sections: demographic details, experience and approaches and the use of competency-based curriculum. 

The researcher asked those three teachers to send the questionnaire to another four ELT teachers using 

snowball sampling method due to the difficulties in finding contact information of others. At the end 

researcher was able to receive 15 responses covering the three divisions out of 23 (5 from Morawaka, 

5 from Kotapola and 5 from Pasgoda). The sample of teachers were different in age, experiences, and 

gender. 

Further, with the purpose of collecting the rest of primary data the researcher conducted semi-structured 

interviews over the phone with 8 teachers of English, selecting 3, 3 and 2 from Pasgoda, Morawaka and 

Kotapola respectively. Also, with 1 ISA from Deniyaya Zonal Education Office using purposive 

sampling method. These interviews were done using similar and the same questions used in the 

questionnaire as researcher’s target was to obtain responses which helps in achieving the set objectives 

of the research. 

Researcher divided the whole sample into two groups with the purpose of receiving more reliable details 

and suggestions on CBC. Because researcher had a doubt in receiving unreliable data through 

questionnaire as it gives more freedom and due to the inability of identifying the expressions, and clarity 

of what they wanted to say. The main advantage of personal interviews is that they involve personal 

and direct contact between interviewers and interviewees. Moreover, it helps to eliminate nonresponse 

rates. All the secondary data were collected by referring relevant articles and papers from the websites. 
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The quantitative data which were gathered through the questionnaire were analyzed using MS excel 

and critical comments to come to certain judgments. All the qualitative data gathered via semi-

structured interviews were analyzed using thematic analysis. The data collected through both 

instruments were put into themes and bar charts and further analyzed and interpreted to obtain final 

findings of the survey.  

3. RESULTS AND DISCUSSION 

The theme, familiarity of teachers of English on competency based English curriculum was set to 

achieve the first objective of the study.     

                                                

Figure 1: Familiarity on CBC 

So, the above findings depicts that all the participants had a basic idea about CBC. But in the interviews, 

they mentioned that their major concern was to complete the textbook and workbook without referring 

to the curriculum or the recommended competency-based syllabi as most of the time administration and 

parents force them to complete the textbook at the end of the year.  

                                                 

Figure 2: Writing Lesson Plans Using 3P/5E Models 

The above pie chart clearly shows that even though it has been several years of introducing the CBC 

majority of teachers were not writing lesson plans according to competencies and competency levels. 

Some of the teachers has taken it as an extra burden mentioning it has created a big workload on the 

teachers in the process of teaching and learning.  

Yes No

39%

61%

Yes No
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Figure 3: Training on CBC 

Apart from that, the above results of the questionnaire depicts that many teachers did not receive any 

training on CBC and some were unable to attend in trainings due to personal issues. Hence, majority of 

them were not confident in teaching competency-based curriculum. 

To achieve the second objective of the study the researcher analyzed the data on the theme, achievability 

of competencies. According to majority of the teachers, vocabulary, pronunciation, grammar, speaking, 

listening, and writing activities are insufficient when compared to reading activities. Teachers claimed 

that it was difficult to teach and use the given vocabulary at the same time with different level of 

learners. This is clearly depicted in the Table 1. 
Table 1: Analysis of Responds Received for Questionnaire on Achievability of Competencies 

# Question Scale Percentage 

1 The new competency levels are 

appropriate to improve the reading skills 

of the students. 

Strongly agree 6.6 

Agree 80 

Neither agree nor disagree 6.6 

Disagree 6.6 

Strongly disagree 0 

2 The new competency levels have 

achievable goals to provide writing task 

to the learner individually. 

Strongly agree 6.6 

Agree 53.3 

Neither agree nor disagree 0 

Disagree 40 

Strongly disagree 0 

3 The vocabulary load focus from the new 

competency levels is adequate to the 

learner’s level. 

Strongly agree 0 

Agree 33.3 

Neither agree nor disagree 26.6 

Disagree 40 

Strongly disagree 0 

4 Grammar points are recycled through the 

competency levels. 

Strongly agree 0 

Agree 46.6 

Neither agree nor disagree 20 

Disagree 26.6 

48%52%

Yes No
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Strongly disagree 6.6 

5 The competency levels include oral 
activities to develop the communication 
which is relevant to the students’ levels. 

Strongly agree 0 

Agree 46.6 

Neither agree nor disagree 20 

Disagree 26.6 

Strongly disagree 6.6 

6 The competency levels are appropriate to 

improve the listening skills with well-

defined objectives. 

Strongly agree 0 

Agree 66.6 

Neither agree nor disagree 13.3 

Disagree 20 

Strongly disagree 0 

7 There are sufficient competency levels to 

teach pronunciation to the students. 

Strongly agree 0 

Agree 33.3 

Neither agree nor disagree 6.6 

Disagree 60 

Strongly disagree 0 

 

In interviews, they mentioned that though there are oral activities they did not focus more on those as 

it was not evaluating in the exams and did not pay much attention on listening activities as well due to 

some impracticalities such as noise, distractions, large number of students in a class etc. Also, some 

teachers accepted some difficulties faced by them in using proper pronunciation which sometimes a 

great barrier in teaching. Some claimed on the fact that the activities in the textbooks are repeated in 

the workbook and highlighted it as a reason for the boredom of students. 

Attitudes of teachers of English was the third theme used to achieve the third objective of the study.  

                                                          
Figure 4: Suitability of CBC 

According to the above pie chart teachers had a passive idea on CBC where they highlighted its 

unsuitability for Sri Lanka as still the responsible authorities did not introduce any new evaluation 

process to evaluate all the competencies by changing the existing system. Majority believed CBC is not 

challenging enough as visualized in the following graph. 
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Figure 5: Challenge of CBC 

 According to teachers of English in Deniyaya Education Zone, CBC is not sufficient to develop the 

language skills of all types of learners in the classroom. 

                                                         
Figure 6: Sufficiency of CBC in Developing Language Skills 

Anyhow, most of the teachers had the attitude of improving themselves on this as they interested to be 

trained. 

Options that can be used to replace competency-based curriculum was the last theme of the study which 

depicts the findings of the last objective of the study. The sample came up with another option to replace 

CBC while providing some ideas to develop it. Teachers liked to have more training sessions related to 

the competency-based curriculum and to use more creative approaches in teaching. Further, suggested 

to use practical approaching methods in learning-teaching process while using activity-based 

curriculum instead of competency-based curriculum. Most of the teachers preferred to have proper 

evaluation method at the examinations to evaluate all the competencies and the ISA suggested to do 

awareness programs for students, parents, and principals on the process of CBC. 

4. CONCLUSIONS & RECOMMENDATIONS 
Sri Lanka as a country with free education, has more than 92% of literacy due to the gradual changes 

of the curricula in the field of education in Sri Lanka. By conducting this research, the researcher was 

able to find that though the teachers were familiar on CBC still shows reluctancy in following its 

concepts practically. Next, competencies were not achievable as CBC based textbooks highlighted more 
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on improving reading skill rather than other skills. Then, ELT teachers had a passive attitude on CBC 

as they emphasized the unsuitability of it to Sri Lankan context. Finally, some teachers suggested to use 

activity-based curriculum with practical approaching methods instead of CBC while some suggested to 

develop CBC.  

Based on the above findings the researcher recommended to have more awareness programs without 

using cascade model or to have curriculum developers and more competent resource people to conduct 

sessions in training the easiest ways of making lesson plans or to introduce new lesson planning 

approach, to remove or revise the textbooks setting the activities to cover-up all the skills in a balanced 

way as suitable to the learners with different knowledge levels and to change the evaluation process by 

including criteria in evaluating 8 competencies, to identify flexible ways of developing CBC among 

different levels of learners by identifying the geographical context and balancing the facilities among 

schools, to implement new practical method of learning rather than following textbooks by making 

aware parents, principals, and students as English is a language. Therefore, this study will be a help for 

the curriculum implementers in Deniyaya Education Zone to focus on awareness programs of teachers 

of English on competency-based curriculum. In addition to that to think of the possibilities to change 

the evaluation process of learners when conducting term tests and other examinations related to English 

language. The proposed recommendations will be a help for teachers, parents, principals, learners, and 

other responsible parties to achieve the goal of learning within this education zone. Furthermore, all the 

decision makers and the responsible bureaucrats in Deniyaya Education Zone, related to the field of 

education will be benefited by this in the future.  

There were few limitations as time and the pandemic situation of the country was a big restriction in 

conducting the survey. Also, the busy schedules of respondents were also a barrier in collecting 

information. Due to that only 1ISA could contact in collecting details. The study was limited in terms 

of its area and subject. The sample size was limited to 25, due to the difficulties in accessing the samples 

in Island wide. Also, the data given by the sample would not be highly reliable as this study builds up 

considering on personal attitudes. 
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Abstract 

Bachelor of Education in English Language Teaching degree is offered by the University of 
Vocational Technology since 2012.Although several batches have passed out no literature is 
available on the impact of the degree on the personal and professional lives of the graduates. 
Therefore, this study attempts to fill that gap. A randomly selected sample of 50 graduates   were 
selected for data collection. The respondents were contacted over the phone, through social media 
and an online questionnaire was administrated to collect data. Thirty-three responded. According 
to the respondents the employers have given due recognition for the degree and that has enabled 
them to secure promotions as well as change the career for better prospects.  Further this has 
opened avenues for them to obtain post graduate qualifications from local and foreign universities. 
Therefore, it can be concluded that the degree has a positive impact on the personal and 
professional lives of these mid-career teachers. 
 

         Keywords: English Language Teaching, English as a Second Language, mid-career. 

1.  Introduction 

English is taught as second language in the education system of Sri Lanka. Formal English Language 

teaching for the students starts at grade three in the government schools. However, students are 

introduced to English vocabulary through Activity Based Oral English (ABOE) program from year one 

in the school. English medium instruction was introduced to national schools from the year 

2007.Manjority of the tertiary education programmes  at diploma and higher level are conducted in 

English medium. To deliver English as a second language in schools, teachers are developed through 

the Colleges of Education system of Ministry of Education. Further Sri Lanka Institute of Advanced 

Technological Education (SLIATE) offers Higher National Diploma in English (HNDE) of which 

majority joins to the national schools as Teachers of English.  Formerly,National Institute of Technical 

Education of Sri Lanka and  now University of Vocational Technology (UoVT) also offered National 

Diploma in English Language Teaching targeting to produce English language teachers required by the 

TVET sector. All these teachers   had limited opportunities for obtaining higher education level 

qualifications at degree level and above. They had to be contented with the diploma qualifications that 

they had already earned. This had limited their career progression as well as promotional opportunities. 

Having identified this need, Bachelor of Education in English Language Teaching degree was launched 

by the UoVT  in the year 2011.The first batch of undergraduates   was  enrolled in 2012 which comprised 
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of English as a Second Langue (ESL) teachers serving in state and private sector schools of Sri Lanka. 

Since then, four batches of such teachers have graduated and returned to serve as graduate ESL teachers. 

University of Vocational Technology was established with the aim of providing opportunities of 

achieving higher education qualifications to those in Sri Lanka who have acquired technical and 

vocational education and training qualifications at Diploma level. The University became operational 

from 2009. However, no study has not been undertaken to examine their career progression after 

graduation. Therefore, this study was undertaken as a tracer study to find out career progression of the 

graduates which will reflect the impact of the degree they earned to their personal and professional life. 

Hence, following objectives were formulated to guide the study. 

2.  OBJECTIVES  
i. To assess the impact of Bachelor of Education in English Language Teaching degree on the 

personal and professional development of the graduates. 

ii. To ascertain the perception of the graduates on the usefulness of the Bachelor of Education in 

English Language Teaching degree. 

iii. To examine the level of acceptance of the Bachelor of Education in English Language Teaching 

degree by the employers. 

 

3.  REVIEW OF LITERATURE 
Follow up studies help universities to evaluate the results of the performance of institution-specific 

education and training, and provides information for analysis and evaluation of current and future career 

and employment opportunities of graduates (Boaduo, Mensah & Babizeng 2009).  

It may reveal important facts of positions of graduates, work experience, the nature of the job, income 

level and curriculum (Schomburg, cited in Millington nd). One way for universities to understand 

success of their graduates is that they must undertake postgraduate studies. Burke (2005, 314) argues 

that tracer studies assess the perception of graduates of their learning experience over several years of 

study. It is expected that such study will improve the understanding of the university on student 

preparation and success of Alumni. 
 

3.1 ENGLISH LANGUAGE IN THE GLOBAL CONTEXT 

English is considered as the global language. Learning English raises the status of the individual and 

opportunities in education, technology, global careers and business. In addition, English plays an 

important role as a communication channel (Kannan, 2009). Teaching English has been a major 

problem in countries where English is not their first language. Therefore, learning a second language is 

difficult for L2 learners as they do not use English in real life situations. The Difficulties are encountered 

because they have to learn phrases from textbooks and not in a real-life environment. 
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It is noted that teachers should always look for helpful strategies to reduce learning difficulties in 

teaching English (Long, 1969; Chen, 2007; Nunn, 2011). They have to deal with many challenges and 

often ask questions about the best ways to teach. 

3.2 THE CONTEXT OF SRI LANKA 

Sri Lanka is a multi-ethnic, multi-cultural and multi religious country and people who speak many 

languages live here. English is taught and studied as a second language in the public schools in Sri 

Lanka. Although English was the main medium of instruction in the school system during colonial 

period, since independence it has been taught as a Second language. 

The introduction of the National Language Policy (Constitution of Sri Lanka, 1978) had a significant 

impact on the English language, when Sinhala and Tamil became the national languages of Sri Lanka. 

English remains the local and international link language between and among peoples and countries. 

The government of Sri Lanka has adopted various approaches in teaching English in the education 

system which has changed from time to time.  Communicative approach to teaching English in public 

schools (National Institute of Education, 2001) is one among such approaches. The process of 

teaching English is entirely based on textbooks. There are Teacher’s guides and work books for 

students. Sri Lanka provides training and sets of guidelines for teachers. 

The official language of government and the relationship of Sri Lankans with government functions 

should be carried out in familiar language of the people. Although the provisions on the formation of 

the reforms of 1946 aimed at raising the status of local dialects and reviving their teaching and study, 

the teaching of English was recognized as important in the education system of Sri Lanka; It was 

mandatory for all schools to include the study English in their curriculum (Coperahewa, 2009).  

While medium of education of everyone from pre-school education was to be Sinhala or Tamil, as the 

case may be, native or bilingual (Sinhala/English, Tamil/English) teaching was allowed in junior high 

school, and in high school and options included that medium of instructions in English only 

(Balakrishnar & Thanaraj, 2015). 

However, there was no immediate opportunity to teach English in all schools; most schools did not have 

an English teacher(s), and the quality of English teachers - in particular, their level of English 

proficiency and their knowledge and experience in language teaching pedagogy was much better 

(Balakrishnar and Tanaraj, 2015). 

This meant that it was and it is unlikely that students receiving local primary education, especially those 

attending rural schools with few resources will be able to join English Language Teaching Classes in 

High School (EMI). 

The use of local languages such as medium of instructions in secondary schools to provide effective 

education and with acceptable outcomes has also faced a resource hurdle for the program with teaching 

materials in local languages (Balakrishnar and Tanaraj, 2015).  
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Until this is fixed, a limited number of many public high schools had no choice but to continue the use 

of medium of English, and private fee-paying schools, of course, only offered English medium 

education. Thereby, politics had no direct impact on relative socioeconomic status for users of three 

languages: Sinhalese, Tamil and English. 

Obviously, there are serious problems with teaching English. Whereas there is no obvious shortage of 

teachers, many of them are either low-skilled or unskilled. A 2009 government investigation found 

nearly 21,000 English teachers in primary and secondary schools who have been untrained (Lim, 2013). 

Combined with weaknesses in the program classroom learning itself is characterized by ineffective 

teaching methods from unsuitable materials. 

That many of those in charge of delivery of English language education programs are under-prepared 

as some (e.g., Walisundara and Hettiarachchi, 2016) see (English) teachers as a major barrier to 

achieving policy objectives, but few attempts have been made to remedy the situation (Wijesekera, 

2011/2012).  

Perhaps an inevitable consequence of persistent failure in teaching and learning English is the poor 

English proficiency of many English teachers, and the notion of proficiency is further complicated by 

the fact that the target is Standard British English rather than Standard Sri Lankan English (Mendis and 

Rambukwella, 2010; Mailer, 2015). 

The grammar rules, vocabulary, and writing that students encounter in the curriculum, study materials, 

and exam mode are not very consistent with the English they speak. They do not support improving 

their experience outside the classroom. Along with adding another dimension to questions about teacher 

competence, focusing on British English to meet the obvious need to communicate with English-

speaking foreigners devalues local diversity and reinforces "English" as a guarantor of access to elite 

ranks (Parakrama, 2012). 

However, with liberal market policies and international firms operating in the country and shift towards 

service-based economy, the commercial value of English started to gain and government recommenced 

English medium instructions in selected school from 2007 onwards. 

Further, educational establishments preparing students for overseas examinations also emerged as 

people wanted to give their children English medium education so that they are  are compatible with 

the social economical challenges they have to face in the future and to broaden their horizons. This 

increased the demand for the teachers who are competent in teaching English a sa Second language and 

who could deliver subject matters in the medium of English. 

Hence, many students who have successfully passed G.C.E (A /L) but unable to enter to state 

universities selected to be enrolled in the Colleges of Education of NIE (National Institute of Education) 

or SLIATE (Sri Lanka Institute of Advanced Technological Education) or other establishments to 

pursue study programs in order to become qualified as ESL teachers. However, their careers were 

stagnated due to non-availability of progression from Diploma to Degree. Although University of 
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Vocational Technology has provided this opportunity for such teachers, literature is not available to 

examine the impact of the program. 

 

4.  METHODOLOGY 

The graduates are the best source to identify   the usefulness of the degree to the holders. The recognition 

given by the employers to the degree is reflected by the promotions and other career prospects given to 

the graduates.  Therefore, data was collected from the graduates through a questionnaire aiming to find 

information related to the objectives of the study. The study employed a descriptive survey design. Data 

was collected by a   questionnaire administered online, from the   graduates of the first four batches of 

the B. Ed in ELT degree, who graduated in the years from 2014 to 2017. It was decided to identify the 

impact of the degree on personal and professional development of the graduates by collecting 

information about their career promotions and further studies.  

The questionnaire consisted of 12 closed type questions and one open ended question. The questionnaire 

was pilot tested by administering it to three graduates and modifications to the questionnaire were made 

based on the feedback received, before wider circulation.  The total population was 87 graduates and 

the questionnaire was circulated to a randomly selected sample of 46 graduates. It was administered 

through electronic media due to the context that prevailed in the country.   Thirty-three graduates 

responded which amounts to 72 % of the sample, which a very high response rate in the questionnaire 

survey approach. 

5.    RESULTS AND DISCUSSION 
5.1 PROFILE OF GRADUATE AT THE ENROLLMENT  
There respondents minimum experience in teaching ESL was three months whereas the maximum was 

28years. The age distribution of the respondents ranged from 22 years to 52 years at the enrollment.   

Table 1 illustrates G.C.E. (A/L) subject streams that respondents had followed. 
Table 1: G.C.E. (A/L) Subject Streams of the Respondents 

Stream Percentage  
Arts  21.2% 
Biological Science  51% 
Commerce 18.7% 
Physical Science  9.1% 
Total  100% 

 

Interestingly, 60.1 % of the respondents had studied in the science stream in G.C.E.(A/L) whereas only 

21.2 had studied sin Arts stream where languages are taught at the G.C.E. (A/L). This shows the level 

and the demand for English Language teaching as a career. The majority of the respondents were 

females amounting to 66%. 
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5.2 GRADUATES PERFORMANCE AT GRADUATION 
Majority of the graduates at the enrolment were in their mid-career taking to learning path after lapses 

of many years which is not an easy task. However, a very high percentage of 80.6% had graduated with 

a class and it indicates that they have been fully dedicated and committed for studies at the university 

amidst their family and employment commitment. This is an indication of quality of delivery. 

5.3 IMPACT OF THE DEGREE ON EMPLOYMENT 
Within three months to two years of graduation, a 59.4% of the graduates had received promotions  in 

their employment, whereas 1% had changed their employment from teaching ESL to educational 

administrator with better prospects. 

Table 2: Impact of Degree on Employment 
Question  Strongly 

Disagree 
Disagree Cannot say Agree Strongly 

Agree 
Do you think that the B.Ed. 
ELT degree helped you to 
get a promotion/ change 
employment? 

3.1% (1) 3.1% (1) 21.9% (7) 18.8(%6) 53.1 % (17) 

 
Table 3: Recognition of the Degree by Employers 

Question Cannot 
say 

Not 
recognized 
at all 

Somewhat Recognized Highly 
Recognized 

How was your qualification 
recognized at the workplace 
and other agencies you are   
working with?    

12.1% (4) 0% (0) 9.1 (3) 48.5% (16) 30.3% (10) 

 
Table 2 & 3 illustrate the usefulness of the degree for promotional aspects as well as the recognition 

given by the employers as perceived by the graduates. A 71.9 % of the graduates are of the opinion that 

the degree helped them to get promotions or change the employments for better prospects. Further,78.8 

% of graduates were of the opinion that their employers have given due recognition to the qualification 

although they have earned it at their mid-career from a relatively new university. 

5.4 IMPACT OF THE DEGREE ON FURTHER STUDIES  
Out of the respondents a 36.4 have already completed their postgraduate studies at diploma and master 

level. They had studied in the universities of Colombo, Kelaniya, Peradeniya, Sri Jayewardenepura, 

Sabaragamuwa and Open university of Sri Lanka. Out of the 63.6 graduates those who have not 

completed post graduate studies a 52% are currently pursuing higher studies and one is at University of 

Wales, England.  

 

6.  FINDINGS 

According to 78.8   % of graduates, the respective work places have given due recognition to the degree 

they have earned. Further, the degree has helped 71.9 percent of graduates to obtain promotions or 

change careers for better prospects. A 36.4 % of the respondents have already completed post graduate 
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qualifications in national universities of Sri Lanka. Majority of the respondents who have not completed 

post graduate studies are pursuing studies in local and overseas universities in the relevant field. One 

has left the job and joined the private sector at a higher managerial position. Three respondents have 

got promoted positions and joined higher education institutes in state sector as Lecturers which they 

would not have obtained, if they had not followed the degree. The above discussion illustrates that the 

recognition given to the B.Ed. ELT degree by the state universities, the employers as well as the positive 

impact it had on the professional lives of the graduates. Further, majority of the respondents highlighted 

the importance of extending the degree for four years for which the university has already taken steps. 

However, graduates have raised concerns on the applicability of the content of the teaching 

methodologies in the present context. The respondents are of the view that the degree in general is a 

tough and excellent course which gives a comprehensive coverage of subject matter and the 

competencies required by the ESL teachers. They have felt that the due publicity has not been given to 

the degree by the authorities. Such publicity campaign among stake holders would attract more needy 

ESL teachers to the degree. 

 

7.   CONCLUSIONS  
The guidance, support and the friendly atmosphere created by the university staff during their period of 

study has been highly appreciated by the respondents which had enabled them to complete the studies 

successfully amidst their personal and professional commitments. They highly commended on the 

applicability of the content covered in the degree. Hence, the graduates have a positive perception of 

the degree program. Findings of the study indicate that the degree has a positive impact on their personal 

lives and professional career as the degree has been given due recognition by the respective employers. 
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ABSTRACT 

 
The present study is based on action research to investigate teachers’ attitudes toward using 
authentic materials for teaching and learning English as a Second Language (ESL). The study 
was carried out in Education Division, Bentota. 46 teachers have been selected using a convenient 
sampling method from all four categories of schools such as 1AB, 1C, Type 2, and Type 3 for the 
study. This research is based on primary data gathered using a structured questionnaire and 
interviews. The collected data was analyzed using descriptive-qualitative analysis. The results 
indicated that the knowledge of the utility value of authentic materials of the respondents is very 
less and teaching has been restricted to the textbook and teacher’s guide prescribed by the 
Ministry of Education.  Teachers’ limited knowledge of authentic materials can be identified as 
the main reason for the limited use of authentic materials and their inability to recognize very 
easily available and accessible authentic materials. The findings have been stated that the 
training in using authentic materials will be useful and effective for teachers in providing a better 
understanding of authentic materials and in creating a conducive learning environment so as to 
facilitate a learner-centred approach.  

 
Keywords: Authentic Materials; ESL; Learner Centred; Learning Patterns; Textbook. 

 

1. INTRODUCTION 
The purpose of learning English as a second language is to communicate with ease and to move into 

the realm of the elite.  English is taught in various countries using innumerable methods, which comply 

with their own requirements. In order to achieve the expected fluency, the four skills in a language i.e., 

listening, speaking, reading, and writing have to be mastered. For this process, the innovative use of 

authentic materials is suggested so as to make teaching and learning a more effective and efficient one.   

The term authentic materials or authentic texts refers to any written or spoken texts which are commonly 

not intended to language teaching (Tomlinson, 1998).   Peacock (1997) defines authentic materials as 

materials that have been produced to fulfill some social purposes in the language community while 

Nunan (1999) defines authentic materials as spoken or written language data that has been produced in 

the course of genuine communication and not specifically written for purposes of language teaching. 

Further, Kramsch (1993: 177) points out that authentic refers to everyday language used, it is not 

intended for academic purposes (as cited in Mohammad and Ibrahim, 2019, p.24).  

Many empirical researchers have found out how authentic materials are used effectively in learning 

language skills. Studies such as Guo (2012) and Parmawati and Yugafiati (2017) reveal the use of 

authentic materials in improving the reading skills of learners.  
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Further Sukmawan, Setyowati and Sulukiyyah (2021) reveal the use of authentic materials in improving 

critical reading and writing abilities in English. Rao (2019) reveals the effective use of authentic 

materials in English language classrooms and how they assist in teaching and learning process.  

According to Rogers (1988), “the authentic materials should be qualified in terms of objectives, 

learners’ needs and nature of the meaningful communication” (p. 467). In addition, Dornyei (2003) has 

demonstrated that students’ motivation and, learning achievement are highly influenced by the teachers’ 

attitudes (as cited in Akbari, Razavi, 2016). Therefore eliciting the attitude of teachers in using authentic 

materials is unavoidable before focusing on the effectiveness of using them.  

Hense the aim of the study is to elicit teachers’ attitudes towards using authentic materials in the 

classroom, the intended objectives are as follows.  

1. To elicit teachers’ attitudes on using authentic materials in teaching 

2. To identify why teachers use authentic materials for their teaching 

3. To investigate whether the teachers need training in using authentic materials  

 

1.1 BACKGROUND STUDY  

Education Division, Bentota, is located under Elpititya Zonal Education Office, Southern Provincial 

Ministry of Education, Land and Land Development, Highways, and Information. There are twenty-

one schools located in Bentota Division covering all the fifty Grama Niladhari Divisions in Divisional 

Secretariat, Bentota.  All these schools are under four different varieties of schools 1AB, 1C, Type 2, 

and Type 3 covering 4 schools in 1AB category, 5 schools in 1C category, 6 schools in Type 2 category, 

and 6 schools under Type 3 category. Sinhala is the medium of instruction in twenty schools and Tamil 

is the medium of instruction in one school.  In every school, English has been taught as the learners' 

second language.  51 teachers are included in Education Division, Bentota by the year 2021 and 46 

teachers responded to the questionnaire.  Among them 58.7% of the teachers are government Trained 

Teachers, 21.7% of the respondents have Bachelor’s Degree from government universities, and 19.6% 

of the respondents have diploma from National Colleges of Education. Among the teachers, the 

majority 56.5% of them are 21 years or above. 17.4% of the teachers have 1–5 years of experience in 

teaching.17.4% of the teachers have 11–15 years of experience in teaching. 4.3% of the respondents 

have 16–20 years of experience in teaching and 4.3% of the respondents have 6–10 years of experience 

in teaching.  There are only two schools, conducting literature for the G.C.E.  Ordinary Level and all 

the other schools teach English as the Second Language. None of the schools offer English as the main 

subject at G.C.E.  Advanced Level.  

All the teachers in the Education Division, Bentota use only teacher’s guide prescribed by the Ministry 

of Education as a result the utility value of authentic materials of the respondents is significantly less. 

Their limited knowledge of authentic materials seems to be a reason for their inability to recognize very 

easily available and accessible authentic materials. Therefore the present study is carried out to 
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investigate teachers’ attitudes toward using authentic materials for teaching and learning English as a 

Second Language (ESL). 

 

2. METHODOLOGY 

Quantitative and qualitative data collection was done using two- approaches: a survey and interviews  

2.1. SURVEY  
Quantitative data was gathered using a structured questionnaire. The total population which means 51 

teachers in all four categories of schools in Education Division Bentota was used as the sample of the 

study utilizing the convenience sampling method and responses were received from 46 teachers only. 

A pilot study was conducted to improve the questionnaire and modifications were done based on the 

given feedback. 

2.2. INTERVIEW  
Respondents who filled out the questionnaire were interviewed to gather qualitative data about 

classroom context and methods used in teaching and the reactions of the respondents were recorded. 30 

respondents were interviewed physically and the other 16 respondents were interviewed over the phone. 

 

3. RESULTS AND DISCUSSION  

Education Division, Bentota is heterogeneous due to the teachers’ perceived needs.  They use various 

teaching methods in varying degrees according to the needs of the students and their consent.  

Classrooms are never equipped with technology and most students do not have personal desktops or 

laptops. Sometimes the available equipment is shared among the other siblings at home. 100% of the 

respondents use materials for their classroom teaching. 76.1% of the respondents use materials 

prescribed in the textbook and teacher’s guide by the ministry of education. 84.8% of the respondents 

mentioned that they have a habit of collecting authentic materials. 80.4% of the respondents have stated 

that they use authentic materials in classroom teaching. 

Data gathered through the interview revealed that the respondents did not clearly understand the 

difference between authentic materials and non-authentic materials and the materials prescribed in the 

textbook and teacher’s guide have been understood as authentic materials by the respondents. 

Newspaper articles, magazines, pictures, and brochures that can be used in the classroom context have 

been collected by the respondents as additional resources as they are nominated for activities in the 

textbook and teacher’s guide. 

The results of the study indicate that majority of the respondents perceived an uncertain attitude towards 

using authentic materials in facilitating learning. Many have understood various benefits of using 

authentic materials and at the same time, the respondents have an uncertain attitude towards learners’ 

attitude towards authentic materials where traditional teaching and learning has been the order of the 

day.  
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3.1. ATTTITUDES TOWARDS USING AUTHENTIC MATERIALS 

Table 1: Attitude towards Using Authentic Materials 

Factor  Strongly 

Agree 

Agree No 

opinion 

Disagree Strongly 

Disagree 

Authentic materials avoid students’ 

boringness of learning grammar 

14 

(30.4%) 

32 

(69.6%) 

Nil Nil Nil 

The need for authentic materials to 

improve reading skills of the students 

5 

(10.9%) 

41 

(89.1%) 

Nil Nil Nil 

The assistance of authentic materials for 

the respondents to prepare students for 

real-life situations 

8 

(17.4%) 

32 

(69.6%) 

6 

(13%) 

Nil Nil 

The need for authentic materials to 

improve writing skills of the students 

6 

(13%) 

33 

(71.7%) 

7 

(15.2%) 

Nil Nil 

The need for authentic materials to 

improve listening skills of the students 

8 

(17.4%) 

27 

(58.7%) 

11 

(23.9%) 

Nil Nil 

Respondents motivate students to use 

authentic material 

5 

(10.9%) 

30 

(65.2%) 

11 

(23.9%) 

Nil Nil 

The need for authentic materials to 

improve speaking skills of the students 

6 

(13%) 

28 

(60.9%) 

12 

(26.1%) 

Nil Nil 

Students’ interest in using authentic 

materials than textbooks 

3 

(6.5%) 

31 

(67.4%) 

9 

(19.6%) 

3 

(6.5%) 

Nil 

Authentic materials suppot creating more 

creative approach in teaching 

10 

(21.7%) 

24 

(52.2%) 

12 

(26.1%) 

Nil Nil 

Authentic materials provide motivation 

for the respondents to prepare more, 

outside the classroom 

8 

(17.4%) 

25 

(54.3%) 

8 

(17.4%) 

5 

(10.9%) 

Nil 

Authentic materials help learners to 

improve their vocabulary 

7 

(15.2%) 

23 

(50%) 

16 

(34.8%) 

Nil Nil 

Authentic materials increase knowledge of 

vocabulary items, needed in respondents’ 

real-life situations 

7 

(15.2%) 

22 

(47.8%) 

11 

(23.9%) 

6 

(13%) 

Nil 

Authentic materials create opportunities 

for interaction 

10 

(21.7%) 

17 

(37%) 

10 

(21.7%) 

9 

(19.6%) 

Nil 

Authentic materials help to develop 

respondents’ writing styles more than 

textbooks 

7 

(15.2%) 

17 

(37%) 

22 

(47.8%) 

Nil Nil 

The effectiveness of using authentic 

materials in improving students’ 

proficiency more than textbooks 

8 

(17.4%) 

14 

(30.4%) 

22 

(47.8%) 

2 

(4.3%) 

Nil 

 

 

Real language use in authentic materials 9 

(19.6%) 

11 

(23.9%) 

26 

(56.5%) 

Nil Nil 
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The assistance of using authentic 

materials to deliver the respondents’ 

lessons effectively 

7 

(15.2%) 

12 

(26.1%) 

23 

(50%) 

4 

(8.7%) 

Nil 

Authentic materials encountered with the 

syllabus 

4 

(8.7%) 

12 

(26.1%) 

20 

(43.5%) 

6 

(13%) 

4 

(8.7%) 

Students are more comfortable in using 

authentic materials than non-authentic 

materials 

Nil 9 

(19.6%) 

28 

(60.9%) 

9 

(19.6%) 

Nil 

Traditional materials do not provide any 

room to use authentic materials as a part 

of its content 

Nil 6 

(13%) 

33 

(71.7%) 

3 

(6.5%) 

4 

(8.7%) 

 

The above table indicates the attitude of the respondents towards authentic materials. 100% of the 

respondents agree that authentic materials avoid students’ boringness of learning grammar and they feel 

authentic materials are needed for improving the reading skills of the students. 87% of the respondents 

feel that authentic materials are needed to prepare students for real-life situations. 84.7% of the 

respondents feel authentic materials are needed to improve the writing skills of the students. 76.1% of 

the respondents feel authentic materials are needed for improving the listening skills of the students. 

76.1% of the respondents motivate students to use authentic materials. 73.9% of the respondents feel 

authentic materials are needed for the speaking skills of the students. 73.9% of the respondents believe 

students are more interested in using authentic materials than textbooks. 73.9% of the respondents feel 

authentic materials support creating a more creative approach to teaching. 71.7% of the respondents 

believe authentic materials are a motivation for the respondents to prepare more, outside the classroom. 

65.2% of the respondents feel authentic materials help to improve their vocabulary. 63% of the 

respondents feel authentic materials increase knowledge of vocabulary items needed in respondents’ 

real-life situations. 58.7% of the respondents believe authentic materials create opportunities for 

interaction. 52.2% of the respondents feel authentic materials help to develop respondents writing 

styles. When considering all the responses, majority of the respondents have a positive attitude towards 

using authentic materials in the classroom context. At the same time, some uncertain attitudes towards 

authentic materials can be identified in their responses. 

Meanwhile, 52.1% of the respondents disagreed with the effectiveness of authentic materials in 

improving students’ proficiency more than textbooks. 56.5% of the respondents disagreed with the 

factor that authentic materials consist of real language. 58.7% of the respondents disagreed with the 

assistance of using authentic materials to deliver the respondents’ lessons effectively. 65.2% of the 

respondents disagreed with the factor authentic materials encounter with the syllabus. 80.5% of the 

respondents feel students will not be more comfortable using authentic materials than non-authentic 

materials. 86.9% of the respondents feel traditional materials do not provide any room to use authentic 

materials as a part of their content. When considering the information, even though the majority of the 
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respondents have a positive attitude towards authentic materials, respondents who bear a negative 

attitude towards authentic materials cannot be ignored because the number of respondents can be 

regarded as a major populace in influencing and changing the attitudes of many. Limited understanding 

on authentic materials seems to be the main reason for these misconceptions. 

3.2. REASONS FOR USING AUTHENTIC MATERIALS  
Table 2: Reasons for Using Authentic Materials for Teaching 

Statement No.  of respondents % 

Relevance 28 (60.9%) 

Intrinsic  18 (39.1%) 

Quality 12 (26.1%) 

Linguistic demand 9 (19.6%) 

Cognitive demands 5 (10.9%) 

Explicability  Nil Nil 

Cultural appropriateness Nil Nil 

Interest of the topic/ theme Nil Nil 

Logistical considerations 

(length, legibility/audibility) 

Nil Nil 

The above table indicates the reasons for using authentic materials in teaching. Among them, 60.9% of 

the respondents use authentic materials in classroom teaching as they feel authentic materials are 

relevant for classroom teaching. 39.1% of the respondents stated that they feel authentic materials are 

intrinsic. 26.1% of the respondents stated that they use authentic materials because of their quality. 

19.6% of the respondents use authentic materials due to their linguistic demands. 10.9% of the 

respondents use authentic materials because of their cognitive demands. None of the respondents have 

identified the most significant features such as explicability, cultural appropriateness, interest in the 

topic or theme, and logistical considerations where these features are significant in authentic materials. 

While the respondents use authentic materials for their teaching, the reasons for not using authentic 

materials were mentioned as below.  

3.3. REASONS FOR NOT USING AUTHENTIC MATERIALS FOR TEACHING  
Table 3: Reasons for Not Using Authentic Materials for Teaching 

Statement No.  of 

respondents 

% 

Workload 46 (100%) 

Not much aware about them 40 (87%) 

Special operation is necessary 38 (82.6%) 

Lack of authentic materials  35 (76.1%) 

Huge content of the planned lesson  33 (71.7%) 
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Difficult to deal with the students  32 (69.6%) 

Difficult to adapt the syllabus 31 (67.4%) 

Wasting time   25 (54.3%) 

Cost is high 25 (54.3%) 

Rarely available  22 (47.8%) 

The material can become outdated 

easily     

Nil Nil 

Difficult to understand outside the 

language community 

Nil Nil 

 

The above table illustrated the respondents' attitude towards the limited use of authentic material in the 

classroom context. Among them, 100% of the respondents use limited authentic materials due to the 

existing workload.  87% of the respondents use limited authentic materials as they are not much aware 

of them. 82.6%of the respondents use limited authentic materials in the classroom as they feel a special 

operation is necessary for them. 76.1% of the respondents use limited authentic materials in the 

classroom as they feel authentic materials are very rare. 71.7% of the respondents use limited authentic 

materials as huge content is existing in the planned lesson. 69.6% of the respondents use limited 

authentic materials in the classroom teaching and learning as they feel difficulty adapting the syllabus. 

54.3% of the respondents use limited authentic materials as they feel authentic materials waste time and 

the cost is high. 47.8% of the respondents believe that authentic materials are rarely available and 

therefore they do not use them in the classroom. 

When considering the overall responses, it can be concluded that the awareness of the use of authentic 

materials seems to be less. Authentic materials can be used along with the existing workload and the 

respondents do not need to take separate attempts for using them. The majority of the respondents 

undoubtedly believe that the knowledge of authentic materials is less and that is a reason for the limited 

use of authentic materials. As a result, respondents believe a special operation is needed to use authentic 

materials in the classroom. Authentic materials such as train tickets, bus tickets, newspaper articles, 

leaflets, posters, maps, comics, charts, greeting cards, catalogs, TV guides, brochures, telephone 

directories, and advertisements are a few authentic materials that can be used in the classroom. 

Meanwhile, the respondents have misconceptions about authentic materials as the special training or 

awareness or advocacy is needed and authentic materials are highly based on technology. Different 

authentic materials are available using technology as well as there are a certain amount of materials that 

are not based on technology. Since the teachers are not much aware of authentic materials, they feel 

authentic materials as technology-based materials only. Since the understanding of authentic materials 

is less, the respondents have not recognized the easily available and accessible authentic materials in 

different contexts. Therefore they responded as authentic materials are rarely available. 
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Authentic materials can be used along with the planned lesson. Since they are additional materials that 

are part and parcel of the planned lesson, the teacher can use them along with the planned lesson. As 

teachers when planning a particular lesson, the content can be managed using authentic materials. 

Further respondents feel that authentic materials are not easily manageable with the students. Since the 

respondents do not have a thorough understanding of authentic materials they feel so, at the same time 

they fail to identify the easily available authentic materials which can be made use of in their teaching. 

The most notable factor of authentic material is that it can become outdated easily and that has not been 

taken into consideration or identified by the respondents, which pertinently points towards their limited 

understanding.  

3.4. REASONS FOR USING NON-AUTHENTIC MATERIALS 
Table 4: Reasons for Using Non-authentic Materials for Teaching 

Statement No.  of respondents % 

Cost is affordable  35 (76.1%) 

Always contain well-formed sentences and structures 33 (71.7%) 

Specially designed for learning purposes 23 (50%) 

Highly planned 13 (28.3%) 

Easily available  12 (26.1%) 

 

The above table indicates the responses to using non-authentic materials in the classroom by the 

respondents. Among them, 76.1% of the respondents feel the cost of non-authentic materials are 

affordable, 71.7% of the respondents feel non-authentic materials contain well-formed sentences and 

structures, 50% of the respondents feel that authentic materials are much suitable in the classroom as 

they are specially designed for learning purposes, 28.3% of the respondents feel non-authentic materials 

are effective in classroom teaching as they are highly planned and 26.1% of the respondents adhere to 

the idea that non-authentic materials are easily available. Respondents feel that the cost for non-

authentic materials is affordable since it is free of cost when compared to authentic materials. Since the 

understanding is less they have come to a conclusion as such. As teachers, they expect to use materials 

that are designed for the purpose of learning due to the well-formed sentences and structures.  

The results show that the respondents have a positive attitude towards using authentic materials but an 

uncertain attitude also exists for them. They consider authentic materials to consist of significant 

features such as improving four skills in language and exposing the students to real language use. The 

finding of this study is closely related to some previous research done and confirmed the positive 

attitude towards authentic materials prevailed among teachers Akbari and Razavi (2016).  Further as 

well as the positive attitudes of the respondents towards using authentic materials, some uncertain 

attitudes can be seen among them. Concerning the need training on using authentic materials, 89.1% of 

the respondents have mentioned that training in using authentic materials is needed while 10.9% of the 

respondents are in disagreement. The respondents’ idea was that they need a better understanding on 

authentic materials to select the existing resources which can be made available for their teaching.    
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 4. CONCLUSION 

The study explored the attitude of teachers towards using authentic materials in an English as the second 

language classroom, and the results revealed that the majority of the teachers had a positive attitude 

towards using authentic materials in the classroom while some had uncertainty about using authentic 

materials which is due to lack of awareness towards authentic materials and misconceptions with regard 

towards employability of authentic materials. Furthermore, the results indicated that since teachers 

always believe authentic materials are technology bounded materials and therefore special skills are 

needed when using them in the classroom. Since classrooms are not equipped with the technology they 

feel students will be alienated in the new classroom environment if authentic materials are used. These 

types of misconceptions have prevailed among teachers and the majority of the respondents feel that 

training in using authentic materials would be effective for the better use of authentic materials in the 

classroom. 
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Abstract 
Teaching English pronunciation is critical in the teaching of the English language because it is 
one of the language skills that must be mastered. Pronunciation practices and techniques are 
designed in prescribed textbooks and teachers’ guides to teach English pronunciation. However, 
it can be shown that English pronunciation is not taught at a suitable level in Sri Lankan 
government schools. Therefore, the objectives of this research were to investigate the existing 
English pronunciation practices and techniques which are introduced by prescribed textbook 
series and teachers’ guides in primary grades, to find out whether the teachers have facilities to 
help practice English pronunciation in primary grades and to find out whether the teachers feel 
confident and proficient in English pronunciation teaching. This study used the mixed method. 
Utilizing the random sampling technique thirty-two English language teachers and in-service 
advisers were identified as the sample from the Kebithigollewa zone. A questionnaire was given 
to gather perception on the effectiveness of teaching English pronunciation in government 
schools. The results of the study revealed that songs and nursery rhymes, listen and repeat, loud 
reading, tongue twisters, drills, poetry, directions, simple stories, simple descriptions, and 
dialogues exist in textbooks and teachers’ guides to teach English pronunciation. Teachers and 
in service advisers have asserted that they lack adequate facilities to teach pronunciation and 
they should be also provided appropriate pronunciation courses to train them to teach English 
pronunciation to primary grades. 
 
Keywords: Effectiveness, Government Schools, Primary Grades, Teaching English 
Pronunciation, Techniques. 

 

1. INTRODUCTION 

Pronunciation is one of the most difficult areas for learners as well as for teachers in Sri Lankan 

Government schools. Teaching pronunciation is still a relatively marginalized skill in many English as 

a Second language (ESL) classrooms. In Sri Lankan ESL classrooms, different techniques and methods 

are used by ESL teachers to teach pronunciation. Since there is a lack of fluency in pronunciation with 

students even after a long period of teaching pronunciation, some challenges in pronouncing skill of 

students can be observed in Sri Lankan school system. Sri Lankan students, who have bad 

pronunciation, are usually unable to score well for oral examinations and assessments, which are based 

on the oral skill and less participating for events such as morning assemblies and English day 

competitions. 

There are different techniques and practices which are designed in the primary grades’ syllabus in 

government schools. However, an investigation of the effectiveness of teaching English pronunciation 

in Sri Lankan government schools can be considered as a requirement to find out whether the included 

 
 Corresponding author: E mail - ishaprabo@gmail.com 



Towards a Resilient Future – Opportunities and Innovations 

316 
International Research Symposium – 2022   University of Vocational Technology 
 

pronunciation practices and techniques in prescribed English textbooks help teachers to teach the 

English pronunciation in primary grades effectively. 

When observing literature of English pronunciation in Sri Lankan government schools, different 

teaching techniques and practices are used to teach English pronunciation in primary grades. Teaching 

pronunciation and teaching materials are also mainly from the textbooks and the use of other classroom 

activities for teaching pronunciation is extremely rare. However, the output of teaching English 

pronunciation is not up to the standard. It is problematic whether those measures have fulfilled the 

requirements of teaching English pronunciation or whether the teachers have facilities to teach English 

pronunciation and the teachers feel confident and proficient to teach English pronunciation in Sri 

Lankan government schools. Hence, the aim of this research is to investigate the effectiveness of 

teaching English pronunciation in primary grades of Sri Lankan government schools which is based on 

Kebithigollewa Zone and the researcher intend to focus on achieving the following objectives. 

i. To investigate the existing English pronunciation practices and techniques which are introduced 

by prescribed textbooks series and teachers’ guides in primary grades. 

ii. To find out whether the teachers have facilities to help practice English pronunciation in 

primary grades. 

iii. To find out whether the teachers feel confident and proficient in English pronunciation 

teaching. 

2. REVIEW OF LITERATURE  
Teaching English in Sri Lanka begins formally grade one onwards. Grade one and two focuses on oral 

English helping students speak commonly used expressions and grade 3 onwards teaching of English 

happens focusing on all four skills speaking, listening, reading and writing. According to 

(Gunawardana, 2018), the "Let's learn English" course books for grades three and four practice 

pronunciation skills through a variety of activities such as songs, rhymes, chants, dialogues, and other 

listening activities, whereas the grade five course book departs from the above activities and introduces 

more advanced activities such as reading passages for pronunciation practice.  

Teachers and students have to face difficulties when teaching and learning pronunciation in the Sri 

Lankan context. According to Hewawasam and Amaratunga (2016), students produce pronunciation 

problems as a result of the effect of their mother language. Fernando (2019) also asserted that teaching 

pronunciation is a difficult endeavor with distinct objectives at each level. This is especially true in the 

Sri Lankan setting, where English teaching has primarily become exam-oriented, with little emphasis 

on pronunciation. Similarly, Widyalankara (2014) stated that, the literature identifies numerous 

additional factors influencing the degree of pronunciation variation, including aptitude (phonemic 

coding ability), psychomotor skills, age, gender, stage of L2 acquisition, the learner's attitude, 

motivation, and language ego, as well as other sociocultural and socio-psychological variables.  

According to Rohan (2012), the concern identified among the teachers is their low vocabulary and 

inaccurate pronunciation. Most of the regions that are usually deemed difficult to pronounce by the Sri 
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Lankan speakers of English (diphthongs, consonant clusters, f z, etc.) were mispronounced by the 

teachers. Since most of the teachers are in their middle ages. They have lost the suppleness of speaking 

muscles.  

 

3. METHODOLOGY 

The research method employed in this present study is the mixed method. Hence, the researcher has 

presented the perceptions and attitudes of the teachers and in service advisers gathered through the 

questionnaire and the researcher’s own in-depth analysis of the textbooks descriptively, qualitatively 

and quantitatively. 

At present, 170 English language teachers and 3 In Service Advisors serve in Kebithigollewa zone. Out 

of 170 of English language teachers and 3 in service advisers, the researcher randomly selected the 

teachers and in service advisers, then distributed the questionnaire as a Google form and the researcher 

selected 32 respondents who responded promptly. Qualitative data was analyzed using thematic 

analytical method. Quantitative data was analyzed using Microsoft Excel. Firstly, the researcher read 

textbooks and teacher guides in order to gather data for the first objective. Secondly, the researcher 

analyzed the data collected from the questionnaire which focused on the second objective and third 

objective.  

 

4. RESULTS AND DISCUSSION 

4.1. EXISTING ENGLISH PRONUNCIATION PRACTICES AND TECHNIQUES  

According to the researcher’s own in-depth analysis of the textbooks, songs and nursery rhymes, listen 

and repeat, loud reading, tongue twisters, drills, poetry, directions, simple stories, simple descriptions, 

instructions, and chants and dialogues have been found in primary school textbooks and teachers' 

guides. The researcher observed that the songs and nursery rhymes are being widely used in textbooks 

for teaching English pronunciation. That technique is used for practicing sounds of basic vocabulary. 

Listen and repeat technique and loud reading have been also used to teach pronunciation of letters, 

words and phrases related to the immediate environment. It was observed that the role plays and tongue 

twisters are the least frequently employed techniques in primary grades text books and teacher’s guides.  

 
 

 

 

 

 

 

 

Figure 1: The Favorite and Effective Pronunciation Practice or Technique 
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Figure 1 illustrates the favorite and effective pronunciation practice or technique of the participants. 

Accordingly, 34% of the sample which is the highest in number selected “songs and nursery rhymes” 

as their favorite and effective pronunciation practice saying it helps to break up the monotony of the 

teaching-learning process as students enjoy singing more than other pronunciation practices. Sample in 

similar percentage 15% use tongue twisters, drilling and loud reading as effective techniques to practice 

articulation in pronouncing. For instance, teachers who choose tongue twisters mentioned that they help 

to practice the movements of the tongue for practicing pronunciation, students can imitate the same 

phrase and words with the correct pronunciation and students can pronounce easily. 19% of the sample 

selected “listen and repeat” technique and they said that the students of primary grades are more likely 

to depend on the sounds they hear, they can listen to someone and follow he or she for practicing 

pronunciation effectively. Hence, “songs and nursery rhymes” technique is the most favorite and 

effective pronunciation practice of the participants. Further, the participants recommended using 

strategies such as phonemic charts, movies, and games to practice pronunciation outside of the 

classroom. 

4.2. AVAILABILITY OF FACILITIES FOR TEACHERS TO HELP PRACTICE ENGLISH 

PRONUNCIATION IN PRIMARY GRADES 

From the analysis of the responses received on the availability of facilities for teachers to help practicing 

English pronunciation, all of the participants described the resources they had access to teach English 

pronunciation to primary grades. According to the data analysis, only a few participants use 

technological devices like multimedia, mobile phones, computers and laptops, internet, portable 

Bluetooth speakers, smart TV, audio players and cassette for teaching English pronunciation for 

primary grades. Most of the participants use visual materials like textbooks, picture cards and black 

board while a few participants utilize YouTube, dictionary app, OHP projectors and power point for 

teaching English pronunciation for primary grades. Small no of participants use other facilities like 

language labs. Responses to the questionnaire illustrates that schools provide only a few resources to 

teach English pronunciation to primary students. 

 
Figure 2: Difficulties Encounter by Teachers when Utilizing Existing Facilities for Teaching Pronunciation 
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As shown in Figure 2, 29% of the participants lack internet connection and 24% of the participants lack 

technological facilities. Therefore, it is evident that lack of new technology along with internet facility 

is the main barrier in teaching pronunciation for primary grades. Teachers also complained about lack 

of teaching aids and not having sufficient space to carry out pronunciation practices. Electricity facility 

is also a hindrance for certain teachers. In addition, 28.1% of the sample complain that they require 

resource persons to practice teaching English pronunciation. Similarly, they also require enough 

textbooks and work books and a peaceful environment without having big sounds for teaching 

pronunciation effectively. Additionally they suggest other facilities like language labs for every school 

and providing additional technical resources such as tabs, Bluetooth speakers, smart boards, 

multimedia, online apps like “read to me”, and internet access for primary students, as well as 

establishing at least two or three technology centers with all necessary equipment for each division and 

allowing all teachers to use them according to the established schedule.  

 

4.3. REVIEW ARE TEACHERS CONFIDENT AND PROFICIENT IN ENGLISH PRONUNCIATION 

TEACHING?  

According to the responses received from the questionnaire, 84% of the sample have not taken a 

pronunciation course and 16% of the sample say that they have completed a variety of pronunciation 

courses, including the Dip TESOL, British Council courses on pronunciation, and online courses like 

how to teach pronunciation. Participants use several strategies to assist strengthen their pronunciation 

skills, such as listening to English news, online websites, referring to online dictionaries, listening to 

native speakers, watching English movies and YouTube videos, listening to English songs, online apps 

like read to me, and using loud reading. When teaching pronunciation, most of them check their 

pronunciation for words they thought they already know, while others check their pronunciation 

practically every time. This demonstrates that they are not confident enough to teach English 

pronunciation.  

 
Figure 3: Readiness of Teachers to Improve Their Pronunciation Skill 

 

According to Figure 3, all the participants are ready to undergo courses to improve their teaching 

English pronunciation skills. 89% of the sample which is the highest in number, wish to improve their 

skills in teaching English pronunciation through self-learning, by following English pronunciation 
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courses which are conducted by the government free of charge and by participating seminars and 

workshops.  A few participants prefer to improve their teaching skills in English pronunciation by 

following English pronunciation courses by paying their own money. They also suggest that proper 

pronunciation trainers provide pronunciation training, that some online English pronunciation courses 

for teachers be developed, that the government supply materials for teaching pronunciation, and that 

teachers be provided with the necessary facilities for teaching English pronunciation in the primary 

grades.     

            

5. CONCLUSION AND RECOMMENDATIONS  
In conclusion, it is clear although several pronunciation activities have been included in the text books 

and teacher guides, teacher’s guide does not provide any specific guidelines to teachers as to what 

pronunciation lessons should be done and which vowel sounds should be focused for each grade which 

is one major drawback of the syllabus. The teacher's guides and textbooks should offer teachers with 

particular instructions for what pronunciation lessons should be done and which vowel sounds should 

be concentrated on for each grade level. Further, more pronunciation activities and practices should also 

be included in primary textbooks and teacher's guides by devoting more time. Further from the analysis 

it is clear that the majority complain lack of internet facilities as the most significant challenge they face 

while using facilities for teaching English pronunciation and other participants express dissatisfaction 

with the absence of technological resources. As a result, most of the participants utilize traditional 

techniques to teach English pronunciation, while a small number use new technology to teach English 

pronunciation. The majority of them also double-check their pronunciation of words they already know 

and this demonstrates that they are not confident enough to teach English pronunciation. It was observed 

that all most all of the participants had not taken a pronunciation course to practice teaching English 

pronunciation and they are eager to participate in a pronunciation course to improve their ability to 

teach English pronunciation. 

Hence, based on conclusions, the researcher suggests to textbook and curriculum designers provide 

supplementary books for primary grades that include pronunciation practices such as songs and nursery 

rhymes, listen and repeat, loud reading, and tongue twisters, as well as introducing specific vowel 

sounds for each session. Textbooks and teachers' guides should be provided on time for schools and a 

resourceful person should also be provided for each school to instruct on teaching English 

pronunciation. It is also established that teaching English pronunciation should be improved by making 

supplemental materials like a language lab with the appropriate facilities, or at least, internet access. As 

a result, teachers should be equipped with teaching pronunciation courses at the divisional, zonal, 

provincial levels and internationally recognized coursers can be recommended for teachers and In 

Service Advisers. 
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ABSTRACT 

Education is the main aspect of any human being while presentation skills become a valuable asset 
to students in achieving their goals.  This paper discusses how it is important to improve education 
along with computer literacy and digital technology. Eventually, last few months of the year 2019, 
the entire world faced the Covid -19 pandemic, and almost all the educational programs were 
conducted online on various platforms. The sample was taken from the University of Vocational 
Technology Education Faculty. 50 students were taken from two batches of the degree programs 
such as a Bachelor of Education in English Language Teaching, and a Bachelor of Education in 
Technology. This was done through the convenient sampling method. The study revealed that the 
students were less motivated to do online presentations. Further, the students were monetarily 
challenged and that kept them away from both online education and online presentations (no strong 
signals, no smart devices, etc). The phobia for the online presentation was not seen, once the 
presentations were done physically as per the views. The study recommends that with a strong 
solution to signals and financial support, benefits could be reaped one would benefit from online 
education presentations. 

Keywords: Online Education, Online Presentation Skills, Personality Development, Physical 

Presentation Skills. 

1. INTRODUCTION  

Most of the undergraduates experienced online presentations or virtual demonstrations after the first 

wave of the Covid Pandemic. It was in March 2020, when all the educators and students were asked to 

start educational programs virtually. Nevertheless, at the time the online educational programs started, 

all the undergraduates and the lecturers were unprepared. This was not catering only to Sri Lanka but 

worldwide educators and undergraduates were experiencing it. This newfangled experience was 

executed successfully where students get more chances to do online presentations and other subject-

related activities. “As already mentioned, many schools and teachers were not prepared to run virtual 

classes,” (Babincakova and Bernard, 2020, pp 3296). In the beginning, there were many problems for 

students who follow undergraduate courses in Sri Lanka. This virtual platform was very new to them 

hence some students were reluctant to involve in the live sessions. This asynchronous learning was very 

challenging for some students when it is a day for online lessons. However, wholly the state universities 

decided to take the next level of tertiary education virtually while having a pre-practiced online 

evaluation. Once it is processed, the evidence has proved that online education is not a challenge any 

longer subsequently the students’ participation is very high.  Even if the attendance of the students was 

blameless, their fear of online presentations remained. “According to the universities surveyed, nearly 

90% of student respondents have been able to access online education” (Hayashi et al.,2020). The 
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research problem is what are the perspectives and attitudes displayed by the undergraduates related 

to online presentations? The research objective is to explore the perceptions of undergraduates relevant 

to online presentations. 

 

2. LITERATURE REVIEW  
 “Student presentations are a common part of many courses at colleges and universities as they are one 

of the ways to improve the learning of course material. The potential benefits of student presentations 

include greater class interaction and participation, increased interest in learning, new perspectives not 

covered otherwise, and improvement in communication and presentation skills.” (Girard, Trapp and 

Pinar 2011)  
According to Girard and the team, presentations are a common technique for improving students’ 

awareness of the course materials. In this article, the writer states that permitting opportunities for 

students to perform in classwork influences positively and negatively in students. Since every class has 

different types of learners, most of the learners are capable of identifying their potential whereas some 

students are very reluctant to show their true colours. Allowing students to do presentations in class 

diminish the fear of public speaking, develops interpersonal communication skills, improves language 

coherence, builds up innovative and creative ideas, etc. Improving presentation skills among students 

can be done only through good assessment procedures. If the students are evaluated and provided 

positive feedback is more advantageous in developing their presentation skills.  Online presentation 

skills help to uphold students’ online education. Teaching presentation skills in online business courses 

in the US was popular in 2011.  

Kenkel‘s research elaborates on some innovative ideas to develop students’ online presentation skills 

to improve online education. The researcher described further the students’ perspectives were positive 

after introducing a few innovative ways for them to be motivated. Further, the students were not much 

supportive of online education before he started his project. “Oral presentations are often eliminated 

from online courses because of the logistics involved.” (Kenkel, 2011, p.412).  

 

3. METHODOLOGY  

The research design is the framework of the research; it helps to find the best way to execute the 

research. This research arena is focused to find out the different perspectives of undergraduate students 

towards online presentations and the development of their interpersonal skills. According to the 

objectives, the researcher will be using a mixed method including both qualitative and quantitative 

aspects. The primary data related to this research will be the data collected from the questionnaires, and 

the group interviews. Data collected through the literature review will be secondary data. According to 

this research background, the researcher will select a Descriptive survey design. Descriptive survey 
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design means collecting data through structured questionnaires and interviews to get dissimilar views 

of respondents. 
Table 1: Description of the sample 

 

4. ANALYSIS OF DATA  
The data was collected in two ways: a questionnaire and group interviews. 50 sample data have been 

gathered and it is being analyzed to find out the perspectives of the undergraduates in doing online 

education and which method improves their interpersonal skills. In a class or a batch, there are different 

types of students therefore, their interest levels might be varied. Although the education is given online, 

it built confidence and the gained knowledge is beneficiary for undergraduates. The questionnaire 

consisted of 15 questions to analyze the perspectives of undergraduates related to online presentations. 

The data collected via a questionnaire is described different perspectives of different undergraduates. 

The questionnaire was very important in collecting most of the data. The study group has given the best 

support to this research and to make it more successful. The data has been interpreted and described 

under some subtitles. That is to understand the basic areas to be improved and to show the perspectives 

that the undergraduates obtained. 

In most of the online educational programs during the covid pandemic, the students acquired the 

opportunity to do online presentations. In practical conversations, most undergraduates say they do not 

like doing presentations physically or online. The study group was given a chance to interpret their own 

ideas as short answers to some questions. It was very successful to know what are their perspectives on 

this using their own words and phrases. The question was “What do you feel when you are asked to do 

an online presentation?”. The study group has given various answers to show their real perspectives on 

the ONLINE PRESENTATIONS. Undergraduates have commented as they get nervous when they start 

a presentation and at a point, they get relief from that feeling. In addition to that, some undergraduates 

stated when they do the presentations, they were nervous throughout. Further, for some students, it is 

challenging. The majority feel good when they were asked to do an online presentation. The following 

chart shows precise details about their perspectives towards online presentations. This gives a hint of 

the perspectives that students had toward online education during the Covid pandemic. 

Stakeholders   Number of participants 

questionnaire Group interviews 

Undergraduates in Technology 25 5 interviews consisting of 10 

members in a group Undergraduates in ELT 25 
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Figure 1: Perspectives of undergraduates when they are asked to do an online presentation 

 

Collecting data from an interview is more successful, it is because the interviewees could give more 

accurate responses to the interviewer. It also helps to stimulate thoughts and place the best productivity. 

Especially, group interviews are more successful since the whole group put forward their ideas freely, 

all the participants could contribute and they tend to think more deeply about the ideas heard from the 

others. The interviewer can give more flexible questions where the students can open the memories of 

their good and bad experiences.  

Interviews are done as small group interviews, consisting of 10 members in a team. The same set of 

questions was asked of each interviewee. It was a serious discussion conducted online and it was more 

interesting when they share their experiences. The interviews started with one common question to lay 

a foundation for the discussion, so the moderator asked, “what are the unforgettable memories you have, 

regarding online education?” They gave interesting answers in order to share their personal experiences. 

Group A shared that commonly how their families interrupted when the lectures were going on. One 

said Every time when he speaks to the computer his father comes and has peek behind. He had to advise 

his father thoroughly telling him not to come near watch from far.  

The interesting part is that the father comes in an upper naked body so several times he faced that 

embarrassment. Another girl from the same group stated that the sound from the kitchen made by the 

family members mostly by her mother is irritating. Though she advised just a moment before she starts, 

they forget it suddenly, or maybe someone starting to scrape coconuts and so forth. After two or three 

incidents everybody decided to scream just before starting telling that “Please Don’t make any noise, I 

am doing a presentation” (Ane kee Gahanna epa,, man presentation ekak ).  

The funniest experience had in group ‘B’ was when one undergraduate unknowingly kept the 

microphone unmuted and he was blaming to the lecturer for troubling him to do the presentations and 

it was a group presentation. Then the other members informed the person. However, that particular 

undergraduate had begged for pardon and the lecturer was telling that is not something to be worried 

about even though he doesn’t like to do things online. Another interviewee stated that when doing the 
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presentation at the very beginning the family members had not seen any. Furthermore, the candidate 

has to do it in English so all the family members come near the particular student when the presentation 

starts. It was something very interesting for the family so that always that particular undergraduate faced 

difficulty to present what exactly needed to be presented. Sharing personal experiences to make a 

conclusion and decide what suits them finally a is very important fact he life. Similarly, it affects this 

study as well.  

As the third step in the interview, the researcher needed to identify the obstacles that each individual 

has faced including a concluding comment on that. As the third question, the interviewer put forward 

“What are the shortcomings that you experienced when doing online presentations?” There were many 

difficulties students faced and they had different perspectives towards those barriers. Importantly group 

A stated that network issues come first when they do the presentations. A presentation should be clear 

and concise due to the short period of time allocated. If network issues occurred that leads to scoring 

low marks.  

According to them, there were undergraduates who walked miles and settle in someone’s house to 

participate in the online lectures. For those students having physical lectures and presentations are more 

effective. Group B and C stated that sudden technical issues in the laptops, desktops, smartphones, and 

other devices are the main shortcoming that they have faced when the presentations are done online. 

 

5. CONCLUSION AND RECOMMENDATIONS  
The study discovered that the students were less motivated to do online presentations and were 

challenged. The results revealed that the students were financially challenged and that kept them from 

both online education and hence doing online presentations. The results revealed that the phobia for 

online presentations was not seen more, once the presentations are done physically as per the views. 

However, it could be recommended that with a strong solution to signals and a way to support the 

individual financially, one would benefit from online education and doing presentations as it saves time 

spent on traveling especially for students living far. It was also seen that stage fear was less common 

with online presentations than with physical presentations. The recommendations found and the factors 

were affected as barriers as follows; The poor readiness of the students is prominently affecting the 

students’ performances therefore; the authority can arrange pre-sessions for the students to practice the 

online presentations while the lecturers do observe. Noisy background always interrupts the smooth 

flow of the presentation so that students can be asked to find a calm atmosphere, strictly. The state of 

anxiety is another factor that the students have to avoid, the recommendations brought for this factor 

are friendly discussions before the presentations, pre-recorded self-video from each student, and playing 

it before starting the class. 

 The common issue the undergraduates face when they do online presentations is that network issues 

and technical problems. This is the factor that nobody can give a direct recommendation it is because 

network problems are common in online sessions and demographic features also matter in this scenario. 
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The fair recommendation for this factor is ready with another prompt device and network supporter (if 

no Wi-Fi, working with mobile data). Moreover, the factor of Demanding the mark rather than the 

quality; to ignite this the instructors must explain the value of the output and make them aware of its 

importance, and off good remarks than numerical grades. The time factor also affects the students so 

that allows the students to select the convenient time of sessions. These recommendations can be easily 

applied in the practical life of undergraduates’ education. 
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ABSTRACT 
It is of paramount importance for English teachers to help students to develop their 
pronunciation skills on par with standard practices. This paper discusses the issues on vowel 
production of the 'o' sound, and how to prevent the 'hole' and 'hall' issue which is commonly 
known as 'Not pot English'.  Although many research studies have been conducted at the 
university level in identifying this 'o' vowel production issue, no research has been done on 
finding remedial measures. Using purposive sampling, the research sample is drawn from the 
bilingual class of grade 6 students in a 1AB category girls' school in the Colombo education 
zone. The researcher focused on identifying erroneous pronunciation and measuring the 
effectiveness of visual aids, teacher demonstration, and guidance in rectifying them. This action 
research consists of three stages including two action research cycles with the researcher's 
intervention. The total number of correct and incorrect vowel production in the four vowel 
categories are analysed carefully, and findings indicate that the most difficult vowel category 
to pronounce is the long vowel /ↄ:/ in L2 and the least difficult is the short vowel /ↄ/ in L2. 
Further, timely guidance will remedy this issue of fossilisation and social stigma. 

 
Keywords: ESL Learners and Teachers, Fossilisation, ‘O’ Vowel Production, Rectifying 
Erroneous Pronunciation, Social Stigma. 

 

1. INTRODUCTION 

English plays a vital role in the success of every individual; as a local language as well as a global 

language to reach greater heights. Pronunciation is one of the aspects of speaking skills and therefore, 

the use of Standard Sri Lankan English (SSLE) is important to avoid mispronunciation, which leads to 

miscommunication and stigmatization. Thus, English teachers need to identify pronunciation issues in 

keeping with standard practices and pay attention to problem areas students face when learning English 

as a second language (ESL) in the Sri Lankan context.  

According to Gunasekara (2005), there are four 'o' sound vowel monophthongs in SSLE. They are /o/ 

the short half-close/mid-back rounded vowel (e.g., only), /o:/ the long half-close/mid-back rounded 

vowel (e.g., old), /ɔ / the short half-open/mid-back rounded vowel (e.g., doctor), and /ɔ:/ the long half-

open /mid-back rounded vowel (e.g., bought) respectively.  However, in Standard British English (SBE) 

there are only three sounds as /əʊ/ the close/high back rounded diphthong (e.g., go), /ɔ/ - short low back 

rounded monophthongs (e.g., hot), and /ɔ:/ the long mid-back rounded monophthongs (e.g., all) 

respectively. In Sri Lankan English there are no diphthongs, and therefore, /əʊ/ this diphthong is 

replaced by the previously mentioned two half-close/mid back rounded vowels (/o/ the short vowel and 
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/o:/ the long vowel) which are easy to pronounce since these two sounds are found in the Sinhala 

language (L1) as well. 

Widyalankare (2015), had used the two vowel sounds of the 'o' sound with its short and long 

monophthongs /o/, /o:/, /ɔ/, /ɔ:/ of SSLE. The words 'only', 'boat', 'pot', and 'call' are used respectively 

in her study involving English graduates regarding acoustic characteristics of vowel sounds in SSLE.   

The mixing up of /o/ and /o:/ vowels/ in L1 with /ɔ/ and /ɔ:/ vowels in L2 respectively, and overusing 

of /ɔ/ and /ɔ:/vowels in L2 for /o/ and /o:/ vowels in L1 respectively is the most problematic and difficult 

to be corrected Nevertheless, the habit of using erroneous pronunciation over a long period result in 

fossilisation, which cannot be corrected even if one is aware of the issue as an adult learner. Moreover, 

it is looked down upon as "Not pot English" in society. 

As an ESL teacher in the Sri Lankan government school system, it is observed that even in urban 

schools some fluent speakers including students and English teachers find it difficult to differentiate 

the long mid-back vowels /o:/ in L1 and /ɔ:/ in L2 correctly. Further, the overusing of /ɔ/ and /ɔ:/ in L2 

substituting /o/ and /o:/ in L1 respectively is also prevalent. Unfortunately, not much attention is paid 

to making students aware of this issue except in the General English Advanced Level textbook in 2001 

(old syllabus). According to Gunasekara (2005) confusion in the sound /o/ makes it difficult for them 

to distinguish between 'bowl' and 'ball' and 'hole' and 'hall'. Also, overuse of /ɔ:/ rather than /o:/ as in 

'phone' and 'yoghurt'. 

Despite the many reasons that would attribute to mispronunciation, students would be deprived of good 

pronunciation unless they are properly guided by teachers of English. Moreover, the researchers believe 

that this could be easily remedied with proper guidance and systematic practice to avoid unnecessary 

miscommunication and social stigma which is faced by some fluent speakers and academics in the field 

of education. A stitch in time saves nine. Hence, the researchers intend to focus on achieving the aim 

of developing pronunciation skills with particular reference to /o:/ and /ɔ:/ vowel production among 

ESL learners in grade 6 in Sri Lanka with the help of the following measurable objectives. 

i. To examine the erroneous use of mixing up of /o/ and /o:/ vowels in L1 and /ɔ/ and /ɔ:/ vowels 

in L2 and overusing of /ɔ/ and /ɔ:/ in L2 that prevails among ESL learners in Grade 6. 

ii. To find out the effectiveness of the use of visual aids, teacher demonstration, and guidance in 

rectifying these pronunciation issues among ESL learners in Grade 6. 
 

1.1 REVIEW OF LITERATURE 
Gunasekara (2005) discusses, "The use of two distinct back vowels /o/ and /o:/ between half-closed and 

half-open, with /ↄ/ being more open than /o/, and it is this distinction which led to the naming of 'Not 

pot English' as a non-standard variety''. Further, she adds, ''The average Sri Lankans struggle with the 

rounded back vowels /ↄ/ and /ↄ:/ symbolized a mark of social class and possibly a mark of resistance 

to SSLE''. However, in my observations, most of the students can pronounce /ↄ/, but find it difficult to 

pronounce /ↄ:/, the long half-open/mid-back vowel correctly. As a result, they tend to substitute it with 
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/o:/ the long half-close/mid-back rounded vowel easily, which is available in L1. Further, people who 

have no access to learning L2 will struggle to pronounce both /ↄ/ and /ↄ:/, which are absent in L1. For 

example, those who are deprived of learning English at very remote schools.  

Fernando (2008) comments that "… the pronunciation of SSLE speakers has long been privileged in 

terms of social prestige and employment. Today, however, other dialects are used by people holding 

high-ranking posts, challenging SLE as its standard'' (p.71). The researcher agrees with this comment 

since some fluent speakers holding high ranks in the field of English are unable to pronounce /ↄ:/  in 

L2 due to mixing up with /o:/ in L1 which had not been identified and guided before fossilisation.  

However, they can pronounce /ↄ/ in L2 correctly. Therefore, the researcher feels it is not justifiable to 

look down upon their English as 'Not pot English'. The researcher is genuinely concerned about this 

issue, based on the researcher's experience with some fluent students in 1AB urban schools who 

mispronounce due to mixing up of /o:/ in L1 and /ↄ:/ in L2.  Fernando, (2008) further comments that 

''With relation to SSLE vowel sounds /ↄ/, /o/, /ↄ:/, and /o:/, if the differentiation of all four sounds is to 

remain, Sri Lankan speakers in English should be made aware of the rules governing SSLE in 

opposition to SBE; as well as to other dialects in SLE''. Moreover, Fernando (2008) provides guidelines 

and rules governing the use of /ↄ/, /o/, /ↄ:/ and /o:/ in SSLE (p.75-78). 

Widyalankare (2014), study provides the measurement of formant frequencies in synchronically 

recorded sound data for six selected vowels, short and long monophthongs /ɔ/, /ɔ:/, /o/, /o:/ and /a/, /a:/ 

of SSLE. The difference in the formant comparison illustrates that the SSLE is more open, moves 

slightly to the front, and is higher in lip roundedness. According to Jordan and Mackay (1978, p.15), 

the L1 interference attributes for pronunciation errors: "…. For English sounds which have no 

equivalent in the first language, the pupil will turn to substitute that sound which appears to him the 

nearest …." This proves that why some students pronounce "hall" as "hole". The word 'hall' should be 

pronounced with /ɔ:/ in L2. However, students substitute that sound with /o:/ in L1. This wrong usage 

over a long period will lead to fossilization which cannot be reversed back.  

However, in the present-day context, Premarathne (2018) reveals that L2 learners of English had not 

received feedback on the vowel contrast when they produced /o/ instead of /ɔ:/ or vice versa even 

though all of them had been learning English as L2 for more than ten years at school. She emphasizes 

proper feedback on pronunciation to rectify pronunciation errors. Moreover, Wijetunge (2008) states 

that this vowel contrast has become one of the key elements that differentiate the high prestige dialect 

(HPD) and low prestige dialect (LPD) or "Not pot English".  

However, there has been no research done in rectifying pronunciation errors regarding the production 

of the specific vowel contrast, which is so prevalent among Sri Lankan ESL learners. Thus, the 

researcher intended to carry out this research as action research at the school level. 

2. METHODOLOGY 
The research was carried out in three stages while using the action research methodology in two cycles 

with twelve practice sessions using mixed methods, both qualitative and quantitative. The action 
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research model proposed by Nelson (2014), was used as the research process of this study and planned 

carefully implemented, observed, and reflected upon to improve the vowel production among ESL 

learners in mixing up /o/ and/ↄ/ and /o:/ and /o:/, and overusing /ↄ/ and /ↄ:/. 

The accessible population was Grade 6 students of Gothami Balika Vidyalaya in Colombo Education 

Zone, an urban national school belonging to the 1 AB category. The research sample was 24 participants 

drawn from the bilingual class, of 44 students using the purposive sampling method. 

The research process was divided into three stages. In the preliminary session, stage one the 

pronunciation problems were identified, and the pre-test was conducted. During the action research 

cycle 1 which was stage two, the first 6 practice sessions and post-test 1 were conducted. During stage 

3, the action research cycle 2, the second 6 practice sessions and post-test 2 were conducted. 

 

2.1 WORD ELICITATIONS FOR PRE-TEST, POST-TEST 1 & POST-TEST 2  
Table 1: Word Elicitations  

 Short Vowel 

 

 

 

Long Vowel Short Vowel Long Vowel 
 /o/ /o:/ /ↄ/ /ↄ:/ 

1st word only old pot ball 
2nd word obey bowl on hall 
3rd word hotel hole doctor call 
4th word hero coal top saw 
5th word zero boat dog bought 

 

Celce-Murcia, Brinton, and Goodwin (1996) propose to use of the colour-coding system to indicate the 

pronunciation of each vowel with a specific colour, which requires the correct pronunciation of each 

vowel. Accordingly, a colour code was used to indicate phonological differences as shown above.  

3. RESULTS AND DISCUSSION 
3.1. POST-TESTS ANALYSIS  

 

 

 

 

 

 

 

 

 

 

The purpose of the pre-test was to examine the erroneous use of mixing up the short /o/ and long /o:/ 

vowels in L1 with /ↄ/ and /ↄ:/ vowels in L2 respectively and overusing of /ↄ/ and  /ↄ:/ vowels in L2 that 

Figure 1: Pre-test - Total Correct and  Incorrect Production of the Vowels 
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prevails among ESL learners. Furthermore, post-test 1 and post-test 2 were held to find out the 

effectiveness of the use of visual aids, teacher demonstration, and guidance in rectifying the identified 

pronunciation issues using voice recordings. Furthermore, the students were guided by the researcher 

by obtaining voice recordingss from time to time through ‘Whatsapp’ as required. 
Figure 1 shows the percentages of incorrect vowel production in all 4 ‘o’ categories as 21%, 26%, 15%, 

and 58% respectively. The total number of words is counted as 120 words since each of the 24 students 

pronounce 20 words on the pre-test. Further, the number of incorrect words pronounced out of 120 total 

words by 24 students are 25 words, 31 words, 18 words and 70 words respectively. Out of all 4 vowel 

categories, it is evident that the short vowel /ↄ/ in L2 is the most correctly pronounced, and the least 

correctly pronounced is the long vowel /ↄ:/ in L2.  

It is apparent from Figure 2 the word ‘only’ was mostly mispronounced. Also, the researcher has come 

across not only students but also fluent speakers with this issue who overuse /ↄ/ when pronouncing the 

word ‘only’. The word ‘dog’ was mostly mispronounced /ↄ/ in L2 and the researcher has not come 

across fluent speakers who usually mispronounce this due to mixing up of /o/ in L1 owing to mother 

tongue influence in 1AB school.  Despite the fact this is a new sound for ESL learners, they tend to 

pronounce it well when compared to the other 3 vowel categories. The word 'saw' and 'bought' were 

mostly mispronounced in L2 due to mixing-up /o:/ in L1 owing to mother tongue influence. 

3.2. POST-TEST ANALYSIS  

It is apparent from Figure 3 that there is an improvement in the production of all 4 vowel categories due 

to the researcher's intervention with visual aids, teacher demonstration, and guidance. Although the 

long vowel /ↄ:/ in L2 remains the most difficult to be pronounced correctly, there is a significant 

improvement in the pronunciation ability of the students even with /ↄ:/ in L2. 

Figure 2: Total Correct Vowel Production of the Word Elicitation 
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It is apparent from Figure 4 that the achievement of the success rate of rectifying the pronunciation 

issues in this action research is commendable. The first three vowel categories show 100% success 

which means out of 24 students almost all were able to pronounce all 20 words correctly at the end of 

cycle 2 except for a few in the last category, the long vowel /ↄ:/ in L2 which is the most difficult in 

general. However, there is a significant improvement in this category too.  

Further, the methods used by the researcher to rectify the pronunciation issues using visual aids, teacher 

demonstration, and guidance proved successful beyond doubt to a great extent. This is a clear indication 

of the importance of identifying the erroneous use of pronunciation among ESL learners by teachers to 

provide proper guidance to overcome the difficulties preventing fossilisation. 

3.3. MEAN SCORE ANALYSIS OF PRE-TEST, POST-TEST 1 AND POST TEST 2 

As per Figure 5, after the completion of all three stages the mean value increases to 5 in the first 3 ‘o’ 

vowel categories: /o/, /o:/, /ↄ/ and /ↄ:/. It shows all students were able to pronounce all the words 

correctly in the post-test 2 except for the long vowel /ↄ:/ in L2 which is found to be the most difficult. 

Figure 3: Total correct and incorrect production of the vowels – Post-test 1 

Figure 4: Total correct and incorrect production of the vowels – Post-test 2 
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However, there is an increase in the mean score from 2.08 to 4.58 in the vowel /ↄ:/ which indicates a 

significant improvement in the pronunciation ability of students in that category as well.  
 

Figure 5:  Mean score improvement of Pre-test, Post-test 1, Post-test 2 

Further, the methods used by the researcher to rectify the pronunciation issues using visual aids, teacher 

demonstration, and guidance proved successful beyond doubt to a great extent. This is a clear indication 

of the importance of identifying the erroneous use of pronunciation among ESL learners by teachers to 

provide proper guidance to overcome the difficulties preventing fossilisation.  

4. CONCLUSIONS AND RECOMMENDATIONS  
It is proved that visual aids, teacher demonstration, and guidance are effective in rectifying 

pronunciation issues regarding the ‘o’ vowel production in SSLE. Further, this action research proves 

that the erroneous pronunciation can be rectified beyond doubt with some effort and proper remedial 

measures taken in ESL classrooms.  

Developing pronunciation skills with ‘o’ vowel production is something achievable within our limits in 

ESL classrooms. Gunasekara (2005) and Fernando (2008) point out the advantages one can gain 

socially as well as professionally. Thus, the researcher would like to request all stakeholders in the field 

of English education to take the necessary initiation towards bridging the gap between Standard Sri 

Lankan English and Non- Standard English. Necessary steps should be taken by curriculum developers 

to include mainly the four different ‘o’ sounds, tongue twisters, and minimal pairs in primary grade 

syllabuses to prevent fossilisation. 
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ABSTRACT 

 
English Language evolves with the construction of new varieties due to the different language 
experiencse and social, traditional, cultural and religious influences. This study focused on 
identifying morphological processes used in introducing Sri Lankan vocabulary to Sri Lankan 
poetry. Moreover, the primary objectives were to find out Sri Lankan Lexicons used to express local 
expressions in the Sri Lankan Poetry and to analyze identified Sri Lankan English lexicons under 
morphological processes specifically related to six morphological processes. Essentially, 75 Sri 
Lankan English poems were selected as the sample of the study. Meanwhile, data collection was 
done by deep reading and observation. Findings were analyzed by classifying them into six 
morphological processes. Qualitative content data analysis method was employed. 190 Sri Lankan 
lexicons belonging to different fields were identified. Classification of the identified lexemes into 
the six morphological processes: Borrowing, Hybrid Compounds, Loan Translations, Semantic 
Loans, Literal Translations and Direct Translations revealed that 78 of them were Borrowing , 43  
Hybrid Compounds , 34 Loan Translations , 18 Semantic Loans , 13 Literal Translations and 4 
direct Translations. 
  
Keywords: local expressions, morphological processes in Sri Lankan English, Sri Lankan poetry,  
Sri Lankan English vocabulary. 

 

 1. INTRODUCTION 
Sri Lankan English (SLE) is a variety which is called as Ceylon English, Lankan English and Sri Lankan 

English (Fernando,1985). According to Sri Lankan history, SLE vocabulary is produced as a result of 

the British colonization and English medium education which was introduced by the British people 

after 1815. Mainly the British English vocabulary has played a vital role in spoken and written discourse 

of Sri Lanka. 

Moreover, Gunasekara (2005) states that there are two major varieties of Sri Lankan English as Standard 

Sri Lankan English and Non Standard English which is also known as Not Pot English. The researcher 

observes, that, some studies have been done based on SLE vocabulary and it is mentioned that the most 

frequently used morphological processes are SLE borrowings, (Atapaththu, 2019) and SLE 

compounding, (Senaratne, 2012).  

The researcher observed that, SLE writers were the rebellions in the history as, at that time due to less 

usage of technological advanced mass communication, people used to read books and newspapers. 

Many SLE writers portrayed criticism, perceptions about the social injustice and suffering due to the 

conflicts, traditional, political and cultural influences and SLE poets play a huge role as influencers and 

advisers and made aware about the social hidden suffering of the innocent SL women to the SL society.  
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Therefore, SLE poems were not only creations of SLE poets and it can be considered as the descriptive 

historical documents which consisted details of the suffering, pain, happiness of the pure Sri Lankan 

people. Sri Lanka is an Island. Basically, Sri Lankans developed their lifestyle with the nature. Many 

religious rituals and events heavily affected to their mother language such as Sinhala Buddhists 

celebrated 12 full moon Poya days by symbolizing specific event that happened in the Buddhist culture. 

Additionally, Awurudu festival which is celebrated by the Sinhala and Tamil people by following 

special customs which is related to Sinhala and Tamil culture. Many local expressions and cultural 

words are added to SLE vocabulary due to this special food culture, dressing culture and religious rituals 

related to this special festival. In fact, Wesak and Poson seasons which are celebrated by the Buddhists 

during the May and June also fine example for local flavored symbols. Many SLE poets added Local 

flavored words related to above two Poya days’ celebrations. Moreover Tamils celebrate religious and 

cultural events such as Thai Pongal, Deepavali, and Holly ceremonies.  

The researcher identified that, the reasons of generating and using pure local terms of Sinhala and Tamil 

to SL poetry. They are inability of find proper English terms for local terms and there were not such 

local terms were translated to English words. Besides, SLE poets believed that, English translation is 

not always productively and effectively helped to present local expression with the same sense as there 

were not rich and suitable English words to elaborate specific local expression.  Additionally, this study 

is based on the personal experience of the researcher in fact, the researcher observed the usage of 

Sinhala and Tamil expressions in Sri Lankan literature has indirectly affected students’ use of language. 

The researcher found that, students added SL local expressions and original Sinhala words and Tamil 

words unconsciously to English essays. As well as this same fact is observed in the Ordinary level 

students’ answer sheets of reading questions. Moreover, the researcher was questioned by some students 

about the given reading text piece of Sri Lankan children novel ‘Madol Doova’. They have questioned 

about the reasons of writer’s usage of genuine Sinhala terms in writing English novel.  

Therefore, based on the given discussion, it is evident that there is a crucial need to explore and analyze 

the morphological processes used in introducing local expressions through SLE vocabulary to Sri 

Lankan poetry and how the Sinhala and Tamil lexicons are formulated and introduced to Sri Lankan 

poetry as a deeper exploration.  

Based on the above background, the researcher focuses on the following research objectives, 

i. To find out the SLE lexicons used to express local expressions in the Sri Lankan poetry. 

ii. To analyze identified SLE lexicons under morphological processes. 

 2. REVIEW OF LITERATURE 

Senaratne (2009) states that Sri Lankan English language had been created as a result of long time 

contact with English Language which was 200 years and SLE refers to English language used in Sri 

Lanka. Further she states that, SLE language consists and is enriched with both Sinhala and Tamil 
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vocabularies due to the bilingual background of Sri Lanka and characteristics of Sinhala and Tamil 

Language have highly influenced to the development of the SL morphology.  

Besides, there are two major varieties of Sri Lankan English highly popularized in Sri Lankan context. 

They are, Standard Sri Lankan English and Non- Standard Sri Lankan English (Not pot English). These 

two varieties are the two dialects used in SL context. However, SLE is considered as the well- 

recognized variety due to the significant phonological, morphological and syntactical characteristics 

(Gunesekera, 2005).  

SLE vocabulary refers to the English vocabulary which is used in the Sri Lankan context and SLE 

vocabulary is considered as a distinguished characteristic of SLE due to the uniqueness and creativity. 

During the British colonization, Standard British English became the official language of Sri Lanka, 

then  people used Standard British vocabulary related to specific field such as Flora and fauna, clothes 

, equipment and food and beverages unconsciously due to the higher social pressures from the 

authoritative power of the British.  At the same time people started to mix the British English words 

with Sinhala and Tamil words specially in Spoken discourse.  Due to the language contacts, many loan 

words came from Sinhala and Tamil words to the SLE vocabulary (Gunasekara,2005). 

According to previous studies, the researchers have proved that there had been sociological, cultural 

and political reasons to generate and mix SLE vocabulary in SLE vocabulary.  Sociological incidents, 

cultural events such as Thai Pongal, Awurudu, Deepavali, Kandy Perahara heavily influenced in order 

to creating new vocabulary to SLE vocabulary. Such as pirith, gok kola and Awurudu sale. Moreover, 

Political conflicts and ethnic conflicts between Sinhala and Tamil and racism become the reasons for 

generating novel vocabularies to SLE (Meyler,2007). 

Additionally, this study is narrowed down to the specific area poetry. On the other hand, Fernando 

(2012) explored the reasons for word formation and the strategies of creating novel vocabulary. 

Furthermore, she explains that the linguistic, and social tensions have influenced the improvement of 

SLE vocabulary. In fact, Fernando (2012) refers to the findings on as borrowings as the category with 

the highest number and hybrid compounds and loan translations as the next highest. 

Bough (1935), states that, most of the new words have been derived from the other languages and this 

is one of the older methods of generating new words and further explains a few strategies such as 

affixation and self-explaining compounds.  

Additionally, Bough (1935) explains that, compounding is the oldest method of creating new words in 

English language. Specifically it is evident that, many new SLE vocabulary is generated through 

compounding (Fernando ,2012) such as Loan translations, Hybrid compounds, loan blends and 

Semantic loans.  

Besides, the researcher Haughen (1950) describes that, there are new strategies used to generate new 

vocabularies in new varieties and bilingualism influences in formulating novel words. This fact is 

studied in previous studies (Kachru ,1983) and he further mentioned that few strategies are being used 

for word formation such as loan words, loan shifts, loan blends and hybrids.  
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To discuss investigation of morphological processes in Sri Lankan fiction, Wickranage (2019) 

investigates morphological processes used in introducing local vocabulary in five SL fictions and 

marked borrowing, hybridization, compounding, coinage and literal translations as the used processes  

Moreover, Canagarajah (1994) explains that, there is a confusion started after the post –colonial period 

due to the influence of colonization, what language need to use and what strategies need to use for 

writing literary texts. Then, he explains the special strategies used by the SL poets. He reveals that, 

Jean Arasanayagam fuses the Tamil lexical items with English and tries to add Tamil culture to the SL 

poetry whereas Lakdasa Wikkramasinha attempts to fuse Sinhala and English by adding original 

Sinhala lexical terms to SLE poems. Canagarajah (1994) further reveals that, Patrick Fernando uses 

Standard British with westernized idioms to SLE poems whereas Yasmine Gooneratne uses irony by 

fusing Sinhala and English lexical items. Rambukwella (2006) explains that, Jean Arasanayagam uses 

Tamil lexical items to SLE poetry in order to express Tamil expressions and suffering due to the ethnic 

conflict between Sinhala and Tamil during past decades. 

SLE Poets were displayed ultimate talent of presenting localism through SL work of arts. For example, 

Premaramanathan (2014) states that, Sri Lankan style, aristocratic feudal system and local idioms are 

highlighted Highly in Lakdasa Wikkramasinha ’s poetry.  

 

 3. METHODOLOGY 
The present study used descriptive qualitative research design. Accordingly, the present study selected 

75 poems as the target population and sample out of 100 poems which were written by famous well 

recognized SLE poets from 1983 to 2012 based on five themes:  Aristocratic system of Sinhala tradition, 

Plight of the Sri Lankan women and feminism, Ethnic conflicts and riots, Sinhala and Tamil traditional, 

cultural customs and myths and perspectives on love, people and society which were designed by the 

researcher. The non-probability purposive sampling method was used and thematic framework was 

used as the sample plan for the selection of purposive sampling method.  

Primary data collection was done thorough an in-depth analysis of SLE poems in order to identify the 

Sri Lankan lexicons with local expressions. Secondary data was collected through scholarly articles. 

The researcher used Webinars in You Tube as primary data. You Tube Webinars were conducted by 

two modern poets. They are Malinda Seneviratne who won the Gratiaen Award in 2013 for the poetry 

collection Edges and Vivimarie Vanderpool who won the Gratiaen Award in 2007. As secondary data, 

the researcher used two poetry collection books for the study. They are Contemporary Sri Lankan Poetry 

in English and A Selection of English Poetry was written by Rajiva Wijesinha and the researcher used 

Web Sites to collect modern poems which were written by the Modern poets: Malinda Seneviratne and 

Vivimarie Van der poorten. The data collection was done by reading the poems in depth and identifying 

the SLE lexicons based on the morphological processes. A4 papers, sticky notes, highlighters, pencils 

and pens were used to data gathering and whole data collection was done manually. The textual findings 

were analyzed under the four steps of data processing: identification, classification and description. 
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  4. RESULTS AND DISCUSSION 

The researcher elaborates the steps of the data analysis process with examples: Identification, 

Classification, Description and the researcher used descriptive qualitative content analysis for analyzing 

data. The researcher presents the research findings by using tables and pie charts. 

   4.1 IDENTIFICATION 
The researcher identified 190 SLE lexicons out of 75 poems and the researcher identified, 55 Tamil 

expressions out of 190 SL lexicons  and 135 Sinhala expressions out of 190 SL lexicons. 

   4.2 CLASSIFICATION  
 

 

 

 

 

 

 

Figure 1: Percentage of morphological processes 

Figure 1 presents the percentages of findings related to six Morphological processes: 41% Borrowing, 

23% Hybrid compounds, 18% Loan translations, 9% Semantic loans, 6% Literal Translations and 2% 

Direct Translations. The amounts of Sinhala Borrowings are 46 out of 78 Borrowings. It is higher than 

Tamil Borrowings which is 32 out of 78 Borrowings. The amount of Sinhala and Tamil Hybrid 

Compounds are 43 out of 190 SL lexicons.  

Table 1 : Number of word formation processes 

Word formation Process Sub categories of word formation 
process 

Amount Total 

Borrowing Sinhala Borrowing 46 78 
 Tamil Borrowing 32 

Hybrid Compounds S+E Hybrid Compounds 29 43 
 T+E Hybrid Compounds 14 

Semantic Loans - - 18 
Loan Translations - - 34 
Literal Translations - - 13 
Direct Translations - - 04 

    

Borrowings 41%

Hybrid Compounds 23%

Loan Translations  18%

Semantic Loans 9%

Literal Tranlsations  6%

Direct Translations 2%
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Observed 190 SLE Lexicons were classified in to two morphological processes based on the theory of 

word formation by Yule (2012): Borrowing and Compounding.  Additionally, Hybrid Compounds, loan 

translations Semantic loans, Direct Translations and Literal translations are the specific morphological 

processes which were explained by the scholars and used for classification purpose for this study, as 

illustrated in Table 1.  

3.3 DESCRIPTION 

3.3.1 BORROWINGS 

The researcher described the significant findings of Borrowings: (S+S) Sinhala Borrowing which are 

compound nouns. For instance:   Kiribath ( S+S) Kiri (S) + bath (S), (S+T) Sinhala with 

Tamil Borrowings which are compound nouns, (T+T) Tamil with Tamil borrowings which is originated 

from compound nouns: Kum-kumum(T+T) Kum (T)  +  Kumum (T).  Sinhala Borrowings: 

Upatha and Vipatha, gok kola, pol mal, sar, pirith, Samanala Kanda, Aluth Avurudda, Tami 

Borrowings: Poosari, attiyal, mukuthi, siva, mukuthi, alponas, kolam, Achchi, swarmi, Yogaswami, 

Guru, Brahmins. 

3.3.2 HYBRID COMPOUNDS 

Next, described the Hybrid compounds word formation: (S+T), (S+E), E+S), (T+E), (E+T). and most 

of the hybrid compounds are compound nouns and there was only one hybrid compound adjective. 

Brown Kahata                      Brown (E) + kahata (S) 

Na flower (S+E )                   Na (S) + flower (E)  

Velvi rituals                            Velvi (T) + rituals (E) 

Brilliant niyagala            Brilliant(E) + niyagala (S) 

Brass kuthuvillaku             Brass (E) + kuthuvillaku (T) 

3.3.3 SEMANTIC LOANS 

Semantic Loans can be called as semantic changes. Semantic Loans do not show replacement of any 

word from another language but it portrays the change of meaning of the word. The researcher identified 

18 Semantic loans which are related to different fields such as jewellary, people, culture, customs and 

ethnic groups as given below; 

For example:   Semantic change                                     
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Seven Necklaces                          Seven Necklaces   

     (Jewellary)                                                  ( Traditional Bride) 

3.3.4 LOAN TRANSLATIONS 

According to the Fernando (2012), Loan Translations are created as a result of translating morphemes 

in SLE compounds to English Translations as a replacement of SLE compounds. Such as SLE Sinhala 

compound kaha bath is replaced as Yellow rice. For example:  Betal chew, Milk Woman, Harvest song 

Thel (oil) + pegunu(soaked) + thira(wicks)             Oil-soaked wicks 

3.3.5 LITERAL TRANSLATIONS 

Literal Translations are created as a result of translating the literal meaning of model language to 

English language. It portrays the pure local expressions, local flavored phrases and idioms of SL people 

specifically related to Sinhala and Tamil people. 

The milk heated at the auspicious hour is a direct translation of the Sinhala sentence. But it has ironical 

literal meaning. The Sinhala sentence is suba nakathatha kiri ithiraweema. Sinhala people used to heat 

the milk at the auspicious hour for special celebrated moments of life and specifically it is a main ritual 

of the Sinhala and Tamil New year which is celebrated in April 14. It is as a symbol of fertility and 

prosperity and it is considered as a good omen for starting special events.  

3.3.6 DIRECT TRANSLATIONS 

Direct translation is a one of best of translating method of translating texts from other languages. The 

researcher identified that, mother language influence is highly affected on the usage of direct 

translations and poets used direct translations in order to familiarize the poem to the SL audience. 

Amma sleeping? 

The question Amma sleeping?, is a direct translation of Sinhala language which is grammatically 

incorrect but it has original flavor. The Sinhala question Amma nidida is directly translated to English 

language without changing the grammatical order. The sentence is created as a result of bilingual 

exposure. The sentence is translated in to English without adding Auxiliary verb. 

5. CONCLUSION AND RECOMMENDATIONS  

According to research findings, the researcher found 190 SL Lexicons that express local expressions 

out of 75 SLE poems. Under data analysis of the present study, the researcher explained significant 

expressions related to Tamil culture and found out diversity of Tamil culture which merged with 

Hinduism. As recommendations, the researcher recommended to start writing SL Glossary at the end 
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of the SL Novel or Fictions, start to write Novels, Poems using SLE vocabulary manually. As 

suggestions , the researcher believed there should be more researches need to be done based on SL 

literature specialized to SL drama and short stories. Additionally, the researcher suggests that, it is better 

to do investigation on morphological analysis based on morphological analysis on SLE vocabulary 

related to SL Muslim and Burger culture. 
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ABSTRACT   
 Due to technological changes, a significant amount of vocabulary has been added to the English 
language and there is a plethora of neologisms of technologically added vocabulary. As a result, the aim 
of the study is to find out the changes of vocabulary in technology that have occurred in Sri Lankan 
English newspapers. This is a longitudinal study that used a qualitative descriptive content analysis 
method to collect and analyze data on the changes in English vocabulary in Sri Lankan English 
newspapers from 1991 to 2020. Two newspapers per year were used as purposive sampling method in 
this study. As the primary data collection method, Sunday Observer English newspapers published 
between 1991 and 2020 were obtained from the public library. Secondary sources such as scholarly 
articles, technology-related articles and classified articles were utilized for further data collection. The 
researcher found four major vocabulary categories: obsolete vocabulary, changed vocabulary, newly 
added vocabulary, and vocabulary with a semantic shift. This research was to shed light on changes in 
the English language's lexicon in technology that have been added to Sri Lankan English newspapers.   

  
      Keywords: Digital Era, Language Changes, Newspapers, Technology, Vocabulary Plethora.     

   

1. INTRODUCTION 

The present study aims at an analysis of vocabulary changes in Sri Lankan newspapers from 1990 to 

2020. In this chapter, the researcher elaborates on the background of the study, the rationale of the 

study, the research problem and research question, the research objective and scope, and the limitations. 

The ability to change is a feature of a language. Technology, according to linguists and lexicographers, 

is by far the most powerful force for change in the English language today. English is widely used in 

print media such as newspapers, books, and journals. In Sri Lankan newspapers, the vocabulary may 

be subjective due to the historical events, political situation, and socio-cultural aspects as well as the 

technological advancement of the country. 

For many journalists in Sri Lanka today, English is one of the primary languages used in newspapers 

and magazines. The purpose of this research focuses on the recent changes in the usage of the English 

language that have been brought about by the impact of technology, as seen by the popularity of the 

internet. Since its introduction in the early 1990s, the internet has become a critical component of 

globalization and the expansion of the English language. As a result, the English language has changed 

and evolved with the ever-changing world of technology.   

The impact of technology on the present English language can be noticed in newspapers. Newspapers 

can now be referred to electronically as well, and newspapers are the ideal place to look for language 

changes because they represent a specific time period. As a result, the researcher began to search for 
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vocabulary changes that have occurred in the English language as a result of technological 

advancements by analyzing language used in newspapers. 

We require lexicons of new words to describe ourselves as our lifestyles, cultures, and technology 

evolve and advance. Abbas (2019) says that there is a lexical gap in communication as a result of 

technological advancement. As a consequence, neologisms are required to fill the vacuum in the 

lexicon. The researcher intends to identify the changes that have happened to vocabulary in use from 

1990 to 2020 as a result of technological advancement in society. Therefore, the researcher intends to 

focus on achieving the objective to find out English vocabulary changes in technology in Sri Lankan 

newspapers from 1991 to 2020.  

 

2. REVIEW OF LITERATURE  

The English language evolves for a variety of reasons. Essentially, it evolves in response to the changing 

needs of its speakers. New technologies, new products, and new experiences necessitate the use of new 

words to refer to them in a clear and efficient manner. Particularly in South Asia, English has been the 

dominant language since colonization.  

Abbas (2018) says that it is clear that electronic communication has had a significant impact on the use 

of modern English. This trend of using the internet and other forms of social media is expected to 

continue in the near and distant future, introducing new forms of language, such as new graphology and 

"net-speak," which do not adhere to the grammatical and syntactic rules of systematic English writing. 

This study aimed to reveal the most recent and current lexical, abbreviation, new spelling, new 

punctuation, and any other grammatical deviations in the English language. 

Perera (2012) says that since the introduction of English to Sri Lanka in 1756, its vocabulary has 

undergone a steady change, and she has presented "Developing trends in SLE in journalistic writing" 

using randomly and purposefully selected English newspapers. According to Perera (2007), SLE has 

unique phonological, morphological, lexical, and syntactic features that have undergone a gradual 

development throughout the history. This analysis was done for the decades 1955–1965 and 2005–

2015. 

Jana (2019) focuses on how even education has changed due to computers, smart phones and the 

internet. Singh (2021) states, "English greatly changed in structure as well as lexicon, and it emerged 

into a new version of language." "The rise of the Internet, mobile phones, and social media has led to a 

huge increase in the usage of the English language." The critics assert that because of the widespread 

usage of the internet, English has a propensity to change into a different version of itself. 

In Sri Lankan English newspapers, SLE has been used more commonly. Ariyasinghe (2018) 

investigates the features of SLE syntax based on the newspapers. The reason for selecting newspapers 

as the method of data collection was the fact that they consist of authentic language usage. 

Modern English is different from old English. The English language today is vastly different from that 

of the past for a variety of reasons, including colonization, socio-cultural influences, political affairs, 
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and, most notably, technological advancement. As a matter of fact, the researcher focused on 

determining the changes that have occurred in the English language in Sri Lankan print media as a result 

of the current study. 

 

3. METHODOLOGY  

This was a longitudinal study that utilized the qualitative descriptive content analysis method to collect 

and analyze data on the changes in English vocabulary in Sri Lankan English newspapers from 1991 to 

2020. For this purpose, the researcher deeply analyzed the use of technology-related vocabulary in Sri 

Lankan English newspapers published between 1991 and 2020. The purposeful sampling method was 

used in this study. Sunday Observer English newspapers from 1990–2020 were used for the study. The 

Sunday Observer newspaper, published once a week on Sunday, was used to gather data. As the sample, 

two newspapers from each year totaling 60 papers were analyzed, and four technology-related articles 

for each newspaper were referred. Primary data collection was done for a period of two months, from 

February 2nd to March 24th. The Sunday Observer papers published on Sunday from January 1991 to 

January 2020 were accessed by gaining membership at the National Library of Sri Lanka. Two 

newspapers from each year, one from each semester, were selected for the analysis. Utilizing the in-

depth descriptive content analysis method, vocabulary items related to new technology were identified. 

To gather further data related to the study, secondary sources such as scholarly articles, technology-

related articles, and classified articles were utilized. The identified data was first classified by dividing 

into four categories: obsolete vocabulary, replaced vocabulary, newly added (but still used in 

communication) vocabulary, and semantically shifted vocabulary. Next, the categorized data was 

described to gain an understanding of how vocabulary related to technology has changed over the past 

three decades. Even though this study utilized the qualitative method, to present data, the researcher 

used tables. 

 

4. RESULTS AND DISCUSSION  

4.1. OBSOLETE VOCABULARY  

 Obsolete vocabulary refers to the vocabulary that is no longer needed because something better has 

been replaced. (Table1)  
Table 1: Obsolete Vocabulary   

 1991-2000  2001-2010  2011-2020  

  

Type writer  computer    

Floppy Disk  CD        DVD  

television  3D TV    

Codeless phone   Cellular phone /Mobile phones  Mobile phone / Smart phone  

Computer link  Internet page  webpage  
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Information age   Digital age     

Desktop  Personnel computer (PC)/Laptop    

Internet traders  e-business/e-marketing    

Computer operator  Data entry analyst     

Video games  Computer games  E-sports  

Landline   hotline  CDMA phones  

CD (Compact Disc)  DVD /pen drive  Google drive  

Stenographer  -  -  

Typist  Computer operator   Data entry analysts  

Cassette recorder  -    

Film rolls  .  .  

Y2k  -  -  

 

The study discovered 17 vocabulary words between 1991 and 2000, including terms like stenographer, 

cassette recorder, film rolls, and Y2K that had not emerged in the previous two decades.  

Typewriter: This was popular in the 1990s but was replaced by the computer, and it is no longer used. 

This is a less-used word and was found in the 1990s. The word "typewriter" has not been found since 

1999. Between 1991 and 2000, this was found four times. According to the description in the Cambridge 

Dictionary, this is a manual machine that uses keys to print letters and numbers on paper before 

computers and typewriters were commonly used to type letters. In American English, the typewriter is 

considered obsolete. Therefore, this word is less used since the computer was invented. It is not stated 

that this machine is not in use, but rather that it is used less frequently. 

Stenographer: Stenographer was popular in the 90s. A person whose job it is to transcribe speech in 

shorthand. Stenographers were found four times in that era. This term was found four times between 

1991-2000. This term faded out gradually. 

Floppy disk: Floppy disks are data storage units, and they were replaced by the CD from 2001 to 2010, 

and then they were also replaced with the DVD, which has more storage capacity. The portable pen 

drive and now Google Drive, which is used for cloud-based storage, superseded the use of CDs in the 

late 1990s. 

Internet Traders: When the internet was not widely used in Sri Lanka, those who conducted business 

over the internet were referred to as "internet traders." This was found between 2001 and 2010, and 

with the advancement of the internet, these were referred to as "e-business" or "e-marketing." In 

between 2011 and 2020, e-business and e-marketing were found, respectively. 

Computer link: In the 1990s, when computer technology had just been introduced and the internet was 

not very popular in Sri Lanka, English-language newspapers used this term to refer to a webpage. The 

information page was a little more advanced than the computer link. Then, as websites were introduced 

gradually in newspapers, the term "computer link" was replaced by the term "webpage." The term 

"computer link" was found three times in the 1990s. In Sunday Observer Newspaper article 1999, page 
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3, under the article on technology for schools, it is mentioned that "a computer link creates for the 

ministry of education." This refers to the webpage. According to the Cambridge Dictionary, "webpage" 

is a collection of internet pages about a specific subject published by a single person or organization. 

As a result, the researcher concluded that this "computer link" refers to the "webpage." From 2001 to 

2010, the researcher discovered five web pages. 

Codeless phone: In the 1990s, a codeless phone was discovered six times. However, according to data 

identification, this word was not discovered until 1999. According to the PC Magazine Encyclopedia, 

cordless phones, the first landline phones that were not attached to a desk or a wall, were invented in 

the 1950s but did not gain popularity until the 1980s. However, with the introduction of mobile phones, 

these codeless phones were replaced. The researcher identified the "codeless phone" six times in the 

1990s, and then it was not found again after the 1990s. In the 2000s, the cellular phone came with more 

advanced features than a cordless phone. Between 2001 and 2010, "cellular phone" was found two 

times. Then "mobile phone" was discovered in the middle of 2000, and between 2001 and 2010 it was 

found five times, then between 2011 and 2020 it was found five times. The term "smartphone" with 

internet access was discovered in the late 2011s. This was found seven times. 

 

4.2. CHANGED VOCABULARY  

The second category includes terminology that has undergone a full transformation from its original 

form due to advancements in technology. Only one such term, though, was found.  

           Application                App  

  

4.3. NEWLY ADDED VOCABULARY  

 Newly added vocabulary refers to either a new word has been added, or an old word that has not 

changed, has been utilized. The researcher detected 76 terms in all. (Table 2)  

 

Table 2: Newly Added Vocabulary 
  1.Computer  2.Computer language  3.Output device  4.Input device  

5.Virtual  6.Operating system  7.data  8.Backup copies  

9.Install  10.Internet  11.multimedia  12.e-mail  

13.Graphic designer  14. IT-manager  15.online  16.Data processing  

17.Color photography  18.Computer literacy  19.hardware  20.software  

21.virtual  22.3G  23.Digital media  24.Cyber politics  

25.Cyber age  26.e-ticketing  27.e-services  28.Information system  

29.Upload  30.Download  31.Mobile payment  32.Youtube  

33.MP3player  34.Wi-Fi network  35.Digital banners  36.Cyber skills  

37.e-readers  38.Google  39.3 G connection  40.User account  

41.Hotspot  42.Coverage  43.e-book  44.e-waste  

45.e-commerce  46.e-features  47.Online- shopping  48.Internet connection  
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49.Twitter  50.Mp3 track  51.Net user  52.Anti-virus  

53.Internet banking  54.Link  55.4G  56.Online marketing  

57.Mobile banking  58.Facebook  59.Wi-fi zone  60.social media  

61.3G network  62.Digital banking  63.Online tutoring  64.virtual classroom  

65.Instagram  66.social  media  

platform  

67.Facebook moderators  68.Online space  

69.Livestreaming  70.Selfie  71.memes  72.WhatsApp  

73.Cyber source  74.Zoom platform  75.digital photography   76.you tuber  

 

Internet: A worldwide electronic communications network that connects computer networks and 

organizational computer facilities Because of the invention of the "internet," technology has caused a 

revolution. Because of the invention of the "internet," technology has caused a revolution. This term 

was discovered numerous times between 1991 and 2001: "internet, twice, internet page at the same 

time," The word "internet" From 2001 to 2010, seven times from 2011 to 20202, the term "internet" 

was found 10 times. The phrase "internet connection" appeared two times. 

Digital: Electronic tools, systems, devices, and resources that generate, store, or process data are 

referred to as "digital technologies." Social media, online games, multimedia, and mobile phones are 

well-known examples. Throughout the data collection, the researcher discovered that the term "digital" 

is associated with many words: digital age, digital media, digital banners, digital photography, and 

digital banking. 

Wi-Fi: Wi-Fi is a facility that allows computers, smartphones, or other devices to connect to the internet 

or communicate wirelessly within a specific area.   

Livestreaming: This trend is very popular on social media. When someone watches video on the 

Internet, the method of data transmission used is live streaming. It is a method of delivering a video file 

in small chunks, typically from a remote storage location. Client devices do not have to download the 

entire video before starting to play it because the file is transmitted a few seconds at a time over the 

internet. 

Zoom platform: Zoom is a video conferencing platform that can be accessed via a computer desktop or 

mobile app and allows users to connect online for video conference meetings, webinars, and live chat. 

Because of the coronavirus pandemic, this term was particularly prevalent in Sri Lanka. 
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4.4. SEMANTIC SHIFT  

The researcher discovered semantic shift vocabulary, which has various meanings but similar 

pronunciations and spellings. Words that have been semantically changed in this context have two 

meanings: one is their usual sense, and the other is their technological sense. Only seven semantically 

shifted terms have been discovered by the researcher: format, cloud, site, web, virus, file, programme, 

network, and tablet. 

Format: In general, a format is a pattern, plan, or arrangement; in technology, it is the way information 

is organized and stored on a computer. Reformatting a computer requires erasing the hard drive and 

reinstalling the operating system, as well as all other applications and files. 

Cloud: Cloud in normal usage gray or white mass in the sky. When it comes to computing, it is defined 

as a connection with more than one computer via the internet. 

Site: A site is a place where something is, was, or will be built, or where something happened, is 

happening, or will happen. When referring to technology terms, it is an indication for the website. 

File: In general, a file is any of several different types of containers used to store papers, letters, and 

other documents in an organized manner, particularly in a workplace. In computing, a file is a place to 

store data on a computer. 

Web: A web is a net used to catch insects that is made by a spider from the sticky thread that its body 

produces; the various tools and techniques used in the process of communicating between various types 

of devices over the internet are often associated with the web, including website and web connection. 

Virus: A disease is the common term, and a computer problem is the technological term. A virus cannot 

reproduce itself. Instead, it will infect a living cell, forcing it to replicate the virus. When the virus does 

this, it stops the cell from doing whatever it was doing before killing it. This also applies to the 

computer virus. It causes computer system damage by embedding self-replicating code illegally in a 

computer program, frequently causing damage or shutting down a system or network. 

Programme: In general, a program is a plan for activities to be completed or goals to be met, whereas a 

computer program is a set of instructions written in a computer language to create or run a computer 

programme.  

Tablet: The researcher found "tablet" as a semantically shifted word. According to the Cambridge 

dictionary, a "tablet" can be described as: "In medicine, a small, solid piece of medicine; in information 

technology, a type of small computer with a screen that can be written on with a special pen." 

Network: In general, a large system consists of many similar parts that are connected together to allow 

movement or communication between or along the parts, or between the parts and a control center in 

computing. In computing, a network is used to connect computers together so that they can share 

information. 
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5. CONCLUSIONS AND RECOMMENDATIONS  

In conclusion, the researcher found four major vocabulary categories in this study: obsolete vocabulary, 

newly added vocabulary, changed vocabulary, and vocabulary with semantic shift. The category with 

the most vocabulary is "newly added vocabulary." Then comes the obsolete category. The study only 

discovered seven semantically shifted words, whereas changed words are one. Further, this study 

recommends creating a dictionary of technological terms because we could find such dictionaries 

introducing new technological vocabulary only rarely. It is further recommended that similar studies be 

carried out in relation to other areas of language use, such as science, fashion, culinary, etc. 
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