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ABSTRACT

With a rising global prevalence of end-stage heart failure and a limited availability of cardiac transplantation
programmes or left ventricular assist devices in many parts of the world, there is a renewed interest in potential
alternative treatment options.

Along with other groups, we have previously demonstrated the beneficial effect of intracoronary autologous bone
marrow derived peripheral haemopoietic stem cell transplantation, to improve myocardial contractility in end-stage
heart failure.

We now assess the ability of these cells to expand in numbers in-vitro, to achieve enrichment of stem cell counts,
using standard cell culture methods and flow- cytometric analysis.

We demonstrate that with in-vitro culturing (within 3 passages post-harvest), the CD34+ stem cell fraction
increases in standard culture media, across multiple samples. However, optimal culture conditions to achieve near
pure stem cell populations with rapid cell proliferation, still needs to be defined.

KEYWORDS: End-stage heart failure, Intra-coronary Transplantation, Autologous bone-marrow-derived
peripheral haematopoietic stem cells.

ABBREVIATIONS: DMEM: Dulbecco's Modified Eagle Medium, FCS: Foetal Calf Serum, CD34+: Cluster
of Differentiation 34 positive, FACS: Fluorescence-activated cell sorting, WBC: white blood cells.
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In-vitro proliferation and enrichment of cd34+ autologous haematopoietic stem cells, obtained from patients with end-stage
left ventricular failure

1. INTRODUCTION:

The global prevalence of end-stage heart failure is
rising, despite the presence of successful reperfusion
strategies for acute myocardial infarction, improved
pharmacological and device therapy for heart failure.
The changing demographics and disease onset at a
young age and longer survival may paradoxically be
contributing to this observation in both developed
and developing countries. The limited availability of
cardiac transplantation programmes and absence of
left ventricular assist devices in many parts of the
world, has renewed interests in potential alternative
options, for treating patients with end stage heart
failure (Athauda-arachchi 2019).

Haematopoetic stem cells derived from bone marrow
have been used for autologous transplantation since
(Barnes et al 1956) for haematological cancers. Many
groups, including ours (Athauda arachchi 2022) have
previously demonstrated the beneficial effect of
intracoronary autologous bone marrow derived
peripheral haemopoietic stem cell transplantation, to
improve myocardial contractility post-MI
(Schachinger 2004) or in end-stage heart failure
(Schéchinger et al 2006).The harvesting techniques
and utility of these cells in many other conditions
have been widely described (Snowden et al 2018,
Mahla 2016 and Burt et al 2008).

However, it is not known whether these cells when
taken in-vitro, could exhibit rapid proliferation and
yield enriched stem cell populations, using standard
cell culture media.

With this initial study, we aimed to assess the
potential for in-vitro expansion of peripherally
derived autologous haematopoietic stem cells.

2. METHODS

Two 1 ml samples of bone marrow derived peripheral
haemopoietic stem cells, obtained as voluntary
donations from patients with severe heart failure,
undergoing autologous intra-coronary stem cell
infusion, was transported on ice, and used for culture
in DMEM, 1% penicillin/streptomycin, 20% FCS.
The nutrients the medium includes glucose, L-
glutamine and sodium pyruvate (contained in
DMEM) and mixture of macromolecules, including
hormones, transport proteins, growth factors, lipids,
minerals, elements, and detoxifying factors conferred
by 20% FCS.Cells were seeded at densities of
approximately 1million per ml in T25 flasks. They
were incubated in 5% CO, and at 37° C and passaged
three times into new media every 48 hours. Cells
were analysed morphologically, by Trypan blue
exclusion assay and by flowcytometry, for the
presence of CD34 surface marker (with external
validation of result at Sri Jayewardenepura Hospital,
Colombo), indicative of “stemness” of the
hematopoietic cells, before (passage 1) and after
culturing (passages 2 & 3).

3. RESULTS

The morphology of the cells under microscope is
demonstrated in figure 1. Immediately after counting
in haemocytometer, seeding into the T25 flasks
(passage 1), they appear somewhat aggregated,
becoming less dense clusters and individual cells

Figurel: Microscopic appearance of hematopoietic stem cells at haemocytometry [H], initial
seeding to culture [pl] medium, and follow up of passages [p2 & p3].
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later (passage 3). Trypan blue exclusion assay
demonstrated >80% live cells after 3 passage.

At the point of collection, total WBC numbers was
approximately 219.5X10% and 203x10° cells per
microlitre and contained approximately 1.8% and
8.2% CD34+ cells. Following serial passaging in
tissue culture media, the CD34+ve cell counts could
be increased to 12.7% after second passage and up to
59.1% by third passage, in one sample and up to 15%
in the other, albeit the overall cell number decreased,
indicating a preferential survival of the stem cell
progeny in the cultures (Table 1) and loss of other
cells. It also highlights, a difference in the
hematopoietic stem cell numbers collected between
individuals, and variabilities in the potential to enrich
CD34+ stem cells by culture.

Table 1: Comparison of CD 34+ve cell counts by
flow cytometry (FACS)- initial sample [p1], and of
passages [p2 & p3], showing differences between the
samples of the two subjects

Subject | Initial Passage 2 | Passage 3
counts(P1) | cells /ul cells /pl
cells /pl

Total WBC 219.5X10° | 1.34x10° 0.8X10°

2 203X10? - 0.27x10°
CD45  -ve 1 1.8% 16.1% 59.6%
%

2 8.2% - 21.8%
CD34+ve% 1 75.1% 78.8% 99.3%
(out of
CD45-ves)

2 48.1% - 69%
CD34+ve% 1 1.35% 12.69% 59.18%
(out of total
WBC)

2 3.9% - 15.04%

4. DISCUSSION AND CONCLUSIONS

Peripherally derived autologous haematopoietic stem
cells, hitherto harvested from patients with end-stage
heart failure used for intracoronary infusion, may
also be successfully passaged in tissue culture flasks
using simple culture conditions. Here we described
conditions, devoid of added growth factors or
cytokines, to maintain the progenitor identity over

several passages. The CD 34+ cell percentage in this
simple culture technique rises due to stem cell
survival/proliferation, with loss of other cells. It is
also not certain how many passages the CD34+
autologous haematopoietic stem cells can be enriched
this way, without terminal differentiation.

Many contemporary culture media different to ours
have been described with different conditions to
propagate hematopoetic stem cells (Yadav et al
2020), noting that the final lineage specification can
substantially depend on the culture conditions.

The challenge is to standardize a culture system that
can predictably enrich the CD34+ hematopoietic
stem cell population, with the ideal composition of
growth and survival factors. Chemically defined
media (CDM) Joannides et al (2007) has previously
been described for embryonic stem cell proliferation,
but it is not certain whether such culture media which
are morphogen free, may be more suitable for
achieving higher cell survival and enrichment of CD
34+ hematopoetic stem cells. Further studies are
indicated to test such media.

Refining these methods in future, and testing samples
from more donors, enables to identify best methods
for ex-vivo expansion and storage of peripherally
derived autologous haematopoietic stem cells for
potential “individualised cell therapy” of end-stage
left ventricular failure for a given patient.
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ABSTRACT

Plastic packaging plays a pivotal role in delivering quality products to consumers but poses significant waste
management challenges once discarded. Landfilling, the primary method for solid waste disposal in Sri Lanka,
exacerbates plastic pollution due to poor waste separation, leading to environmental contamination and health
hazards. Mismanaged plastic packaging waste also threatens key industries like tourism, fisheries, and agriculture,
endangering the country's economy and biodiversity. This research utilized secondary data to examine plastic
packaging waste regulations, incorporating expert strategies such as the circular economy and extended producer
responsibility. An extensive literature review, including German and EU directives, identified effective waste
management practices, while primary data on food packaging was collected through observation to propose
improved labelling regulations for Sri Lanka. The findings recommend mandatory labelling by manufacturers to
inform consumers about the recyclability and quantity of plastic packaging, promoting awareness and sustainable
consumption. Additionally, implementing eco-labelling and legislation for plastic packaging in Sri Lanka will
enhance waste separation, recycling, and recovery, reducing plastic pollution and mismanaged waste.

KEYWORDS: Plastic Pollution, Plastic Packaging Labelling, Producer Responsibility
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Legal framework of plastic packaging and labelling in Sri Lanka: a comparative analysis

1. INTRODUCTION

1.1 background of the study

Landfilling, the most common solid disposal option
worldwide, has been practiced for more than 70
years. Sanitary landfills offer the most cost-effective
solution for disposing of non-recyclable waste.
Karadiyana garbage dump, Katunayake Seduwa
Urban Council dump yard, and Deldorawatta garbage
recycling center are the most identified solid waste
landfills in Sri Lanka. However, there are
approximately 330 landfills and open dumping sites
in Sri Lanka. These would only make people produce
more waste not less and the problem will never get
resolved with the increase of the population.

Landfill areas contain many different types of
plastics. Most of the waste in the form of plastic in
landfills is single-use items such as packaging and
due to lack of separation of waste, there is a risk of
contaminating the hazardous waste in the residual
waste.

The best solution to tackle the overflow of plastic
pollution in landfills is to focus on preventing and
reducing the generation of plastic in the first place.
Manufacturers keep on producing plastic packaging
products for profit and consumers just buy them
without any effort to change their lifestyle, which has
become a problem. The issue lies with the creation of
plastic packaging, rather than with the waste
generated from plastic packaging.

The most common single-use plastic packaging
identified are plastic water bottles and shopping bags.
Experts have revealed that the poor segregation of
waste and poor disposal and collection systems have
created a risk of contaminating hazardous waste with
residual waste, which causes leaching chemicals into
underground waters even through a sanitary landfill.
Landfills cause a risk of groundwater intoxication.
Toxic chemicals that have high concentrations of
nitrate and phosphate derived from the waste in the
soil can filter through the dump and contaminate both
the ground and surface water (Akinbile, 2012). This

will not only negatively affect human health but also
harm the ecosystem in Sri Lanka, posing a threat to
biodiversity.

Further, it is identified that most landfills and open
garbage dump sites cause air pollution as a result of
the burning of post-consumer plastic packaging
waste. When the plastic packaging in landfills are
burnt, toxic fumes are released to the environment.
Packaging made from non-renewable resources can
cause long-term pollution of the environment,
including air and soil, and may contain
environmentally damaging chemicals, which can
have serious effects on human health (Scipioni,
2012). Given the various types of plastic waste
packaging, not all post-consumer products can be
recycled. Therefore, it should be emphasized that the
manufacturer's responsibility is crucial for the
sustainability of the product material.

According to Al-Salem, Lettieri & Baeyens (2009), a
significant downside of landfills from a sustainability
perspective is that none of the material resources used
in plastic production are recovered, resulting in a
linear material flow rather than a cyclic one.
According to the EU Council Directive 1999/31/EC
on the landfill of waste, landfilling in Europe is
limited to inert materials that are not biodegradable
or combustible on a national level. (Mou, 2014)

These identified problems are still in existence due to
inadequate regulations on plastic packaging waste.
Mismanaged plastic packaging wastes are rapidly
increasing when smaller percentages of plastic
packaging wastes are recycled and the rest go to the
landfills and the environment.

Proposed policy regulation on manufacturers and
distributors will make consumers do the right thing
whenever they are at home or on the roadside
rewarding good behaviors. The proposed regulations
aim to protect consumers by reducing unnecessary
packaging costs for manufacturers and distributors,
which in turn will contribute to poverty reduction in
Sri Lanka.
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It is expected that the findings of this research will
focus on policymakers making decisions wisely
when implementing regulations on plastic waste
management. Regulations on package labelling will
not only benefit the Central Environment Authority,
Western Provincial Waste Management Authority,
Supportive Unit and Local Authorities but also the
business organisations and the community as a
whole. Prevention of waste at generation through
regulations will be focused on in this research
highlighting the responsibility of the product
manufacturer and will inevitably be a guiding
principle for awareness of the packaging waste
problem.

Accordingly, this paper intends to identify gaps
existing in regulations on plastic waste management
in Sri Lanka, with special emphasis on strict
separation of plastic waste at source. The main
problem examined in this paper is on how to
implement a regulation on the manufacturer for the
responsibility of the product packaging. The
resources that become “plastic packaging waste” thus
need to be more concerned and redirected in the
production process by the manufactures.

Therefore, it is necessary to implement regulations,
recommendations, and best practices to transition
from a throwaway society to one that emphasizes
greater recycling, repair, reuse, and reduction of
plastic packaging waste. The proposals and
recommendations made in this research paper will
guide and shape the implementation plan for plastic
packaging waste policies, encouraging businesses to
act responsibly and rewarding good behavior among
consumers.

1.2 literature review

Labels on products are powerful marketing tools
(Treves & Jones, 2010) that act as essential
communication conveyers between businesses,
public authorities and consumers (Struwig &
Adendorff, 2018). Eco-labels convey to consumers a
sense of environmental consideration on the part of
the manufacturer (Koos, 2011). As per Eco Label
Index (2015), there are estimated 463 types of eco
labels, across 199 countries and 25 industry sectors

(Eco Label Index, 2019). These eco-labels are
managed either voluntarily or mandatorily with the
support of governments, companies, and non-
governmental organizations (Senaweera & Parasnis,
2018).

The ISO 14000 is an Environmental Management
System (EMS) standard developed by the
International Organization for Standardization (1SO)
Technical Committee ISO/TC 207 and its various
subcommittees  (International Organization for
Standardization, 2019). According to some findings,
presumably, organizations that had implemented the
ISO 14001 have succeeded in decreasing the amount
of waste produced (Sroufe, 2003) and tend to reduce
costs compared to their previous consumption or
production (Penttild, 2016).

1.2.1 International Standards on Eco-Labelling

1. 1SO 14020

The Environmental Labelling General Principles
standard outlines nine fundamental principles
applicable to all environmental claims and labelling
schemes. These principles are aimed at ensuring the
provision of accurate, verifiable, and relevant
information across the board, fostering transparency
and reliability in environmental communications.

2. I1ISO 14021

The Environmental Labels and Declarations standard
encompasses  Self-Declaration,  Environmental
Claims, Terms, and Definitions, establishing
requirements for Type Il labels. These labels pertain
to environmental claims made by producers about
their goods and services.

3. I1SO 14022

The Environmental Labels and Declarations
framework, specifically Environmental Labelling
Type |, lays out the guiding principles and procedures
necessary to create programs that verify the
environmental characteristics of a product. These
programs typically include the issuance of a seal of
approval, which serves as an indication that the
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product complies with particular environmental
standards and criteria.

4. 1S0O 14024

The Environmental Labels and Declarations
framework, particularly Environmental Labelling
Type |, provides guiding principles and procedures to
develop programs that verify a product's
environmental attributes. These programs often
involve issuing a seal of approval, indicating that the
product meets specific environmental standards and
criteria.

5. 1SO 14025

Environmental labels and declarations, specifically
Type Il environmental declarations, establish
principles and procedures for providing quantified
environmental information about products. These
declarations are based on life-cycle data and are
aimed at informing consumers and stakeholders
about the environmental impact of products
throughout their life cycle. These principles and
procedures help standardize the process of issuing
such  declarations, ensuring consistency and
reliability in the information provided.

The International Organization for Standardization
(1SO) has classified these Eco-labels into three types
according to principles, practices and key
characteristics: Types I, Il and 111.

It is identified in a study and recommended for
introducing a well-recognized internationally
accepted product-based Eco label which considers
the whole life cycle of a product. The study revealed
that introducing eco labels promote the greening of
the supply chain and competitiveness in the
international markets (Senaweera & Parasnis, 2018):
However, the study has not recommended adopting a
green dot packaging labelling system in Sri Lanka for
manufacturers from an organization for the
recyclability or recoverability of plastic packaging
waste.

Table 1 gives the summary of the eco-labelling
systems available in Sri Lanka as identified through
the literature findings.

1.2.2 Eco-labelling schemes available in Sri Lanka

Legal Framework for Labelling Schemes in Sri
Lanka

National Environmental (Plastic Material
Identification Standards) Regulations No.1 of 2021
implemented  through  Special Regulation
No.2211/50.  The regulation states, “any
manufactured plastic item shall be marked clearly
under the plastic material identification standards
specified in the schedule” (S.R., N0.2211/50).

Table 1
PLASTIC MATERIAL IDENTIFICATION STANDARDS
Catumin | Codumer If Catumn 11
Marevial Abbreviation Sy apiicas
af the uraterial
1 2
(I} Polyethylene terephthalale PET or PETE C'm\ ’1\ ‘\
D | Lo | ¢
PET PETE
@) Highwiensity polyathylene HDFEorPE-HD c% C?_', C‘\
PE-HD HIPE
(3) Polyvinyl chloride PVCarV C;:}_', é\_, C'\
PYC ¥
4) Low-density palyethylene, Linear LDPEar PE- LD :‘\ l‘\ '\
low-density polyetiylenz é;:; ch.P-E, c
15) Polypropylene i3 CE\E\_, C?J C’\
FP FP
:E]T‘JJ A1 HrI Ps 0 ’s\
Styrafoam CP.SJ Cp's-, C
() Other plastics, sueh as aerylic, nylon, OTHER orQ) '\
polyearbonate, and multilayer combinations C:}_, cb c
of different plastics CTHER 0

Source: National Environmental (Plastic Material
Identification Standards) Regulations No.1 of 2021
implemented through Special Regulation No0.2211/50

Plastic Material Identification Standards

However, the regulation has failed to address the
issue of distributors who are equally responsible in
Sri Lanka for post-consumer plastic packaging waste.
Because National Environmental (Plastic Material
Identification Standards) Regulations No.1 of 2021
only apply to the manufacturer, therefore the
regulation has been ineffective in managing plastic
packaging waste in Sri Lanka. Extraordinary Gazette
No0.2211/51 has prohibited.




Legal framework of plastic packaging and labelling in Sri Lanka: a comparative analysis

Labelling Schemes available in the German
Jurisdiction

The EU Directive 1994/62 on Packaging and
Packaging Waste aims to harmonize packaging waste
management across member states, promoting
recycling and minimizing environmental impact.
However, national regulations like Germany's
Verpackungsgesetz ~ (Packaging  Act) impose
stringent standards, potentially conflicting with the
Directive's goal of uniformity and increasing
compliance costs for businesses operating in multiple
EU countries. This highlights the tension between
EU-wide regulatory harmonization and national
sovereignty.

Comparatively, Sri Lanka's packaging laws,
governed by the National Environmental Act and the
Consumer Affairs Authority Act, focus on reducing
pollution and promoting sustainable practices. These
laws mandate recyclability labelling and restrict
hazardous materials, but are less complex and more
centralized than the EU's fragmented regulatory
landscape. While the EU faces challenges in
balancing uniformity and sovereignty, Sri Lanka's
straightforward regulations provide clearer business
guidelines but may lack the comprehensive rigor of
the EU Directive. Sri Lanka could enhance its
packaging waste management by adopting elements
from the German model, balancing stringent
measures with local economic capacity to foster
environmental sustainability.

The certification given under the green dot system
will force the manufacturer to produce their
packaging to improve the material resource
efficiency of the packaging material. This system will
monitor and minimize the plastic packaging waste
disposed in landfills in Sri Lanka.

1.3 Theory of the study

Extended Producer Responsibility (EPR) is an
environmental policy approach that holds producers
accountable for the entire lifecycle of their products,
particularly focusing on the take-back, recycling, and
final disposal of products. The core principle of EPR
is that manufacturers should bear the financial and/or
physical responsibility for the environmental impacts

of their products from design through end-of-life.
This shifts the burden of waste management from
governments and taxpayers to  producers,
incentivizing them to design more sustainable
products.

1.4 Research gap

Identifying the gaps in the current plastic packaging
waste management system in Sri Lanka highlights
several critical areas where improvements are
needed. There is a significant gap in consumer
knowledge about the different types of plastics, their
recyclability, and proper waste separation methods.
Many consumers are unaware of how to correctly
dispose of plastic packaging, leading to improper
waste handling. There is a need for more robust
educational campaigns and programs to inform the
public about the importance of proper waste
segregation and recycling practices.

The diversity of plastic types used in packaging
complicates the waste separation process at the
source. Consumers often find it difficult to
distinguish between recyclable and non-recyclable
plastics. There is a lack of adequate infrastructure and
systems to facilitate efficient waste separation at the
source, which is crucial for effective recycling.

Existing regulations on plastic waste management
may be insufficient or inadequately enforced. There
is a need for stronger policies and stricter
enforcement to ensure compliance with waste
management protocols. There is a lack of incentives
for producers and consumers to adhere to waste
management regulations, which hinders the
effectiveness of these policies.

The current recycling facilities in Sri Lanka may be
inadequate to handle the volume and variety of plastic
waste generated. This limits the overall capacity for
recycling and recovery. The processes used in
recycling facilities may not be efficient or advanced
enough to handle the complexities of different plastic
types, resulting in lower recycling rates.

Improper waste separation leads to the contamination
of hazardous waste with residual waste. This renders
sanitary landfills ineffective, posing serious
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environmental and health risks. Contaminated waste
can lead to chemical leakage into the soil and water
sources, impacting the food chain and human health.

Mismanagement of plastic packaging waste
negatively affects key industries such as tourism,
fisheries, and agriculture, which are vital to Sri
Lanka’s economy. The economic burden of
ineffective waste management is high, affecting
public health, environmental quality, and the overall
sustainability of industries. The environmental
impact of plastic pollution includes significant
biodiversity loss, as both marine and terrestrial
ecosystems are affected by plastic waste. The
pervasive pollution of oceans and land by plastic
waste underscores the urgent need for improved
waste management strategies to protect the
environment.

There is a gap in the implementation of Extended
Producer Responsibility (EPR) programs, which
could hold producers accountable for the lifecycle of
their products, including take-back, recycling, and
disposal. There is insufficient engagement and
participation from producers in managing the end-of-
life disposal of their products.

1.5 Research questions

1. What are the key components of Germany’s
legal framework on plastic packaging and
labelling?

2. What are the current legal and regulatory
frameworks governing plastic packaging and
labelling in Sri Lanka?

3. How do the regulatory approaches of Germany
and Sri Lanka compare regarding plastic
packaging and labelling?

4. What specific policy recommendations can be
derived from Germany's experience to enhance
plastic packaging and labelling regulations in Sri
Lanka?
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1.6 Obijectives

1. To analyze Germany's legal framework

2. To assess the current legal and regulatory
environment in Sri Lanka

3. To compare and contrast legal approaches

4. To propose policy and
recommendations for Sri Lanka

regulatory

1.7 Significance of the study

Plastic packaging plays a pivotal role in delivering
quality products to consumers. However, once its
purpose is served, it becomes waste, posing
significant challenges due to the diverse types of
plastics used, which complicate waste separation at
the source. The lack of awareness among private
consumers regarding plastic types, recyclability, and
recovery exacerbates the issue. Improper waste
separation by consumers leads to the contamination
of hazardous waste with residual waste, which
renders sanitary landfills ineffective in managing the
waste properly. This can result in chemical leakage
into the soil, contaminating water sources and
impacting the food chain, thereby affecting human
health.

The mismanagement of plastic packaging waste also
threatens key industries such as tourism, fisheries,
and agriculture, endangering the country's economy.
Additionally, the environmental consequences,
including biodiversity loss and pollution of oceans
and land, underscore the urgent need for improved
plastic packaging waste management in Sri Lanka.
Addressing these challenges is crucial to protect both
the environment and the economy from the adverse
effects of plastic waste.

2. METHODOLOGY

This research was based on secondary data. Literature
was not limited to finding regulations on plastic
packaging waste but it also extends to finding the best
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strategic system as per the experts’ views such as
circular economy, cradle-to-cradle design, extended
producer liability, stewardship and pay you as you-
through.

Literature was collected to ascertain the existing legal
framework governing the labelling of plastic
packaging in Sri Lanka. This research paper
considered options across the field of waste,
recognizing that there are many lessons we can learn
from Germany; a country that recycles at least half of
its municipal waste (European Environment Agency,
2018). Further research focused on the directives of
the European Union as the directives have had been
the base for the regulation implemented by Germany.

An extensive literature review was conducted by
referring to secondary sources which are available
online such as legislation, books, journal articles,
working articles, dissertations, research data, web
pages, newspapers, and scientific papers to identify
the plastic packaging labelling regulations in
Germany for the last decade.

Data collection was done through both secondary and
primary sources. The primary data related to this
phase was collected mainly through observation on
different food packaging.

The literature review identifies the existing waste
management regulations and practices under German
law and proposes regulations to adopt the best
strategies for enhancing current packaging labelling
practices to achieve zero waste management goals.

3. RESULTS AND DISCUSSION

From a legal perspective, the concept of zero waste
as advocated by Zero Waste Europe presents several
challenges and opportunities. Firstly, the shift from
conventional waste management practices, which are
typically designed for a linear economy, raises
questions about the legal frameworks governing
waste disposal and recycling. In many jurisdictions,
waste management laws focus on disposal methods
such as landfilling and incineration, which may not
align with the goals of zero waste strategies.
Therefore, there may be a need for legislative
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amendments or new regulations to promote and
incentivize zero waste practices.

One key aspect highlighted is the responsibility of
manufacturers in labelling products for recyclability
and sustainability. This intersects with existing
consumer protection and environmental regulations
that mandate accurate labelling and disclosure of
product information. Manufacturers may be legally
required to provide clear and verifiable information
about the recyclability and sustainability of their
packaging, ensuring that consumers can make
informed choices.

Although plastics are technically recyclable most of
them are not recyclable due to the infrastructure that
does not exist in those packaging. Several major
factors are limiting the effectiveness of plastics
recycling. Recycling of single resins is limited by the
lack of ability to separate a mixture of plastic easily
(such as those collected at the curbside). Therefore,
the separation of waste at source plays a major part in
this issue.

Furthermore, the discussion on technological
advances in recycling and life-cycle analysis (LCA)
underscores the importance of incorporating
scientific and technical data into waste management
policies. Legal frameworks may need to encourage
research and development in recycling technologies,
while also mandating LCA assessments for certain
products to quantify their environmental impacts. A
recent LCA specifically for Polyethylene
Terephthalate (PET) bottle manufacture calculated
that the use of 100 percent recycled PET instead of
100 percent virgin PET would reduce the full life-
cycle emissions from 446 to 327 g CO2 per bottle,
resulting in a 27% relative reduction in emissions
(Gomes, Visconte & Pacheco, 2019).

The mention of toxic additives and hazardous
chemicals in plastic packaging manufacturing raises
regulatory concerns regarding product safety and
environmental protection (Groh et al 2019). Laws
governing the use of chemicals in manufacturing,
such as restrictions on hazardous substances or
requirements for safer alternatives, play a crucial role
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in mitigating risks associated with packaging
materials (Ong, Samsudin, & Soto-Valdez, 2020).

Making of plastic packaging may incorporate the use
of toxic additives and hazardous processing
chemicals. For example; Separation from polyvinyl
chloride (PVC) is important in PET recycling
processes due to its toxicity, which degrades the final
quality of recycled PET (Galdon-Navarro et al,
2018). Unnecessary multi-layered packaging and
non-recyclable plastic packaging are problematic and
this type of packaging need to be restricted by
implementing regulations on the packaging.

Manufacturers are responsible for producing the post
consumed disposable plastic packaging waste,
something at the end of its life cycle will end up in
the trash bin. However, one must consider the fact
that the recyclable product which end up in the trash
bin must be recycled, and there is no other alternative
for this problem. Packaging waste regulations have
the ability to make manufacturers produce resource
efficient packaging. By registering under a licensing
body manufacturers should design their packaging by
minimizing its harmfulness and its packaging
quantities.

Waste minimization involves efforts to avoid
creating waste during manufacturing. To effectively
implement waste minimization, the manufacturer
requires  knowledge  of  the  production
process, cradle-to-grave analysis (the tracking of
materials from their extraction to their return to earth)
and details of the composition of the waste.

Regarding waste minimization and extended
producer responsibility (EPR), legal mechanisms
such as waste disposal taxes, deposit refund schemes,
and EPR regulations can incentivize manufacturers to
adopt sustainable practices. These instruments shift
the financial burden of waste management onto
producers, encouraging them to design products for
easier recyclability and to minimize waste generation
throughout the product lifecycle.

Manufactures who produce post-consumer plastic
packaging waste that end up in land fill must be
charged with a landfill tax. Due to this reason the cost
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of product will be increased and this will discourage
the consumer to buy products packed with plastic
packaging and inevitably the consumer will tend to
look for sustainable products.

A N S

ispose oF
wrapp, Plastic
Ing thoughtryyy,,

Packaging of peanut butter jar
Figure 1: Packaging of products Manufactured in
Australia

As per the above findings, waste generation and
handling are a critical issue. Thus, it is important to
implement the zero-waste management system to
avoid waste problems. According to the literature
findings, the design of the packaging is the best place
to implement zero waste. Therefore, this research was
considered about the manufacturing stage to prevent
the generation of waste. Thus, this research was
focused on applying the concept of zero waste to the
manufacturing industry in Sri Lankan context.

Economic instruments are implemented through
national or regional waste policies, such as waste
disposal taxes, waste pricing, deposit refund
schemes, extended producer responsibility, tradable
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permits, recycling subsidies, value-added tax (VAT)
exemptions for repair and recycling activities, etc.
(Morlok. & Schoenberger, 2017).

Moreover, the importation of plastic packaging
products and other unnecessary plastic toy products
need to be restricted and monitored.

Importation controls on plastic packaging products
and other plastic items also fall within the purview of
trade and environmental regulations. Countries may
impose import restrictions or standards on packaging
materials to reduce environmental impact and
promote domestic recycling industries.

In conclusion, the legal analysis of zero waste
strategies involves a complex interplay of
environmental, consumer protection, trade, and waste
management laws. Implementing and promoting zero
waste practices require a holistic approach that
addresses regulatory gaps, incentivizes sustainable
production, and fosters innovation in waste
management technologies.

4. ANALYSIS

Despite their differences, Germany and Sri Lanka
share several similarities, particularly during the
1980s when Germany grappled with waste
management challenges like insufficient landfill
capacities and excessive use of beverage packaging.
However, these two nations also exhibit notable
differences in various aspects.

German jurisdiction in packaging waste plays a
significant role in increasing the recycling of plastic
waste, more over the collection, and separation
(Balachandra & Abeysekara, 2021). However
German system is an expensive method as its sole
concern goes for recycling targets which hinder focus
on the national market economy. Therefore, the
desired goal is to implement the Green dot labelling
system with due respect to the national market
economy in Sri Lanka.

Hence, these German experiences can be extracted to
fulfill the lacuna that exist in the context of domestic
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jurisdiction by implementing national laws on waste
management upholding producers' responsibility
over the plastic packaging waste in Sri Lanka.

Packaging is necessary for society to transport,
protect, store and market products. (Boz, Korhonen,
& Koelsch Sand, 2020) Therefore, Government
policy should encourage innovation in packaging
designs and uses before implementing regulation
targeting on the manufacturers.

DSD created and maintained an infrastructure for the
collection and sorting of materials. Collection bins
were placed in convenient locations to allow
consumers to dispose of packaging materials.

DSD then contracts with companies to handle the
recovery and the delivery of these materials to sorting
plants. Recyclers are paid by DSD to take the sorted
materials. Companies, who wish to participate in the
DSD program, thereby complying with the German
statutory take-back requirement without the necessity
of creating their system, must apply for permission to
use a "green spot" symbol on their packaging
materials. A product bearing the green spot is
guaranteed to be composed of recyclable packaging
(Ramasubramanian et al , 2023).

For a fee, DSD licenses the use of this symbol to
companies whose materials DSD is willing to accept.
Consumers and retailers may dispose of sales
packaging bearing the green spot in DSD collection
bins. Packaging not bearing this symbol cannot be
disposed of in DSD bins and cannot be landfilled. The
practical result is that retailers, who do not want to
have to send materials back to their suppliers, even if
the supplier pays for any expenses, insist on using the
symbol (Ferreira et al, 2017)

The researcher identifies that compliance with the
producer's responsibility in legislative framework
and by implementation of Green dot system would
contribute to the prevention of waste overflow in
landfilling in Sri Lanka. Therefore, it is vital to
implement regulations to maximize the recycling and
recovery of plastic packaging waste and to minimize
the impact of packaging waste on the environment in
Sri Lanka. Product labelling system is a system which
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would allow consumers to choose products with more
sustainable features and materials (Preston, 2012).

Most of the consumers in Sri Lanka are not aware of
the recyclability and biodegradability of the plastic
packaging waste which negatively impact on
separating the plastic packaging waste and finally
hinders recycling and recovery of plastic packaging
in Sri Lanka. Lack of information on plastic
packaging has misguided the consumers and finally
ended up not separating the waste precisely.

Regulation on material efficiency of product
packaging is vital to force manufacturers to use
recycling-friendly plastic materials for their plastic
packaging. The green dot system adopted in
compliance with a waste ordinance in Germany is an
effective and efficient system to increase the plastic
packaging waste recovery, recycling, and a proper
plastic packaging waste disposal system in the
market.

5. RECOMMENDATIONS

It is recommended to implement regulations on the
manufacturers for mandatory labelling for reporting
of quantities on the plastic packaging together with
the plastic packaging material therefore making
consumers aware of the recyclability, recovery of the
plastic packaging waste.

Further, it is recommended to have an eco-labelling
in Sri Lanka for take-back packaging by the producer
for the increase of sustainable consumption through a
legal framework for the procurement of eco-friendly
products.

Legislation on plastic packaging will be vital for
effective and efficient separation of plastic waste and
an increase in recycling and recovery of plastic
packaging waste and therefore to reduce mismanaged
plastic waste and plastic pollution.

The regulation on plastic packaging will increase on
sustainable consumption. This will increase the
investable will be able. This will have an impact on
the increase of the legal writing on the will inevitably
increase on the packaging.
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This will inevitably direct private consumers to do the
right thing, whether at home or at work; rewarding
good behaviours. Implementing regulations is as vital
as introducing the alternative option for the
consumers and also for the manufacturers.

6. CONCLUSION

The dual system in Germany requires examination of
its impact on waste reduction, packaging usage, and
the technological innovation and development of
recycling. This system is concerned with reducing the
volume of packaging introduced in Germany. Waste
management in Germany has been characterized by
effective development in the last 40 years. The
German packaging ordinance uses the principle of
recovering value from end-of-life and it is concerned
about the producer's liability over the plastic
packaging. Waste management regulations in Sri
Lanka have not prioritized the increase of recycling
or recovery of plastic packaging waste. Therefore,
inadequate regulations on producer liability on
plastic packaging hinder the preventive impact of
unnecessary land consumption for landfilling in Sri
Lanka.
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ABSTRACT

The COVID-19 pandemic precipitated a global shift in higher education toward remote learning, prompting diverse
adaptations to ensure continuity in student education. This transition was particularly impactful in Sri Lanka, where
the tri-forces' student officers, crucial for national defense, underwent remote postgraduate studies. This study
investigates the challenges, perceptions, and proposed strategies of these officers pursuing the PSC (Master’s
degree at Defence Services Command and Staff College) during the pandemic. Grounded in Anderson's Theory and
Practice of Online Learning, the research employed a descriptive cross-sectional design, surveying 30 male student
officers via an online questionnaire. Results indicate a generally positive reception of remote learning, with 61.9%
expressing satisfaction, despite encountering technical barriers, limited peer interaction, motivation issues, and
content comprehension difficulties. While 52.4% reported moderate engagement levels, 66.7% acknowledged
satisfactory lecturer support. The study suggests enhancing infrastructure, fostering interactive learning
environments, and improving teacher-student interaction to mitigate challenges and bolster remote learning
effectiveness. Notably, 85.7% of respondents advocate for hybrid learning, blending online and traditional methods.
However, limitations include a small, male-only sample, limiting generalizability, and neglecting perspectives of
officers with lower IT and English proficiency. Recommendations include policy interventions to enhance teacher-
student interaction, promote engagement, and optimize remote learning quality, recognizing its pivotal role in future
higher education. This study contributes insights into the challenges and prospects of remote learning in a unique
military educational context, informing strategies for its effective implementation amidst crises and beyond.
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Remote learning in military higher education during covid-19: challenges and strategies for student officers In Sri Lanka

1. INTRODUCTION

The COVID-19 pandemic has been the biggest
challenge across the higher education sector all over
the world. It has impacted globally by the disruption
of normal functioning (He et al., 2020). Therefore,
governments implemented policies and regulations to
maintain separation between communities, leading
many countries to discontinue the traditional face-to-
face teaching method (Hoofman and Secord, 2021).
Further, the World Health  Organization
recommended the maintenance of social separation
as an effective means of preventing the spread of
COVID-19 (He et al., 2020).

The outbreak of the pandemic has led to the transition
of remote learning, making it necessary to shift away
from the traditional mode of face-to face learning to
novel modes of education. This has paved the way for
the utilization of wide range of technical sources
ranging from lower tech options like the printed
material, television, radio, up to highly developed
technical sources like online learning platforms, to
facilitate the continuation of learning. The process of
adopting to remote learning during the pandemic was
a momentary approach taken to face the challenging
circumstances, and it was different from the well-
designed approach of online learning (Wambaria,
2023). This massive transition has impacted multiple
facets of education including the education provided
for the tri-forces. Therefore, it was obvious that the
military education underwent significant changes
with its adaptation for remote learning. This has
created the need to improve the mechanisms of
remote learning with regards to the military
education, specially to meet any similar challenges in
the future.(Hodgetts et al., 2020). Moreover, it is
important to note the vital role played by the tri-
forces in enhancing the service provided by the public
health systems during the outbreak of the pandemic
(Gad et al., 2021).

During the COVID-19 period, the government of Sri
Lanka decided to continue education online to ensure
the uninterrupted progression of students' academic
activities while adhering to health and safety
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protocols necessitated by the pandemic (Rameez et
al., 2020). Consequently, many students pursuing
diplomas and degrees transitioned to online learning
(Sudusinghe and Kumara, 2020). Accordingly, the
landscape of the higher education sector in Sri Lanka
has undergone a massive transformation. This new
change has also influenced the higher education of
the officers from the tri-forces who require more
adaptable and approachable learning environments.
The tri-forces of Sri Lanka comprise of the army,
navy, and air force. The officers from the tri-forces,
who are committed to safeguarding and maintaining
the integrity of Sri Lanka, constantly engage in their
higher education as a vital component of their career
development.

Even though numerous studies had been conducted
globally concerning students’ perceptions of remote
learning, there had been a dearth of studies conducted
in Sri Lanka as well as globally in assessing the
challenges faced by student officers in the Tri-forces
in pursuing their higher studies via remote learning.
Moreover, military officers have to maintain a proper
balance between their academic prospects and their
designated military responsibilities. In this regard,
remote learning became a more appropriate and
flexible means of pursuing higher education.
Assessing the perceptions of tri-forces officers
regarding their experience with remote learning was
crucial for informing effective strategies, policy-
making, and overcoming challenges. Therefore, the
current study was conducted to assess the
perceptions, challenges, and proposed strategies of
student officers from the Tri forces undertaking the
PSC (Master’s degree at Defence Services Command
and Staff College) regarding remote learning during
the COVID-19 pandemic.

Theoretical Framework

The current study is based on the Theory and Practice
of Online Learning (Anderson, 2008), which has the
potential to emphasize the importance of technology,
learner autonomy and interaction in enabling
effective  online education. The theoretical
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framework suggested by Anderson offers valued
insights into the subtleties in the settings of remote
learning and the aspects manipulating student
satisfaction and engagement. Most importantly, it
brings to light the value of facilitating interaction and
catering to the challenges originated by technology to
enhance the remote learning experience.

Literature Review

During the COVID-19 pandemic, remote learning
has played a vital role in the field of higher education.
This has given birth to numerous studies which aim
to explore multiple aspects of remote learning
including its challenges and opportunities. The
Theory and Practice of Online Learning (Anderson,
2008) provides valuable insights to investigate these
studies, highlighting the importance of interaction
and technology in enabling effective online
education. Accordingly, it was identified through the
previous research that the encounters interrelated to
student interaction and a decreased sense of
belonging, which are central to Anderson's theory.

Numerous studies have attempted to explore the
perceptions and challenges faced by students in the
process of adapting to remote learning, especially
with regards to the post-graduate students. Zamora et
al., (2023) emphasized on the impact created by
disrupted student interactions and decreased sense of
belonging due to the transition into the remote
learning environment. Martinez et al., (2023)
highlighted the stressors associated with COVID-19,
which impacted the graduate students. The main
concerns were challenges associated with interfering
academic responsibilities, leading to food insecurity
and depressive symptoms. Parker et al., (2021)
investigated on the perceptions of American students
with regards to the forced transition to remote
learning, exploring aspects like ethical behaviour and
commitment during remote learning.

D’Souza et al., (2023) recognized that poor
utilization of online tools and internet connections
have created noteworthy challenges for nursing
students during remote learning. Vintere et al.,
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(2021) highlighted that factors such as motivation
levels, teachers' e-learning knowledge, and the
structured learning environment have the potential to
impact on student satisfaction on remote learning.
Nguyen et al., (2021) aimed to comprehend the
students' understandings and perceptions on remote
learning methods to inform future pedagogical
decisions. Toquero, (2020) highlighted on the value
of innovative approaches and the transition to
emergency remote education during the pandemic.

Chaves, (2021) emphasized on the willingness and
challenges of tertiary state university management
students in remote learning, while providing
recommendations on pedagogical and technological
involvements to improve the online teaching-learning
procedures. AlMunifi & Alfawzan, (2023) attempted
to address the students' apprehensions and
preferences with regards to remote, in-person, or
hybrid learning experiences. Nash, ( 2021)
highlighted on the significance of improving
supervision and mentoring during the course of
remote learning to decrease the stress and anxiety
experienced by the students. In the military context,
(Alnagbi and Yassin, 2021) aimed to assess and
investigate the encounters and approaches of
inculcating artificial intelligence and e-learning in the
UAE military education system, pointing towards the
developing nature of educational practices in military
settings.

Research Questions:

1. What are the key challenges faced by
student officers from the Sri Lankan tri-
forces in adapting to remote learning during
the COVID-19 pandemic?

2. How do student officers from the Sri Lankan
tri-forces perceive the level of interaction
and engagement during remote learning,
and what factors influence these
perceptions?

3.  What strategies can be proposed to mitigate
the challenges faced by student officers
from the Sri Lankan tri-forces in pursuing
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their higher studies via remote learning
during the COVID-19 pandemic?

2. METHODOLOGY

The current study was conducted as a descriptive
cross-sectional study. The study sample comprised
student officers from the tri-forces selected to follow
the PSC. At the baseline level, 100 student officers
were interviewed, and out of them, 30 male student
officers who pursued their post-graduate studies via
remote learning during the COVID-19 pandemic
were included for the study.

Before the data collection, informed consent was
obtained from the participants of the study. An online
questionnaire developed by the investigators in
English was circulated via WhatsApp among the
selected student officers for a period of one week.
The questionnaire comprised both open-ended and
close-ended questions addressing their perceptions of
the challenges experienced while engaged in their
higher education via remote learning. Additionally,
the questionnaire included questions to assess their
proposed strategies to mitigate those challenges. The
questionnaire was piloted among ten student officers
attending the psc course to ensure clarity, relevance,
and  comprehensibility of the  questions.
Subsequently, those officers who participated in the
pilot test were excluded from the final data collection
to prevent any bias or influence on their responses
during the main study.

Descriptive statistics were analyzed using SPSS 23.0
as per the study objectives. For the qualitative data, a
rigorous thematic analysis was conducted. Themes
were identified through a comprehensive process,
involving multiple coders to ensure consistency and
mitigate bias.

3. RESULTS
Level of satisfaction in remote learning
When assessing students’ satisfaction with remote

learning, the majority of the study sample (61.9%)
reported being satisfied with their experience and
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38.1% have reported to be fairly satisfied with
learning online.

Respondent three mentioned remote learning as a
“highly accessible and convenient means of doing
post graduate studies”. In addition, respondents eight
and eleven have mentioned remote learning to be a
“very flexible mode of learning that caters to the
needs of the individual”. It reveals that remote
learning has a strength of being user-friendly due to
its high degree of accessibility and flexibility. Some
have responded positively about their experience of
remote learning.

Main challenges faced during remote learning

As per the findings of the study, there are key
challenges identified by the study sample namely,
technical barriers, limited interaction with peers, lack
of motivation and difficulties in understanding the
course content. Nearly 50% of the study sample
identified technical difficulties as the dominant
challenge. In addition, 20% have revealed limited
interaction with peers as a challenge for the success
of online education. Similarly, 20% have mentioned
lack of motivation as a key challenge that they came
across.

Respondents one and six have mentioned that they
key problems with regard to the technical barriers
were “connectivity issues and the usability of the
platforms”. Respondent nine has indicated that
“limited engagement with peers is a barrier to the
overall success of remote learning”.

The level of interaction and engagement

When considering class interaction and engagement,
52.4% have shown a moderate level and 33.3% have
had a low level of interaction and engagement during
e-learning. Moreover, only 14.3% are highly engaged
with the lessons during distance learning.

Respondent number seven has revealed that “I feel
that many students are reluctant to express their ideas
and interact in online classes compared to their
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presence in actual classroom”. Similarly, respondent
number twelve mentioned that “According to my
opinion, the weak students get severely affected by
remote learning due to lack of interaction”.

Support Received by the Lecturer During E-
Learning

The support and guidance given by the lecturers play
a key role in enhancing the students' experience
concerning remote learning. It will enable them to
potentially tackle the challenges they come across.
According to the results, 66.7% of students have
received assistance and guidance from their lecturers
at a satisfactory level during e-learning, while 5%
have received lecturer assistance at a highly
satisfactory level. Further, 28.6% of students have
remained neutral in terms of their responses.

Respondent number four has mentioned that, “I am
very happy about the support given by the lecturers”.
However, respondent number fourteen said that,
“lecturers find it difficult to give individual attention
when it is an online class”. Moreover, respondent
number twenty-three mentioned that “lecturers did
their best to make the virtual classroom very student
friendly”.

Participation in Discussions and Activities in the
online classroom

As per the findings of the study, the majority of the
students 61.9% have taken part in discussions and
activities done in online classrooms. Respondent
number ten mentioned that, “I really enjoyed taking
part in the online activities done in zoom classes”.
Similarly, respondent number seventeen mentioned
that “I took part in all the discussions done via virtual
classes and I found it interesting”.

Overall Experience with E-Learning

Regarding the overall experience of remote learning,
57.1% responded positively. Moreover, 28.6% have
remained neutral and 14.3% have identified it as a
negative experience.
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Respondent number twenty-two has mentioned: “For
me, online education was a whole new experience
and I enjoyed it a lot”. In the same way, respondent
number thirty indicated that virtual learning was very
easy and comfortable for him than attending classes
physically. However, respondent number seventeen
mentioned that he preferred on site classrooms to
virtual classes as it promotes more student
interaction.

Future learning preferences

The results show that 85.7% of the respondents prefer
continuing hybrid learning, incorporating both online
and traditional methods, and 9.1 % have not preferred
to continue their studies in both methods.

Respondent number six mentioned: “I prefer hybrid
mode as there are some modules which really need
onsite lecturing and others can easily be managed
virtually”. Moreover, respondent number twenty-five
has mentioned that “adapting to the hybrid mode of
learning is very cost effective in the modern context”.
However, respondent number nine has revealed that,
“hybrid mode of learning will not benefit all the
students equally and it will have many
disadvantages”. Hence, the majority of the
population has preferred to continue learning by
using both methods.

4. DISCUSSION

The current study aims to assess the perceptions of
selected student officers from the tri-forces who have
been selected to follow the PSC regarding their
perceptions on the challenges of remote learning
consistent with the Theory and Practice of Online
Learning (Anderson, 2008). The selected officers
have pursued their higher education via online mode
during the Covid-19 pandemic. As per the study
findings, for majority of the participants it was their
first-time experience with regard to the remote
learning. Despite being their first experience in
remote learning, the majority of the study sample
have responded positively regarding their satisfaction
and effectiveness of online education. A similar study
conducted by Sudusinghe and Gamage (2020) to
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assess the experience of remote learning among a
group of Sri Lankan university students revealed that
the majority of the students were neutral in terms of
their perceptions regarding the effectiveness of
remote learning. Another study conducted in Turkey
of the same context also revealed that majority of the
students remained neutral regarding the effectiveness
of online education (Altunay, 2019).

Furthermore, as indicated by the study findings of
Sudusinghe and Gamage (2020), the majority of the
students disagreed with the statement that on site
education is better than remote learning. The findings
of the current study revealed that majority of students
have expressed a preference for continuing hybrid
learning, incorporating both online and traditional
methods. This indicates that they prefer the hybrid
learning method due to high degree of flexibility and
accessibility.

Moreover, there are key challenges identified by the
study sample namely: technical barriers, limited
interaction with peers, lack of motivation and
difficulties in understanding the course content. The
technical barriers were identified as the most
prevalent challenge among the key challenges.
Therefore, it has been revealed that the above
challenges have disrupted the success and the
effectiveness of remote learning. Furthermore, in
terms of interaction and engagement via distance
learning, it has been observed that a satisfactory level
has not yet been achieved by a reasonable percentage.
Hence, it is clear that there is a need to incorporate
more interactive activities into online teaching to
make it more effective and fruitful.

Another study has revealed that the utilization of a
user-friendly interactive platform has facilitated the
participation in discussions and engagement of both
students and lecturers. Furthermore, it has been
revealed that the provision of recorded lectures,
reading materials, and interactive simulations can
help mitigate difficulties that have arisen during the
learning process (Mahmood, 2021). Moreover,
another study conducted in Indonesia has mentioned
that ensuring access for both parties, such as lecturers

22

and students, to reliable technology and technical
support has mitigated the difficulties that arise during
online learning (Utomo et al., 2021).

The support given by lecturers and their guidance
play a key role in enhancing students experience with
regard to remote learning. It will enable them to
potentially tackle the challenges they come across.
According to the results, majority of students have
received assistance and guidance from their lecturers
at a satisfactory level during e-learning. Further, a
study carried out in Thailand among the students
following an English course via remote learning has
revealed that weak students would be disadvantaged
by distance learning and they need self-directing
guidance through a tutor (Altunay and Mutlu, 2010).
This indicates that the lecturers’ assistance plays a
key role in the success of remote learning.

Limitations

It will be difficult to generalize the findings of the
study to the general population since the study sample
comprises of only 30 student officers who have been
selected to follow their post graduate studies.
Additionally, the study sample comprises only male
officers and no perceptions of female officers have
been considered. Further, the student officers who
have been selected for the course were competent
with their IT knowledge and English Language
proficiency. Therefore, an assessment of the
challenges encountered by the students with poor IT
and English language proficiency was not be possible
with the current data.

5. CONCLUSION
AND RECOMMENDATION

The current study has presented challenges
encountered by the student officers in the tri-forces
engaged in remote learning during the Covid-19
pandemic. It was also clear that the majority of the
participants were satisfied with their experience of
remote learning. However, there are key challenges
identified by the study sample namely; technical
barriers, limited interaction with peers, lack of
motivation and difficulties in understanding the
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course content. Among these challenges, technical
barriers were identified as the most dominant. Hence,
it is clear that improving the infrastructure would
facilitate successful delivery of remote learning.
Further, it was also highlighted that there need to be
more activities catering to the student engagement
and interactive learning. It would make the learning
experience more productive and keep the student
motivation at a satisfactory level.

Moreover, it was revealed that the support and
guidance given by lecturers play a key role in
enhancing the students’ experience with remote
learning. It will enable them to potentially tackle the
challenges encountered by them. According to the
results, the majority of students have received
assistance and guidance from their lecturers at a
satisfactory level during e-learning. Hence, it is
recommended to implement policies and strategies to
enhance the student-teacher interaction in remote
learning. Additionally, it is also recommended to
improve the level of engagement of students in
discussions and interactive activities during online
classes. It would benefit the students by enhancing
their level of confidence and motivation.

With the results of the study, it has become evident
that the majority of students have expressed a
preference  for continuing hybrid learning,
incorporating both online and traditional methods.
Therefore, it is clear that remote learning carries its
own set of advantages and disadvantages. As a result,
it is recommended to enhance the delivery of remote
learning by overcoming its potential disadvantages. It
is also clear that remote learning will play a
significant role in the higher education sector in the
future. Hence, policy makers, the government and
higher education institutes need to implement
strategic measures to enhance the quality of remote
learning in Sri-Lanka.
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ABSTRACT

As per the definition, “The ability to take charge of one’s own learning”, Learner Autonomy (LA) has been a
significant theme of interest in second and foreign language learning over the last five decades. Yet this concept is
not widely practiced among local learners in the English as a Second Language (ESL) pedagogy. Implementing
autonomous learning behaviours benefits the education system, of a country like Sri Lanka, to minimize most
obstacles the ESL learners encounter. For a successful implementation of the concept, the contribution of both
teachers and students is essential. Therefore, this research aims to identify sixty ESL teachers’ understanding of
how much they support in fostering LA, and the best approaches to implement the practice. Using the simple random
sampling method, 10% out of 600 English teachers from the Galle zonal division were given a researcher-made
questionnaire that included four sections. A 5-point Likert scale was used to measure the collected data, and they
were quantitatively analyzed using descriptive statistics. The SPSS version 21 was used, while Cronbach’s alpha
determined the reliability of the Likert scale. The questions were composed of identifying the teachers’
understanding upon the LA concept, the teachers’ roles and responsibilities in planning, implementing, monitoring,
and evaluating the class; and how the teachers view their learners’ abilities to take responsibility in planning,
implementing, monitoring, and assessing their learning tasks, while suggestions were forwarded to get the teachers’
preferences as the best approaches to foster autonomy among ESL learners. Significantly, 98.3% believe that
implementing LA is essential, and the study concluded with the understanding that teachers are willing to cultivate
LA if a suitable environment is created.
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Fostering Learner Autonomy and Best Approaches to Implement the Practice

1. INTRODUCTION

In the context of second or foreign language teaching
and learning, it is essential to understand that language
cannot be learned and taught only in the confines of a
classroom or within a specific period. Language
learning is a lifelong learning process. Language has
several nuances, and language learners vary in their
skill levels. Therefore, autonomy is essential for
language learning and teaching. However, learners
only become autonomous automatically if they are
allowed to be autonomous in their learning
experiences, which means the teacher has a significant
role in this process. Most importantly, the teachers’
roles as managers, organizers, facilitators, and
counselors are prominent in fostering autonomy among
ESL learners (Wintek Yan, 2012).

The hypothesis of the present study is that, the
teachers’ presence in the process of fostering autonomy
among ESL learners is essential and having a better
understanding and experience of it among the teachers
is equally essential for a successful outcome from the
learners.

As autonomous teaching and learning strategies are not
widely practiced in the Sri Lankan ESL context, most
ESL teachers express a gloomy picture towards this
concept for several reasons. Moreover, there is a need
for more empirical and in-depth studies on teacher
autonomy, teachers' role in fostering autonomy, and
their perspectives and attitudes on autonomous
language teaching and learning in the Sri Lankan ESL
context. Further, it indicates a significant gap of
knowledge in being autonomous among local English
teachers of all levels. The accessible studies also do not
focus much on the teachers' role in fostering autonomy
in the local context while the available limited
literature are also mostly focused on autonomy upon
the learners, for example: (Premawardhena et al.,
2015) and (Prasangani & Nadarajan, 2015).

Overall, the respondents of the present study view their
teaching practice as quite traditional and explained the
barriers they encounter because of the expectations of
the ministry, society, and institutes, teachers' own
experiences, and mainly due to the existing education
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system that has been practiced so far. Some teachers
disagree that they developed LA and showed a mixed
attitude towards enhancing LA, while some are very
positive towards it. Still, they accepted minimal
chances of practicing it in real teaching-learning
contexts. In general, the common practice among all
the teachers was giving prominence to the textbook and
the completion of the prescribed syllabus; while
learning activities that enhance creativity, learner
inquiry, providing freedom for learner choices in
selecting lesson topics and learning methods,
identifying goals, out of class activities and having an
authentic language learning environment are far from
the practice.

Considering the definition of learner autonomy
introduced by Henry Holec (1981), “the ability to take
charge of one’s learning,” most teachers and learners
bear the misunderstanding that there is no place for a
teacher in this process, that the students are all alone
and have to continue their studies as they wish. But in
reality, the bond between teacher and learner is
inseparable as the two sides of a coin. The teacher’s
guidance and scaffolding and an autonomous-friendly
learning environment are essential for a student to
become an autonomous learner (Geng, 2015).

According to the guidelines introduced by (Benson,
2007), to foster autonomy, teachers must be actively
involved in students’ learning, provide options and

resources, offer choices and decision-making
opportunities, support learners, and encourage
reflection.

According to Reeve et al. (1999) in (Stefanou et al.,
2004), the researchers have categorized teachers as
high or low in autonomy-supportive. Alongside this,
(Borg & Al-Busaidi, 2012) also suggest some
guidelines for high autonomy-supportive teachers as
follows: encouraging students to go the extra mile and
not to be afraid of making mistakes, finding out
specific topics and being ready to discuss in the next
classroom session, negotiating deadlines, issues for
homework, talking to the learners regularly on why and
what they do in the class in a bigger picture, telling
learners that knowledge is available everywhere and
what is needed is the method to find and make them
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use, and encouraging peer assessments at the
classroom level. Further to (Han, 2014), the teachers’
instructions to learners on awareness, involvement,
intervention, creation, and transcendence are also
important. However, due to the existing practices in
most language teaching and learning environments,
fostering autonomous practices has become a
significant challenge to most teachers. As pointed out
by (Yunus & Arshad, 2015), “the ‘spoon feeding’
system has left negative effects upon the learners'
learning styles, and preferences which result in the lack
of self-confidence among students since their
knowledge is solely based on theories that they cannot
apply them in their daily lives. As learners cling to their
teachers, the learners themselves limit their ability of
independent and critical thinking power, resulting in
poor creativity skills that hinder their true potential and
confidence."

Moreover, autonomous language teaching and learning
practices are yet to be extensively practiced in the Sri
Lankan context. Since gaining English language
proficiency is still far from easy for most local learners,
according to the studies by Fonseka (1996) and
Fonseka (2003), there are several advantages of
employing LA strategies in the local ESL pedagogy.
Therefore, the objectives of this research are to explore
the role of the language teacher in the classroom, the
level of autonomy exercised by the teachers, whether
they fostered learner autonomy through their teaching
practices, examine language teachers’ concept of
autonomy, and interactions and processes that took
place in their classrooms which might or might not
have fostered autonomy and the teachers’ perspectives
on the concept. Thus, the research questions of the
study are as follows:

1. What is the perspective of English language teachers
in fostering autonomy among language learners?

2. What are the strategies and
characteristics used by teachers in
autonomy among learners?

Moreover, the present study is influenced by the
theories of Constructivism, Personal Constructed
Theory, Self- Determination Theory (SDT), and the
theory of Mediation.

supportive
enhancing
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METHODOLOGY

As same as giving importance to the learners'
perspective in developing learner autonomy, the
teachers' role should also be studied equally. Further,
to enhance learner autonomy, a teacher may have to
use several activities and teaching methods to help
learners identify their goals and use effective strategies
to achieve them. To fulfill this achievement, the
teacher's understanding of the importance of the
autonomy concept, their willingness to use
autonomous teaching strategies, and firsthand
experience are crucial (Aoki, 2003; S. Borg & Al-
Busaidi, 2012; Mariani, 1997; N. Nguyen, 2014;
Szdbcs, 2017).

In the present research, a researcher prepared
questionnaire (Appendix 1) was employed to explore
teachers’ perspectives, beliefs, strategies, and
characteristics in enhancing learner autonomy; and
followed the group distribution method for this survey.
Group distribution is a method of collecting data in
survey research in which the investigator distributes a
survey to the participants face-to-face. In particular, for
the current study, different schools within the Galle
Zonal division were visited in person to distribute the
questionnaires with the permission of the Ministry of
Education, the Galle Zonal Education office, and the
school’s administrative staff. Both the researcher and
the participants preferred using hard copies of the
questionnaire due to convenience and the reliability of
the return rate of the questionnaire. This study used
simple random sampling. One of the reasons this
technique is used is that the simple random sample
means that every case of the population has an equal
probability of inclusion in the model. The sampling
technique of the present study was a group of 60
teachers, 10% of the population of 600 English
teachers, who conduct English lessons for the grade 8
students in the schools of the Galle zonal division.
Further, these schools follow the same government
syllabus, and the selected schools represent both
national and provincial schools in the Galle zone.
These schools are demographically located in both
urban and rural areas within the zone. This study had a
sample size of sixty teachers to facilitate the
quantitative analysis of data from the questionnaire.
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The educational qualification of the sample group
varied from Advanced Level (A/L) to Master’s degree
(M.A.), while the years of teaching experience ranged
from 1 to 35 years. This sample is also significant due
to its representation of the school categories as
National  schools and provincial schools; and upon
the popularity categorization of the schools as A- type,
B- type and C- type. The reliability (internal
consistency) of the Likert scale of the survey and its
subscales were calculated using SPSS scale reliability
analysis. The coefficients for the two survey subscales
— Fostering Autonomy (o = .69) and Best Approaches
to Foster Autonomy (a = .78). Considering the
reliability of the questionnaire, a pilot study was
conducted in three steps. Firstly, the questionnaire was
given to five senior English teachers (they were not
from the sample group). Secondly, it was distributed
among five teachers from the sample group, and their
filled questionnaires were also included in the analysis.
And thirdly, the reliability was also determined by
Cronbach’s alpha using SPSS. To ensure validity,
every questionnaire was cross checked by the
researcher to ascertain its completion and instructions
followed.

The questionnaire was divided into four sections.
Firstly, it examined the teachers’ understanding of the
concept of LA and to what extent they think it is
Secondly, the teachers’
responses were gathered on the teachers’
understanding and familiarity with possible strategies
to foster autonomy among the learners. Thirdly, the
teachers’ preference for the suitability of the prescribed
methods to implement autonomous learning practices
was discussed. Fourthly, the data were gathered on the
best approaches to foster learner autonomy.

essential for learners.

2. RESULTS

Teachers can encourage autonomy through their
teaching practices only if they clearly understand the
concept of autonomy and are autonomous themselves.
To be pro-autonomous teachers, they should be
reflective and innovative in their teaching (Choudhury,
2015).

In the first section of the survey, teachers were
questioned about their awareness of learner autonomy
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and attitude and their first-hand experience with learner
autonomy.

Table 1 Definitions of the term ‘Learner
autonomy’

Learner autonomy | Frequency
is defined as:

Percentage
(%)

1| A capacity that 24 40
teachers can help
learners develop in

the learning process.

2 | The situation in 20 33.3
which learners are
responsible for their

learning.

3 | Leaner’s right to 5 25
take control of their

own learning.

4 | The same as self- 1 1.7
study (self-

instruction)

5 | Teachers are fully 0 0
withdrawn from the
teaching and
learning process.

6 | Others 0 0

Table 2: Teachers’ beliefs regarding the
importance of autonomous learning

Is implementing Frequency | Percentage
learner autonomy (%)
important?
1 Yes 59 98.3
2 No 01 1.7

Firstly, Table 1 summarizes the responses with high
and low perceptions among the teacher respondents
regarding their understanding of learner autonomy.
More respondents (40%) in the high group thought of
learner autonomy as a capacity for teachers to help
learners develop in the learning process. However,
there were more participants in the second group who
believed learner autonomy was the situation in which
learners are responsible for their learning, which is
33.3%.

Thus, it is notable that only 25% of respondents believe
that learner autonomy means the learner’s right to take
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control of their learning. However, 1.7% also believe it
is a method of self-study.

Taken together, these results suggest that the teachers’
understanding of learner autonomy and the role of
teachers in fostering autonomous learners is somewhat
conflicted. Therefore, it is evident that additional in-
service professional development may well be needed.

Secondly, the above-mentioned table (table 2) displays
the percentage and frequency of teachers’ beliefs
regarding the importance of autonomous learning.
Accordingly, the majority believes that implementing
autonomy is essential.

Thirdly, the analysis of data gathered on the strategies
used by the teachers to foster autonomy is as follows.
More than 50% of teachers believed discussing the LA
strategies with the students was essential. Still, it is a
bit unclear regarding the teachers’ practices and
procedures to implement the task. The following
aspects are related to the activities the teachers can
arrange to give autonomous learning exposure inside
the classroom. But a high proportion of teachers, more
than 50% in almost every item, held negative or
undecided  views  concerning implementing
autonomous practices. Notably, most respondents
support encouraging learner-centered activities, self-
study practice, group work, and using authentic
materials outside the classroom. But on the contrary, a
considerable percentage of teachers do not support the
rules such as deciding the objectives of the lessons,
choosing learning activities, self-evaluations, deciding
the seating arrangements, and deciding on homework.
The foundation of the particular results suggests a
conflict among teachers’ understanding of what is
required to develop more autonomous behaviours
among the learners. Further, there is a vivid
contradiction between what they believe independent
learning is and their role as teachers. However, it is
noteworthy that many teachers hold positive beliefs
about approaches to fostering learner autonomy.
Concerning the first item of Table 3, approximately
62% (53.3% A & 8.3% SA) indicate agreement in
discussing learner autonomy strategies
Table 3 Fostering Autonomy approaches

SD
%

D% | U% | A% | SA

%

1 | Discussing learner
autonomy  strategies
in the lessons with the
students is essential

10 533 | 08.3

2 | My students can
decide the objectives | 0
for each lesson

63 233 | 133 0

3 | My students can
select their learning
activities for each
lesson.

18.3 | 21.7 3.3

students
the

can
study
of each

4 | My
evaluate
outcomes
lesson.

6.7 | 333 26.7

5 | I encourage learner-
centered learning
activities as much as
possible.

17 66.7 | 28.3

6 | I let the learners
decide their seating,
and classroom
arrangements.

133 | 283 3.3

7 | 1 give the learners the
freedom to decide on | 5
their homework

683 | 6.7 20 0

8 | lencourage self-study | 0 0 0 60 40

9 | Encouraging

group | 0 0
work

583 | 417

10| Encouraging learners

to use authentic
materials outside the
classroom.

1.7 58.3 41

Overall approaches of

X 2.1
fostering autonomy

30 11 41 16

32.1 % Negative, 57.4% Positive N = 60,

(SD: Strongly Disagree, D: Disagree, U: Undecided, A: Agree,
SA: Strongly Agree)
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with the learners. But only a few favour (Agreeing) the
idea of allowing deciding the lesson’s objectives; that
is 13.3%. Further, enabling the learners to select
learning activities is also favoured by a smaller number
of 25% (21.7% A & 3.3% SA). Evaluating the study
outcomes was also preferred by a less number, around
28% (26.7% A & 1.7% SA). Also, it is essential to note
that 65% (33.3% D & 31.7% U), a considerable
number, disagree and are uncertain about this idea. On
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the other hand, the highest percentage of 95% (66.7%
A & 28.3% SA) teachers mentioned that they
encourage learner-centred learning activities as much
as possible. Again, giving the opposite idea, 32%
(28.3% A & 3.3% SA) of teachers agree to allow the
learners to decide their seating and classroom
arrangements, and only 20% have the freedom to
determine their homework. But once again, all the
teachers 100% mentioned that they encourage self-
studies and group work; more than 97% (58.3% A &
38.3% SA) stated they enable the learners to use
authentic materials outside the classroom.

Overall, there is a vivid contradiction between what the
teachers believe and encourage and their understanding
and attitudes toward autonomous learning. For
example, the teachers do not agree with the learners'
fundamental concepts and practices of autonomous
behaviour, such as deciding lesson objectives,
choosing learning activities, etc. But the teachers only
encourage the activities like group work and self-study
activities. Therefore, it is questionable whether there is
a possibility for fundamental autonomous practices in
a learning environment of this kind.

Finally, the analysis was based on data on the best
possible approaches to foster autonomy among the
learners. Table 4 shows the teachers’ beliefs about the
six listed methods regarding the best practices to foster
learner autonomy. Concerning the first item, providing
students with learning materials and resources would
promote learner autonomy; approximately 92% of
teachers indicated agreement (78.3% A & 13.3% SA).
Similarly, about 92% of teachers agreed (76.7% SA &
15% SA) that applying ICT to language learning
helped to foster learner autonomy; about 93% (66.7%
A & 26.7% SA) agreed that training students to
develop their skills and strategies would allow students
to become autonomous; approximately 98% (73.3% A
& 25% SA) indicated that there must be curriculum
reform to enhance learner autonomy; about 98%
(51.7% A & 46.7% SA) agreed that practical learning
would assist in developing learner autonomy; and
finally, 100% (71.7% A & 28.3% SA) teachers
expressed their agreement that further training for them
will help students gain greater autonomy.
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Table 4 The best approaches to fostering learner

autonomy
SD% | D% | U% | A% | SA%
1 | Providing 0 33 |5 78.3 | 13.3
students  with
learning aids
2 | Applying ICT | 1.7 33 |33 | 76715
skills and
knowledge to
language
learning.
3 | Training 0 17 |33 | 66.7 | 26.7
students to
enhance and
apply their
skills on
Learner-
independent
characteristics
and strategies
to become
autonomous
4 | Curriculum 0 0 17 | 733 | 25
improvements.
5 | Encourage 0 0 17 | 517 | 46.7
more practical
learning
activities.
6 | Training 0 0 0 71.7 | 28.3
teachers.
Overall best | 0.2 13 |25 |70 26
approaches to
fostering  learner
autonomy

1.5 negative, 96% positive

N=60 (SD: Strongly Disagree, D: Disagree, U:
Undecided, A: Agree, SA: Strongly Agree)

Table 5 Teachers’ Overall Understanding of Learner
Autonomy

SD% | D% | U% | A% | SA%

1 | Teachers’ 2.1 154 | 6.7 547 | 21.1

Beliefs about

Responsibility [717 504 Negative  75.8% Positive
2 | Fostering 2.1 [299 ‘ 10.9 ‘ 406 | 16.5

Autonomy 32% Negative 57.1% Positive
3 | The best | 0.5 16 |24 |69.7 | 258

approaches to

fostering 2.1% Negative 95.5% Positive

learner

autonomy
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The Table 5 represents the data on Teachers’ Overall
Understanding of Learner Autonomy in Language
Learning. These values of the overall data were
gathered from the main four subsections of the
distributed questionnaire. In the first place, in talking
about the responsibility of the students’ learning
process, a high proportion of teachers (75.8%) believe
that they have an overall obligation in all the aspects of
students’ learning process. Next, the teachers’
responses on the second subscale show that teachers
are very much in agreement (57.1% positive) that
specific autonomous-friendly practices can foster
autonomous behaviour in their learning contexts.
Further, this finding suggests that, even though the
teachers may have explicit conflicts in their
understanding of learner autonomy, they strongly
agree that particular approaches and strategies might be
practical to foster autonomy among language learners.
Further, it is noteworthy that a considerable number of
32% of respondents oppose this idea.

Thus, another 10.9% of respondents are uncertain
about this process. Finally, talking about the best
approaches to foster learner autonomy, teachers agree
(95.5% positive) that the actions mentioned in the
survey sheet can encourage autonomous practices in
Their teaching and learning context.

However, considering  teachers’ sense  of
responsibility, behaviour, and understanding, the data
indicated that they do not have a thorough awareness
of learner autonomy and its significance in that
process.

Moreover, it is essential to note that teachers held
different interpretations of learner autonomy. Further
many teachers have conflicting views regarding learner
autonomy. Finally, in the third section of the
distributed questionnaire, the data indicate that the
teachers agree that specific improvements and
amendments to the existing ESL teaching and learning
practices can enhance autonomous learning in their
contexts.

Focusing on testing the hypothesis by analyzing the
data, it is identified that the teachers are positive
towards fostering autonomy from the aspects of beliefs
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and responsibilities,
approaches.

implementing LA and best

3. FINDINGS

It is significant to note that, before implementing LA
among students, teachers must have an understanding
and familiarity towards the concept and its practical
implications. However, according to the findings, it
was understood that, the teachers’ do not have
awareness of learner autonomy and its significance. In
that process there are gaps in the sense of
responsibility, behaviour, constraints, and
understanding as indicated in the data.

Moreover, it is essential to note that teachers held
different interpretations of learner autonomy. Many
teachers have conflicting views regarding learner
autonomy. The reported data clearly shows the
teacher’s low awareness of the concept of learner
autonomy. Regarding the sharing of responsibilities in
the class, the results suggest that teachers do not hold a
stable opinion that they believe they have a high
obligation in the process of students’ learning. Still,
they say they share the authority and are not
responsible for the whole process. Further, it shows
that the teachers take a significant role in the existing
education system, and the learners share a lower
proportion. As reported above, the teachers’
experience with the constraint to students developing
greater autonomy for their learning, the data indicate
that the teachers positively believe that there are
constraints to foster learner autonomy practices in their
educational contexts.

Finally, it was understood that the teachers agree that
specific improvements and amendments to the existing
ESL teaching and learning practices can enhance
autonomous learning in their teaching context.

4. DISCUSSION

In the present study, it was identified that the
participants need to understand the term Learner
Autonomy (LA) clearly. Reversely, their confusion can
also be due to the linguistic issue in translating learner
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autonomy into Sinhala. However, the teacher sample
being Sinhala native speakers, it is also essential to
understand the native definition of the term ‘learner
autonomy’ as “igena gannange swadeenathwaya -
goom oxmied dondmos”. However, this translated
term is very general to understand as it needs to clearly
and define what dimensions of learner autonomy are
being focused on in the local educational setting.
Therefore, the translation of the term may lead to
different interpretations in various contexts. In Sinhala,
the word “swadeenathwaya- <ea=sfos” gives an idea
that you do it on your own, by yourself or being
independent. Moreover, the word Swayan- eoe=s” also
applies in Sinhala to the term independent learning as
‘Swayan adhyaapanaya- eoess easems’. On the other
hand, these two Sinhala terms suggest a learning
situation where the teacher’s role is absent, which
drives a complete misinterpretation of the exact
English definition of LA. Moreover, in the local
teaching and learning context, there is no opportunity
to practice an autonomous learning behaviour since the
local education system itself is moving into a particular
conventional education system, where researching,
self-studying, and learner preferences are not very
much encouraged.

However, the best person to encourage autonomy in
students is an autonomous teacher, that is, one who
understands the value of autonomy, has a positive
attitude toward developing it, continuously evaluates
students' progress, and supports students in becoming
autonomous. According to the data of the study, the
teachers also bear different definitions of the term
learner autonomy. Consequently, 40% of teachers
believe that LA means ‘a capacity teacher can help
learners to develop in the learning process.” In
comparison, 33.3% believe it is the situation in which
learners are responsible for their learning. Finally, only
a minority of 25% believe that it is the learners’ right
to take control of their own knowledge. These
percentages vividly indicate that these teachers do not
have a proper understanding or familiarity with this
concept and are not expected to practice it in reality.
Yet it was prominent that the teacher was considered
as a controller and knowledge provider in the class
rather than the facilitator. Thus, it is also significant to
note that almost all the teachers take control and
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responsibility in the classroom and that they do not like
to share the responsibilities with the learners. But at the
same time, the teachers express a nature of reluctance
to take responsibility for the idea of ‘authority,” which
is very contrasting with their actual practice and
understanding. The teachers in the current research had
not trained on how to implement learner autonomy.
They also have certain doubts about developing and
implementing learner autonomy practices in their
classrooms. Moreover, the teachers’ belief that
students were not competent enough to give valuable
opinions about their learning was evident in the
teachers’ approach in the classroom, as they failed to
involve their learners in any discussions regarding
what they should do or why they should do a particular
lesson.

6. CONCLUSION

Teaching and learning must be interconnected. Hence,
the objective of language teaching and learning has to
move away from the immediate goal of passing
examinations and expand to an understanding that
language learning is a continual process and requires
more than just learning its grammar. Once that is clear
to teachers and learners, the changes in how language
is taught and known will be a natural progression.

Nevertheless, this study argues that most ESL teachers
must understand learner autonomy in the selected study
context. Through the responses, it was identified that
the traditional relationship between teacher and
students in the classroom, mainly expressed an
authoritative role as well as a lack of learner autonomy
in these teaching contexts. Perhaps due to the pressures
and constraints felt because of the examination system
and the inability to exercise their independence,
teachers were frustrated by their teaching situation and
started to believe that there was nothing they could do
to change.

Finally, what is essential is that autonomy should result
in learners becoming critical thinkers and life-long
learners and teachers becoming professionals who are
also critical thinkers and life-long learners. And yet,
the teachers firmly believe that autonomous learning
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practices are essential in ESL learning, and the teachers
can create a supportive environment
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Appendix
Questionnaire

Section 1

Learner autonomy means:

(Please pick one of the answers below or write your answer.)

a. A capacity that teachers can help learners to develop in the learning process.
b. The situation in which learners are responsible for their learning.

c. Leaners ' right to take control of their own learning.

d. The same as self-study (self-instruction).

e. Teachers are fully withdrawn from the teaching and learning process.

f. Others
Is implementing Learner Autonomy important? NO YES
Have you experienced Autonomy as a learner? NO YES

Section 2: What are your responsibilities in your class?
(Please mark the corresponding answer, only one per line.)

Strongly [Disagree Uncertain  |Agree
Disagree

Strongly
IAgree

I am responsible for deciding the objectives for each lesson in my classroom.

1 am in-charge of selecting the learning content for each lesson.

| am accountable in evaluatina my students’ learning proaress in each lesson.

Strongly [Disagree Uncertain  |Agree
Disagree

Strongly
IAgree

| am responsible for selecting the teaching methods and techniques to be used in|
each lesson.

| am in-charge of monitoring the learning process in each lesson.

| am responsible for the whole learning process of the learners.

| should maintain authority in the classroom.

Section 3: Are you an autonomy-supportive teacher?
(Please mark the corresponding answer, only one per line.)

Strongly [Disagree Uncertain  |Agree
Disagree

Strongly
IAgree

Discussing learner autonomy strategies in the lessons with the students is important.

My students can decide the objectives for each lesson.

My students can select their learning activities for each lesson.

My students can evaluate the study outcomes of each lesson.

| encourage learner-centered learning activities as much as possible.

| let the learners decide their seating and classroom arrangements.

| give the learners the freedom to decide their homework.

| encourage self-study.

Encouraging group work.

Encouraging learners to use authentic materials outside the classroom.

Section 4: Which is the best approach to foster learner autonomy in your educational context?
(Please mark the corresponding answer, only one per line.)

Strongly [Disagree Uncertain  |Agree
Disagree

Strongly
Agree

Providing students with learning aids.

IApplying ICT skills and knowledge into language learning.

ITraining students to enhance and apply their skills on learner independent]
characteristics and strategies to become autonomous.

Curriculum improvements.

Encourage more practical learning activities.
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1. INTRODUCTION

Geographical Indications (GIs) serve as crucial
identifiers of a product's origin, embodying its unique
qualities and cultural significance. In Sri Lanka, the
legal framework governing Gls plays a pivotal role in
protecting and promoting the country's diverse cultural
heritage and agricultural products (Silva, 2015). This
section examines the laws directly addressing Gls in Sri
Lanka, beginning with the Intellectual Property Act.
Winston ~ Churchill's  famous  assertion  about
Champagne underscores the importance of product
origin, sparking discussions on the intellectual property
landscape. While intellectual property laws safeguard
against unfair competition and false indications, the
concept of Geographical Indication (GI) provides a
verbatim answer to the question of a product's origin.
Gls identify a product's geographical origin also by
adding value by conveying its specialty, quality, and
reputation but also as serving as a cultural emblem. Gls
serve as a marketing tool and economic driver, gaining
worldwide recognition over the past two decades,
serving as both an intellectual right and a theme of
industrial property protection (Askari, 2018). Isolated
villages known for their Gl products have become
landmarks on world maps, emphasising the market-
oriented role of Gls in achieving economic growth.
Particularly in developing countries, Gls are
intertwined with socio-cultural values, supporting rural
livelihoods and preserving centuries-old sub-cultures.
International recognition and protection, despite the
global recognition of Gls, present challenges in their
international protection. While some countries employ
sui generis legislation to protect Gls, others rely on
unfair competition and consumer rights protection laws
(Rahmah, 2016). However, differences in legal
frameworks among countries pose obstacles to
international protection, highlighting the need for a
harmonised approach (Abeysekara, 2011). Challenges
in Sri Lanka's Gl protection system can be considered
sui generis, with the Intellectual Property Act providing
special protection to Gls (Silva, 2015). However,
existing provisions lack clarity, hindering the
establishment of a comprehensive Gl protection
regime. The absence of provisions related to Gl
registration within the existing legal framework has led
to various issues, including difficulties in protecting
and promoting valuable Gls both domestically and
internationally.
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Strengthening the GI regime in Sri Lanka is imperative
to ensure comprehensive protection and effective
management of geographical indications domestically
and internationally. This section highlights the need to
address the deficiencies in the current legal framework,
propose strategies for enhancing Gl protection, and
explore international best practices to promote the
sustainable development of Sri Lanka's cultural
heritage and economic interests (Wijesinghe, 2015).
Geographical Indications (Gls) serve as crucial
mechanisms to protect products originating from
specific geographical locations, safeguarding their
cultural heritage and economic interests. In Sri Lanka,
the legal framework governing Gls faces notable
challenges, particularly concerning registration
procedures and international recognition. This section
delves into the laws directly addressing Gls in Sri
Lanka, primarily focusing on the Intellectual Property
Act and its related provisions. The Intellectual Property
Act, particularly Section 161, provides a specialised
form of protection for Gls in Sri Lanka. This section
stipulates that a Gl denotes an indication identifying
goods as originating from a specific territory where
their quality, reputation, or other characteristics are
essentially linked to their geographical origin.
Additionally, various sections within the Intellectual
Property Act, such as Sections 103, 160, 142(3), and
138(2), offer protection for Gls through trademark,
unfair competition, certification marks, and collective
mark provisions. Despite these legal provisions,
challenges persist in establishing a comprehensive Gl
protection regime in Sri Lanka. The existing laws are
often vague and lack clarity, hindering effective
protection and management of Gls. Therefore, it
becomes imperative to undertake extensive research on
global geographical indication regimes and evaluate the
mechanisms in Sri Lanka to address these shortcomings
comprehensively. This research is important to various
stakeholders, including  policymakers,  trade
negotiators, producers, lawyers, economists, and
individuals interested in the Sri Lankan economy. By
identifying the deficiencies within the current Gl
regime, the research aims to propose strategies for
establishing an effective geographical indication
regime in Sri Lanka. This involves exploring potential
reforms and policy measures to strengthen Gl
protection within the country's borders and enhance its
competitiveness in international markets. The
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Intellectual Property (Amendment) Act, No. 8 of 2022,
introduced significant changes to the intellectual
property (IP) framework in Sri Lanka. One of the key
areas impacted by this amendment is the regulation of
Geographical Indications (GIs). Thus, delve into what
Gls are, how they are regulated under the amendment,
the importance of these changes, and potential areas
where further amendments might be needed. The
Intellectual Property (Amendment) Act, No. 8 of 2022,
made several changes to enhance the protection of Gls
in Sri Lanka. Key provisions include as follow
registration Process which is the amendment
streamlined the registration process for Gls, making it
more accessible and efficient. This involves defining
clear criteria for what constitutes a GI and the process
for applying and maintaining registration. Scope of
Protection is the Act expanded the scope of protection
for registered Gls, ensuring that not only the name but
also symbols and other identifying features are
protected against misuse and imitation. Enforcement
mechanism discussion the amendment introduced
stronger  enforcement  mechanisms,  providing
authorities with better tools to prevent and penalise the
unauthorised use of Gls. This includes administrative,
civil, and criminal remedies. International Alignment:
in the Act aligns Sri Lanka’s Gl protection regime more
closely with international standards, such as those
outlined in the Agreement on Trade-Related Aspects of
Intellectual Property Rights (TRIPS). This alignment is

crucial for facilitating international trade and
recognition of Sri Lankan Gls abroad.
Furthermore, the study seeks to investigate

international recommendations and best practices that
Sri Lanka can adopt to improve its Gl regime and gain
recognition for its geographical indications on a global
scale. Through addressing these research questions, this
study aims to contribute valuable insights and
recommendations to inform policy decisions and
promote the sustainable development of Sri Lanka's
cultural heritage and economic interests, thereby
ensuring the comprehensive protection and effective
management of geographical indications within Sri
Lanka and in international operations.

2. METHODOLOGY

The methodology employed in this research ensures a
systematic and thorough examination of the
governance of Geographical Indications (GIs) in Sri
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Lanka by integrating scholarly opinions and employing
a mixed-method approach that combines qualitative
and quantitative data sources (Dagne, 2014). This
comprehensive methodology encompasses several key
stages, each contributing to a deeper understanding of
the current landscape and potential areas for
improvement in Sri Lanka's Gl regime. The initial
phase of the research involves an extensive review of
existing literature on Gls, legal mechanisms,
international standards, and best practices related to Gl
protection (WIPO, 2019). This literature review serves
as the foundation for identifying research gaps and
formulating pertinent research questions (March,
2007). Drawing from academic journals, books, legal
documents, reports, and online databases, this review
provides insights into the challenges and opportunities
surrounding Gl governance in Sri Lanka and other
relevant jurisdictions. Following the literature review,
primary data is collected through structured interviews
and surveys with key stakeholders involved in GI

governance in Sri Lanka. Stakeholders include
government  officials, legal experts, industry
representatives, and academic researchers. These

interviews and surveys aim to gather firsthand insights
into the current status of GI protection, challenges
faced, and potential avenues for improvement. The
selection of participants is based on their expertise and
involvement in Gl-related activities, ensuring a diverse
range of perspectives are captured. Subsequently, a
comprehensive legal analysis is conducted to examine
the existing legal framework governing Gls in Sri
Lanka. This involves reviewing relevant legislation,
regulations, and judicial decisions related to Gl
protection, with a focus on identifying gaps,
inconsistencies, and areas for improvement. The
analysis also considers scholarly opinions and
international legal frameworks to provide a broader
context for evaluating Sri Lanka's Gl regime. A
comparative analysis is then undertaken to compare Sri
Lanka's Gl regime with international standards and best
practices. This comparative study particularly
emphasises examining well-established systems for Gl
protection in other countries. Insights derived from this
comparison offer valuable strategies and mechanisms
for enhancing Sri Lanka's Gl regime, including
potential reforms and policy recommendations.
Methodologically a deductive reasoning approach is
adopted, grounded in legal theories applicable in Sri
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Lanka and globally, to identify theoretical
underpinnings governing areas related to Gls.
Utilisation of both primary and secondary sources is
emphasised, with primary sources presenting the law
itself and secondary sources providing supplementary
elucidation and details on similar jurisdictions. In terms
of research style, the planned endeavour progresses
through three distinct stages: explanatory, descriptive,
and critical analysis. The explanatory phase delves into
intellectual property law in Sri Lanka with a specialised
focus on Gls. Meanwhile, the descriptive stage
meticulously analyses laws in other jurisdictions,
thereby facilitating a comprehensive understanding of
the research scope. Finally, the critical analysis
evaluates the adequacy of Sri Lankan jurisprudence in
resolving issues within the intellectual property law
domain and proposes reforms to address gaps in
governing statutes. This methodology ensures a
rigorous and comprehensive analysis of Geographical
Indications governance in Sri Lanka, facilitating the
development of well-informed recommendations
tailored for policymakers and stakeholders.

3. RESULTS AND DISCUSSION

This analysis delves into the existing laws on
geographical indications (Gls) in Sri Lanka, framed by
insights from Prof. Althaf Marsoof's publication,
"Advancing Geographical Indication Protection in Sri
Lanka: Towards Legislative Reforms and Institutional
Enhancements” (Marsoof, 2023). The discussion
underscores the need for a robust legal framework to
safeguard Gl rights, evaluating current protection
mechanisms, and identifying areas for improvement.
By comparing Sri Lanka GI protection regime with
advanced jurisdictions, such as the European Union
(EU), the analysis highlights significant gaps and
proposes lessons for strengthening the legal
infrastructure in Sri Lanka.

Laws directly addressing Gls in Sri Lanka Intellectual
Property Act No. 36 of 2003 is the primary legislation
governing Gls in Sri Lanka. This Act defines a Gl in
Section 103 as indication which identifies any goods as
originating in the territory of a country, or a region or
locality in that territory, where a given quality,
reputation or other characteristic of the good is
essentially attributable to its geographical origin. This
definition aligns with Article 22.1 of the TRIPS
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Agreement and extends protection to agricultural
products comparable to wines and spirits. Section 160
of the IP Act prohibits unfair competition practices that
are contrary to honest practices in industrial or
commercial matters. Additionally, Section 186(1)(d)
addresses false trade descriptions, criminalising the
application of misleading geographical indications. The
Act also provides mechanisms for protecting Gls
through collective marks (Section 138) and
certification marks (Section 142). Marsoof (2023)
highlights that while the IP Act provides a foundational
framework for GI protection, its implementation faces
significant challenges. The lack of a centralised
registration system impedes effective enforcement and
leaves many Gls inadequately protected. For instance,
only Ceylon Tea and Ceylon Cinnamon benefit from a
regulated protection mechanism through the IP Act,
supported by the Tea Board's trademark licensing. The
scholarly consensus, including opinions from Yatawara
& Rajapaksha (2008) and Wijesinghe (2015), suggests
that indirect protections offered by unfair competition
laws, consumer protection laws, and the common law
principle of passing off, although beneficial, are
insufficient for comprehensive Gl safeguarding. These
laws do not establish individual industrial property
rights over Gls but prohibit unauthorised use that could
mislead consumers.

Sri Lanka is a member of the World Trade Organisation
(WTO) and a signatory to the TRIPS Agreement, which
mandates minimum standards for GI protection.
However, the country has not ratified the Geneva Act
under the Lisbon Agreement, missing the opportunity
for direct international registration of Gls without
domestic registration requirements. Participation in
international agreements like the World Intellectual
Property Organisation (WIPQ) underscores Sri Lanka's
commitment to aligning with global standards. Yet, the
limited engagement with instruments such as the
Madrid Protocol for the international registration of
marks reflects gaps in leveraging international
mechanisms for GI protection.

The EU's GI protection system is widely regarded as
one of the most robust in the world, exemplified by
comprehensive registration mechanisms and strict
enforcement policies. Among the key-cases, such as
Chateau de Beaucastel v. R & D Co, highlight the EU's
stringent approach to protecting Gls. The EU
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framework includes a centralised registration system
for Gls, facilitated by regulations such as Regulation
(EU) No 1151/2012 on quality schemes for agricultural
products and foodstuffs. This regulation ensures that
Gls are protected and enforced uniformly across all
member states. However, the lessons that Sri Lanka can
draw from the EU's legal framework vividly discuss in
Marsoof's research. Centralised registration system
where the EU's centralised approach to Gl registration
ensures clarity, consistency, and ease of enforcement.
Then establishing a similar system in Sri Lanka would
provide a structured mechanism for registering and
protecting Gls. Nest point bring into the table is
independent regulatory bodies. The EU's system
benefits from independent bodies that oversee Gl
protection and enforcement. Sri Lanka could enhance
its framework by creating independent regulatory
authorities dedicated to Gls, similar to the EU's bodies.
Strict enforcement and clear guidelines one last opinion
the EU legal framework offers clear guidelines and
strict enforcement measures. Adopting such measures
would ensure that Gls in Sri Lanka are adequately
protected against misuse and infringement. Other than
international recognition and registration open the lime
light to the EU's participation in international
agreements like the Lisbon Agreement allows for the
global recognition and protection of its Gls. By
ratifying international agreements like the Geneva Act,
Sri Lanka could facilitate the global recognition of its
Gls, providing broader protection and promoting
international trade. Marsoof's publication highlights the
inadequacies in Sri Lanka current GI protection regime
and outlines a comprehensive roadmap for legislative
reforms and institutional enhancements. By learning
from the EU's robust GI protection system, Sri Lanka
can strengthen its legal framework to better safeguard
the rights and interests of local producers. Enhanced Gl
protection would not only preserve cultural heritage
and traditional knowledge but also bolster economic
growth by promoting local products in international
markets. The recent amendments to the Intellectual
Property Act, No. 8 of 2022, mark a significant step
towards achieving these goals by offering clearer
guidelines and stronger protections for Gls. However,
further reforms are needed to establish a more
comprehensive and effective Gl protection system in
Sri Lanka.
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4. RECOMMENDATION

Flowing from the examination of Sri Lanka's current
legal framework governing Geographical Indications
(Gls) and considering insights from international
practices, several recommendations emerge for
establishing an effective Gl regime in the country
(Harvers, 2024).

Current legal system could be enhanced by
strengthening existing provisions for Gl registration.
Although Sri Lanka has statutory provisions under the
Intellectual Property Act No. 36 of 2003 and its relevant
amendments for Gl registration, these provisions need
to be strengthened and more effectively implemented.
Current challenges include inadequate enforcement
mechanisms and lack of awareness among stakeholders
to improve and enhance the current registration
procedures to ensure clarity and efficiency. This could
involve simplifying the process, reducing costs, and
providing clear guidelines on the requirements and
benefits of Gl registration.

Establishing an independent regulatory body could
create an independent regulatory authority dedicated to
overseeing Gl registration and enforcement. This body
would maintain the registry, monitor compliance, and
address infringements. Also, that can introduce
comprehensive legal and procedural reforms to ensure
a robust GI protection system. It is crucial to
incorporate detailed procedural aspects and reforms.

Transparent and Impartial Procedures will ensure that
the GI registration and enforcement processes are
transparent and impartial, adhering to due process. This
includes setting clear guidelines and timelines for

registration, objections, and appeals. Leverage
expertise can involve in legal professionals,
economists, and international traders in the

development of Gl-related policies and procedures.
That will ensure comprehensive and effective outcome
aligned with international standards and practices. That
could consider the evolving global landscape
surrounding Gls. Sri Lanka should align its legal
framework with international standards and practices.
It is required to ratify the Geneva Act with the
knowledge of exploring membership in the Geneva Act
to facilitate the international registration of Gls,
ensuring broader recognition and protection in global
markets.
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Active participation in international agreements and
engagement in international forums and organisations
dedicated to the protection of intellectual property and
Gls, such as the World Trade Organisation (WTO) and
the World Intellectual Property Organisation (WIPO),
is required.

It is important to familiarise to use best practices from
the European Union (EU). EU has one of the most
robust Gl protection systems, providing valuable
lessons for Sri Lanka. Implementation of a centralised
system for Gl registration similar to the EU will ensure
consistency and ease of enforcement across different
regions and product categories. steps should be taken to
adopt strict enforcement measures to protect Gls from
misuse and infringement, drawing from the EU
comprehensive regulatory framework. consumer
awareness needs to be enhanced through effective
promotion strategies, ensuring that the benefits of Gls
are widely understood and appreciated. Additional
Recommendations are to support small producers to
assist small and medium-sized enterprises (SMEs) and
local producers in navigating the GI registration
process and maximising their economic potential.

It is recommended to establish a Dedicated Support
Office within the Ministry to guide and assist with Gl
registration, offering resources and financial support.
Cooperatives and associations can encourage the
formation of cooperatives or associations to help small
producers pool resources and strengthen their market
presence. Enhancing technological integration
leveraging modern technology to improve the
traceability, authentication, and marketing of Gl
products, is also recommended.

Another common usage is implementation of
blockchain technology. Blockchain technology for a
transparent and tamper-proof system to track Gl
products from origin to market is required. Digital
platforms and QR codes lead to develop digital
platforms for registration and real-time updates, and
use QR codes would enable consumers to verify the
authenticity and origin of Gl products easily.

Establishing monitoring and evaluation mechanisms
will ensure that the GI protection system remains
effective and responsive to new challenges and
opportunities. Dedicated monitoring body can be set up
to oversee the implementation and enforcement of Gl
regulations, conducting regular assessments and
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consultations with stakeholders. Annual reports
published on the status and impact of Gls, highlight the
successes and areas that need attention.

The comprehensive examination and updating of Sri
Lanka's legal framework for Gls should incorporate
recent legislative changes, international commitments,
evolving best practices, and specialised dispute
resolution mechanisms to ensure effective protection
and promotion of geographical indications. Expanding
upon these aspects with updated legal provisions will
strengthen  Sri Lanka's Gl regime, ensuring
comprehensive protection for its valuable geographical
indications both domestically and internationally. The
recent amendments to the Intellectual Property
(Amendment) Act, No. 8 of 2022, have made
substantial improvements, but further refinements are
necessary to enhance the protection and utilisation of
Gls.

5. CONCLUSION

Addressing the deficiencies and challenges in Sri
Lanka's current geographical indication (GI) regime
requires a multi-faceted approach, encompassing legal
reforms, international engagement, and stakeholder
collaboration. By  incorporating  international
recommendations and best practices, Sri Lanka can
establish an effective geographical indication regime to
protect its valuable Gls and promote them both
domestically and internationally. Through this
research, valuable insights and recommendations are
provided to inform policy decisions and contribute to
the sustainable development of Sri Lanka's cultural
heritage and economic interests. As highlighted by
Danial Gervise, every nation possesses its geographical
identity, which is an undeniable resource, emphasising
the importance of protecting geographical indications
for the benefit of the entire global community (Gervise,
2010). Sri Lanka, as a developing country, boasts a
variety of natural resources with significant economic
value, such as sapphire. While the Intellectual Property
Act No. 36 of 2003 addresses Gl-related issues,
including interpretation, prevention, and protection, it
lacks provisions for comprehensive Gl registration,
hindering international recognition and protection. The
failure to ratify international instruments and the lack
of professionalism among intellectual property law
practitioners further impede the development of an
effective Gl framework in Sri Lanka. Additionally,
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deficiencies in product specifications, controls, external
certification, and accreditation for certification bodies
contribute to the inefficiency of Sri Lanka's GI system.
To overcome these challenges, Sri Lanka must consider
either ratifying the Geneva Act to the Lisbon
Agreement or establishing a dedicated Gl register. A
thorough comparison with well-established Gl regimes,
such as that of the European Union, highlights the need
for clearer and more efficient procedures in Sri Lanka's
GI framework. Therefore, it is imperative for Sri Lanka
to implement an effective geographical indication
regime tailored to its specific needs. Through such
measures, Sri Lanka can enhance the protection and
promotion of its geographical indications, contributing
to both economic growth and cultural preservation. The
Intellectual Property (Amendment) Act, No. 8 of 2022,
marks a significant step forward in the protection and
promotion of Geographical Indications (Gls) in Sri
Lanka. By refining the legal framework and aligning
with international standards, the amendments provide a
robust foundation for leveraging Gls as tools for
economic development and cultural preservation.
Building on this solid foundation, the proposed
recommendations aim to further enhance the Gl
protection regime. Increasing public awareness,
providing targeted support to small producers,
strengthening international cooperation, integrating
technological advancements, and ensuring continuous
evaluation are essential steps. Implementing these
measures will allow Sri Lanka to fully realise the
economic and cultural benefits of its unique
Geographical Indications. By taking these proactive
measures, Sri Lanka can enhance the protection and
utilisation of Gls, contributing to sustainable
development and global recognition of its rich heritage.
Continued efforts in these areas will be key to
maximising the benefits of Gls, ensuring that local
communities thrive and that Sri Lanka's cultural and
geographical heritage is celebrated worldwide.
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ABSTRACT

In recent years, the monitoring of hydroponics farms has undergone a significant transformation due to the
integration of sensors. However, the conventional method of manually observing measurements from multiple
sensors has proven to be excessively time-consuming and costly. Additionally, the lack of automatic data
recording options in most sensors has been a limiting factor. To address these challenges, we conducted an
experimental study to introduce a novel integrated sensor device named “HypoSense”, designed to monitor
essential parameters such as temperature, humidity, pH, light intensity, Total Dissolved Solids (TDS), and
Electrical Conductivity (EC) in hydroponic systems. HypoSense consists of three microcontroller units (MCUs)
incorporated with two controlling circuits based on the Arduino platform: the Arduino UNO, ESP32, and the
ESP8266 (NodeMCU) microcontrollers. The device is designed using high-precision sensors, including the
DHT11 for temperature and humidity monitoring, an Analog pH sensor kit for pH measurement, BH1750 for light
intensity, and an Analog TDS sensor kit for TDS and electrical conductivity measurements. These sensors were
chosen for their reliability, accuracy, and compatibility with the Arduino platform, ensuring that HypoSense
delivers precise and consistent readings. HypoSense is a cost-effective, portable sensor device specially designed
for monitoring growth parameters simultaneously in hydroponic farming, saving growers time and effort. The
evaluation was carried out in two phases. Firstly, field sensors were employed to calibrate HypoSense device
sensors. Next, a secondary evaluation was conducted to confirm the practicality and user-friendliness of the
HypoSense device. To facilitate the evaluation of HypoSense, we set up an indoor hydroponic system for growing
tomatoes and lettuce. The results of these evaluations, focusing on the performance and applicability of the
HypoSense device, will provide valuable insights for hydroponic growers and future researchers in precision
agriculture.
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1. INTRODUCTION

Hydroponics is an advanced technique for cultivating
plants using water-based solutions instead of soil. It
has gained popularity as an efficient and ecological
method of agriculture because it enables sustainable
and efficient crop production (Khan, 2018). Plants in
hydroponic systems get all of their nutrients and water
from a specific nutrient solution, and their roots are
supported by inert materials like perlite, rock wool, or
coconut fiber (Sardare, 2013). Hydroponics offers
advantages over soil-based agriculture, such as lower
water usage, greater control over plant growth
conditions, and higher crop yields (Resh, 2022).
Furthermore, hydroponic systems can be used in a
variety of settings, including urban areas where
traditional agriculture may be limited (RufiSalis et al.,
2020). Several environmental factors such as pH,
Electrical Conductivity (EC), Total Dissolved Solid
(TDS), Temperature, Humidity, and Light Intensity
must be monitored and controlled to maintain optimal
plant growth and healthy plant conditions in
hydroponic systems (Tagle et al., 2018). Failure to
maintain optimal conditions can harm plant growth,
cause nutrient deficiencies, and lead to plant death
(Jones Jr, 2004).

Monitoring and maintaining optimal conditions in a
hydroponic system can be challenging for small-scale
individual growers. This is because they need to
constantly check various parameters using separate,
expensive devices regularly. Additionally, these
devices do not have a built-in feature to store data
after measurements are taken, so growers have to
manually observe and record all the measurement data
daily, which is a highly time-consuming process.

To address these limitations, we have designed and
developed an innovative solution: HypoSense, an
affordable, sensor-integrated, portable, and loT-
enabled device. This operates as an loT-based
multisensory system that is specifically designed for
collecting data from hydroponic farming. The sensors
used in this device allow simultaneous monitoring of
all relevant parameters, and the collected data, along
with the date and time, can be transmitted wirelessly
and stored in a cloud.
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Hence in this paper, we present HypoSense as a
practical remedy to overcome the above challenges in
hydroponic farming. HypoSense is a portable sensor
device specially designed for monitoring growth
parameters simultaneously in hydroponics farming. It
is a cost-effective device that saves growers time and
effort when compared to state-of-the-art devices
available in the existing research.

The paper is structured as follows: In Section 2, we
provide an overview of the current state-of-the-art 1oT
sensor-based research on hydroponics farming.
Section 3 focuses on the development and design of
the HypoSense device. We then discuss the
evaluations we conducted on the HypoSense device in
Section 4. Finally, in Section 5, we summarize our
research findings, highlight the limitations of our
study, and suggest directions for future research.

2. RELATED WORK

Over the last decade, hydroponic farming has greatly
benefited from Internet of Things (loT) technology.
This technology has been utilized in large-scale
hydroponics farms to monitor parameters such as pH,
EC, light intensity, temperature, and humidity (Mehra
et al., 2018), (Saha, 2021). loT-driven hydroponics
enables the remote surveillance and control of real-
time system parameters, thereby facilitating decision-
making capabilities through user-friendly interfaces
(Lakshmanan et al., 2020).

Domingues et al. (2012), introduced an automated
system for controlling pH and nutrient solution
concentration, which was assessed in hydroponic
lettuce production. This system enables continuous
monitoring of pH and nutrient solution concentration
24 hours a day throughout the entire production cycle.
Any variations can be automatically and instantly
adjusted, resulting in increased productivity and the
preservation of the nutritional quality of the product.
The authors described the system as a fixed
automated solution; however, they did not disclose
pertinent details such as the financial investment and
the electricity consumption required for continuous
24-hour operation within a greenhouse.

M. Fuangthong and P. Pramokchon, (2018) explored
the use of fuzzy logic for the automatic control of
electrical conductivity and pH in hydroponic systems
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to reduce resource waste. While their research
demonstrated the potential for improved control and
precision, it faced several limitations. The study was
constrained by the specific parameters and conditions
under which it was conducted, potentially limiting the
generalizability of the results to different hydroponic
setups or crop types. Additionally, the implementation
complexity and the need for specialized knowledge to
fine-tune the fuzzy logic system are challenging for
growers with varying levels of technical expertise.
Moreover, the study did not extensively address the
long-term reliability and maintenance requirements of
the control system, which are critical factors for
practical deployment in real-world farming scenarios.
Recently, Chowdhury, et al. (2020) introduced an
loT-based automated vertical hydroponics indoor
farming system in Qatar, highlighting advancements
in automated agriculture. Notably, their system is
independent of outside climate variations, and as a
result of loT, they can automate labor-intensive
hydroponics farm maintenance tasks. However, the
system scalability was not extensively tested,
potentially limiting its application to large-scale
operations. The setup lacks portability and requires
substantially fixed and extra additional space.
Additionally, the study did not deeply explore the
long-term economic viability or the environmental
impact of the system. The specific environmental
conditions of Qatar may also limit the generalizability
of the findings to other regions with different
climates.

Additionally, the study conducted by Patil et al.
(2020) proposed and designed an automated system
that monitors various parameters of hydroponic
systems. This system uses sensor-derived data to
provide real-time access to the hydroponic system via
a mobile application in order to monitor and enhance
crop yield. The solution, however, lacks portability
and requires a substantial amount of space for the
setup.

H. Andrianto, Suhardi and A. Faizal, (2020)
introduced a smart greenhouse system for
hydroponics agriculture to measure temperature,
humidity, TDS, pH, and light conditions. Moreover,
they develop a mobile application that controls the
IoT modules, to regulate the aforementioned
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measurement factors and facilitate optimal growth
conditions for the plants. Further, Tatas et al. (2022)
proposed a low-cost and low-power 10T-based system
to control and monitor water quality, greenhouse
temperature, and humidity in hydroponics farms. In
addition to that they have used an inference engine to
investigate the behavior of the plant irrigation. The
authors have introduced both of these systems as low-
cost loT-based control and monitoring solutions for
greenhouse hydroponics systems. However, the study
lacks information regarding the incurred costs
associated with the development, making it difficult
to understand the total financial investment required.
Moreover, the long-term feasibility, sustainability,
and practicality of the solution in real-world
applications are not clear.

The existing studies have explored the application of
IoT in monitoring and controlling hydroponics
systems’ growth parameters, such as temperature,
humidity, pH, TDS, and EC levels. However, there is
a visible gap in the current state-of-the-art solutions.
Many studies have not highlighted the cost incurred
for setting up the 10T System. Hence it is required to
emphasize cost-effective hardware development for
creating a comprehensive solution capable of
efficiently managing multiple parameters to drive
actionable decisions in hydroponics farming. These
solutions are fixed, lacking portability and handheld
functionality, which restricts their flexibility and
adaptability.

Small-scale hydroponic growers are less interested in
investing a high cost in infrastructure. On the other
hand, indoor growers do not prefer rigid setups
because of space constraints. These setups cannot be
easily moved or reconfigured, making it difficult to
adapt to different growing conditions or experiment
with new setups. Moreover, setting up a fixed loT
system for monitoring parameters can be complex and
time-consuming, requiring specialized skills and
knowledge that small-scale growers might lack.
Therefore, small-scale hydroponic growers require
cost-effective, portable, and handheld solutions to
collect, store, and process multiple parameters
simultaneously.
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3. METHODOLOGY

In this research, we employed an ethnographic
research methodology to understand the needs of
hydroponic growers. We continuously observed daily
operations, interactions, and challenges within
hydroponics farming. The holistic understanding of
the issues related to hydroponic farm monitoring was
done through participant observation and in-depth
interviews with domain experts. After analyzing
expert knowledge and existing research, we
developed a prototype to simplify hydroponic farm
monitoring and reduce daily data collection issues.

In hydroponic farming, numerous growth parameters
are required to ensure optimal nutrition levels and
environmental conditions. The pH, TDS, EC of the
nutrient  solution, the lighting condition for
photosynthesis, temperature, and humidity of the
environment are to name a few essential parameters in
Hydroponic  cultivation. Hence, in designing
HypoSense, we considered the aforementioned
parameters and further explored the best sensor
modules for accurate measurement of the parameters.
Individual sensor modules were selected with the
consultation of the field experts analyzing the cost to
cater towards the cost-effectiveness of the designed
solution. Iterative design strategies were employed
throughout the design and development of the
HypoSense device. The design was refined
throughout the iterations to ensure the device’s
compactness and portability. We conducted frequent
field trials and the feedback received through such
trials was incorporated to enhance the user-
friendliness of the device.

Software and Hardware Infrastructure

The device's control circuit was designed,
incorporating advanced microcontrollers such as
ESP8266 (NodeMCU), ESP32, and Arduino (UNO)
to fulfill the needs of the hydroponic growers. To
ensure compatibility with the main circuit, only
Arduino-based sensors were utilized for collecting
growth parameter data. Specifically, a BH1750 (GY-
30) digital light intensity sensor and a DHT11 sensor
were used for measuring environmental temperature,
and humidity. Additionally, an Arduino-compatible
Gravity Analog pH sensor and the Gravity Analog

TDS sensor were utilized to measure the pH level,
TDS, and EC values of the nutrition solution. Table 1
provides a summary and cost overview of the
aforementioned hardware equipment. All prices are
quoted for the year 2022/2023.

Table 1: Hardware Equipment used in HypoSense

Hardware Purpose Price

equipment (USD)
Arduino (UNO) Data collection and processing 8.52
ESP8266 (NodeMCU) Wireless communication to transfer 10,04
and ESP32 data to the cloud ’
BH1750 (GY-30) Measure light intensity 151

Measure Temperature and

DHT11 1.00

Humidity
Gravity Analog Measure pH level 12.71
pH sensor
Gravity Analog TDS
Y 9 Measure TDS and EC values 10.70
sensor

LED (RED) LED (BLUE)

Wi-Fi Module

LED (RED) LED (BLUE)

't

Gravity
Analog TDS
Sensor

OLED Display

Esp32 Wi-Fl and
Bluetooth module

Figure 1: Circuit Diagram of HypoSense
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Figure 1, provides a comprehensive visualization of
the circuit diagrams employed in the development of
the HypoSense device. It depicts the interconnection
between the components in the structural design. We
have conducted several field trials while designing
the model. Measurements were obtained from the
sensors to ensure the operational feasibility.
Subsequent trials revealed an operational conflict
between the pH and TDS sensors when measured
simultaneously. In instances where the TDS probe
and the pH sensor were immersed in the same
nutrient solution, the pH sensor readings were
observed to be unusually high. This phenomenon
was attributed to the electronic pulses delivered to
the nutrient solution by the TDS sensor during its
operation.

The integrity of the system structure was improved to
address the issues encountered. We have reassessed
the sensor integration by conducting different
operational protocols. We have come up with multiple
designs, and the optimal one, prioritizing compactness
and incorporating all refinements to ensure

portability, was selected for the implementation of the
device.

Figure 2: Three-Dimensional Visualization Model:
Detailed Representation
Figure 2 shows the user visual representation of the
detailed Three-Dimensional (3D) model designed to
compact the circuit above. The 3D model visualizes
the design elements, dimensions, and spatial
relationships of the individual components, providing
a comprehensive virtual rendering of the device's
physical structure. We have designed several ports to
facilitate the plug-and-play functionality of the
sensors. Three control buttons were placed to control
the data handling and data transfer. During the design
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phase, several research students were given a working
model to measure parameters and transfer data. We
observed their operation procedures to enhance the
design. An OLED Display was used to display the
multiple sensory values measured through sensors.
The final alignment of elements was determined
based on the practical working model of the solution
and the ease of use of the device.

. a ? -
\\\

Y

Z

Blue LED

Indicator

Blue LED
Indicator

ESP8266
(NodeMCU!

 OLED Display

Arduino UNO

Power Supply
Unit

Figure 3: System Architectural Flow Model

The enhanced system architectural flow model of the
HypoSense device is depicted in Figure 3. It
visualizes the different components and their
interaction. The collected data will be transferred to
the cloud for further processing. The data stored in the
cloud will be displayed to the user via a mobile
application.

The final functional prototype of the HypoSense
device implemented integrating the sensors is
illustrated in Figure 4.The device was also designed
with a portable battery to facilitate efficient data
gathering over extended periods. Hence, the device is
self-sufficient, making it highly portable as it doesn't
rely on external power sources.

|
Red LED !
— i
Indicator
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Figure 4: Final Functional Prototype of the
HypoSense

No

Blink RED LED

Yes

Is Wi-Fi Available? Turn off RED LED

If the Data

Turn on BLUE LED sending button
l Is pressed?
Send data to
the Cloud
Turn off BLUE LED 4-.

Figure 5: System Working Flow Chart

The system working flow chart of the HypoSense
device is illustrated in Figure 5. The Arduino
microcontroller acquires data from all the sensors and
presents the readings on the OLED Display. We used
several LED indicators to visualize the process to the
end user. The end user will be notified of the status
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through the light and the blinking patterns. While the
measurements are being recorded, the device's red
LED indicator initiates a blinking pattern, serving as a
visual cue for the ongoing process and indicating the
sensor's Wi-Fi accessibility status. Once Wi-Fi
connectivity is established, the red LED ceases to
blink.

When measuring sensor readings, the user interacts
with the device by pressing the dedicated send button
to record the relevant data. The device's blue LED
indicator lights up after the send button is pressed,
indicating that the data has been stored.

4. RESULTS AND DISCUSSION

The evaluation of the "HypoSense" integrated sensor
device was carried out to determine its effectiveness
in measuring and recording the parameters in
hydroponic farming. Our test was carried out using an
indoor hydroponic system set up for growing
tomatoes and lettuce (Figure 6).

Figure 6: Indoor Hydroponic System for Tomatoes
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The evaluation was carried out in two phases. Initial
evaluation was conducted using field sensors to
calibrate the sensors of the HypoSense device. We
assessed the accuracy of the HypoSense device by
conducting a comparison with pH and EC
measurements obtained using a device from the
reputable brand "Extech." Renowned for its high
accuracy in measuring environmental parameters,
Extech devices are commonly utilized in industrial
applications. Two Extech instruments were used for
this comparison: the 'Extech PH100 ExStik' for
measuring pH and the 'Extech EC400 ExStik' for
measuring TDS and EC. The comparison involves
assessing the performance of these instruments under
controlled laboratory conditions and in real-world
hydroponic settings. Two samples, mud water, and
salt water, were utilized for this comparison. The
measurements we received from both devices are
illustrated in Figure 7 below.

Concentrations

Figure 7: Value comparison with ‘Extech’
Industrial Instruments

The findings provide valuable insights into the
accuracy of the HypoSense device for measuring
nutritional parameters in hydroponic systems. In
conclusion, the comparative analysis highlights the
effectiveness of the HypoSense device in monitoring
the parameters in a hydroponic system with high
precision and accuracy.

%  Data ohizing
| IRFruments
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The secondary evaluation was carried out to ensure
the applicability and usability of the HypoSense
device. A user questionnaire was used at that stage to
gather feedback. A sample of 34 undergraduate
students were selected for the evaluation out of which
76.5% were hydroponic growers and 23.5% were not.
The user questionnaire covered aspects related to the
sensor accuracy, ease of use, user-friendliness, power
consumption, cost-effectiveness, ease of data
acquisition,  transmission, analysis, and user
satisfaction.

First, we provided all the participants with a thorough
understanding of how HypoSense works and how it is
used. Then, the participants were given a 10-minute
trial period to become familiar with the HypoSense
device, as it was their first hands-on experience with
using the device. All the selected participants used
different, commercially available sensors to measure
various parameters in the lab settings in their
coursework. They were given specific instructions to
follow a standardized protocol for collecting data in
order to ensure accuracy and consistency. First, they
used the standard lab sensors to measure the
parameters. Then, they used the HypoSense device to
take readings of the same parameters. Next, they were
asked to compare the results with the readings from
the HypoSense device. Finally, participants were
given a questionnaire that comprised of Likert scale
and open-ended questions. Users were asked to rate
their level of satisfaction with the Likert Scale
questions regarding the HypoSense device on a scale
ranging from 1 (very unsatisfied) to 5 (very satisfied).

Accuracy and Precision

User satisfaction with respect to the device’s sensor
accuracy and precision was obtained to get an overall
idea about the performance of the device. The results
are summarized in Table 2, which shows an overall
satisfaction rating of 4 out of 5, indicating good
performance. The rating places the device at the
median value in the overall assessment. However,
improvement can be further done to increase the
accuracy and the precision of the sensory equipment
used in the device which we will address in
commercializing the product.
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Table 2: User Satisfaction w.r.t Sensor Accuracy
and Precision

Name of the Likert Scale Value

Parameter 1 2 3 4 5

Temperature 0% 2.9% 5.9% 58.8% 32.4%

Humidity 0% 0% 23.5% 61.8% 14.7%

Light Intensity 0% 0% 3.2% 10.2% 86.6%

pH level 0% 3.9% 4.3% 37.7% 54.1%

TDS and EC level 2.9% 8.8% 29.4% 38.2% 20.6%

Usability

The HypoSense device was easy to use according to
the majority of respondents. 32.4% were very
satisfied and 64.7% were satisfied with the measuring
process. Furthermore, we gathered user feedback on
the ease of storing measured parameters with the
HypoSense device for further analysis compared to
other devices they currently use. As per the feedback,
79.5% of the users were very satisfied with the
device’s ability to store the measured parameters.

BO%

ra
w

User Safisfaction Rating: 1 - Very Unsatisfied to 5
Satisfied

Very

Figure 8: Overall User Satisfaction w.r.t Ease of
Use.

The HypoSense device is used for measuring,
collecting, and storing data related to hydroponics
farming. As shown in Figure 8, the device is
considered to be more user-friendly and easier to use
than other alternatives available in the market. In a
survey, approximately 41% of the respondents were
highly satisfied with the device's ease of use, while
the majority of users, accounting for 53%, found it
satisfactory. A smaller group of users, comprising
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6%, indicated that they found it to be average user-
friendly. They mentioned that obtaining the
measurements was difficult due to the external battery
that had to be carried along with the device. As per
the comments, we will look into the possibility of
integrating the battery into the device to make it more
portable in the future. Overall, the feedback suggests
a high level of satisfaction with the device's usability
and ease of use compared to the commercially
available sensors that they are currently using in the
lab settings.

Power Consumption and Cost-Effectiveness

Many of the users agreed that by using a single device
they can easily measure parameters within seconds
compared to the conventional methods. They also
mentioned that this is a time and cost-effective
solution rather than using different sensors to measure
the parameters separately. Further, many agreed that
the device consumes less electricity and the power
bank was sufficient for obtaining the readings for
more than 8 Hrs. As per the user feedback, majority
around 62% were satisfied with the power
consumption of the HypoSense device.

In addition to that majority agreed that it is a cost-
effective solution to obtain accurate parameter
measurements within a short period of time. In
addition to the user survey, we conducted a
comparative analysis to compare the prices of
industrial equipment with those of the HypoSense
device, as shown in Table 3.

Table 3: Price Comparison: Industrial Equipment
vs. HypoSense Device

. Measurable Price
Device
Parameters (USD)
Temperature, Humidity, Light
HypoSense Intensity, pH level, TDS and EC 55.19
levels
Extech PH100:
ExStik® pH Meter PH level 103.99
Extech EC500:
Waterproof ExStik® Conductivity, TDS, Salinity, pH, 181.99
11 pH/ Conductivity and Temperature ’
Meter
Extech 401025: Foot
Candle/Lux Light Light Intensity 159.99
Meter
Extech 445580:
Humidity/Temperature | Humidity, Temperature 74.99
Pen
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Accordingly, HypoSense is capable of measuring a
wide range of parameters compared to other devices.
Specifically, only the Extech brand meter offers
measurements for Conductivity, TDS, pH, Salinity,
and Temperature. However, none of these industrial
devices have built-in data storage or the ability to
send data to a cloud server with timestamps. In
comparison, the cost of the HypoSense device is
much cheaper than other industrial devices as
illustrated in Table 3. Hence we claim that the device
is a cost-effective solution to measure the most
required parameters for Hydroponic Growers.

Ease of Data Collection, Transmission, Analysis
and Deriving Insights

The majority of users expressed satisfaction with the
device's ability to collect real-time data. Specifically,
50% of the sample reported being highly satisfied,
while approximately 47% reported being satisfied.
Only a small minority, about 3%, reported being
neutral. Moreover, approximately 94% of users were
highly satisfied or satisfied with the data transfer
process and reported no delays. Overall, users were
satisfied with  the device's decision-making
capabilities, and the visualization of the users’
perspective is illustrated in Figure 9.

&0C £a04
50% 569
50%

0% 33%

20%
20%
10% 8%
0% 0%
i 2 3 1 5

User Satisfaction Rating” 1 - Very Unsatisfied to 5 - Very
Salislied

Figure 9: Overall User Satisfaction w.r.t Decision-
Making Capabilities

In addition to that many highlighted the need to
measure the nutrient concentrations in Hydroponics
including Nitrogen(N),  Phosphorus(P),  and
Potassium(P), which we will consider in the future
enhancements of the device.
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Overall Satisfaction and User Recommendations

Users have provided feedback on their overall
satisfaction with the HypoSense device, which
highlights its significance in hydroponics farming.
They found the device to be extremely valuable,
especially for its ability to measure various
parameters and effectiveness. Its ease of use in the
hydroponics field was also appreciated by over 90%
of users. The device's effectiveness in achieving its
intended purpose was acknowledged by the majority,
as it performed efficiently in terms of collecting,
transmitting, and analyzing data, empowering users to
make informed decisions. Additionally, more than
90% appreciated the device's ability to consistently
deliver accurate data that enables growers to make
informed decisions and maintain optimal growth
conditions for their plants.

Users have provided some recommendations for
enhancing the device. The majority suggested
including an internal power supply or a solar-powered
solution, to make it more portable and cost-effective.
Many have emphasized the importance of getting this
to farmers, as it has the potential for wider adoption.
Suggestions were given to improve user-friendliness
by enhancing the interface and slightly increasing
screen size. Additionally, users suggested broadening
the device's measurement capabilities, minimizing its
physical size for improved portability, and adapting it
to measure new parameters in hydroponics systems.
They also highlighted the importance of the inclusion
of alert and notification features for real-time
monitoring and automation. These insights offer a
comprehensive  view of user  perspectives,
highlighting the strengths and weaknesses and
providing a clear path for future development and
optimization of the HypoSense Device.

Based on Figure 10, the overall performance
satisfaction of the device ranged from 6 to 10, with no
responses falling below 5. The majority, 79% of
users, rated the device's overall performance as
satisfactory, providing scores between 8 and 10

indicating a very satisfactory level.
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Satisfied

Figure 10: Overall User Satisfaction w.r.t
Performance.

On the other end, Figure 11 illustrates the high
willingness of users to recommend this device to
hydroponic growers, with ratings ranging from 7 to 10
on a 10-point scale. This indicates that users found the
device not only effective and reliable but also
beneficial for improving hydroponic farming
practices. The high scores suggest that users believe
the device significantly enhances the monitoring and
management of essential growth parameters such as
temperature, humidity, pH, light intensity, Total
Dissolved Solids (TDS), and Electrical Conductivity
(EC).
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3
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20%

1

1
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User Satisfaction Rating: 1 - Very Unsatisfied to 5 - Very
Salisfied

Figure 11: User Willingness in Recommending the
Device to Those Who Grow Hydroponics.

This positive feedback reflects the device's overall
usability, user-friendliness, and value in providing
accurate and actionable data, thereby making it a
valuable tool for both novice and experienced
hydroponic growers.
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5. CONCLUSION

Hydroponics is one of the most widely used
cultivation methods that help increase crop production
to satisfy urban food needs. Recent trends also show
that people are increasingly interested in growing
hydroponics to produce their daily healthy food
needs. Mostly, hydroponics are carried out indoors to
reduce the difficulties associated with outdoor
hydroponics. However, due to natural light's
limitations, and the need for measuring the parameters
regularly, indoor hydroponics can present certain
difficulties.

To address these challenges, we introduced a novel
integrated sensor device for hydroponic farm growth
parameter monitoring. The conventional method of
manually observing measurements from multiple
sensors has proven to be excessively time-consuming
and costly. Additionally, the lack of automatic data
recording options in most sensors has been a limiting
factor. When compared to commercially available
devices HypoSense is a cost-effective device that
saves growers time and effort to measure essential
parameters in Hydroponics farming. Compared to
state-of-the-art solutions available in the existing
research, HypoSense is a portable device tailored for
the simultaneous monitoring of growth parameters in
hydroponics farming. In particular, HypoSense can
monitor temperature, humidity, pH, Light intensity,
total dissolved solids, and electrical conductivity.

We evaluated the overall performance of the
HypoSense device using a sample of 34 users. The
overall results highlighted overall user satisfaction.
They found the device to be extremely valuable,
especially for its ability to measure various
parameters and effectiveness. Its ease of use in the
hydroponics field was also appreciated by many
users. The ability of the device to continuously obtain
data within a short time period will enable growers to
make optimal decisions at the right time.

The feedback provided by users is highly valuable for
the future development and improvement of the
HypoSense device. It sheds light on practical
considerations and features that users believe can
further optimize the HypoSense device for the benefit
of hydroponic farming and its users.
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ABSTRACT

A phenomenon called hysteresis is responsible for the difference in the separation and the reattachment angles of
an airfoil which is seen within the vicinity of the stalling angle of attack. The reason for this is the difference in the
expected lift distribution of an airfoil for a particular angle of attack when recovery from stall is achieved. This
leads to asymmetric flow parameters around a body even when the boundaries remain symmetric. Empirical
results were obtained for a two-dimensional Clark Y-14 airfoil by varying the angle of attack for different
Reynold’s numbers in order to estimate how lift characteristics are affected by the formation of hysteresis loops at
different Reynolds numbers. It was seen that the extent of the clockwise hysteresis loops of the Clark Y-14
increased with the increase of the Reynolds number up to the Reynolds number of 134072 before starting to
decrease again. The stalling angles followed a similar pattern before starting to decrease at a Reynolds humber of
164543. These trends observed for the Clark Y-14 airfoil is similar to that of the Eppler 591 and NACA 0018 by
Lance W.Traub and W.A Timmer respectively (Timmer, 2008), (Traub, 2016). When analyzing the coefficient of
pressure variation for the Clark Y-14 airfoil at a particular Reynolds number, it was seen that a laminar
separation bubble was formed for the forward stroke which shifted towards the leading edge of the airfoil which
was common for all the Reynolds numbers. In the forward stroke, it could be seen that a laminar separation
bubble was formed whereas for the backward stroke no such laminar separation bubble was formed for the same
angle of attack which gave rise to the hysteresis loops of the Clark Y-"14 airfoil. It was observed that the laminar
separation bubble had a direct impact on the formation of the hysteresis loops giving rise to static stall hysteresis
as mentioned in previous research published by various authors. The empirical results obtained were further
validated using Computation Fluid Dynamics.
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Estimation of Clark Y-14 Airfoil’s Lift Hysteresis in Low-Speed Flow

1. INTRODUCTION

Aerodynamic hysteresis can be defined as the change
in aerodynamic properties as they become history
dependent. Put into simple words, it is the existence of
multiple values of coefficient of lift, drag and moment
instead of a single value depending on the sense of the
angle of attack. Hysteresis is mainly of two types,
namely conventional (static hysteresis) and dynamic
hysteresis (Williams, et al.,, 2015). Conventional
hysteresis is seen when the airfoil is pitched very
slowly above the stalled condition and slowly pitching
it back down. If we consider the coefficient of lift,
here we could observe two distinct values for this
aerodynamic property for the same angle of attack
depending on whether the angle of attack was
increasing or decreasing giving rise to a hysteresis
loop. Dynamic hysteresis on the other hand is seen
when an airfoil is in motion. Conventional hysteresis
need not be present for dynamic hysteresis to occur in
aerodynamic coefficients when the flow is separated.

The most common type of hysteresis that is seen in
airfoils is the static stall hysteresis which is seen near
classic stall. It is necessary to reduce the angle of
attack significantly below the pre catastrophic stalling
angle of attack in order to reattach the flow and
recover the lost lift during stall. Depending on the
hysteresis loop formed hysteresis loop could either be
clockwise or anticlockwise (Traub, 2016).

Various factors affect this so formed Hysteresis loops
in the aerodynamic coefficients such as the Reynold’s
number (Brunner, et al., 2021), Turbulence intensity
(Hoffmann, 1991), type of separation bubble formed
(Marchman, 1987), effective body of the airfoil
(Landman, 2001) and the boundary layer separation
and the separation on the airfoil (Landman, 2001),
(Timmer, 2008), (Traub, 2016). Even though various
research has been conducted regarding static stall
hysteresis on various types of airfoil, very few have
been conducted on a Clary Y airfoil. These do not
sufficiently discuss the hysteresis effects of this
particular airfoil and its behaviour at different
Reynolds numbers. This research was conducted with
the intention of providing a detailed idea about how
the Clark Y-14 airfoil behaves in the said Reynolds
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number range and how lift characteristics are affected
due to the presence of hysteresis in the said airfoil.
Clear understanding of lift characteristics of an airfoil
under hysteresis is of utmost importance as it would
be extremely dangerous since stall recovery requires a
large decrease in angle of attack contrary to a simple
reduction of back pressure on the controls. The nature
of the stall becomes much more complicated in low
Reynolds numbers due to laminar separation bubbles
which may form before full stall and various other
factors that might influence it. Hence having a better
understanding of how the Clark Y-14 airfoil reacts to
hysteresis will be much beneficial. A component of
this research was done previously which gave rise to
some interesting facts regarding the relationship of the
Reynold’s number with the formation of the hysteresis
loops and the continuation of the research further gave
rise to some more insight on how the laminar
separation bubble plays a role in the formation of the
hysteresis loop in the Clark Y-14 airfoil and the
validation of the empirical results through CFD
simulations which is discussed in this paper.

Figure 1. Wind Tunnel Apparatus

2. METHODOLOGY

The initial stage included carrying out of wind tunnel
experiments in order to find the relationship of the
Reynold’s number on the extent of the hysteresis loop.
The Reynolds number range was selected by
considering the limitations of the AEROLAB
Educational Wind tunnel at Kotelawala Defence
University which was used for conducting of the test.
The wind tunnel has a test section of 30.5 cm x 30.5
cm x 30.5cm and a speed range of 4.5 m/s to 64 m/s.
The AEROLAB pressure wing resembling a Clark Y-
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14 airfoil with a chord of 8.9cm having 18 flush
mounted taps was mounted on the test section and
pressure readings via a multi tube manometer was
obtained.

The experiment was conducted by varying the angle of
attack of the pressure wing by multiples of 1 degree
for the forward (increasing the angle of attack until the
airfoil stalls) and the backward stroke (decreasing the
angle of attack back from stall). MATLAB was used
in order to calculate the coefficient of Ilift by
integrating the area between the upper and lower
surface of the airfoil of Cp Vs X/C graph.

The next stage of the research consisted of carrying
out of CFD simulations in order to validate the
obtained wind tunnel results. The simulations were
carried out for a Reynolds number of 134072
corresponding to wind tunnel RPM of 800 using
ANSYS 2021 R1 software.

The Computational flow domain used to analyse the
Clark Y-14 airfoil of non-dimensional chord length of
1m is a C type mesh consisting of a frozen layer which
radiates 3 times the chord from trailing edge towards
the forward and 5 times the chord towards the aft. The
entire grid extends 10 times the chord from the trailing
edge and 60 times the chord behind the airfoil.
Inflation layers were used in order to better capture the
effects near the boundary layer.

Figure 2. CFD Mesh
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The Ko SST turbulence model was used with a
velocity inlet and a pressure outlet for the domain. The
lower and upper boundaries of the domain was set to
wall and the convergence criteria was set to 1e-06.

3. RESULTS AND DISCUSSION

The coefficient of pressure variation and the
relationship of the extent of the hysteresis loop with
Reynold’s number was discussed earlier. It was seen
that the extent of the clockwise hysteresis loops
increased with the Reynold’s number up until a
Reynold’s number of 134072 before starting to
decrease again for the Clark Y-14 airfoil.

The stalling angle too followed a similar pattern. The
stalling angle continued to increase until a Reynolds
number of 146260 before starting to decrease again.
The summarised results from the Research paper are
given below. These trends shown by the Clark Y-14
airfoil is similar to that of the findings by Lance W.
Traub and W.A. Timmer for the Eppler 591 and
NACA 0018 airfoils, respectively.

CLvs AOA

AOA

— R0l Re 112742 =R {3071 === Reldd260 =o=v=Re 164543

Figure 3. Hysteresis Curves for different Reynold's
numbers
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Table 1: Extent of hysteresis loop with Reynold's
number

Reynolds E xtent O.f Presence of hysteresis
ysteresis
number loop
loop
60941 negligible -
79224 negligible -
91412 6°-11° 4°
112742 7°-14° 7°
134072 9°-16° 7°
146260 11°-17° 5°
164543 11°-17° 5°

Table 2. Stalling angle variation with Reynold's
number

Reynolds number stalling angle
91412 above 10°
112742 above 13°
134072 above 15°
146260 above 16°
164543 above 15°

Furthermore, by studying the coefficient of pressure
variations, it was discovered that a laminar separation
bubble was formed. By considering a particular
Reynold’s number and looking at the coefficient of
pressure graphs, it was seen that a nearly constant
pressure region (plateau region) was found at a certain
location and a sudden increase in the surface pressure
following the plateau region. It was further observed
that the surface pressure recovered gradually and
smoothly downstream of this region. These features
characterize the formation of a laminar separation
bubble where the laminar boundary layer separates
followed by transition and reattachment creating a
bubble (Traub, 2016).

By considering a particular Reynold’s number of
146260 and looking at the coefficient of pressure
variation for different angles of attack, it was observed
that the laminar separation bubble is formed at
locations of X/C of 0.5, 0.3 and 0.05 for angles of
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attack of 0,5 and 15 degrees respectively. This shows
that the laminar separation bubble has continued to
move upstream of the airfoil towards the leading edge
with the increase of the angle of attack. This
phenomenon was common to all the Reynold’s
numbers for which the experiments were conducted
on.

Cp vs X/C
X/C

Cos ¢

0.5
1
15

——AOQA0 ——AOAS AOA 15
Figure 4. Coefficient of pressure variation at
Reynold's number of 146260 for different angles of
attack

It was seen that for the Reynold’s number of 134072
at 15 degrees, for the forward stroke a separation
bubble was formed at a location of X/C nearly equal to
0.05 which is evident from the pressure plateau and
the flow separates at a location of X/C nearly equal to
0.5 from the upper surface. But when it comes to the
backward stroke, there is no evidence for a formation
of a laminar separation bubble and instead the flow
over the upper surface is seen to separate closer to the
leading edge with no reattachment to be seen leading
to a great loss of lift which was observed by looking at
the coefficient of lift curve corresponding to the
particular Reynold’s number. For the angle of 18
degrees the separation bubble had burst in the forward
stroke and the flow does not reattach after separation
and the coefficient of lift has drastically decreased
with almost identical behaviour seen in the backward
stroke as well.
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Figure 5. Cp variation for different angles of attack
for Re of 134072
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Figure 6. Cl variation for forward and backward
stroke at Reynolds number of 134072

During the forward process it is seen that the flow
separates and reattaches forming a laminar separation
bubble which results in a higher lift while for the
backward stroke the separated flow does not reattach
and form a bubble and the flow continues to stay
separated for the same angle of attack range
diminishing the lift characteristics of the Clark Y-14
airfoil resulting in a clockwise hysteresis loop (Traub,
2016). Hence it can be seen that the formation of the
clockwise hysteresis loops for the lift characteristics of
the Clark Y-14 airfoil has a strong relationship to the
formation of the laminar separation bubble which is in
agreement with previous research that has been

published on various other airfoil types (Marchman,
1987), (Sarlak et al., 2018), (Traub, 2016).

The CFD simulations that were run in order to validate
the experimental results are given in Table 3.
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Table 3. Comparison of wind tunnel and
experimental results
CL Cl
AO simulation | experimenta Error
A (KW SST) [ Error %
0 0.53176 0.5899 0.05814 10%
2 0.6957 0.7087 0.013 2%
4 0.8339 0.7969 0.037 5%
6 0.91764 0.8924 0.02524 3%
8 0.96831 0.9724 0.00409 0%
0.80788307
10 5 1.1103 0.30242 2%
0.68373577
12 7 1.015 0.33126 33%
14 | 0.64579816 0.9694 0.3236 33%
16 0.65 0.6216 0.0284 5%
18 0.5974 0.5883 0.0091 2%
20 0.59685 0.5947 0.00215 0%
CL Vs AOA
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Figure 7. Cl vs AOA for Wind tunnel and CFD results

The wind tunnel results and the CFD results are
almost identical for low angles of attack and very high
angles of attack above 16 degrees with an error
percentage of less than 10%. The results within the
region of 10-14 degrees shows a very high deviation
from the experimental results. The turbulence model
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has interpreted flow separation prior to that of the
experimental results which gave rise to this deviation.
The model has been unable to predict the stalling point
of the airfoil accurately. This could be because of the
high amount of randomness and turbulence within the
stalling vicinity and the lesser amount of refinement of
the CFD mesh due to the lack of computational power
to further refine the mesh in order to capture these
phenomena and the time constraints available. It is
safe to say that the CFD results has validated the
experimental results up to a certain extent but was not
able to predict the flow behaviour near the stalling
region, hence it is not appropriate to come to
conclusions based on the values obtained within this
region.

The pressure contours and the streamlines at different
angles of attack was analysed in order to get a better
understanding regarding the flow over the airfoil. By
looking at the dynamic pressure contours it was seen
that the flow over the airfoil was initially fully
attached and with the increase of the angle of attack
the wake behind the airfoil continued to increase. It
was also seen that the path followed by the flow field
is not that of the physical body of the airfoil and
instead it is of a different shape. The path followed by
the flow might be the effective body of the stalled
airfoil rather than its physical body which might have
been the reason for the occurrence of hysteresis loop
and why a stalled flow persists even when the angle of
attack is reduced below the staling angle. The angle of
attack of the stalled airfoil needs to be reduced to an
angle lower than that of the effective body’s stalling
angle in order to reattach the flow as stated by Morris
Il et al. for a symmetric airfoil (Morris, et al., 2020).
This is to be further studied by conducting
experiments on an effective body of the stalled Clark
Y 14 airfoil.

4. CONCLUSION

A two-dimensional asymmetric Clark Y 14 airfoil was
observed in low-speed flows by varying the
parameters of angle of attack and Reynold’s number.

It was observed that the Reynold’s number and angle
of attack are primary parameters that have an impact
on the occurrence of hysteresis loops in static stall
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hysteresis of the Clark Y-14 airfoil and the size of the
so formed hysteresis

It was observed that a clockwise hysteresis loop was
formed for the lift characteristics of the Clark Y-14
airfoil where the extent of the Hysteresis loop
increased with the Reynolds number where the
maximum could be seen at Reynolds number of
134072 before starting to decrease again. The stalling
angle of attack of the said airfoil too followed a
similar pattern where the stalling angle increased with
the Reynolds number before starting to decrease at a
Reynolds number of 146260. These patterns observed
are similar to the hysteresis loops observed for the
Eppler 591 and NACA 0018 airfoils by Lance W.
Traub and W.A. Timmer respectively.

The coefficient of pressure curves of the Clark Y-14
airfoil showed a laminar separation bubble forming
which shifted towards the leading edge of the airfoil
with the increase of the angle of attack for all the
Reynolds numbers for which the experiment was
conducted. For the forward stroke it was seen that a
laminar separation bubble was formed, but for the
backward stroke no such laminar separation bubble
was formed, which led to a drastic decrease in the lift
characteristics of the backward stroke giving rise to a
clockwise hysteresis curve for the Clark Y-14 airfoil.
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ABSTRACT

For more than 150 years, Sri Lanka has had a significant influence on the world market for tea. Sri Lanka is one
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Competitiveness of Sri Lankan Tea in the International Market: A Trade Flow Analysis

1. INTRODUCTION

Since its inception in 1867, Sri Lanka's tea business
has been significant in terms of its contribution to
national output, employment, and net foreign
exchange earnings. Over the past 150 years, the sector
has undergone a variety of changes. Large-scale tea
plantations that were privately owned at this time have
given way to nationalized plantations run by the
government, which are now regional plantation
enterprises  controlled by private  companies
(Arunatilake, Wijayasiri, & Kelegama, 2018). The
smallholder segment of the tea business has expanded
recently, surpassing tea estates as the primary source
of tea production in the nation. Many other aspects of
the industry are also evolving quickly, including the
rise of the small holder tea sector, labour concerns,
automation, shifts in consumer demand, climate
change, and proliferation of quality requirements.
(Arunatilake, Wijayasiri, & Kelegama, 2018).

Along with the constraints of the domestic market,
recent changes on the global market have made it
more difficult for Sri Lanka to produce tea.
International tea prices fell to USD 2.44 per kg in
2021 as trading was hampered by logistical problems
brought on by the pandemic. Prices began to improve
in the final quarter of 2021, averaging USD 2.62 per
kg (FAO, 2022). The increase was brought on by
significant increases in the Colombo auction market,
which followed tighter supply coming from Sri Lanka
as a result of the country's economic difficulties and
high global demand. The Russia-Ukraine conflict,
however, had a negative effect on tea prices and trade
because the Russian Federation is the second-largest
importer of Indian tea, the third-largest importer of Sri
Lankan tea, and the fifth-largest importer of Kenyan
tea. Since the Russian Federation is a key provider of
fertilizers, their scarce supply and/or rising costs could
result in poorer yields and lower tea quality.

Based on these internal and external issues, there is
tremendous uncertainty about how Sri Lankan tea's
competitiveness may change in the global market. The
literature that is currently available on Sri Lankan tea
production does not fully support the analysis of how
Sri Lankan tea's competitiveness has changed over
time in the international market.
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Literature confirms that even though there are a
number of studies that examine Sri Lanka’s tea sector,
the studies that examine how Sri Lanka’s tea sector’s
competitiveness changed over time are narrow and
limited.

Therefore, the purpose of this study is to conduct a
descriptive trade flow analysis in order to assess how
competitive Sri Lankan tea is on the international
market. This study is significant in filling the literature
gap regarding the changes in Sri Lanka’s
competitiveness in tea exports to the international
market. Such knowledge is essential for the effective
formulation of policies that will advance the Sri
Lankan tea industry. However, as a limitation, this
study does not examine the impact of the COVID-19
pandemic, the Russia-Ukraine war, or Sri Lanka’s
economic crisis on tea exports and its competitiveness
since it covers only the period spanning from 2002 to
2021.

2. LITERATURE REVIEW

The tea plantation has been restricted to five unique
places in the world due to the unique conditions of the
soil and environment. The majority of tea-producing
nations are found in the Asian continent. The leading
producers on the continent are China, India, and Sri
Lanka. The African nations that produce the most of
their tea include Kenya, Tanzania, Malawi, and
Uganda, which are all located in tropical climates
(Kithsiri, V.S. Jayamanna, & Abewickrama, 2020).
Kenya, China, India, Sri Lanka, Vietnam, and Malawi
are the very active nations that compete with one
another in the ferocious tea industry environment.
These countries are the leading producers and
exporters of tea in the world (Kasturiratne, 2008).
When it comes to the current rankings of tea exporting
nations, China is in the first place as the biggest
exporter, followed by Kenya and Sri Lanka in second
and third places, respectively. India and Poland round
out the top five (Cybex, 2022). Therefore, this study
selected China, Kenya, Sri Lanka, and India to
compare their levels of market competition.

The tea business must maintain sustained competition
with other global producers and exporting nations in
order to benefit the nation's economy. By forging a
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stable position in the tea market and effectively
navigating the competitive process, Sri Lanka should
outline its plan for competitiveness in the global tea
market (Herath & Silva, 2011). Vithunan and
Wijethunga (2021) examined the competitiveness of
Sri Lankan tea by using a policy analysis matrix
approach. However, the primary objective of this study
was to conduct a thorough examination of the policy
assistance for tea production in Sri Lanka from 2006 to
2019. The study's conclusions showed that policy
initiatives are not protecting Sri Lanka's tea production
(Vithunan & Wijethunga, 2021). However, this study
makes no inferences regarding how Sri Lankan tea's
competitiveness has evolved in the international
market. The competitiveness of Sri Lankan tea on the
global market has been assessed by Kithsiri,
Jayamanna, and Abewickrama (2020). The constant
market share model was used in this study to examine
competitiveness and test the viability of applying the
model for such purposes. The market growth effect,
residual effect, and composition effect that affect the
overall change in exported quantity to a particular
country have received particular attention. According
to the study's findings, Ceylon tea is found to be
competitive in countries like Russia, Kuwait, Japan,
Turkey, Germany, Australia, the United States, and
India. Additionally, Azerbaijan, Iran, the United
Kingdom, and Libya are discovered to have the
potential to be competitors for Ceylon Tea (Kithsiri,
Jayamanna, & Abewickrama, 2020). According to the
findings of this study, it is very clear that Sri Lanka’s
tea exports have competitiveness in the markets
mentioned above, such as Russia, Japan, and the
United States. But this study has not examined how
the competitiveness of Sri Lanka’s tea exports
changed over the periods of the identified export
markets. Therefore, the findings of the study
conducted by Kithsiri, Jayamanna, and Abewickrama
also reveal the existing research gap in identifying the
changes in Sri Lanka’s competitiveness in tea exports
in the world market.

The majority of studies on Sri Lanka's tea industry
have concentrated on problems specific to the tea
industry. Mujahid Hilal (2020) investigated the
problems and tactics in the Sri Lankan tea industry. 53
interviews were performed for the study in Sri Lanka
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and India, and it was discovered that in order to
maintain the sustainability of the Sri Lankan tea
sector, it is essential to produce value-added tea
products, support local brands on the international
market, and advertise the goods abroad (Hilal, 2020).
Even while the study identified a few elements that the
Sri Lankan tea industry must contend with to remain
competitive, it did not indicate how the sector's degree
of competition has evolved.

In 2000, Ganewatta and Edward also investigated Sri
Lanka's tea industry's economic problems and
governmental initiatives. This study made clear that
government policies for the tea sector must be
consistent with the remedy of market failures if
efficiency is to increase and international
competitiveness is to be achieved (Ganewatta &
Edwards, 2000). However, the study did not determine
how competitive Sri Lankan tea is on the global
market. Accordingly, there is a research shortage about
the shift of Sri Lankan tea's competitiveness in the
global market based on the volume of literature
currently accessible on the Sri Lankan tea industry. By
examining the competitiveness of Sri Lankan tea on
the global market, this study seeks to narrow that gap.

Several publications have been evaluated in order to
determine the best analytical techniques for assessing
the competitiveness of Sri Lankan tea on the global
market. The constant market share model used by
Kithsiri, Jayamanna, and Abewickrama (2020) is
appropriate for concentrating on the market growth
effect, composition effect, and residual effect;
nevertheless, it does not reflect how competitiveness
has changed over time. Irshad and Arshad (2018)
looked at Pakistani rice's ability to compete on the
world market and its potential for export. This study is
the first empirical attempt to identify prospective
export destinations for Pakistani rice to 144 countries
between 2003 and 2016 utilizing a panel-gravity
approach and the PPML technique (Irshad, Xin, &
Arshad, 2018). This study employed the Revealed
Comparative Advantage (RCA) competitive index
developed by Balasa (1965) and Vollrath (1991) to
assess the export competitiveness of 10 significant rice
exporters in the worldwide market.
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The competitiveness of Knowledge Intensive Business
Services (KIBS) in Singapore and Hong Kong was
studied by Deng (2016). To quantify the
competitiveness of particular industries, this study's
approach included the use of three indices: export
market share, disclosed comparative advantage, and
revealed comparative advantage (Deng, 2016). The
Revealed Comparative Advantage (RCA) competitive
index was thus emphasized in the literature review as a
useful tool for assessing the competitiveness of Sri
Lankan tea on the global market.

According to Jackman, Lorde, Lowe, and Alleyne, the
theory of comparative advantage is undoubtedly one of
the most crucial ideas in the study of international
trade, and it is frequently used to assess trade and
export specialization patterns (Jackman, Lorde, Lowe,
& Alleyne, 2011). The Heckscher-Olin (HO) theory
and the Ricardian theory are two significant
conventional trade theories that address comparative
advantage. According to the Ricardian theory,
countries with different relative production costs have
a competitive advantage over one another. Instead, the
HO hypothesis postulates that country advantages
result from variations in factor pricing between nations.
According to the HO theory, a country's comparative
advantage is determined by its relative factor scarcity,
meaning a country will export products that use its
abundant and inexpensive element(s) of production and
import products that use its scarce factor(s) of
production to obtain comparative advantage.

Overall, the Ricardian Theory, proposed by David
Ricardo, suggests that countries should specialize in
producing goods in which they have a comparative
advantage, even if they can produce all goods more
efficiently than other countries. The comparative
advantage theory, a refinement of the Ricardian theory,
states that countries should specialize in producing
goods where they have the lowest opportunity cost.
The Heckscher-Ohlin Theory emphasizes the role of
factor endowments, particularly labour and capital, in
determining comparative advantage. According to this
theory, countries will export goods that intensively use
their abundant factors of production and import goods
that use their scarce factors of production. Literature
confirms that Sri Lanka has favourable geographical
conditions, such as a suitable climate, altitude, and soil
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for tea cultivation. In the case of Sri Lanka's tea, based
on its comparative advantage, Sri Lanka should focus
on producing tea because it can produce it at a lower
opportunity cost compared to other countries.
Furthermore, Sri Lanka has a relatively abundant
labour force compared to capital, which aligns with the
labour-intensive nature of tea cultivation and
processing. In summary, these economic theories
collectively suggest that Sri Lanka's tea industry
benefits from its comparative advantage, driven by
factors such as favourable geography, historical
expertise, and factor endowments. By specializing in
tea production, Sri Lanka can enhance its
competitiveness in the global market and capitalize on
its strengths in the tea industry.

Literature shows that measuring comparative
advantage is currently receiving significant attention
from international experts. Because it is impossible to
see relative pricing under an autarky, academics have
created indices to gauge comparative advantage. The
two main indexes that are being used are the Export
Market Share (MS) and the Revealed Comparative
Advantage (RCA). Since it was first suggested by
Balassa (Balassa, 1965), RCA has been regularly used
to assess comparative advantage, despite several
drawbacks.

According to Greenaway & Milner, one problem is that
the Balassa index of revealed comparative advantage is
biased from the perspective that it just takes into
account exports and ignores the influence of imports
and, as such, implies possible over or underestimation
of any underlying comparative advantage or
disadvantage (Greenaway & Milner, 1993). In
addition, there is an asymmetry problem. Since the
1980s, RCA index has been expanded and changed by
various academics, including Balassa, in order to
provide a more thorough and objective measuring
approach. For instance, Relative Trade Advantage
index - RTA (Vollrath, 1991), Net Export Revealed
Comparative Advantage index - NXRCA (Balassa, B.,
1989), and Revealed Export Advantage index - RXA
(Esterhuizen & Rooyen, 2010) can be found.
According to Kang, RTA appeared to be symmetrical
and objective, making it more valid and acceptable for
determining comparative advantage (Kang, 2014).
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Thus, this research intends to utilize Market Share,
RCA, and RTA indices when analyzing the
competitiveness of Sri Lankan tea in the global market.

3. METHODOLOGY

This study is aimed at exploring the competitiveness
of Sri Lanka’s tea exports in the international market
over time. Furthermore, the present study specifically
attempts to achieve the following specific objectives:

To examine the relative contribution of Sri Lanka’s
tea exports to the international market.

To identify the changes of the average price of Sri
Lanka’s tea in the international market.

To assess the level of competitiveness of Sri
Lanka’s tea in the international market.

This research is based on secondary data for the time
period spanning from 2002 to 2021. Data were
extracted from TRADE MAP database that includes
trade statistics for international business development.
This study utilized data for the HS codes of headings
0902; Tea, whether or not flavoured. Table 01 projects
the variables for which data were extracted.

Table 01: Summery of Variables

HS Code Variable Scale Time
Period

0902: Tea, | Exported Tons 2002 -

whether or | Quantity 2021

flavoured

0902: Tea, | Exported US Dollar | 2002 -

whether or | Value Thousands 2021

flavoured

Total All | Exported US Dollar | 2002 -

Products Value Thousands 2021

It is important to note that this study covers only the
period from 2002 to 2021. When deciding the time
period for the study, the availability of data was a
concern. This time period encompasses nearly two
decades, allowing for a comprehensive analysis of
trends, fluctuations, and long-term patterns in the Sri
Lankan tea industry. Furthermore, the selected time
periods cover the global financial crisis (2007-2009)
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and the European sovereign debt crisis (2010-2012),
which can influence the patterns of global tea exports.
However, the selected time period is not enough to
provide implications for the changes in the
competitiveness of Sri Lankan tea due to the COVID-
19 pandemic and the Russia-Ukraine war since it
limits itself to the 2002-2021 period.

The review of the literature explored the possible
techniques to assess the changes in the
competitiveness of Sri Lanka’s tea exports. This study
has calculated market share (MS) to examine the
relative contribution of a country's tea exports to the
overall volume or value of tea traded internationally
within a specified period. Furthermore, it projects how
Sri Lanka’s market share for tea exports has changed
over time.

To identify the changes in the average price of Sri
Lanka’s tea in the international market, this study has
calculated the export unit price (EUP). Monitoring
changes in the tea export unit price over time can
provide insights into market dynamics, such as
fluctuations in demand, changes in consumer
preferences, shifts in production costs, currency
exchange rate movements, and variations in quality
and grades of tea being traded. Additionally, the unit
price can vary depending on factors such as the type of
tea, its origin, its quality, and market conditions in
importing countries.

Furthermore, this study has calculated the Revealed
Comparative Advantage (RCA) and Relative Trade
Advantage (RTA)I indexes to assess the level of
competitiveness of Sri Lanka’s tea exports in the
international market. Both RCA and RTA indexes
provide valuable insights into a country's export
specialization and comparative advantage, helping
policymakers, researchers, and businesses understand
patterns of trade and identify opportunities for growth
and diversification in international trade. The content
below provides an overview of the formulas utilized
for calculating MS, EUP, RCA, and RTA.

Export Market Share (MS) monitors a country’s
export performance compared with the total world’s
exports. The index for country i commodity j is
calculated as follows.
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Where: Xjj - country i’s exports of commodity j; Xwj -
world exports of commodity j; MS; - export market
share of country i in commodity j. The greater value of
the index indicates stronger competitiveness of
country i in the commadity j. The value of MS ranges
fromOto 1.

The export unit price is measured using the total
export value divided by the total quantity of exports.
The export unit price for country i commodity j is
calculated as follows;

e

EUPE-_J- =
Qe

()

Where, EUP;j — country i’s export unit price of
commodity j; Xji — country i’s export value of
commodity j at time t; QXj: - country i’s export
quantity of commodity j at time t.

RCA index, which is measured by the product’s share
in the country’s exports in relation to its share in the
world trade. The index for country i commodity j is
calculated as:

(e ) (2 )

RCA, ———— -
(e MEE pXy e )

ijt

®

Where, RCAIjt - country i's revealed comparative
advantage of commodity j at time t, and i, j, and t refer
to country i, product j, and time t, respectively.
According to Hinloopen and Marrewijk (2001), the
RCA value can be classified into four classes. Class 1:
0 < RCAjj < 1 are countries without a comparative
advantage; Class 2: 1 <RCAij <2 are countries with a
weak comparative advantage; Class 3: 2 <RCAij < 4
are countries with a medium comparative advantage;
and Class 4: RCAIj > 4 are countries with a strong
comparative advantage (Hinloopen & Marrewijk,
2001).

Relative Trade Advantage (RTA) index, which can be
defined as the differences between RCA and the
Revealed Import Advantage (RIA), is used to address
the issue of asymmetry.
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where variables are as defined in Equations (1) and
(3), but M represents imports. Under this approach,
positive values indicate a comparative advantage
whereas negative values indicate comparative
disadvantage.

Overall, this study examines how the competitiveness
of Sri Lanka's tea exports changes in the international
market. However, it does not provide an in-depth
analysis of external factors, such as consumer
preferences, trade policies, and global conditions, that
can influence these changes in competitiveness. This
can be identified as a limitation of the study.

4. RESULTS AND DISCUSSION

In the first stage of the analysis, the market share
index (MS) was calculated for China, Sri Lanka,
Kenya, and India. Figure 01 projects the results of MS
index for the period 2002 -2021.

Figure 01: Values of MS Index for tea (%)

Source: Author’s calculations

The largest market share for global tea exports in 2002
was held by Sri Lanka, with a 25.79 percent share. Sri
Lanka's market share in the world's export of tea
decreased significantly between 2002 and 2021,
falling to 16.16%. As a result, Sri Lanka's once-
dominant position in the world tea market has
declined. There could be two factors influencing the
market share losses for Sri Lanka. On the one hand,
Sri Lanka saw a fall in its exports of tea to the
international market. Additionally, there is a
difference in the rate of growth between Sri Lankan
and global tea exports. These two factors could lead to
a decline in the relative position on a worldwide scale.
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On the other hand, Kenya and China, two of the top
exporters of tea, have seen a huge growth in market
share. With a rise in market share from 13.15 to 26.7
percent, China now holds the greatest market share in
the worldwide tea market. Kenya's market share
increased significantly from 5.58 percent to 13.85
percent. India's market share has decreased from 12.86
percent to 7.989 percent; thus, it does not anticipate a
consistent increase in that percentage.

Secondly, the fluctuation of the Sri Lankan tea export
unit price is computed. The results of the variation in
the export unit price of Sri Lankan tea on the global
market between 2002 and 2021 are demonstrated in
figure 02.

Figure 02: Fluctuations of the unit price of tea export
Source: Author’s calculations

The highest unit price for tea exported to the
international market in 2002 was obtained by Sri
Lanka. The unit price of Sri Lankan tea has steadily
increased since 2006, following a sluggish increase
from 2002 to 2006. The export unit price's upward
tendency, which was previously mentioned, could be
influenced by a number of factors. 2009's
unfavourable weather contributed to the rise in tea
prices (United Nations, 2009). Although Sri Lankan
tea's reputation and high quality helped to create
higher global demand, the financial crisis of
2009/2008, and the Covid-19 pandemic had a
detrimental influence on the tea market. Some of the
government policies have also contributed to this unit
price increase. The ban of glyphosate in the Sri
Lankan tea sector is one of the major factors that
might have contributed to this trend. Glyphosate had
been used for weed control in Sri Lanka for a number
of years, including on tea plantations. However,
glyphosate was immediately banned in June 2015 as a
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result of a gazette notification. The vyield has
decreased by five to ten percent as a result of this
decision (Bayer, 2022).

Although the price of a unit of tea exported from Sri
Lanka has changed throughout time, the price of a unit
of tea exported from China has dramatically increased.
China had the lowest unit price for tea exports among
the major competitors in 2002, but the highest unit
price in 2021. The unit prices for tea exported from
Kenya and India have varied greatly, but the unit price
for Indian tea exports indicates a consistent upward
tendency.

In the third stage, this study utilized Balassa's 1965
Revealed Comparative Advantage (RCA) technique to
assess the competitiveness of Sri Lankan tea on the
global market. The RCA index results are projected in
figure 3.

Figure 03: Values of RCA Index for Tea Exports
Source: Author’s calculations

In accordance with Hinloopen and Marrewijk's (2001)
classification of the RCA index, Sri Lanka can be
categorized as a highly competitive tea exporting
nation to the global market. Sri Lanka recorded 351
RCA values in 2002, making it the most competitive
exporter on the global tea market. But over time, Sri
Lanka has seen a decline in its level of competition in
the global tea market. As a result, Sri Lanka's RCA
value fell from 351 in 2002 to 266 in 2021. Numerous
domestic factors could have contributed to this
downward trend. Sri Lankan tea industry is mainly
reliant on manual labour and uses extremely basic
technologies. As a result, the industry deals with a
number of problems with the availability and cost of
labour. Furthermore, it has previously been
demonstrated that Sri Lanka's tea industry has low
productivity  (Thushara,  2015).  Additionally,
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government initiatives like the prohibition of
glyphosates and chemical fertilizers may have
contributed to this decline in competitiveness.

Kenya can also be categorized into the highly
competitive tea exporting category, and it has become
the world highest competitive tea exporting country in
the world surpassing Sri Lanka. Even though India is a
competitive tea exporter, India does not project a
considerable improvement of RCA value. Most
interestingly, China can be categorized as a low
competitive tea exporter in the world market in terms
of the RCA index.

In the final step of the analysis, this study calculated
the Revealed Trade Advantage (RTA) in order to
determine if the chosen tea exporting countries have a
comparative advantage or disadvantage for tea
exports. Figure 04 projects the RTA index's outcomes.

Figure 04: Values of the RTA Index
Source: Author’s calculations

The country has a comparative disadvantage for
exporting tea if the RTA values are negative. For the
entire period, Sri Lanka projected a comparative
advantage for tea exports. Sri Lanka had the highest
RTA value in 2002, but since then, it has been on the
decline. This highlights how Sri Lankan tea exports
are losing ground in terms of competitiveness. The
RTA levels have, however, significantly improved in
Kenya. However, beyond 2020, RTA shows a falling
trend in both Kenya and Sri Lanka. This weakening
competitiveness may have been caused by the Covid-
19 epidemic. India and China have a comparative
advantage when it comes to exporting tea, but they are
not very competitive in the world market.
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5. CONCLUSIONS

This study intended to determine the level of Sri
Lankan tea exports' competitiveness on the global
market. The three nations with the highest global tea
exports—China, Kenya, and India—were chosen for
this study for the sake of a straightforward
comparison. In order to assess the competitiveness of
tea exports on the global market, this study utilized
four indices, including Export Market Share (MS),
Export Unit Price (EUP), Revealed Comparative
Advantage (RCA), and Revealed Trade Advantage
(RTA).

Based on the findings of the study, it can be concluded
that both the competitiveness and comparative
advantage of Sri Lanka’s tea exports have declined
considerably over time. The negative changes in
market share, revealed comparative advantage, and
revealed trade advantage indices support this
conclusion. Comparatively cheaper than Sri Lanka,
Kenya supplies its exports of tea on the world market.
As a result, Sri Lanka can eventually see a decline in
market demand. Despite having strong performances
in the global tea market, China and India's
competitiveness and comparative advantage for
exporting tea are diminishing. Kenya, however, is
achieving great competitiveness in the global tea
market while maintaining a lower export unit price.
Furthermore, both the RCA and RTA indices have
provided consistent results.

Based on these conclusions, this study comes up with
certain policy implications. Cost-effective production
techniques should be carefully considered by Sri
Lankan tea producers in order to reduce the selling
price relative to competing suppliers on the global
market. Additionally, the government can help the
local tea industry become more productive by offering
some technical aid.
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1. INTRODUCTION

University life marks a critical phase marked by
significant lifestyle changes, new social dynamics,
and potential stressors for undergraduates (Sravani et
al., 2018). The challenges are intensified for those
living away from home for the first time, who often
lack effective coping mechanisms (Freire et al.,
2020), leading to a high prevalence of mental health
issues such as depression, anxiety, and stress during
this transitional period (Kerebih et al., 2017; Ramdn-
Arbués et al., 2020). Globally, 12-50% of college
students reportedly present at least one diagnostic
criterion for such mental disorders (Bruffaerts et al.,
2018).

Depression among undergraduate students is a
significant concern that impacts their well-being and
academic performance (Deng et al., 2022). Factors
such as family stress, academic stress, and the
transition from high school to university can
contribute to depression among students, affecting
their academic performance (Deng et al., 2022;
Nurmina et al., 2021). Previous studies conducted in
Sri Lanka have indicated a high prevalence of
depressive  symptoms among Sri  Lankan
undergraduates  (Amarasuriya et al., 2015;
Dahanayake et al., 2021; De Zoysa et al., 2022). A
recent study conducted at the University of Jaffna, Sri
Lanka, reported that a major depressive disorder was
experienced by 31% of university students, 70% of
whom reported some form of depression ranging
from mild to severe (Wickramasinghe et al., 2023).
Studies have also highlighted the high prevalence of
depression among specific groups of undergraduate
students, such as those in medical (Asra et al., 2022),
nursing (Rosenthal et al., 2021), physiotherapy
(Yakasai et al., 2022), pharmacy (Shangraw et al.,
2021) and dental (Freitas et al., 2022) schools.
Furthermore, research indicates that undergraduates
may experience similar levels of depression as
graduate students but are less likely to seek mental
health services (Cooper et al., 2020).

Research indicates that a considerable portion of
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undergraduate students struggle with anxiety, with
nursing students frequently encountering elevated
levels of anxiety compared to their counterparts in

other academic disciplines. (Walker, 2022).
Additionally, there is an observed negative
relationship  between anxiety and academic

performance, with higher anxiety levels correlating
with lower grade point averages (GPAs)(Choudhury,
2022). A study among nursing undergraduates at the
University of Peradeniya, Sri Lanka, revealed that
59.8% of the population had moderate to extremely
severe levels of anxiety (Rathnayake and Ekanayaka,
2016).

Stress is a common issue among undergraduate
students, affecting their academic performance and
overall well-being. Various studies have identified
key stressors and the impact of stress on
undergraduates. Common stressors include the
transition to university, academic pressure, lack of
sleep, personal relationships, and poor coping skills
(Ebenezer. C et al., 2020; Garett et al., 2017). The
consequences of stress for students are significant,
with adverse effects on their college experience and
academic achievement (Morey and Taylor, 2019).
Stress levels can vary among different student
groups, with first-year students often facing
substantial stress due to the challenges associated
with change and increased responsibilities (Owusu,
2021). As revealed by a previous Sri Lankan
epidemiological study, 39.8% of undergraduates are
victims of stress (Kuruppuarachchi et al., 2014).

Recent literature has highlighted a significant
prevalence of depression, anxiety, and stress among
allied health sciences undergraduates, and those
studies have consistently demonstrated that students
in this field are at a greater risk for mental health
issues than the general population is (Awotidebe et
al., 2022; Nahas et al., 2019; Ramoén-Arbués et al.,
2020). Furthermore, existing studies in Sri Lanka
have focused on allied health undergraduates,
revealing a high prevalence and positive correlations
between these mental health variables (Ilankoon and
Warnakulasooriya, = 2014;  Rathnayake  and
Ekanayaka, 2016).
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Despite ample research on assessing depression,
anxiety, and stress among Allied Health Science
undergraduates globally, few studies have been
conducted in Sri Lanka, especially in the context of a
defence university. General Sir John Kotelawala
Defence University (KDU), which is distinct in its
military setting, emphasizes discipline, commitment
to service, and academic excellence. This study
aimed to address this gap in the literature by assessing
depression, anxiety, and stress levels among
undergraduates of the Faculty of Allied Health
Sciences (FAHS), KDU. Additionally, the findings
from this study may inform university policies
regarding mental health support for students and
contribute to broader university and national policies
aimed at addressing mental health issues among
undergraduates.

Research Questions:

1. What are the prevalence rates of depression,
anxiety, and stress among allied health sciences
undergraduates at the FAHS, KDU?

2. How do demographic factors such as gender,
academic year, and degree course relate to levels
of depression, anxiety, and stress among allied
health sciences undergraduates at the FAHS,
KDU?

3. Are there significant correlations between
depression, anxiety, and stress levels among allied
health sciences undergraduates at the FAHS,
KDU?

2. METHODOLOGY

Study Design and Participants

A descriptive cross-sectional study was conducted at
the FAHS, KDU, Sri Lanka. The study included all
allied health sciences undergraduates (n=640) at
FAHS, representing diverse disciplines such as
nursing and midwifery, physiotherapy, medical
laboratory sciences (MLS), pharmacy, radiotherapy,
and radiography.
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Data collection

Data collection took place in the middle of the
semester (from March to April 2020) to ensure a
consistent academic environment for all participants.
This study utilized the self-reported (0-3), 21-item
Depression, Anxiety, and Stress Scale (DASS-21) for
measuring negative emotional states. The DASS-21,
which has been validated in Sri Lanka, has reported
scores of 0.83, 0.76 and 0.80 for depression, anxiety
and stress, respectively (Rekha, 2012). The severity
of depression, anxiety, and stress (mild, moderate,
severe, or extremely severe) of the participants was
measured according to the cut-offs given on the scale
(Table 1). Participant characteristics, including sex,
academic year, degree course, current medical
treatments, and history of psychological treatments,
were also collected.

Table 1 Cut-off values for depression, anxiety,
and stress according to the DASS-21

Severity levels | Depress | Anxie | Stress
ion ty
Normal 0-9 0-7 0-14
Mild 10-13 8-9 15-18
Moderate 14-20 | 10-14 | 19-25
Severe 21-27 15-19 | 26-33
Extremely 28+ 20+ 34+
severe

Statistical analysis

The data were analysed using SPSS version 23.0.
Descriptive statistics were employed to summarize
participant characteristics. The Shapiro—Wilk test
confirmed that the distributions of depression,
anxiety, and stress scores were not normal (p<0.005).
Therefore, Spearman's correlation test was used to
examine relationships between depression, anxiety,
and stress. Pearson's chi-square test was used to
explore associations between categorical variables
(e.g., gender, academic year, degree course) and
mental health levels. The significance level was set at
< 0.05.
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Ethical Consideration

The study received ethical approval from the Ethics
Review Committee (RP/S/2020/15), Faculty of
Medicine, KDU, Sri Lanka. Institutional approval
was obtained from the Vice-Chancellor, KDU, and
the Dean, FAHS, KDU. Informed consent was
obtained online from participants, who emphasized
voluntary participation and the right to withdraw at
any time.

3. RESULTS

Participant Characteristics

Of the total population of 679 undergraduates, 640
(94.25%) responded to the study. Most of the
participants were females (75.8%) or were Sinhalese
(94.4%). Nursing undergraduates constituted the
majority (24.2%) (Table 2).

Table 2 Descriptive statistics for participant
characteristics (n = 640)

depression, 40.5% with anxiety, and 27.7% with
stress (Table 3).

Table 3 Distribution of depression, anxiety, and stress
levels among the respondents

Category Subcatego | Fre % Mean +SD
ry que
ncy
Depression | No 416 | 64.9% | 3.47+2.88
Depression
Mild 105 | 16.4% | 11.79+1.73
Moderate 76 | 11.9% | 17.21+2.92
Severe 26 4.1% | 24.23+2.36
Extremely 17 2.7% | 33.76x4.24
severe
Anxiety No Anxiety | 381 | 59.5% | 2.43+2.21
Mild 58 9.1% 8.10+0.58
Moderate 132 | 20.6% | 11.95+1.66
Severe 30 4.7% | 16.60+0.93
Extremely 39 6.1% | 24.67+4.48
severe
Stress No stress 463 | 72.3% | 7.51x4.79
Mild 70 | 10.9% | 16.71+0.97
Moderate 63 9.8% | 21.40+1.89
Severe 34 5.3% | 28.06+2.29
Extremely 10 1.6% | 38.00+3.40
severe

Demographic Frequenc | Percentag
Characteristics y e
%
Gender Male 155 24.2
Female 485 75.8
Ethnicity Sinhala 604 94.4
Tamil 19 3.0
Muslim 15 2.3
Burgher 02 0.3
Academi First-year 162 25.3
¢ Year Second year 155 24.2
Third year 153 23.9
Fourth year 170 26.6
Degree Nursing 156 24.2
course Physiotherap 141 22.0
y
MLS 128 20.0
Pharmacy 113 17.7
Radiography 60 9.4
Radiotherapy 43 6.7

Study Measurements

The mean scores for depression, anxiety, and stress
were 8.11+7.857, 6.93+6.764, and 11.45+8.199,
respectively. Mild to extremely severe symptoms
were observed in 35.1% of participants with

Relationships among Depression, Anxiety, and
Stress

A significant strong positive relationship was
identified between depression and anxiety (r=0.707,
p=.000), depression and stress (r=0.722, p=.000), and
anxiety and stress (r=0.658, p=.000).

Table 4: Relationships between Depression,
Anxiety, and Stress

Relationship Correlation p value
Coefficient

Depression 0.707 0.000
and Anxiety

Depression 0.722 0.000
and Stress
Anxiety and 0.658 0.000
Stress

Associations of participant characteristics

A statistically significant association was found
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between depression level and Degree course
(G2=34.328, p=0.023). Participants currently
receiving medical treatment showed statistically
significant associations with depression (p=0.002),
anxiety (p=0.000), and stress (p=0.002). A history of
psychological treatment was significantly associated
with anxiety (p=0.009) and stress (p=0.040) (Table
5).

Table 5 Associations of participant characteristics with
depression, anxiety, and stress

ch Fre p value
?@Cte Category | que | Depre | Anxie | Stress
ristic ey ssion ty
Gender Male 155 | 0.151 | 0.733 | 0.649
Female 485
Academic | First Year | 162 | 0.779 | 0.077 | 0.967
year Second 155
Year 153
Third 170
Year
Fourth
Year
Degree Nursing 156 | 0.023* | 0.367 | 0.384
course Physiother | 141
apy 128
MLS 113
Pharmacy 60
Radiograp | 43
hy
Radiother
apy
Currently | Yes 67 | 0.002* | 0.000* | 0.002*
under No 573
Medical
treatments
History of | Yes 71 0.152 | 0.009* | 0.040*
psycholog | No 569
ical
treatments

* At a significance level of 0.05

4. DISCUSSION

The findings of this study elaborate on the prevalence
of depression, anxiety, and stress among
undergraduates in a defence university in Sri Lanka.
In interpreting these results, it is crucial to
contextualize them in the broader landscape of
mental health research among university students.
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a) Prevalence of Mental Health Symptoms

The observed prevalence of mild to extremely severe
symptoms of depression (35.1%), anxiety (40.5%),
and stress (27.7%) among allied health sciences
undergraduates at the General Sir John Kotelawala
Defence University (KDU) raises important
questions. Similarly, a study conducted in Vietnam
(Pham et al., 2019) highlighted a 36.4% prevalence
of depression among health sciences students.
Additionally, Mahotra et al., 2021 reported notable
levels of depression, anxiety, and stress among health
science students in Nepal, with rates of 43%, 33%,
and 29%, respectively. Although the rates from the
current study are concerning, as with research
conducted globally, they appear to be lower than
those reported in previous studies conducted among
similar populations in Sri Lanka (llankoon and
Warnakulasooriya, =~ 2014;  Rathnayake  and
Ekanayaka, 2016; Wickramasinghe et al., 2023). This
difference may be attributed to recent reforms in
nursing education in Sri Lanka, including enhanced
graduate education, curriculum evolution, and
improved healthcare facilities (Jayasekara and
Amarasekara, 2015; Kumara and Sudusinghe, 2021).
Furthermore,  the  distinct academic  and
administrative environment of a defence university
could contribute to this variation. However, further
research is warranted to explore these differences
comprehensively. Furthermore, it is crucial to
acknowledge that challenges persist, demanding
continued attention to students' mental well-being
(Nair and Otaki, 2021).

b) Relationship between mental health

symptoms

The identified strong positive relationships between
depression and anxiety, depression, and stress, as
well as between anxiety and stress (ranging from
0.658 to 0.722), underscore the interconnected nature
of these mental health dimensions. This correlation
suggests that undergraduates at FAHS - KDU are
more likely to experience multiple symptoms
simultaneously. This intricate relationship requires a
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holistic approach to mental health interventions,
recognizing the interdependence of depression,
anxiety, and stress.

c) Associations with

characteristics

The association between depression levels and
disease severity reveals an intriguing finding.
Variances in curricula and academic demands among
different courses may contribute to diverse stressors,
influencing mental health outcomes. Understanding
these nuances is pivotal for tailoring support
mechanisms for students in specific degree programs.
The significant associations between participants
currently receiving medical treatment and those with
a history of psychological treatment highlight the
impact of existing health conditions on mental health.
This emphasizes the need for integrated healthcare
models within educational institutions, ensuring that
mental health support aligns with ongoing medical
treatments (Lindsay et al., 2022).

participant

d) Implications for mental health support

The identified mental health challenges among allied
health sciences undergraduates underscore the
imperative need for strong mental health support
within  the university environment. Frequent
psychological assessments, accessible mental health
services, and targeted interventions are essential
components in fostering a supportive atmosphere. By
proactively addressing mental health concerns,
educational institutions can contribute to enhanced
academic performance, personal development, and
overall well-being (Pehlivan et al., 2020).

Limitations of the study

The study sample was restricted to FAHS, KDU,
potentially limiting the generalizability of the results
to other populations or institutions. Additionally, the
use of self-report measures introduces the possibility
of biases and inaccuracies. Future research should
aim for larger, more diverse samples and consider
incorporating multiple assessment techniques to
enhance the robustness of the findings.
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5. CONCLUSION

In conclusion, this study provides valuable insights
into the mental health profile of allied health sciences
undergraduates at FAHS, KDU. Although the
prevalence of symptoms is noteworthy, the relatively
lower rates than those reported in previous research
in Sri Lanka suggest potential positive impacts from
recent educational reforms. The findings emphasize
the complex interplay between depression, anxiety,
and stress, urging tailored interventions and
continuous mental health support. Addressing mental
health challenges among university students is
paramount for cultivating a resilient and thriving
academic community.
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1. INTRODUCTION

Entrepreneurship is widely seen as a driver of
economic growth. However, in developing countries,
there is uncertainty about whether entrepreneurship
education effectively equips individuals to
independently implement viable business ideas
alongside theoretical knowledge (Hanuun et al.,
2023). Recent research has explored the use of
neuroscientific techniques to study entrepreneurial
skills, mindsets, and behaviors (Massaro et al., 2023).
The Institute of Growth Concept (2016) suggests that
incorporating  neuroscientific  techniques into
entrepreneurial education at all levels can help
cultivate successful entrepreneurs.

Neuroentrepreneurship is a new research field in
which many developed countries invest human
capital to study emerging mental health challenges
and their crucial role in policy implementation
(Sharma et al., 2021). The study of entrepreneurship
is a complex science influenced by various
perspectives and intervening factors. The psychology
of entrepreneurship utilizes cognitive and behavioral
sciences to examine entrepreneurial behavior
(Pidduck et al., 2023). The field of cognitive science
explores heuristic ideas and the entrepreneurial
mindset to identify cognitive processes that enable
quicker and more efficient decision-making (Gilbert-
Saad et al., 2023). An individual with an
entrepreneurial mindset can create value by
recognizing and seizing opportunities, making
decisions with incomplete information, and
maintaining flexibility and resilience in complex and
challenging circumstances (Joshua et al., 2021).

Recently, there has been a significant increase in
efforts to understand the factors contributing to
entrepreneurial success. This is evident through a rise
in academic research, publications, and a thriving
business consultancy sector catering to entrepreneurs
(Elkaim, 2020; Lesonsky, 2019). While studies
recognize that a Management Mindset and an
Entrepreneurial Mindset complement each other,
they also emphasize that transitioning from one to the
other can lead to a sustainable competitive advantage
(Wright et al., 2000). Behavioural analysis places a
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strong emphasis on how entrepreneurs make
decisions regarding their competence and behaviour.
Entrepreneurial behaviour is influenced by traits such
as dynamism, leadership, risk-taking ability,
adaptability, and internal drive (Pidduck et al., 2023).

The different types of entrepreneurial opportunities
such as creative, exploratory, allocative, and
imitation are supported by specific attributes
(Chrysikou, 2014; Hunter, 2013; Sarasvathy et al.,
2010). When  examining  entrepreneurship,
organizational characteristics like innovation,
development, and expansion are also taken into
consideration (Cucino et al., 2021). Further, there are
factors that prevent individuals from becoming
entrepreneurs; cognitive bias can affect an
individual’s risk assessment and decision-making,
causing them to view entrepreneurship as too risky
(Thomas, 2018). Neurological differences can impact
traits like risk tolerance, creativity, and resilience,
which are vital for entrepreneurship (Massaro et al.,
2023). Furthermore, the current education system in
Sri Lanka suppresses the innovation and creativity of
undergraduates, leading to a high demand for
government jobs or brain drain (Fernando, 2019).

2. EVOLUTION OF THE CONCEPT

The emerging field of neuro-entrepreneurship
education combines cognitive neuroscience and
entrepreneurial ~ education  (Korpysa, 2020).
Researchers use tools such as Electroencephalogram
(EEG), Functional Magnetic Resonance Imaging
(FMRI), eye tracking, and Galvanic Skin Response to
investigate  the  neural  underpinnings  of
entrepreneurial decision-making. In their work,
Korpysa (2020) introduces the concept of neuro-
entrepreneurship and argues for the application of
neuroscience in studying entrepreneurial processes.

A pictorial summary of the evolution of neuro-
entrepreneurship is created using techniques from
cognitive neuroscience, along with sub-branches of
entrepreneurial  education and cognitive and
behavioral science. Figure 1 illustrates the
interdisciplinary approach to entrepreneurship.
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\. Netroentreprencurship -

Figure 1: The Breakdown Mind Map of Neuro-entrepreneurship

(Source: Authors’ Preparation)

The study by Zaro et al. (2016) utilized cognitive
brain mapping (CBM), a quantitative research tool,
along with EEG readings. EEG recordings were
taken while fourteen male participants, including
both experienced business owners and non-
entrepreneurs, made decisions. The study analyzed
the flow of information across different brain areas
using entropy correlation calculations, providing
insights into the cognitive processes associated with
entrepreneurship. The small sample size was
justified, highlighting the potential for significant
findings in neuroscience research through consistent
brain activation patterns at the individual participant
level.

The use of cerebral mapping allowed for the analysis
of network structures related to entrepreneurial
decision-making, creating Cognitive Brain Maps
through the computation of entropy values.

The Massaro et al. (2023) uses fMRI to measure the
traits of entrepreneurs through various experimental
designs. The "pure insertion" assumption is used to
compare brain activity in response to different tasks
through  cognitive  subtraction.  Additionally,
cognitive conjunction evaluates common brain
regions between different cognitive process stages.
The parametric design treats the variable of interest
as continuous and examines correlations between
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changes in the variable and alterations in brain
activity.

Functional integration models show promise for
understanding social cognition, leadership dynamics,
and entrepreneurship by examining different brain
regions while they are interacting during activities
and while they are at rest.

In a study conducted by Kaminskiene et al. (2023),
an eye-tracking method was used to research
entrepreneurship education. After reviewing 505
papers, 105 were found to be relevant. Eye-tracking
systems, from lab to mobile, measured pupil size,
fixations, and saccades to gain insights into learning
processes and attention distribution in both controlled
and uncontrolled environments. By considering the
perspectives of teachers and students, this approach
enhances established qualitative and quantitative

methodologies in  entrepreneurship  education

research.

3. ‘THROUGH’ APPROACH TO
ENTREPRENEURIAL
EDUCATION

The study's research problem addresses the lack of
investigation and integration of neuroscientific
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methods as a comprehensive approach in the context
of entrepreneurship education in Asian countries
(Ghina et al., 2017). Although the traditional view of
entrepreneurship has historically placed more
emphasis on behavioral and psychological aspects,
recent advancements in neuroscience offer a novel
way to comprehend the thoughts and actions of
entrepreneurs. The study highlights a theoretical and
practical gap in the development of a new paradigm
for entrepreneurial education due to the insufficient
use of neuroscientific  methodologies in
entrepreneurship education in developing Asian
nations.

According to Cucino et al. (2021), Asian nations are
lagging behind in integrating neuroscientific methods
into entrepreneurial education. Specifically, the
application of neuroscience in entrepreneurship
remains a subject of debate in Sri Lanka (Jauk &
Kanske, 2021). Empirical studies by Cucino et al.
(2021), Jauk & Kanske (2021), and Jeyaseelan et al.
(2023) have revealed the significant lack of
neuroscientific education, especially in
entrepreneurship, in developing Asian countries.

The majority of current instructional strategies are
based on conventional wisdom, which overlooks the
potential benefits offered by neuroscientific
understandings for better understanding and fostering
an entrepreneurial attitude and behavior. The lack of
research in this field creates a significant knowledge
gap, making it challenging to fully grasp how
neuroscientific methods could be utilized in local
entrepreneurship education (Cucino et al., 2021; Jauk
& Kanske, 2021).

The study indicates that there is a significant gap in
Asian entrepreneurship education regarding the use
of neuroscientific techniques and experimental
methodologies. The absence of experimental
applications, such as transcranial magnetic
stimulations (TMS) and control tasks like the BART
risk-taking game, hinders the exploration of brain and
psychological behaviors essential for a complete
understanding of neuro-entrepreneurship.  The
research emphasizes the necessity for a shift in the
paradigm of entrepreneurship education systems in
Asian countries. To foster a comprehensive
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entrepreneurial mindset, the traditional "about" or
"for" approaches should be replaced by a more
dynamic and practical "through" approach that
integrates neuroscientific strategies at the educational
level.

The research issue that has been identified has
significant  implications for academics and
policymakers in Asian nations. Addressing the gap in
the theoretical and practical applications of
neuroscientific tools in entrepreneurship education
can lead to the development of a more efficient and
comprehensive paradigm. This shift is crucial for
fostering entrepreneurial skills, mentality, and
behavior that align with the evolving business and
innovation landscape of the twenty-first century.

4. RESEARCH OBJECTIVES

This study seeks to connect theory with practice by
creating a new framework that utilizes insights from
neuroscience to improve the comprehension and
development of entrepreneurial attitudes and
behaviors. We propose a model for incorporating
neuroscientific methods into entrepreneurship
education in developing Asian countries, with a focus

on addressing specific gaps.
—
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Figure 2: Visualizing the transformation of the
entrepreneurship into neuro-entrepreneurship
(Source: Authors’ preparation)
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The study aims to provide insights into the
implications of addressing the theoretical and
practical gaps in neuro-entrepreneurship education
for academia and policymakers. It emphasizes the
potential benefits of a paradigm shift to foster
entrepreneurial skills, mentality, and behavior that
align with the evolving business and innovation
landscape. The study also seeks to contribute to the
advancement of neuro-entrepreneurship education by
offering practical recommendations and a holistic
framework that addresses the identified gaps and
supports the development of more effective and
relevant educational paradigms in the context of
developing Asian nations.

The literature on neuro-entrepreneurship examines
the differences in brain activity between
entrepreneurs and non-entrepreneurs using various
neuroscientific techniques. According to Lawrence et
al. (2008), successful entrepreneurs engage in both
emotional (hot) thinking and logical analysis (cool).
Frontal lobes regulate neural activity, which occurs
in multiple parts of the brain. Stanton et al. (2008)
used neuroeconomics methods to investigate the
rationality of entrepreneurs' decisions. Zald et al.
(2008) found that entrepreneurs, similar to risk-
takers, have increased dopamine receptor density in
their brains. Heydari et al. (2020) describes
entrepreneurial cognition as the cognitive structures
that influence assessments, judgments, and decisions
in opportunity evaluation and venture formation.
They draw on the literature on social cognition and
cognitive psychology to understand the mental
processes behind entrepreneurial activity.

Heydari et al. (2020) also suggests three important
elements for the growth of the field of neuro-
entrepreneurship: rejecting the computational theory
of the brain, emphasizing outcomes like mirror
neurons, empathy, semantic simulation, dopamine
system, and habits, and replacing the conventional
Turing machine with new tools.

The study by Heydari et al. (2020) delves into the
mental processes involved in entrepreneurial
learning, exploring aspects such as purpose,
convictions, and complex knowledge systems. It
highlights the importance of technical skills,
interdisciplinary collaboration, and an understanding
of perceptions, causes, and effects. According to
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Heydari et al. (2020), the study introduces a model
that encompasses temporal, neurological, and
cognitive dimensions, suggesting that examining
cognitive processes at various levels is crucial for
comprehending entrepreneurial behavior.

Simon (1997) is recognized as the first to analyze
three levels of cognition-related phenomena: the
external level, which focuses on observable behavior;
the internal level, which delves into attitudes, beliefs,
and intentions; and the deep level, which examines
neurological processes (Heydari et al., 2020). Recent
years have seen a significant increase in global
entrepreneurship research across diverse fields,
acknowledging the vital role of entrepreneurship in
the economic and social development of nations
(Shane, 2000; Davidsson, 2016).

The impact of entrepreneurship extends beyond
market innovation and economic growth to
encompass job creation, contributing to higher
employment levels (Shane, 2000). As the focus on
entrepreneurship education and the cultivation of an
entrepreneurial mindset through schooling continues
to grow, entrepreneurship education has been steadily
advancing (Kuratko, 2005). To gain better insights
into the factors influencing entrepreneurial behavior,
researchers have conducted studies across various
industries and regions using survey analysis,
experiments, and interviews (Fayolle et al., 2016;
Mustafa et al., 2016; Al-Jubari et al., 2016).

5. PAPER RETRIEVAL

Turulja et al. (2020) conducted research on
entrepreneurial ambitions and informal support,
demonstrating that family and friends have a
significant beneficial influence on entrepreneurial
goals. However, it is important to critically assess the
methodological limitations of their study, such as
sample size and cultural context. Similarly, Wegner
et al. (2019) utilized the theory of entrepreneurial
promotion to show a strong correlation between
entrepreneurial education and intent. Nevertheless,
the study could benefit from a more in-depth
exploration of how different types of educational
interventions impact entrepreneurial outcomes. The
studies by Lopes et al. (2020) and Rasool et al. (2021)
emphasize the influence of environmental factors on
entrepreneurial inclinations. However, it is crucial to
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consider the socio-economic and infrastructural
disparities between urban and rural areas that might
contribute to these differences.

After reviewing research publications, it was found
that there is an intrinsic relationship between
neurology and entrepreneurship, which makes neuro-
entrepreneurship a new and unexplored field of
study. Research has looked at the practical
implications ~ of  neuro-entrepreneurship  in
management and entrepreneurship, despite the
challenges in expressing its theoretical and practical
contributions (Cucino et al., 2021). This study
provides a comprehensive guide for business owners
and researchers interested in neuro-entrepreneurship
research and emphasizes the importance of
discussing the common approaches and trends in this
field of study. The research uses bibliometric
techniques, such as VOS viewer, to visualize the
results of the literature analysis and understand
research patterns in literature knowledge networks
(Van Eck and Waltman, 2010).

The brain is essential to the human experience as it
controls our thoughts, emotions, and actions, shaping
our perception of the world (Seung, 2012). Despite
its crucial role, our understanding of the brain's
complex functions has historically been limited,
especially in the field of entrepreneurship study
(Alivisatos et al., 2013). Scholars interested in
entrepreneurship are intrigued by the inner workings
of the mind, but their comprehension of mental
processes is hindered by insufficient tools. Rather
than delving into the reasons and mechanisms behind
entrepreneurial thinking, the focus is often on the
traits and behaviors of entrepreneurs (Mitchell et al.,
2002; Shane, 2000; Mitchell et al., 2005; Haynie et
al., 2010).

The working definition of a nascent entrepreneur is
an individual who is undertaking efforts to start a new
venture alone or with the support of others.
Entrepreneurial mindset refers to a creative cognitive
ability to derive entrepreneurial behaviors and
innovative applications. There has been a
proliferation of educational courses and practical
workshops that are focused on teaching the required
skills and information for creating and executing new
company ideas. This is a direct outcome of the notion
of "Entrepreneurship” gaining major importance in
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the discourse of global business as well as the local
context of the business.

Fayolle and Kuckertz (2013) argue that there is an
ongoing debate about the content, objectives, and
methods of entrepreneurship education, despite the
increasing availability of such courses. Research
shows contradictory outcomes regarding the impact
of entrepreneurship education. Some studies suggest
that there is no clear positive impact on the
entrepreneurial intentions of undergraduate students
(Graevenitz et al., 2010; Oosterbeek et al., 2010).
According to Bennett (2006) and Mwasalwiba
(2010), existing studies do not provide enough
evidence to conclusively determine how current
training methods affect the development of new
entrepreneurs. There is also insufficient research to
support active teaching methods, such as case studies,
group discussions, and business simulations
(Bennett, 2006; Mwasalwiba, 2010). Overall, there is
a lack of consensus on the key factors influencing the
entrepreneurial intentions of undergraduate students.

The plan for nascent entrepreneurship includes a
recognized redesigned teaching technique based on
existing research. According to Mwasalwiba (2010),
traditional teaching approaches in higher education
are limited by high costs, time-consuming nature, and
divergence from ordinary university teaching
practices. Osterwalder and Pigneur (2010) and Ries
(2011) have presented innovative approaches to
encourage the growth of prospective company
owners, such as using a business model canvas
combined with the lean start-up movement. Despite
the potential of the Design Thinking (DT) method,
there is currently a lack of evidence that it
successfully fosters an entrepreneurial mindset
among students (Daniel, 2016).

The focus of this research is to further review the
ongoing  discussion on the potential for
entrepreneurship  stemming from  educational
backgrounds. It aims to examine the contribution of
factors such as entrepreneurial motivation,
entrepreneurial  self-efficacy, and  personal
difficulties on the formation of a nascent
entrepreneurial mindset. As noted by Fayolle et al.
(2006), the nascent entrepreneurial mindset is a
critical factor in realistic entrepreneurial behavior,
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representing the perspective and readiness for
engaging in entrepreneurial activities. Within this
realistic  entrepreneurial behavior, the main
influencing factor is the self-efficacy of potential
entrepreneurs, which utilizes their intention and
confidence levels (Fayolle et al., 2006). According to
Daniel  (2016), investigations of potential
entrepreneurship are motivated by dynamic factors
such as self-efficacy and exciting challenges against
the crucial entrepreneurial mindset. Although Sri
Lanka lags behind in implementing neuroscience into
entrepreneurship, a few institutions, like the Institute
of Growth Concept, have revolutionized Neuro-
Energized Training (NET) techniques at the core of
their methodology, resulting in an 80 percent impact
on successful business startups (Institute of Growth
Concept, 2016).

6. HETEREDOX PERSPECTIVE ON
ENTREPRENEURSHIP

As noted by Smith et al. (2019), the intersection of
entrepreneurship and region has become an
increasingly important topic in the academic study of
cultural aspects and communities worldwide. The
authors conclude that social systems have a
significant impact on entrepreneurship globally,
influencing the beliefs, values, and traditions of
people in various ways. Pidduck and Tucker (2022)
found that mindful heterodoxy can emerge from the
intersection of religious beliefs and business
approaches within society's sub-systems, leading
many entrepreneurs to exhibit behaviors and
characteristics associated with heterodoxy. Given the
complexity of the relationship between religion and
business, further research in this area is necessary.
Entrepreneurship also involves identifying future
market trends and related products and services,
requiring risk-taking. These risk-takers come from
diverse religious backgrounds. Smith et al. (2021)
highlight the need for examining the correlation
between religion and entrepreneurial mindset, as well
as the effects of religion on enterprises.
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Figure 3: The cascading contexts for meaningful
heterodoxies. (Source: Pidduck and Tucker, 2022)

Upon further analysis of the literature, it is evident
that the R&E multiple compounding approach is
based on the potential heterodoxy  of
entrepreneurship. Pidduck and Tucker (2022)
highlighted two key aspects. The first aspect involves
the movement of religious entrepreneurs' religious
and cultural boundaries, which creates cultural
barriers and conflicts for entrepreneurs, thus
contributing to intercultural heterodoxy. The second
aspect, defined as ideological heterodoxy, refers to
discrepancies in deeply entrenched convictions and
presumptions that may result in disputes. This aspect
involves evaluating the deep assumptions and
concepts of beliefs in the enterprise background in
detail.

According to Smith et al. (2019), there are ideological
conflicts that arise when assessing and pursuing
economic opportunities due to the presence of
different religious beliefs. These beliefs contradict
established understandings of the relationship
between religion and business. Another aspect is
otherness heterodoxy. This involves considering
opinions that deviate from expectations (Pidduck and
Tucker, 2022). Otherness heterodoxy examines how
faith-based thinking deals with skepticism and
foreignness. Figure 3 illustrates the cascading
contexts for meaningful heterodoxies, explaining
their approach to managing social identity,
legitimacy, inclusion/exclusion, and code of
behavior. To effectively communicate with
stakeholders, entrepreneurs need to use effective
communication strategies (Fisher et al., 2017).
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7. NEUROSCIENCE ITS
ADVANCEMENT WITH
ENTREPRENEURIAL COGNITION

The latest studies in neuroscience have shattered
existing myths about the relationship between
neuroscience and entrepreneurship, offering a new
perspective on entrepreneurial behavior and
cognition.  Generally, entrepreneurs start by
generating new ideas and then turning those ideas
into profitable enterprises. However, this seemingly
straightforward process involves a deep cognitive
process. According to Shane, Locke, and Collins
(2003), uncovering hidden advantages in new
opportunities involves a cognitive transformation of
an idea into a business. Thus, every new enterprise
established today undergoes a profound cognitive
process, beginning with a brainstorming session to
create a product or service, identify the business's
potential, and allocate its resources (Baron, 2007).

AND

In discussions about entrepreneurship, the creativity
of the entrepreneur is an important characteristic for
generating ideas from various sources and turning
them into profitable business ventures. This creativity
is rooted in cognitive processes, as explained in
cognitive science. According to Baron (2006),
cognitive science involves studying pattern
recognition and meaningful occurrences or changes.
Baron and Ensley (2006) found that individuals with
a strong cognitive framework are better at
recognizing new patterns and business opportunities,
and this ability is closely linked to the cognitive
process. This understanding can improve the
entrepreneurial mindset and dedication to pursuing
new opportunities.

8. PRISMA FRAMEWORK

A significant way to identify potential entrepreneurs
is by evaluating the business environment and
establishing a venture. This approach is based on the
well-structured framework defined by Mitchell et al.
(2002) and is associated with entrepreneurial
cognition. The study used the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) framework and VOS viewer to create
network maps and a comprehensive framework for
neuro-entrepreneurial education. It emphasized the
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use of neuroscientific techniques such as EEG and
fMRI to study entrepreneurial cognition and
behavior.

Articles were selected using the PRISMA framework
and the Ryyan Systematic Review tool. Initially, 161
articles were found in the databases. After removing
60 articles due to duplication, ineligibility, and other
reasons, 41 articles were considered eligible for
screening. Out of these, 40 articles were excluded
during screening and 20 articles could not be
retrieved. This left us with 41 articles for further
assessment. However, 26 reports were excluded as
they were not primary research and were unavailable
for analysis. Finally, a total of 15 articles met the
inclusion criteria for critical review (see annexures 1,
2, and 3).

The Ryyan tool involves collaborators and a reviewer
in deciding which articles to include or exclude based
on specific criteria. The tool automatically filters out
irrelevant articles and the final decision on which
articles to include is exported from Ryyan.

9. CLUSTERS OF NEURO-
ENTREPRENEURSHIP
EDUCATION

The VOSviewer network maps demonstrate an
attempt to visualize the components and their
connections within neuro-entrepreneurship
education. The analysis depicts two networks. Figure
4 displays the standard mapping, representing the two
main elements of neuro-entrepreneurship education,
"cognitive  neuroscience™ and “entrepreneurial
introduces "neuro-entrepreneurship education™ as the
integration of the two main elements mapped
separately in Figure 4 below.

The elements depicted in Figure 4 are not commonly
emphasized in traditional entrepreneurial education.
However, the networks illustrate the significant
connections between neuroscience, decision-making
processes, behavioral science, and technical tools
such as Functional Magnetic Resonance Imaging
(FMRI) in contemporary literature. This suggests the
possibility of merging cognitive neuroscience and
entrepreneurial education. Subsequently, we created
a network map outlining the potential elements of
'neuro-entrepreneurship education'.
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Figure 4: Mapping cognitive neuroscience and
entrepreneurial education (Source: Authors’
preparation using VOS viewer)
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Figure 5: Mapping neuro-entrepreneurship
education (Source: Authors’ preparation using VOS
viewer)

The map emphasizes the importance of a student-
centered approach, which is vital for developing an
entrepreneurial  mindset by integrating key
neuroscientific techniques with entrepreneurial
education. These network maps are valuable for
gaining insights into creating a framework for neuro-
entrepreneurship education and its development.
Additionally, incorporating interdisciplinary aspects
into entrepreneurial education, and establishing
strong connections between institutions and students,
as well as emotions and logical analysis, are crucial
for developing a more practical and adaptable model
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and framework for entrepreneurial education today.

The education system plays a crucial role in shaping
prospective entrepreneurs. However, in the Sri
Lankan context, there are limitations to its impact on
neuro-entrepreneurship. Factors such as early
childhood  experiences, particularly  trauma,
genetically endowed personality traits, and
environmental influences significantly influence
career choice. These factors can overshadow the
effects of educational interventions, meaning not all
educational efforts will necessarily result in the
production of entrepreneurs. Addressing these
influences requires a holistic approach beyond the
education system to foster an entrepreneurial mindset
effectively. Therefore, while the purpose of
education is to create the potential for
entrepreneurship, it cannot guarantee that all
individuals will become entrepreneurs.

10. CONCLUSSION

The study's results highlight the potential of
integrating neuroscience into entrepreneurship
education, particularly in developing Asian nations.
The findings emphasize the importance of
interdisciplinary collaboration by revealing a strong
relationship between brain activity, entrepreneurial
behavior, and mindset. To better understand specific
features of entrepreneurial behaviors, the study
recommends incorporating behavioral applications
such as transcranial magnetic stimulation. It
elucidates the cognitive factors influencing decision-
making and underscores the importance of
neuroplasticity.

The study not only provides a deep understanding of
cerebral hemispheres and encourages
multidisciplinary insights for a comprehensive
understanding of entrepreneurship, but also
advocates for a shift towards a neuroscientific
perspective. It emphasizes the importance of
integrating neuroscientific techniques into education
for those aspiring to become entrepreneurs. A more
advanced understanding of entrepreneurship is made
possible by gaining insights into decision-making
processes,  risk-taking  behavior, and the
entrepreneurial mindset.
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Figure 6: Proposed Entrepreneurial education framework for Neuro-entrepreneurship
(Source: Authors’ preparation)

The study emphasizes the importance of
understanding the brain's role as a micro-antecedent
of human behavior and decision-making for aspiring
business owners to successfully navigate the
challenges of the entrepreneurial journey. It also
highlights  the increasing  significance  of
neuroscientific tools such as ERP, fMRI, EEG, and
eye tracking in the study of entrepreneurship. The
study underscores the value of experimental methods
in improving entrepreneurial theory and establishing
causal relationship.

The conclusion emphasizes the importance of further
research into the intricacies of entrepreneurial
cognition. It recognizes that as neuroscience-related
studies increase, prospective business owners have
more opportunities to enhance their understanding of
entrepreneurial thinking. This research suggests that
neuro-entrepreneurship can be a viable strategy for
cultivating a comprehensive entrepreneurial mindset
in Asian nations. It calls for a shift in the field of
entrepreneurship education.

The practical applications and investigations can help
make neuro-entrepreneurship a viable strategy
through various methods such as research,
experimental games (e.g., BART game, dictator
game, and real effort task), pilot programs in
educational institutions, neurofeedback and cognitive
training, mindfulness and stress management
workshops, cross-disciplinary collaborations with
neuroscientists, psychologists, and entrepreneurial
ecosystem management.

90

In Figure 6, the pedagogy of entrepreneurial
education within the university system consists of
three levels: the institution at the first level, lecturers
at the second level, and finally a student-centered
phase. All these levels are influenced by improving
the ability for entrepreneurship learning, improving
opportunities for entrepreneurship learning, and
improving incentives for entrepreneurship learning.
These improving dimensions tend to explain the
"about" approach, which emphasizes theoretical
education and the traditional way of teaching
entrepreneurship.  This phase represents the
traditional way of entrepreneurial education that has
taken place in Asian countries.

The study by Ghina et al. (2017) departs from the
traditional "about" and "for" approaches and instead
adopts a "through" approach. They develop a new
framework based on the theoretical model,
incorporating key dimensions and neuroscientific
techniques. In the second phase, the focus shifts to the
"for" approach, emphasizing the practical application
of entrepreneurial theories in real-world contexts to
support a successful entrepreneurial mindset.

The study also discusses "hot cognition,” which
refers to decision-making and cognitive processes
influenced by emotions, in contrast to "cool
cognition,” which is more analytical and less
influenced by emotions. Despite the limited
availability of these techniques in local contexts, the
third phase of the study emphasizes the application of
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neuroscientific  techniques in three
psychological, emotional, and cognitive.

aspects:

The psychological aspects refer to the mental
processes and behaviors that contribute to an
individual’s  thoughts, feelings, and actions.
Techniques such as FMRI, EEG, and MEG are
applied to study emerging entrepreneurial education.
Emotional aspects involve subjective experiences,
expressions, and the regulation of emotions, using
FMRI, Positron Emission Tomography (PET), and
Heart Rate Variability (HRV) monitoring in the field
of neuro-entrepreneurship. Cognitive aspects involve
mental processes such as perception, attention,
memory, language, problem-solving, and decision
making. These aspects capitalize on the use of FMRI,
Event-Related Potentials (ERPs), and TMS. This
approach emphasizes a pedagogy of education
revolutionized with the experimental application of
neuro entrepreneurship education, focusing on the
idea of “through” rather than “for” or “about”.

The study's key findings show the significant impact
of incorporating neuroscientific techniques into
entrepreneurship education, especially in developing
Asian countries. This integration combines cognitive
neuroscience with entrepreneurial mindsets and
behaviors. While the study emphasizes the
importance of interdisciplinary collaboration, it also
recognizes limitations such as the influence of early
childhood experiences and genetic traits on
entrepreneurial outcomes. Despite these challenges,
the research offers valuable insights into the neural
basis of decision-making and risk-taking in
entrepreneurship, contributing to a broader scientific
understanding of entrepreneurial cognition. The
implementation of this framework is feasible when
applying neuroscientific techniques using behavioral
experimental models and applications. Future
research can further explore these interdisciplinary
approaches and address the practical implications for
educational frameworks and policy development in
fostering a comprehensive entrepreneurial mindset.
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12. ANNEXURES

Annexure 1: PRISMA (Preferred Reporting Items for Systematic Reviews) framework
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The effect of Z-score on Year Grade Point Average (YGPA) and Final Grade Point Average (FGPA) in Faculty of
Engineering, General Sir John Kotelawala Defence University

1. INTRODUCTION

Higher education grants a society robust financial
capability by producing a powerful labor force.
University graduates have significant roles in
government and private-sector employment in Sri
Lanka. Thus, the student's educational performance is a
more acceptable indication of the country's prospective
development.

The academic performance of undergraduates may
depend on various factors, including the institution's
facilities, the students' backgrounds, their prior
academic success, their mental and physical wellness,
and the institution's social influence. It might change
for various reasons during various student life phases.
Previous research (McKenzie & Schweitzer, 2001)
indicates that  previous school achievement
significantly predicts university student performance.

After high school, a student's performance in Sri Lanka
is assessed based on their grade point average (GPA)
during their university education. As a result, this study
concentrated on the effect of students' GCE Advanced
Level Z-score on year-wise and final GPAs.

This study aimed to determine the effect of
standardized secondary educational achievement on
GPA in the Faculty of Engineering, General Sir John
Kotelawala Defence University (KDU). Since the
students' academic performance changes periodically,
administrative bodies must identify the effects
of previous  educational  performance on an
undergraduate's GPA. Accordingly, the investigation
aims to determine whether there is an effect on students'
secondary education performances (GCE A/L) on the
Grade Point Average value throughout their university
years.There are eleven faculties in the General Sir John
Kotelawala Defence University (KDU): Faculty of
Engineering, Faculty of Medicine, Faculty of
Computing, Faculty of Management, Social Sciences
and Humanities, Faculty of Defence and Strategic
Studies, Faculty of Law, Faculty of Allied Health
Science, Faculty of Built Environment and Spatial
Sciences, Faculty of Technology, Faculty of Criminal
Justice, and Faculty of Graduate studies.
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The Faculty of Engineering has the highest student
population at General Sir John Kotelawala Defence
University. The faculty’s six departments of study, i.e.,
Department of Aeronautical Engineering, Marine
Engineering, = Mechanical ~ Engineering,  Civil
Engineering, Electrical Electronic &
Telecommunication Engineering, and Mathematics,
offer B.Sc. in Engineering (Hons) degree programs in
nine disciplines.

The students are selected for the university based on the
results of their secondary education, GCE Advanced
Level examination Local, Cambridge, and Edexcel.
The undergraduates follow a set of standard modules in
their first semester. They are selected for the respective
discipline at the beginning of the second semester based
on their preference. Academic performance is
evaluated using the Grade Point Average (GPA) value.
GPA is computed for each semester (SGPA), for each
year (YGPA) separately, and calculated for the entire
degree program (FGPA). The classes are determined
according to the Final Grade Point Average (FGPA)
value.

Calculation of Grade Point Average value

The GPA value is computed by dividing the total
credits weighted on grade point values by the total
number of credits. Their GPA determines the student’s
academic performance based on the final grades,
computed using semester-end examination marks and
continuous  assessment grades. The university
calculates the GPA based on the grades obtained by
students and relevant point values, as shown in Table 1.

The GPA is calculated by dividing the total credit-
weighted score by the total number of credits as
follows.

X:Y;
GPA = LXih
XY
where,
Xi= Grade point value of the i*" course unit

Y; = Number of credits in the i" course unit
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Table 1: Grade and relevant point values for
students’ final marks

Range of Marks Grade Point Value
100-85 A+ 4.2
84-75 A 4.0
74-70 A- 3.7
69-65 B+ 3.3
64-60 B 3.0
59-55 B- 2.7
54-50 C+ 2.3
49-45 C 2.0
44-40 C- 1.7
39-35 D+ 13
ES<35 IE 0.0

CAS<35 1A 0.0
ES<35 & CAS<35 IB 0.0
Background

Most educational academies consider the productivity
of graduates that they will contribute to the community.
Since university students' productivity is reliant on
their academic success, most researchers have
considered students' grade point average (GPA) as an
ascertaining feature for their research investigations
(McKenzie & Schweitzer, 2001; Erdem et al., 2007;
Mushtag & Khan, 2012). Even though the number of
graduates in the labor market is increasing, finding
appropriate employment with mere knowledge is
difficult. Employers prefer professionals with a higher
cumulative GPA (Erdem et al., 2007). Ali et al. (2009)
state that a country's social and economic growth
affects students' academic performance.

Evidently, a country's well-educated human resources
ensure a more promising future. McKenzie and
Schweitzer (2001) discovered that prior academic
performance impacted pupils' undergraduate academic
success. The study examined the academic,
psychological, cognitive, and demographic factors of
first-year university students' academic performance.
The study's conclusions are based on 197 students from
a large metropolitan computer-based university's
Science and Information Technology faculties. To
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determine the significant effect of the aspects, a
descriptive analysis, standard regression models, and
analysis of variance tables (ANOVA) were used.
Erdem et al. (2007) used cumulative grade point
averages to indicate student performance at Turkey's
Gasiosmanpasa  University. This research was
conducted to identify the socio-economic and
demographic characteristics that affect academic
achievement. Even though previous academic
performance and the nationwide university admission
test (OSS) scores were evaluated in the study, they were
irrelevant to the analysis. Martha (2009) investigated
the determinants influencing undergraduate academic
achievement at Uganda Cristian University for her
Master of Arts dissertation. This study examined
factors connected to academic performance in 340
undergraduates at Uganda Christian University.
Admission points for advanced level and diploma
programs, parents' socioeconomic status, and previous
school experience have all been found to influence
academic achievement. Chathuranga, C.D. (2016)
investigated the effect of Past Education Performance
on Grade Point averages in the Faculty of Social
Sciences, University of Kelaniya, Sri Lanka, using a
sample of 274 undergraduates. This study has
determined that, except for the Grade 5 scholarship
examination results, both the results of the GCE O/L
and GCE A/L have a positive association with student's
performance at the university.

Abdelfattah et al. investigated how entrance scores
relate to short-term and long-term success in
Engineering Education. They found that high school
coursework, general ability, and achievement tests
significantly correlated with preparatory year GPA,
while first to third-year GPAs were predictive of
cumulative GPAs at graduation. Lawal et al. similarly
examined the predictive validity of first-year GPA on
final-year degree classification for management and
social science students in a Nigerian University. They
discovered a significant, albeit negative, correlation
between first-year GPA and final-year CGPA among
management science graduates. Kennedy and Ebuwa
explored how University entry scores (UTME) and Post
Unified Tertiary Matriculation Examination (PUTME)
predict undergraduate final-year CGPA in Nigeria.
Despite analyzing data from 436 undergraduate
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students across four departments, they found that
combined UTME and PUTME scores did not
significantly predict final-year CGPA. Oguntunde et al.
investigated the relationship between first-year results
and final graduating grades in a Nigerian University.
They developed a model that accurately predicts final
year CGPA based on first-year results through
correlation and regression analysis, indicating a robust
linear relationship between GPAs and academic
progression.

Nurudeen et al. delved into the practical implications of
the predictive power of first-year GPA on final-year
CGPA and the influence of demographic attributes on
academic achievement. Their findings, which
emphasized the strong positive relationship between
first-year GPA and final-year CGPA and the lack of
significant  correlation ~ between  demographic
characteristics and final-year CGPA, provide valuable
insights for educators and policymakers in enhancing
academic success.

Several diverse studies, including those by Abdelfattah
et al., Abdulkadir and Ogwueleka, Lawal et al., Debaliz
et al., and Oguntunde et al., have all concluded that
there is a robust linear relationship between Grade Point
Average and Cumulative Grade Point Average,
influencing students' academic achievement. This wide
range of research demonstrates the comprehensive
exploration of this topic.

2. METHODOLOGY

Selection of Subjects

The students from intake 35 who graduated in 2022
were selected for this study. The number of students in
the faculty was obtained from the Dean's office of the
Faculty of Engineering, KDU. According to that data,
201 engineering day scholars were in intake 35, while
the total number of engineering students (Officer
Cadets and Day scholars) in intake 35 was 246. Since
the Z-score is not calculated for the GCE Advanced
Level offered by Cambridge and Edexcel, 182 day
scholars who completed the Local GCE Advanced level
examination were selected for the study, as shown in
Table 2.

Table 2: Number of engineering undergraduates in

intake 35

Discipline Number | No. of | No. of
of day day
Students | scholars | scholars
(Officer selected
Cadets + for the
Day study
scholars)

Aeronautical 15 7 7

Engineering (AE)

Aircraft 7 5 5
Maintenance
Engineering (AME)
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Biomedical 14 10 6
Engineering (BM)

Civil Engineering 55 51 47
(CE)

Electrical and 53 44 42
Electronic

Engineering (EE)

Electronic and 31 29 28
Telecommunication

Engineering (ET)

Marine Engineering 10 - -
(MR)

Mechanical 28 24 24
Engineering (ME)

Mechatronics 33 31 23

Engineering (MC)

Collection of Data

The list of Engineering undergraduates of intake 35
with their secondary education performance (Z-score)
was obtained from the Enlistment Department of KDU.
Undergraduate student performance data, such as year-
wise grade point average and final GPA values, was
collected from the Examination Department, KDU.

The dataset was developed by integrating the
components collected from the respective departments.
The data set consisted of six continuous variables; Z-
score, 1st year YGPA, 2nd year YGPA, 3rd year
YGPA, 4th year YGPA and FGPA of students and four
string type variables; Discipline, Registration number,
Name, and Class.

Analysis of Data

The dataset was uploaded into the R studio for analysis.
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Histograms and box charts were plotted for the six
continuous variables. Once the outliers were identified,
data was cleaned for the six continuous variables by
withdrawing them. Then the analysis was executed on
the cleaned dataset.

Since the Z-Score was considered the response
variable, the normality was checked for the remaining
variables, GPAs. The histogram, density plot, and
quantile-quantile plot were plotted for the GPAs. Then
the skewness and kurtosis were calculated to check the
normality of the continuous variables.

The tests of Shapiro-Wilk and Kolmogorov-Smirnov
were used to conduct a normality test.

The following hypotheses were tested in normality
tests.

Hy: The data come from a normally distributed
population.

Versus

H;: The data come from a population that is not

normally distributed.

If the test is significant, reject the normality assumption
for the distribution.

Since the normality assumption was not satisfied,
nonparametric tests were used to analyze the data. A
suitable nonparametric test called the distribution-free
test, i.e., Spearman rank correlation test, and Kendall’s
tau-c Rank correlation, have been considered for the
study.

The tests of Spearman Rank Correlation test and
Kendall Rank Correlation were used to test for the
associations between Z-score and GPAs.

The following hypotheses were tested.

H,: There is no association between two continuous
variables.

Versus

H: There is an association between two continuous
variables.

If the test is significant, reject the null hypothesis.
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3. RESULTS AND DISCUSSION

Preliminary Analysis

A preliminary analysis was conducted to identify the
outliers. Histograms and box plots were plotted for the
six continuous variables.
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Figure 1: Histogram of Z-Score
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Figure 3: Histogram of FGPA
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Figure 5: Box plots of 1%, 2", 37 and 4™ Year
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Figure 6: Box plot of FGPA

Data Cleaning

The number of outliers in each variable is represented
in Table 3.

Table 3: Outliers

Variable Number of Outliers
Z-score

1%t year YGPA
2" year YGPA
3 year YGPA
4™ year YGPA

FGPA

[ER NG O [ g o
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All five outliers were identified and removed to obtain
the cleaned dataset. This cleaned data set consists of the
data of 177 students.
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Figure 7: Histograms of cleaned 1%, 2", 37 and 4t
year YGPA
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Figure 8: Histogram of cleaned FGPA
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Figure 9: Histogram of cleaned Z-score
Test of assumption of normality of GPA

The density plot of the 1% year YGPA data shows that
the distribution was not symmetric and right skewed.
Both histogram and density plot illustrate that the shape
of both plots deviates from the bell-shaped behavior of
a normal distribution. Therefore, the 1% year YGPA
data are not normal.



The effect of Z-score on Year Grade Point Average (YGPA) and Final Grade Point Average (FGPA) in Faculty of
Engineering, General Sir John Kotelawala Defence University

Density plot of 15t year YGPA
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Figure 10: Density Plot of 1%t year YGPA
The density plot of the 2" year YGPA data shows that
the distribution was not symmetric. Thus, the 2™ year
YGPA data are not normal.

Density plot of 2nd year YGPA
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Figure 11: Density Plot of 2" year YGPA
The density plot of the 3" year YGPA data shows that
the distribution was not symmetric and left-skewed.
Therefore, the 3" year YGPA data are not normal.

Density plot of 3rd year YGPA
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Figure 12: Density Plot of 3" year YGPA

The density plot of the 4" year YGPA data shows that
the distribution was not symmetric and left-skewed.
Therefore, the 4™ year YGPA data are not normal.
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Figure 13: Density Plot of 4" year YGPA

The density plot of the FGPA data shows that the
distribution was not symmetric and left-skewed.
Therefore, the FGPA data are not normal.

Density plat of FGPA
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Figure 14: Density Plot of FGPA

The normal quantile-quantile plot illustrates that the
more points vary significantly from a 45° reference
line, the less likely a normal distribution is. Hence, the
1% year, 2" year, 3" year and 4" year YGPAs and
FGPA data are not normal according to the Q-Q plot.
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Figure 15: Normal Q-Q plot of 1%t year YGPA
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Figure 16: Normal Q-Q plot of 2" year YGPA
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Figure 17: Normal Q-Q plot of 3" year YGPA
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Figure 18: Normal Q-Q plot of 4" year YGPA
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Figure 19: Normal Q-Q plot of FGPA

The skewness and Kurtosis were calculated for five
variables to check the normality. R studio output is
given in Table 4.

Table 4: Skewness and Kurtosis of GPA variables

Variable Skewness Kurtosis

1styear YGPA 0.0678 2.4700
2" year YGPA 0.0644 2.199
3 year YGPA -0.2632 2.3957
4™ year YGPA -0.4374 2.4236
FGPA -0.0414 2.1718

The skewness of the 1% year YGPA and 2™ year YGPA
were positive; the tail was on the right side of the
distribution. Further, the skewness of the 3 year
YGPA, 4" year YGPA, and FGPA were negative; the
tail was on the left side of the distribution. Kurtosis of
all variables is less than three, and it was a playkurtic,
suggesting it produces fewer and less extreme outliers
than the normal distribution. Since skewness is positive
and Kurtosis is less than three. Thus, according to the
skewness and Kurtosis, the 1t year YGPA and 2" year
YGPA data are not normal. Further, since skewness is
negative, and Kurtosis is less than three. Thus,
according to the skewness and Kurtosis, the 3™ year
YGPA, 4" year YGPA, and FGPA data are not normal.
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R studio outputs of the test of Shapiro-Wilk and
Kolmogorov-Smirnov were summarized in Table 5.

According to the Shapiro-Wilk normality test, students'
distributions of first- and second-year YGPAs are
normal. The distribution of 3" year YGPA, 4" year
YGPA, and FGPA is not normal. However, according
to the Kolmogorov-Smirnov test, all the GPA variables
are not normal. In consideration of this, the categorized
students' GPA was selected as the response variable for
the subsequent data analysis of univariate and advanced
analysis. Nonparametric tests were performed to
analyze the data since the population did not have a
specific distribution, such as a normal distribution.

As the study concentrated on university students'
academic performance, the student's class division was
selected as the dependent variable for further
investigations.

Class Distribution

The classes have been calculated using the students'
FGPA values. The distribution of the categorized GPA
values under standard criteria; First class (GPA > 3.7),
Second class (Upper Division) (3.3<GPA>3.7), Second
class (Lower Division) (3.0<GPA<3.3), General pass
(2.0<GPA<3.0) and Not Completed (GPA<2.0) are
represented in the Figure 20.

The Diatabuticn of Claszes
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21.47%
—

First (lass  Second Class Second Class
(Upper
Division)

45.00%
A0.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%

5.00%

0.00%
Pass Pass (Exam
[Lower Offence]
Division)

Figure 20: Class Distribution

The figure shows that 7.91% of students achieved first-
class. The most significant number of students received
general passes based on their grade point averages.
34.46% of students (61 out of 177) received first or
second upper classes (equal to or more than 3.3 grade
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point value). The percentage of students who had
a class was 55.93%.

Test for the Normality of Z-Score

It is essential to identify whether the distribution of the
Z-score is normally distributed. R studio outputs of the
test of Shapiro-Wilk and Kolmogorov-Smirnov were
summarized in Table 6.

The Z-score rejected the null hypothesis that the data
came from a normally distributed population, according
to Kolmogorov-Smirnov and Shapiro-Wilk statistical
tests.

Relationship between GPAs and Z-score

Scatter plot of Z-Score vs. 1st Year YGPA
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Figure 21: Scatter plot of Z-score vs 1% year YGPA

Scatter plot of Z-Score vs. 2nd Year YGPA
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Figure 22: Scatter plot of Z-score vs 2" year
YGPA

Scatler plot of Z-Score vs. 3rd Year YGPA
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Figure 23: Scatter plot of Z-score vs 3™ year YGPA
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Scatter plot of Z-Score vs. 4th Year YGPA
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Figure 24: Scatter plot of Z-score vs 4" year YGPA

Based on the scatter diagrams, there was a positive
relationship between GPA variables and the Z-score.

Statistical Test Results

R studio outputs of the test of Spearman Rank
Correlation and Kendall Rank Correlation were
summarized in Table 7.

According to Table 7, it was obvious that each pair of
variables is positively significant at the 5% level of
significance for both tests. Therefore, the null
hypothesis is rejected, and it concluded tha