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Editorial
Athula Ginige

We are now in a phase of human history of having
unprecedented level of connectivity to exchange
information digitally. This has enabled us to rethink
and modify various business as well as livelihood
processes. According to ITU Telecommunication
Development Bureau report, by September 2015, 3.56
billion people; that is 51% of global population were
part of this connected society. This has givens rise to a
new computing paradigm; Social Computing.
Facebook is an online social networking application
launched in 2004. Within ten years it became the most
popular social computing application used by 1 billion
users, and by 2015 it had reached 1.5 billion users
worldwide. By September 2015 several business
oriented applications started to become very popular
such as Airbnb – an accommodation sharing
application having 40 million guests, Uber – a ride
sharing application having 8 million users, TaskRabbit
- application that allows people to outsource small
tasks online having 1.25 million users.
As can be seen above it is now possible to rethink how
we perform various business and livelihood processes
and develop new approaches that can overcome many
of the short comings in current practices. The
examples given above are mainly targeting people in
the developed world. A deeper analysis of these
applications will reveal that these have been designed
to fulfil directly or indirectly, human needs that get
mapped to level 3 and above in Maslow Hierarchy of
Human Needs. Maslow's hierarchy of needs is a theory
in psychology proposed by Abraham Maslow in his
1943 paper "A Theory of Human Motivation" in
Psychological Review.Maslow used the terms
"physiological", "safety", "belongingness" and "love",
"esteem", "self-actualization" and "self-transcendence"
to describe the pattern that human motivations
generally move through.Maslow's hierarchy of needs is
often portrayed in the shape of a pyramid with the
largest, most fundamental level of need; physiological
at the bottom and the need for self-actualization at the
top. One can consider physiological needs are the ones
required for a person to sustain life at the present
moment. These are food, clean water, clean air,
clothing, shelter etc. The safety needs are the
guarantees that the life can be sustained tomorrow and
to the future. These get translated to Personal security,
Financial security, Health and well-being, Safety net
against accidents or illness and their adverse impacts.
Once these basic needs are satisfied one gets motivated
to look at ways to fulfil higher level needs. For
example, applications such as Facebook provides a
International Journal on Advances in ICT for Emerging Regions

sense of “belongingness” and more “likes” one gets to
a Facebook post tend to give them “Esteem”. Some of
the Social Computing applications such as “MyCause”
which provides a mechanism for crowdfunding for
charity is an example of an application to support
people that have reached a motivation level of "selfactualization" and "self-transcendence".
According to the same ITU report of September 2015,
66% of the people in the connected society live in
developing countries. Their needs mostly get mapped
to level 2 needs of the Maslow Hierarchy. Economic
development of these countries is a key factor in these
people achieving acceptable levels of guarantees for
having personal safety and financial security, which in
turn translate to having good education and jobs,
affordable healthcare etc. Advances in ICT and rapid
adoption of Social Computing paradigm provide us
new possibilities to develop ways to meet these needs.
But first we need to address many challenging research
issues.
This issue presents 11 papers exploring some of these
issues, challenges and suggest possible solutions.
These papers can be broadly categorised into 4 groups;
1) use of ICT for Development, 2) new ways to learn as learning is a key to satisfy level 2 safety needs, 3)
algorithms - an essential building block in a system to
convert inputs into required outputs, and 4) issues and
challenges in developing software systems.
The group of papers on ICT for Development ranges
from measuring the impact of ICT investment to
achieve the economic development, challenges based
on digital representation of spoken languages to an
example of a system that has been developed and
deployed to support agriculture domain.
The paper “Towards a Structured Approach for
Evaluating the ICT Contribution to Development” asks
the question how we measure effectiveness of ICT
investment. If we are to make informed decisions we
need to find an answer to this question. Authors
propose five evaluation dimensions concerning social
and economic development; namely research and
education opportunities, healthcare,
economic
facilities, political freedom and psychological
wellbeing.
The paper “Bridging the Digital Divide in Sri Lanka:
Some Challenges and Opportunities” highlights a very
important aspect; the accessibility of these new
June 2016
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possibilities, the role played by language and the
ability to use the existing human languages in the
Digital World. A natural language can consist of
vowels, consonants, diacritical marks and special
symbols. Several of these are combined to form
complex ligatures. Total number of different glyphs
can be few thousands. Thus the challenge is to develop
computer equipment to provide for this degree of
complexity in both display and printing but without
adding any extra complexity to the keyboard or the
input systems. In this regards the paper highlights the
importance of well-designed character code standards
as a corner stone of the whole architecture for text
processing. If not solved this can lead to a Digital
Divide.

Management Systems” propose a framework for
adaptive LMSs that can tailor course content to the
individual learner’s learning style.

The paper “Developing a Community-Based
Knowledge System: A Case Study using Sri Lankan
Agriculture” presents a system that was developed to
deliver context specific knowledge tothe agriculture
community in Sri Lanka. For this, published literature
was reorganised to create an ontological knowledge
base which is based on an ontology that was
specifically developed to support context specific
queries. The knowledge is not static, it evolves. Thus
ontology as well as ontological knowledge base needs
to be maintained. For this the authors have developed a
semi-automatic end-to-end ontology management
system. It provides the facilities to reuse, share,
modify, extendand prune the ontology components as
required.

The 3rd group of papers look at algorithms. We need to
process data captured using various types of sensors to
generate information and knowledge, which then get
internalised and translated into different actions people
perform. These actions eventually help us to meet
different levels of human needs that can be measured
as described in the paper “Towards a Structured
Approach for Evaluating the ICT Contribution to
Development”. The challenge is how to convert
sensor inputs into meaningful information and
knowledge.

The second group of papers explore how this
unprecedented connectivity to share information
digitally can be used to enhance learning. As
mentioned earlier, education is essential to meet level
2 needs in Maslow Hierarchy. Every person has
different learning styles and abilities; some cognitive,
some arising due to physical and mental disabilities.
ICT can open up new modes of learning and
approaches to overcome some of the barriers to
learning due to various forms of disabilities.
The paper “A Game Based Learning Approach to
Enrich Special Education in Sri Lanka” explore the
relevancy of ICT based education for enhancing the
learning effectiveness of students with special needs.
A few game based activities have been developed
focusing on basic concepts of three subject areas as
Colour, Number and Language. The performance
evaluation done using a sample student group has
shown ICT can be used as a driving tool to enhance the
learning effectiveness in special education domain.
Educational theory suggests that learners have
different styles of learning. Ideally, the content must
be arranged to match each learner’s learning style. The
paper “Using Learning Styles to Enhance Learning
June 2016

The extensive mobile based connectivity is also
enabling new forms of learning. The paper “Mobile
technology enhanced collaborative learning efforts in
guided informal learning” explore one such possibility.
Authors have developed a mobile SMS based Twitter
platform for collaborative informal learning. They
have tested this with a young farmer community. It
was found participants have improved knowledge, and
created collaborative learning opportunities. Learners
were generally satisfied with this guided informal
learning tool.

The paper “Neural Network based Age and Gender
Classification for Facial Images” take up this challenge
and explore a Neural Network based approach to
convert visual sensor data to information about
subject’s age and gender. The authors have
successfully used biometric feature variation of males
and females for the classification and evaluated using
both foreign and Asian face images.
As wireless sensor networks become more
autonomous and intelligent, the need for sensor
compatibility and sensor fusion becomes crucial. The
paper “Reconfigurable Wireless Sensor Node with
Improved Autonomous Linearization” proposed a
reconfigurable hardware solution suitable for mobile
sensor networks to linearize the relationship between
real world variable being measured and the sensor
output. The implementation of the reconfigurable
wireless sensor node which supports universal
functions has been shown to be supportive of industrial
applications with mass scale data acquisition while
being compact and energy efficient.
Not only do we need algorithms to convert inputs from
physical sensors to useful information, but also to
generate useful information from other information
provided by humans. The paper “SciPro Matching:
ICT Support to Start a Quality Thesis” reports one
such development. This system matches the input
information provided by students about their ideas on a
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thesis topic to needs provided by industries mediated
by academics and administrators. Here the algorithm is
embedded in the process that is implemented in
software. The proposed system not only lays the
foundation for a quality thesis, but also improves
industry-university collaboration on thesis production.
The final paper in this group “GestureTank : A gesture
detection water vessel for foot movements”, promotes
natural means of interacting with computers in natural
environments. The authors use machine-learning
techniques to recognise a selected set of foot gestures
performed in water medium. Thus, this contribution
can be viewed as an approach to increase the
connectivity while bypassing language barriers.
The 4thgroup of papers deals with issues and
challenges of developing software for such systems.
Quality is a very important issue.
The paper “An Empirical Exploration of Refactoring
effect on Software Quality using External Quality
Factors” explores the effect of refactoring on software
quality. Refactoring is a method applied to code with
the purpose of improving software quality. The
authors have used the external measures of
analysability, changeability, time, behaviour and
resource utilization to assess ten selected refactoring
techniques. The analysis reveals that refactoring in
general deteriorates code quality, which directly
contradicts with the purpose of refactoring itself, while
some selected techniques do improve the code quality.
I would like to take this opportunity to thank the local
organising committee for all the efforts taken to
publish this issue and all those who contributed in
numerous ways. Also I would like to thank the authors
who submitted articles and reviewers for their effort
and contribution
August 2016
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Towards a Structured Approach for Evaluating
the ICT Contribution to Development
Florence Nameere Kivunike, Love Ekenberg, Mats Danielson, F. F. Tusubira

Abstract—Undoubtedly Information and communication
Technologies (ICT) contribute to development; however there is a
need to know how and the extent to which development occurs.
Moreover the evaluation of the ICT contribution to development
has been challenged from theoretical, ethical and methodological
angles. This paper addresses some of these challenges by proposing
a model that enables systematic evaluation of the ICT contribution
to development. The proposed model is conceptually motivated by
Amartya Sen’s capability approach that defines development as
freedom. Development is a process that involves the provision of
opportunities (capabilities) from an ICT resource, as well as
actually exploiting the opportunities to realize development
benefits. The conversion of resources to opportunities and
opportunities to development benefits is facilitated or inhibited by
various contextual factors. Development from the capability
perspective is both people-centered and multidimensional. This
requires consideration of both instrumental effectiveness and
intrinsic importance. Consequently five evaluation dimensions
concerning social and economic development are proposed;
namely research and education opportunities, healthcare,
economic facilities, political freedoms and psychological wellbeing.
ICT4D evaluation indicators are suggested for each dimension and
a Multi-criteria decision analysis (MCDA) structured evaluation
process is proposed to guide the evaluation. The application of a
structured evaluation approach is illustrated through the example
of an online learning environment at a University in a developing
country. Future research is underway to further apply and
validate the model in practice.
Index Terms—Capability Approach, Development evaluation,
ICT contribution to development, ICT Indicators, ICT4D, ICT4D
Impact evaluation, Multi-criteria decision analysis.

L

I. INTRODUCTION

ARGE Information and communication Technology (ICT)
investments especially in developing countries are
motivated by the notion that ICT actually contributes to
development[1]. Despite the high rates of ICT diffusion and
uptake over the years, the equally high failure rates continue to
raise skepticism as to whether ICT is actually contributing to
development. This explains the increase in ICT evaluation
studies aimed at establishing whether and how ICT contributes
to development [c.f. 2, 3-7]. Such evaluation facilitates the
identification of benefits achieved from investments; advises
future investments; enables prioritization; forecasts potential
impacts; as well as facilitating accountability exercises [1:628].
The evaluations further provide an understanding of the
complexities involved in the translation of an ICT resource into
a development benefit.

doi: 10.4038/icter.v7i1.7152

Over the years ICT4D evaluation has moved from focusing
on assessing diffusion in terms of availability, access and use of
ICT, to measuring benefits and sometimes challenges of ICT
[1]. While availability, access and use evaluation approaches
are mostly performed at the macro level of analysis; the latter is
mostly micro-based. It focuses on individual or community
evaluation and is achieved predominantly through qualitative
in-depth descriptions. Despite the increase of studies in ICT4D
impact evaluation, the contribution ICT makes to development
is still elusive [8]. This is evidenced by the existence of calls for
such studies [i.e. 1, 9-11], to which the current study aims to
respond.
One of the concerns is how an objective and structured
approach can facilitate the evaluation of the ICT contribution to
development. It is noted that while the qualitative evaluation
approaches to ICT4D offer rich in-depth explanations of how
development has occurred, they are normally difficult to report,
and may require longer study periods which are subsequently
expensive[8].The difficulty in reporting is especially true for
evaluations at macro level, or exercises involving several
projects for which in-depth qualitative assessments may not be
viable. The evaluation is also challenged by other
methodological and ethical factors. Principle among these is
how a developmental impact could be attributed to a single
intervention since impact occurs after sometime, and there
could be other contributing factors. Although this could be
addressed through systematic evaluation exercises, such
approaches may not be possible in certain instances e.g. due to
costs or when the need for impact assessment is realized later
in the project lifecycle. Gomez and Pather [8] and Heeks [1]
also cite the lack of well-formulated theoretical foundations to
devise appropriate impact measures that guide data collection
as well as analysis. In addition since studies into the
contribution of ICT4D evaluation exercises are in their infancy,
there are challenges regarding the availability of data.
This calls for structured approaches to facilitate an objective
impact evaluation process of the ICT contribution to
development [8, 12]. It is envisaged that the structured approach
streamlines the data collection and analysis process to ensure
that the method is not too simplistic to overlook essential details
and neither is it too elaborate to inhibit proper reporting. To
contribute to a growing field of ICT4D evaluation, this paper
addresses some of these challenges by specifically proposing a
model that enables systematic evaluation of the ICT
contribution to development based on an indicator-based
approach. While the use of indicators in the evaluation of the
ICT contribution to development is still in its infancy, this has
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been demonstrated in an earlier research which laid a
foundation for this extended study [13]. Gigler [14] also
demonstrates how an indicator based approach can be used to
evaluate people’s perception of the impact of the internet in the
different well-being dimensions. He further demonstrates the
importance of target beneficiaries in such an evaluation
exercise; and the contextual factors determine whether ICTs
will or will not contribute to wellbeing. It is also envisaged that
a structured approach would facilitate the evaluation of the ICT
contribution at a higher (macro/meso) level such as national
development goals or strategies at policy level e.g. healthcare
delivery, education, universal access etc. According to
Walsham [15] evaluations at the strategic policy level are
indicative of a move towards inclusive development rather than
selective development for only a selected few.
A literature review of the current state of evaluating the ICT
contribution follows. A discussion of the underlying conceptual
foundations applied in this study; as well as the composition
and interactions of the proposed model are then presented in the
next section. This is followed by an outline of a multi-criteria
decision approach that illustrates how the evaluation can be
performed. The paper concludes with a discussion of
limitations, and recommendations for future works.
II. LITERATURE REVIEW – EVALUATING THE ICT
CONTRIBUTION TO DEVELOPMENT

There is substantial research into the evaluation of the ICT
contribution to development, specifically from a development
perspective. The main development concepts guiding ICT4D
evaluation are Amartya Sen’s [16] capability approach and the
sustainable livelihoods approach - SLA [17].
For example Hatakka and Lagsten [18] apply the capability
approach to assess how students use internet resources to
facilitate their learning. Respondents were masters’ students of
an international e-government course that mostly consisted of
students from developing countries. The study reveals that
Internet resources facilitate student learning at the educational,
personal and professional levels. However the students’ choice
to exploit/benefit from the resources is restricted by a number
of factors including personal interests and motivation, the
incentives to use the resources, the applied pedagogical
techniques, etc. The main aim of the study was to test the
capability approach as a development evaluation approach.
Ibrahim-Dasuki et al [3] also apply the freedoms concept of
the capability approach as an evaluative space of the
developmental impact the electricity pre-paid billing system has
had in Nigeria. They generally established that the project had
not fully realised its development impact. For while the prepaid billing system had enabled the freedom of transparency
through the elimination of estimated billing, the officials still
requested for bribes to have the system installed at the
consumers’ premises (pp. 43). Furthermore De’[19] and Madon
[7] demonstrate how various components of the capability
approach may be applied for the development appraisal of egovernment projects in India. De’[19]applies the development
concept to evaluate Bhoomi, a land records digitization project.
While it was a successfully implemented project that met all the
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implementation goals, the development benefits towards
meeting citizen needs were not so clear.
Parkinson and Ramirez [20]also applied the SLA for the
assessment of the impact of a telecentre in Colombia on the
livelihoods of people within the community. They argue that
the SLA facilitates a broader scope of analysis and provides
better analytical rigour. It enabled them to establish the kinds of
risks and vulnerabilities that people faced, some of the key
factors that determined their livelihoods, and how their use of
the Internet or other telecentre services link to their livelihood
strategies.
The majority of the ICT4D evaluation studies cited above
apply the capability approach to perform in-depth descriptive
analysis. As a point of departure and contribution to this body
of knowledge, the model suggested in this study illustrates the
use of a structured evaluation approach based on indicators in
the evaluation of the ICT contribution to development.
III. CONCEPTUAL FOUNDATIONS
Drawing on theoretical and conceptual foundations is
essential to realizing sound evaluation approaches to support
ICT evaluations [1, 8]. This facilitates the understanding of how
technology interacts with society to achieve development.
ICT4D studies fall within an emergent multidisciplinary field
now referred to as “development informatics” that seeks to
integrate development theories within information systems,
communication studies as well as computer science [21]. This
fairly new field resulted from the realization that there is more
to ICT4D than just diffusion, adoption and use. The need to
establish the real ICT benefits in terms of what they are used
for within various contexts called for new approaches.
Consequently, there is need for sound theoretical premises as a
basis for research on how ICT got integrated and affected
people’s everyday lives, businesses as well as national and
international development goals. Starting with the ICT4D value
chain as a guide, the focus of evaluation in terms of the ICT4D
implementation lifecycle in this study is identified. The
Capability approach is then applied to facilitate the definition
and understanding of what development is and how it is
realized.
A. The ICT4D Value Chain
The ICT4D value chain model [22, 23] facilitates an
understanding of ICT4D evaluation. It is based on the standard
input-process-output model linking resources and processes to
systematically analyze the stages an ICT initiative traverses
over time (see Fig. 1). According to the value chain, the input
i.e. an ICT4D intervention in combination with fulfilled
prerequisites (i.e. policies and implementation skills) will result
into a successful deliverable e.g. a telecentre, e-library platform
etc. These deliverables once exploited by the target
beneficiaries result into outputs, which lead to outcomes and
ultimately impact. The realization of outcomes from outputs as
well as impact from outcomes is affected by various contextual
factors such as skills, institutional barriers and cultural or
personal beliefs among others.

doi: 10.4038/icter.v7i1.7152
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Over the years interest in the domains along the value chain
has shifted from readiness, availability and uptake towards
development impact [1, 24]. This shift arises from the need for
ICT4D initiatives to demonstrate that they actually contribute
to social and economic development. However the challenge in
such evaluations is that as one moves from outputs to impact,
evaluation becomes more complex since focus shifts from the
technology to the development goals. As a result outcomes and
impact cannot be attributed to a specific initiative since there
are other factors or even initiatives that could have affected the

resultant outcome. To address this challenge, it is argued in this
paper that rather than aim at proving causality, emphasis should
be placed on the contribution an initiative has made on social
and economic development [25]. This refers to the change in
terms of social and economic development resulting from the
presence of that intervention, within the boundaries of the
contextual factors. Furthermore focusing on the contribution is
appropriate in situations where baseline studies were not
performed to facilitate a longitudinal evaluation of the
initiatives.

Fig. 1. ICT4D value chain adopted from [26]

Moreover the impact concepts i.e. outputs, outcomes and
impact as per value chain have been severally defined based on
various approaches applied to the design and evaluation of
projects or programmes in international development. Some of
the main and interrelated approaches are the logical framework
(LFA) [27], theory of change (including contribution analysis)
[28], and results based management (RBM) [29] (see Table
I).To some extent all these are theory-based approaches that
rely on the theory of change techniques to facilitate the
assessment of whether and how an initiative causes or
contributes to an impact. They may also apply as underlying
guides to the value (or result) chain above to guide program or
intervention designs or evaluations [30].This study adopts the
output, outcome and impact definitions suggested by the ICT4D
value chain since it is a pivotal framework in this study. In
addition, the ICT4D value chain definitions are similar to those
suggested by the RBM approach that is a widely accepted
development evaluation approach. Generally outputs are the
immediate results of the program or initiative. These can either
be goods or services such as workshops held, information
produced or changes in skills etc. In this study ICT4D outputs
are the behavioral changes associated with technology use.
Heeks cites these as consisting of new information and
decisions, new communication patterns and new actions and
transactions that an ICT enables. Moreover outputs in
telecommunications are similarly defined as information made
available and retrievable by computer. Outcomes (purpose) on
the other hand are the effects of outputs; in this study they are
the direct benefits in terms of measurable (both quantitative and
qualitative) benefits as well as costs associated with the outputs.
Finally development impact refers to the ICT contribution to the
broader development goals: impacts are less tangible. They are
the long-term effects of the interventions [24, 31]. The output
and outcome definitions adopted in this study are similar to the
opportunities and achievements concepts that are discussed in
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the subsequent section.
However the value chain assumes a linear relationship
between ICT and development. This does not sufficiently
represent the development process, since there are several
aspects involved in explaining how and why development
would result from an ICT4D initiative[32].For this reason and
the need to adequately define what development is and how it
is realized in a given context; there is a need to adopt and
integrate a development perspective as discussed in the
following section.
TABLEI
OUTPUTS, OUTCOMES AND IMPACT DEFINITIONS
Approach
Output
Outcome
Impact
Impact
Outcomes
Outputs are
Results
implies
represent
changes in
Based
changes in
changes in the
skills or
Management
people’s
institutional
abilities and
[29]
lives. Such
capacities of and behavioral
changes are
capacities for
individuals
positive or
development
or instituconditions that negative longtions, or the
term effects,
occur between
availability
directly or
the completion
of new
indirectly,
of outputs and
products and
intended or
the
services that
unintended.
achievement
result from
of goals.
the completion of
activities
The higherThe
These are
Logical
level
immediate
the specific,
Framework
identified
impact on the
direct
[33]
situation that
project area or
deliverables
a project
target group
of the
contributes
i.e. the change
project
towards
or benefit to
necessary to
achieving.
be achieved by
achieve the
the project
Outcome.
Impacts are
Outcomes
Contribution
These are
the final or
cover the
analysis [25,
goods and
long-term
sequence of
34]
services
consequences.
results (or
produced by
For example
effects) –
the program.
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ICT4D
value
chain[1]

For example
checks
delivered,
advice
given,
people
processed,
information
provided,
reports
produced
Outputs are
the micro
level
behavioural
changes
associated
with
technology
use.

immediate,
intermediate
and final
outcomes –
following the
delivery of
outputs.

environment
improved,
stronger
economy,
safer streets,
energy saved

Outcomes are
the wider costs
and benefits
associated
with ICT.

Development
Impacts are
the
contribution
of the ICT to
broader
development
goals.

B. The Capability Approach
A development theory perspective facilitates the definition of
what constitutes development. For this purpose, Sen’s
capability approach [16, 35] is adopted since it facilitates a
multi-dimensional, people-centered approach of defining what
constitutes development. Development according to Sen is the
expansion of freedoms (capabilities or opportunities) to enable
people lead the lives they value [16:18]. Development is more
than the provision or access to a resource e.g. ICT: it is about
what ICT can enable people be or do given their contextual
aspects. One of the reasons freedom is central to development
is for purposes of evaluation. Sen [16:4] points out that
“assessment of progress has to be done primarily in terms of
whether the freedoms that people have [or value] are
enhanced”. Basically it looks at 1) development in terms of
values e.g. being healthy, being educated or being happy; and
2) evaluate how these have been enhanced by, for example,
access to the Internet in a given context. The capability
approach premise is that a vector of a resource is transformed
into a capability set within the restriction of conversion
(contextual) factors. The capability set consists of functionings
- things one can be or do to obtain the life they value. Simply
defined, the capability set is the opportunities a development
initiative offers. Achieved functionings on the other hand are
the opportunities one chooses to exploit given his/her specific
context.
The multidimensional nature of the approach argues for a
holistic evaluation of wellbeing that is not only limited to
income, since wellbeing consists of aspects that income cannot
satisfactorily measure [36]. Examples include: greater access to
knowledge, better nutrition and health services, more secure
livelihoods, security against crime and physical violence,
political and cultural freedoms, or participation in community
activities. Depending on the nature and purposes of evaluation,
one can choose to focus on the opportunities1 (capability set),
the achieved functionings, or both. The majority of applications
of the capability approach focus on opportunities, arguing that
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while policymakers are mandated to deliver development
opportunities, they to a great extent cannot decide how people
choose to benefit from them [37].
The capability approach is also concerned about human
diversity which results from people’s personal as well as
external factors [35]. These factors, referred to as conversion
(or contextual) factors determine people’s preferences and
choices of the potential functionings. Conversion factors are
classified as personal - the individual characteristics such as
physical disabilities, motivation, level of education, age, gender
and sex; Social factors - the external legalities or societal
requirements that may consist of public policies, social or
cultural norms and discriminating practices. Another emerging
social factor here are the intermediaries e.g. non-government
agencies that seek to promote ICT usage[32]. Lastly,
environmental aspects focus on location and accessibility to
facilities, as well as technical aspects such as quality of service
[18, 38].
An individual’s capability set comprises both wellbeing – the
opportunities availed for a better life; as well as agency – one’s
ability to choose from the availed opportunities based on
personal values and circumstances[16]. Agency takes into
consideration the active involvement of beneficiaries in their
development process; i.e. whether they choose to exploit the
available facilities for the improvement of their lives or not
depending on what they value, and the circumstances they are
in. The following are the multiple evaluation spaces within
which policies and initiatives can be evaluated:wellbeing
freedom which focuses on the capabilities or opportunities an
initiative fosters; wellbeing achievement which is the achieved
functionings; agency freedom which evaluates the freedom to
achieve whatever a person decides he or she should
achieve[39:203]; and finally agency achievement which are the
outcomes in terms of one’s values, including those of other
people, beings and things[40:341].
IV. PROPOSED ICT4D EVALUATION MODEL
As suggested by the capability approach, the realization of
development from an initiative is a process that besides the
provision of the opportunities (capabilities) also involves the
interaction of these capabilities with choice that is influenced
by the conversion factors. For example Hatakka and De' [41]
analyze a project that successfully set up a distance education
system providing opportunities for people to attain formal
learning. However factors such as pedagogical training and low
computer literacy were ignored, which affected people’s
choices regarding the exploitation of the provided
opportunities. This highlights two aspects: first, the need to
perform a process analysis from capabilities to achieved
functionings; and second, the need to explicitly establish the
conversion factors that affect people’s choices. Focusing on
achieved functioning alone denies one insight into the process
that is very essential given that development initiatives are

1
For this study, opportunities capabilities and capability set are the same
construct and may be used interchangeably to refer to a set of valuable
functionings that an initiative offers or a person has effective access to.
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highly contextually dependent. On the other hand, focusing on
capabilities alone offers a limited development evaluation that
does not actually establish whether development has occurred.
Focusing on capabilities alone may also be perceived as technocentric since evaluation is only performed on the opportunities
an initiative can offer and does not investigate whether these
were achieved or the factors that influenced this process.
In relation to the value chain outputs, outcomes and impact
concepts, the ICT contribution to development is evaluated in
terms of the outputs contribution to outcomes. The underlying
assumption is that exploiting (choosing to use) available
opportunities (outputs) will to a great extent contribute to the
development achievements (outcome). In essence evaluation
can be performed for the contribution the output makes; and the
outcome where applicable; which is a process evaluation of
how an initiative has contributed to development. A similar
assumption is held and proven for the empowerment [42] and
the choice [4, 43] frameworks both of which rely on the
capability approach as a theoretical foundation. Similarly
Garnham [12:33] points out that “[t]he point from a capabilities
perspective is the assessment of what contribution the medium
makes to enhancing its users’ range of functionings…”.
According to the empowerment and choice approaches it is
assumed that empowerment results into the realization of
development outcomes. Alsop and Heinsohn [42:5] define

empowerment as “enhancing an individual’s or group’s
capacity to make choices and transform those choices into
desired actions and outcomes”. Individuals use their agency
(human diversity, personal conversion factors) to explore
opportunity structures (capabilities, social factors) resulting
into empowerment (presence and exercise of choice) that
enables development outcomes. Development outcomes
according to Kleine [4:122] are ‘complex to describe’ but
consist of choice as the primary outcome, and secondary
outcomes which ‘will often be either sketches of overarching
aims or limited to aspects relevant to a given context’. These
secondary outcomes may consist of goals/aims that individuals
or groups value within a given context or achieved functionings
– a subset of the capabilities.
Based on the above discussion, the constructs of the proposed
evaluation model include ICT characteristics, conversion
factors, opportunities (capabilities), and achievements (choice,
personal or community goals, and achieved functionings) as
shown in Figure 2. The ICT characteristics that a resource
enables (communication; production, processing and
distribution of information) provide opportunities within the
limitations of the personal, social and environmental factors.
Achievements are the opportunities one chooses to exploit
within the restriction of conversion factors, and choice is also
explicitly evaluated as one of the achievements [44:74].

Fig. 2. Proposed ICT4D evaluation model adapted from [35] .

According to Robeyns and van der Veen [37:44] although
governments (development partners, etc.) can provide
opportunities, they cannot decide on how people live their lives.
It is assumed that if someone’s ability to make choices is
increased or strengthened, it will enable the choice of
capabilities so that one lives the life they value. Outputs as per
these definitions are the opportunities, while outcomes are the
achievements. The achievement of certain functionings enables
other opportunities: this is shown by the double pointing arrows
between outputs and outcomes. For example, sensitization on
the benefits of using the Internet empowers individuals to make
wise decisions on how to use it.
A. ICT4D evaluation criteria - Dimensions and Indicators
According to Sen, the expansion of freedom is both the means
and end of development. From Sen’s [16] viewpoint,“[t]he
doi: 10.4038/icter.v7i1.7152

intrinsic importance of human freedom [ends], in general, as the
preeminent objective of development is strongly supplemented
by the instrumental effectiveness [means] of freedoms of
particular kinds to promote freedoms of other kinds” (p. xii).
An initiative should therefore be evaluated on its ability to
increase people’s substantive freedoms such as self-esteem, as
well as the instrumental freedoms that contribute to and
guarantee people’s substantive freedoms. Consequently, Alkire
[45] emphasizes that in defining an evaluative space based on
the approach, it is important that considerations of both
instrumental effectiveness and intrinsic importance are
considered. Sen proposes five instrumental freedoms that
enhance people’s capabilities i.e. social opportunities,
economic facilities, political freedoms, transparency guarantees
and protective security. It is argued that the extent to which
these are secured is indicative of the level of an individual,
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household or community development [3:36]. Since these
freedoms are interrelated and supplement each other, earlier
studies proposed three (social opportunities, economic facilities
and political freedoms) out of the five domains for this
study[13, 46]. A fourth dimension, psychological wellbeing is
proposed as this evaluates the substantive freedoms such as
choice and self esteem [32].
Depending on the nature of the initiative being assessed all or
just some of the dimensions may be applied except
psychological wellbeing that should be evaluated for all
initiatives since it affects the achievements in other dimensions
(e.g. as discussed in relation to choice). As Gomez and Pather
[8:11] argue, “attention to intangible and unquantifiable aspects
(e.g. self-worth and the strengthening of social fabric) that are
facilitated indirectly through use, or even the presence of ICTs,
will provide a more complete and holistic perspective of ICT
impact.” Alkire [47:7] further confirms that these measures
“[..] Might be used to provide insights into people’s values and
perceptions with respect to other dimensions of interest [..]”.
The dimensions are defined as follows:
1) Social opportunities: which refer to arrangements society
makes available to enable an individual to live a better life.
From the capability perspective, this specifically focuses
on education and healthcare
2) Economic facilities: these refer to the opportunities that
individuals enjoy utilizing resources for the purpose of
consumption, production or exchange. This includes
aspects such as productivity, employment, etc.
3) Political freedoms: are the opportunities people have to
exercise their political rights e.g. being able to participate
in local elections, community development programmes,
etc.
4) Psychological wellbeing: refers to the physical, emotional
and personal development opportunities. These are mostly
a result of using ICT or participating in ICT4D projects.
Examples include gaining respect from peers or having an
increase in self-esteem. Psychological wellbeing has both
substantive and instrumental value that enables people to
exploit other opportunities in pursuit of development.
It is envisaged that a set of criteria for each of these
dimensions could facilitate an evaluation of the ICT
contribution to development (see proposal in appendix A). For
each dimension, achievements (outcomes), and opportunities
(outputs) are proposed. For example it is presumed that to
assess whether an initiative has improved access to formal or
non-formal education (outcome/achievement) in the research
and education dimension; the following opportunities (outputs
– what people do) are evaluated:
Accessing information in relevant online resources
e.g. research journals, online libraries
Participating in online research collaborations e.g.
through discussion forums
Producing and publishing research outputs e.g.
journals, patents etc.
These are further granulated to define output and outcome
indicators (see illustrative example in section IV). The
indicators measure whether end users exploit the opportunity in
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terms of quality and the usage. Quality seeks to establish
whether end users actually value the opportunity, which will
determine whether it is exploited. On the other hand usage
focuses on the level of use. Using the electricity analogy,
Roberts points out that ICT is also ubiquitous. Therefore “it is
not the electricity or ICTs as such that make the (bulk) impact
on economy and society but how they are used to transform
organizations, processes and behaviours.”[48:90]. Details of
criteria formulation are discussed in another publication [49].
The indicators proposed in this study are mostly qualitative
and do not require precise data specifications. It is envisaged
that the qualitative assessment facilitates a structured, approach
that provides sufficient information to report the ICT
contribution to development. Elicitation of data for this
approach relies on beneficiaries’ perceptions, which can be
imprecise information about how initiatives have been of
benefit to peoples’ wellbeing. Moreover the use of structured
approaches to evaluate the ICT contribution to development is
also recommended as a replacement for access and usage
measures which offer little in as far as defining the actual ICT
benefits is concerned [12].
V. APPLYING THE EVALUATION MODEL
This section presents a structured approach that applies Multicriteria Decision Analysis (MCDA) techniques to facilitate the
evaluation of development initiatives.
A. An MCDA approach to evaluate the ICT contribution to
development
The evaluation and selection of ICT4D initiatives is a
complex decision problem that would benefit from the
application of MCDA techniques [10]. Besides facilitating
multidimensional and multi-stakeholder assessments; MCDA
provides a means for handling uncertainty arising from
incomplete and vague information. This is a key requirement
for the evaluation of the ICT contribution to development which
relies on stakeholder value-judgments, perceptions and beliefs
of how ICT has affected people’s lives. In addition MCDA
techniques offer a structured evaluation process of development
outcomes as alternative to the predominately descriptive, and
often difficult to report ICT4D evaluation approaches [18]. It
further relaxes the requirement of quantitative measures which
call for data that is in some cases not accessible, and may be
more taxing on the stakeholders.
As a structured decision making process the MCDA
methodology typically consists of three stages [50]:
1)information gathering or problem structuring – involves the
definition of the decision problem to be addressed as well as the
criteria and alternatives where necessary, 2) modelling
stakeholder preferences - the structured decision problem, i.e.,
criteria and alternatives are modelled using a decision support
tool; and 3) evaluation and comparison of alternatives.
While the application of MCDA techniques to decision
making situations in the developing country context is
appropriate, it is challenged by cultural, organizational, and
infrastructural barriers among other factors [51]. Examples
specifically include low literacy levels, the lack of electricity,
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and uneven access to ICT infrastructure as well as elite
resistance resulting from leaders being afraid of losing their
political position [52]. This calls for appropriation of the
MCDA approach and process in a way that takes into account
the contextual limitations in the developing country context,
and the specific ICT4D evaluation exercise. This section
illustrates how an MCDA technique can be applied for the
evaluation of an ICT4D initiative. It specifically applies the
technique using a subsection of the proposed criteria for the
evaluation of the impact of an online learning environment on
students’ access to learning.
B. The Case: Evaluating the impact of MUELE on students’
access to learning
1) Problem definition and structuring
The Makerere University E-Learning Environment (MUELE)
is one of several initiatives aimed at leveraging faculty
effectiveness and improving access to learning at Makerere
University [53]. MUELE is a learning management system
(LMS) based on Moodle. It has been in existence since 2009
and boasts of a steady growth of users over the years. For
instance the active courses increased from 253 in 2011 to 456
in 2013, while the users increased to 45,000 to date from 20,000
in 2011. Despite this state of progress, the use of MUELE is
mostly as a course information repository even after lecturers
obtained training in online course authoring and delivery [54].
This has been attributed to the attitude towards the adoption of
e-learning, concerns from lecturers regarding the increase in
workload resulting from large student numbers, and increased
course preparation time. Consequently this illustrative study
seeks to establish whether MUELE has improved students’
access to learning. More specifically this sought to establish
whether MUELE contributed or did not contribute to improved
(access to) learning; and an assessment of how the initiative
performed on the different output and outcome indicators;
highlighting the most significant outcomes.
The criteria consist of the output and outcome indicators
relevant for the evaluation of the impact of MUELE on access
to learning. This is a subsection of the criteria suggested in
appendix A, specifically aimed to evaluate improved access to
formal and/or non-formal education.The criteria also include
the contextual factors known to have an effect on the use of ICT
to support learning. The criteria are summarized in Tables II –
IV in Appendix B.
2) Problem modeling and elicitation
The proposed criteria consisted of two decision models; the
outputs and outcomes decision model. The output model sought
(see Figure 3) to establish the perception of students on whether
MUELE had improved on their access to learning. On the other
hand the outcomes model sought to measure the actual
improvement in student learning. The contextual factors had an
influence on both models, either facilitating or restricting the
improved access to learning. Preference modelling and
elicitation considered two aspects: 1) evaluating the relative
importance of criteria (eliciting weights); and 2) evaluating the
initiative performance against criteria (eliciting scores).
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Weight Elicitation:-This is expressed through the
assignment of a weight which reflects the importance of
one dimension (criteria) relative to the others and can be
achieved through various methods [55]. Ideally weight
elicitation should be performed for each of the levels of
the decision tree hierarchy. This study applied the rankorder approach in which criteria were ranked in order of
importance from most to least important including equal
ranks, as well as assigning of weights. Rank-ordering
was performed for the outcome model and the bottomlevel criteria of the output model (output indicators).
Equal weights were assumed for the other levels of the
hierarchy i.e. outputs and output indicator categories.
The weights were developed through consultation with
experts in the field – lecturers and MUELE
administrators – who assessed the relative importance of
the criteria.
Eliciting Scores:- This involved evaluating perceptions
of how MUELE had performed on various criteria.
Responses were elicited from students who had used
MUELE for at least a year or more. Verbal-numerical
scales which have been applied in various domains [5658] as well as binary (yes/no) scales were used for the
elicitation. The verbal-numerical scale is a combination
of verbal expressions (e.g. unlikely, strongly agree etc)
and the corresponding numerical intervals (see table 5).
Since elicitation involved vague and imprecise value
judgements of how e-learning had improved learning, it
was appropriate to adopt a verbal-numerical scale. While
the verbal facilitated stakeholders to vaguely state their
preferences, the corresponding numerical ranges were
applied for representation and analysis in the decision
analysis tool. Studies have established that
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people assess in terms of words or numbers in varied ways;
however the use of a combined verbal-numerical scale is a more
effective and simplified elicitation approach [58]. For this study
the verbal-numerical scale in Table v was adapted from
Budescu et al.[59] mainly because it had been empirically
developed and was appropriate to illustrate the use of a
structured approach in evaluating development initiatives.
TABLE V
EXAMPLE OF A VERBAL-NUMERICAL SCALE [59]
Verbal Statement

Interval range

Virtually certain

[100-99]%

Very likely

[98-90]%

Likely

[89-66]%

Neutral

[65-33]%

Unlikely

[32-10]%

Very unlikely

[9-1]%

Exceptionally unlikely

[0.9-0]%

Since multiple responses were elicited from the students and
experts, aggregation was required for the elicited information.
The aggregation approach was dependent on the nature of
response scales; for example the simple weighted sum approach
was applied for the aggregation of the students responses
obtained from the verbal-numerical scale [50]. This involved
assuming equal weights for each stakeholder and calculating
the expected value. The simple weighted sum approach has
been used in the aggregation of imprecise values because it has
proven to be the most effective aggregation approach [50].
Since the ranking and binary (yes/no) scales are ordinal, the
mode was applied as the preferred measure of central tendency
was applied to obtain the aggregate value(s) for the analysis
[60].
3) Results: Analysis and Evaluation
In this study the DecideIT decision support tool [61-63] was
used to analyse and evaluate the decision problem. DecideIT is
based on multi attribute value theory [64] and supports both
precise and imprecise information. DecideIT supports various
data formats i.e. imprecise data in terms of interval values,
comparative statements or weights and even precise values. The
rank ordered values depicting the relative importance of criteria
were modelled as comparative statements, while the student
perceptions obtained through the verbal-numerical and binary
(yes/no) scales were modelled as intervals, and precise values
respectively. Evaluation was performed for each of the models
(outputs and outcomes) and the results are discussed below.
i.
Respondent Demographics
Eight (8) experts, 4 male and 4 female were consulted on the
ranking of importance of indicators used to evaluate the impact
of an e-learning environment on improved students learning.
Seven were lecturers, while one of them was an administrator
in charge of MUELE. Twenty (20) students 17 male and 3
female participated in the evaluation of the impact of MUELE
on improved access to learning. With an exception of 2 students
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in their second year and 3 who had completed their studies,
majority (15) were in their final year of study, and had used
MUELE for an overall period of 2 to 4 years. Most of the
participants (10) used it 2-3 days a week, 7 used it almost
everyday, while 2 rarely used it and 1 used it once a week.
Finally while 14 of the student participants were in the 16 to 25
age bracket, the rest were in the 26 to 35 age bracket. Clearly
the sample is not representative enough of the student
population that uses MUELE. However this was sufficient to
illustrate the structured evaluation process.
ii.
Output Model Evaluation
Value Profiling: provides an assessment of how outputs
(evaluated in terms of output indicators) have performed in as
far as meeting the overall objective is concerned. It assesses the
contribution or relevance of the outputs to the overall objective.
In this case the quality and level of use of course material are
the most significant contributors to improvements in accessing
learning materials, while participation in online discussions is
average. Finally, satisfaction with the quality of discussion
forum posts is the least contributor to improved access to
learning (Fig. 4). Evidentily MUELE is mostly used as a course
repository as previuosly established [54].

Fig. 4.Performance of individual outputs on improved access to learning.

Tornado Graphs: facilitate the identification of the critical
issues that have the highest impact on the expected value (Fig.
5). The least contributing (outputs) indicators as per value
profiling analysis above i.e. participation in the discussion
forums (Cr.7, Cr.9, Cr.10, Cr.8), were the most critical aspects
affecting the expected value measure. On the other hand, the
high contributors, i.e. the quality and level of use of course
material, had the least impact on the expected value. Such
information may challenge decision makers to develop
strategies for the improvement of the current initiative or
streamline the development of future similar initiatives. For
example establishing that participation in discussion forums is
a critical aspect in realising improved learning through MUELE
would challenge the lecturers to actively engage the students in
this activity, or to investigate further on why this is an important
aspect.

Towards a Structured Approach for Evaluating the ICT Contribution to Development

15

Fig. 5. Critical outputs in the realization of student learning.

Expected Value Graph: The expected value interval [0.68
0.84] of the outputs measuresstudent performance in terms of
the extent by which access to MUELE has improved access to
learning (Fig. 6). This implies that based on the outputs, it is
perceived that MUELE had a fairly high potential of improving
access to learning with very limited possibility or chances of
failure. This serves as confirmation of the ICT potential towards
improving access to learning in this particular context.

Fig. 7. Expected value graph evaluating the outcomes’ contribution to
improved access to learning.

Value Profiling: The outcomes to which MUELE most
significantly contributed were improvements in student
learning, facilitation of student participation in personal
learning, and a better chance of obtaining employment (Fig. 8).
There was an average effect on the psychological aspects i.e.
improved levels of confidence and whether people felt more
valued or respected. There was however a low chance that
MUELE had a significant negative impact such as affecting
concentration or self-discipline, as well as personal health. On
the other hand there was a high chance that access to MUELE
increased student dependence on computers.

Fig. 8. Performance of individual outcomes in terms of outcome indicators.

Fig. 6. Expected value graph evaluating the outputs’ contribution to improved
access to learning.

iii.
Outcome Model Evaluation
Expected Value Graph: - depicts an expected value interval
[0.52 0.92] and the focal point of all interval statements (the
100% contraction value) at 0.73 (Fig. 7). This implies that the
different outcomes derived from MUELE effectively
contributed to improved access to student learning by a range
of [0.52 0.92].

Tornado Graphs:The contextual factors, i.e. relevant skills,
limited access to computers, unreliable or slow internet
connection, ability to afford a personal computer, as well as the
mandatory requirement to use MUELE were the most critical
aspects affecting the realisation of improved access to student
learning (Fig. 9). The difference in factors affecting the
realization of outputs and outcomes is essential for mid-term
evaluation; helping implementers address the identified gaps
and ensure success of the initiative.
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Fig. 9.Critical outputs in the realization of student learning.

As is seen from the results above, the aim in such an analysis
is not necessarily to obtain an aggregated value explaining the
overall performance of an initiative. Focus is on facilitating a
structured approach to explaining various aspects, such as how
an initiative performs on different outputs and outcomes, the
most critical factors affecting the realization of the overall
objective etc. It is important to note that while the findings in
this illustrative example may not be representative of the elearning status at Makerere University, they are a good
illustration of the evaluation process. For example the
realization that contextual factors are an essential aspect in
meeting the initiative goal will shift focus from just providing
the e-learning environment to addressing the most critical
contextual factors. Furthermore the low performance of
discussion forums will probably encourage further
investigation into the pedagogical requirements that would
integrate forums into the students’ learning process. The
MCDA tool provides a rich, detailed and structured assessment
of the different factors that warranty further investigations in its
use as an ICT4D evaluation approach.
VI. CONCLUSIONS AND FUTURE WORKS
This paper proposes and illustrates an MCDA structured
approach for the evaluation of the ICT contribution to
developmentThe model is based on the capability approach
with aspects drawn from the ICT4D value chain as conceptual
framework. A major challenge with the capability approach has
always been its strong philosophically profound basis, which
complicates attempts of its operationalization. The work
2

http://www.gov2u.org/projects/imentors/
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presented here contributes to the operationalization of the
capability approach or more generally applying a development
perspective to the evaluation of the ICT contribution to
development. However, unlike the existing applications of the
approach, the model suggested in this study illustrates the use
of indicators in the evaluation of the ICT contribution to
development. Moreover the proposed indicator-based
evaluation offers more in comparison to the quantitative
evaluations of availability and uptake. It is also multidimensional, evaluating more than just economic benefits. It
explicitly considers the instrumental and substantive ICT
benefits, as well as the context in which they should be
obtained. It further stresses the need to evaluate psychological
wellbeing alongside the other dimensions, because this is both
a means and an end in ensuring development. The approach will
benefit ICT4D evaluation efforts for which in depth descriptive
evaluations are not possible due to various constraints that are
budgetary, logistical, or related to insufficiency of data. It may
also serve for the comparative evaluation of multiple projects.
For instance a subsection of the criteria proposed in this study
will also be applied in iMentors2, an EU project developing a
platform that will enable donors and development partners to
review complete or existing projects to provide policy support
and assist programme planning and implementation.
The applicability of the model is illustrated through its use in
the evaluation of an online learning environment, MUELE
aimed to leverage faculty effectiveness and improve access to
learning at Makerere University. The illustrative example
reveals that such a structured approach can facilitate a sufficient
assessment of the performance of development initiative, as
well as the most critical factors influencing the attainment of
the development goals. The model however does not explicitly
address unintended or negative benefits that are prevalent in any
development initiative.
Future work will seek to address this gap, as well as validate
and test the MCDA evaluation model in other ICT4D contexts.
REFERENCES
[1]
[2]

[3]

[4]

[5]

R. Heeks, "Do Information and Communication Technologies
(ICTs) contribute to development?," Journal of International
Development, vol. 22, pp. 625-640, 2010.
M. Hatakka, A. Andersson, and Å. Grönlund, "Students' use of one
to one laptops: a capability approach analysis," Information
Technology & People, vol. 26, pp. 94-112, 2013/04/21/08:37:15
2013.
S. Ibrahim-Dasuki, P. Abbott, and A. Kashefi, "The Impact of ICT
Investments on Development Using the Capability Approach: The
case of the Nigerian Pre-paid Electricity Billing System," The
African Journal of Information Systems, vol. 4, 2012.
D. Kleine, "The capability approach and the `medium of choice':
steps towards conceptualising information and communication
technologies for development," Ethics and Information
Technology, vol. 13, pp. 119-130, 2013/04/26/13:41:25 2011.
H. Grunfeld, S. Hak, and T. Pin, "Understanding benefits
realisation of iREACH from a capability approach perspective,"
Ethics and Information Technology, vol. 13, pp. 151-172,
2013/05/15/09:20:47 2011.

Towards a Structured Approach for Evaluating the ICT Contribution to Development
[6]
[7]

[8]

[9]
[10]

[11]

[12]
[13]

[14]

[15]

[16]
[17]

[18]

[19]
[20]

[21]

[22]
[23]
[24]
[25]
[26]
[27]

J. Johnstone, "Technology as empowerment: a capability approach
to computer ethics," Ethics and Information Technology vol. 9, pp.
73-87, 2007.
S. Madon, "Evaluating the Developmental Impact of EGovernance Initiatives: An Exploratory Framework," The
Electronic Journal on Information Systems in Developing
Countries, vol. 20, pp. 1-13, 2004.
R. Gomez and S. Pather, "ICT Evaluation: Are We Asking the
Right Questions?," The Electronic Journal of Information Systems
in Developing Countries, vol. 50, pp. 1-14, 2013/05/04/14:19:04
2012.
M. L. Best, D. Thakur, and B. E. Kolko, "The contribution of userbased subsidies to the impact and sustainability of telecenters - the
eCenter project in Kyrgyzstan," 2009, pp. 192-200.
A. Blake and M. Q. Garzon, "Boundary Objects to Guide
Sustainable Technology-Supported Participatory Development for
Poverty Alleviation in the Context of Digital Divides," The
Electronic Journal of Information Systems in Developing
Countries, (EJISDC), vol. 51, pp. 1-25, 2012.
H. E. Chew, P. V. Ilavarasan, and M. R. Levy, "The economic
impact of Information and Communication Technologies (ICTs)
on microenterprises in the context of Development," The
Electronic Journal on Information Systems in Developing
Countries, vol. 44, pp. 1-19, 2010.
N. Garnham, "Amartya Sen's "Capabilities" Approach to the
Evaluation of Welfare: Its Application to Communication," The
public, vol. 4, pp. 25-34, 1997.
F. N. Kivunike, L. Ekenberg, M. Danielson, and F. F. Tusubira,
"Using a Multi-Criteria Tool for Selecting ICT Development
Initiatives " presented at the IST-Africa 2008 Conference
Proceedings Windhoek, Namibia, 2008.
B.-S. Gigler. (2011, 29th April 2013). Informational Capabilities—
The Missing Link for the Impact of ICT on Development? .
Available:
http://siteresources.worldbank.org/INFORMATIONANDCOMMU
NICATIONANDTECHNOLOGIES/Resources/D4S2P3BjornGigler.pdf
G. Walsham, "Development Informatics in a Changing World:
Reflections from ICTD2010/2012," Information Technologies &
International Development, vol. 9, pp. pp.-49-54,
2013/05/12/09:07:13 2013.
A. Sen, Development as Freedom. . Oxford: Oxford University
Press, 1999.
R. Chambers and G. Conway. (1992). Sustainable Rural
Livelihoods: Practical Concepts for the 21st Century. Available:
http://www.ids.ac.uk/publication/sustainable-rural-livelihoodspractical-concepts-for-the-21st-century
M. Hatakka and J. Lagsten, "The capability approach as a tool for
development evaluation - analyzing students' use of internet
resources," Information Technology for Development, vol. 18, pp.
23-41, 2013/04/20/21:41:02 2012.
R. De', "Evaluation of E-Government Systems: Project Assessment
vs Development Assessment," EGOV 2006, pp. 317-328, 2006.
S. Parkinson and R. Ramirez, "Using a Sustainable Livelihoods
Approach to Assessing the Impact of ICTs in Development," The
Journal of Community Informatics, vol. 2, 2013/05/08/07:41:09
2007.
R. Heeks, "Using Competitive Advantage Theory to Analyze IT
Sectors in Developing Countries: A Software Industry Case
Analysis," Information Technologies and International
Development, vol. 3, pp. 5-34, 2007.
A. Adamali and B. Lanvin, "E-strategies Monitoring and
Evaluation Toolkit," The World Bank, Washington, DC2005.
R. Heeks, "Title," unpublished|.
R. Gomez and S. Pather, "ICT Evaluation: Are we asking the right
questions?," The Electronic Journal on Information Systems in
Developing Countries, EJISDC, vol. 50, pp. 1-14, 2012.
J. Mayne, "Contribution analysis: Coming of age?," Evaluation,
vol. 18, pp. 270-280, 2013/04/15/09:58:34 2012.
R. Heeks and A. Molla. (2009, Impact Assessment of ICT- forDevelopment Projects: A Compendium of Approaches. The
Development Informatics Series.
DFID, "Title," unpublished|.

[28]
[29]
[30]
[31]

[32]
[33]

[34]
[35]
[36]

[37]

[38]
[39]
[40]
[41]

[42]

[43]

[44]
[45]

[46]

[47]
[48]
[49]

[50]
[51]

[52]

17

I. Vogel, "Review of the use of ‘Theory of Change’ in international
development " UK Department for International Development
(DFID) 2012.
UNDG, "Title," unpublished|.
J. Mayne, "Best Practices in Results-Based Management: A
Review of Experience," United Nations2007.
T. Leimbach, S. Kimpeler, M. Pero, I. Bertschek, D. Cerquera, and
B. Engelstaetter, "Development of impact measures for eInfrastructures," European Commission: Information Society and
Media Directorate General, Unit F32012.
B.-S. Gigler, "Title," unpublished|.
DFID. (2011). DFID How to note: guidance on using the revised
Logical Framework. Available:
https://http://www.gov.uk/government/publications/dfid-how-tonote-guidance-on-using-the-revised-logical-framework
J. Mayne, "Title," unpublished|.
I. Robeyns, "The Capability Approach: A Theoretical Survey,"
Journal of Human Development, vol. 6, pp. 93 - 117, 2005.
S. Deneulin, "Amartya Sen's Capability Approach to Development
and Gaudium Et Spes: On Political Participation and Structural
Solidarity," Journal of Catholic Social Thought, vol. 3, pp. 355372, 2006.
I. Robeyns and R. J. van der Veen, "Sustainable quality of life:
Conceptual analysis for policy-relevant empirical specification,"
Netherlands Environmental Assessment Agency (MNP), Bilthoven
and Amsterdam2007.
P. Alexander and L. Phahlamohlaka, "Amartya Sen’s Capability
Approach applied to Information Systems research," South African
Computer Journal, pp. 1-11, 2006.
A. Sen, "Well-Being, Agency and Freedom: The Dewey Lectures
1984," The Journal of Philosophy, vol. 82, pp. 169-221, 1985.
D. Gasper, "What is the Capability Approach: Its Core, Rationale,
Partners and Dangers.," Journal of Socio-Economics, vol. 36, pp.
335-359, 2007.
M. Hatakka and R. C. De', "Development, capabilities and
technology: an evaluative framework," in Proceedings of the 11th
International Conference on Social Implications of Computers in
Developing Countries. Partners for Development- ICT. Actors and
Actions, Kathmandu, Nepal, , 2011.
R. Alsop, J. Holland, and M. Bertelsen. (2006). Empowerment in
Practice : From Analysis to Implementation (First printing ed.).
Available:
https://openknowledge.worldbank.org/bitstream/10986/6980/1/350
320Empowerm1ctice01OFFICIAL0USE1.pdf
D. Kleine, "ICT4What? - using the Choice Framework to
operationalise the capability approach to development," in 2009
International Conference on Information and Communication
Technologies and Development (ICTD), 2009, pp. 108-117.
M. Fleurbaey, "Development, capabilities, and freedom," Studies
in Comparative International Development, vol. 37, pp. 71-77,
2013/04/23/07:45:38 2002.
S. Alkire, "Choosing Dimensions: The Capability Approach and
Multidimensional Poverty," in The Many Dimensions of Poverty,
Kakwani, Nanak, and J. Silber, Eds., ed: Palgrave-MacMillan,
2008, p. 28.
F. N. Kivunike, L. Ekenberg, M. Danielson, and F. F. Tusubira,
"Perceptions of the role of ICT on quality of life in rural
communities in Uganda," Information Technology for
Development, vol. 17, pp. 61-80, 2011.
S. Alkire, "Title," unpublished|.
S. Roberts, "The Global Information Society: a Statistical View,"
United Nations, Santiago, Chile2008.
F. N. Kivunike, L. Ekenberg, M. Danielson, and F. F. Tusubira,
"Developing criteria for the evaluation of the ICT contribution to
social and economic development," in Sixth Annual SIG GlobDev
Pre-ICIS Workshop, Milan, Italy, 2013, p. 24.
R. T. Clemen and T. Reilly, Making Hard Decisions with
DecisionTools, second ed. Pacific Grove, CA: Duxbury Press,
2001.
C. Karvetsk, J. Lambert, and I. Linkov, "Emergent Conditions and
Multiple Criteria Analysis in Infrastructure Prioritization for
Developing Countries," Journal of Multi-Criteria Decision
Analysis, vol. 16, pp. 125-137, 2009.
M. Riabacke, S. Bohman, M. Danielson, L. Ekenberg, W. Faye,
and A. Larsson, "Public Decision Making Support: A Developing

doi: 10.4038/icter.v7i1.7152

Florence Nameere Kivunike, Love Ekenberg, Mats Danielson, F. F. Tusubira

18

[53]
[54]

[55]

[56]

[57]
[58]
[59]

Country Perspective," in IST-Africa 2010 Durban, South Africa,
2010.
Report, "E-Learning report – 2011, Makerere University,"
Makerere University2011.
E. K. Kahiigi, "A Collaborative E-learning Approach: Exploring a
Peer Assignment Review Process at the University Level in
Uganda," PhD, Department of Computer and Systems Sciences, ,
Stockholm University, Stockhom, 2013.
M. Riabacke, "A Prescriptive Approach to Eliciting Decision
Information," Degree of Doctor of Philosophy Doctoral thesis,
Faculty of Social Sciences, Department of Computer and Systems
Sciences, Stockholm University, Kista, 2012.
M. D. Piercey, "Motivated reasoning and verbal vs. numerical
probability assessment: Evidence from an accounting context,"
Organizational Behavior and Human Decision Processes, vol.
108, pp. 330-341, 2013/06/08/13:19:57 2009.
B. Rohrmann, "Verbal qualifiers for rating scales: Sociolinguistic
considerations and psychometric data," University of Melbourne,
Melbourne2007.
C. Witteman and S. Renooij, "Evaluation of a verbal - numerical
probability scale," International Journal of Approximate
Reasoning, vol. 33, pp. 117-131, 2013/06/10/08:07:26 2003.
D. V. Budescu, S. Broomell, and H.-H. Por, "Improving
Communication of Uncertainty in the Reports of the

[60]
[61]

[62]

[63]
[64]

Intergovernmental Panel on Climate Change," Psychological
Science, vol. 20, pp. 299-308, 2013/06/08/13:20:16 2009.
S. Manikandan, "Measures of central tendency: Median and
mode," Journal of Pharmacology & Pharmacotherapeutics, vol. 2,
pp. 214-215, 2013/08/10/12:33:44 2011.
M. Danielson, L. Ekenberg, J. Idefeldt, and A. Larsson, "Using a
Software Tool for Public Decision Analysis: The Case of Nacka
Municipality," Decision Analysis, vol. 4, pp. 76-90,
2013/05/19/13:30:25 2007.
M. Danielson, L. Ekenberg, J. Johansson, and A. Larsson, "The
DecideIT decision tool," in 3rd International Symposium on
Imprecise Probabilities and Their Applications, Lugano,
Switzerland, 2003, pp. 204-217.
K. Hansson, M. Danielson, and L. Ekenberg, "A framework for
evaluation of flood management strategies," Journal of
Environmental Management, vol. 86, pp. 465-480, 2008.
J. S. Dyer, "MAUT - Multiattribute Utility Theory " in Multiple
Criteria Decision Analysis - State of the Art Surveys, J. Figueira, S.
Greco, and M. Ehrgott, Eds., ed: Springer, 2005, pp. 3-24.

APPENDIX A: ICT4D PROJECTS EVALUATION CRITERIA
Dimension
(a)

Research &
Education

Achievements (outcome)
Improvement in research quality
and innovations

Improved access to formal and/or
non-formal education

(b)

Healthcare

Improved access to health services

Improved delivery of health
services

(c)

(d)

Economic
opportunities

Political freedoms

Opportunities (outputs)
Accessing information in relevant online resources e.g. research
journals, online libraries
Participating in online research collaborations e.g. through discussion
forums
Producing and publishing research outputs e.g. journals, patents etc.
Accessing information in relevant online resources e.g. online
courses/tutorials, e-learning platform, research journals, online
libraries
Participating in ICT-enabled learning forums e.g. discussion forums
Producing and publishing learning outputs e.g. journals, patents etc.
Accessing health-related information e.g. websites or short text
messaging services that share information on good health practice,
immunization, or pandemics etc.
Remotely consulting medical personnel e.g. through phone calls,
video calls etc.
Accessing health management information systems e.g. Drug tracking
and dispensing systems, patient records management systems

Improved income (&income
generation opportunities)

Participation in collaborations and co operations among health
workers
Accessing information from relevant resources e.g. websites or short
text messaging services farming/agricultural resources, SMEs, small
scale industries
Participation in relevant online communities e.g. farming blogs,
content production
Access to relevant information e.g. new employment opportunities,
stocks, investment opportunities, market information etc.

Improved participation in
local/community or national politics

Participating in relevant (ICT-related) training & skills development
activities e.g. content development, ICT literacy, advanced techniques
Performing ICT-related transactions e.g. e-commerce, e-tax, money
transfers, remittances
Accessing relevant online resources e.g. e-voting, institutional,
community/national websites

Improved productivity

Participating in local/community or national political activities e.g.
elections, debates, radio talk shows etc.

doi: 10.4038/icter.v7i1.7152

Improved
national/institutional/community
transparency

Accessing relevant online resources e.g. budgets on
community/national websites, citizen online databases etc.
Participating in national/community policing e.g. freely reporting
fraud through hotlines, forums on websites

Improved institutional/
organizational efficiency

Accessing relevant platforms e.g. education management systems,
human resource management systems
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Participate in inter-organizational/institutional networking e.g.
exchange of research students

(e)

Performing relevant transactions e.g. salaries remittances, timetabling,
production of reports etc.
Strengthened ability to influence personal choices
Perceived improvements in self-esteem and self-confidence
Feeling more valued and respected
Being able to analyze and solve own problems
Level of use of relevant media and/or applications e.g. online social
media- facebook, twitter, mobile phones etc.
Quality of relevant media and/or applications to interact with family
and friends
Having a sense of belonging related to participation in an online group
Level of access/use to online fun activities e.g. music, movies, or
games
Level of access to online news updates i.e. local, sports, international
news

Individual empowerment

Personal and
psychological
wellbeing

Improvements in family
relationships and social ties

Entertainment and fun

APPENDIX B: PROPOSED EVALUATION CRITERIA FOR THE E-LEARNING CONTRIBUTION TO IMPROVED LEARNING

Indicator Categories
Quality of relevant
online resources

TABLE. III.
OUTPUTS MODEL - OUTPUT CATEGORIES AND INDICATORS
Operational Definitions
Output Indicators
The course material made available through the online learning
Perception of quality of online resource(s)
environment was very useful in my studies
in terms of relevance, and usefulness; as
well as sufficiency in meeting stakeholder
needs
I think the course material offered through the online learning
environment was somewhat sufficient to satisfy my learning goals

Level of use of relevant
online resources e.g.
online courses, elearning platform

A qualitative measure of frequency of use
of online resources

The
.
I frequently refer to/use/apply the course material posted on the
online learning environment for my learning needs

Quality of IT-enabled
forum in terms of
degree of activity e.g.
discussion forums

Perception of quality of IT-enabled forum
in terms of relevance, and cooperation; as
well as perception of ease of use

I prefer accessing/using course material posted on the online
learning environment rather than the traditional classroom
approach
The nature of content posted in the forums hosted on the online
learning environment encouraged me to participate more actively
in the discussion

Level of participation in
ICT-enabled learning
forums

The posts on the discussion forums somewhat satisfy my learning
goals

A qualitative measure of frequency of
participation in discussions on ICTenabled learning forums

Outcomes
Level of students
performance
Efficient and timely feedback
Level of student(s)
participation in their own
learning
Chances for (better)
employment

The posted course discussions are extremely relevant for my
studies
I frequently participate in /contribute to the discussion forums
relevant to my studies
I was mostly just reading messages posted in discussion forums
and haven't contributed a lot to the discussions

TABLE III
OUTCOMES MODEL

Operational Definition
Perception of the level of improvement in
student performance
Are students getting feedback on their
submissions in time?
Degree by which students are taking persona
initiative in their learning

Indicator statements
I think the use of MUELE helps me to improve my
performance in this course unit
I always obtained an efficient and timely feedback
through MUELE
Using MUELE enables me to participate in my own
learning in a better way

Degree by which one’s chances of obtaining
better employment have increased

I think I have better chances of obtaining employment
because of the skills I have obtained through the use of
MUELE
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Attainment of new/advanced
skills or academic credentials
Ability to participate in a
course from anywhere at
anytime
Ability to make personal
choices

Has the initiative enabled the participants obtain
new skills?
Does the student have the ability to participate
in an online course irrespective of where they
are
Has the participation in e-learning improved
one’s ability to make personal choices?

Using MUELE (has) strengthened my ability to make
personal choices

levels of confidence/self
esteem

Degree by which participation in the initiative
has improved confidence/self esteem

Participation in an online learning environment has
improved my confidence levels

Earned respect from peers

Degree of increase in value and respect by peers

Changes in responsibility and
demands on the student

Degree by which student responsibilities and
demands have affected

I now feel more valued and respected by my peers
because of the skills I have obtained through the use of
MUELE
I feel participating in an online course has increased my
responsibility and demands on me as a student

concentration and selfdiscipline issues

Level of increase of concentration and selfdiscipline

Computer dependence

Degree of increase of computer dependence

health concerns

The perceived impact of MUELE on personal
health

Factor

I was able to obtain advanced skills
I am able to undertake (participate in) my course from
anywhere at anytime

I feel my participation in the online course has negatively
affected concentration and self-discipline problems in
class
The use of the e-learning environment has strongly
increased my dependence on computers
I think the use of the e-learning environment will
negatively affect my health in the long run

TABLE IV:
CONTEXTUAL FACTORS AFFECTING THE REALIZATION OF IMPROVED ACCESS TO LEARNING THROUGH MUELE
Operational definition
Indicators

Personal Factors
Relevant skills
Personal interest
Afford a personal computer
Social Factors
Mandatory to use MUELE
knowledge obtained
through traditional face to
face lectures is sufficient
Environmental Factors
Access time on the PCs
Internet connection

Whether the possession or not of relevant skills
affected one’s access to MUELE
Level of personal motivation to exploit the elearning application
Whether an individual can or cannot afford a
personal computer

I lacked the relevant skills to use the e-learning environment

Is it compulsory to use MUELE to support
learning
Does the system offer any added value in
comparison to the traditional face to face lectures

It was mandatory to use e-learning for the course unit
attended
The knowledge I obtained through our traditional face to
face lectures is sufficient to meet my learning goals

The extent by which available access time on
shared PC is sufficient
Whether the quality of the internet connection
affects the use of ICT

Having limited access time on the computers in the lab
limited my use of the e-learning environment
The unreliable/slow internet connection frustrated my use of
the e-learning environment

Manuscript received on 12-Nov-2013. Recomended
by Prof. Kamalnath Hewagamage on 08-April-2014.
Florence Nameere Kivunike is a lecturer at the
School of Computing and Information Technology
in the College of Computing and Information
Sciences at Makerere University, Kampala
Uganda.(e-mail:florence@dsv.su.se)
Love Ekenberg is Senior Research Scholar,
International Institute of Applied Systems Analysis
(IIASA), Austria and Professor of Computer and
Systems Sciences, Stockholm University.
Mats Danielson is Vice President at Stockholm
University and Full Professor in Computer and
Systems Sciences.
Eng. Dr. Tusubira is a telecommunication engineer
with expertise in the African communications
environment.

doi: 10.4038/icter.v7i1.7152

I was personally interested in using the e-learning
environment to facilitate my learning
I could afford a personal computer which has strongly
contributed to my use of the e-learning environment
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A Game Based Learning Approach
to Enrich the Special Education in Sri Lanka
Nadira T. Perera , Induni S. D. Wijerathne, Manori M. Wijesooriya, A. T. Dharmarathne, A. R. Weerasinghe
Abstract— In this fast moving world, providing equal access to
information and knowledge to everybody is restricted due to
specific groups of students who are not capable to engage in
learning in a regular manner because of their physical, mental or
psychological disabilities. These kinds of students require
individual attention and special assistance from their parents and
teachers in learning process. They might benefit from some other
special learning techniques provided as learning aids rather than
conventional learning methods. Since Information and
Communication Technology (ICT) based learning is a novel
approach which integrates learning with computing, this
research is intended to explore the relevancy of ICT based
education for enhancing the learning effectiveness of students
with special needs. A few game based activities have been
developed considering both functional and non-functional
requirements, gathered through discussions had with doctors
and teachers in special education. These activities focus on basic
concepts of three subject areas as Colour, Number and
Language. In order to evaluate the performance improvement,
two tests were carried out as ‘pre-test’ and ‘post-test’ for a
sample of students with the developed activities. Number of levels
completed by each student, number of mistakes made during the
game and time taken to finish a game were measured throughout
the user evaluation phase. With this experiment, it was proven
that ICT can be used as a driving tool to enhance the learning
effectiveness in special education domain.
Index Terms— Autism, Down syndrome, ICT based education,
Learning disabilities, Skill development, Special needs students

I. INTRODUCTION
The term ‘Special Educational Needs’ is characterized by a
collection of physical and mental disorders which affect the
learning of students regardless of their intellectual abilities.
They suffer from several emotional and behavioural disorders,
developmental disorders and communication challenges that
make it difficult for them to access education [1][2]. In this
research, the focus is on students with intellectual disabilities
such as Autism Spectrum Disorder (ASD), Attention Deficit
Hyperactivity Disorder (ADHD), Down syndrome, Auditory
Processing Disorder and Cerebral Palsy.
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In accordance with the present circumstances in Sri Lanka,
there is a considerable number of students who are suffering
from such disabilities and they are does not have even reading
and writing abilities [3]. According to [4], there are 17 special
schools in Sri Lanka and the ratio of ‘student to teacher’ in
government, private, and special schools is about 20:1.
Although those students could be improved through a
specialized education, majority of them are not given such an
education due to many reasons including economic barriers,
lack of proper facilities, and lack of specialized teachers.
ICT has leaped beyond boundaries, especially in the
education sector by opening new paths to access knowledge
and information. New forms of ICT based education systems
have been emerged such as e-learning, game based learning,
learning via virtual reality. Consequently, there is a possibility
of applying ICT in special education. Most of the countries in
the world are using ICT for special education in more
effective and efficient ways [15], however, still it is in a very
low state in Sri Lanka. Although there are some specialized
software materials which have been developed by other
countries, Sri Lankan students are unable to use them because
of the language barriers.
Therefore, the primary objective of this research is to
investigate the possibility of introducing ICT for special
education in Sri Lanka and how effective it would be to the
Sri Lankan society. Since ICT is still a new tendency for a
country like Sri Lanka, it is necessary to have a proper
background analysis and an investigation about the feasibility
of ICT usage within the discipline of special education.
A game based learning approach is proposed through this
research by developing number of computer based games and
activities specially designed for students with special
educational needs. These games have been developed
covering three subject areas: Colour, Number and Language.
In order to eliminate the language barrier, it was intended to
develop games in Sinhala language.
The effectiveness of the proposed solution is analysed by
conducting a pre-test and a post-test. The evaluation was
based on the number of steps each student proceeded with,
number of mistakes made and average time taken to complete
a single step. In addition to that, the type of the disorder was
taken in to consideration for the analysis.
In this paper, Section II summarizes a thorough
investigation of previous efforts in using ICT to help those
with special educational needs. Section III introduces the
methodology carried out to introduce ICT based education in
this research, while design considerations are discussed in
section IV. Implementation and evaluation of proposed
solution are included in section V and VI respectively. Next
an analysis is done using the gathered data in section VII and
finally conclusions are summarized while describing some
possible future work related to this research in later sections.
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those students using a novel multimedia platform called
TROCAS. Their focus on customizability is very important
since this solution is for a special group of students, not for
II. RELATED WORK
normal students. Ease of adaptability to the target group, ease
of being used by students and teachers, portability,
A. Special Education in Sri Lankan Context
configurability and adaptability according to the degree of
In order to evaluate the current status and problems of severity of the target group are some of the features of
teachers in special education, a survey has been carried out by TROCAS.
the Department of Special Needs Education at the Open
This platform was designed to support photos, videos,
University of Sri Lanka [5]. Under their review assignment, audio and some more things as revealed on [11]. The message
eight aspects of education have been considered including board is very useful since it helps these students to enhance
curriculum design, content and skill development.
their communication competences by exchanging their ideas.
According to the Department of Special Needs Education Further, it does not require a special knowledge regarding the
of Open University of Sri Lanka, equal educational use of the computer, since it can be managed as the standard
opportunities should be provided for all children in the operating system.
country and therefore, giving educational opportunities for
Alphasmart keyboard is a strategy for augmentative
children with special educational needs is a responsibility of communication for autistic children which shows pictures for
the whole society [5]. As mentioned in [5], when preparing keys and output the spoken words when the child chooses a
learning modules, they are prepared first in English and then picture [12]. This will be more appropriate for autistic
translated into Sinhala and Tamil. As a result, the translated children to improve their communication skills through this
modules become less comprehensive because the translations aural aid.
are done by people who do not know the subject.
It has been reported that dyslexics retain information more
easily when more senses are involved in the learning process
B. Based on Disability
[13]. The use of ICT can motivate and encourage the dyslexic
Many research papers have been published on methods of learners by creating visual, auditory and kinesthetic
utilizing ICT to overcome the difficulties of the students with environment to improve subject specific concepts and selflearning disorders. These students mostly lack the esteem with less fatigue. According to [13], ICT usage offers
communicational and behavioural skills and slow in the greatest independence in learning to all dyslexics, because
understanding what is taught in the classroom. The software of the speech recognition software. Even today, the speech
“Learning to Shop” [6] assists the people with Autism recognition software is not matured to an acceptable level and
Spectrum Disorder (ASD) to learn a shopping scenario. It at least normal students are not using that software because it
consists of four stages including preparing the shopping list, requires an immense amount of prior training and a noiseless
preparation of the money needed with the use of a wallet, environment for better work.
selection of the items in the list from the supermarket shelves,
Because of the inability to identify letters correctly at once,
and the payment at the cashier.
dyslexic students have to write the same word again and again.
The first level of this software facilitates photographs and However, if they can type the piece of work, it removes the
videos for low-functioning users who can understand visual pressure of rewriting the same thing many times in order to
representation. Second level consists of pictures and generate a neat piece of writing [13]. Additionally, the font
animations while the third level is enriched with written words. size, colour and line spacing can be changed accordingly to
Fourth level is designed for higher-functioning students who use in a comfortable way. Though pupils have extremely slow
can read words and sentences. The importance of this software typing speed, practice will develop a greater speed soon.
is that it can be adapted for students with ASD according to Again the author in [13] argues that handwriting of dyslexic
their level of disability. In fact, it is vital to have such a pupils may deteriorate after the keyboard is introduced in.
categorization in this type of software since all these students
cannot be placed at the same level [7].
C. ICT Based Special Education
As most of these students lack behavioural skills, the
According to the research “Preparing special education
suggested “visual schedules” [8] can be used to display frontline professionals for a new teaching experience” [14], the
planned activities using several symbols such as icons, images, key factor of using ICT for special education is not the
photographs and actual objects. It helps students to understand technology itself, but the pedagogy used and the interaction
the sequence of the steps of an activity. Because of having between teacher, student and content. If the technology is used
both visual cues and verbal cues, it is very valuable for to support the acquisition of traditional skills, it will be a waste
students with special needs. Further, teachers use hardware of time and technology. Therefore, both theoreticians and
devices to communicate with Autistic students [9].
practitioners have to think in a different and innovative way to
It is acknowledged in [10] that people with communication apply the technological advancement into the real context.
difficulties could be assisted by using gestures, a non
Further it is suggested that ICT can be used as a motivating
electronic communication board, or an electronic voice-output factor rather than just using to communicate with the available
device. Personal support technologies, such as Personal knowledge because younger generation is very enthusiastic in
Digital Assistants (PDAs) will be useful for learners with new technological innovations. The students may easily be
cognitive disabilities. Specialized PDA software which attracted to new educational environment and then they can be
enables users to manage personal schedules is currently guided to the learning process indirectly. As a result of
available.
interacting with computers, the students will get more
In [11], Silva et al have focused only on the group who has effective and efficient education than the traditional education.
Autism Spectrum Disorder (ASD) and identified the benefits
of using ICT to develop the communicative competences of
doi: 10.4038/icter.v7i2.7157
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According to the analysis done by British Educational
Communications and Technology Agency [15], ICT can be
used to support the learning of students with special
educational needs in UK. The technology can help these
students to overcome many of their communicational
difficulties. This analysis has covered several areas including
communication aids, software and web accessibility, teacher
training and support and connecting learning communities. By
using special access devices to use the computers, the students
with physical disorders will motivate for doing the same
lesson again. As revealed by analysis in [15], ICT helps the
students to communicate and learn more effectively. In
addition, there are number of benefits for both teachers and
parents [15].
Further, it is essential to keep the relationship between the
gaming subject and the educational subject in order to enrich
both the game skill and curriculum knowledge. The facility of
repeat and try again is very useful because usually these
students are learning through repetition [16].
Mainly the majority of special students are educated at
normal schools. The inadequate resources in schools is one of
the main problems and providing teachers’ training on special
education is emphasized [17]. Ghana has come up with many
solutions that can address the problem of learning disabilities
of these students. Content-rich software is the main software
that they are using in classroom to assist these students. They
have refrained from using American and British software as it
is difficult for these students to adapt to them.
The attempt of conducting a teacher training program may
add a value to this program because this may not succeed if
teachers are not willing to adapt new technologies in to their
teaching strategies [18]. Explaining the importance of ICT
usage in special education and giving the hands-on experience
for the teachers are worth in order to improve the usage of
new technologies in education curriculum. Teachers were able
to build the structure of the lesson according to the
individualized learning even at group works. It lets students to
build the self-confidence and independent learning skills
under their own comfortable speed.
The findings of this study have showed that a classroom
with technology has a motivational setting than a place
without technology. Therefore, using ICT is worth since it is
one of the successful motivation factors of learning. Students
are able to try out tasks in different levels of the games,
quizzes and they will be challenged in every level. It helps
them to bear a challenge in their real lives.
The provided games will enhance the critical thinking
power of students by aiming at winning the game, while
forgetting they are learning through the computer. It is a good
strategy for teaching, because the students may not be
interested on those activities if they feel that they are learning.
By gaining the competency with these games, students will
experience a higher level of self-esteem when they get the
chance to complete a task which they previously unable to
achieve.
D. Serious Games for Students with special needs
The students tend to absorb new information when playing
digital games. Self learning is one of the better ways of
learning rather than teaching everything by a tutor. Since the
students can engage with goal oriented tasks in both real
world and non-real world scenarios, it aims to improve the
attention, memory, behaviour, cognitive and motor skills [19].
The ability of personalization of the games is useful because it
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can be adapted according to their level of disability of each
individual. Since these serious games deal with educational
materials, the students can enhance their intellectual abilities
while having fun. As stated in [9], serious games are a more
effective way of learning. However, having a considerable
difference between two subjects will be a burden for students
and keeping cross disciplinary content is important for
reducing the gap between subjects.
As mentioned in [20], when developing a serious game for
autistic students, attention should be paid for the
characteristics related to interaction with the game, other than
studying the associated technologies. Further, it has
mentioned that serious games for autism cover the subjects
related to education, therapy for communication, psychomotor
treatment and behaviour enhancement.
According to F. Shahbodin et al, Arshia et al’s computer
game based on digital story telling concept which supports
autistic children of age between 9 and 14 years to practice the
use of money. Additionally, it provides an understanding
about the social behaviour while helping to experience the
shopping [20].
When designing serious games for students with special
educational needs, designing the user interfaces for maximum
accessibility and usability is recommended to reduce the
cognitive load placed on the user when using software [21].
With regard to that, the authors have emphasized the design
guidelines such as importance of using graphics, animations,
providing alternatives to text, and auditory output to uphold
user commitment.
‘Cheese Factory’ is a serious game [21] designed for
teaching basic mathematics such as percentages, fractions and
decimals where students have to match the given shape
against another one in the interface to produce a full ‘cheese’.
There were several speed levels and difficulty levels in that
game to make it scalable for any student with special
educational needs. Further, the user interfaces are simple,
colours are matched with overall interface, and instructions
are clear.
‘My Appearance’ [21] supports the students to understand
everyday “morning duties” from getting up until leaving home
including having a shower and the breakfast. The game has
been developed using Flash and the graphic interfaces are
clear and understandable. Finally, the students receive a
feedback on their performance using sounds and subtitles.
E. Effect of Human Computer Interaction
Human Computer Interaction (HCI) has been considered as
the main factor on developing applications for autistic
students as they are more interactive with attraction [25]. As
discussed below, the interfaces, colour combinations and other
key features should be taken into careful consideration since
these students are different to normal students.
It has been acknowledged that designing human-computer
interfaces for students with physical disabilities is harder,
because their abilities are dispensed in a larger range than
able-bodied. Biswas [22] has introduced a simulator to
evaluate the assistive interfaces which can predict the
interaction patterns when using variety of input devices.
As mentioned in [23], there are several recommendations
which should be accomplished when developing a system.
Using graphics and icons, using clear, unambiguous text,
simple screen layout, consistency, contrasting colours, and
large, clear navigation buttons, descriptive hyperlinks,
doi: 10.4038/icter.v7i2.7157
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minimizing scrolling, limiting the number of fonts, and
supporting text browsers are some of them. Graphics and
icons will be more attractive than text because these students
have difficulties in reading. Further, using large fonts,
understandable buttons and clear and simple layout is
recommended for eliminating ambiguity. The colour
combination should also be considered. The headings, titles
and appropriate prompts should be placed at the same place of
each page to keep the consistency. The name of the user can
be used for the username in the login page. It will be more
convenient for them because memorizing an extra word or
phrase as the username is not required.
It is better to use a natural voice of a person rather than
using a synthesized voice. The assignment submission process
can be done by providing the space to do the assignment at the
same place in this e-learning system instead of changing the
file format and attaching them. This type of system will help
students to do their tasks without any supervision from a tutor.
F. Virtual Environments
Florian and Lani [25] mentioned that if students are
suffering from severe learning disabilities, they could be
provided with simulation and virtual environment to improve.
Adjustable Virtual Classroom [26] has mainly two
components: “editor tool” and “viewer tool”. The editor tool is
for the teacher or parent to edit the settings of the virtual
classroom. According to the modifications done in editor tool,
the viewer tool displays the classroom to the student. As in
Figure 1, the questions appear on the blackboard. The most
important thing is the editor tool. One of the major advantages
of this software is the ability to include the real faces on to the
teacher and students’ avatar faces. The other avatars, in
addition to teachers’ avatar are controlled by the software
randomly.

Fig. 1 An adjustable virtual classroom proposed by Konstantinidis et al [19]

Konstantinidis et al [27] have used an avatar to respond on
activities with correct and incorrect answers. This is really
important on developing activities including words, colours
and other related things and responses are motivating factors
for these students. They have tried to enhance teacher-child
education process in their approach by providing several
difficulty levels. Students are given images to select in a semi
virtual environment. It uses an avatar to respond on activities
with correct and incorrect answers respectively. Developing
activities including words, colours and other related things as
responses are also important when developing activities, since
they are motivating factors students. With the information
provided, this approach seems to be an effective solution for
autistic students.
doi: 10.4038/icter.v7i2.7157

It has been acknowledged that the reaction of students with
learning disabilities (especially adults) to the use of
multimedia personal computer was extremely positive, and it
was clear that the multimedia capability and modern software
had considerable potential on those students [28].
G. Special Software
It has been acknowledged that interactive software is
capable of keeping the concentration of people in relevant
educational activities [29]. It is essential to include more
graphics, sounds and more interactive activities when
developing software for the users with learning disabilities.
There are professional resources, special needs software
and assistive technologies such as;
1. Software and typing books for students with cerebral
palsy, missing fingers, learning disabilities, dyslexia,
visually impaired.
2. Learning solutions for classrooms and homes for kids
3. Accessibility software and text to speech software
Further, word-processors, screen-reading software and
problem-solving software packages still provide useful
snapshots of ICT applications. However, the ICT itself also
can create barriers. William’s study cited in [30] concludes
that the current use of ICT in education doesn’t concern about
people with learning difficulties.
Although ICT can be used for special educational needs, it
will be useful only when it is specially designed for these
types of students. Screen readers, spell checkers, word
prediction, text to speech and speech recognition software are
some of the examples. Further, accessible options built in to
Microsoft products such as magnifier, narrator and on-screen
keyboard are also useful as temporary methods of accessing
computers.
According to [28], NORDIS educational software, written
primarily for students with moderate/severe learning disability,
is popular in schools and homes. Integrating the computer
games and animations in to learning activities was the main
aim of NORDIS software.
Thomson [13] argued, the programs that use robotic
sounding (synthesized) speech can help pupils to determine
the accuracy of their text. Since the special needs students
cannot recognize at least the human voice well, recognizing a
robotic voice is questionable. However, to improve the
accuracy of the text, predictive programs can be used. Those
software help to reduce keystrokes, save typing time and aid
spelling by suggesting the regular words that the user is trying
to type [13]. The programs such as Penfriend Xp, Co Writer
and TEXThelp are some examples.
Williams [10] reported that most of the teachers in UK
think it is better if students are searching the internet for
information or images of interests. It may be impossible for
the dyslexics because of their reading and spelling difficulties.
As a solution, dyslexic students can be allowed to ‘read’ the
web via a screen reading software.
III. METHODOLOGY
Interviews and participant observations are useful in
understanding the students, their disabilities and the traditional
special education strategies. As the first phase, seven teachers
in special education centres and government schools, a
consultant and a doctor who is specialized in Autism were
interviewed. Some classroom activities of several learning
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categories such as speech, mathematics and arts were
monitored. While observing, we could experience the way of
teaching a 15-year old male student and his ability of working
with Microsoft Word, Excel and Paint.
For the convenience of the teaching process, the students
with special needs are categorized in to three main levels as
primary, intermediate and senior. The categorization is not
based on the students’ age, but on their ability of knowledge
acquisition. Basically, colour, language and number skills of
the students with special needs are addressed in their
educational curriculum. Therefore, developing games
covering those three main subject areas is required for the
three main levels.
Three primary colours, red, yellow and blue, are the main
targets of the colour games developed for the primary students.
Regarding number concepts, only the numbers from one to
nine are considered and those numbers has been simply
introduced using the shape and the phonic of the particular
number. Same game theories were applied to introduce basic
letters in alphabet.
The same subject areas (Colour, Number, and Language)
that used for primary students were applied for the secondary
students also. In order to improve colour identification skills,
the games have been developed using both primary colours
and secondary colours. Giving activities only on secondary
colours would badly affect on learning process of those
students since there is a possibility of forgetting the primary
colours that they have learnt earlier. The number games
designed for the intermediate students will teach to map the
shape of the number with real value of it and language games
designed are aimed at simple words with two or three letters.
For the senior level students, instead of colour games, more
games are created to introduce the basic shapes such as circle,
square, and triangle. Gradually, the students will be taught to
perform small calculations with the four basic mathematical
operations (addition, subtraction, multiplication and division)
through number games. To introduce sentences, different
language games will be created for senior level students.
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Fig. 2. Colour introduction of red colour for primary students

2) Games: The games can be used to practice the lessons
learnt through the activities and traditional learning methods.
In addition to that, the progress of the students’ also can be
evaluated by using these games. The games are more
interactive and they will react on the users’ responses on given
activities. As an example if the user provides the correct
answer for the given exercise it will send out a pleasant sound
or an image of a happy face. An unpleasant sound or an image
of an unhappy face will be the reaction for a wrong answer.
The activity showed in Fig. 3 is an example for a game.
That aims at distinguishing primary colours and the final goal
of that game is dragging the starts in to the cage of
corresponding colour.

A. Activity Designing
1) Introductory Sessions:
The introductory sessions or
activities have been designed to introduce the colours, numbers,
letters, and sentences. These introductory sessions are not
interactive and the user can view them and learn without doing
an exercise. Figure 2 shows colour introductory activity
designed for primary level students. Similar, introductory
activities are designed to introduce numbers and letters for
those students. For an example, it illustrates how the shape of
number ‘1’ is mapping with the phonic of ‘one’ )as ‘එක’(, the
shape of letter ‘අ’ is mapping with the phonic of ‘අ’ (as
‘
’). In the beginning the letters which are easy to write
(ex. ර, ට, ග etc) will be taught.

Fig. 3. A sample colour identification game for primary students

Further, some more interactive games are designed to
practice the number and language skills. As an example,
students are asked to build up some words by combining a set
of given letters and afterwards to construct some small
sentences by combining given words. The mathematical
concepts will also be practiced by playing some games related
to the mathematical calculation concepts.
Same as any other game, these games also should be
designed in a way that the difficulty of the game is increasing
gradually. The evaluation games (the games that used for
evaluate the research) for colour, number and language have
been developed considering many difficulty levels. In all of
those levels, only abstract objects like circles, stars, balloons
are used for easier understanding.
3) Tests
Tests are collections of several random games for each
level in each category (colour, number or language) covering
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all required subject matters. Once a student finishes the test, a
parent or a teacher can check the time taken to finish that task.
IV. DESIGN CONSIDERATIONS
As described in [30], referring to the study of Friedman &
Bryen, designing computer game interfaces for students in
special education is totally different than designing such
interfaces for normal students. They have recommended
several design considerations that should be followed when
designing systems for students with learning disabilities.
Following are some of the design considerations used in
practice when developing games for such students.
A. Colour Combination of the Interface
Colour is one of the most sensitive factors to be considered
when designing interfaces [15]. When using colours in
interfaces, applying only light colours and applying white
background avoiding black, red and other dark colours are
recommended. Using many colours within a single interface
will confuse the students and there is a possibility of rejecting
games with such interfaces.
Fig. 4 illustrates one of the activity interfaces developed to
test how primary students recognize numbers. This has been
developed according to the design considerations figured out
during the early phases of research.

concentration on games. Basically, there are two kinds of
audio clips that included in the activities and games.
1. Human voice
2. Audio clips to indicate correctness or incorrectness of
the provided answer for a particular activity
Based on the recommendation of special education
teachers, instructions were embedded in to the games as
human voice, which were recorded with an adult female voice.
It helps to eliminate the complexity of using instructions in
textual format. In addition to that, another sound clip was used
to indicate the end of the game while it serves as a reward for
the student.
However, it is not recommended to include a sound clip as
background music, because it will disturb the students’
concentration.
E. Graphics
As mentioned in [15], images and animations support to
increase the interactivity between the games and the student.
Therefore, both images and animations have been used for the
games as well as activities to make them more user-friendly.
However, those images and animations should be simpler,
clearer and familiar than the graphics used in games for
ordinary students. Further, graphics can be used to reward the
students when they finish the game successfully.
F. Clear and Unambiguous Text
The characteristics of text which is used for the games and
activities of special students should be different from the
characteristics of text used in games for ordinary students. The
font size used in special educational games should be larger
and they should be in same colour throughout the screen.
Further, the instructions should be given in very simple terms
in a clearly understandable manner such that, how it is spoken
in day-to-day life.
However, it is not recommended to use text for the
activities of primary level students. Because those students get
distracted with letters and it will be a barrier to acquire the
targeted knowledge from the activities and games.

Fig. 4. Interface of number identification activity for primary students

B. Complexity
As mentioned in [15], the complexity of a game is a major
concern when designing interfaces for students with special
needs. The simpler it is, easier for them to understand. Using
clear graphics and icons, unambiguous text, simple screen
layout, consistency, contrasting colours, large and clear
navigation buttons, descriptive hyperlinks, minimizing
scrolling and limiting number of fonts are some of the
recommendations to be attained in developing games for
students with special needs [13]. Further, there should not be
any feature that can confuse and scare them.

G. Simple Screen Layout
A simple screen layout was maintained throughout the
whole game because different layouts will loose the
consistence of the sequence and it may distract the students’
acquiring abilities of the subject content. Therefore, a single
interface should be used with only the required changes in the
interface without any additional things. As an example, when
a child is playing a game, even navigation buttons should not
be there on that screen. Those buttons will be displayed after
the student finishes the game.

H. Large Clear Navigation Buttons
The navigation buttons should be large enough in size in
order to facilitate the visibility. Further the buttons should be
C. Speed
Games for students with special needs should be interactive, meaningful and visible clearly.
flexible and should be in an appropriate speed [15]. Since
V. IMPLEMENTATION
these students are very slow in their performance and response,
Implementation
standards
and best practices were followed
this is a key factor to be addressed when designing games.
in order to produce a better product and to reduce the
D. Clear Audio
probability of introducing errors in the application. During the
In order to create a multi sensory learning environment, an implementation, the games were developed to improve the
auditory output also has been used for the activities and games. colour, number and language skills of the students with
Therefore, it may help the students to capture information than special educational needs. The development of each game/s
just viewing through the computer screen and to keep their for different categories is discussed below.
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Macromedia Flash 8 and Adobe Flash CS4 were used with
the help of Action Script 2.0 and Action Script 3.0 as
development languages. Adobe Photoshop CS3 has been used
as a supportive tool for editing the images used in the
interfaces. The adult woman voice, which gives the
instructions for the games, has been recorded, edited and
optimized using Audacity 1.3. Further, Format Factory 2.10
was used to convert recorded voice clips and used sound clips
into suitable file formats for maintaining quality of the
developed games and games.
To execute these activities, Macromedia Flash Player 8 (or
above) or any web browser with Shockwave Flash 10.3 (or
above) as a plugin will be required. At the moment, the games
can be played only using key board and mouse; however, they
can be extended to play using special key boards and special
mouse specifically designed for the children with special
needs. Further, output sound devices (as speakers) are
required to produce the instructions and other sounds of the
games. Since these students can use only the primary
hardware devices to interact with the computers, no advanced
hardware devices are considered during implementation.
By combining all the games in colour, number and
language skills, the final product was created as a collection of
games. As it contains attractive and very simple interfaces to
select appropriate games, even the students can handle it
without the help of a teacher or a parent. All the interfaces are
in Sinhala language and instructions also are given in Sinhala
language.
In order to facilitate the usability of the final product, a user
manual is provided which was written in Sinhala. All the
instructions to access the games are explained so that the
teachers or parents can assist students to enter into the game.
To introduce the product to the special education
community in Sri Lanka, a compact disk (CD) was created
including the final game. The game CD has been given to the
teachers in some special education centres and for the parents
of students in those centres. Further, this game was given to
some teachers in government schools which having a separate
special education classes.
However, providing the final game in a CD is limited to
several special education centres and governmental schools.
Therefore, to improve the accessibility for this special game, a
blog was created and the games also are uploaded for free
access: http://ictbasedspecialeducation.blogspot.com/
This project has been released in two packages under GNU
General Public License (GPL) Version 3. One package
consists of the games in a non editable format (includes
only.swf files) targeting normal users of the product. Under
the license, the users of that package have the freedom to
share and distribute copies.
The second package consists of the games in editable
format (includes both .swf files and .fla files) with the source
code. It was released targeting the content developers.
However, because of the GNU GPL license, they also have
the freedom to share and distribute copies and an additional
freedom to modify the games. By making the source code
available, evolving the game content is expected with the
support of the community, who willing to improve these kind
of products for students with special needs. When distributing
these packages for a fee or even free of charge, all the
recipients distribute the same freedom because GNU GPL is a
copyleft license.

27

VI. EVALUATION
Evaluation was done after several discussions with special
education teachers on how the activities should be arranged
for this purpose. The evaluation process was organized into
three main sections:
i. Pre test round
ii. Practice round
iii. Post test round
Further, with the guidance of special education teachers,
the test game was created to cover up the colour, number and
language skills.
When considering one game, it has many levels including
activities which gradually increases the difficulty from level to
level (Fig.5). If student is capable of doing one level correctly
then he/she can move in to the next level.
However, if the student is not capable of completing it
correctly, he/she would derive to the level itself to try out and
complete it again. Each level has been included with restart
button to start the game from beginning according to their
preference.

Fig. 5. Flow diagram of levels within a single game

The evaluation was done with a sample of 27 students
covering both private special education centres and
government schools. The sample was selected covering
several disorders including Autism, Down syndrome and
ADHD.
Initially the pre-test round started with colour game which
has ten levels. According to the teachers, starting from colours
is better for these children since they are very interested in
colours. Therefore, primary colours, red, blue and yellow were
considered at this stage and then their capabilities of
distinguishing colours out of two to three colours was tested.
Coloured, real world objects have been used in the last level to
make them familiar with day to day objects. When a student
completes the game, the time duration spent to complete is
displayed in the interface (Figure 6).
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was done based only on the 27 students. (In all the figures
hereafter, “Std” stands for “Student” and accordingly “Std i”
stands for the ith student, where i varies from 1 to 27.)

Hours
Minutes

Time
taken

Seconds
Milliseconds
Fig. 6. Displaying time duration after completing a game

After completing the first round of pre-test with colour
game, the students were engaged with number games. Even
though ten levels were include in colour games, the umber
pre-test game consists with only six levels because it was
evident that having ten levels within one game is fatigue for
them. The focus was on identifying their knowledge on
numbers as one, two and three in primary level. Similar to the
colour game, this game also consists of introducing numbers
and examining students’ knowledge in distinguishing two
numbers. The language skills were evaluated as the last round
of pre-test where the letter identification was tested for
primary level students using three Sinhala letters, 'ට', 'ම' and
'ර'.
Each student is allowed to do these pre test games
individually and their capabilities were identified. Time taken
to complete a game, number of mistakes made within the
game and number of levels completed were considered when
students play the game. In addition to those details some other
details such as the type of disorder, age, duration of formal
special education, computer accessibility were recorded.
Further, some special comments were recorded on how they
perform in individual games.
After the pre test round, the sample of students has
practiced for a practice round, with the developed games for
nearly a month and during that period each student got around
1 to 3 hours training depending on his/her acquiring ability.
Afterwards, the post-test stage was carried out to verify the
improvement of these students. As done in the pre-test stage,
the same order was carried out starting from colour and then
number and language skills. Each student was individually
examined and details were recorded including the time taken
to complete the game, number of mistakes and number of
levels they went through. According to the observations, these
students were keen on playing games and it helps a lot to carry
out the evaluation process properly.
Considerations in evaluation:
Before starting pre test, a few time was given for
students to practice mouse movements and clicks
Mouse pointer had to be changed into a larger one
(using Windows default mouse icons)
More sounds were included into games for better
attention
VII.
ANALYSIS OF RESULTS
In order to make decisions based on students’ performance,
a quantitative analysis was done with 35 student participants.
However, all the students couldn’t participate in the post-test.
Thus, a comparison between the pre-test and post-test results
doi: 10.4038/icter.v7i2.7157

A. Analysis based on Number of Levels Completed
1) Colour Tests: According to the results of the pre-test
and post-test, 2 students (7%) have not proceeded beyond the
level 0 while 13 students (48%) have completed all 10 levels in
both tests. Rest of the students (45%) have completed even a
single level in pre-test or post-test and generally increased their
performance in post-test better than the pre-test. Therefore, it is
clear that the improvement of colour skills is about 44% in
terms of number of levels. However, no conclusion can be
made with regard to those who completed same number of
levels in both tests.
Figure 7 and Table I show the summary of these statistics.

Fig. 7 Comparison of Number of Steps – Colour Skills
TABLE I
RESULTS OF COLOUR GAMES WITH RESPECT TO THE NUMBER OF STEPS

Completed all steps in
both tests
Escalation in post test
than pre test
No improvement in tests

No. of Students
(Total = 27)

Percentage

13

48.14%

12

44.44%

2

7.41%

2) Number Tests: Completed number of levels related to
pre test and post test of number skills indicates an
improvement in almost all the students while one student has
not attempted even the first level in both tests. 15 students
(56%) have completed all 6 levels and 2 students (7%) have
done 5 levels in both tests. 8 students (30%) have had an
increase in the number of levels in the post test. Notably, one
student (4%) has ended up with a lesser number of levels in the
post test.
See Figure 8 and Table II for the summary of the statistics.
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TABLE III
RESULTS OF LANGUAGE GAMES WITH RESPECT TO THE NUMBER OF STEPS

Complete all the steps
in both tests
Escalation in post test
than pre test
Complete same number
of steps in both test
Less number of steps in
post test than pre test

Fig. 8 Comparison of Number of Steps – Number Skills

TABLE II
RESULTS OF NUMBER GAMES WITH RESPECT TO THE NUMBER OF STEPS

Complete all steps in
both tests
Escalation in post test
than pre test
Complete same number
of steps in both test
Less number of steps in
post test than pre test

No. of Students
(Total = 27)

Percentage

15

55.55%

8

29.62%

2

7.41%

1

3.70%

3) Language Tests: Total number of students participated
for the language test was 25, since there were 2 students (Std
12 and Std 15) who are Tamil students and therefore, cannot
understand Sinhala language. The improvement of students in
language skills based on the number of levels is about 28%
because, 7 students have completed more levels in post test
than pre test. Number of students who did all 6 levels in both
tests is 14 (56%) and 3 students (12%) have ended up with a
lesser number of levels in post test while only one student has
completed the same number of levels, however not all 6 levels
in both tests.
These statistics are presented in table III and Figure 9 (where
Std 12 and Std 15 have been removed).

Fig. 9. Comparison of Number of Steps – Language Skills

No. of Students
(Total = 25)

Percentage

14

56%

7

28%

1

4%

3

12%

B. Analysis Based on Average Time Taken per Level
This analysis might not be practical if the comparison was
done with the total time each student spent in both pre-test and
post-test, because different students have left the game in
different levels. Therefore, average time taken to complete a
single level was calculated and a comparison was done
between pre test and post test based on number of levels.
1) Colour Tests: Fig. 10 shows how the students have
spent time in colour game, both pre-test and post-test.
According to the graph, 26 students have taken less average
time per level in the post test compared to the pre test. As a
percentage, it is nearly 96%. From those 27 students, only 1
student spent more average time in the post test.

Fig. 10. Average time spent for a level by each student – Colour skills

The summary of above statistics is shown in table IV below.
TABLE IV
RESULTS OF COLOUR GAMES WITH RESPECT TO THE AVERAGE TIME

2) Number Tests: As shown in Fig. 11, among the sample
of 27 students, 19 students (about 70%) have taken less
average time whereas the rest of the students (about 30%)
have taken a higher average time in post test than pre test.
However, compared to the colour tests, the students have not
performed well in number tests.
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Fig. 11. Average time spent for a level by each student – Number skills

The summary of above statistics is shown in table V below.
TABLE V
RESULTS OF NUMBER GAMES WITH RESPECT TO THE AVERAGE TIME

C. Analysis Based on Average Number of Mistakes
Similar to the average time taken, it is unable to compare
the number of mistakes done by students when comparing
their pre-test with post-test since most of the students have
completed different number of levels in those two tests.
Therefore, the average number of mistakes per level was
compared in this analysis.
1) Colour Tests: According to the results obtained in
colour tests, one Autistic student has completed the post-test
with a less average number of mistakes than the pre-test. In
the category of Down syndrome, 10 students (about 63%)
have done fewer mistakes while other 6 students have
completed the post test with a higher number of mistakes.

3) Language Tests:

Fig. 13. Average number of mistakes per level – Colour tests

The summary of above statistics is shown in table VII.
TABLE VII
AVERAGE NUMBER OF MISTAKES DONE BY STUDENTS IN COLOUR GAMES

Fig. 12. Average time spent for a level by each student – Language skills

Among 25 students who participated in language tests, 22
students have taken less average time in post test indicating a
percentage of around 88%. Other 3 students, about 12% of the
sample have taken a higher average time in post-test than the
pre-test.
The summary of above statistics is shown in table VI below.
TABLE VI
RESULTS OF LANGUAGE GAMES WITH RESPECT TO THE AVERAGE TIME

Idoi: 10.4038/icter.v7i2.7157

2) Number Tests: Out of 6 autistic students in the sample
group, there were 3 students (50%) have done post test with a
less average number of mistakes than pre test. Further, 13
students with Down syndrome (about 81.25%) and 1 student
from the other category (20%) have made less mistakes in
post test than pre test. However, no interpretation can be made
about those who have not done any mistake in both tests.
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Fig. 14. Average number of mistakes per level – Number skills

The summary of above statistics is shown in table VIII.
TABLE VIII
AVERAGE NUMBER OF MISTAKES DONE BY STUDENTS IN NUMBER GAMES

3) Language Tests: Among 25 students (two students were
not participated for language tests), average number of
mistakes in post test has been reduced compared with pre test
in language category for 3 students with autism (50%), 10
students with Down syndrome (66.67%) and 2 students from
the other category (50%).
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D. Analysis Based on Disorder Type
Although the proposed solution is for all the categories of
special educational needs, it is intended to test out whether
there is a significant impact of that solution on any specific
disorder. Therefore, the collected data set is analysed
categorizing students according to the disorder as Down
syndrome, Autism and other. Students who are having
Cerebral Palsy and ADHD belong to “other” category.
In that sample of 27 students, there are 6 students with
Autism, 16 students with Down Syndrome and 5 students are
belonging to ‘other’ category. For the language test, out of the
sample of 25 students, 6 students are with Autism, 15 students
are with Down Syndrome and 4 students are belonging to
‘other’ category. The analysis is based on average number of
mistakes done by a particular student per level and average
time taken per level.
In order to get a clarified interpretation the derived
diagrams have been divided into four parts as A, B, C and D
as shown in below diagrams (Fig 16 to Fig 21). All the
discussions are based on transitions of students’ positions inbetween those four parts during pre test and post test. The
transitions are as follows;
A to B
A to C
A to D
B to A
B to C
B to D
C to A
C to B
C to D
D to A
D to B
D to C

Time has been increased while number of mistakes is high
Taken time is high, number of mistakes has been reduced
Number of mistakes has been reduced while time is less
Time has been reduced while number of mistakes is high
Number of mistakes has been reduced while time is high
Both time and number of mistakes, have been reduced
Number of mistakes has been increased,taken time reduced
Number of mistakes has been increased while time is high
Time has been reduced while number of mistakes is less
Number of mistakes has been increased while time is less
Both time and number of mistakes, have been increased
Time has been increased while number of mistakes is less

1) Colour Skills
Colour Pre Test

According to figure 16, Std 4 and Std 7 can be identified
as outliers compared to the rest of the sample. Std 4 has some
disorders in his brain and as a result he lacks attention and eye
The summary of above statistics is shown in table IX below. contacts even with his parents and teachers.
Std 7 is with the disorder ADHD. ADHD students also
lack attention. Therefore, interacting with a computer for a
TABLE IX
long time is a good practice for such students as they would be
AVERAGE NUMBER OF MISTAKES DONE BY STUDENTS IN LANGUAGE GAMES
able to focus even though they cannot accomplish given
activities.
Fig. 15. Average number of mistakes per level – Language tests
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TABLE X
SUMMARY OF DATA IN FIG. 16 AND FIG. 17

Fig. 16. Comparison of students based on disorder type - Colour pre test

Colour Post Test
2) Number Skills
The students’ performance on number skills in terms of
average time spent and average number of mistakes per level
is depicted in Figure 18 and Figure 19.

Number Pre Test

Fig. 17. Comparison of students based on disorder type - Colour post test

Table X consists of the data derived by analysing figure 16
and figure 17. According to table X, nearly 43.75% of Down
syndrome students have done colour post test better than
colour pre test and nearly same percentage of Down syndrome
students are in the same level in both pre test and post test.
However, nearly 12.5% of students have not been improved
compared to the rest of the sample of Down syndrome.
According to the statistics of Autistic students, 50% are in
the same level in both tests and 50% have not been improved
when the whole sample is compared. When the “other”
category is considered, all the students are in the same level,
i.e. no visible improvements.
The summary derived through the comparison of colour
tests is shown in table X.
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Fig. 18. Comparison of students based on disorder type - Number pre test

Number Post Test

The summary of figure 18 and figure 19 is included in
table XI and it depicts the details about number skills of
sample students. Among 16 of the Down syndrome students,
nearly 44% have done post test better than pre test in the total
sample. 44% of students are in the same level in both tests
while 13% of students have not been improved.
Approximately 17% of Autistic students have done post
test better than pre test. About 83% of students are in the same
level in both tests. In “other” category, 80% of the students
are in the same level compared to the whole sample while
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20% of the students have ended up with less performance in
the post test than the pre test.

Language Post Test

Fig. 19. Comparison of students based on disorder type - Number post
test
TABLE XI
SUMMARY OF DATA IN FIG. 18 AND FIG. 19

Fig. 21. Comparison of students based on disorder type - Language post
test

The data about language skills included in Table XII has
been derived from figure 20 and figure 21. According to the
statistics of Down syndrome students, about 33% have done
post test better than pre test. About 47% of students are in
same level in both tests and 20% of students have ended up
with less performance in post test than pre test compared to
the whole sample.
According to the pre test and post test results of Autistic
students, improvement rate is about 17%. However, all the
students in the “other” category have maintained the same
level in both tests compared to the whole sample.
TABLE XII
SUMMARY OF DATA IN FIG. 20 AND FIG. 21

3) Language Skills

Language Pre Test

Fig. 20. Comparison of students based on disorder type - Language pre
test

VIII.
DISCUSSION
There is a list of significant findings that identified by
analysing the diagrams, tables and information discussed in
‘Analysis of Results’ chapter. When comparing the ‘average
time taken to complete a single level in the game’ and
‘number of mistakes per level’, it is clear that the performance
doi: 10.4038/icter.v7i2.7157
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improvement rates are higher in terms of average time. That
means the efficiency of students has been improved rather
than the effectiveness.

X. FUTURE WORK
Repetition is a vital factor when it comes to students with
The improvement rate of students who have computers at special needs. Although the quantitative analysis gives
home (about 85%) is higher than those who do not have positive results while indicating a considerable improvement
computers at home (50%). Therefore, the practice of using of the performance of these students, there can be a significant
a computer at home also may have an effect on students’ improvement if they are being given some more practice
performance improvement.
within the school time as well as at home. Therefore, the
When the students who do not have computers at home are significance of this game-based learning approach will have a
considered, students with Down syndrome have improved higher success rate through continuous training.
more than the Autistic students.
Since some of the activities developed under this research
Female students have shown a better improvement than are based on mouse clicking and dragging, handling the
male students in both number and language skills activities. computer mouse is also a vital skill. It was somewhat
However, both genders have shown equal improvements problematic for these students and there were some students
in colour skills.
who struggled with the mouse, specially the children with
Cerebral Palsy disorder. Those students would benefit a lot
IX. CONCLUSION
from some hardware solutions such as touch screens as it
Even though the society is in the knowledge era, would be much easier for them involve in the activities.
The students get distracted when they see a pop up menu as
unfortunately there is no opportunity for the students with
special needs to take the advantage of ICT based education. they usually tend to click the right mouse button instead of the
Although most of the countries have carried out many left mouse button. It was also noticed that most of the students
researches and projects with regards to how ICT can be are interested in using the wheel of the mouse. As they lose
utilized addressing this issue, in Sri Lankan context, it is a their concentration, it is better to have a specially designed
stranger. As a result, this research was carried out in order to device for them with a single button, without a wheel.
If these games could be optimized as apps for mobile
study the potential of ICT usage at special education in Sri
Lanka and analyse the effect of ICT based education those devices such as i-pads, the students would be happier to use
students’ performance. In this study it was focused on a them than computers. Further, it will help to break the
critical evaluation on students’ performance using some monotony of these games and create more interest on students.
computer based educational games specially developed for
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An Empirical Exploration of Refactoring effect
on Software Quality using External Quality
Factors
S.H. Kannangara ,W.M.J.I. Wijayanayake
Abstract— Quality software are robust, reliable and easy to
maintain, and therefore reduces the cost of software
maintenance. Since software systems undergo modifications,
improvements and enhancements to cope with evolving
requirements, quality of software can be decreased. While
software system is evolving, refactoring is one of the methods
which have been applied with the purpose of improving the
software quality. Refactoring is defined as the process of
improving the design of the existing code by changing its internal
structure without affecting its external behavior, with the main
aims of improving the quality of software product. Therefore,
there is a belief that refactoring improves quality factors such as
understandability, flexibility, and reusability. However, there is
limited empirical evidence to support such assumptions.
The objective of this study is to validate/invalidate the claims
that refactoring improves software quality. Experimental
research approach was used to achieve the objective and ten
selected refactoring techniques were used for the analysis. The
overall impact of selected refactoring techniques and the impact
of individual refactoring technique were assessed based on
external measures namely; analyzability, changeability, time
behavior and resource utilization.
After analyzing the experimental results, overall analysis
ended up with the result that refactoring deteriorates the code
quality. However, individual analysis shows that some
refactoring techniques improve the code quality while rest is
deteriorating the code quality. Furthermore, among the tested
ten refactoring techniques, “Replace Conditional with
Polymorphism” ranked in the highest as having high percentage
of improvement in code quality and “Introduce Null Object” was
ranked as worst which is having highest percentage of deteriorate
of code quality among the analyzed ten refactoring techniques.
Index Terms— Refactoring, Software Maintenance, Code
Quality Improvement, Code Quality Measures, ISO 9126

S

I.

INTRODUCTION

oftware quality can be described as the conformance to
functional and non-functional requirements, which are
related to characteristics described in the ISO-9126 standard
namely reliability, usability, efficiency, maintainability and
portability [1].
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The factors that affect software quality can be classified into
two groups [2]: factors that can be directly measured i.e.
internal quality attributes (e.g. Coupling, Cohesion, Line of
Code and etc.) and factors that can be measured only
i.e.
external
quality
attributes
(e.g.
indirectly
understandability, analyzability and etc.).
Quality software are robust, reliable and easy to maintain,
and therefore reduces the cost of software maintenance [3].
Therefore, developers and designers always strive for quality
software. However, any useful software system requires
constant evolution and change. While software system is
evolving, maintaining the software quality is one of the vital
factors in software maintenance process.
As the software system is enhanced, modified and adapted
to new requirements, the code become more complex and
drifts away from its original design. Since, the major part of
total software development cost is devoted to software
maintenance. Maintenance of software is reported as a serious
cost factor [4] and as stated in [5], over 90% of the software
development cost is for software maintenance.
Software maintenance best practices are arising with the
purpose of a better evolution of software while preserving the
quality of software systems. One solution proposed to reduce
the software maintenance effort is software code refactoring
[6] which is a method to continuous restructure code
according to implicit micro design rules. According to the
Fowler’s definition [6], refactoring is the change made to the
internal structure of software to make it easier to understand
and cheaper to modify without changing its observable
behavior. Refactoring is by definition supposed to improve the
maintainability of a software product; however, its effect on
other quality aspects is unclear. Therefore, there are hot and
controversial issues about refactoring.
As stated by Mens and Tourwé [4], refactoring is assumed
to positively affect non-functional aspects, likely extensibility,
modularity, reusability, complexity, maintainability, and
efficiency. Recently Bois and Mens [7] performed a return on
investment analysis on an open source project, in order to
estimate savings in effort, given a specific code change. They
found that, most of the time, refactoring has beneficial impacts
on maintenance activities, and thus are motivated from an
economical perspective. However, additional negative aspects
of refactoring are reported, too [4]. They consist of additional
memory consumption, higher power consumption, longer
execution time, and lower suitability for safety critical
applications.
Several studied have been conducted to evaluate the impact
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of refactoring of software quality ([8], [9]). Even though some
of those studies claim that refactoring improves the quality of
software, most of them did not provide any quantitative
evidence. Therefore, the empirical evidence of the effect of
refactoring is rarely to be found [10]. Moreover, there is lack
of studies which identified the most beneficial refactoring
techniques among available large number of refactoring
techniques. As mentioned by Stroggylos and Spinellis [11],
‘effect of a refactoring on the software quality’ is a one of the
open issues that remain to be solved.
Altogether, the real advantages and disadvantages of
refactoring are still to be fully assessed. As regards quality, it
appears to be a convergence of positive remarks, still, without
solid quantification. Furthermore, there are few quantitative
evaluations of impact of each refactoring techniques to the
software quality. It is sometimes difficult to judge whether the
refactoring in question should be applied or not without
knowing the effect accurately. Especially in software
development industry, from the viewpoint of project
managers, it is imperative to quantitatively evaluate the effect
of refactoring on software quality before applying it. Without
knowing which refactoring technique will be more beneficial
in terms of quality, managers cannot judge whether they
should go for refactoring or not because they have to be cost
sensitive. Therefore, there is a need of study which can
quantitatively evaluate the impact of each refactoring
technique on quality of code.
The objective of this study is to evaluate the real effect of
refactoring on code quality using external measures.
Moreover, to identify the refactoring techniques which have
highest positive impact on code quality that can help software
developers to select most beneficial refactoring techniques.
The reminder of this paper structured as follows: Section 2
provides a summary of relevant literature which addressed the
relationship between refactoring and software quality.
Experimental design which is used for the research is
described in Section 3. Section 4 provides experimental data
analysis. Finally, the section 5 provides the discussion of
results and section 6 provides the conclusions and suggestions
for future research that can be pursued in this area.
II.

RELATED WORK

Studies which have been conducted to evaluate the impact
of refactoring of software quality can be categorized into
mainly three categories according to focused quality factors:
internal quality factors, external quality factors and
combination of both quality factors.
Even though some of those studies claim that refactoring
improves the quality of software, most of them do not provide
quantitative evidence. However, few researches quantitatively
evaluated whether refactoring indeed improves quality (e.g.
[8], [9]) and came up with different results.
Among them, significant number of studies quantitatively
evaluated the impact of refactoring using internal quality
attributes. Bois and Mens [7] proposed a technique using
metrics to analyze the refactoring impact on internal quality
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metrics as indicators of quality factors. They proposed
formalism based on abstract syntax tree representation of the
source-code, extended with cross-references to describe the
impact of refactoring on internal program quality. They
focused on three refactoring methods: “Encapsulate Filed”,
“Pull up Method” and “Extract Method”. However, they did
not provide any experimental validation in an industrial
environment. The results of their work showed both positive
and negative impacts on the studied measures. Stroggylos and
Spinellis [11] analyzed source code version control system
logs of four popular open source software systems to detect
changes marked as refactoring and examine their effects on
software metrics. They finally came up with a conclusion that
refactoring does not improve quality of a system in a
measurable way. Bois et al. [12] developed practical
guidelines for applying refactoring methods to improve
coupling and cohesion characteristics and validated these
guidelines on an open source software system. There were
only five refactoring techniques under study: Extract Method,
Move Method, Replace Method with Method Object, Replace
Data Value with Object, and Extract Class. They assumed that
coupling and cohesion are internal quality attributes which are
generally
recognized
as
indicators
for
software
maintainability. At the end they came up with results that the
effect of refactoring on coupling and cohesion measures
ranged from negative to positive. Kannangara and
Wijayanayake [13] evaluated both overall and individual
impact of selected refactoring techniques. Ten refactoring
techniques were evaluated by them through experiments and
assessed five internal measures: Maintainability Index,
Cyclomatic Complexity, Depth of Inheritance, Class Coupling
and Lines of Code. They used source codes developed using
C#.net and internal measures were extracted through Visual
Studio IDE. According to their findings, only maintainability
index indicated an improvement in code quality of refactored
code than non-refactored code and other internal measures did
not indicate any positive effect on refactored code.
Few other studies took the approach of assessing the
refactoring effects on external software quality attributes.
Geppert et al. [14] empirically investigated the impact of
refactoring on changeability. This study found that the
customer reported defect rates and change effort decreased in
the post-refactoring releases. The effect of refactoring on
maintainability and modifiability was investigated by Wilking
et al. [9] through an empirical evaluation. Maintainability was
tested by randomly inserted defects into the code and
measuring the time needed to fix them. Modifiability was
tested by adding new requirements and measuring the time
and Line of Code (LOC) metric needed to implement them.
Their findings on maintainability test show slight advantage
for refactoring and Modifiability test shows disadvantage for
refactoring. The impact of ten individual refactoring
techniques empirically evaluated by Kannangara and
Wijayanayake [15, 16] using four external measures: Resource
Utilization, Time Behavior, Changeability and Analyzability
which are ISO sub External Quality factors. Their
experimental results indicated that there are no quality
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improvements in refactored code for majority of the selected
refactoring techniques.
Other remaining studies used the approach of assessing the
impact of refactoring on internal attributes as indicators of
external software attributes. To do so, they defined and relied
on relationships between internal and external attributes
defined by different authors (ex. [17]). Kataoka et al. [8]
proposed coupling metrics as a quantitative evaluation method
to measure the effect of refactoring on program
maintainability. For the purpose of validation they analyzed a
C++ program for two refactoring techniques: Extract Method
and Extract Class which developed by a single developer,
however did not provide any information on the development
environment. Thus, it is questionable if their findings are valid
in a different context where development teams follow a
structured process and use common software engineering
practices for knowledge sharing. Moser et al. [18] proposed a
methodology to assess whether the refactoring improves
reusability and promotes ad-hoc reuse in an Extreme
Programming (XP)-like development environment. They
focused on internal software metrics that are considered to be
relevant to reusability based on metric interpretation of
Dandashi and Rine’s work [17]. They came up with a
conclusion that refactoring has a positive effect on reusability.
The impact of refactoring on development productivity and
internal code quality attributes was analyzed by Moser et al.
[19]. A case study has been conducted to assess the impact of
refactoring in a close-to industrial environment and the
collected measures were Effort (hour), and Productivity
(LOC). Results indicate that refactoring not only increases
aspects of software quality, but also improves productivity.
Alshayeb [3] quantitatively assessed the effect of refactoring
on different external quality attributes: Adaptability,
Maintainability,
Understandability,
Reusability,
and
Testability using software matrices based on metric
interpretation of [17]. However, this study didn’t prove that
refactoring improves external quality of the software.
Shatnawi and Li [20] studied the effect of software refactoring
on software quality. They have conducted the study on a larger
number of refactoring techniques (43 refactoring) and
measured four external quality factors indirectly using nine
different internal software quality measures based on Quality
Model for Object Oriented Design (QMOOD). They had
provided details of findings as heuristics that can help
software developers make more informed decisions about
what refactoring techniques to perform in regard to improve a
particular quality factor. They validated the proposed
heuristics in an empirical setting on two open-source systems.
They found that the majority of refactoring heuristics do
improve quality; however some heuristics do not have a
positive impact on all software quality factors.
After analyzing the above mentioned studies, several
concerns in those can be deduced as follows:
• All these previous studies did not come up with same
conclusions regarding the impact of refactoring.
Therefore, there is further need of analyzing the impact of
refactoring.
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• Most of the studies which were evaluated external quality
factors did it by using internal quality factors and majority
of them used quality models. Therefore, their research
findings are totally depending on the validity of those
quality models.
• Those who evaluated external quality factors only focused
one or two external quality factors. None of them focus
on ISO quality factors or other world accepted quality
model for the selecting quality factors.
• Except one study [20] all the other studies used only less
than ten refactoring techniques for their evaluation. Most
of them did not consider any valid justification when
selecting refactoring techniques for their study.
• As most of the studies did not evaluate large number of
refactoring techniques, they cannot be able to identify the
most beneficial refactoring techniques among catalogue
of large number of refactoring techniques.
• Finally, none of previous studies did the evaluation of
impact of individual refactoring techniques and evaluation
of overall impact of those refactoring techniques in the
same study.
III.

EXPERIMENTAL DESIGN

Experiential evidence for the effect of refactoring is rarer to
be found. Those experiments were ended up with mixed
picture of refactoring. Therefore, experimental research
approach is selected to quantitatively access the overall impact
of all the selected refactoring and the impact of individual
refactoring technique separately.
The general approach followed by experiment was
consisting two groups. One group was assigned refactored
code using selected refactoring technique or techniques while
the rest was assigned non-refactored source code. The
assignment to a treatment and control groups were done
randomly.
A. Selected Refactoring Techniques
Fowler [6] proposed 72 refactoring techniques in his
catalogue of refactoring. Among the studies which have
evaluated the impact of refactoring, the most recent study [20]
presented large evaluation of 43 refactoring techniques among
72 refactoring techniques in Fowler’s [6] catalogue. In there,
the evaluated refactoring techniques were ranked according to
the impact of code quality. Therefore, for this study, ten
refactoring techniques were selected from Shatnawi and Li‘s
[20] study which were ranked as having a high impact.
Selected Refactoring Techniques are:
• Introduce Local Extension
• Duplicate Observed Data
• Replace Type Code with Subclasses
• Replace Type Code with State/Strategy
• Replace Conditional with Polymorphism
• Introduce Null Object
• Extract Subclass
• Extract Interface
• Form Template Method
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• Push Down Method
B. Selection of Source Code
Refactoring is a technique which is mostly related with
object oriented programming. Therefore, the selection of
development environment and programming language was
done mainly based on the above reason.
Java, C# and C++ are the some of the most popular object
oriented programming languages which are being used in the
current IT industry. Among those, Java and C++ are the
commonly used programming languages in previous studies
which evaluated the impact of refactoring on code quality
improvement (e.g. [8], [20]).
Therefore, C# was selected as the programming language
and Visual Studio as the development environment for this
study.
To apply each refactoring technique separately, mini size
applications were selected as source codes. Most of those
codes were from mini scale game applications which are
freely available on World Wide Web. One relevant bad smell
was identified and one suitable refactoring technique was
applied among selected 10 refactoring techniques to each
selected source code. The average line of codes per each
selected application was around 300. Finally the ten refactored
source codes were available for the experiment with 10
original source codes of them.
In order to apply 10 refactoring techniques together small
scale project with bad smells was selected as the source code.
The selected application was a system which was developed in
the Department of Industrial Management, University of
Kelaniya for its academic staff to schedule their personal and
professional events and to manage their online documents
repository. The source code contained around 4500 lines of
codes. The relevant bad smells were identified and all the
selected refactoring techniques were applied to the source
code.
C. Selected Quality Factors
As there are only few studies which evaluated the impact on
refactoring on external quality factors without using internal
quality factors, this experiment was designed to evaluate the
external quality factors without using any internal quality
factors or quality models.
As stated by Al-Qutaish in his study [21], ISO 9126-1
quality model is the most useful one, since it has been built
based on an international consensus and agreement from all
the country members of the ISO organization. Therefore, ISO
quality model [1] is used for the selection of quality factors.
Following are the external quality attributes which are
selected from ISO quality attributes for this study:
1. Maintainability: Maintainability is a set of attributes that
bears the effort needed to make specified modifications.
Following sub characteristics were tested in this study [1].
i. Analyzability
ii. Changeability
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2. Efficiency: Efficiency is a set of attributes that bear on the
relationship between the level of performance of the
software and the number of resources used, under stated
conditions. Following sub characteristic will be tested in
this study [1].
iii. Resource Utilization
iv. Time Behavior
Other quality factors in ISO quality model have to be
excluded from this study. The functionality factor was
excluded, because refactoring does not change the behavior of
systems, rather it changes the internal characteristics of the
systems without changing functionality. Usability factor was
excluded, because it is more end user oriented. Usability
indicates how it is easy to learn and use software as an end use
application, not about the source code. Reliability is
implementation oriented quality factor. Reliability is an
attribute that can only be estimated for live software
applications with a variety of test data and then inspecting the
defects uncovered or the number of times that the code
terminates normally with the expected output. Therefore,
reliability also excluded from the study. Portability indicates
level of flexibility to migrate software to a different hardware
or an Operating system. However, in this experimental design
there is no direct way to evaluate this factor. Therefore, this
factor has also been excluded from the study.
D. Variables and Measurements
1. Independent Variables:
The independent variable for this experiment is the
treatment which is a single, dichotomous factor. Either a
participant is assigned to a group which uses a refactored code
or to a group which uses a code without refactoring, in order
to rule out the placebo effect which known as a phenomenon
which may result in some therapeutic effect if subjects are
given control [22].
2. Dependent Variables:
The Dependent variables for this experiment are,
o Marks obtained for question papers
o Time need to fix bugs
o Task Execution Time
o Memory Consumption to execute task
E. Research Hypothesis
This study was aimed at presenting evidence that would
allow rejecting (or accepting) the following four hypotheses:
• Analyzability
H0A: Analyzability of refactored code is lower than nonrefactored code.
H1A: Analyzability of refactored code is higher than nonrefactored code.
• Changeability
H0B: Changeability of refactored code is difficult than nonrefactored code.
H1B:Changeability of refactored code is easier than nonrefactored code.
• Time Behavior
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H0C: Response time of refactored code is longer than nonrefactored code.
H1C: Response time of refactored code is shorter than nonrefactored code.
• Resource Utilization
H0D: Efficient utilization of computer Resources is low for
refactored code than non-refactored code.
H1D: Efficient utilization of computer Resources is higher
for refactored code than non-refactored code.
F. Sample Selection
The experiment was carried out with set of sixty students
firstly to access the individual impact of refactoring
techniques separately and set of twenty students secondly to
access the overall impact of selected refactoring techniques.
When selecting participants, the major skill that should have
with participants was decided as a programming skill. Current
undergraduates and recently passed out students of the
University of Kelaniya were selected as the population for
experimental sample selection.
The selection procedure was conducted for undergraduates
and recently passed out students based on two criteria. They
are,
• Based on semester examination results for programming
related subjects
• Based on survey results done in order to identify student’s
familiarity of C#.Net and Object Oriented Concepts:
Online questionnaire was designed to gather responses.
After collecting students’ results and responses, those were
aggregated and scaled to ten. Average values for each student
was calculated and ranked them according to the average.
Then the selection of students for the experiment was done
according to their rank starting from top ranks.
Group size was decided as 3 members per one group for the
first experiment or the analysis of each refactoring techniques
separately. Due to availability of limited resources at
Undergraduate laboratories and controlling of large groups is
not possible with available human resources, the required
number of participant for the second experiment was limited
to 60.
For the second experiment or to analyze all the selected
refactoring techniques together, group size was decided as 10
members per one group due to the same reason.
G. General Procedure
The general procedure for both experiments: analysis of
overall impact of all the selected refactoring techniques and
analysis of individual impact of refactoring techniques was
mainly carried out in two steps. The first step of each
experiment was done with controlled and experimental
groups. The second step for each experiment was carried out
in a software testing environment, in order to collect resource
utilization and time behavior measures.
• Step 1:
The execution of the experiment started with an oral
presentation by introducing application which is being used
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for the experiment, the experimental environment with
procedure, and the general conditions of the experiment.
After that, an initial test was carried out in order to assess
the impact on refactoring of code analyzability. Initially
several minutes were provided to both groups to be familiar
with source code and functionality of the application. One
group was a control group which was assigned to nonrefactoring code and the other group was an experimental
group which was assigned to a refactored code. After that a
question paper was distributed to participants and 30 minutes
were provided to answer the questions. At the end of the
experiment, question papers were evaluated and marks were
recorded for the analysis.
In order to analyze the impact of refactoring on
changeability next step of the experiment was carried out.
Source codes with randomly inserted bugs were provided to
both experimental and controlled groups. Error descriptions
were provided for semantic errors. Participants were worked
on fixing bugs and 90 minutes of time frame was provided to
fix the bugs. Time used to fix bugs was recorded as data for
analysis.
• Step 2:
In order to measure resource utilization; memory
consumption of software application to execute one selected
task was measured. As stated in [23] memory utilization is a
one attribute for predicting the utilization of hardware. To
measure time behavior task execution time was measured [23].
When selecting tasks, a piece of code which is mostly affected
by applied refactoring techniques was selected as task.
Programs were simulated to execute automatically 1000 times
in order to collect accurate figures related to execution time
and memory consumption during the selected task execution.
IV.

ANALYSIS OF DATA

This section provides a summary of the data collection and
an analysis of the impact of refactoring using external
measures. The statistical analysis of experiment results and
research findings are discussed within this section.
As the research is quantitative and involves ratio data,
parametric statistical test was used for hypothesis testing.
When the sample size was less than 30, t-distribution was used
for hypothesis testing. And when the sample size is greater
than 30, z-tests was employed to test difference between two
means.
A. Analysis of the individual impact of Refactoring
Techniques separately

• Data analysis for Analyzability

Analyzability was measured by using marks obtained by
each group member for the given question paper as explained
in previous section. The time duration for question paper was
30 minutes and final mark was given out of 10. Table 1
summarized the mean values for each refactoring technique.
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Table 1 Mean Values for Analysability (Marks obtained) for each
Refactoring Technique

Refactoring Technique

Introduce Local Extension
Duplicate Observed Data
Replace Type Code with
Subclasses
Replace Type Code with
State/Strategy
Replace Conditional with
Polymorphism
Introduce Null Object
Extract Subclass
Extract Interface
Form Template Method
Push Down Method

Control
Group
9.33
8.67
9.33

Experiment
al Group
8.67
8.67
8.33

8

8.67

6.67

9.67

5.67
6
7
8.33
9

8.33
6
7
8
8.67

A common hypothesis which is being tested under
Analyzability for each refactoring technique is that
“analyzability of refactored code is higher than non-refactored
code”. Table 2 summarized the results of hypothesis testing
for each refactoring technique.
Table 2 Summary of Hypotheses Testing Results for Analysability for
each Refactoring Techniques

Refactoring Technique

Introduce Local Extension
Duplicate Observed Data
Replace Type Code with Subclasses
Replace Type Code with
State/Strategy
Replace Conditional with
Polymorphism
Introduce Null Object
Extract Subclass
Extract Interface
Form Template Method
Push Down Method

H0
Reject

H0
Accept
*
*
*
*

*
*
*
*
*
*

Except one refactoring technique which is “Replace
Conditional with Polymorphism”, for other refactoring
techniques the assumption of better analyzability thus cannot
be answered according to hypothesis testing for the mini size
code.
• Data analysis for Changeability
The changeability of individual refactoring technique, time
needed to fix bugs in minutes was used. Table 3 summarized
the experimental results.

Table 3 Summarized Results for Changeability (in Minutes) for each
Refactoring Technique

Refactoring Technique

Introduce Local Extension

Control
Group
9

Experimental
Group
14

Duplicate Observed Data
Replace Type Code with
Subclasses
Replace Type Code with
State/Strategy
Replace Conditional with
Polymorphism
Introduce Null Object
Extract Subclass
Extract Interface
Form Template Method
Push Down Method
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6.33
12.6

12.3
6.67

5

7.67

8.67

13.3

24.6
22
13.6
9.67
4.33

29
31
10
26.3
10

Hypothesis which is tested under Changeability for each
refactoring technique is that the “changeability of refactored
code is easier than non-refactored code”. Table 4 summarized
results of hypothesis testing for each refactoring technique.
Table 4 Summary of Hypotheses Testing Results for Changeability for
each Refactoring Techniques

Refactoring Technique

H0
Reject

Introduce Local Extension
Duplicate Observed Data
Replace Type Code with Subclasses
Replace Type Code with
State/Strategy
Replace Conditional with
Polymorphism
Introduce Null Object
Extract Subclass
Extract Interface
Form Template Method
Push Down Method

H0
Accept
*
*
*
*
*
*
*
*
*
*

The assumption of better changeability for all the
refactoring techniques thus cannot be answered according to
hypothesis tests; because, there is an insufficient statistical
evidence to claim that time spent by experimental group is less
than control group. Therefore, the conclusion of better
changeability is not facilitated with the mini size source code.
• Data analysis for Time Behavior
The measurement of time behavior related for each
refactoring technique was measured by recording task
execution time as explained earlier. Results were recorded in
milliseconds.

Table 5 Summarized Results for Time Behaviour (in Milliseconds) for
each Refactoring Technique

Refactoring Technique

Introduce Local Extension
Duplicate Observed Data

Control
Group
1.63
138.46

Experimental
Group
1.51
141.39
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Replace Type Code with
Subclasses
Replace Type Code with
State/Strategy
Replace Conditional with
Polymorphism
Introduce Null Object
Extract Subclass
Extract Interface
Form Template Method
Push Down Method

0.04

0.06

0.02

0.03

0.23

0.21

0.0004
269.29
17.27
0.23
10.36

0.0009
304.98
36.11
0.27
10.17

A hypothesis which was tested for time behavior is that the
“response time of refactored code which is less than nonrefactored code”. Table 6 summarized the results of
hypothesis testing.
Table 6 Summary of Hypotheses Testing Results for Time behaviour for
each Refactoring Techniques

Refactoring Technique

Introduce Local Extension
Duplicate Observed Data
Replace Type Code with Subclasses
Replace Type Code with
State/Strategy
Replace Conditional with
Polymorphism
Introduce Null Object
Extract Subclass
Extract Interface
Form Template Method
Push Down Method

H0
Reject
*

.

H0
Accept
*
*
*

*

*

*
*
*
*

Among the evaluated ten refactoring techniques, only three
refactoring techniques; “Introduce Local Extension”, “Replace
Conditional with Polymorphism” and “Push down Method”
indicated that there is better time behavior after in refactored
code. However, the assumption of better time behavior for the
refactored code cannot be answered for the majority of
refactoring techniques according to hypothesis testing;
because according to the hypothesis test results, there is
insufficient statistical evidence to claim a time spent by
refactoring code to respond for particular task is less than nonrefactored code.
• Data analysis for Resource Utilization
Resource utilization was measured for each selected
refactoring techniques by using memory consumption of
program while it was executing as explained earlier. Results
were recorded in bytes.
Table 7 Summarized Results for Resource Utilization (in bytes) for each
Refactoring Technique

Refactoring Technique

Introduce Local Extension
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Control
Group
8192.00

Experimental
Group
8192.00

Duplicate Observed Data
Replace Type Code with
Subclasses
Replace Type Code with
State/Strategy
Replace Conditional with
Polymorphism
Introduce Null Object
Extract Subclass
Extract Interface
Form Template Method
Push Down Method

170062.85
8192.00

165414.53
8192.00

8192.00

8192.00

8192.00

8192.00

0.00
7246943.48
519120.00
8192.00
25742.81

8192.00
7246391.17
519120.00
8192.00
25834.20

A hypothesis which was tested for Resource Utilization is
that “efficient utilization of computer Resources which is
higher for the refactored code than the non-refactored code”.
Table 8 summarized the results of hypothesis testing.
Table 8 Summary of Hypotheses Testing Results for Resource
Utilization for each Refactoring Techniques

Refactoring Technique

Introduce Local Extension
Duplicate Observed Data
Replace Type Code with Subclasses
Replace Type Code with
State/Strategy
Replace Conditional with
Polymorphism
Introduce Null Object
Extract Subclass
Extract Interface
Form Template Method
Push Down Method

H0
Reject
*
-

H0
Accept
-

-

-

*
-

*

Hypothesis testing for resource utilization for both
“Duplicate Observed Data” and “Extract Subclass” refactoring
techniques indicates better resource utilization. However,
hypothesis testing could not be able to carry out for some
experimental results due to zero deviation within experimental
results. Other experiments are ended up with the result as there
is insufficient statistical evidence to claim that better resource
utilization in term of memory consumption.
• Summary of Results
Table 9 presents summary of hypothesis testing results. The
following symbols are used to indicate the results.
‘+’
o Null Hypothesis Rejected:
o Null Hypothesis Accepted: ‘-‘
o Hypothesis testing is not applicable: ‘0’

An Empirical Exploration of Refactoring effect on Software Quality using External Quality Factors

Introduce Local
Extension
Duplicate Observed
Data
Replace Type Code
with Subclasses
Replace Type Code
with State/Strategy
Replace Conditional
with Polymorphism
Introduce Null Object
Extract Subclass
Extract Interface
Form Template Method
Push Down Method

-

+

0

2

1

-

-

-

+

3

1

-

-

-

0

3

0

-

-

-

0

3

0

+

-

+

0

1

2

-

-

+

0
+
0
0
-

3
3
3
3
3

0
1
0
0
1

H0 Rejected

-

Time
Behavior
Resource
Utilization
H0 Accepted

Changeability

Refactoring Techniques

Analyzability

Table 9 Summary of hypothesis testing results for the effect of each
refactoring on code quality using external measures

Through the hypothesis testing results, it can be noticed that
except refactoring technique “Replace Conditional with
Polymorphism”, all the other refactoring techniques show
higher number of quality deteriorates than quality
improvements.
B. Analysis of the overall impact of selected Refactoring
Techniques
• Data Analysis for Analyzability
Analyzability was measured by using marks obtained by
each group member for the given question paper. Same
question paper which contained 15 multiple choice and short
answer questions was distributed to both controlled and
experimental groups. The time duration for question paper was
30 minutes and final mark was given out of 15. Hypothesis
which was tested for Analyzability is that “analyzability of
refactored code is higher than non-refactored code”. Table 10
summarized results of hypothesis testing.
Table 10 Hypothesis test results for Analysability

Level of Significance
Controlled Group
Sample Size
Sample Mean
Sample Standard Deviation
Experimental Group
Sample Size
Sample Mean
Sample Standard Deviation
t Test Statistic
p-Value
Do not reject the null hypothesis

0.05
10
7.1
3.6

9
6.63
2.13
0.344524
0.466775

The assumption of better analyzability cannot be answered
according to hypothesis test results; because there is
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insufficient statistical evidence to claim marks obtained by
experimental group is higher than control group. In fact it is
lesser in experimental group. Therefore, it can be stated that
refactoring does not significantly affect analyzability of small
scale code.
• Data Analysis for Changeability
The measurement of changeability, which consisted of a
random insertion of two non-syntactical errors and one new
requirement, was measured by using time needed to fix bugs
in minutes. Hypothesis which was tested under Changeability
is that “changeability of refactored code is easier than nonrefactored code”. Table 11 summarized results of hypothesis
testing.
Table 11 Hypothesis Test Results for Changeability

Level of Significance
Controlled Group
Sample Size
Sample Mean
Sample Standard Deviation
Experimental Group
Sample Size
Sample Mean
Sample Standard Deviation
t Test Statistic
p-Value
Do not reject the null hypothesis

0.05
10
59
26.27

10
77
27.72
-1.57325
0.933464

The assumption of better changeability thus cannot be
answered according to hypothesis testing; because, there is
insufficient statistical evidence to claim that time spent by
experimental group is less than control group. Therefore, it
can be stated that refactoring does not significantly affect
changeability of small scale code.
• Data analysis of Time Behavior
The measurement of time behavior was measured by
recording task execution time. Piece of code which is highly
affected by refactoring treatment was selected and the task
which is related to that code segment was selected for testing.
Both pre and post refactored programs were modified to
execute 1000 times automatically. Results were recorded in
milliseconds. Outliers were detected from 1000 sample size
from both samples. A hypothesis which was tested for Time
Behavior is that “response time of refactored code is less than
non-refactored code”. Table 12 summarized results of
hypothesis testing.
Table 12 Hypothesis Test Results for Time Behaviour

Level of Significance

Original Code

Sample Size
Sample Mean
Population Standard Deviation
Refactored Code
Sample Size

0.05
994
61.18
21.22
985
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Original Code

Sample Size
Sample Mean
Population Standard Deviation
Refactored Code
Sample Size
Sample Mean
Population Standard Deviation
Z-Test Statistic
p-Value
Do not reject the null hypothesis

0.05

Resource
Utilization

No.
Deteriorates

No.
Improvements

-

4

0

Here it can be noticed that none of the external measures
show improvements in code quality when all the selected
refactoring techniques are applied together.
V.

RESEARCH FINDINGS AND DISCUSSION

Impact of refactoring on code quality improvement using
external measures were measured using four sub quality
factors defined in ISO 9126 quality model. Firstly, the
individual impact of selected refactoring techniques on code
quality was measured. Summarized results were presented in
Table 15 and for each refactoring technique the percentage of
quality improvements, unchanged and deteriorates were
presented.
Table 15 Summary of analysis of refactoring techniques using external
measures

Refactoring Techniques

1000
370970.4
159046.9
1000
377310.3
162510.2
-0.88169
0.811027

The assumption of better resource utilization of refactored
code thus cannot be answered according to hypothesis testing;
because according to the hypothesis test results, there is
insufficient statistical evidence to claim a minimum memory
allocation for refactored code than non-refactored code.
Therefore, the conclusion of better resource utilization is not
facilitated by refactoring.
• Summary of Results
Table 14 shows the summary of hypothesis testing results
of the impact of refactoring on code quality measured by using
external measures. In the table symbols are represented as
follows.
o Improvement: ‘+’
o Deteriorate: ‘-‘
o No impact: ‘0’
doi: 10.4038/icter.v7i2.7156

-

Introduce Local Extension
Duplicate Observed Data
Replace Type Code with
Subclasses
Replace Type Code with
State/Strategy
Replace Conditional with
Polymorphism
Introduce Null Object
Extract Subclass
Extract Interface
Form Template Method
Push Down Method

Improvements

Level of Significance

-

Unchanged

Table 13 Hypotheses Testing results for Resource Utilization

-

Deteriorates

• Data analysis for Resource Utilization
Resource utilization was measured by using memory
consumption of program while it is executing. Piece of code
which is highly affected by refactoring treatment was selected
and the task which is related to that code segment was selected
for testing. Both pre and post refactored programs were
changed to execute 1000 time automatically. Results were
recorded in bytes. Outliers were detected from 1000 sample
size from both samples. A hypothesis which was tested for
Resource Utilization is “efficient utilization of computer
Resources is higher for refactored code than non-refactored
code”. Table 13 summarized results of hypothesis testing.

Time Behavior

The assumption of better time behavior of refactored code
thus cannot be answered according to hypothesis testing;
because, there is insufficient statistical evidence to claim that
task execution time for refactored code is less than code
without refactoring. Therefore, the conclusion of better time
behavior is not facilitated by refactoring.

Table 14 Summary of the effect of refactoring on code quality using
external measures

Changeability

75.71
20
-15.7109
1

Analyzability

Sample Mean
Population Standard Deviation
Z-Test Statistic
p-Value
Do not reject the null hypothesis

50%
75%

25%
0%

25%
25%

75%

25%

0%

75%

25%

0%

25%
100%
75%
75%
75%
75%

25%
0%
0%
25%
25%
0%

50%
0%
25%
0%
0%
25%

Except “Replace conditional with polymorphism” which is
having the highest percentage of quality improvement, all the
other refactoring techniques have a high percentage of
deteriorate of quality according to the results of analysis.
Among them “Introduce null object” have the highest
percentage of deteriorate of quality according to Table 15.
For each external measure, the percentage of improvements,
unchanged and deteriorates were calculated from tested ten

An Empirical Exploration of Refactoring effect on Software Quality using External Quality Factors
Table 18 Proposed Ranking for Refactoring Techniques According
to the impact on external measures

refactoring techniques.
Table 16 Summary of effect of refactoring on external measures –
Analysis of each refactoring techniques

Deteriorate

Unchanged

Improvement

External Measure

Analyzability
Changeability
Time Behavior
Resource Utilization

90%
100%
70%
10%

0%
0%
0%
60%

10%
0%
30%
30%

From the results summarized in Table 16, it can be
concluded that there is a significant negative effect on code
analyzability, changeability and time behavior. However,
resource utilization of refactored code is unchanged when it
compare with same non-refactored code.
In order to further analyze the results of first experiment,
second experiment was executed to identify the overall impact
of selected refactoring techniques on code quality. Hypothesis
test results indicate that there is deteriorate of code quality in
refactored code than non-refactored code. Table 17
summarized the findings of analysis of the overall impact of
refactoring on code quality.

Unchanged

Deteriorate

External Measure

Improvement

Table 17 Summary of effect of refactoring on external measures –
Overall Analysis of refactoring techniques

Analyzability
Changeability
Time Behavior
Resource Utilization
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*
*
*
*

When results of overall analysis from Table 17 and
aggregated results of analysis of each refactoring technique
from Table 16 are compared, the results for analyzability,
changeability and time behavior are similar to each other.
Therefore, by using overall analysis and analysis of each
refactoring technique, it can be concluded that code
analyzability, changeability and time behavior deteriorate after
applying ten refactoring techniques which was used for this
study.
According to the analysis of individual refactoring
techniques, the new ranking for selected 10 refactoring
techniques can be presented. Here in Table 18 it presents
comparison between Shatnawi and Li’s [20] ranking and new
ranking proposed with this study.

Proposed
Ranking
1

Refactoring Technique

Replace Conditional with
Polymorphism
Introduce Local Extension
Duplicate Observed Data
Extract Subclass
Push Down Method
Replace Type Code with
Subclasses
Replace Type Code with
State/Strategy
Extract Interface
Form Template Method
Introduce Null Object

2
3
4
5
6
7
8
9
10

5

Shatnawi
and Li’s
[20]
Ranking

1
2
7
10
3
4
8
9
6

From the analysis of four external measures “Replace
Conditional with Polymorphism” ranked in the highest as
having a high percentage of improvement in code quality.
“Introduce Null Object” was ranked as worst which is having
the highest percentage of deteriorate of code quality.
VI.

CONCLUSION AND FUTURE WORKS

The main objective of this study was to assess the impact of
refactoring on code quality improvement in software
maintenance. In order to achieve that, the impact of
refactoring was assessed using external measures namely;
analyzability, changeability, time behavior and resource
utilization. Experimental research approach was used to assess
the ten selected refactoring techniques.
When analyzing all the refactoring techniques together and
separately, analyzability resulted as deteriorate the code
analyzability after refactoring the source code. Further, the
analysis of refactoring techniques together and analysis of
refactoring techniques separately, for changeability it indicates
a negative impact on code changeability by refactoring.
Results of time behavior indicate negative impact of
refactoring. When analyzing all the refactoring techniques
together, resource utilization indicates that the efficient
utilization of computer resources is low for refactored code
than non-refactored code. However, when analyzing each
refactoring techniques separately the summarized result
indicates that the efficient utilization of computer resources is
kept unchanged for both refactored code and non-refactored
code.
According to the results of individual analysis of refactoring
techniques, the most beneficial refactoring technique among
evaluated 10 refactoring techniques is reported as “Replace
Conditional with Polymorphism”.
Finally, according to the results of both overall analysis and
individual analysis of refactoring it can be stated that
refactoring does not improve the code analyzability and code
changeability in small size applications. Further refactoring
does not support better resource utilization and refactoring
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does not have better time behavior while executing small scale
source code.
The results of this study indicate that there is further need of
addressing the impact of refactoring. Refactoring techniques
used in this study were selected from the ranking done by
previous study [20]. Therefore, in the future it is better to
conduct a study to find refactoring techniques which are
commonly used in industry by a survey. Then do the analysis
of the impact of those commonly used refactoring techniques.
That will be more advantageous to the software development
industry rather than selecting refactoring techniques
subjectively. Further, it will be better that if the same
experimental setup can be execute in industry environment
with the industry experts and with the industry level matured
source code. Then the outcome of this study can be able to
validate against the outcome of that study.
VII.
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Using Learning Styles to Enhance Learning
Management Systems
M. Prabhani Pitigala Liyanage , K. S. Lasith Gunawardena , Masahito Hirakawa

Abstract — Learning management systems (LMSs) are
becoming increasingly popular at many educational
institutions such as universities. However, they provide same
content for all learners in a given course. Educational theory
suggests that learners have different styles of learning. Ideally,
the content must be arranged to match each learner’s learning
style. In this study, we propose a framework for adaptive
LMSs that can tailor course content to the individual learner’s
learning style. We estimate the learning style of the student
using two methods: a questionnaire and a rule-based method
that utilizes the learner’s activity within the LMS. The Felder–
Silverman learning style model served as the basis for our
system implementation. We explain the operational aspects of
our framework and present the findings in applying the
framework to a course conducted in Moodle LMS.
Keywords— e-learning, Learning Management Systems, Learning
Styles, Moodle, Adaptive Learning Management Systems

U

I.

INTRODUCTION

niversal, equal access to education is a virtue of a utopian
society. Access to education facilities and literacy rate are
considered to be important indicators of a country’s
development in the knowledge economy. A wholesome life is
essentially built upon proper skills, attitudes, and knowledge
obtained via formal education.
With the dawn of the electronic age, technology has
permeated the traditional classroom in several ways. Electronic
learning (e-learning) has come a long way since the early days
of electronic aids and television broadcasts. The Internet paved
the way for making the physical distance barrier in access to
education irrelevant. This breakthrough has enabled
universities to welcome learners from all over the world. People
interested in courses can experience quality teaching, access
learning materials, and undertake fee-levying regular courses
via distance learning mode. Massive Open Online Courses
represent one such recent addition to the e-learning space.
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Two main issues must be addressed in the implementation
of an e-learning infrastructure: the e-learning software platform
and the digital content developed to suit the platform. Learning
management systems (LMSs) are a key category of software
platforms used currently. An LMS is a software application or
Web-based technology used to plan, implement, and assess a
specific learning process [1]. Modular Object Oriented
Developmental Learning Environment (Moodle) [2],
Blackboard [3], and Sakai [4] are some of the leading systems.
Among these, Moodle is probably the most common, with over
68,000 sites serving over 67 million users in 235 countries [2].
Reasons for its wide application include the ability to run on
different infrastructure platforms and the cost of ownership
factor. As an open source product, Moodle also enables thirdparty enhancement of its functionality by the addition of
modules.
Despite the openness of such platforms, digital contents
are offered in the same format to all learners within a particular
course. LMSs tend to be course centric rather than learner
centric. This inability to personalize learning is often regarded
as a limitation of most current LMSs, as noted by Graf and List
[5]. Issues requiring attention to cope with this problem include
learner expectations, motivation, and learning style [6]. Diverse
efforts to enhance the learning experience when using LMSs
are already appearing. The ability to personalize LMSs with
style templates and language is one approach. Another is the
use of sharable content object reference model (SCORM)
standards, which enable interoperability, accessibility, and
reusability of Web-based content.
Additionally, adaptivity in learning support systems has
different interpretations. Graf [5] stated that LMS adaptivity
indicates all manner of automatic adaptation to individual user
needs, including personal annotations of learning objects or
automatically adapted content.
De Crook et al. identified the following characteristics of
adaptive systems [7].
1. Information should adapt to what a learner already knows
(prior knowledge) or can do (prior skill).
2. Information should adapt to a learner’s learning
capabilities.
3. Information should adapt to a learner’s learning
preferences or style.
4. Information should adapt to a learner’s performance level
and knowledge state (i.e., the system should provide
feedback).
5. Information should adapt to a learner’s interests.
6. Information should adapt to a learner’s personal
circumstances (location, tempo, etc.).
7. Information should adapt to a learner’s motivation.
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Adaptive quizzes in LMSs comprise a trial that covers
items 1 and 4 in De Crook’s classification. Moodle supports a
quiz feature that can adapt to the learning situation, giving hints
before asking the learner to try again [2]. Newer versions of
Moodle (2.0 upward) support conditional activities, for
example, after a student passes a quiz, it enables the next lesson.
Educational theorists have presented several models for
classifying a learner’s learning style. Among these, the Felder–
Silverman learning style model (FSLSM) [8] has been applied
in e-learning environments. In this model, a learner’s learning
style is categorized in four dimensions, each formed by a pair
of distinct preferences: active–reflective, sensing–intuitive,
sequential–global, and visual–verbal.
Several recent studies have attempted to address the issue
of identifying learning styles to personalize the learning
experience [9], [10]. These studies have adopted statistical as
well as simple rule-based approaches. An important factor to
consider here is that an individual learner’s learning style may
vary because of factors beyond the control of the course or the
LMS. Thus, the system must be capable of dynamically
responding to such situations.
In this study, we present a framework that assists the
learner to efficiently and effectively complete the learning
activities by adaptively changing the course material provided
in the Moodle LMS. In our framework, we introduce three
separate entities created as Moodle modules.
The first module uses a well-established questionnaire, the
Index of Learning Styles (ILS) [11], to evaluate a learner’s
learning style. In addition the same module estimates the
learner's learning style using activities performed by the user in
the LMS. This enables the storing of a learner profile within the
LMS. Moodle log data pertaining to user activities such as the
number of visits to learning material of each type and the
duration spent on each material constitute this estimation,
which uses rules presented by Graf et al. [12]. We also
introduce the concept of a learning styles map, a graphical
representation of the learning preference based on the FSLSM,
which can be beneficial in an instructor’s analysis of students’
learning styles.
In the second module, course content is recommended to
the learner based on his/her learning profile. The basis for this
recommendation is a simple rule-based method.
The third module enables instructors to fine tune the
recommendation. The current implementation adopts numerical
thresholds assignment for this purpose.
To test our framework, we set up a Moodle LMS in two
educational establishments in Sri Lanka and prepared learning
materials to match learning preferences. Our study reveals that
the system is comparable with previous studies regarding
learning profile creation.
This paper proceeds as follows. Section II reviews
previous research in this domain. Section III introduces our
proposed framework and the methodology. Section IV
describes the experiments, results and discussion. Conclusions
and future work will be given in Section V.
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II. RELATED WORK
A. Learning Styles
Several definitions have been offered for the term “learning
style.” Honey and Mumford [13] defined it as “a description of
the attitudes and behaviors which determine an individual’s
preferred way of learning.” Stewart and Felicetti [14] define
learning styles as those “educational conditions under which a
student is most likely to learn.” A learning-style model
classifies students according to where they fit on a number of
scales designating the ways in which they receive and process
information [9].
Coffield et al. [16] classified learning style models into five
families based on fundamental overarching concepts. The first
family relates to the concept that learning styles and preferences
are largely constitutionally based, including the four modalities:
visual, auditory, kinesthetic, and tactile (VAKT). The second
family category relates to the concept that learning styles reflect
deep-seated features of the cognitive structure, including
patterns of abilities. The third considers the learning styles as
one component of a relatively stable personality type. The
fourth family relates to the concept that learning styles are
flexibly stable learning preferences. The last category moves on
from learning styles to learning approaches, strategies,
orientations, and conceptions of learning [15].
Table 1 reports the five families of learning styles with
authors’ details and assessment tools for each family and the
years of assessment tool introduction [16].
TABLE 1.
FAMILIES OF LEARNING STYLES BY COFFIELD ET AL. [16]
Year
Author(s)
Assessment tool
introduced
Genetic and other constitutionally based learning styles and
preferences including the VAKT
Learning Style Questionnaire 1979
(LSQ) Learning Style Inventory 1975
Dunn and Dunn
(LSI)
2003
Gregorc Mind Styles Delineator
Gregorc
1977
(MSD)
Cognitive structure
Riding

Cognitive Styles Analysis (CSA)

1991

Stable personality type
Apter

Motivational Style Profile (MSP)

1998

Jackson

Learning Style Profiler (LSP)

2002

Myers-Briggs Type Indicator
Myers-Briggs
(MBTI)
Flexibly stable learning preferences
Allison
and
Cognitive Style Index (CSI)
Hayes
Brain Dominance Instrument
Herrmann
(HBDI)
Honey
and Learning Styles Questionnaire
Mumford
(LSQ)
Felder
and
Index of Learning Styles (ILS)
Silverman
Learning Style Inventory (LSI)
Kolb
LSI Version 3
Learning approaches and strategies

1962

1996
1995
1982
1996
1976
1999
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Author(s)

Assessment tool

Entwistle

Approaches to Study Inventory
(ASI)
Revised Approaches to Study
Inventory (RASI)
Approaches and Study Skills
Inventory for Students (ASSIST)

Year
introduced
1979
1995
2000

Sternberg

Thinking Styles

1998

Vermunt

Inventory of Learning Styles (ILS)

1996

Graf [17] identified some of the important learning models
in her Ph.D. thesis. These are Myers-Briggs Type Indicator
(MBTI) model [18] with four dimensions (extraversion–
introversion, sensing–intuition, thinking–feeling, and judging–
perceiving) and eight learning styles. All possible combinations
can occur, resulting in a total of 16 types.
Gregorc’s Mind Styles Model has four learning styles:
concrete sequential, abstract sequential, abstract random, and
concrete random. Kolb’s learning style model [19] theory
establishes four distinct learning styles based on a four-stage
learning cycle and thus operates on two levels: In the first level,
a four-stage cycle exists: Concrete Experience (CE), Reflective
Observation (RO), Abstract Conceptualization (AC), and
Active Experimentation (AE). In the second level, a four-type
definition of learning styles, each representing the combination
of two preferred styles, exists. Kolb’s model is often easier to
represent in a 2 × 2 matrix (Table 2).
TABLE 2.
KOLB’S LEARNING STYLES IN A 2 × 2 MATRIX
Doing (Active
Watching (Reflective
Experimentation)
Observation)
Feeling (Concrete
Experience)

Accommodating
(CE/AE)

Diverging (CE/RO)

Thinking
(Abstract
Conceptualization)

Converging (AC/AE)

Assimilating
(AC/RO)

Table 2 further highlights Kolb’s terminology for the four
learning styles: diverging, assimilating, converging, and
accommodating. Honey and Mumford’s learning style model
identifies four learning styles: activists, theorists, pragmatists,
and reflectors [20]. The Herrmann “Whole Brain” Model
reflects the four quadrants of the brain and their functions,
identifying them as quadrant A (left hemisphere, cerebral),
quadrant B (left hemisphere, limbic), quadrant C (right
hemisphere, limbic), and quadrant D (right hemisphere,
Other
models
include
Pask’s
[17].
cerebral)
Serialist/Holist/Versatilist model; Entwistle’s Deep, Surface,
and Strategic Learning Approach Model; the GrashaRiechmann participant–avoidant, collaborative learners–
competitive learners, and dependent learners–independent
learners.
In summary, researchers’ development of different models
reflects the fact that human thinking and learning behaviors are
complex and require further study.
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B. The FSLSM
Although many models have been proposed, the FSLSM
proposed by Richard Felder and Linda Silverman is among the
most famous models defined by four dimensions, each formed
by a pair of distinct characteristics as explained below [8].
The first dimension considers the learner’s preferred
method of processing information: active (ACT) or reflective
(REF). Active learners work well in groups. They do not learn
much in situations that require them to be passive and tend to
be experimentalists. In contrast, reflective learners work better
by themselves or with one other person at most. They do not
learn much in situations that provide no opportunity to think
about the information being presented and tend to be
theoreticians.
The second dimension considers the type of information
that the learner preferentially perceives: sensory (SEN) or
intuitive (INT). Sensory learners prefer to learn facts and like
to relate to practical, real-world situations, whereas intuitive
learners prefer abstract learning material such as theories and
their underlying meaning. Intuitive learners are more
comfortable with symbols than sensory learners.
The third dimension considers the sensory channel through
which the learner most effectively perceives external
information: visual (VIS) or verbal (VER). Visual learners
prefer pictures, diagrams, graphs, or demonstrations, whereas
verbal learners prefer spoken information or audio. FSLSM
considers no other sensory channels such as touch, taste, and
smell as these are relatively unimportant in most educational
environments.
The fourth dimension considers how the learner progresses
toward understanding: sequentially (SEQ) or globally (GLO).
Sequential learners learn in small increments, and therefore
have a linear learning progress, tending to follow logical
stepwise paths toward solutions. Conversely, global learners
use a holistic thinking process and learn in large leaps. They
tend to absorb learning material almost randomly without
viewing connections; however, after learning sufficient
material, they suddenly understand the entire picture. They can
solve complex problems and put things together in novel ways,
but find it difficult to explain how they did it.
It is noted that, when considering the characteristics of the
FSLSM, sequential learners are very much similar to the serial
learner type in Pask’s model. The opposite of sequential
learners, global learners, have the same characteristic as holist
learners in Pask’s model. The sensing–intuitive dimension of
FSLSM has similar characteristics to that of MBTI. In addition,
active learners in FSLM have similar features with activist
learners in Honey and Mumford model, and accommodating
learners in the Kolb’s learning styles model. Reflective learners
are similar with reflector and diverging learners; Intuitive
similar to theorist and assimilating learners, and the sensing
learners is related to pragmatist and converging respectively
[21].
The FSLSM thus combines several major learning style
models but differs from them in considering learning styles as
tendencies, indicating that students have a tendency toward a
specific learning style but might act differently in some
situations. By incorporating the concept of tendencies, the
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−

+

Quiz revisions

+

−

+

−

Quiz stay results

−

+

Forum visit

−

+

Forum stay
Forum post

+

−

Navigation skip
Navigation overview
visit
Navigation overview
stay
Irrelevant Behavior
+
Relevant Positive Behavior
−

Relevant Negative Behavior

−

+

−

+

−

+

Global

Visual

Content visit

LMS Behavior

Sequential

Intuitive

TABLE 3.
MAPPING ONLINE BEHAVIOR TO FSLSM
FSLSM Trend
Sensing

C. Finding User Learning Styles in e-Learning
Since the learning styles models are based on traditional
learning, when considering e-learning environments, the types
of activities that can be performed by a learner are different.
Chang et al. [22] introduced a mechanism that uses the knearest neighbor (k-NN) classification and genetic algorithms
to classify and identify students’ learning styles in a generic
model.
It should be mentioned here that the FSLSM is the learning
style model most frequently cited with respect to computerbased education systems [16], [17], [23], [24], [25], [26], [27],
[28]. One approach in applying the FSLSM has been to utilize
the ILS as an online questionnaire to evaluate the learner’s
learning preferences and recommend appropriate learning
material [25], [26], [27]. Savic and Konjovic [26] presented a
system that made recommendations using the ILS for a
SCORM compliant Sakai LMS, by modifying the organization
of the SCORM manifest file. However, all the above systems
require students to interrupt their learning to focus on
completing a questionnaire.
Özpolat and Akar [29] developed a system that collected
learner preference using explicit generic queries. Their system,
based on the FSLSM, constructed a learner profile using a
conversion unit-based keyword mapping. Furthermore, it built
a learner model by processing the learner profile over a
clustering unit that used the NBTree classification algorithm in
conjunction with a binary relevance classifier.
One limitation of the aforementioned methods is that they
do not consider the possibility that the learning style of a learner
may vary with time, and subtle changes are possible even
during the course of prescribed study. Approaches using more
subtle evaluation methods that automatically classify a learner
into a preferred learning style have been proposed recently.
Most of these have also utilized the FSLSM to identify the
learning styles of learners in an LMS. Since most conventional
LMSs follow the Content Management System architecture, all
student activities such as accessing content and participating in
quizzes and forums are recorded in a database log. Nearly, all

researchers who follow the data-driven approach use this log
data to automatically model students’ learning styles.
Protus [28] is a system that recognizes different patterns of
learning styles and learners’ habits through testing the learning
styles of learners and mining their server logs. This system
relies on a recommender system that initially processes the
clusters on the basis of different learning styles and then
analyzes the learners’ habits and interests by mining for
frequent sequences using the AprioriAll algorithm
(collaborative filtering approach). Garcia et al. [9] evaluated the
use of Bayesian networks to detect a student’s learning style

Reflective

description of learning styles incorporates exceptions and
extraordinary situations [17].
Interestingly, the ILS, as developed by Felder and Soloman
[11], can be used as an instrument for assessing preferences in
the four FSLSM dimensions. This instrument comprises 44
questions, with 11 questions for each dimension. The results of
the questionnaire indicate an individual’s learning preference in
each dimension, with scores ranging from +11 to −11. This
score can be read in the following manner. A score of 1–3
(either plus or minus) indicates that the learner is fairly balanced
on the dimension of that scale. A score of 5–7 (either plus or
minus) indicates that he/she has a moderate preference for one
side of the dimension of the scale, and will more easily learn in
a teaching environment that favors
9–11 indicates that he/she has a very strong preference for one
dimension of the scale, and probably has considerable difficulty
in learning in an environment that does not support that
preference [11].

Active
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−

+

−

+

+

−

−

+

−

+

-

+

−

+

−

+

−

+
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in a Web-based education system. Cha et al. [24] proposed an
intelligent learning system with a specific user interface based
on the FSLSM. Decision Trees and Hidden Markov model
approaches are utilized in this system to predict learning styles.
Despotović-Zrakić et al. [30] presented a tool for adapting the
Moodle LMS course material on the basis of a learner’s
learning preference, to which a data mining technique based on
the K-means clustering algorithm was applied. Learners could
be clustered into three groups on the basis of their behavior
during a one-week period of using the LMS. Each cluster was a
subset of FSLSM defined preferences.
Graf et al. [31], [32] introduced a rule-based data mining
technique for extracting learning styles from an LMS as a
mapping between the FSLSM and learners’ online behavior in
an LMS [17]. For this experiment, they examined the generic
features of an LMS rather than a particular product. In Table 3,
grey cells represent the irrelevant patterns or behaviors for each
FSLSM learning style. The remaining cells are relevant patterns
or behaviors to at least one dimension pair. The “+” and “−”
symbols indicate a high and low occurrence, respectively, for
each learning style. For example, when we consider the first
behavior pattern (content visit), active learners prefer less
content visit than reflective learners because they prefer to first
attempt exercises without going through content. Sensing and
visual learners also less like to visit content than intuitive and
verbal learners; therefore, content visit is negative (“−”) for
active, sensing, and visual learner. It is positive (“+”) for
reflective, intuitive, and verbal learners. The content visit
pattern is irrelevant for sequential and global learners, as
represented by grey cells.

51

III. PROPOSED FRAMEWORK
A. System architecture
To motivate the learner and thus achieve higher
performance in learning, we propose a framework for
adaptively changing course materials in response to the
learner’s learning style. Fig. 1 depicts the system organization.
In the default operating environment, an LMS provides
multiple courses to its registered learners. Instructors prepare
course contents and upload them to the LMS. A database stores
all the contents, including questionnaires.
In addition, a user activities log stores the record of learner
access to the course content. The course content, usually a
collection of learning objects, is arranged in a pre-determined
sequence, and some objects maybe available for access at any
time (such as forums). The user access log tables of the database
store all user activity information.
We add three new modules to this conventional Moodle
system: the learning style monitoring and learning profile
creation agent (LLA), expert recommendation agent (ERA),
and adaptive content presentation and interface enhancement
agent (AIA), designed to facilitate the adaptive functionality to
Moodle.
The LLA module has three functions. First, it suggests that
the learner participates in an ILS questionnaire, which generates
the learner’s learning style on the basis of the FSLSM. This
information is stored as user profiles in a new learning profile
table of the Moodle database. The second function (Learning
Preference Estimator) of the LLA estimates each learner’s
learning profile based on his/her activities performed on the
LMS. The third function of the LLA graphically projects the
learning preference of a user or number of users, and it is a
unique feature of our framework. Another unique feature is the
ability to fine tune the conditions for the determination of

Fig. 1. Proposed framework.
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learning styles. The ERA module executes this task. Once it
generates a learning profile for a learner, the AIA module
recommends learning materials.
In the following subsections, we explain each module of
the proposed framework in detail.
B. LLA Module
Once a course instructor adds this module to a course, a
learner may choose to complete the ILS questionnaire when
he/she starts learning with the system. After the learner
completes the questionnaire, his/her learning style preferences
are recorded in the database and made available for reference,
as depicted in Fig. 2.

illustrates, the learner’s interaction behavior pattern with these
objects and the time spent on them can be aligned with certain
learning style preferences.
For example, analyzing content-type learning objects
(denoted Content Visit in Table 3), it is possible to find out the
number of content-type learning objects the learner visited
(LOsVisitedContent). In addition we can also identify the total
number of content-type objects in the course (LOsContent) from
the Moodle database. These factors constitute the ratio of visits
for content-type learning objects (RVisitedContent):

RVisitedContent =

∑ LOsVisitedContent
∑ LOs Content

Table 3 reports that the content visiting pattern is
associated with three dimensions of the FSLSM. Therefore, this
ratio is used when evaluating the learner’s preference for the
active–reflective, sensing–intuitive, and visual–verbal
dimensions.
Similarly, by analyzing time spent on visiting content-type
objects (denoted Content Stay Time in Table 3), the instructor
or an expert can estimate an expected time to be spent on each
learning object (TESContent). From the Moodle log, it is possible
to find out the time spent on each content object (TSContent).
The sum of the time values for all content-type learning
objects in the course produces the ratio of content stay time
(RTimeSpentContent):

Fig. 2. Learning style from ILS Questionnaire.

However, if the learner skips answering this questionnaire,
his/her profile is generated by analyzing the log data of how
he/she accessed the course material and stored in the learning
profile database. This result is also made available for the
learner as a reference (Fig. 3).

Fig. 3. Learning style from simple rule-based method.

Two records may exist per student. One from the ILS
questionnaire, which is usually allowed once per course,
whereas the second record, estimated from the activities
performed, is updated only on the basis of the learner’s
activities.
The learning preference estimation is performed upon
several factors, as originally presented by Graf and Kinshuk
[32], followed by Dung and Florea [33], and explained below.
Each LMS course material may contain different learning
objects such as videos, quizzes, and exercises. As Table 3
doi: 10.4038/icter.v7i2.7153

RTimeSpentContent =

∑ TSContent
∑ TES Content

As Table 3 indicates, the content stay time pattern relates
to two of the four FSLSM dimensions. Therefore, this ratio is
relevant when evaluating the learner’s preference for the
active–reflective and sensing–intuitive dimensions.
This process is repeated for all behavior patterns, which
results in a ratio (Ri) for each behavior pattern. For each
behavior pattern, i, if the ratio lies between a pre-determined
upper threshold (UTi) and lower threshold (LTi), the behavior
is considered balanced. The values for UTi and LTi can be
adjusted via the ERA module, and the default values considered
are those proposed by Graf et al. [34]. If the ratio is less than
the lower threshold, the behavior is considered negative. In
contrast, if the ratio is higher than the upper threshold, the
behavior is considered positive. After performing this process
for all behavior patterns, we can calculate the average ratio for
each learning style (RAVG):

RAVG =

∑

n

Ri

where n is the number of relevant behavior patterns for the
selected learning style. This process is repeated for eight
learning styles, resulting in the information reported in Table 4.
The RAVG scores express whether a learner has a weak,
moderate, or strong preference for the selected learning style.
This classification is performed by using two threshold values,
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the thresholds for moderate (TM) and strong (TS) preference,
where typically TM = 0.3 and TS = 0.7.
TABLE 4.
SAMPLE SCORES (RAVG) OBTAINED FOR EACH LEARNING STYLE
Dimension 1

Dimension 2

Dimension 3

Dimension 4

ACT

REF

SEN

INT

SEQ

GLO

VIS

VER

0.77

0.1

0.2

0.35

0.8

0.72

0.75

0.3

For the above example in Table 4, this analysis would yield
the result reported in Table 5, where S, M, and W indicate
strong, moderate, and weak, respectively. TM and TS may need
to be fine tuned depending on the content, but that effort
remains for a future study.
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C. ERA Module
A set of threshold values introduced in the ERA contribute
to the estimation of learners’ learning styles in the LLA. Apart
from TM and TS, sets of upper and lower threshold values figure
strongly. As explained in subsection B, for each behavior
pattern i, two values exist: UTi and LTi. The ERA module is
developed for the instructor to adjust the conditions for
determining learning styles. Using this interface, the instructor
can modify the UTi and LTi values of all behavior patterns
identified in Table 3. The values are given as percentages as
Fig. 5 illustrates.

TABLE 5.
CLASSIFICATION OF LEARNING STYLES ON THE BASIS OF USER PREFERENCE
Dimension 1

Dimension 2

Dimension 3

Dimension 4

ACT

REF

SEN

INT

SEQ

GLO

VIS

VER

S

W

W

M

S

S

S

W

As the third key facility of the LLA module, the average
ratios of each learner can be visualized as a learning preference
map. This map is generated by projecting scores pertaining to
each dimension for a learner into a quadrant. (Fig. 4). It can also
project multiple maps to create an overview of learning
preferences for a group of learners.

Fig. 5. Threshold data.

Only instructors can see the ERA module, whereas all
instructors of the course and learners can access the LLA
module.
D. AIA Module
We structure our recommendation for the learner by
introducing a matrix of the learning styles of each dimension.
Tables 6–9 present the recommendation guidelines formulated
through our survey of related research [16], [17], [33].
TABLE 6.
LEARNING STYLES TO LEARNING OBJECT (ACTIVITY) MAPPING FOR
DIMENSION 1
Active
Reflective
Self-assessment tests
Chat, forum posting
Multiuser mind map tools
Multiple choice questions
Guessing exercises
Fig. 4. Learning preference map plotted for the scores in Table 4

Outline of lecture/session
Case studies
Slide shows
Forum viewing
Using online help
Content viewing
Examples

doi: 10.4038/icter.v7i2.7153
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TABLE 7.

LEARNING STYLES TO LEARNING OBJECT (ACTIVITY)
MAPPING FOR DIMENSION 2
Sequential
Global
Outline of lecture/session
Detailed questions
Lecture/session summaries
Step-by-step exercises
Pages with multiple links
Pages with few links
Overview questions
Navigation skip
Navigation overview pages
TABLE 8.
LEARNING STYLES TO LEARNING OBJECT (ACTIVITY)
MAPPING FOR DIMENSION 3
Visual
Verbal
Text-based material
Graphics
Audio objects
Tables
Lesson objectives and Content
Flowcharts, charts
objects
Images
Text slideshows with audio
Demonstrations/videos
Colored or highlighted text
Slides with multimedia and
animations
TABLE 9.
LEARNING STYLES TO LEARNING OBJECT (ACTIVITY)
MAPPING FOR DIMENSION 4
Sensing
Intuitive
Content viewing
Examples
Questions about concepts
Exercises
Concepts and theories
Self-assessment tests
Conceptual maps
Questions about facts
Definitions
Detail questions
Algorithms
Hands-on activities
Practical material
Slideshows
Case studies
Navigation using arrows

However, recommendations are not given for all cases
because some do not make sense. Although the basic principle
of the ILS is to identify dimensions where the learner is “out of
balance,” i.e., he/she has a very strong preference for one style
and dislikes the others, the opportunity exists for giving
conditional recommendations in certain other situations.
We introduce two conditional thresholds for this purpose:
the conditional thresholds for strong (CTS = TS − TM = 0.4) and
conditional thresholds for moderate (CTM = TM = 0.3) situations
where the two learning style levels are adjoined. Suppose, for a
given dimension, the level of learning style 1 (element on one
side) is moderate, and that of learning style 2 (element on
another side) is weak; if their learning style levels are separated
by a score of more than CTM, we decide to recommend
materials relevant to learning style 1.

doi: 10.4038/icter.v7i2.7153

Learning
Style 1
l

Single-user mind map tool
Summaries of lecture/session
Result pages view

TABLE 10.
RECOMMENDATION MATRIX FOR A GIVEN LEARNING STYLE
Learning Style 2 Level
Weak

Moderate

Strong

Weak

NR

LS2*

LS2

Moderate

LS1*

NR

LS2+

Strong

LS1

LS1+

NR

Table 10 shows the recommendations to be provided for
each pair of learning styles in a certain dimension i (i can be 1–
4). LS1 denotes learning style 1 and LS2 denotes learning style
2; for example, for dimension 1, LS1 is active and LS2 is
reflective. NR indicates that no recommendation is possible. An
underlined item denotes a conditional recommendation.
Situations where CTM is used are denoted by an asterisk (*),
whereas those where CTS is used are denoted by a plus sign (+).
The AIA module is currently under development and will
be reported on a future date.
IV. EXPERIMENTS
A. Setup and Procedure
The system is set up on an Intel Core i5 computer running
Windows 7. A WAMP Server (Apache 2.2.21, MySQL 5.5.20,
PHP 5.3.10) runs a Moodle 2.3.2 installation.
The system provides a facility to add metadata for learning
materials such as outlines, contents, examples, selfassessments, and exercises. This metadata enable an automatic
search of the type of content that the learner has accessed. For
example, if it is a self-assessment of Chapter 8, the name of the
learning material can be any name, and instructor is prompted
to select the object type as self-assessment (Fig. 6).

Fig. 6. Adding learning material of different types.

A similar interface mechanism is provided for identifying
metadata for questions in quizzes. The instructor specifies the
type of question (detail, overview, facts, concepts, graphic, text,
interpretation, or developmental) by selecting an appropriate
item from a pull down menu. These metadata are stored with
the question in the database.
We conducted experiments using two learner groups at two
educational establishments in Sri Lanka. The introductory level
course content (syllabus) was similar in both institutions. Fig. 7
depicts the main course content screen for the course. The pilot
study involved 22 students who enrolled for a course on
Introduction to Information Technology in one education
establishment. The second trial involved 80 students from the
second educational establishment. The course spanned fourteen
weeks during a single semester.
Here the learning materials were prepared to match the
course content. An important consideration was to make the
content redundant in various media forms: text, slideshows,
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animations, video, and audio. The course content contained a
total of 50 learning material items comprising 22 content
objects, 8 outlines, 2 flash examples, 10 self-assessment
quizzes, and 8 exercise quizzes. Content object video tutorials
were packaged as SCORM material.
We tested the LLA functionality of our framework by
comparing the predicted learning styles (LLA functionality)
against the results obtained by using the ILS questionnaire. For
each dimension, we calculated the percentage of learners whose
preference was accurately predicted by our framework.
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In both trials we conducted, the Active/Reflective
dimension precision is slightly lower than the rates in other
dimensions, as well as the corresponding rates obtained by
some of the other researchers. A possible reason for this is that,
in our trials, face-to-face content delivery sessions (i.e.
traditional classroom lectures) were provided in conjunction
with LMS learning sessions. In addition, a text handbook in
print accompanied the course content. This would have created
a situation where some students might have no compelling
reason to refer to the LMS content material. We are currently
fine tuning our thresholds and calculation system to further
improve our method’s precision.
TABLE 11.
PRECISION RATE COMPARISON
Authors
Garcia et al.
[9]
Graf et al.
[12]
Dung and
Florea[33]
This study
1st trial
This study
2nd trial

ACT/REF

SEN/INT

VIS/VER

SEQ/GLO

58.00%

77.00%

−

63.00%

79.33%

77.33%

76.67%

73.33%

72.73%

70.15%

79.54%

65.91%

63.64%

77.27%

72.73%

77.27%

65.00%

75.00%

76.25%

77.50%

V. CONCLUSIONS AND FUTURE WORK

Fig. 7. Course content.

B. Results and Discussion
To evaluate our performance, we used the precision
measurement proposed by Garcia et al. [9]. If the magnitude of
the learning style obtained by the ILS (LSILS) was equal to the
learning style estimate of our framework (LSFW), we considered
Sim in the following formula to be 1, 0 if they are opposite, and
0.5 if one is neutral and the other is an extreme value. A
parameter n represents the number of students who followed the
course.

Precision =

∑ni= 1

n

FW, LSILS

Garcia et al. [9] calculated the precision for a course on
Artificial Intelligence followed by 40 students. They used a data
mining method employing Bayesian Networks for estimation of
the learning styles. Graf et al. [12] estimated learning styles
using a simple rule based method for a course on Web
Engineering followed by 43 students. Dung and Florea [33]
used a simple rule based method for estimating learning styles
on a course in Artificial Intelligence followed by 44 students.
The precision rate obtained in our two trials is comparable to
the results obtained by the researchers mentioned above, as
Table 11 reports. However, the conditions of calculating the
precision rate may not be exactly the same across trials.

This study introduces a new framework for detecting
learners’ learning style in an LMS. The framework is based on
the FSLSM and has been implemented on a Moodle LMS. Our
two trials reveal that the system is comparable with previous
studies when considering the learning profile creation. We are
currently in stage II of our system development, which involves
presenting content based on the learner’s profile. We also plan
to compare our present results using the simple rule-based
approach with approaches that utilize sophisticated data mining
techniques. Currently, 700 students use our proposed system,
and we will report the data analysis for these students at a future
date with the AIA module.
Finally, we also aspire to embed learning style preference
for SCORM content, which would allow the content to be
reused without needing to re-tag content for its learning style
preference.
REFERENCES
[1]

[2]
[3]
[4]
[5]

[6]

Alias N. A., and Zainuddin A. M. (2005). Innovation for better teaching
and learning: Adopting the learning management system. Malaysian
Online Journal of Instructional Technology, 2(2): 27-40.
(2014) Moodle Learning Management System [Online]. Available:
http://www.moodle.org.
(2014) Blackboard Educational Technology Platforms [Online].
Available: http://www.blackboard.com
(2014) Sakai [Online]. Available: https://sakaiproject.org/
Graf S. and List B. (2005). An evaluation of open source e-learning
platforms stressing adaptation issues. Fifth IEEE International
Conference on Advanced Learning Technologies (ICALT’05), Taiwan,
IEEE Press, pp. 163–165.
Burgos D. and Specht M. (2006), Adaptive e-Learning Methods and IMS
Learning Design: An Integrated Approach, Sixth International

doi: 10.4038/icter.v7i2.7153

56

[7]

[8]
[9]

[10]
[11]

[12]

[13]
[14]
[15]

[16]
[17]

[18]
[19]
[20]
[21]
[22]

[23]

[24]

[25]

[26]

[27]

M. Prabhani Pitigala Liyanage, K. S. Lasith Gunawardena, Masahito Hirakawa

Conference on Advanced Learning Technologies (ICALT’06), Kerkrade,
Netherlands, pp. 1192-1193.
De Crook M. , Mofers F., Veen M.V., Rosmalen P.V., Brouns F.,
Boticario J.G., Barrera C., Santos O., Ayala A., Gaudioso E., Hernández
F., Arana C., Trueba I., Fuentes C., and Rodrigo M.D.M. (2002). Active
learning for adaptive internet – state of the art, project deliverable report.
[Online]
Available
:https://adenu.ia.uned.es/alfanet/reports/ALFANET_D12.pdf
Felder R.M. and Silverman L.K. (1988). Learning and Teaching Styles in
Engineering Education. Engineering Education, 78 (7): 674–681.
García P., Amandi A., Schiaffino S. S., and Campo M. (2007). Evaluating
Bayesian networks precision for detecting students’ learning styles.
Computers & Education, 49(3): 794–808.
Graf S. and Kinshuk. (2006). Enabling Learning Management Systems to
Identify Learning Styles. Conference ICL, Villach, Austria, 1(9): pp. 1–9.
(2013) Felder R.M., Soloman B.A., Felder-Soloman Index of Learning
Styles
[Online]
Available:
http://www4.ncsu.edu/unity/lockers/users/f/felder/public/ILSpage.html
Graf S., Kinshuk, and Liu Tzu-Chien. (2008). Identifying Learning Styles
in Learning Management Systems by Using Indications from Students'
Behaviour. Proceedings of the IEEE International Conference on
Advanced Learning Technologies, Santander, Spain, pp.482-486.
Honey P. and Mumford A. (1992). The Learning Styles Helper’s Guide.
Peter Honey Publications Ltd., Maidenhead, p.1.
Stewart K. L., and Felicetti L. A. (1992). Learning styles of marketing
majors. Educational Research Quarterly, 15(2): 15-23.
Coffield F., Moseley D., Hall E., and Ecclestone K. (2004b). Should We
Be Using Learning Styles? What Research Has to Say to Practice?
Learning and Skills Research Centre / University of Newcastle upon
Tyne, London, pp.1-182.
Kanninen E.S.S.I. (2009). Learning styles in virtual learning
environments: Master of Science Thesis, p.64.
Graf S. (2007). Adaptivity in Learning Management Systems Focussing
on Learning Styles: Ph.D. Thesis: Vienna University of Technology.,
p.192.
Myers I.B. (1962). Manual: The Myers-Briggs Type Indicator. Consulting
Psychologists Press, Palo Alto, CA.
Kolb A.Y. and Kolb D.A. (2005). The Kolb Learning Style Inventory Version 3.1, Technical Specification, Hay Group, Boston.
Honey P. and Mumford A. (2006). The Learning Styles Helper’s Guide.
Peter Honey Publications Ltd., Maidenhead.
(2014)
Kolb
learning
styles
[Online].
Available:
http://www.businessballs.com/kolblearningstyles.htm
Chang Y., Kao W., Chu C., and Chiu C. (2009). Computers & Education
A learning style classification mechanism for e-learning. Computers &
Education, 53(2): 273–285.
Carver C. A., Howard R. A., and Lane W. D., (1999). Adressing different
learning styles through course hypermedia. IEEE Transactions on
Education, 42(1): 33-38.
Cha H.J., Kim Y.S., Park S.H., Yoon T.B., Jung Y.M., and Lee J.H.
(2006). Learning style diagnosis based on user interface behavior for the
customization of learning interfaces in an intelligent tutoring system.
Proceedings of the 8th International Conference on Intelligent Tutoring
Systems, Berlin, Heidelberg, Springer, pp. 513-524.
Surjono H. D. (2014). The Evaluation of a Moodle Based Adaptive eLearning System, International Journal of Information and Education
Technology, 4(1): 89-92.
Savic G. and Konjovic Z. (2009). Learning Style Based Personalization
of SCORM E-learning Courses, 7th International Symposium on
Intelligent Systems and Informatics, Subotica,Serbia, pp. 349–353.
Park H., Darak-ri I. G., and Chungbuk G. C. (2005). Design and
development of a mobile learning management system adaptive to
learning style of students. Proceedings of the 2005 IEEE International

doi: 10.4038/icter.v7i2.7153

[28]
[29]

[30]

[31]

[32]

[33]

Workshop on Wireless and Mobile Technologies in Education, IEEE
Computer Society Washington, DC, USA, pp. 4–6.
Klasnja-Milicevic A., Vesin B., Ivanovic M., Budimac Z. (2011).
ELearning personalization based on hybrid recommendation strategy and
learning style identification. Computers & Education, 56(3): 885-899.
Ozpolat E., and Akar G.B. (2009). Automatic detection of learning styles
for an e-learning system. Computers & Education, 53(2): 355-367.
Despotović-Zrakić M, Markoviae A., Bogdanoviae A., Baraae D.,
Sciences O., and Iliaea J. (2012). Providing Adaptivity in Moodle LMS
Courses Adaptive e-learning systems. The Journal of Educational
Technology & Society, 15(1): 326–338.
Graf S., Viola S.R., and Kinshuk. (2007). Automatic Student Modelling
for Detecting Learning Style Preferences in Learning Management
Systems. Proceedings of the International Conference on Cognition and
Exploratory Learning in Digital Age, Algarve, Portugal, pp.172-179.
Graf S., and Kinshuk. (2008). Analysing the Behaviour of Students in
Learning Management Systems with respect to Learning Styles.
Advanced in Semantic Media Adaptation and Personalization, Springer
Series on Studies in Computational Intelligence, 93(1): 53-74.
Dung P.Q., and Florea A.M. (2012). An approach for detecting learning
styles in learning management systems based on learners’ behaviours.
International Conference on Education and Management Innovation,
IACSIT Press, Singapore, vol. 30, pp. 171–177.
Graf S., and Liu T. (2009). Supporting Teachers in Identifying Students’
Learning Styles in Learning Management Systems : An Automatic
Student Modelling Approach. Educational Technology & Society, 12(4):
3–14.

International Journal on Advances in ICT for Emerging Regions 2014 07 (02) : 57 - 66

Neural Network based Age and Gender
Classification for Facial Images
Thakshila R. Kalansuriya, Anuja T.Dharmaratne,

Abstract— Automatic face identification and verification from
facial images attain good accuracy with large sets of training data
while face attribute recognition from facial images still remain
challengeable. Hence introducing an efficient and accurate facial
image classification based on facial attributes is an important task.
This paper proposes a methodology for automatic age and gender
classification based on feature extraction from facial images. In
contrast to the other mechanisms proposed in the literature, the
main concern of this methodology is the use of biometric feature
variation of male and female for the classification. It uses two types
of features namely, primary and secondary features and it includes
three main iterations: Preprocessing, Feature extraction and
Classification. This study has been carried out using facial images of
age range 8-60 years consisting of both gender types and the age
classification has been done according to predefined age ranges.
Proposed solution is able to classify images in different lighting
conditions and different illumination conditions. Classification is done
using Artificial Neural Networks according to the different shape and
texture variations of wrinkles on face images. This study has been
evaluated and tested on both foreign and Asian face images in both
gender types and the four age categories used.

images. Main attempt in this research is to come up with an
accurate method for age and gender classification from facial
images.
Gender classification is done according to the geometric
difference of primary features in male and female [11]. This
algorithm can classify the facial images in to four age groups 813, 14-25, 26-45 and 46-60. Age classification is based on the
texture variation of wrinkle density in the forehead, eye lids
and cheek area. Classification is done using two separate neural
networks for age and gender.
The dataset used for the proposed methodology contains
images from both genders and different age groups. Those
images represent different facial features, expressions, different
angles and different lighting conditions. Fig. 1. shows a subset
of data used in the experiment.

Index Terms— Age classification, Gender classification, Feature
extraction, Primary features, Secondary features, Texture, Wrinkles

I. STEP 1: INTRODUCTION
Personal monitoring, identification and verification using
facial images are known to be an actively growing area of
research in many computer vision applications. Some examples
in this area are face recognition, face action classification,
poses recognition, skin colour classification, age estimation,
gender recognition and ethnicity recognition. Face recognition
has achieved better results according to the research done for
nearly three decades [1], [2] and [3]. However, similar accuracy
of classification could not be gained from facial attribute
recognition [4].
Human brain is the most powerful and accurate classifier
in pattern recognition. It has the brilliant power as it is a dynamic
organ involved with training and learning for a specific
period of time. Researchers’ main attempt is to convert this
biological and behavioural characteristic of human brain into
artificial neurons in order to attain the same or better results.
One of the primary uses of this work is to classify human
attributes like age, gender and ethnicity using facial
Manuscript received 16-Feb-2014. Recommended by Dr. D. N.
Ranasinghe on 05-August-2014. This paper is an extended version of the
paper, "Facial Image Classification Based on Age and Gender" presented on
ICTer2013 Conference.
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Dharmaratne,are with University of Colombo School of Computing, No. 35,
Reid Avenue, Colombo 07, Sri Lanka (e-mail: thakshilark88@gmail.com,
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Fig. 1. Different types of images used in the experiment

The system uses face images from the famous facial
databases like FERET database [12], FGNET database [14] and
some images are collected by the authors as well. Researchers
must request from authorized people to download the FERET
and FGNET databases. All the instructions to download
FERET database can be found in [15].
The rest of the paper is organized as: Section II describes the
related work carried out in the research area; Section III describes
the design used in the proposed methodology with the limitations
and constraints descriptively; Section IV includes the results of
the proposed methodology; Section V includes a discussion on
the results of the methodology and Section VI includes the
acknowledgements and then the references used in the paper.
II. STEP 2: RELATED WORK
Facial image identification based research has started to
conduct before 30 decades according to the literature. However
face attributes such as age, gender and ethnicity identification
from facial images has actively growing in late
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1996s according to the literature. Research on facial attribute
recognition such as age, gender, ethnicity and facial emotions
have been started nearly a decade ago. Thus there are only a
few research solutions introduced for facial attribute
classification from facial images. It is essential to introduce
new approaches with higher accuracies for facial attribute
classification from face images. According to the literature,
most of the research solutions are based on classifying the
images into one of the attributes but not for a combination of
attributes. However they have come across three main
iterations namely Preprocessing, Feature extraction and
Classification. Next sub sections describe the previous work
carried out in similar research.
A. Age Classification
The very first involvement carried out on age classification
from facial images has done in 1996 by Y. H. Kwon and Niels
da Victoria [4]. Images were classified into one of the three age
groups from babies, young adults and senior adults. Primary
features of the face are used to distinguish a baby from a young
adult and a senior adult. After that wrinkle geography mapping
is used to distinguish seniors from young adults and babies.
Wen-Bing Horng et al [5] developed an algorithm to
identify age from grayscale images by using an Artificial
Neural Network (ANN) classifier. Proposed method is able to
classify images into one of the four categories from babies,
young adults, middle-aged adults, and elderly adults.
K B Raja and L M Patnaik [6] proposed an age and gender
classifier using ANN classifiers and posterior class probability.
The algorithm consists of three main stages, preprocessing,
feature extraction and classification.
Feng Gao and Haizhou Ai [7] developed their own algorithm
to face the challenge of age classification using consumer images
in various conditions. Gabor feature is extracted for face
representation and a fuzzy version of Linear Discriminant
Analysis (LDA) is used for classification.
B. Gender Classification
Rodrigo Verschae et al [8] described a framework for
classifying face images into the corresponding gender using
Adaboost and domain-partitioning based classifiers. The
proposed framework has the capability of building
classification systems with high accuracy in dynamical
environments, while maintaining a high processing and training
speed. The paper presents that they have practiced the proposed
framework by using several features like Local Binary Patterns
(LBP), wavelets and rectangular features.
M. Mayo and E. Zhang [9] presented a novel method of
face gender classification by using completely misaligned data
such as translated or rotated data into the training set and
obtained a remarkable accuracy. Proposed methodology used
two classifiers for the experiment. One is based on weak features
such as Local Binary Pattern histograms and the other classifier
is based on SIFT key points. Finally the proposed system has
achieved a high accuracy of 92.5%.
Wei Gao and Haizhou Ai [13] introduced a novel method
in classifying face images in multiethnic environment by using
consumer images. They have used Active Shape Model to
overcome the non uniformity in consumer images by texture
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normalization. They have presented a probabilistic boosting
tree approach in gender classification as well as consideration
on ethnic factor on classification. The paper proves that gender
classification using ethnic factor has achieved a higher
accuracy of classification in multi-ethnic environment.
C. Different Methods used in the basic iterations
Accurate classification of facial features is an important task
because the extracted feature set will contain only the relevant
information from the input data in order to perform the desired
classification task using the reduced representation of the input
image. First step is identifying the primary features such as
eyes, eye brows, nose, mouth and face area and mark some points
from these areas to calculate the ratios used in the classification.
Fig. 2. represents 66 landmarks identified in human face
according to the FGNET database.

Fig. 2. Facial landmarks according to FGNET database [10]

The following approaches have been used for feature
extraction according to the literature:
• Sobel edge operator - Sobel edge operator is a well-known
method used to calculate the gradient magnitude of each
and every pixel in a grayscale image. Sobel edge operator
uses two convolution kernels with n*n elements. One
corresponds to the horizontal direction and the other one is
the 90o rotated matrix of the first matrix which corresponds
to the vertical direction. Sobel gradient magnitude seems to
be slower in the computation and sobel is less sensitive to
noise as the convolution kernel smooths the input image
[4].
• Am-markup tool - This is a tool which can be used with
Active Appearance Models for interactive search. This tool
can be used to locate facial feature points efficiently
according to [10].
• Active Shape Model - This is a statistical model for different
shapes which can deform iteratively up to a given object in
that shape. It is an improved edge finding technique which
is used for texture normalization [16]. This approach is
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very useful for face representation when the data sample
consists of consumer images where the images are of
various backgrounds and illumination conditions [17].
According to literature, there are many different
mechanisms used for the classification process. Some of the
major mechanisms in age classification are discussed below.
• Neural networks – Neural network based classification methods
are the frequently used mechanism for age classification
according to the previous research work [4],
[10]. Main emphasis is to feed and train the human brain
functions into the computer for pattern recognition. Human
brain is the best classifier in pattern recognition as it has
been trained and learned for several years.
• Fuzzy Linear Discriminate Analysis(FLDA) - FLDA is another
age based classification method experimented by some
researches by combining with fuzzy age membership
function and provide better results [7], [18], [19]. Face
representation need for FLDA is done using Gabor feature
extraction. LDA is a dimensionality reduction approach
used to find out the best way to maximize the ratio
between class scatter and within-class scatter. In LDA
methods each and every sample data is classified into one
of output classes. But it is difficult in a situation like age
classification [7].
Neural networks have been used for the gender classification
and there are some other popular mechanisms used for
gender classification according to the literature. Former work
done on gender classification by using neural network has shown
better accuracy than other methods. Details on some of the other
mechanisms used in gender classification are,
• Support vector machines – Support vector machine is
popular as one of the best nonlinear classifier because it
produces accurate classification results when compared to
other methods. The idea behind the method is to nonlinearly map the input data to some high dimensional
space. Disadvantage of the SVM is that it needs a large
number of support vectors for the training set to perform
classification tasks.
• Posterior class probability – Posterior class probability was
one of another experimented classification method for
gender classification identified [20]. After extracting the
facial features gender is identified using this method.
• Probabilistic Boosting tree - PBT is a learning mechanism
among discriminative models which was first proposed by
Zhuowen Tu [21]. This theory has been practiced for
gender classification problem where the data set consists of
consumer images and it has achieved better results [13]. In
this approach, PBT automatically creates a tree. In the
learning stage of PBT, every node in the tree combines a
number of weak classifiers into a strong classifier. Tree
expansion is done using divide and conquer strategy until it
approaches the target posterior probability. The root node
of the PTB outputs the overall posterior probability by
combining the probabilities collected from the sub trees.
When constructing a boosting tree, the confidence output
by the root node is further mapped to probability by sigmoid
function [13].
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III. STEP 3: METHODOLOGY
The main goal of the proposed algorithm is to identify
corresponding age range and gender from human face images
using a specific set of facial features. Facial feature extraction
is the most important phase in this algorithm. Fig.3 shows the
flow of this proposed algorithm which consists of three main
steps; Pre-processing, Feature Extraction and Classification.
Input Image

Face Area Detection

No

Human
Face

Yes
Pre-process Face Area

Feature Extraction

Parameter Calculation

Classification
Input Face

Verification

Final Result

Fig. 3. Main steps of the proposed Age and Gender Classifier

A. Input Image
Input image is the source image intended to test with the age
and gender classifier. User can input any type of image format
like .jpg, .png, .tiff, and .bmp. System will not accept face
images with spectacles and images of children less than eight
years of age.
B. Face Area Detection
First phase will proceed to check whether the given input
image contains a face part or not. Algorithm will reject the
input image if there isn’t any face area in the input image. Once
the face area is detected, classifier will extract the area and
create a separate image per every face in the input image by
cropping the background as shown in Fig. 4. The classifier has
been trained with a sufficient number of frontal, nearly frontal
and rotated faces from 0 to 45 degrees and non face images.
Detected face images are preprocessed to standardize the face
images by converting them to a unique format.
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0.0453

0.0556

0.0453

0.0556

0.0707

0.0556

0.0453

0.0556

0.0453

The sum of the weighted matrix is calculated using the
formula (3):

Fig. 4. Detected face area from the Input face image

C. Preprocessing
Images used in the experiment are in different conditions
such as presence of noisy data, different lighting conditions and
different intensity levels. Thus, detected face images need to
undergo a preprocessing step before forwarding to the
classification stage.
• Resize Detected Face Image - Collected images from the
initial face detection are in different sizes. Therefore to
standardize the data set, the first step in preprocessing is to
modify each image into a standard width and height (Eg.
255*255 in this research).
• Colour Conversion - Images used in this research need to be
in standard colour format. Therefore to overcome the
complexity, all the images are converted into grayscale and
finally do a histogram equalization to have a uniform
distribution of intensity values in the image. First the red,
green and blue values of every pixel in the image are
obtained and then the following formula is used to convert
the RGB image into a grayscale image:
1
• Noise Reduction - Dirt on camera lenses, imperfections in
camera flash lighting may result to create noise in natural
images taken from digital cameras. Colour converted images
are sent to the noise reduction filter. Gaussian smoothing is
used to remove the noise in the images. Gaussian smoothing
function f(x, y) can be expressed as,
2

by.

3
Then the weighted average of the nine points is calculated

4
The Gaussian blur for each point in the matrix is calculated
by multiplying the colour value of each point by the weight
average. Each colour value is between 0-255.
5
These values of the matrix help to calculate the Gaussian
blur value for the center point.
6
By repeating the above steps for all the points in the image,
the Gaussian blur for the face images can be calculated.
• Face Identification - Identifying the face area from the input
image plays an important task since some input images
may contain unnecessary data other than the face area. To
make this efficient, a classifier is trained using a number of
images which include face images (positive set of face
images) as well as non-face images (negative set of face
images). During the training process, distinct features of
the objects are extracted. Later these extracted features are
used to classify the objects in the unseen images. Some
outputs of the preprocessing step are shown in Fig. 5.

This function can be used to calculate the weight for each
pixel in the image. Assume the centre point of the weight
matrix is (0, 0). Then the nearest coordinate values can be
represented as,
(-1,1)

(0,1)

(1,1)

(-1,0)

(0,0)

(1,0)

(-1,-1)

(0,-1)

(1,-1)

Then the weight matrix is calculated by setting a value to
σ. The output weight matrix for a sample data set by using σ
=1.0.
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(b)

(c)

(d)

Fig.5. (a) Input image (b) Detected face area (c) Grayscale image of the face
area (d) Smoothed and histogram equalized image

Haar wavelets are single wavelength square waves which
contain one high interval and one low interval. In two
dimensions, a square wave is represented by two adjacent
rectangles where the pair contains one light colour and a dark
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colour. Determination process of the presence of a Haar feature
is done by subtracting the average dark region pixel value from
the average light-region pixel value. A threshold value is
provided during the learning process and it checks whether the
difference is greater than the threshold value or not. If it is greater
than the threshold value, then it indicates that the feature is
present.
D. Feature Extraction
Human face contains 66 feature points of landmarks
according to the research done in [10] by using images from
FG-NET database.
Relevant features important for the classification should
be extracted from the face images. According to human gender
variation there is a considerable difference in geometric size,
shape and distance variations in the facial content. Some of
these variations are described in Table 1.
TABLE 1
FACIAL CHARACTERISTIC VARIATION BETWEEN MALE AND
FEMALE
Facial
Feature
Hairline

Male

Female

Usually has higher
peeks on the sides and
tend to be ‘M’ shaped

Rounded shape

Eyebrows

Usually thick and just
under the orbital rims

Generally sit
higher and more
arched

Eyes

Appear small

Appear large

Distance
between eye
and eyebrow

Lower

Higher

Nose

Relatively bigger and
smaller

Small and short

Lips

Distance between the
nose and the upper lip
is large

Distance between
the nose and the
upper lip is small

Chin

Wider chin

Rounded chine

Cheeks

Hollow cheek

More rounded

Face shape

Square appearance

Heart shape
appearance
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Primary feature extraction is the most important phase in
the research. Primary features in the human face are eyes, nose,
mouth and eyebrow. There exists a specific region where each
facial feature falls in an image and therefore, the search space for
a facial feature could be minimized. According to this
observation, face area can be divide into several pieces and
start to locate each feature point using a trained classifier for
each feature.
• Locating Primary Features - Once the corresponding primary
feature region is found, each feature is located using
trained classifiers for each feature. Face regions are first
sent to the corresponding classifier to detect the respective
feature areas. Then next step is to find the nearest big
enough region including the located feature area. Feature
point location is detected by applying the integral
projection on each feature area. Since eyes have strong
intensity variation, the major peak is formed at the position
of the eyes in horizontal projection and most probably the
lowest valleys in vertical projection represent the eyelid
areas. Similarly, the nose can be located by the intensity
value difference in the nose trill and the mouth is also
located by the same mechanism and “References”.
Algorithm uses the primary features such as eyes, nose,
mouth and eyebrow area according to Fig. 6. (a) and secondly
detect secondary features which are extracted from the three
areas located on the forehead, cheeks and eyelid area according
to Fig. 6. (b). As mentioned in [10], there are 66 feature points
on the face area. However, it is better to use only a subset of
feature points concerning about the accuracy and complexity.

(a)

(b)

(a)Primary features
(b) Secondary features
Fig. 6. Features of interest

A classifier is used to identify the eye area from the images
as in Fig. 7. The classifier has been trained with eye images and
non eye images. Horizontal and vertical projections are used to
locate feature points. Valley points and peak points of the
horizontal and vertical projection can be used to locate the
feature points as shown in Fig. 8.

Fig. 7. Extracted eye area
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Fig. 10. Sobel edge image of the face area

E. Parameter Calculation
A specific set of parameters is required to proceed with age
and gender classification. Fig.11. shows the parameters
required to calculate after the feature point extraction.
Fig. 8. Projections used to locate eyes

A classifier is used to identify the nose areas from the
images. The classifier has trained with nose images and non nose
images. It is intelligent enough to locate the nose areas and
represent as a square region and take the big enough area to locate
the nose tip. Feature point locating is done by the horizontal and
vertical projection to the cropped big enough area. Crossing point
of valleys of the horizontal and vertical projection can be used
to locate the nose tip as shown in the Fig. 9.

Fig. 11. Parameters calculated for gender classification

Fig. 9. Nose tip location

Another classifier has been used to identify the area of the
mouth in the images. The classifier has been trained with
images with and without mouth areas. It is intelligent enough to
locate mouth areas and represent them as a square region and also
to locate the end points of the mouth as well. Feature point
locating is again done by the horizontal and vertical
projections.
• Locating Secondary Features - Wrinkles on the face become
clearer when people get older. Therefore, wrinkles are the
best features to identify the age of an adult person. The
general wrinkle areas are; Forehead, Eye Corners and
Cheek.
After locating the wrinkle areas use Sobel edge magnitude
to identify the measurement of wrinkles in corresponding face
images. Wrinkles definitely can be identified from the normal
skin because wrinkles have higher Sobel edge magnitudes.
For the age classification, algorithm used wrinkle feature
variation from young age to old age. The wrinkle areas are
located manually and the Sobel edge magnitude is calculated
for each area. Fig. 10. represents the corresponding Sobel edge
magnitude image of an input image.

The description of the parameters is given below:
Height of Eye = (X1 + X2) / 2
Distance between Eye and Eye brow = (Y1 + Y2) /2
Height of Nose (N) = b – (d + f ) / 2
Distance between Lip and Nose = h - b
Width of Eyebrow = Q
Distance between Eyes (E) = e – c
Eye to Upper Lip Distance (L) = h – (f + d) / 2
Ratio1 = Eye Distance /Nose Distance = E / N
Ratio2 = Eye Distance / Eye to Upper Lip Distance
=E/L
The calculated parameter vector for the gender classification
consists of the Eye height (H E), Distance between eye
and eye brow (Dist E & EB), Height of the nose (H N), Width
of the eye brow (W EB) and Distance between upper lip and nose
top (Dist N & L).
Similarly, the calculated parameter vector for the age
classification contains two ratios: ratio between eyes to nose
distance and eyes to mouth distance and ratio between distance
from eyes to mouth and distance between the two eyes.
Two wrinkle parameters from each wrinkle area are also
calculated:
Wrinkle Density (Wdensity) = No of all wrinkle
pixels/ No of all pixels in the area
Wrinkle Depth (Wdepth) = Total Sobel Magnitude of wrinkle
pixels/Total no of pixels in the area.
F. Classification
Classification is done in two main steps. First the gender
classifier will identify the corresponding gender of the query
image. After that, the image is transferred to the age classifier
to identify the corresponding age group. Gender classification
is basically done using shape variations of the features on face
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and the age classification is based on the texture variations in
the wrinkle areas.
Classification is done using the calculated parameters from
the neural networks. The neural networks are trained using data
taken from nearly 1500 images of the two gender groups and
different age groups which are images from frontal and nearly
frontal faces. Fig. 12. Shows the structure of the neural network
used for age classification.

Forehead

8-13

Eyelid

14-25
26-45

Cheek

46-63
Ratio 1
Ratio 2
Fig. 12. Neural network structure used for Age Classification

Calculated parameters are sent to the corresponding neural
network to classify the images according to age and gender.
Neural network used for gender classification contains five
input nodes and two output nodes 0 and 1 corresponding to the
two gender groups, male (0 – 0.5) and female (0.5 – 1.0).
Output value from the neural network is used to classify the
image into one of the gender groups.
The neural network used to classify the given input image
in to a corresponding age group has eight input nodes and the
output layer contains four nodes namely 0, 1, 2 and 3 to represent
the age groups 8-13, 14-25, 26-45 and 46-63 respectively. The
neuron with the highest response is considered as the output
of the age classification neural network.
IV. STEP 4: RESULTS
A. Feature Location based Analysis
• Face Detection - Face detection from a given facial image is
done using the Haar wavelet classifier which is introduced
in OpenCv library. Image database consists with frontal face
images as well as rotated face images. Library handles face
detection in 100% accuracy nevertheless it is a frontal image
or a rotated image.
• Eye Area Identification - Eye detection is done with nearly
90% accuracy by the cascade when the upper half of the
face image is provided. After that iris detection is done
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using vertical projection and horizontal projection for the
squared area which combines the two eyes. Nearly 70%
accuracy is obtained for the detection of iris using the
projection method. Therefore manual identification takes
place for the incorrectly detected images.
• Nose Area Detection - Nose area identification is done using
the cascade classifier provided in the openCV library. Nose
detection has achieved 85% accuracy once the middle
portion of the face image is given. According to the
experiment nose tip can be correctly located with an
accuracy of 65% by the horizontal and vertical projection.
Nose tip of rest of the images have to be located manually.
• Mouth Area Detection - The detection of the feature points
on the mouth has obtained nearly 80% of the accuracy when
the bottom part of the face area is given. After locating the
mouth bounded by a squared region, we were able to locate
the midpoint of the mouth by the results of
the vertical and horizontal projection with nearly 75%
accuracy for the face images. Mouth feature points are
marked manually in the rest of the images.
B. Classification based Analysis

• Parameter

Calculation for Classification - Gender
classification accuracy highly depends on the calculated
results from the facial images for the parameters eye height
(P1), distance between eye corner and eye brow corner
(P2), height of the nose (P3), Distance between lip and
nose (P4) and Width of eye brow (P5). Subset of results
taken for the five parameters from the test images are shown
in the table 2.
TABLE 2
VALUES OBTAIN FOR THE PARAMETERS USED IN GENDER
CLASSIFICATION

Image
F01

P1
0.20

P2
0.30

P3
0.55

P4
0.23

P5
0.08

F02
M01
M02
F03
F04
M03
M04
F05
F06

0.16
0.16
0.14
0.16
0.16
0.17
0.17
0.16
0.16

0.14
0.20
0.13
0.17
0.21
0.14
0.10
0.28
0.25

0.55
0.64
0.63
0.53
0.64
0.51
0.66
0.67
0.65

0.36
0.32
0.37
0.27
0.24
0.35
0.32
0.31
0.25

0.06
0.11
0.13
0.06
0.06
0.10
0.10
0.08
0.08

Age classification is done using the eight parameters taken
from the facial image as discussed in section III. These
parameters are calculated for each image in the training image
set. Accuracy of the age classification depends on the correctness
of calculating these set of parameters. Table 3 shows a sub
set of values obtained as parameters to be used in age
classification from the test images.
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TABLE 3
VALUES OBTAINED FOR THE PARAMETERS USED IN GENDER
CLASSIFICATION
Image
F01
F02
M01
M02
F03
F04
M03
M04
F05
F06

P1
0.0
214
0.0
125
0.1
062
0.0
937
0.0
020
0.0
048
0.0
077
0.0
020
0.0
122
0.0
017

P2
1.40
91
0.71
22
7.63
08
6.10
05
0.00
20
0.30
62
0.45
02
0.00
20
0.63
85
0.08
97

P3
0.0
10
0.0
60
0.0
90
0.0
60
0.0
80
0.0
10
0.0
166
0.0
333
0.0
02
0.0
02

P4
0.5
666
3.8
366
6.2
80
3.7
80
4.9
833
0.6
066
0.9
033
1.8
166
0.0
02
0.0
02

P5
0.0
114
0.0
766
0.0
561
0.0
30
0.0
195
0.1
447
0.0
533
0.0
433
0.1
247
0.0
394

P6
0.6
4
6.1
933
3.7
942
1.8
371
1.0
866
9.6
257
3.2
433
2.7
904
8.9
626
2.3
24

P7
0.9
90
1.0
666
1.1
276
1.0
582
1.0
430
0.9
666
0.9
793
1.0
093
1.0
204
0.9
80

P8
1.9
11
1.3
41
1.5
23
1.4
22
1.9
39
1.5
58
1.1
59
1.5
71
1.4
39
1.9
69

• Classification Results - Evaluation of the proposed
methodology can be summarized using the classification
accuracies of each set of data. Accuracy of correctly
classified image depending on the age, gender and even the
combination of age and gender can be calculated by,

TABLE 4
PERFORMANCE EVALUATION OF GENDER CLASSIFICATION

Type of
Data Set
Test Set
Training
Set
Training
+
Test Set

Experiment has used a training data set consisting of nearly
1500 images. Training phase is done by testing the output by
changing the number of hidden layer nodes, number of hidden
layers and the minimum error value to identify the best
classification for the data set provided. A test data set of 200
images is used to measure the performance of the proposed age
and gender classification algorithm. Test data set consists of
images from both genders and images correspond to the four
age groups considered. Table 4, Table 5 and Table 6 show the
results of the proposed methodology.
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Male - 80
Female –
120
Male - 95
Female 105
Male - 90
Female
110

-

Correctly
Classified
Size Rate
68
85%
104
86.66%
84
96

88.42%
91.42%

79

87.77%

95

86.36%

Classification
Rate
85.83%

89.92%

87.06%

TABLE 5
PERFORMANCE EVALUATION OF AGE CLASSIFICATION
Data Set

Test Data
Set
Training
Data Set

7
Number of correctly classified images is calculated by
comparing the results of the algorithm and the stored age and
gender values of the corresponding images in the image
database.

Sample
Size

Sample
Size
According
to Age
Group
8-13 - 30
14-25 - 81
26-45 - 60
46-60 - 29
8-13 - 45
14-25 - 50
26-45 - 55
46-60 - 50

Classification
Accuracy
Size

Rate

24
58
40
23
32
41
37
48

80%
71.60%
66.66%
79.31%
71.11%
82%
67.27%
96%

Overall
Classification
Rate
74.39%

79.09%

TABLE 6
PERFORMANCE EVALUATION OF AGE AND GENDER
CLASSIFICATION TOGETHER
Data Set
Test data
set

Sample
Size
200

Correctly
Classified no
of Images
141

Accuracy
of
both Classifiers
as a whole
70.5%

Human based classification has conducted on the same test
image set to compare the accuracy of classification by humans
with the automated method. 40 individuals were used in the
survey and their answers for the corresponding age group and
the gender for the test image set are summarized in the Table 7.

Neural Network based Age and Gender Classification for Facial Images

TABLE 7
PERFORMANCE EVALUATION HUMAN ACCURACY
CLASSIFICATION ON AGE AND GENDER
Age Group
8-13
14-25
26-45
46-60

Accuracy of
Gender
Classification
100%
100%
100%
100%

Accuracy of Age
Classification
90%
50%
40%
90%

Table 8 summarises a comparison analysis on the ability of
human classification and automated classification.
TABLE 8
COMPARISON BETWEEN THE ACCURACY OF HUMAN
CLASSIFICATION VS AUTOMATED CLASSIFICATION
Gender Classification

Age Classification

Human

Automated

Human

Automated

100%

85.83%

67.5%

74.39%

V. DISCUSSION
This paper introduced an approach to classify facial images
into corresponding gender and age. The main emphasis of this
research is to apply the training and learning process of the
human brain in pattern recognition and classification from the
normal computer. Automatic classification of facial images into
age and gender has been used in several applications in the
commercial world such as video surveillance systems and
enhanced image searching in search engines. The proposed
methodology used parameters taken from the geometric facial
feature variations influenced by the two gender types and the
facial skin texture variation in the ageing process. These
parameters are then used to classify the images into
corresponding gender and age by using a neural network.
Facial images for the research were taken from the two databases
namely FERET and FGNET which include the gender and
age details along with each image.
• Challenges Faced – As a research done for facial images
research need a large set of images for accurate results.
Therefore it was very difficult to find facial image database
with the corresponding age and gender data. Most of the
images are not met the constraints of the methodology.
Therefore collecting a large set of images from male and
female from the four age categories according to the given
lightning conditions, rotation conditions and facial
expression was the very challengeable task in the research.
After gathering images feature extraction becomes the
critical part. All the classification results depend on the
correctness of locating the desired feature points. Sometimes
the classifiers are not intelligent enough to locate the features
correctly. Therefore every image has checked after apply for
the feature classifiers to check whether the feature

65

identification is correctly done. If not manual feature locate
processed.
• Future Work - Proposed methodology can be improved
further to gain higher accuracy in classification. More
parameters can be added to represent the geometric variation
of gender to the existing classifier in order to increase the
performance. Reducing the gap between age ranges would
result with a better classification of images in to several age
groups.
Proposed algorithm can be enhanced to perform accurately
under any condition of images in the future. Reducing the gap
between the present age ranges would also be a reasonable
suggestion to end up with a better classification.
Identification of wrinkles is not 100% accurate as it
depends on several external conditions such as facial make-up
and smoothing done for the images. Therefore in future it is
required to find out another set of parameters which do not cause
these problems. In the literature there are lots of solutions
suggested using Gabor features with Fuzzy Linear Discriminate
Analysis methods and they have concluded with a high
accuracy in classification. It will be better to analyse the
performance behaviour by using this Fuzzy LDA method
combined with the parameters used in the method of age
classification.
• Conclusion – The proposed method use facial images in the
range of 8 – 63 as it is very difficult to recognize the
gender of children by the geometric facial feature
variations and also there are not enough facial images of
people older than 64 to use in the experiment. For the
effectiveness of identifying the age of a given facial image,
four age groups namely 8 – 13, 14 – 25, 26 – 45 and 45 –
63 used where each range has remarkable variations. Totally
1500 images used for the training process including
both male and female images within the interested
age groups. Face detection and the facial parts such as
eyes, nose and mouth area are located using the OpenCV
Haar cascade classifiers. After that feature points required
for the experiment are extracted using horizontal and vertical
projections. There are many difficulties of correctly locating
the feature points automatically in some cases when the face
area contains birthmarks like patches and also due to
different lighting conditions.
Parameters in the training data set is input to the neural
network to train the system and it is used to classify a given
query image into the corresponding gender and age group
according to the learning done from the parameters used in the
training process. There are two neural networks used for the
classification of age and gender. Each of the neural networks
performs accurately with one hidden layer comprising with
suitable number of neurons.
According to the results taken from the proposed age and
gender classification methodology, gender classification from
facial images has significantly higher accuracy in classification
training data as well as testing data. For the testing data the
gender classifier results with a correct classification of 85.83%
while the training data set gives 89.92% accuracy when using
data from 200 images from each data set. This implies that the
classification accuracy for the testing data set is very closer to
the classification rate for the training dataset. This can be
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further interpreted that proposed method for gender classification
is a considerably accurate mechanism and it can be used as a
successful mechanism in gender classification. According to the
results taken from age classifier, accuracy for the training data
set is 79.09% and 74.39%. Overall accuracy for the age and
gender classifier is 70.5% which is a considerable high accuracy
when compared to the overall classification accuracy by human
brain which gives a 75% of accuracy. This shows that gender
classification by human brain is 100% but when come to age
classification it is 67.5%, which shows the difficulty for the
classification. Therefore final conclusion of the proposed age and
gender classification methodology can be accepted as a
successful mechanism.
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Reconfigurable Wireless Sensor Node with
Improved Autonomous Linearization
Anuradha C. Ranasinghe, Lahiru K. Rasnayake, M. Kalyanapala

Abstract— The usage of reconfigurable hardware in wireless
sensor networks plays an important role which enables multi
parameter estimation in complex environments. The need for
vast sensor compatibility and sensor fusion will become crucial
requirements as wireless sensor networks become autonomous
and intelligent. Due to the non linear behaviour of sensors and
analogue circuitry in the front end, such applications often
require a rigorous software model to perform sensor
linearization for best accuracy. This paper presents an
implementation of a reconfigurable wireless sensor node based
on a CMOS analogue multiplexer network supporting universal
functions for different industrial sensors while being compact
and energy efficient, which is conducive to wireless sensor
networking. Further an accurate optimized and autonomous
linearization technique based on rational interpolation is also
presented in order to compensate non idealities of the sensor
node. The concept, simulation results, prototype implementation
with industrial components and the results of system integration
are discussed in this paper to illustrate potential applications in
mass scale data acquisition based on wireless sensor networks.
Keywords— WSN, Non Linear Sensors, Reconfigurable

Hardware, Autonomous Systems, Rational Interpolation,
Multiplexers
I.

INTRODUCTION

In the modern world, the combination of multi functioning
data acquisition systems and wireless communication
protocols provide creative means to develop energy efficient,
intelligent wireless sensor nodes for industrial applications.
The ability to interact with the physical environment in
wireless domain provides more robust and versatile platform
over traditional environmental monitoring scheme.
Reconfigurable hardware technologies have been recently
introduced to wireless sensor networks (WSN) for robust, low
power operation while enabling multi parameter data
acquisition for a given node. A single sensor node may be
designed integrating a sensor element, signal conditioner and
Network Application Processor (NCAP) into one sensor
node. Single sensor MEMS (Micro-electro-mechanical
Sensor) chips and motes are some examples for such a system
[1]. If a node per sensor approach is used, many nodes are
required in case different parameters of a certain area are to
be monitored. Maintaining such a WSN is quite expensive as
well as increases the complexity of the network. The
traditional approach to provide multi sensor capability for a
WSN node is by employing several signal conditioning stages
to the front end of the circuit where every sensor interface is
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dedicated to a certain sensor type. Compared to traditional
hardware design topologies, reconfigurable hardware designs
have shown a certain improvement of designing more flexible
devices [2]. Field programmable gate array (FPGA) based
designs are more popular for digital sensors, though they
require additional components to facilitate multi sensing
operation in mixed signal domain [3]. In the analog domain,
two major programmable hardware technologies are the field
programmable analog arrays (FPAA) and programmable
mixed signal system on chip technology (e.g. PSoC). Both
technologies are capable of providing all the common
components for supporting different mixed signal processing
applications [4].
II.

RELATED WORK

The development of an autonomous wireless sensor node
involves the embedding self-adjustment functionalities that
should be able to fix non idealities of the system such as
offset, variations in gain and non linearity for rigorous
operation. Such a system should utilize the least amount of
time and power for readjusting process. An accepted practice
utilized in the past by measurement system designers was to
linearize the sensor signal in order to compensate for system
non idealities. The subject of linearization of measurement
systems has been considered on different forms and stages,
basically in the design of circuits with MOS and CMOS
technologies [5-6]. Studied cases included the usage of
auxiliary hardware and programmable software solutions to
evaluate the linearization performance of measurement
systems. One application suggests analogue to digital
converters to solve nonlinearities at the same time the
conversion is made [7-8]. Further, ROM memories have been
used to save data tables and optimize lookup tables to solve
linearization problems [9-10]. Simple resistor divider
technique and a programmable hardware linearization method
were also presented [11-12]. The self-calibration concept
using artificial neural networks is approached from different
perspectives: simulation of auto calibration results [13] and
works related with auto calibration of specific sensors [14-15].
Some of these cannot be easily implemented on a low power
microcontroller (μC). Several important works related to
recursive algorithms that can be applied to the self
readjustment of intelligent sensors exist based on different
type interpolation techniques. Among the simplest algorithms,
the three point calibration method [16-17] suggests a simple
point by point calibration technique for single and
multidimensional data set. Also the progressive polynomial
calibration method [18] and its improved version [19] were
proven to be efficient methods in terms of computation
burden and optimized accuracy. However achieving a highly
non linear transfer function becomes difficult due to the large
set of calibration points required at initial stage.
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Recent studies [20] show that the use of rational polynomial
interpolation for transfer function modelling has a better
approximation for a given data set with the minimum least
square error compared to polynomial approximations
methods. Compared with other techniques such as Lagrangian
Interpolation or Gauss Newton Approximation , the
asymptotic behaviour and better interpolation ability of
rational functions makes it ideal for modelling highly non
linear characteristics of systems where the transfer function of
the system can be expressed with least number of terms.
To counteract previously mentioned issues, we propose
a design topology of a reconfigurable wireless sensor node
which was designed based on ultra low power analogue
components. The software of the central processing unit
incorporates point by point linearization method which
autonomously determines the best transfer curve for sensors
by given calibration points. By using programmable mixed
signal hardware architecture, this new approach enables a
single channel of this node to obtain signals from a vast
diversity of sensors. The most significant advantage would be
the autonomous transfer function identification of non linear
sensors. It also ensures homogeneity among WSN nodes.
III. CONCEPT OF RECONFIGURABLE INTERFACE
In the proposed system, the flexibility of reconfigurable
interface is essentially important since it decides the universal
functionality and application scope of the data acquisition
process of WSN node. The interface circuit was designed to
accommodate various types of sensor output signals, provide
sensor driving, offset adjustment, data linearization and
automatic gain to match the signals and sensitivities of
different sensor elements. The trade-off between the
measurement accuracy and the flexibility should be optimized
so that the resulting system can be widely adaptable to the
multi parameter system. Moreover power management of the
device is critically important since WSN nodes are deployed
in an energy constrained environment [21]. Fig. 1 shows the
hardware block diagram of the WSN node where dedicated
signal conditioning stages in traditional design were replaced
by universal transducer interface module (UTIM).

A. Mixed Signal Circuit Design
The UTIM is based on an analog multiplexer network which
facilitates the required functionality to perform signal routing
between sensor signals and amplifier stages. Time-divisionmultiplexing will be used to take analog sensor signals from a
distributed sensor array periodically so that data can be
processed on a common transmission line in a digitally
encoded format. These multiplexers were chosen from
CMOS logic family because of its high noise immunity and
ultra low power profile, where the design can be fabricated to
be compact with low power, cost effective implementation.
Also UTIM uses the architecture to synchronize the
multiplexing and sampling to ensure a proper settling of the
analog data signals while maintaining energy efficiency.
The use of dynamic sensor power cycling with UTIM
provides an opening for reducing average power consumption
in applications where energy use must be tightly managed and
power hungry sensors are interfaced. The average power
dissipation, of a transducer is quantified by the following
equation:
PAVG = DPON + (1 - D) POFF
(1)
where D, PON , and POFF represent duty cycle, power in
normal operation and power in off-mode of the transducer
respectively. Selecting appropriate duty cycle by considering
settling time of the sensor, the average power of the entire
system can be managed to operate in very low level. For
instance, considering a load cell (VISHAY Model 9010),
PAVG can be greatly minimized while maintaining the
measurement accuracy. Table 1 shows the technical data of
the load cell.
TABLE 1

TECHNICAL DATA OF THE LOAD CELL (VISHAY MODEL 9010)

Parameter
Settling Time

Value
150 mS (Typical)

Operating Power
Off-Power

240 mW
6.8

W

Taking Ton (Power-on Time) =160mS (settling time + 10mS
acquisition time), and Ton+off (Cycle time) =1S the average
power can be written:
P AVG = ( 0 . 16 x 240 ) + (1 - 0 . 16 ) 0 . 0068 mW
P AVG = 38 . 405 mW

Fig. 1 Proposed WSN Node Design

As seen from Fig. 1, the most distinct advantage of this
design is that this can be further miniaturized through an
integrated mixed circuit design, even though a modular
approach was employed in the current prototype.

doi: 10.4038/icter.v7i2.7155

The average power consumed by the sensor is approximately
16% of its normal operation power. Hence dynamic power
cycling is proven to be energy efficient with the UTIM circuit.
The initial design shown in fig. 2 is configured for four
analogue channels. Each analogue channel consist of 4-wire
interface, where Ex+, Ex-, Sen+ and Sen- correspond to the
terminals of excitation supplies and differential sensor signal
respectively. These differential signals will be converted into
a single ended voltage by routing the signal to an appropriate
analog block. Each analog block was design for a specific
sensor type which may include Op-Amps, discrete component
to provide signal conditioning and filtering before fed into the
ADC of the processing unit (MCU). The basic UTIM design
may require an optional multiplexer stage, so that only one
ADC channel is sufficient to digitize the sensor analog signal.

Reconfigurable Wireless Sensor Node with Improved Autonomous Linearization

69

Fig. 2 UTIM Based on Analogue Components at Front End

B. Signal Conditioning Blocks
The multi functioning capability of UTIM is achieved by
integrating different signal conditioning blocks at the back
end of multiplexer network. These intermediate blocks were
made of analog functioning integrated circuits such as
operational amplifiers; each block converts the sensor signal
into a voltage parameter, matches impedances and scales the
signal level prior to the ADC input. These analog blocks were
designed based on the operational principle and the type of
central element of the sensor, so that each block provides
more general functions rather than being a dedicated interface
type. Besides that, two independent excitation supplies were
provided, where source selection is optional. Figure 3 shows

(2)
where ∆R is the resistance change of the bridge element due
to the applied strain.
Programmable Gain Amplifier (PGA) is another important
part of a data acquisition system. When dealing with wide
range of signal levels, different gain ratios may be required to
scale signals for better accuracy. Since most of PGAs
available in the market are very expensive, we are proposing
a low cost solution based on simple analog components.
Figure 4 shows the design of PGA using a single op amp,

Fig. 4 Low Cost Programmable Gain Amplifier

Fig. 3 Bridge Excitation (Constant Current)

the UTIM operation for a typical bridge sensor.
Normally Bridge sensors generate a weak signal which
represents change in resistance of the strain gauges. If the
gauge is powered with voltage excitation, the voltage drops
appear on Switch On resistance (Ron) of the multiplexer will
cause a significant error to the measurement. In such a
situation, it is adequate to drive the bridge with known current
excitation where the Ron is not constant. Excitation Block (I)
represents a basic current source device made with very few
components. For single element varying bridge, the voltage
output is given by;
R V
VO = 2 REF R
R1 Ra

analog mux with couple of discrete components for three
different gain values.
The control bus line of the multiplexer should be maintained
in a logic level to provide the required gain. This design has
the advantage of bypassing Ron from the gain stage so that
the variations of Ron (caused by thermal drifts, multiplexer
input voltage levels) will not affect on the measurement.
Better performance can be obtained using precision resistors
for R1 to R3. System parameters relevant to this design such
as frequency response and gain errors will be discussed in the
device implementation stage.
IV. AUTONOMOUS LINEARIZATION TECHNIQUE
Some sensors have the advantage of a very high sensitivity to
changes in physical phenomena, and the disadvantage of an
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aggressively nonlinear characteristic. On the other hand this
might introduce a non linear error to the measurement, which
should be eliminated using a proper hardware design or
software calibration. Some techniques based on numerical
approximation methods have been discussed in early
literature [22-28], include Lagrangian Interpolation
Polynomials, Cubic Splines, Gauss Newton algorithm,
Steepest Descent techniques. Generally for power constraint
reconfigurable embedded systems, the least amount of time
and computational burden always preferred in applying these
algorithms.
Very little literature has been written with regard to
rational functions so this area is mostly open for exploration
to researchers and mathematicians. Rational approximation
was found to be a successive method for linearizing highly
non linear data due to its asymptotic nature. The method
presented here is a simplified version of the Thiele’s
continuous fraction algorithm which ultimately derives the
transfer function of a sensor using conventional recursive
divided differences for given dataset. The algorithm finds
appropriate rational function after each calibration point
utilizing a finite iterative technique. Because of this simple
point by point interpolation process, the algorithm does not
require memory to hold large matrices and computational
loads such as matrix inversion etc.

and
are given by the coefficients of diagonal
where
and numerator fractions respectively.
P- 2 = 0 , P- 1 = 1, P0 = a 0
Q - 2 = 1, Q - 1 = 0 , Q 0 = 1
Rj =

Pj
Qj

=

a j P j- 1 + b j P j- 2
a j Q j- 1 + b j Q j- 2

(6)

where j = 1……n-1, n = number of calibration points
Defining the continuous fraction given in (3) can be
simplified to equation (4) which enables finding the final
rational function for the entire data set.
When using the proposed algorithm, it is necessary to define
its performance to satisfy certain criteria such as, number of
calibration points, minimum non linearity error, and
computational speed. In order to demonstrate the performance
of the proposed method, a non linear data set was generated
using an increasing exponential function to interpolate by the
Simplified Rational Interpolation (SRI) algorithm in the first
step. The evaluation has been carried out by changing the
linearity of the function keeping number of calibration points

In the first step, we would consider calibrating univariate
response. The algorithm starts with taking divided difference
between two calibration data points. Using triangle rule, we
can form the divided difference coefficients according to
format as in Table II given below.
Where;
i
0
1
2
3

xi
x0
x1
x2
x3

fi
f0
f1
f2
f3

TABLE II
CALIBRATION DATA SET

Divided Differences

φ(x0, x1)
φ(x0, x2)
φ(x0, x3)

φ(x0 , x1 , x2)
φ(x0 , x1 , x3)

φ(x0 , x1 , x2, x3)

fi and xi represent dependent and independent variables of the sensor
response

(xm , xn ) =
( x m ..., x p , x q ) =

xn - xm
fn - fm

(3)

xq - x p

(4)

( x m ,... x o , x q ) -

( x m ,... x o , x p )

Corresponding rational expression for each point can be
recursively found according to the following procedure:
b |
b | b |
R n ( x ) = f 0 + 1 + 2 + ..... + n
(5)
| a1 | a 2
| an
a0 = f0
an =

( x 0 ,...., x n - 1 , x n )

bn = ( x - x n- 1 )

Fig. 5. The interpolates data and its error plot with proposed algorithm for a
non linear function

constant. The result shown in figure 5 was obtained using 4
calibration points which clearly explains the behaviour of the
non linear response.
Figure 5 clearly shows the interpolated result of the non linear
data set and its corresponding error curves. Point A, B, C and
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D represent successive calibration points which have been
used to determine the approximated rational function.
Variable r determines the non linearity of the function.
Changing the non linearity by setting r = 0.2, 0.4 and 0.6, the
simulated error plot gives a good evaluation of the
effectiveness of the algorithm. According to the error plots
given in Fig 1, it can be noticed that 20% of maximum error
has been reduced to 1% when the non linearity factor
decreases by 0.2.
Apart from that, linearization was attempted with popular
Gauss Newton Algorithm (GNA), Polynomial Least Square
Method (PLSM) [29-33] and Progressive Polynomial Method
(PPM). To obtain an acceptable error for GN and PLSM
method, a large number of data set, iterations and initial
values were required. Compared to these methods, PPM
which is a point by point calibration technique shows an
acceptable accuracy of 75%, 4 data points. When the non
linearity is further reduced (r = 0.4, 0.6) the observed
accuracies were 80% and 87% respectively. This shows that
the SRI algorithm provides the best accuracy with the least

71

respectively. Following table shows the data set and their
inverted differences. Four calibration points were selected
from the resistance range representing temperature values
ranging from 273K to 360K.
i
0
1
2
3

R(Ω)
341
3643
7126
10481

TABLE III
THERMISTOR EXAMPLE

T(K)
359.26
295.93
281.48
273.71

Divided Differences

-52.14
-87.23 -99.25
-118.53 -103.00

-849.09

Using eq(3), (4) and (6) the rational function can be computed
step by step according to the following format.
j = 1;

a P + b1 P- 1
P1
= 1 0
= 365 . 8 - 0 . 012 x
Q1
a 1 Q 0 + b1 Q - 1

j = 2;

a P + b 2 P0
P2
260 . 01 x - 5 . 84 x 10 5
= 2 1
=
Q2
a 2 Q1 + b 2 Q 0
x + 1531 . 81

j = 3;

P3
a P + b 3 P1
= 3 2
=
Q3
a 3 Q 2 + b3 Q1
- x 2 + 2 . 59 x 10 5 x - 3 . 86 x 10 8
946 . 23 x + 9 . 98 x 10 5

The obtained rational function by the SRI algorithm and

Fig. 6.Minimized error result with six calibration points.

required number of calibration data points and computational
burden. Increasing the number of calibration points to six, we
can see the nonlinear error of the generated data set can be
greatly reduced as shown in Fig 6.
With r set to 0.2, the maximum error of the data set was
minimized to 0.37% which is a great benefit of the proposed
algorithm. The result proves that even the highest non
linearity can be greatly reduced by increasing number of
points in the algorithm.
In the second step of the evaluation, the algorithm was
applied to linearize a standard 3.3k thermistor using 4
calibration points. A thermistor is a good example for a non
linear sensor which has considerable non linearity where the
change in the measurement is most rapid at low temperatures,
giving great resolution for determining the corresponding
temperature values there. At the other end of the range,
resistance levels change relatively less with temperature and
measurement resolution is relatively poor. The sensor data set
was taken from datasheet recommended by National Institute
of Standard and Technology (NIST) [34]. Points were
selected to cover its entire temperature range. The resistance
value of the thermistor and corresponding temperature in
Kelvin were selected as independent and dependent variables

Fig. 7.Interpolated result compared with Stein Hart Equation

conventional Steinhart model for 3.3 k thermistor were
compared with sensor data to evaluate the performance of the
proposed method. The result from the simulation is shown in
Fig 7.
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The error is significantly much smaller in terms of percentage
when compared with other algorithms described previously
and as seen in the figure, the SRI algorithm, with its lower
computation time is a significant leap in deriving the sensor’s
characteristic function.
The simulation results show that approximately 98% accuracy
(1.14% of maximum error) can be achieved with 4 calibration
points of the SRI algorithm. Compared to Steinhart model,
SRI result gives a moderate value. If the computational
workload is considered, the SRI algorithm has robust
simplification steps rather than using logarithmic functions of
Steinhart model for time constraint applications. The
proposed algorithm was tested on an ARM Cortex M3
microprocessor setting its operating frequency to 10MHz
which is ideal for low power operating WSN applications. To
find coefficients (divided differences) at the initial stage, the
microprocessor required 119 uS. Only 84 uS execution time
was required to compute the rational function at each
recursion cycle. In contrast, Steinhart equation required 3.32
mS for its logarithmic function, which makes the new SRI
algorithm efficient in saving computational burden. However
it is also important to note the convergence of the proposed
method with minimum number of calibration points in order

included Dual 4:1 CMOS Analog Multiplexers (MAX4618)
for the signal routing stage and a micro power op-amp
(LT1079) for optimum power efficiency in this prototype.
The performance of this UTIM was tested with the LPC1769
ARM Cortex M3 micro processor from NXP and the XBee

Fig. 9 Current Consumption of UTIM.

ZB module. The LPC1769 has ultra low power profiles for
different sleep modes. The power consumption of the UTIM
with respect to its switching frequency with different sensor
attachments was recorded as shown Fig 9.
With the current consumption given in micro amperes (uA)
and channel switching frequency in Hertz (Hz) in log-scale,
the observations prove that the UTIM is highly power
efficient for typical industry grade applications since the
current consumption can be maintained as low as 478 uA for
adequate switching frequencies. The device performance in
high frequencies is determined by the frequency responses of
individual components. To evaluate the frequency response of

Fig. 8.Convergent Property.

to evaluate the efficiency. The same example for thermistor
can be used for this. Next figure shows the simulation result
of the maximum error with respect to the calibration points
used to interpolate the data set.
Increasing the number of calibration points to 5, shows a
dramatical change in maximum error of the interpolated data
set. The maximum error of 1.14% for 4 point calibration has
been minimized to 0.083% by increasing the number of
points to 5, which is a great benefit of the proposed method.

V. OVERALL PERFORMANCE & PROTOTYPE DESIGN
Since the emphasis of this paper is focused on suggesting an
autonomous linearization technique for a reconfigurable
WSN system, the user may select and integrate other
auxiliary peripherals for the WSN node, depending on the
application requirements and feasibility. In developing the
experimental prototype for this research, the paramount
concern was creating a low power design, with universal
capability and optimized accuracy. The effectiveness of the
algorithm will be proven later in terms of processing speed
and convergence. The components used for the UTIM
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Fig. 10 Frequency Response of the Prototype Design.

the measurement chain, we feed a sinusoidal signal to the
input and record the signal output at final stage by setting
PGA gain to 1, 10 and 100 respectively. The gain error of the
final output with respect to the input signal frequency is
shown in Fig 10.
As shown in Fig 10, when PGA gain is set to 1 (1% tolerance
resistors were used) the operational range of the device is
limited to 200 kHz. Increasing gain to 10 and 100
subsequently reduces the operation range to 50kz and 8kHz
respectively. This behaviour can be expected in micro power
operational amplifiers since the power optimization of VLSI
design lead to a reduction in gain bandwidth product of the
component. However this frequency limit is more than
adequate for low power industry grade applications and this

Reconfigurable Wireless Sensor Node with Improved Autonomous Linearization

limit is where the optimum performance is preserved. If
required, the performance can be extended to higher
frequencies by simply replacing the op-amp used.
Once the data acquisition node was ready for operation
along with the required calibration setup, the autonomous
calibration could begin. This could be realized in two ways:
the user may either provide points remotely to the node or let
the node use an intelligent mechanism to find appropriate
points for the automatic calibration stage. This improved
linearization method provides the means to model the input
output transfer function to match the effects of the
environment parameters depending on whether the user
knows about the environment subject to monitoring. If the
user may not know much about the environment, the device
will intelligently perform the calibration. A reference sensor
is also used to correctly map the inputs with the outputs, so
that subsequently the transfer function of the sensor is
obtained by the SRI algorithm after the required calibration
points are derived and this can be done within the
microprocessor or externally for much more computational
accuracy if required. With the SRI algorithm running in the
micro-processor, the accuracy of the acquired data has been
evaluated with different sensors attached to the prototype
sensor node. The test bench included a K-type thermocouple
(AEM 30-2067), 10k NTC Thermistor (EPCOS
B57867S0103 10kΩ @ 25°C), Pt100 RTD (RS 611-8264)
and a 20kg Load Cell (VISHAY Model 9010 - 2mV/V).
Initially all sensors were tested with both voltage and current
excitation supplies for best accuracy. The results were
compared with the improved linearization method output to
determine the effectiveness of proposed method. Table IV
shows the comparison result.
TABLE IV
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micro processor software to compensate signal errors present
at the measurement. Further, the fast execution time of the
algorithm provides a feasible time schedule for WSN event
management. The prototype implementation of the WSN
node is shown in Fig 11.
VI. CONCLUSIONS AND FUTURE EXPLORATION
The proposed UTIM concept has a highly flexible front end
design for wireless sensor node technologies which
reconfigures its hardware in an autonomic way to interface
with a wide range of distributed sensors to solve the multisensing challenge encountered in many WSN applications
where different types of sensors are to be supported. Proposed
Simplified Rational Polynomial Interpolation technique
provides a robust linearization for sensors in order to maintain
least amount of execution time required for reconfigurable
hardware systems. Power consumption tests prove that UTIM
is highly power efficient and can be integrated with an ultra
low power processing unit (e.g. Nano Watt) in a WSN node.
The circuit can be further miniaturized through surface mount
devices. For future work, the development of adaptive
reconfigurable hardware designs, autonomous sensor
identification and sensor plug and play technologies will be
evaluated to introduce a better deployment for distributed
WSN applications. New possible algorithms that follow in the
path of rational interpolation [35] will be explored to improve
linearization.
Design
improvements
and
sensor
miniaturization through newer high end versions of
Programmable System-On-Chip integrated mixed signal
devices will be considered with the required reconfigurability and the capable computational power. Other
signal processing techniques will be also integrated to
optimize the final solution.

ACCURACY COMPARISON WITH SRI METHOD

Sensor
K type
Thermocouple

Best Accuracy
Without SRI
With SRI
±3 C
±0.8 C

Thermistor

±1 C

±0.5 C

Pt100 RTD

±3 C

±0.4 C

Load Cell

±250g ( 1.3% full
scale)

< 0.5% full scale

Here the proposed SRI algorithm can be successfully used in
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SciPro Matching: ICT Support to Start a Quality
Thesis
Henrik Hansson, Jan Moberg, Ranil Peiris
Abstract- This article focuses on how to empower the initiation
stage in the thesis supervision process with information and
communication technology. Starting a large number of theses
with available resources based on creative ideas is a challenging
task. Another challenge is to connect student’s theses with
industry's interests. The SciPro ICT support system for thesis
supervision was developed over a five-year period. The most
important task in the thesis initiation stage is matching students,
supervisors, and ideas. Business partners and administrative
staff are other stakeholders who should interact in this process.
Although the choice of an idea is the responsibility of students,
and seems simple, it in fact requires a series of academic and
administrative support processes. There is a lack of IT systems
specifically address thesis supervision, especially the initiation
stage. The SciPro system was constructed to bridge this gap.
The initiation stage is the foundation of a quality thesis, and it
highly affects the quality of a thesis. The research approach was
based on a design science method. Prototyping, testing,
demonstrations, and user evaluations were conducted
throughout. Data collection methods for user evaluations
included interviews, observations, focus-group discussions, and
log data. This paper presents the SciPro IT system, which was
developed to support the start of quality theses. This system adds
value, saves time and increases the quality of the thesis initiation
stage. The process implemented rewards supervisors and
students by providing a high degree of freedom, control, and
selection of relevant topics. It enables both automatic processes
for previously time-consuming work and qualified manual
operations which can be controlled by administrators according
to their needs. SciPro can also be used to improve industryuniversity collaboration on thesis production.
Index Terms — Thesis initiation, supervision, matching,
business, university, ideas, innovative, management, IT

F

I. INTRODUCTION AND AIM

rom a small seed, a mighty trunk may grow (Aeschylus,
526–456 BC). In research, ideas are seeds that can
produce fruitful trees, and without good ideas all scientific
work is fruitless. Students starting to write their theses
(Bachelor’s , Master’s , or PhD) face the same challenge as
other researchers: how can I find a good topic? where shall I
start? The idea needs to be relevant, interesting, and
manageable within the available time frame.
The initial part of a research project, creative idea
generation, is not subject to any methodological procedure.
Ideas are created in many diverse ways. Personality,
Manuscript received 12-March-2013. Recommended by Prof. San
Murugesan on 16-March-2015.
Henrik Hansson, Janne Moberg and Colombage Ranil Peiris are with
Department of Computer and Systems Sciences,
Stockholm University, Sweden.(e-mails:henrik.hansson@dsv.su.se,
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experience, an open mindset, and curiosity play a role.
Structure and stimuli also help the process. There needs to be
a balance between freedom and structure in order to facilitate
good ideas. A student’s thesis is a sustainable way of
promoting industry-university collaboration through realworld projects. It also offers a possibility of selecting realworld projects and real project ideas from industry, which is
beneficial for both university and industrial stakeholders.
A successful thesis project contains three steps: (1)
project initiation, (2) supervision, and (3) utilization. In the
initiation step, one or more students should select a research
problem and then one or more supervisors should be assigned
to the project. Then the supervision process starts.
Supervisors, students, and other interested parties (reviewers
and peers) communicate with each other until the completion
of the project. Finally, the thesis findings should be published
for the benefit of society (utilization). There are a number of
issues and opportunities in the project supervision process
that should be addressed to enhance the quality of this
process.
This article focuses on the first step, project initiation. If
the initiation is not carefully elaborated, it will adversely
affect project completion. There are several problems and
opportunities, which are usually not considered in the project
initiation phase. For a successful thesis, three components
should be properly matched: the project idea, one or more
students, and one or more supervisors. There is a risk
otherwise that projects will not really benefit society.
Students may select any kind of research project that satisfies
the basic course requirements. Supervisors tend to accept
students’ projects if they fit into their own knowledge area,
and they do not have enough time to guide them in choosing
a useful project. Additionally, students and supervisors lack
the resources and time to develop a dynamic information link
to identify current industry issues. The duty of university
administration is limited to registration and course
administration. Although industry and society can provide
research questions constituting useful points of departure for
thesis projects, there is no proper link between industry and
its university partners. Hence, the majority of project ideas
will stay on desks as memos without ever reaching the
appropriate community.
Similarly, valuable research
findings remain in academic reports because of the lack of
proper links between industry and university.
Aim: To describe and analyse the information and
communication system support for the thesis initiation stage.
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II. RELATED WORK
Initiating a thesis is a time-consuming and complex
process. Students have to access many types of information
sources and consider a number of influencing factors [1] such
as the tasks handled by an administrator. According to Isaak
and Hubert [2], ‘good’ thesis topic selection is a critical
thinking and filtering process that should be done by the
student with advice from a supervisor. The chosen topic will
affect the success of the project, so its selection is very
important [3][4] and should be managed in the same way as
other steps in the process. Almost all theses management
information systems ignore this aspect or fail to provide
enough support for it. There are only a few research studies
of online thesis supervision systems, and a brief overview is
presented in the next section.
Richard [5] described a research supervision system
project implemented at Makerere University in Uganda.
Although the system diagram showed that supervisors'
specializations were listed and students could submit concept
papers, there was no proper matching system or ‘ idea bank’
concept (see Section IV) to support the project initiation step.
According to the author, the system was an intranet system
and was unable to satisfy essential requirements.
Colbran [6] implemented a supervision support system
for PhD supervision using collaborative supervision of
doctoral theses. A supervision cell (website for supervision
support) was implemented by means of an action research
approach. The website had seven main elements; (1) project
management, (2) reflective journal, (3) exercises, (4)
discussion forum, (5) private correspondence files, (6)
resource websites, and (7) course material database. In this
project, ICT was not used for the idea-matching process.
The Department of Management at the Durban
University of Technology (DUT), South Africa [7]
implemented a web-based (WebCT) system for postgraduate
research management as a blended approach in 2005 and
2006. The findings showed that it improved the supervision
process, reduced the administrative workload of the
supervisor, and created a dynamic record of the supervision
process. The results to date imply that traditional supervision
practice needs to be revisited and modified to include digital
procedures. The research study was, however, focused
mainly on communication and data recorded with ICT and
ignored the initial stage of the thesis process.
Another research study by MacKeogh [8] conducted at
Dublin City University found that it was possible to use
learning methodologies to provide a supportive environment
for students embarking on undergraduate research. Moodle
was used as the technical system and a conference module for
communication between students and supervisors. The paper
outlined the approach to research supervision adopted in a
distance education psychology module, which combined
online supervision, face-to-face meetings, and peer
supervision. This research did not consider the matching
function and its complexity.
Additionally, learning management systems (LMS) do
not specifically support the thesis supervision process,
especially the initial matching part of the process. Although
doi: 10.4038/icter.v7i3.7158

there are some well-developed LMS in the e-learning
industry, they do not manage thesis supervision as a special
module, although there are a few tools that can be used with
limited functionality [8]. The support offered by standard
LMS for the thesis supervision process is not adequately
developed or specific enough.
Foster and Gibbons [3] highlighted the importance of
selecting a good title as a way to increase research interest.
They noted that poor choice of a topic and problems with
developing a topic were obstacles to production of a good
research paper. Lei argued that the selection of a thesis topic
was a time-consuming and complex process, and stated that
‘ Students have to access many types of information sources
and have to consider a number of influencing factors’ [1].
Hansson and colleagues [9] originated discussion on the
use of ICT for thesis supervision. The important point of this
study was that they identified four stakeholders and
highlighted the importance of collaboration among the
stakeholders for a quality thesis. Aghaee and others [10]
studied the issues that emerged during the thesis process and
noted that one of the main issues was project initiation.
With regard to the importance of topic selection,
Harrison and Whalley [4] stated the following in the light of
their survey results on undergraduate research:
‘ From both the staff and student perspective, deciding
on the right topic of study is fundamental. Students
recognize that the topic should be something that
really interests them and will motivate them for
sustained study. Students valued the freedom to
choose their topic of study yet also identified that a
failure to get it right threatened further study’ .
The Council of Graduate Schools (1990), cited in Donald
and colleagues [11, p. 74], suggested that there were two
major factors in the supervision of graduate research students.
The first and more important had to do with creativity and
involved the ability to select problems, to stimulate and
enthuse students, and to provide a steady stream of ideas.
A. What is supervision?
Supervision is a subtype of pedagogy, and it basically
focuses on one or a few students per supervisor. Supervision
refers here to processes that academics use to support
students’ learning as defined by Maxwell and Smyth [12].
Generally, ‘advisor’ is the term used in North America and
‘supervisor’ in those countries with a British higher education
tradition. Henceforth, the terms supervisor/supervising are
used.
Connell [13] suggested that supervision was one of the
most complex and problematic pedagogical methods and led
to a high dropout rate [14]. She observed that both students
and supervisors failed to identify supervision as a method of
teaching. She argued that it was genuinely a complex
teaching task and, like other forms, raised questions about
curriculum, method, teacher/student interaction, and
educational environment. It also required a substantial
commitment of time and energy.
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III. METHODOLOGY
Sherman and Webb [14] observed that three concepts were
at the core of qualitative methods: holism, context, and
validity. In fact, the need to achieve and increase validity was
the reason for selecting a qualitative method when
researching certain topics where it was not possible to gain
valid results by using a quantitative approach. Figure 1 below
outlines the differences between types of research questions
and the connection to research approaches. If the issue is how
people ‘ think’ , observations of behaviour are not enough.
One needs to talk (interview, discuss) in order to understand
attitudes. What people say they want is not always what they
actually do, however, so actual observation of behaviour is
also needed.

‘ Design science research is a research paradigm in
which a designer answers questions relevant to
human problems via the creation of innovative
artifacts, thereby contributing new knowledge to the
body of scientific evidence. The designed artifacts are
both useful and fundamental in understanding that
problem’.
This paper will answer questions related to how the thesis
process can be improved. The theme of this research is how
ICT can be used for supporting the initiation stage. The
SciPro case was combined with design science to address the
research question.
Peffers and colleagues [21] highlighted six steps in design
science research methodology with reference to seven papers
published in the field. This paper follows these steps with the
case study approach to discuss the importance of an ICT
support system for the thesis initiation stage.
•
•
•
•
•
•

Fig. 1 Overview of research approaches and connection to types of research
questions (adapted from Rohrer, 2008) [16].

The SciPro system, which was developed at Stockholm
University, was selected as a case study. McCaslin and Scott
defined case study research as ‘ an in-depth study of a
bounded system with the focus being either the case or an
issue illustrated by the case(s)’ [15]. Creswell and colleagues
[16] defined it as
‘ a qualitative approach in which the investigator
explores a bounded system (a case) or multiple
bounded systems (cases) over time, through detailed,
in-depth data collection involving multiple sources of
information
(e.g.,
observations,
interviews,
audiovisual material, and documents and reports),
and reports a case description and case-based themes’ .
Furthermore, they discussed three variations in terms of
intent: the single instrumental case study, the collective or
multiple case studies, and the intrinsic case study. A single
instrumental case study was selected. In such a case study
[17], the researcher focuses on an issue or concern, and then
selects one bounded case to illustrate the issue.

Activity 1: Problem identification and motivation
Activity 2: Defining the objectives for a solution
Activity 3: Design and development
Activity 4: Demonstration
Activity 5: Evaluation
Activity 6. Communication

During a five-year period, the authors had many
interactions with staff and students both informally (daily
conversations, drop-in, problem-solving, etc.) and formally
(development meetings, trials, workshops, evaluations,
specific interviews, questionnaires, interaction with students
as supervisors, etc.). This interaction accumulated
information about stakeholder perceptions, needs, attitudes,
and problems. Based on these interactions, the system was
developed and redesigned several times. There was not
always consensus between students, supervisors, and
administrators about how to do it. Furthermore, among such
stakeholders there were several opposing views and interests.
The authors needed to accommodate expressed needs so that
most people were satisfied, and selected the procedures
believed to provide the best quality and efficiency.
Regarding context, the system was designed specifically
for the Department of Computer and Systems Sciences at
Stockholm University, Sweden. This meant that it was
adapted to the Swedish model of higher education
(requirements according to the Higher Education Act and
other laws and regulations; see Swedish National Agency for
Higher Education) [22]. The authors adapted the system to:

Research can be very generally defined as an activity that
contributes to the understanding of a phenomenon [18].
Niiniluoto emphasized that sciences that explain and interpret
the world were largely studied by philosophers [19]. He
suggested paying attention to sciences which change the
world and that design science was a methodology that was
used to understand complex phenomena with the aid of an
artefact. Hevner and Chatterjee [20, p. 5]] defined design
science research (DSR) as follows:
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Fig. 2 Matching procedures: Functions 1-12 outlined above are explained in the article text.

•
•
•

The student profile at the department
The staff and organization at the department
The IT infrastructure already available at the department
and IT systems provided by Stockholm University at the
central level, such as digital access to library services,
etc. In fact, the matching system was accessed through
single sign-on and integrated with more than 30 different
IT systems.

Multiple data collection methods were used: interviews,
observations, focus group discussions, workshops (with
demonstrations, prototypes, design mock-ups, etc.) and log
data. Additionally, emails and drop-in, and face-to-face
support sessions generated critical issues and identified user
experiences for consideration.
IV. RESULTS AND DISCUSSION
As a result of continuous development, SciPro version 3
provides wide-ranging facilities for the project initiation
stage. Hansson and colleagues [23] discussed matchmaking
facility evolution in SciPro (versions 1 and 2). As illustrated
in Figure 2, this stage consisted of four interrelated systems;
(1) register (DAISY), (2) idea bank, (3) match, and (4) the
supervision process. In version 1, the register system and
supervision process system were integrated and the others
were separate systems. In version 2 all the systems were
integrated except the idea bank. The preceding supervision
support system was developed in parallel with another system
with resources containing information, instructions, learning
material, templates, grading criteria, and FAQs for both thesis
writing students and supervisors. A unification process and
considerable system maturity took place during a five-year
period that significantly increased the efficiency, simplicity,
transparency, and quality of the initial phase of the thesis
work.
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A. Registry
It was very important to match the new system with the
existing information system for several reasons. Technically
it was easy to implement and reuse data and resources. From
a user’ s perspective, it was essential to get his/her support and
to reduce resistance to the new system. SciPro was designed
to use the general information system for student and
supervisor registration. Also, this integration was essential to
reduce the workload of the thesis administration staff. Figure
2 shows the registration system within SciPro. Registered
students in DAISY could access the system for thesis
supervision. The process started when an administrator
activated an application period in the system. See Figure 2:
number 1.
B. Idea Bank
The idea bank subsystem facilitated the storage of ideas
from potential idea sources. Figure 3 illustrates the concept
with several idea sources. The institution could decide which
sources were going to link with the idea bank as a source: see
Figure 2: number 2 where students uploaded their thesis
project ideas. In the current practice, idea creation was
limited to specific admission times in the academic calendar.
A flexible thesis start could be introduced, opening
admissions for the whole year. This eliminated the waiting
time to register a new thesis and helped to get more industry
projects into the system. The management of staff time
needed a new business model to incorporate such flexibility,
however. Table 1, column 3 shows the registered ideas for the
last semesters

SciPro Matching: ICT Support to Start a Quality Thesis
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Fig. 3 Idea Bank
Table 1. Number of supervisors, students and project ideas matched
regarding thesis work 2010-14

Period

Number of
supervisors

Number of
students

Number
of ideas in
idea bank

Matched
thesis
project
ideas*

2010
-11

81

311 (Master)
390
(Bachelor)

Autumn
2010: 0
Spring
2011: 5
Autumn
2011: 200

300
(Master)
220
(Bachelor)

2011
-12

46

175
(Bachelor)

Spring
2012: 224

95
(Bachelor)

2012
-13

77

113 (Master)
405
(Bachelor)

Spring
2013: 221

113
(Master)
217
(Bachelor)

201314

94

90 (Master)
406(Bachelor)

290

90
(Master)
215
(Bachelor)

Students sent their ideas to the matching system in a short
overview format. The template suggested by Watson was
used, [24] referred to as a ‘ Watson´s box’ ( see Table 2). This
format provided a holistic picture of the general idea,
methods, and practical aspects of a thesis project. Students
also labelled their project idea with keywords, a research area,
the languages they could receive supervision in, and a
preliminary title. Students could choose to label their project
idea with a confirmed supervisor (a supervisor who had
agreed to supervise the project), a preferred supervisor (when
a student wanted a certain supervisor, but had not yet agreed

it with the supervisor), and an external supervisor (from an
external organization). These steps provided enough
information at this stage and were used for the allocation of
a project idea to a suitable supervisor who is active within a
particular research area.
Students’ project ideas were matched in the system with
available supervisors, who had indicated their research
activities with keywords in the match system (see Figure 2:
number 3 for supervisors' ideas for thesis topics).
Supervisors were of course more interested in supervising
students within their research field than otherwise. Students,
however, did not know what the supervisors were
researching or their particular foci and projects. From a
quality perspective, it was also very important to connect
research with education, and the thesis work was very
suitable for this purpose. The student received a meaningful
context for the thesis work and the supervisor received an
additional collaborator for current research activities. To
facilitate this effect, the authors modified the system to
accommodate supervisors’ ideas for theses. Initially, as seen
in Table 1 above, the ideas from supervisors were few but
as soon as the users realized the potential and followed a
new policy that stated ‘ each supervisor needs to create at
least three supervisor ideas (thesis topics) for the idea bank’ ,
the idea bank began to be beneficial. Since not all
supervisors were on duty every semester and they had
different targets (the number of theses a supervisor could
supervise in an application period), the policy was changed to
‘ at least the same amount of supervisor ideas as the supervisor
has targets in the current application period’ ( see Figure 4).
Two hundred twenty seven supervisor ideas were available
for students, and a total of 457 supervisor ideas were created
between September 2012 and December 2013). Two hundred
and fifty of the ideas were created for Bachelor’s and 207 for
Master’s degrees. The aim was to create a pool of ideas not
only from supervisors but also from other sources (see Figure
3).
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Table 2 Structure for a student´s project idea (Watson´s box).

What?
What puzzles and intrigues
me?
What do I want to know
more about or understand
better?

Why?
Why is this of enough
interest for the library
shelves or my organization?
Is it a guide to practitioners or
policy- makers?

What are my key research
questions?

Is it a contribution
knowledge?

How - conceptually?

How - practically?

What models, concepts,
and theories can I draw
upon?
How can I develop my own
research, questions and
create
a
conceptual
framework to guide my
investigation?

to

students willing to co-work on a thesis with a topic in which
they were jointly interested. A matchmaking forum was
needed, and it needed to be as automatized as possible
because supervisors or administrators did not have the time
or knowledge to match students with similar interests. See
Figure 2: number 4, where students used the project partner
tool to find a partner for projects. The authors managed to
find a quick and dirty solution by reusing a student forum
built for social networking. It had a different layout but did
the work. See Figure 6 There were 112 messages in the
project partner portal from September 2011 to January 2014.

What research methods and
techniques shall I use to
apply
my
conceptual
framework (to both gather
and analyse evidence)? How
do I gain and maintain access
to information sources?

Fig. 4 Supervisor must prepare ideas

An important new aspect was that students were informed
one semester before the thesis course started that they needed
to come up with a project idea in the form of a ‘ Watson´s box’
before the deadline in order to find a supervisor (see Figure
5). Since time was needed to generate good ideas, this
‘ thinking time’ significantly improved the suggested thesis
topics. It also saved time when the thesis course actually
started because the students already had an idea and a
prototype plan as well as an informed and prepared
supervisor. Also, students might have wanted to investigate Fig. 5 Screen shot (‘ Watson´s box’ ): structure for project idea
opportunities to connect their thesis work with a business
need, and this connection needed to be developed in advance.
The actual project plan was developed in detail together with
the supervisor when the course started. In some cases, the
specific project plan was an elaboration of the project idea,
and in other cases it was based on the supervisors’ advice and
knowledge, which might be a radically different plan.
C. The Matching System
After collecting ideas, the next step was matching
supervisors, ideas, and students to form projects. The idea
bank consisted of ideas, students, and supervisors, and these
elements had to be matched to start a good thesis. At the
Bachelor’ s level an additional step was required for pairing
students for a group thesis. At the Bachelor’s level students
wrote together in pairs but some students did not know other
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Fig. 6 Screen shot: ‘ Find partner’

Exemptions were needed for other reasons than not finding
a partner with whom to write a joint thesis. For instance,

SciPro Matching: ICT Support to Start a Quality Thesis
circumstances might dictate writing alone, or a student might
need exemptions because of different educational
background See Figure 2: number 5. Exemptions.
In version 3, the matching between students and
supervisors was more direct and used several methods. In the
first and second methods, students and supervisors selected
ideas by themselves and hence they could be considered as
direct selection methods. Two other methods are indirect
methods. All methods are explained in the table 3 and
immediately below.
Table 3. Student-supervisor matching procedure in SciPro and its pros
and cons

Method

Pros

Cons

1)
Student
selects

Supervisor
motivated (their
idea). No middle
man.

Not enough supervisor
ideas for all students.
Sometimes students
cannot find an
interesting idea.

2)
Supervis
or
selects

Supervisors
motivated (they
choose the idea).
No middle man.

Supervisors do not
think they have time to
choose student ideas

3)

Fast, impersonal,
can be done by
administrative
staff with no
special skills

Hard to find good
matching criteria,
Students often choose
wrong research area
and/or keyword

Handles all kinds
of problems like
too few
supervisors in a
research area and
special
prerequisites.

Middle man
involvement, high
workload. Need an
administrator with a
good knowledge of all
supervisors.

Auto
match

4)
Adminis
trator
assigns

1) Student selected
Students could be matched directly with a supervisor if they
selected a supervisor’s idea in the idea bank. See Figure 2:
number 6. Students could select ideas from a list uploaded by
supervisors.
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4) Administrators selected
Unit administrators allocated thesis projects to supervisors
manually by allocating numbers and persons in the system,
Figure 2 number 9 illustrates this method, and only if direct
contact between students and supervisors is insufficient.
Administrator matching in the system could be done fast and
easily when the administrator had good knowledge about the
supervisors.
Direct matching further facilitated the introduction of an
instant notification system. Notifications told supervisors
when students added ideas that matched a supervisor’s area
of interest. Also, when supervisors added ideas, the system
generated messages to students who had similar research
interests. This was an additional option for making ideas
noticeable quickly and increasing the number of direct
matches in the system.
All four methods had inherent pros and cons, as
summarized in Table 3. It was assumed that the first and
second methods contributed more than the other two methods
from a motivational perspective. Arguably, a supervisor or
student selected an idea because of his or her motivation. The
publisher of that idea was already motivated, and when he or
she was matched with a motivated partner, it constituted the
highest level of motivation that could be expected from the
perspective of students and supervisors. There was no
external force or intervention for selecting and matching
ideas, and SciPro provided the necessary infrastructure for
direct selection. Figure 7 illustrate this selection. Although
auto matching was fast and impersonal, the main problem
was inappropriate keywords for ideas and research areas.
Students could have selected the wrong research area and/or
keyword and found it hard to locate good matching criteria
that reflected their research interest. The administrator assign
method was the last solution when other methods were not
applicable. Figure 8 depicts manual-matching method . The
issues with this method were middleman involvement, high
workload, and also the need for an administrator with good
knowledge of all supervisors and keywords.
Originally the supervisors had to accept or reject the
suggested ideas. Since many supervisors were slow to accept
the project ideas, the settings were changed so that the
supervisor received the project ideas directly without the
chance to accept or reject.

2) Supervisors selected
Supervisors could select students directly based on their
project ideas or by prior agreement (see Figure 2: number 7).
Supervisors were able to select ideas from a list uploaded by
students.
3) Auto match
The system matched students and supervisors automatically.
An automatic match considered more rules than the ones
visible to administrators and could only be changed by a
system developer. For example, Master’s theses were
matched before Bachelor’s, and supervisors who had more
available supervisions were matched first if the points were
equal. Auto match was triggered by administrators (Figure 2:
number 8) and generated a match that could be investigated
manually before saving. The algorithm could be changed
when necessary for a more appropriate matching result.

Fig. 7 Screen shot: ‘Select idea’
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Additionally, in version 3, the idea bank was more
integrated so that matching occurred immediately when
students selected a supervisor´s idea. At the same time, the
supervisor spent less time on supervision and this was
automatically registered in the system.
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were identified based on needs expressed by students,
supervisors, and administrators. The needs were prioritized in
the following order; students’ needs first, supervisors needs
second, and administrators’ needsthird. The department
benefited from this system since was easily accessible and
maintainable.

Fig. 10 Screen shot: ‘Matched project details’
Fig. 8 Screen shot: ‘ Manual match’

Figure 9 sources hold and as shown in Table 1, the system
matched a considerable number of students, project ideas, and
supervisors. With a manual mode of operations it would take
several months to administer the documents and
communicate with all actors. Furthermore, the system was up
to date in real time and transparent regarding who was
allocated to supervise whom and what topics were suggested.

Fig. 9 Screen shot: ‘ Match status’

The number of ideas matched in the system, moving from
a student ‘ door knocking’ mode (asking supervisors if they
could supervise), which was unstructured, time-consuming,
and also frustrated both students and supervisors, to a more
flexible and informative IT-support system, needed further
attention. A number of activities, processes, and functions
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When the supervisor agreed to supervise a student, he/she
could disclose his/her identity to the student before the course
started. Otherwise, it would be released in the system
automatically and be visible to the student when the course
started. It was a problem in version 1 and 2 that a few
supervisors did not contact their students in time and the
students did not know who their supervisors were. This
caused a lot of student frustration and some internal staff
conflicts; how long should a supervisor wait to respond? who
was responsible for correcting it? A re-allocation of
supervisors was not possible because of a resource shortage
regarding available supervisors and management time. Also,
a new feature in version 3 introduced a built-in template for a
‘ first meeting’ at course start, when the supervisor filled in
the date and location of the meeting, since in some cases, the
first meeting had been significantly delayed (Figure 2:
number 10). Now non-implemented first meetings were
visible in the system and actions could be taken in time to
prevent delays (see Figure 10). In version 3, the integration
was more complete, including automatic registration of new
projects in the administrative system (DAISY), which in
earlier versions had to be done separately by supervisors. This
registration was necessary because otherwise: (1) the project
would not be officially started, (b) grading could not take
place, and (3) students could not get access to the subsequent
support functions in SciPro.
The actual project plan was written with the help and advice
of the allocated supervisor. Students wrote a research plan
between one and a half and three pages long (Figure 2:
number 11) with the following structure: (1) preliminary title,
(2) background, (3) aim and research questions/problem
statement, (4) methods and material, (5) expected results, (6)
significance, (7) time and activity plan, and (8) references.
Once the supervisor approved this plan (Figure 2: number 12)
the student proceeded to the next step (description is not
within the scope of this article).

SciPro Matching: ICT Support to Start a Quality Thesis
D. The Supervision Support System
Once a new project was registered both supervisors and
students could start communicating in the thesis support
system. The IT support developed to facilitate the supervision
process is not within the scope of this article but see Hansson
[25], Hansson and Moberg [26], Hallberg, and colleagues
[27], Larsson and Hansson [28], and Hansson and colleagues
[9].
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facilitate matchmaking between students and supervisors is
an important initial part in the process of creating quality
theses. The idea bank can be linked with external sources to
enhance the richness of ideas.
Matching is a complex process, and information
technology can be used to manage this process and reduce the
burden of administration. SciPro is a model work for

Fig. 11 Screen shot: ‘Resources’

Evaluations revealed that better communication between
supervisors, reviewers, and students was needed. The
matching of reviewers (senior academics acting as mentors
and evaluators) has recently been implemented, but only
manual matching by an administrator so far.
In addition to the features discussed above, SciPro
provides a unique space for organizing useful resources for
starting a quality thesis. The information and resources
section has a collection of information and tools that can be
used by students to meet their requirements. Figure 11 shows
a summary of resources available in the current system.
V. CONCLUSIONS
In order to produce a good thesis, a good start is very
important. Student-idea-supervisor matching is the essence
of starting a good thesis and the administration of this process
is very complex. Although information technology is widely
used in higher education, there is a lack of IT support in thesis
supervision. SciPro is suggested as a model for discussion,
and future developers should be able to enhance the features
elaborated in this discussion. An Internet-based idea bank as
a repository for ideas and as a management system to

matchmaking and can be developed to meet future needs. In
addition to the technical aspects, human behaviour is very
important for the smooth functioning of the system. Hence it
is essential to consider the stakeholders’ requirements and
fine-tune the system to match requirements as much as
possible. Students and supervisors who can select each other
based on mutual interests (ideas) directly (without a middle
man/administrator) is the best procedure from a motivational
perspective. Auto match is fast but could be problematic
because of inappropriate keyword selection by the students.
Although administrative selection is comparatively
problematic, it is the best solution when other methods are not
applicable. Policy on procedures is also an important factor;
it includes deciding on rules and regulations, roles and
responsibilities as well as incentives and the consequences of
not complying. SciPro creates an ICT-enabled supporting
environment for four different matching methods between
students and supervisors, depending on policy. The analysis
shows that SciPro is an ICT-enabled, flexible structure which
supports the starting stage of many theses with quality and
efficiency.
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Bridging the Digital Divide in Sri Lanka: Some Challenges and
Opportunities in using Sinhala in ICT
S. T. Nandasara, Yoshiki Mikami

Abstract-The "digital divide" is the gap in technology
usage and access. The digital divide has been
investigated by scholars [1] and policy makers [2]
mainly as an economy-specific issue that permeates the
population across all demographic profiles, such as
income, gender, age, education, race, and region, but
not specific to the languages of different communities.
The lack of native language driven ICT is a major
conducive factor in digital divide.
Sinhala writing system used in Sri Lanka is a
syllabic writing system derived from Brahmi which
consist of vowels, consonants, diacritical marks and
special symbols constructs. Several of these constructs
are combined to form complex ligatures. The total
number of different glyphs is almost close to 2300 in
Sinhala language. Thus, all computer equipments that
support Sinhala language needs to support a greater
degree of complexity in both display and printing with
near minimal changes to the keyboard or the input
systems. In this paper we discuss (1) historical
background of the Sinhala writing system, (2) Sinhala
scripts’ characteristics and complexities and illustrate
(3) how Sinhala computing technology has evolved
over the last quarter century. Major steps are marked
by the design of character code standards as a corner
stone of whole architecture for text processing. A case
described in this article of “Digital Inclusion” shows
how small communities of non-Roman script users can
connect to the Romanized system dominated
cyberspace.

1.

Introduction

As far as Asia is concerned, most of the countries are
far behind in developing content in their native
languages. Millions of people out there who have ideas
are not able to express them digitally “DigitalContents” due to the lack of native language support
whilst many are not able read digital contents due to
the same reason. In Sri Lanka; though development of
multilingual computing facilities (for example Sinhala
& Tamil)traced back to as early as mid 80’s, a survey
shows (LOP, 2007) that the web has only 0.02% of the
Sinhala content pages for 1000 Sinhala speaking
inhabitants..
Manuscript received 15-Jul-2014. Recommended by Dr.
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S. T. Nandasara is with University of Colombo School of
Computing(e-mail:stn@ucsc.cmb.ac.lk)
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University of Technology(email:mikami@kjs.nagaokaut.ac.jp)

Primarily, there are three living languages in Sri Lanka.
They are Sinhala, Tamil and English, used for general,
every day communication: both interpersonal and mass
communication. Of them, Sinhala and Tamil are
considered “national languages” while English is
considered as a “link language” to link the major ethnic
groups of the Island. Thus written documents, on paper
or other materials, appear in one, two or all of these
languages.
Sinhala language is a syllabic alphabet in which all
consonants have an inherent vowel /a/. This alphabet
differs from all other Indo-Aryan languages in that it
contains special sounds that are unique to it since 8 th
century A.D.
1.
The presence of a set of five nasal sounds known
as “half nasal” or “prenasalised stops” in Sinhala
writing is very unique (ňga, ňja, ňḍa, ňda and

mba). These five consonants have no equivalent
in any Indic languages.
It has a pair of unique vowel symbols (æ and ǣ)
to represent two vowel sounds and in use since
9th century A.D.
This article focuses on key issues and the structure
concerning Sinhala writing at the character level. Then
it progresses to examine the design and development of
script for deferent technological generation such as
printing and typewriters. This will be followed by a
discussion on some of the major issues involved in
design of Sinhala computing interface for early
character base machines and finally philosophy behind
design of 8-bit Sri Lankan ASCII (called SLASCII)
and ISO 10646 code design.
2.

2.

Sinhala scripts structure and major
features

Sinhala is a uniquely spoken and written native
language in Sri Lanka. Sinhala script is used for writing
the Sinhala language. Sinhalais said to have derivatives
from the ancient scripts Brahmi, known to have existed
since third to second century B.C.E. Subsequently
alphabet and writing systems have changed
considerably with notable influence by the Kadamba
and Pallawa Grantha script of south India [3] [4] [5].
Full Sinhala script includes the symbols necessary for
writing loan words from Sanskrit and Pali, notably the
aspirated consonants.
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Table 1 : Sinhala Consonant Syllabics in order of Organs and Place of Articulation [6]

There are two alphabets in current Sinhala writing
system”, namely, the Eḷu 1 alphabet and “Mixed”
alphabet (see Figure 1). The Eḷu alphabet, as described
in the classical grammar Sidatsaňgarā (ca. 1300
A.D.) comprises letters used in writing pure Sinhala
words and is still widely regarded as authoritative. It
contains 33 letters, of which 12 are vowels and 21
consonants. The “mixed” alphabet comprises letter of
the Eḷu alphabet and the Sanskrit alphabet. It contains
61 letters, of which 18 are vowels, 41 consonants and
two diacritical marks. The mixed alphabet is use in
writing Eḷu, Pali, Sanskrit and foreign words
naturalized in the language.
Table 1 (above) [6] is the Sinhala consonants
syllabics laid in order of organs and place of
articulation.
As illustrated in Figure 1, Sinhala differ not only in
their forms and structure, but also their uses and
functions i.e., in Sanskrit, Pali, classical writing,
general writing, and in regional and contemporary
speaking. In circumstances with Sanskrit, terms are
much longer when compared with their Sinhala
counterparts in modern Sinhala and also in old Sinhala.
In position with writers who are committed to preserve
the purity of the classical idioms, they used distinct
styles, spelling and the original rules of word formation
like vid-yā-la-ya-ya (College), which is a noun
terminates with ya-ya is written by modernist with only
single ‘ya’.

1

The term Eḷu is given to the pure dialect of Sinhala

unmixed with foreign words, and Siṅhala to the
mixed dialect, though in point of signification the two
doi: 10.4038/icter.v8i1.7162

Figure 1 : Use of Sinhala in Old, Modern and
Classical Society

2.1 Syllable structure
Syllables in spoken Sinhala are two types Open
Syllables and Close Syllables [6]. Open syllables are
composed of a vowel (V) or which ends in a vowel
(CV). In V structure vowel can occur only at the
beginning of a word and they can be short as i in i-ra
(sun) or long as ī in ī-ye (yesterday) and single as a in
a-da (today) or clusters (VV) as iu in iu-va (cooked).
CV structure occurs initially, medially and finally in
words. All consonants occur in such syllables except
the half-nasals and nasals (i.e. ago). For a single
vowels, ka-ta-ka-tā (rumor), pi-ri-si-du (clean), da-haterms have not the least difference. Sihaḷa in Pali,

Siṅhala in Sanskrit and heḷa in Eḷu.
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ya (ten) are examples. CV syllable structure can also
be clusters (CVV) i.e. ræu-la (beard), kæu-ma (Sweet
Bread), du-vai (run), ka-rai-da (will do it?).
A syllable which ends with a consonant is called
Close syllable. It may be preceded by a vowel only
(VC) or a consonant and a vowel (CVC).
Syllables in CV structure occur only at the
beginning of the word. Vowel is usually short and halfnasals do not occur in such syllables. is-so (prawns),
ek-ka (along with), æl-la (water fall), al-la (palm), okko-ma (all),and op-pu (legal document), are close
syllables with CV structure.
CVC structure in close syllables occurs initially,
medially and finally in words. All vowels, except the
central vowel, occur in such syllables. The central
vowel occurs only in loan words and few proper nouns.
Formal description of the Sinhala character set can
be defined as follows;

It may be noted that not all productions of the above
definition are valid composite characters. However, all
valid composite characters follow the above definition.

2.2 Major issues in writing system
The following points must be considered for the use
of Sinhala writing systems.
1. Every vowel except the first one has a
corresponding vowel modifier symbol which can
be attached to consonants to make composite
characters.
2. When vowels appear at the beginning of a word,
vowels are written as independent letters. On the
other hand, when a pure consonant is combined
with the first vowel, it leads to the common
consonant form, i.e. the consonant sign has an
inherent vowel /a/ associated with it.
3. There are two commonly used diacritical marks:
‘anuswar’ and ‘visarga’, like most of the indic
languages. The corresponding phonetic notations

4.

Below, Figure 2 is giving the State Transition Chart
for Sinhala Syllable Structure.

V

C

5.

6.

X
7.

ZWJ
Cyr

V
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8.

of diacritical marks are: ṅ and ḥ. These two
symbols have been placed in order at the
beginning of the character set.
Unlike in English, vowel signs are attached to the
right, left, above or below to its fix position or
variable position. 10 vowel signs are to the right of
the consonants, 4 are to above the consonants, 5
vowel signs are below to the consonants and 1 sign
is to the left of the consonants are been positioned.
Vowel signs are composed from of one, two, three
or four stroke in writing. When some modifiers are
attached, its change the original shapes of the
consonants. Appearances of modifiers are also
differed according to the consonants.
In addition, there are two special symbols
corresponding to the sound of ‘r’ and ‘y’ called
rakaransaya (Cy) and yansaya (Cr).
The non-vowel stroke repaya symbolizes a ‘r’
when by preceding a consonant, e.g. ka + r + ma =
karma.
When Sanskrit and Pali words are adopted into
Sinhala, they are transcribed in the compound
manner in which they are written in Sanskrit and
Pali. This composition is effected by the union of
one or more consonants, or their parts or symbols,
with a vowels-consonant or its parts or symbols,
and vice versa (i.e word like Buddha is being
written in
).
It should be noted that, for example, in Pali writing
with Sinhala characters, each glyph will be further
combined with any one of the consonants with
half-consonants or consonants.

D
Figure 2: State Transition Chart for Sinhala Syllable
Structure

In Sinhala language, combinations of consonants,
vowel signs and semi-consonants produce different
phonetic sounds.
Some consonants and vowel signs are combined to
form syllable blocks (glyphs). Some syllable blocks are
“unpronounceable” and are not used in written system
doi: 10.4038/icter.v8i1.7162
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or spoken Sinhala. Some glyphs are constructed in a
different way according to the shape of the Sinhala
letter. Some would create a rather uneven, irregular
and illogical outer appearance.
Every combination is constructed in the way
according to the shape of the Sinhala letter. Forty one
(41) consonants (C) and sixteen (16) vowel signs (V)
combined to form a glyphs. Thereafter, each united
glyphs can be further combined with 2 special symbols,
rakaransaya and yansaya (Cry) and then even further
it can be combined with 2 diacritical marks (D) and
after all it will produce more than 2300 “usable”
combinations used for Sinhala writing. For example
consonant ka (ක) with vowel signs and special symbols
will produce following combinations;

Figure 3. Vessagiri Cave Inscription in second B.C.
(Source: Author’s collection, 1998)

Figure 4: Cave inscription first century A.D.

3.2.2

Golden Era of Ola manuscripts

The Sri Lanka Museum in Colombo has a collection of
about 3600 ola leaf manuscripts. The oldest palm leaf
However, these combinations are more complicated
when single or multiple vowel signs are attached to the
same character. Keep the major issues outlined in this
section in view related to graphical representation of
character composition and combinations in Sinhala
writing, it would be interesting to see how this
language was developed over a fast two and half
centuries until computer machine came in to operation.

3.

Historical development of Sinhala writing
system

3.1 Background
The oldest writing of Sinhala can be traced back to
about 3rd century B.C. These are inscriptions mainly
marked by either cave or rock2 found in almost all part
of the Island. Usually these cave inscriptions are found
below the drip-ledge where the script too is protected
from water. In some cases, the writing continues as one
line for about forty to fifty feet from left to right and in
some cases it has been written from right to left.

3.2 Evolution of Sinhala scripts
3.2.1

Era of cave and rock inscriptions

Since the Sinhala writing system is derived from the
ancient North Indian scripts, Brahmi, thirty-six have
been found to be appeared in Sri Lankan inscriptions
from the 3rd to 1st centuries B.C. Earliest inscriptions
were geometrical in shape (Figure 3). But as the time
passed the geometric straight line scripts gradually
became rounded at the edges by 1st A.D (Figure 4).

2

The University of Cambridge, England has 274
volumes of 'Epigraphica Zeylanica' with over 3000
inscriptions from Sri Lanka (that is more inscriptions
than the whole of mainland China has), including one
doi: 10.4038/icter.v8i1.7162

manuscript in existence are the Dhampiyā Aṭuvā

geṭapadaya (belongs to the 10th century), Chūla
Vagga (12th century), Amāvatura (12th century),
Saddharmaratnāvaliya

and Pujāvaliya (13th
century). From the 13 century A.D. onwards, the
production of literature becomes more prolific.
By about the 17th century a vibrant ola manuscripts
industry was in operation. These manuscripts were
written on varied subjects such as Buddhism, history,
grammar, poetry, art, medicine, astrology and rituals.
The efforts of some of these highly talented scholars
have been referred to both in the historical and
epigraphical records of the Island.
Sinhala characters’ rounded shape as highlighted
earlier and the present shapes of the characters evolve
mainly due to the use of ola leaf (from Palmyra tree)
from the very early time. Use of ola leaf with sharper
steel stylus point, gradually took the present rounded
shape to form the modern Sinhala alphabet (Figure 5).
However, Portuguese rule came to an end in 1658,
and next European power, Dutch became the masters
of the costal districts (1656-1796). Dutch maintained
those records (tombōs) and in addition they also made
a more important contribution of charting the area on
maps. Dutch started school for Europeans and also for
local people. In these schools, language of medium was
on their own mother tongue. Seminaries were
established in Jaffna (City of the northern parts of Sri
Lanka) in 1760s for higher education, where Sinhala
and Tamil were special subjects and hence, these
educational activities demanded the need of books in
their own languages. This caused the necessity of
printing press to be established in Sri Lanka.
th

dating back to 6th century B.C. Over 2000 of these
have been deciphered, indicating the consistent
development of the Sinhalese language.
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Figure 5: Illustration of the Evolution of Sinhala Script

The establishment of a printing press in Sri Lanka
was seriously taken up first by Governor Jacob
Christian Pielat in 1734. As a result, first Sinhala
printing office was established in the city of Galle,
southern part of Sri Lanka during the period of
Governor Van Imhoff (1736-1740).
The first book published in 1737 by Gabriel Schade
was the Sinhala prayer book (41 pages), the first of any
size ever printed in Sinhala (see Figure 6). Starting of
the printing trade in Sri Lanka by the Dutch was an
important step taken towards the literature production
in the country.

Germany (29 sheets). The printing type of 76
languages recorded in this sample register, among
those Sinhala has been recorded as CINGALESISCH
(Figure 8) shows the European interest in Sinhala
scripts. It is also important to note that the font width
was very significant factor for printing even at that time,
and therefore due attention was paid on the width of
the each font. Breakdown of the printing type which is
published in these documents were found as 13 vowels,
34 consonants, 1 semi consonant, 13 vowel signs and
41 ligatures. The 5 vowels 5 consonants, 2 consonants
modifiers, 1 semi consonant and some important
ligatures were not found in this list though they are vital
for printing.

3.2.3

Figure 6: One Page form the First Book Printed in Sri
Lanka (1737) ( Source: Department of National
Archives, Government of Sri Lanka, Original Image
was scaled down to 46%)
Likewise, in Bengal, when the Serampore 3
Missionaries founded by William Carey in 1800
(Carey’s, 1993), he realised the complexity of sociocultural problems due to its multilingual characters.
William Carey and his Serampore Missionaries
engaged in the development and improvements of
printing industry for all the popular Indian languages
including Sinhalese. As a result Sinhala printed letter
was improved by its circularity and individuality. The
early version of specimens of the versions of the sacred
scriptures are of Asian languages including
CINGALESE (Sinhala), TAMUL (Tamil), PERSIAN
(Persian) etc. printed by Serampore Missionaries in
1813 (Figure 7).
In 1876, the comprehensive samples register
entitled
“ALFABETE
DES
GESAMMTEN
ERDKREISES” (“Alphabet of all race of the world”)
which was published the letter printing type of the
world [7] by The Royal Print Shop in 1876, Vienna,
3

Serampore was then a Danish colony and it was
small town known also as Fredricksnagore after the
name of King Fredrick V of Denmark.
doi: 10.4038/icter.v8i1.7162

Printing establishments in Sri Lanka

Up to the time of Colebrooke Commission (1930),
there were few printing establishments. These include
the Government Printing Establishment and a few
other presses run by English Missionary Societies. The
growth of newspapers published in the island was a
result of a historical evolution when William
Colebrooke, who was appointed by the British
Government to look into the affairs of administration
of Sri Lanka on 11th April, 1829 and he himself
recommended the necessity of commencing
newspapers. As a consequence of the recommendation
made by the Colebrooke Commission, Governor
Wilmot Horton who arrived in the Island on 23rd
October, 1831 established the newspaper Ordinance
No.5 of 1839 and was notified to commence
newspapers into operation.
The first Sinhala newspaper in Sri Lanka
commenced publication in the country was “Lanka
Loka” at the city of Galle in June 1860. This newspaper
was not registered under the ordinance by the publisher
W.E. Eaton, therefore, the first registered newspaper
under the ordinance was “Lakmini Pahana” which
commenced publication on 17th September, 1862. It is
seen that the whole newspaper was printed using only
one type face and one size of type. Even headlines were
set using the font used for the text. “Gnānārta

Pradeepaya” Catholic newspaper was published in
7th July, 1866 used larger font size for headlines. The
Sinhala Printing was well established in Sri Lanka by
the mid 19th century.
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Figure 7: Specimens of Translations of the Version of
the Sacred Scriptures (1813)

Figure 8: Sinhala Printing Types from the ALFABETE DES GESAMMTEN ERDKREISES, 1876 [7] (The
accompanying figures signify the space in the width in points for each symbol. Original image was scaled

down to 75%)
3.2.4

Sinhala Monotype type faces

Major improvement in quality of typeface design and
layout came with the arrival of a new mechanical type
setting machine, monotype. A Monotype Sinhalese
font Series No. 557 (Sinhalese), No. 657 (Sinhalese
Bold), No. 698 (Sinhalese Italic) and No. 699
(Sinhalese Bold Italic) consisted of 302 characters, 26
punctuation marks and numbers in each font types [8].
Figure 9 gives the complete set of Monotype Sinhala
character Series No. 557, that has been used in
Monotype machines since 1960. First machine4 of this
type was established in Sri Lanka in 1904 at the Sri
Lanka Government Printing Department and such
machines were used until year 2005.

4

This machine composes type by casting new, single
types in correct order, ready for printing and it
perpetuating the concept of a separate keyboard and
caster interfaced by a 31-channel punched paper tape.
The keyboard consisted of a two-alphabet layout
augmented by four shift keys. In the caster, the

matrix-case contained 324 characters arranged in
18x18 rows. Spaces between words are varied by the
system (in steps of 0.0005 inch!) to exactly justify
each line. The system was devised by Tolbert Lanston
and others in the USA with British cooperation about
1890
doi: 10.4038/icter.v8i1.7162
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Figure 10: First set of Sinhala characters were created
for computers (SinhalaInet Font © S. T. Nandasara,
1989)

4.2 Early unsuccessful attempts

Figure 9: Complete set of Sinhala character series
No. 557 used in Monotype Composition Caster,1959
[8]

4.

Major steps in Sinhala text processing

4.1 The first Sinhala on computer screen
With the introduction of BBC microcomputers to the
University of Colombo in 1982, a set of Sinhala Bitmap
fonts for computers (Figure 10) was developed. Using
this Sinhala font set, daily TV programme schedule
was transmitted for public by the National TV Station
(Independent Television Network-ITN) and it was the
first attempt to use computers with local languages. In
November, 1982, the same facility was used to transmit
general election result on SLRC (Sri Lanka Rupavahini
Corporation), which is the main national television
station. This was the major breakthrough and created
awareness about computers are capable of using
languages other than English in Sri Lanka.

Introduction of IBM PCs for data processing and the
need of developing proper applications were major
challenges in computer-processing languages like
Sinhala. Existing technologies lagged far behind to
handle such complex scripts. The very first Sinhala
word processor, developed by a Chinese company in
1984, was not successful in Sri Lanka because of the
input method’s unacceptable behavior (such as having
to use two keystrokes for single characters like na [ණ],
and the 12 line, 40 column character display).
Thereafter, another Sinhala word processor, developed
by the GIST (Graphics and Intelligence-based Script
Technology) group in India, needed an additional
hardware pluh-in board to display 80 columns and 24
lines of Sinhala text. Further, the GIST input method
was based on the phonetic keyboard, which was not
acceptable to Sri Lankan. This effort, too, was not
successful.
Some local computer venders who were interested
in developing software for the IBM compatible
personal computer ended up in a patent disputes over
the software that one company developed. This
consequently led to a major setback for the
development of Sinhala language computing in Sri
Lanka. Ultimately, this challenge was settled out of
court after more than two years of litigation.

4.3 Long debates on alphabet and
alphabetical order
Since mid 1980s, a number of steps were taken by the
government to formulate Sinhala language related
discrepancies. One of such discrepancies was different
alphabetical orders were used by different dictionaries
[9]. Working Committee was formed on the Use of
Sinhala and Tamil in Computer Technology by the
Information and Technology Council of Sri Lanka
(CINTEC) in 1985. One of the committee's initial
endeavors was to establish a standard code for
information interchange in Sinhala and work
progressed on the alphabetical order and standard
codes, the associated problems of character addition
and the essential feature and shape of each character.
These works were presented to the 9th Annual
Conference of Computer Society of Sri Lanka (CSSL)
[10] [11]. A new character to denote fa was introduced
formally to the standard as a last character in the set.

4.4 Era of SLASCII – Typewriter metaphor
During the late-1980’s, the first author made several
visits to Thailand to study that countries’ language

doi: 10.4038/icter.v8i1.7162
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development for information processing5. At this stage
the aim was to develop an 8-bit code to fill the positions
from A0 to FF in the single byte ISO 8859 like code
table based on the keyboard’s character set.
As a result of the collaborative work with the
Thammasat University and the inputs from the
CINTEC Working Committee the draft standard was
released as a CINTEC publication [12] to the general
public for comments and observations in March 1990.
After receiving the public comments and
recommendations, the first ever encoding was
approved and published by the Council of CINTEC.
The 8-bit code table defining 65 Sinhala characters in
the A1-CF, E0-EF and F4-F6 [13] was submitted to the
Sri Lanka Standards Institute (SLSI) as the Sri Lanka
Sinhala Standard Code for Information Interchange
(SLASCII) for implementation.

93

4.6 Sinhala font set for early computers
The Institute of Computer Technology (ICT) of the
University of Colombo SLASCII standard was used to
create the first ever Sinhala/English bilingual character
based API called SBIOS (Sinhala BIOS) and then
Sinhala keyboard layout was used with Sinhala word
processor WT Ver. 1.0 (well known as “Wadan
Tharuwa”) 8 developed in early 1990’s for IBM-PC
computers.
The font set brought the total number of distinct
glyphs to almost 390 (Table 2) including the
combinations with non-vowel sign.

4.5 Standard keyboard for Sinhala
At this stage, it is important to indicate that for the
development of the appropriate electronic keyboard
layout where again CINTEC took the initiative. Having
agreed that a large number of Sinhala typists were
using the government approved Wijesekera 6 Sinhala
Typewriter Keyboard (Figure 11), CINTEC first
developed and obtained government approval for the
“Extended Wijesekera Keyboard for Electronic
Typewriters” (see Figure 12), the intention being the
introduction of electronic typewriters then used as an
interface for microcomputer output [14]. This layout
has once again been modified for use of the 101 Key
Standard English Keyboard [15].
Table 2: Minimum set of glyphs for Sinhala Printing
(Sinhala Sarasavi Font, © S. T. Nandasara, 1990)

Figure 11: Wijesekera Sinhala typewriter keyboard layout
(1964) (Courtesy: Olympia International)7

At a later stage, incorporate the capabilities to
maintain Tamil language character set, diacritical
marks, mathematical and phonetic symbols for DOS
operating system [6] [17] [18]. Language was selected
by toggling the Shift-Ctrl key combination when ever
is required.

4.7 From bitmap to open font

Figure 12: Extended Wijesekara Keyboard for
Electronic typewriters

5

In this study, S. T. Nandasara closely work with Dr.
Thaweesak Konantakol, Information Processing Institute for
Education and Development (IPIED), Thammasat
University, Bangkok, Thailand.
6

Wijesekara Typewriter Keyboard was approved by
the government of Sri Lanka as a National Sinhala
Typewrite in 1968.

The first attempt to introduce Sinhala Desktop
publishing for IBM PC was available with Xerox
Ventura®. Thanks to the reverse engineering efforts
and tag concept was used to format text and paragraphs
within the package, Athwela was developed by S. T.
Nandasara in 1994 to support tri-lingual (Sinhala,
Tamil & English) DTP with Xerox ventura® (see
Figure 13).

“Century of the Typewriters”, 1974. Wilfred A.
Beeching, British Typewriter Museum. pp. 66
8
Wadan Tharuwa is a one of the earliest bi-lingual
and menu-driven commercial word processor released
in Sri Lanka to run on IBM-PC and it was conformed
to SLASCII. The name “Wadan Tharuwa” meaning
“Word Star” was developed by S. T. Nandasara.
7
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Figure 13: Tri-lingual Laser output from Alhwela
DTP Package

4.8 SLS 1134:1996 – Phonetic model
The interested of IBM for Sinhala character set and the
existence of a draft code for Sinhala (shown in Figure
14) proposed to the ISO/IEC 10646-1 Working Group
was first brought to our notice in the late eighties when
an IBM delegation visited the Institute of Computer
Technology (ICT) of the University of Colombo.
Later, IBM also showed the Unicode code table
which was published in the first publication, Unicode
1.0 in 1991.
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of the draft until representations were made by the
CINTEC and SLSI. The work in Sri Lanka regarding
the standard code was thereafter speeded up.
Meanwhile a Unicode based Sinhala Standard was
formulated by the CINTEC and thereafter by a SLSI
Committee [13]. The SLS 1134:1996 standard had
been prepared to fall in line with the requirements laid
down in ISO/IEC 10646 and maintains the logical
sequence of the alphabet. Finally the Sri Lanka
Standard Sinhala Character Code for Information
Interchange [22] was approved by the Sectoral
Committee on Information Technology and was
authorized for adoption and publication as a Sri Lanka
Standard by the Council of the Sri Lanka Standards
Institute on 1996-09-19 and sent to the
ISO/IEC/JTC1/SC2 as a Sri Lankan proposal for the
Unicode Standard.
This proposal was discussed at the Singapore
ISO/IEC JTC 1/SC 2/WG 2 Meeting #32 on 1997-0401 and was recommended to examine in detail with Sri
Lankan national body representatives in coming
meetings.

4.9 The ISO-IEC 10646 Standard

Figure 14: Proposed Sinhala Code Page for ISO/IEC
10646 as expert contribution from Ireland (1989,
1996)

In June, 1997, CINTEC with the assistance of
NARESA two national representatives 9 were sent to
the ISO/IEC JTC 1/SC 2/WG 2 Meeting #33 held in
Crete, Greece where the draft Sinhala Code was
discussed intensively. National delegates argued for
the draft submitted by Sri Lanka opposing several
competing proposals from the Unicode Inc., USA [23],
Ireland [20], UK [24] and Sri Lanka [5] [22]. After few
ad-hoc committee meetings with National delegates
and other nominated country delegates concluded to
accept the repertoire, names, and arrangement for
Sinhala script [25] based on Sri Lankan proposal with
slight modification with the support of the majority
delegates from Canada, Greece, United Kindom,
United States of America & Japan [26] [27]. This was
ratified10 at the WG 2 Meeting #34 on 16th March, 1998
held at Redmond, Seattle, USA and the Sinhala Code
Chart was included in the Unicode Version 3.0 [28].
The SLS 1134:1996 was also accordingly modified.
The Standard Sinhala keyboard layout which was
first standardized in 1996 was modified to some extent
in 2001. In 2004 it was further modified [29] and now
it is used as the national standard keyboard layout for
Sinhala.

Formulation of this Sinhala Unicode Standard was
based upon the proposal submitted by the early
contributor from Ireland [19] [20]. This code page
represented a distorted Sinhala character set with
several glaring errors and omissions and it was based
on an early grammar book [21].
Immediate steps were taken to request
ISO/IEC/JTC1/SC2 and UTC directly through the Sri
Lanka Standards Institute (SLSI) to suspend approval

4.10

9

10

S. T. Nandasara and J. B. Disanayaka were the two
members attended for WG2 #33 from Sri Lanka.
doi: 10.4038/icter.v8i1.7162

Current development platform status

The inclusion of Sinhala code page in UCS/Unicode
has made it possible to connect Sinhala community to
global cyberspace. But in order to be really connected,
localization should be done on proprietary or open
platforms accordingly. Currently Microsoft Windows
platform is widely used in Sri Lanka. Microsoft does
provide proper Unicode support input method for
S. T. Nandasara was attended for WG2 #34 at
Seattle, USA.
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Sinhala. Sinhala language kit released by Microsoft for
Windows 7 can be used with Sinhala Wijesekara
keyboard.

4.11
Use of Internet and local language
support
Although Sri Lanka only had Internet connectivity
since 1995, it has already had a significant impact on
the country. The first Internet e-mail service,
LEARNmail, was inaugurated by the University of
Moratuwa in April 1990. The Sri Lanka Trilingual
National Web Site was inaugurated in August 1996
[17].
The government of Sri Lanka began to focus on IT
issues in the mid-1980. After Unicode had been
established in 1998, unlike Thailand, India and Nepal
government work closely to develop local version of
Microsoft OS has not the agenda item in Sri Lanka. To
overcome this problem, government must have solid
policy and broad active plans to invest on local
language development not only in their own soil, but
also continues long term lineup work agreements with
such corporation.
Various local industries in Sri Lanka are making use
of e-mail and the web for their business. However, it is
notable that virtually none of them have truly
integrated local language into their business due to the
lack of confidence of local language products available.
This is a common phenomenon not only in business
sector or private sector organization but also with
government and corporate sector organization, more
likely; their working environment is more towards
English speaking only.
In addition, non-standard keyboard input
technology is being developed to allow users to insert,
download, search, and create new data and build their
own content in Sinhala language and use of roman text
to represent Sinhala words and sentences (for sending
SMSs and online chat rooms) are widely spread. Since
the demand increases, this may encourage local
information/Internet service providers to design proper
and standard technology to put up quality information
in all three languages so that Internet technology can
take root in Sri Lanka. It is to be noted that
development of such technologies is not in ISPs
general agenda.

5.

The Research infrastructure

The local language research infrastructure in Sri Lanka
is very much geared towards short term objectives.
Staffs in Universities have to rely principally on
Masters level research students to help them with their
research. As a consequence, building up research staff
within any long term research programme is almost
impossible. The Academics felt they could do use
direct Masters level students in short three month
projects, and that as soon as the students were at a level
where they might do something useful, they graduated
and left, leaving the supervisors to start the whole
process over again. This situation is compounded by
Sri Lankans doing their PhDs abroad where invariably
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they are steered away from working on issues related
to local languages. Their research field will be selected
according to the western interest. All most all the Sri
Lankans who did their PhDs in Western, European,
Scandinavian or even Eastern countries had not worked
on localization field. The National Science Foundation
does have funds available for IT research, but it is a
diminutive amount of money, and with a policy of
funding as many projects as possible, the emphasis is
on very small, very short term projects. As a
consequence longer term investment in large scale
projects in IT research until recently is almost
unknown. Their aid and grants for longer term
investment in other areas – for example the British,
Swedish, Norway and Japanese Governments funds are
for long term investment in environmental research,
infrastructure
development,
human
resource
development, – but not for local language research
related or even not for IT related research. Recreantly,
JICA and SIDA start funding in research infrastructure
development in the universities, but objectives are not
necessary limited to localization research and
development. Thank to IDRC’s localization initiatives
and funding helps University of Colombo School of
Computing to establish a Local Language Research
Center in 2004. Private industry has banded together to
create the Software Vendors Association, but this
association, while having research funds available,
focuses those funds on matters such as local area
networks and other basic items of commercial
infrastructure. Language processing is not on their list
of priorities any more.

6.

Digital Divide

Apart from the language divide, Sri Lanka faces many
other divides revolving around ethnicity, religion,
rural/urban etc. The emergence of an information
society scattered and loosely connected, and created
the rapid surge in the information and communication
technologies. But the slow pace with which the Sri
Lankan society is trying to absorb these technologies
through its organs such as language has added divide
to the society in which many already existing "digital
divide" resulting in the disparity in access to
information and communication technology in the 21st
Century. The Sinhala language in which the internet
search engines can search is very small percentage. So,
since what people want in the digital world is not
available in their languages, both the government and
the people are fast moving towards introducing English
at the earliest level in their education, will be resulted
to list clearly than today it is another dieing language.
The language liveliness - capacity of a language to live,
grow, and develop - depends upon various factors.
Some of these are: social status, demography, and
institutional support. Access to Information and
Communication Technology in their own language is
one of the ways to empower the people and enhance
the vitality of a language.
Though gradually internet is evolving as a mass
media around the world, the entry of information
doi: 10.4038/icter.v8i1.7162
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technology in Sri Lanka is not mass oriented, like other
media such as news papers, book publishing, radio,
television etc. It is limited in orientation, and it is also
government-oriented. Though much is said, less of
what is actually delivered to the end user. A lot needs
to be done, and which the Sinhala language is yet to be
approached by the technology initiatives. However,
only localization approaches may not be successful
enough to bridge the digital divide. The digital divide
has to be discussed not only in the context of linguistic
issues, but also in the context of other technical issues,
since it involves convergence of many related
technologies, the economic resources (per capita)
available with people to take steps to cross the digital
divide and so on.
Let us remember that everything that English has, or
for that matter, what Sinhala is going to have, cannot
be or may not be appropriated by other languages used
in Sri Lanka i.e. Tamil, Pali, Sanskrit etc., but certainly
they can increase their vitality by becoming part of the
IT world in as many possible ways as they can than
being left out of the race. At present most of them are
out of the race.

7.

Conclusion

Language identity and it recognition has to be
maintained. This can be done through local radio or TV
stations. It could also be done on a low cost technology
[30] and word wide scale with help of UNESCO, which
is the organization committed to preserve human
culture and languages and narrow down the language
digital divide [31]. Education is another way of
promoting and preserving languages as the means of
digital divide. How should we best teach and provide
learning opportunities for among human languages.
Building multilingual word dictionaries, maintaining
common social context and common oral corpus would
useful among the multilingual communities. Thus, the
creation of digitized corpora is a very basic task in the
effort to preserve the world’s languages. The corpora
can be multimodal, spoken or written, depending on
what type of linguistic material and recording
equipment is available. This will bring to a discussion
of the role of language technology once again.
Probably a key factor here is reuse of technology for
similar languages. This will bring the solution as
mention in the publication 'E-commerce and
Development Report 2003' by the United Nations
Conference on Trade and Development (UNCTAD)
provides an insight into the software that developing
countries can use for bridging the digital divide. Report
recommends use of free or open source software as
against the proprietary license-to-use software.
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GestureTank: A gesture detection water vessel
for foot movements
K.S. Lasith Gunawardena, Masahito Hirakawa

Abstract— Computers have become ubiquitous and integrated
into our day-to-day activities. Researchers have been exploring
mechanisms for interacting with computers using natural means
in natural environments. Water interaction is a perfect example.
This paper presents our attempt to use foot gestures performed in
water as an interaction mechanism. It is an extension of our
previous study for detecting objects in a water vessel. An
experiment was performed to determine which foot-based gestures
are suitable for implementation, and we proceeded to recognize a
selected set of gestures using machine-learning techniques. We
present our findings regarding which algorithms provide the best
recognition rates.
Index Terms— Gesture Recognition, 3D Interaction, Machine
Learning.

T

I. INTRODUCTION

he need to use a keyboard and mouse limits our interactions
with computers. Novel interaction techniques have become
necessary because of the need to be connected on a continuous
basis while engaging in day-to-day activities. This is
particularly true because computing devices are no longer seen
as simply data processing devices but as gateways to activities
such as knowledge acquisition and entertainment. The recent
introduction of wearable computing devices renders such
devices invisible, resulting in ubiquitous computing.
Vision is a sensory facility that allows us to gather
information from the external environment. While substantial
communication proceeds in spoken and written languages,
gestures are a more subtle form of interpersonal
communication. Given its naturalness, many researchers have
attempted to develop schemes to detect human gestures,
particularly regarding vision-based research using one or more
cameras as sensors. However, in the past decade, there has been
an increased focus on detecting gestures using non-vision-based
sensors or hybrid devices using a combination of cameras and
other sensors. A few examples of such devices are the Microsoft
Kinect [1], SoftKinetic’s DepthSense [2], Leap Motion’s Leap
Motion Controller [3], Ring by Logbar Inc. [4], and Myo by
Thalmic Labs [5].
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Most of these devices are targeted at detecting either finger
motion, hand/arm movements, head movements, or body
movements. Only a few devices have been designed for use
with foot-based interactions. This might reflect the fact that foot
movements are less accurate, involve further execution time,
and are probably less fulfilling than hand movements for the
same task [6], [7]. However, it is possible to use foot interaction
in non-accurate spatial tasks [6]. Furthermore, since human
locomotion is essentially bipedal, investigating foot-based
interaction is beneficial.
Meanwhile, the use of technology for public social
interactions is increasing in popularity. Our innate affinity with
water is frequently visible in the way people come together
around fountains, commonly located in city centers. Ashiyu,
public places where people can bathe their feet, are quite
common in Japan and are a regular part of cultural activity. In
such environments, a strong potential exists for highly userfriendly (or invisible) interfaces that use water as an interface
medium. Water creates unique sensations that can have a
soothing effect on the body. Hydrotherapy is a well-known
treatment method that uses the physical properties of water for
wellbeing. Fatigue attributed to gestural movements in air and
on surfaces has been identified as an issue that requires
investigation [8]–[11]
This study introduces GestureTank, a tangible user interface
that enables interaction in a volume of water. A unique feature
of this study is that it treats a volume of water as a threedimensional (3D) interaction space, in contrast to previous
studies [12]–[15], which have concentrated on interactions in
air (using various body parts or walking movements) or on the
surface of a volume of water. The GestureTank detects the 3D
positions of objects (e.g., feet and hands) inserted in water and
detects seven gestures performed by the human foot.
This study was conducted on the basis of observations
obtained through our previous studies [16]–[19] and is an
improvement of our SensorTank architecture [20]. GestureTank
is organized as a water vessel wherein laser and phototransistor
combinations are arranged as sensing units. GestureTank
provides visual, auditory, and thermal feedback to the user
through a liquid crystal display (LCD) monitor mounted below
the vessel, embedded speakers, and a heating element,
respectively, as proposed for SensorTank. A touch frame has
been implemented in GestureTank over the vessel to assist in
the detection of multiple objects inserted in water. Although the
sensing resolution of laser-phototransistor pairs is rather coarse,
the system can successfully identify foot gestures with
reasonable performance using machine-learning techniques.

GestureTank: A gesture detection water vessel for foot movements

The remainder of this paper is organized as follows. Section
II provides an overview of existing research, which is the
background for this study. In addition, the limitations of
previous studies when applied to our problem domain are
discussed. In Section III, we explain our previous study, which
has led to the present research, followed by an explanation of
the hardware and software designs, as well as prototype
applications of the proposed system. Section IV discusses
experiments conducted for usability testing of gestures and an
evaluation of system performance. Section V provides results
of the gesture recognition performance and further elaborates
on the limitations of the proposed system. Section VI provides
conclusions and outlines potential future research.
II. BACKGROUND AND RELATED WORK
A. Foot-based gestures
Previous studies in gesture detection have focused on the
hands and body, and most applications target hand and
sometimes body movement. As suggested by Alexander et al.
[13], the human foot is a highly dexterous system with
advanced movements using multiple joints that increase in
movement complexity from the hip to ankle.
However, as observed by Scott et al. [12], the foot does not
offer the same degree of precision and dexterity for selection as

a. dorsiflexion

c. plantar flexion

e. eversion

b. heel rotation

d. toe

f. inversion

Fig. 1. Six basic foot movements: (b) and (d) right foot; (a), (c), (e), and
(f) left foot.
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the wrist and hand. In their study, four motions were considered
for foot-based interaction, as illustrated in Fig. 1a–1d.
•
•
•
•

Dorsiflexion: rotation of the ankle that decreases the angle
between the shin and foot.
Heel rotation: internal and external rotation of the foot and
leg with respect to the midline of the body while pivoting
rotation on the heel.
Plantar flexion: rotation of the ankle that increases the
angle between the shin and foot.
Toe rotation: internal and external rotation of the foot and
leg while pivoting rotation on the toe.

Eversion and inversion, as illustrated in Fig. 1e and 1f, are
other possible foot movements documented in biomechanics
[21]. Inversion and eversion are movements to turn the sole of
the foot inwards and outwards, respectively. In terms of
dexterity, some movements have limits in their degree of
flexibility. The typical limits for inversion and eversion are
20°–30° and 5°–15° [21], respectively. Similarly, the ranges of
motion for dorsiflexion and plantar flexion are 10°–20° and
40°–55°, respectively [22].
Foot gestures are of interest for a number of reasons. Feet
can be used to supplement gestures performed by hands when
operating a vehicle or in situations wherein the hands are
occupied or unavailable due to disability. For example,
operating a mobile phone with a hands-free kit is useful when
carrying goods in both hands. Another situation is the use of
ordinary electronic appliances in a kitchen or another
environment in which water splashing can affect appliance
operation.
B. Gesture detection technologies
Many commercial gesture detection products have been
introduced in the past several years. Based on our review of
previous studies, these can be classified by several aspects.
1) Two-dimensional (2D) gestures vs. three-dimensional
(3D) gestures
2D gestures performed by the hands, feet, or body can be
detected using cameras ranging from basic webcams [23] to
more sophisticated high-resolution or high-speed cameras [24].
In addition, devices such as pressure sensing pads can be used
to track human gait. Touch sensitive surfaces, such as those on
tablets, mobile phones, and touch screens, have evolved; they
can now detect not only positional touch but also strokes made
using one or more fingers. Stereo cameras used with softwarebased techniques [25] and combinations of cameras and depth
sensing devices are two approaches for 3D gesture detection.
One common technique used by depth sensing cameras is
known as time-of-flight. Experiments have also been conducted
on 3D gestural interaction in the proximity of tabletop surfaces
[26].
2) Camera vs. sensor-based approaches
Camera-based approaches use images or video streaming
and perform image/video processing to highlight required
objects and extract positional data. The first products for
gesture detection exclusively used regular red-green-blue
doi: 10.4038/icter.v8i2.7163
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(RGB) video, and special cameras that sense other
supplemental features, such as heat and infrared (IR), are recent
additions. The Microsoft Kinect uses IR laser projection and a
combination of two types of camera, i.e., a conventional RGB
camera and an IR-sensing camera, to detect 3D movements of
a human body. Camera-based gesture recognition can be
affected by a variety of noises from external/environmental
factors, such as lighting, and require high processing power.
On the other hand, sensors that detect valuable
information, such as relative position and 3D acceleration,
show promise. One advantage of such sensors over camera
systems is that the user does not have to face a particular
direction. The accelerometer sensor contained in the Nintendo
Wii Remote [27] has been used for gesture detection [28], [29].
Furthermore, accelerometers embedded in watches [13], [30]
and mobile phones [12] have also been used for gesture
detection. The Myo armband [5] recently introduced by
Thalmic Labs uses electromyography data pertaining to arm
movement to control digital devices. Soundwave [31] uses the
speaker and microphone combination embedded in most
computing devices to sense in-air gestures around the computer
using the Doppler effect. Touché [14] enables gesture
recognition using a swept frequency capacitive testing
technique with only a single electrode.
3) Body worn devices vs. environmental gesture detection
devices
The data glove was one of the first body worn (wearable)
gesture devices. Active data gloves comprise sensors that
measure the flexing of joints and acceleration. Although some
researchers have proposed body worn cameras, smaller devices,
such as rings [4], armbands, leg bands, and shoe-embedded
sensors, have also been introduced. One disadvantage of such
devices is that the natural movement of the user can be impeded
because they “wear” the device throughout the gesture
detection process. Environmental devices, such as cameras and
depth sensors, are advantageous because they do not require
wearing cumbersome items.
C. Raw point data generators vs. classified output
generators
Most gesture detection devices, such as cameras and the
Microsoft Kinect, provide data pertaining to the gesture that can
then be processed by software for training and testing gestures.
However, embedded-type devices, such as Myo, with built-in
classifiers that enable the devices to directly output the gesture
type have recently been introduced.
D. Machine learning algorithms for gesture detection
Machine learning is an extensive discipline with applications
in different domains. Machine learning can be used for two
types of problems: classification and regression. The output
takes discrete values in classification and continuous values in
regression. Spatial gestures form a static classification problem
for which algorithms, such as naïve Bayes [12], [32], [33], knearest neighbor (k-NN) [34], [35], adaptive boosting
(AdaBoost) [29], [36], support vector machines (SVM) [14],
[37], and decision trees [38], have been used. On the other hand,
a temporal classification problem wherein real-time tracking is
doi: 10.4038/icter.v8i2.7163
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performed requires different algorithms, such as hidden
Markov models [28], [39], and dynamic time warping [30].
A supervised approach has commonly been applied to
detecting gestures. This requires a training phase in which
gestures are recorded and trained using a learning algorithm to
build a model. In the training phase, possible gestures are
divided into classes. Once a set of gestures is recorded and
classified, the model can predict which class a new incoming
input value belongs to. In this scenario, each gesture is recorded
using a feature vector, i.e., a predetermined set of features.
E. Water interaction
Most existing experiments have considered hand and/or body
gestures in air as input to interactive systems. However, in this
form of interaction, the user lacks proper feedback from the
physical world. In contrast, interaction with water can provide
the user tangible and tactile feedback. The Wii Remote has been
used as a sensor for water level measurement [40]. The
Microsoft Kinect motion detector device was originally
designed for use with full body gaming but has been used for
scanning a dynamic water surface [41] and depth (up to 0.203
m) [42]. However, these experiments were not intended to be
used to explore techniques for human–computer interaction.
AquaTop [43] uses the Kinect to detect gestures performed at
the surface of cloudy water.
When considering research in liquid interaction, a number of
applications have been presented [16]–[20], [44], [45]. Koh et
al. presented a tangible and malleable interface that allowed the
user to produce a 3D response using ferromagnetic fluids [46].
However, in most previous trials, interaction with water (or
another liquid) occurred at the surface level because the
researchers were interested in the dynamic aspects of water
rather than human gestures. Although Touché [14] enables the
detection of gestures performed in water and in air, it was not
designed to provide gesture-related positional data. Gurgle [15]
is a public space that augments an existing water fountain with
watery reflections and sound to motivate change in human
behavior.
The sonar technique is a well-known and established
methodology that has been used for object detection in water.
The marine industry uses sonar instruments, such as
hydrophones; however, they are costly and not designed for use
over distances less than 1 m. Most low-cost acoustic sensors
that use ultrasonic sound waves have narrow detection angle
(20°–30°) and minimum detection distance (10–20 cm).
Furthermore, acoustic sensors detect only the distance to an
object; thus, to generate information about the shape of an
object, multiple sensors operating at different frequencies might
be required. In comparison, low-power laser modules are quite
reasonably priced, and when paired with phototransistors, they
provide a simple detection mechanism that can be scaled
according to the detection space.
In summary, limited research that focuses on the issues
related to object tracking or gesture detection within a limited
aquatic space, such as a water vessel, has been conducted.
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III. PROTOTYPE SYSTEM
A. Background
One of the authors has presented interactive systems using
water as a medium [16]–[18]. O-Key [16] uses a web camera,
video projector, tub, and personal computer to detect the
movement of hands at a horizontal level (2D) to identify a
scooping gesture. Subsequent experiments [17], [18] made use
of frustrated total internal reflection [47] as a technique for
sensing hands submersed in a tub. The system comprises an
acrylic tub, two web cameras, a video projector, and a personal
computer. The depth positions of the hands in a 3D volume (i.e.,
water) and their spatial positions can be obtained using the
cameras.
However, the setup space required for camera-based
approaches is significantly large because cameras must be
positioned away from targets so that the field of view can cover
the entire search space. For a tub with a base size of 50 cm × 37
cm [17], the distance from the cameras to the tub is 64 cm. If a
larger water tub (interaction area) is required, the camera must
be positioned further away. Therefore, the practical
implementation of camera-based detection in water is limited,
particularly when considering foot interactions. Implementing
foot interaction using camera-based systems requires the
interaction area to be considerably elevated or the floor to be
suitably modified to embed devices [26].
Experiments conducted using the Kinect motion detector [1]
revealed that, when the unit is positioned above the water
surface and gestures are performed underwater, the ripples
generated act as an obstacle to successful detection. Moreover,
when the Kinect was mounted on the side of the water body

Lasers
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using a clear acrylic tank, detection is successful within only 5
cm from the tank wall. Further experiments conducted using the
SoftKinetic DepthSense 311 Camera [2] provided similar
results. One reason why these devices do not perform as
expected in water can be attributed to the use of low power IR
illumination. IR is attenuated in water; therefore, it can be
difficult to detect objects as depth and distance increase.
B. Hardware design
In a previous study on the SensorTank [20], the issues
explained in the previous section were overcome using a sensor
array comprising red lasers and phototransistors. The proposed
GestureTank is an improvement over the SensorTank and uses
the same tank constructed using transparent acrylic panels of
1.5 cm thickness with tank dimensions of 20 cm × 88.4 cm ×
50 cm (H × L × W). A photograph of GestureTank is shown in
Fig. 2.
The red lasers and phototransistors are arranged such that
they face each other at the sides of the tank, as illustrated in Fig.
3. When an object, such as a hand or foot, is inserted into the
tank, it blocks the path of one of the red lasers, and this can be
detected by the associated phototransistor (Fig. 4). A total of 78
sensors are mounted at horizontal intervals of 5 cm and at
vertical intervals of 3 cm. This separation was based on hand
and foot anthropometric data, as explained in the literature [20].

Phototransistors

Touch Frame
(Partially Hidden)

Arduino and
Multiplexer

LCD Monitor (Partially Hidden)
Fig. 2. GestureTank system
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Fig. 3. Overhead view of the GestureTank

device might not be identical to that taken by the sensors
because objects can be inserted at a slant.
For every point Ai (1 ≤ i ≤ 2) detected by the touch sensing
frame, denoted by a round symbol with a cross mark in Fig. 5,
the system calculates the Euclidian distance from the weight
center Bj (1 ≤ j ≤ 4) of each possible object region, indicated by
a black-centered round symbol, and identifies the one with the
shortest distance from Ai as the actual object region to be
associated with Ai.
The architecture of the GestureTank system is illustrated
in Fig. 6. To estimate the temperature of the water, a waterproof
thermistor is connected to an Arduino Uno Microcontroller
[48]. An aquarium water heater is installed in the tank to heat
the water as required. One of the application scenarios
discussed in Section III.D utilizes a water faucet connected to
the Arduino. Visual interaction is performed using the LCD
monitor placed at the bottom of the tank. Built-in audio
speakers are also used for our applications.

Fig. 4. Cross-section diagram of the GestureTank

One issue with our previous version [20] is the appearance of
ghost objects in detection due to occlusion. In our previous
study, a separate laser-phototransistor layer was used for ghost
cancelation. However, this can also be affected by occlusion. In
this study, a touch frame is introduced for ghost cancelation.
The touch frame (PQ Labs G3) is a commercially available
device with a diagonal dimension of 40 inches for multi-touch
detection on a screen. The glass affixed to the touch frame is
discarded and the frame is positioned above the water surface
of our tank for ghost elimination.
The algorithm used to eliminate ghost points is explained as
follows. Consider two objects inserted into water, as illustrated
in Fig. 5.

Fig. 5. Scheme for the resolution of ghost points

Two sets of associated positional data are provided by the
touch sensing frame device. Two sensors along the width and
breadth of the tank simultaneously detect objects via the laserphototransistor array, resulting in four possible objects. Note
that the object position taken from the touch sensing frame
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Fig. 6. GestureTank system architecture

C. Software design
The Arduino is programmed using its proprietary
programming language to provide a stream of serial data
corresponding to the coordinates of 3D space in the
GestureTank. This data is received via USB to our main
application, which was developed using processing language.
The positional information is coded by the length (x-axis)
and width (y-axis) coordinates of the tracked object, along with
a depth value that corresponds to the sum of weighted values
given for the layers at which the object is located. Consider that
values of 1, 2, and 4 are assigned to layers 1, 2, and 3,
respectively. This ensures that the summation of any weight
combination can be easily decoded to determine which layers
contain an object. For example, when an object covers layers 1
and 3, the depth information is expressed as 5 (1 + 4). This
ensures that the data stream is optimised for performance.
Therefore, the entire 3D point space is compressed into a 2D
matrix with 17 columns and nine rows. The elements in the
matrix can have a value of zero if no objects are present at that
location, or values of one to seven depending on whether the
object is present in one, two, or three layers. This 2D matrix is
transformed into a 2D matrix with binary data, with zero
indicating no object at the given length and width in any laser
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layer (1–3). A connected component analysis (blob detection)
runs on the 2D matrix to identify different objects in the tank.
Noise filtering is performed to extract objects suitable for
further analysis. Ultimately, each gesture object forms a 3D
point cloud.
Data sent from the touch frame are received via the Tangible
User Interface Objects (TUIO) protocol by our processing
application. The ghost cancelation algorithm is then executed
to filter only real objects in the gesture tank.
As explained by Gillian [49], despite powerful sensors and
rapid prototyping tools, performing real-time gesture
recognition has some challenges because some of the existing
powerful machine-learning tools are better suited to offline
analysis. The open source gesture recognition toolkit (GRT)
[49] is used for our analysis because it employs a selection of
machine-learning algorithms, including adaptive naïve Bayes
classifiers (ANBC), AdaBoost, k-NN, minimum distance
(MinDist), Softmax classifiers, and SVMs, to be integrated
seamlessly. The GRT graphical user interface (GUI) allows us
to focus on fine-tuning our feature vectors without concerning
ourselves with the technical aspects of selecting an appropriate
machine-learning algorithm.
The GRT can accept a real-time data stream from another
application via the Open Sound Control (OSC) protocol.
Furthermore, once training data are recorded, configured, and
trained to perform gesture recognition, the real-time prediction
results can be streamed back to our application via OSC.
D. Application scenarios
One application is the operation of a bathtub. Foot gestures
can be used to control a faucet using two gestures. A raised-heel
gesture with the foot facing forward sends cold water to the tub
(Fig. 7a). Once the foot is brought back to the resting position
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(foot-resting gesture), the faucet is closed. Similarly, a raisedtoe gesture with the foot facing forward sends warm water into
the tub. Note that in this demonstration, a water inlet solenoid
valve is not implemented. The use of a solenoid valve would
enable us to control the speed of the water flow, and the speed
could be set to indicate the degree of foot tilt if desired. Another
operation is to control the temperature of the water, for which a
small electric water heater is used. The maximum temperature
can be set by moving the raised toes to the right (Fig. 7b).
Similarly, the maximum temperature can be lowered by moving
the foot to the left. However, in this study, a technique to cool
the water is not implemented. Finally, to drain the tank it would
be possible to operate a valve triggered by maintaining the footresting position (Fig. 7c) for ten seconds, although this is not
implemented in our GestureTank.
A bathtub or foot tub is an environment for relaxation; thus,
the ability to play and listen to music is our second application.
In this scenario, playing pre-recorded tracks such as MP3s or
even music videos is envisaged. Another application scenario is
the control of a music player in a bathtub or foot bath
environment. Raising the toes with the foot facing forward can
be used to indicate starting play. A raised-heel gesture can be
set to indicate pausing play. Movement of the foot to the right
and left with the foot touching the surface can indicate skipping
a track forward and backward, respectively. Similarly, foot
movement to the right and left with raised toes can indicate
increasing and decreasing volume, respectively. Finally, resting
the foot in position for ten seconds can stop play.
Our final application scenario allows a user to play his or her
own songs by considering the tub as a musical instrument
digital interface (MIDI) device. A note is controlled by the
centroid position of the feet in the water. The pitch can be
controlled by moving a foot to the right and left while touching
the surface of the water. Similarly, foot movement to the right

Fig. 7. – Gestures used in the operation of a bathtub, (a) faucet sending out cold water, (b) increasing temperature of the tank with heating element, and
(c) draining the tank (simulation only)
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and left with raised toes can indicate increasing and decreasing
volume, respectively. MIDI tones are generated via the MAX
MSP application.

5

IV. TESTING
A. Usability Testing of Gestures
When considering day-to-day interactions with water, a number
of gestures that are unique to interaction with water can be
found. Scooping, paddling, and twirling are basic hand
gestures, while washing hands is a more complex gesture [20].
When considering foot interaction, paddling [20] is a possible
unique gesture.
Combining the basic foot gestures listed in Section II.A can
result in a number of possible complex 3D foot gestures. Body
gestures can cause fatigue over long-term use [11]; the literature
survey did not find previous research that uses complex foot
gestures. Therefore, an experiment was conducted to
investigate the usability of the proposed gestures. The
experiment was conducted in a laboratory environment with 17
participants (four female and 13 male) aged 18–60 years with
foot anthropometric range of 22–27 cm. The participants were
asked to place a foot in the tank and perform the gestures listed
in Table 1 twice in a sequence of their own preference. When
the task was completed, the participants were queried about
whether they agree that performing each gesture is suitable,
comfortable, and natural while relaxing the foot in water. The
response was recoded using a binary response scale (yes/no).

Raised heel, facing forward

6
Raised toes, pivot at heel, move clockwise

7

Raised heel, pivot at toes, move anti-clockwise

8
Raised toes, pivot at heel, move anti-clockwise

9

TABLE 1 – POSSIBLE GESTURES INVESTIGATED
Gesture
ID

Raised heel, pivot at toes, move clockwise

Perspective view of gesture

10
1

Moving foot in a way that the sole faces outwards/foot moved
outwards horizontally (eversion)

Resting foot, facing forward

11

2
Resting foot, pivot at heel, move clockwise

3
Resting foot, pivot at heel, move anti-clockwise

4
Raised toes, facing forward
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Moving foot in a way that the sole faces inwards
/ foot moved inwards horizontally (inversion)

B. Feature Selection
In the next experiment, our objective was to select the
features of the foot that result in the best classification of
gestures. Again, the experiment was conducted in a laboratory
environment with 17 participants (four female and 13 male)
aged 18–60 with foot anthropometric range of 22–27 cm. Each
participant was asked to perform the gestures discussed in
Section IV.A in random order.
3D positional data pertaining to the foot gesture
recognition were captured by the Arduino and sent as serial data
via USB to the processing application. At the time of recording,
the user informed the tester what gesture they were performing.
A pre-processing module checked whether the data contained
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any object matching the dimensions of a foot. If so, the data
were recorded in a proprietary file format that stores them as a
2D matrix together with the gesture class given by the user. The
same data expression scheme explained in Section III was
applied; however, in this case, the matrix contains only the
positional data pertaining to the foot and not data pertaining to
the entire tank. This data was used by the GRT for training and
testing.
As gesture recognition relies on the quality of the data input
to the gesture recognition system, a key goal is to avoid the
curse of dimensionality, i.e., to select the optimum number of
features that can be used to identify the gestures uniquely.
Considering the domain knowledge of foot shape and structure,
24 feature vectors pertaining to foot gesture recognition, such
as length, width, and height, are considered. From the recorded
gesture sample set, each feature vector was plotted against the
classifying instances to estimate the optimal feature vectors that
provide the best classification.
C. Gesture Recognition Performance
Different algorithms can be considered for recognition of
gestures using features. As the GRT supports a number of
algorithms, six algorithms were used for evaluation (ANBC,
Adaboost, k-NN, MinDist, Softmax, and SVM). A ten-fold
cross-validation accuracy test was performed on our training
dataset. This testing was further beneficial to evaluate the
parameters that provided the highest accuracy for each
algorithm.
In the next stage, the models trained using the selected
parameters were tested against the test dataset to evaluate which
algorithms and gestures demonstrated the highest recognition
rates.
V.

RESULTS AND DISCUSSION

A. Usability Testing of Gestures
The number of times a user agreed that each gesture was
suitable for water interaction is summarized in Table 2. The
agreement level is also indicated as a percentage. Seven out of
eleven gestures were accepted as suitable for inclusion in our
recognition system considering an agreement threshold of 70%.
TABLE 2 – USABILITY TESTING OF GESTURES
1

2

3

4

5

6

7

8

9

No. of users who agree
that the gesture is
17
suitable (17 Users)

Gesture ID

17

16

17

13

16

1

12

4

0

0

100 100 94 100 76

94

7

71

24

0

0

Agreement Level (%)

10 11

Eversion (Gesture 10) and inversion (Gesture 11) were
rejected as suitable gestures by all participants. There seems to
be a general consensus that moving the foot in such ways is not
comfortable. The number of users who agreed that using
Gestures 7 and 9 was also low, with only one and four users
agreeing, respectively. The common feature between these two
gestures is that they involve a raised heel. In fact, out of all the
gestures, the ones in which the heel is raised had lower
agreement than resting foot gestures and raised-toes gestures.
One possible reason behind this could be that the weight of the
doi: 10.4038/icter.v8i2.7163
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foot bears down on the toe in Gestures 5, 7, and 9. Moving a
foot anti-clockwise or clockwise further in this situation can be
strenuous.
B. Feature Selection
A total of 17,177 samples representing the seven gestures
selected were recorded. After pre-processing to remove
duplicate values, our dataset contained 11,036 samples. When
considered individually, none of the feature vectors provided
satisfactory classification for the seven classes. By considering
five features as the stopping criterion, a subset containing five
features that combine to provide the best classification was
chosen: PointsinL3Front, PointsinL3Back, L1L2Right,
L1L2Left, and CheckLR. PointsinL3Front is the percentage of
the number of foot regions in the topmost row (L3Front) to the
total number of foot regions in Layer 3 (NL3). PointsinL3Back
is the percentage of the number of foot regions in the
bottommost row (L3Back) to NL3. L1L2Right is the percentage
of the total number of foot regions in the rightmost column in
Layer 1 (L1Right) and Layer 2 (L2Right) compared with the
total number of foot regions in all three layers (N). L1L2Left is
the percentage of the number of foot regions in the leftmost
column in Layer 1 (L1Left) and Layer 2 (L2Left) to N.
CheckLR provides a score of 1, 0, or −1 depending on the
balance of the foot calculated by considering the summation of
all foot regions in the leftmost and rightmost columns, where a
negative value indicates that the balance is tilted to the left.
Figure 8 shows the overhead and side views of a foot with the
selected features highlighted. A graph showing the features is
shown in Fig. 9.
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Fig. 8. Selected feature vectors

Fig. 9. Plot of the selected feature vectors
SVM

C. Gesture Recognition Performance
The same dataset used for feature selection was applied for
this experiment. A ten-fold cross-validation accuracy test was
conducted using a training dataset of 5,518 samples (50% of
data). Table 3 shows the highest accuracy obtained and the key
parameters for which the accuracy was obtained.
TABLE 3 – ALGORITHMS USED FOR TEN-FOLD CROSS-VALIDATION
Classifying
Algorithm
ANBC

Highest
Accuracy
Percentage
83.58

Parameters

k-NN

92.13

Null Rejection Coeﬃcient = 3
Boosting Iterations = 20, Null Rejection Coeﬃcient =
3
K = 3, Null Rejection Coeﬃcient = 3

MinDist

89.12

No. of Clusters = 2, Null Rejection Coeﬃcient = 3

Softmax

91.98

Null Rejection Coeﬃcient = 3

AdaBoost

96.77
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94.02

Linear Kernel, γ = 0.1, Null Rejection Coeﬃcient = 3

In the next stage, the remaining 50% of the samples were
used as testing data, and the experiment was conducted for each
algorithm to evaluate the recognition rates obtained using the
GRT.
TABLE 4 – GESTURE RECOGNITION RATES
Gesture ID

1

2

3

4

5

6

8

No. of Samples

710

404

646

1356

846

565

991
49.30

% ANBC

94.78

97.52

92.1

99.33

92.78

76.99

%AdaBoost

95.49

100

100

96.53

92.78

100

95.45

% k-NN

88.12

94.5

92.32

86.84

90.85

96.1

97.00
93.13

% MinDist

87.74

97.52

87.61

95.87

92.78

100

% Softmax

94.78

89.35

87.61

96.09

92.78

100

89

% SVM

95.49

98.26

100

95.87

92.78

100

89
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The total recognition accuracies for the algorithms were
88.5%, 96.64%, 88.12% 93.43%, 93.05%, and 95.19% for
ANBC, AdaBoost, k-NN, MinDist, Softmax, and SVM,
respectively (Table 4). The best performing classifier for our
data was AdaBoost with 20 boosting iterations and a null
rejection coefficient of 3. Out of the gestures performed,
AdaBoost classified Gestures 2, 3, and 6 with 100% accuracy,
with the lowest performance for Gesture 5 at 92.78%. The SVM
with a linear kernel, gamma of 0.1, and null rejection coefficient
of 3 showed the second best performance. Of the gestures
performed, the SVM classified Gestures 3 and 6 with 100%
accuracy, with the lowest performance for Gesture 7 at 89%.
Note that the k-NN algorithm detected Gesture 8 with a higher
recognition rate (97%); however, it demonstrated a far lower
recognition rate for all other gestures, with the lowest being
86.84% for Gesture 4. Furthermore, when considering the time
required for each algorithm to train the 5,518 samples in our
training dataset, AdaBoost took 12,100 ms, and the SVM
required only 1,464 ms. However, for testing the testing dataset
with 5,518 samples, AdaBoost required only 47 ms, while the
SVM took 1,391 ms.
D. Discussion
It should be mentioned that, although the resolution of the
sensing in our system setup is rather coarse (laserphototransistor spacing of 5 cm horizontally and 3 cm
vertically), the gesture recognition performance is fairly good.
The spacing can be further improved using the current
equipment. The resolution can be improved up to a maximum
of 1 cm horizontal and 2 cm vertical spacing. Such
improvement could allow us to evaluate the degree of
movement for eversion, inversion, dorsiflexion, and plantar
flexion. While the touch frame enables ghosting resolution, a
slight positional error can be introduced if the foot is inserted at
a slant due to the touch frame being located above the tank and
the surface of the water. Although our centroid and other feature
calculations are performed using the laser-phototransistor array,
the positional error from the touch frame can affect detection if
the feet are very close to each other.
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selected to represent the gesture. A subsequent experiment
tested the detection performance for each of the seven gesture
classes. Despite the coarseness of the system resolution, good
detection performance was obtained for AdaBoost recognition.
Further study of object position detection and gesture
recognition remain to make the system more practical.
At present, there are no readily available gesture detection
products for use in water environments. However, arm-worn
devices such as Myo can be affixed to the calf muscle to detect
foot movements. This study can be extended to recognize more
complex foot gestures, such as paddling and tapping.
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Developing and testing an m-Learning tool to
facilitate guided-informal learning in agriculture
Uvasara Dissanayeke, K.P.Hewagamage, Robert Ramberg, Gihan Wikramanayake
Abstract— Constructivism learning theory emphasizes the
importance of collaborations in creating a shared
understanding. In the given study, collaborations facilitated on
a mobile SMS based Twitter platform as an effort to design
mobile-based guided-informal learning. The objectives of the
study were i) designing m-learning contents for Twitter, ii)
facilitating collaborative m-Learning, and iii) testing
effectiveness of mLearning tool. A mobile learning approach
(mLA) was designed in collaboration with users, following
design-based research theories. Data were collected using
participatory methods, questionnaires, and logged data in the
mLA. Descriptive methods, network analysis methods and
mean comparisons used in the data analysis. Members of a
young farmer club in Kandy, Sri Lanka participated in the
research process for two years.
Pedagogical tools, such as lessons, interactions, assessments
and feedback, designed to match with Twitter functionalities
and features. Participation in the mLA has improved
knowledge in learners, and has created collaborative learning
opportunities. Learners were generally satisfied with mLA as a
guided-informal learning tool. The drawbacks were mainly due
to technical problems, and limitations in the SMS based
platform, which has limited opportunities to acquire higher
order learning skills. Future implementations of the mLA
model need to focus on designing mobile based applications for
Smartphones in creating more collaborative and interactive
learning spaces.
Keywords— Mobile learning, Twitter, SMS, Collaborative
learning, informal learning, farmers, Sri Lanka

I. INTRODUCTION
Constructivism theory suggests learning as a social activity,
in which learners closely associate with others in the society
such as teachers, peers, and experts during the process of
learning. Constructivism thus emphasizes the need for
effective collaborations in creating shared understanding [1].
This study attempted to facilitate learner collaborations using
a mobile SMS based Twitter implementation. Users’
communications and interactions in Twitter were studied to
understand how to use mobile SMS based Twitter in
facilitating collaborative learning.
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The user community consisted of an Agriculture Instructor
(AI) and a group of farmers. The learning needs of the
farmers were previously addressed using a traditional nonformal learning system (TNLS). The users were interested in
mobile technology enhanced learning approach (mLA) as a
supplement for TNLS as it was found to be challenged due
to several factors [2]. The most prominent factors were
identified as cost and time involved in travelling,
inefficiencies in the systems for interactions and
communication, and difficulties in scheduling face-to-face
discussion classes. A mobile-based guided-informal learning
solution (mLA) was developed to supplement present TNLS
as a solution, using a design based research approach [3].
The study was conducted for a period of two years with the
young farmer community in Ankumbura, Kandy District, Sri
Lanka.
Main research questions addressed in the study were (i)
what are the user requirements and specifications, (ii) how to
network user community to facilitate effective
collaborations, (iii) how to design learning contents leading
to guided-informal learning, (iv) is mLA an effective
learning tool, and (v) what are the problems and limitations
in the mLA model. The paper begins with a literature review
to define the important concepts addressed, followed with
methodology, findings, discussion and conclusions.
II. LITERATURE
A) Learning theories
1) Constructivism: Constructivism theory suggests learners
construct their own understanding and knowledge on the
world through experiencing things and reflecting on those
experiences. Learning occurs when learners try to assign
meanings for their experiences based on their previous
experiences and pervious knowledge. According to the
constructivism theory, learning is regarded as a social
activity, as a learner closely associates with others in the
society [1]. We have built upon a constructivist perspective
in the design and development of the mLA as well as in
explaining the processes of learning taking place in the mLA.
Constructivism, as a learning theory, is characterized by
several features such as encouragement of multiple
perspectives of concepts and contents, teachers role as a
facilitator, students playing a central role in mediating and
controlling learning, knowledge construction through
collaboration, developing higher-order thinking skills, and
deep understanding through problem solving [4].
2) Collaborative learning: Collaborative learning happens
when two or more people learn or attempt to learn something
together. Collaborations take place in face-to-face situations
as well as technology mediated learning situations.
Computer-supported collaborative environments provide
opportunities for learners to interact with others using
computer based technologies [5]. For instance, wireless
doi: 10.4038/icter.v8i3.7165
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handhelds can support a group of learners to collaborate with
each other, facilitating knowledge creation [6]. Social
networking tools also support learner collaborations, when
designing technology mediated learning environments [7].
Participation in learner oriented mobile-based social
networks has enhanced knowledge sharing attitudes while
providing opportunities to expand learning and social space.
Technology enhanced collaborative learning settings have
been designed with appropriate mechanisms to facilitate user
collaborations. For instance discussion forums, phone
discussions, and text messaging can facilitate user
collaborations in a learning settings.
Selecting the most appropriate platform to offer
collaboration for a given context could be a difficult task.
Use, and access to the given technology, and ownership are
considered as important determinants when selecting
appropriate platforms to facilitate collaborations [8]–[10].
Poor or inadequate access to these resources may result in
leaving behind some of the learners, which affect effective
collaborations. Thus, in this research, ownership of the
devices and technology are considered as pre-requisites in
designing effective collaborations [10].
3) Mobile learning, informal learning and non-formal
learning: Mobile learning has been mostly defined in
relation to e-learning. However, e-Learning can be
considered as more compatible with classroom environment,
while m-learning calls for environment and time independent
pedagogy [11]. A comparison conducted between the two
disciplines have described m-Learning as suitable for
informal learning, situated learning, and collaborative
learning. M-learning can be defined as ‘learning across
multiple contexts, through social and content interactions,
using personal mobile electronic devices’[12]. Thus,
pedagogy, mobile devices, learning context and social
interactions can be identified as the most important
constructs in a m-Learning situation. The context of learning
concerned in this paper, tailors mostly guided-informal
learning as related to improving knowledge on general
agriculture practices and technologies of the farmer
community.
‘Informal learning is one of the forms of lifelong learning,
in which an individual other than the learner, sets learning
goals while the learner decides how it is to be learned’ [13].
Thus the individual has partial control in the decision making
process of when and how to learn. In non-formal learning
systems a learner has only a partial control over the method
of learning [13]. Non-formal learning is mostly conducted in
the form of workshops, training programmes or field
demonstrations. The learner initially decides what s/he
wishes to learn, however the instructor decided how it is to
be taught.
4) Assessment of learning: Assessment of learning is an
important practice to determine learner achievement of
learning goals. Assessments are usually conducted by
gathering information on learner performances. Assessments
are classified as summative and formative mainly depending
on the timing during the learning process. Summative
assessment refers to evaluating performance of a learner at
the end of a learning module or course [14]. Formative
assessments are conducted throughout the learning sessions
as part of the instructional process [15]. Formative
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assessments are useful to inform teaching practices and to
give necessary feedback for learners to improve learning.
Summative assessments are important to summarize the
learner performances however this would not have an
immediate impact on the learning [14].
5) Feedback: Feedback refers to providing information on
the actual states of learner performance against a set standard
such as learning objectives. Feedback conveys useful
information for recipient to improve performances [16].
Providing an informative, positive and immediate feedback
can encourage and motivate learners intrinsically [17].
Feedback was given to learners mainly to enhance the
learning experience by correcting the mistakes and to
emphasizing important facts.
B) SMS based methods in m-Learning
SMS based m-Learning approaches have been adopted in
different settings including universities [18], [19] and
distance education [20], [21]. SMS is the most basic and
simplest form of facility available in any mobile phone thus,
use of SMS based approach is also sustainable in terms of
costs, efforts, and resources [21]. Furthermore SMS is
considered as one of the effective ways to overcome the
barrier of ‘device variability’ when designing m-learning
solutions. It has benefits such as equitable use, flexible use,
tolerance for error, low physical and technical effort and
encourage of multiple methods of learning [22]. SMS based
technologies seem to be more effective and simple when
compared to browser based methods because the latter has
the risk of connection problems [23].
C) Design based research
Design-based research is defined as a ‘systematic but
flexible methodology aimed to improve educational
practices through iterative analysis, design, development,
and implementation, based on collaboration among
researchers and practitioners in real-world settings and
leading to contextually-sensitive design principles and
theories’ [24]. Design-based approach is suitable for
research carried out in real world settings [25]. The
researchers collaborate with the practitioners to identify and
test learning solutions, continuously involving them in the
design process. These collaborations often involved complex
social interactions and sharing ideas [25]. Such collaborative
approaches will be beneficial especially when designing
technology enhanced learning environments, leading to
construct effective pedagogical models, based on real needs
of instructors and learners [26].
Design-based approaches have been widely practiced in
mobile learning research [26][27][28][29]. One of the main
strengths in design-based research process is the iterative
testing procedures. The learning solution is tested with the
stakeholders using iterative cycles such that stakeholder
ideas are incorporated in the design process. The iterations
help researchers to match pedagogical requirements with the
learning context and user requirements [30]. Basic
characteristics of design-based research can be identified as
pragmatic, grounded, interactive, iterative, flexible,
integrative, and contextual [5].
D) Twitter in mobile learning
Twitter is one of the most popular micro-blogging services,
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which allows users to share short messages. Twitter has been
used for various purposes including teaching practice to
promote active and informal learning [12][13][33],
assessment of training [34] and during conferences to
enhance the knowledge of a given community through micro
connecting to a diverse online audience [35]. Using Twitter
in education has increased student engagement and improved
performances [36] while mobilizing faculty staff into a more
active and participatory role. Use of micro-blogging in class
situations have been instrumental in promoting informal
learning [32]. It has provided a common platform for
students to share information with each other, and contribute
for discussions.
Twitter has been able to increase the social presence of
online learning by establishing just in time social
connections [33]. It has helped in addressing student issues
in timely manner, encouraged students to be sensitive to the
audience, and facilitated networking with professionals.
Informal learning was supported by mainly helping students
to discover resources and tools, and by opening up
opportunities for lifelong learning. Students were able to
establish contacts with faculty staff, which lead them to
build-up learning communities, paving way for lifelong
learning. Engagement with micro-blogging has also
improved students’ impressions, participation and
enthusiasm during a museum visit [37]. Student interactions
in the Twitter platform have helped creating meaningful
interactions, resulting collaborative learning.
On the negative side, use of micro-blogging is regarded as
a challenging task. When using micro-blogging in
educational settings, it is important to motivate students by
providing rapid feedback [32]. This helps maintaining
student attention however, a teacher would find such a task
as demanding and time consuming since they have to engage
in discussions 24/7 [38]. Character limitation in Twitter is
also considered as a challenge.
III. METHODOLOGY
Study community: A group of farmers (N=44) from a Young
Farmer Club in Kandy district participated in the study. The
group followed a conventional non-formal system of
learning, with their agricultural instructor as the teacher
before the initiation of the mobile learning approach. .
A) Research approach
A design based research approach followed for the study.
Accordingly, the development procedure was identified with
four consecutive phases namely i) situation analysis, ii)
designing learning solutions, iii) iterative testing and
refinement of solution, and iv) evaluation [39] (Fig. 1). Users
participated in all four stages of the research process, making
choices and decisions on what they expect from the mobile
learning system, following design based research principles
[24].
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Fig. 1. Design-based research process

1) Problem analysis: During the problem analysis, we
characterized the traditional non-formal learning system
(TNLS) following Activity theory [2]. Characterizing the
learning context was important to see the mobile-based
technologies and applications that are presently available
with the user community, their familiarity with such
technology, affordability of m-learning, and user attitude
towards mobile learning [2]. Secondly, we explored the
TNLS to see the gaps and problems in the system, that can
be improved with a mobile based learning solution. User
requirements for a mobile-based learning system were also
investigated during this stage.
2) Designing a learning solution: During phase two, a
suitable technology that matches with user requirements,
was identified. Mobile SMS based Twitter service was
identified to host m-learning. Features and functionalities of
Twitter, and use of such technologies in building the mlearning were studied using available literature. Pedagogical
aspects related to lesson format, feedback, assessments,
motivation, interactions and collaborations were designed
and developed. Pedagogical aspects were designed in
collaboration with the agricultural instructor.
3) Iterative testing and refinement of solution: During phase
three, the learning solution developed during phase two were
tested with users. Three iterations were conducted (e.g.
mLA1, mLA2 and mLA3) and the necessary adjustments
were made to the m-learning approach.
4) Evaluation: Learning solution was evaluated using both
formative and summative evaluation approaches. Outcomes
of the formative assessments were used to provide feedback,
and to improve the system. Summative evaluation was
conducted to test the effectiveness of mLA as a learning tool
and a collaborative tool.
B) Data collection and analysis
Design-based research involves working with
practitioners. Thus, data collected using participatory
methods such as key informant discussions and focus groups.
In addition, telephone interviews, SMSs and non-participant
observations used to gather information. During the problem
analysis and evaluation phases, individual experiences of the
study community were studied using questionnaires. Logged
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data in the users’ devices as well as in the mLA were also
collected. Twitter profile data were collected from Twitter
web interface using Tweet download application
(http://www.tweetdownload.net).
The data were analyzed using mainly qualitative methods
while using Activity theory as an analytical framework [40].
Quantitative data coming from the questionnaires were
analyzed using descriptive methods such as frequency
analysis using Statistical Package for Social Sciences
(SPSS). The mLA network was analyzed using NodeXL
version 1.0.1.251.

SMS based methods found to be more appropriate. Hence,
mobile SMS based Twitter was used in designing the SMS
gateway for the mLA (Fig. 3). Initially, learners connected
to the two instructors, e.g. agricultural instructor (I1) and one
researcher (I2). Later, the learners allowed to communicate
with the other learners.

C) Evaluation of mLA as learning tool
A pre and post-test analysis was conducted to test the
knowledge gain among the learners. Pre-test data were
collected daily based on the learner-answers posted in the
mLA while post-test data were collected from Twitter based
assesments. Data were analyzed using a paired t-test using
SPSS.
Fig. 3. SMS gateway of the mLA

IV. FINDINGS
A) User requirements analysis
User requirements and design specifications for mLA
were identified during the problem analysis phase using
participatory methods. Fig. 2 presents the most important
considerations.

User network of the mLA is visualized in Fig. 4 using
NodeXL application. Since Twitter relationships are
asymmetric in nature, user network analyzed using a directed
graph, which allowed identifying key individuals in the
community.

Fig. 2. User requirements

Facilitating real-time communications and interactions
among user community was a main requirement. This
enabled sharing information, promoting collaborative
learning, and providing feedback during learning. Secondly,
the study community required the system to support basic
phones and SMS facility, as majority (74%) had access to
basic phones [2]. Thirdly, user group wanted to use mLA in
facilitating mobile-based guided-informal learning. Access
and affordability in the long term was another concern.
B) Designing user network
First step of the implementation process was to set up a
network to link learners with the learning community. The
network developed using the web application of the Twitter
micro-blogging site (https://twitter.com). Twitter service is
available as a web based application, ios, android, mobile
web application and SMS based application making it easier
to use in any type of a mobile phone. Considering the
heterogeneity of mobile phones available among the users,

doi: 10.4038/icter.v8i3.7165

Fig. 4. User network for the mLA

The instructors played a central role in the mLA network.
They posted questions in the mLA, shared learning
resources, interacted with learners, and provided feedback.
The two instructors formed the basis for the mLA model, and
all the learners linked to instructors. Graph matrices of the
user network is presented in Table 1. The network consisted
of 25 farmers and two instructors, while there were 158
connections in the network. More than 79% of the
connections are reciprocated. The average geodesic distance
is 1.66, indicating that each learner in the network can reach
any other learner by walking through maximum two steps.
Graph density refers to the ratio between existing
connections in a network and the maximum number of
connections that are possible within the network. The density
of the network is about 0.22, indicating that only 22% of
connections formed in the network. One possible reason for
the lower density was due to technical limitations. Most of
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the learners (88%) accessed mLA using a basic mobile
phone, with SMS facility. This limited the number of
connections that they can effectively maintain in a SMS
based system. For instance, in a web-based system or in a
smart-phone based system, all users can be linked with any
other learner they wanted. However in the mLA, most
learners had to connect with maximum 2-5 other learners in
order to keep the system simple. The web based mLA was
mainly used by the instructors.
Table 1. Graph matrices

Graph Type

Directed

Vertices

27

Unique Edges

158

Edges With Duplicates

0

Total Edges

158

Self-Loops

0

Reciprocated Vertex Pair Ratio

0.663157895

Reciprocated Edge Ratio

0.797468354

Connected Components

1

Maximum Vertices in a Connected
Component

27

Maximum Edges in a Connected
Component

158

Maximum Geodesic Distance (Diameter)

2

Average Geodesic Distance
Graph Density

1.665295
0.225071225

C) Designing pedagogical tools
Designing pedagogical tools were addressed in two phases:
i). Study features of Twitter and how to use them in
designing mLA platform, ii) designing pedagogical tools.
1) Twitter functionalities: Features, functionalities and
related applications of Twitter were studied to see how to use
these features in designing the mLA platform. For instance,
features in Twitter, such as tweet, re-tweet, and direct
message, were explored to see their usability in an mLearning environment (Fig. 5).

Fig. 5. Twitter functionalities used in designing mLA

Tweets or Twitter message option was used to post lessons,
notices, and to share web links for learning resources.

113

Twitter Direct message option was used to give feedback for
individual learners, answer queries made by learners and
interactions with learners. Re-tweet option was used to share
interesting answers and learning resources posted by the
learners. Future tweet app was used to schedule lessons.
2) Developing learning contents: Pedagogical tools such as
lesson objectives, learning contents, feedback and
assessments were developed to match with features and
functionalities of Twitter. The lesson objectives were
designed to impart cognitive skills at the first two levels of
Blooms’ Taxonomy of cognitive domain, i.e. knowledge and
comprehension (Box 1). Learning community was interested
in knowing and remembering simple facts and specific
pieces of information related to agricultural practices.
Remembering information was essential for them to take part
in a national quiz competition held among young farmer
communities.
Box 1. Lesson objectives and learning contents

Lesson objective: After following lesson 1, the learners
should be able to explain the ‘benefits and specifications
of using paddy husk ash as a soil nutrient in rice
cultivation’ with 100% accuracy
Question 1a)
What are the advantages of using paddy husk
ash in paddy cultivation?
Model answer 1a)
Paddy husk ash adds Potassium to the soil,
preventing incidences of lodging and possible
incidences of iron toxicity
Question 1b)
How many kilograms of paddy husk ash
would be sufficient for 1 acre paddy land? a.
250kg; b. 2000kg; c. 1000kg; d. 500kg
Model Answer 1b)
About 250 kg of paddy husk ash necessary for
1 acre paddy land
Learning contents were developed in collaboration with
the agriculture instructor. Learning contents that were used
in the traditional face-to-face discussion classes were
considered as the benchmark when designing the learning
objectives.
A Twitter post allows only 140 characters per message
thus lessons were planned to be less than 140 characters per
message.
Each lesson were planned as having two components; a
question and a model answer. There was a delay of 4-6 hours
between the question and model answer so that learners have
time to find the correct answer for the question. Learners
posted their answers in the mLA in response. Instructors
provided feedback, and clarified queries using Twitter direct
message option. Box 2 shows lesson objectives and contents
designed.
Altogether 144 short lessons were prepared and validated
with the Agricultural Instructor initially. Both open ended
questions and multiple choice questions were included when
constructing lessons. More open-ended questions were
(76%) planned so that learners can post their own answers.
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It also helped in initiating discussions and facilitating learner
collaborations at a different level. Box 2 shows a question
posted by the instructor in the mLA is being answered by a
learner. Multiple choice questions were used when it is
important to give clues helping learners guess the correct
answer. All the learning contents were developed in local
language, and typed using English fonts as they would use
them in speech. This method was familiar to the user
community and it was the customary procedure to send and
receive SMSs. Almost all the users have learnt English as the
secondary language for eight years or more, thus they were
familiar with this method. Terms such as “question” and
“answer” were used when necessary.

When a learner finds it difficult to answer on their own
they can seek help with a friend, interact with the instructors
or refer learning resources. Learning resources included
agricultural publications, and electronic resources such as
websites of the agricultural institutions.
4) Feedback and rewarding: Interactions with instructors
have also lead to have a better understanding and additional
details. The instructor offered learner specific feedback and
guided-learners in the learning process (Fig. 7).

Box 2. A question posted by the instructor is answered by a Learners

Question posted by the instructor

Answer posted by a learner

Initially the lessons were posted by the instructor2
(https://twitter.com/Agriq), while later stages this
responsibility was gradually transferred to the agricultural
instructor (https://twitter.com/AI2012). Lessons were
scheduled using Future Tweet app (http://futuretweets.com)
so that lessons are sent to the learners at a regular time of the
day. Both instructors interacted with the learners to give
feedback, and clarifying queries raised by the learners.
Furthermore, the agriculture instructor posted messages in
the mLA in communicating important messages to the young
farmer community, scheduling meetings with the group, and
informing them on relevant training programmes arranged
locally.
3) Interactions in the mLA: The instructor initiated the
learning process by posting a simple question at the mLA
(Fig. 6). The learners are supposed to find answer for the
question and post the answer in the mLA.

Fig. 6. Interactions in the mLA
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Fig. 7. A learner interacting with instructor in the mLA

Feedback given to the learners saying whether the answer
is right or not. The instructor also recommends suitable
learning resources, provided clues on how to find the answer.
At the end of the lesson, instructor posted a model answer in
the mLA. This process enabled the individual learner to
construct his own knowledge about the subject matter. The
other learners and the instructor assist the learner during the
learning process. It was observed that most of the learners
were able to find the correct answer through the interactions
and were able to post it in the mLA. The model answers and
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the feedback offered by the instructor helped in reinforcing
the learning process.
Four types of feedback were given to the learners. First,
individual feedback was given when the learners attempt to
answer the lesson-question as given in Fig. 7 above.
Secondly, feedback was given to the whole group at the end
of the lesson by sharing which learners have sent the correct
answers for the mLA question. Thirdly, best answers of the
day shared with all the users. Finally, total marks obtained
by each learner when they post answers for mLA questions
were shared with the whole group. Efforts were made to stick
to the best practices in offering formative feedback such as
being specific and clear with feedback messages [16].
A reward in a learning environment can be defined as
something given to learners in recognition of their
achievements or performances. Establishing formal or
informal rewards have improved student’s participation in
mobile learning projects [41], [42] and enhanced positive
feelings towards the learning process [43]. A rewarding
system was introduced to motivate learners in participating
in the mLA. Learners were rewarded for posting answers and
for interacting in the mLA.
5) Assessments: Assessments were conducted to gather
information on learner performances. Learner performances
were evaluated in relation to learning objectives using short
tests. These tests were designed to give feedback for learners
on their performances. Box 3 shows a short test conducted to
evaluate learner performances. Three short tests were
conducted monthly; each test had 4-5 questions. A
summative assessments were also conducted at the end of the
mLA 2 using a paper based test.
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D) Effectiveness of mLA as a learning tool
The mLA had shared about 229 lessons during its
implementation (Table 2). Total number of posts in the mLA
was around 2890. There were 28 learners in the mLA and
together they have posted more than 2000 short messages in
the mLA mainly using basic phones and SMS based Twitter.
During the mLA2 implementation, the role of instructor was
mainly fulfilled by the researcher while mLA3
implementation, the agricultural instructor contributed as the
instructor.
Table 2. mLA logged data analysis

Criteria
Number of learners
Number of instructors
Total number of lessons
Total number of posts in the mLA
(I1 + I2)
Total number of communications
by learners (subjects)

Number of posts
28
2
229
870
2020

The effectiveness of mLA as a learning tool was
determined by comparing the knowledge level of the learners
before and after test analysis (Table 3).
A mean comparison was performed using one sample ttest using the Statistical Package for Social Sciences (SPSS).
According to the results there was a significant difference
between the average mean score of learners before mLA and
after mLA implementation. The results show that the mLA
is highly effective as a learning tool.
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The mean score for the learners before implementing
mLA was 39% while this has significantly improved up to
70% after participation in the mLA.
Table 3. Results of the mean comparison
t value Df

Sig.
(2tailed)

Mean
difference

95% Confidence
Interval of the
Difference
Lower

Upper

Before
mLA

5.239

12

.000

39.03134

22.7987

55.2639

After mLA

7.878

12

.000

70.32967

50.8783

89.7811

During the summative evaluations, learners were asked to
identify three new things they have learnt due to mLA
exercises. Interestingly highest number of learners (80%)
suggested Twitter social media and its usage as a learning
tool and a networking tool. Almost all were new to Twitter
micro-blogging service and it could be the reason as to why
the learners identified it as a new learning experience.
Agriculture best practices and latest technologies in
agriculture were noted by 66% of the respondents. About
26% of the respondents mentioned that mLA helped them to
improve IQ and general knowledge, while a similar
percentage related to their mLA experience as an exposure
to mobile technology enhanced learning solutions (Fig. 8).

Fig. 8. Learning outcomes

The learner experiences of using the mLA3 was measured
using five statements on a 5 point Likert scale, in which 1=
highly un-favourable and 5=highly favourable. The Table 4
presents average ratings given by the learners on various
aspects of mLA experiences. It is seen that the majority of
the learners were satisfied with the performance and use of
the mLA3.
Table 4. Learners’ reactions to mLA

Statements

Rating
(n=8)

mLA was helpful in improving knowledge

4.875

Mobile learning can be successfully
implemented among young farmer communities

4.875

I am highly satisfied about the mLA experience

4.75

The agriculture instructor played a mediating
role that was very important for the success of mLA
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5

It is important that the learners and instructors
having a good mutual understanding for the
successful implementation of mLA

4.875

E) Problems and limitations in the mLA
About 21% of learners commented that they had problems
in reading lessons, which typed using English fonts. This was
particularly related to certain technical terms that were
unfamiliar to them. Since these learners were not previously
exposed to these technical terms, it was difficult for them to
read and understand the message when it is presented in
English fonts and not in the local language. This can be
considered as a major limitation in mLA as it does not allow
learners to communicate in local language which is more
familiar for them.
Even though many users interacted with their peers and
instructor to find answers for mLA questions, about one third
(35%) of learners said they gave up on mLA questions when
they did not know the answer. These users have felt that they
should not be disturbing others by sending a Twitter direct
messages, SMSs or calls. They commented that they could
not participate in mLA as much as they wanted mainly
because they did not know the correct answers for mLA
questions. This problem has arisen mainly because mLA did
not have an inbuilt facility such as a forum to discuss answers
with peers. If there was a common discussion forum in mLA,
most users could make use of it to discuss answers. Some
users (14%) mentioned that they could not adequately
answer questions posted in mLA because they have not
studied agriculture as a subject at school. It was only one
third (36%) of the respondents who had studied agriculture
as a subject during school years. This group of learners, who
were already exposed to a formal system of agriculture
education, was seen as more knowledgeable than the others.
The respondents were asked to rank the usefulness of the
learning contents given in the mLA using a three point scale
(very useful, useful, and not useful). Almost all the
respondents agreed that the learning contents presented in
the mLA was either very useful (78.6%) or useful (21%).
However, few suggestions came from the users on how to
improve the mLA in order to make it more useful as a
learning tool. For instance, a few learners suggested that it
would be beneficial if the mLA included more lessons
related to field problems in agriculture, and allow the
learners to post question forward agriculture field problems
they have experienced directly to the mLA so that the
agriculture instructor can post answers to those questions.
Technical problems related to receiving tweets in the
mobile phone were another drawback. Some users could not
receive tweets in their mobile device and the situation could
not be enhanced even after consultation with the service
providers. This de-motivated them in taking part in mLA.
The mLA mostly supported learners to acquire cognitive
skills up to the first two levels of Blooms taxonomy, namely
knowledge and comprehension. The SMS based platform of
the mLA were more appropriate in imparting basic skills in
the cognitive domain, however opportunities in moving
towards higher order learning skills was not satisfactory.
Effective number of learners that can be linked in the
Twitter based mLA was limited to 5-7, due to its SMS based
platform. linking with many other learners meant that a user
would get a number of SMSs everyday making it difficult for
them to manage with their daily commitments. The
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instructors mainly operated their mLA accounts using a web
based platform, however most learners did not have this
facility.
V. DISCUSSION
Question and answer format was an appropriate solution
to overcome character limitation in Twitter. Firstly, and most
importantly it allowed breaking a single lesson into two
meaningful components to overcome 140 character
limitations per message. Secondly, it actively engaged
learners in the learning process as they were encouraged to
find an answer to a given question and post in the mLA.
Thirdly, it allowed meaningful interactions with instructors
and other learners, enhancing opportunities for collaborative
learning. Finally, the model answer was not only helpful for
learners who did not know the answer to learn it, but also
whose predicted the correct answer had their learning
experience reinforced.
When asked the respondents to compare m-learning
experience with the traditional non-formal learning system.
Learners acknowledge that
they can ‘share more
information during non-formal classes, and get the problems
clarified by the instructor during non-formal classes’ all of
which lead to achieving higher order learning skills. On the
other hand, the mLA helped learners in interacting with the
other learners every day from anywhere and at any time.
Learners saw this as an important feature as they understand
the difficulties in arranging non-formal classes frequently.
Given the fact that farmers pre-occupied with other
priorities, it was difficult for all the interested farmers to take
part in a non-formal class. The mLA provided a solution for
these farmers to learn new practices of agriculture.
Heterogeneity of phone types available among users was
a major consideration when designing the mLA. The
majority of the users had basic phones, while a few had
Smartphones and Java enabled phones. Thus, users wanted a
system that can also use with a basic phone. Text messages
were the most frequently used communication method
among the user community thus, they felt comfortable with
using an SMS based method to communicate and interact
among the community.
The study community wished to improve their knowledge
on two aspects; agricultural practices and general
knowledge. They needed the system to deliver short lessons,
which they can work on during their leisure time. The users
preferred to have learning contents broken into shorter
lessons, one at a time, so that it is easy to comprehend.
Furthermore, they wanted to collaborate with the instructors
and other learners using the system.
Use of an established social networking service had
several benefits. Availability of the technology for the users
for long-term use with a less or no maintenance cost was an
important concern. Twitter is freely available on a web-based
platform. On a mobile SMS platform, the service providers
charge a nominal fee for each SMS sent to the network while
SMSs are delivered free. The users agreed that the nominal
fee for sending SMS is cost effective and affordable.
Three of the major mobile service providers hosted
Twitter under its universal short code 40404. This makes the
application more accessible to the user community as all the
users had access to one or more of the above mobile service
providers.
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On the negative side, one of the main challenges in SMS
based learning methods is the character limitation per
message. During this study, the maximum number of
characters allowed was 140. Use of the local language to
compose messages had made it even lesser because the
messaged need to be typing in English fonts. In this situation,
it was a challenge to compose lessons as it was necessary to
select the most appropriate set of words and has to be within
140 characters per message. The lessons had to be
‘meaningful yet concise with simple language’ [21].
Sometimes it was necessary to break the lesson into three or
more segments; however, in a typical lesson there were only
two segments namely question and model answer. When it
is necessary to provide more information, additional SMSs
sent just after posting the question or model answer.
VI. CONCLUSIONS
Learners were generally satisfied with the mLA based
guided-informal learning experience and had favourable
attitudes towards the mobile learning approach. The mLA
was an effective learning tool, which assisted learners in
constructing knowledge, providing feedback, reinforcing
learning, and facilitating collaborative learning.
Lessons formulated as questions & answers format seen
as an appropriate solution to overcome character limitation
in Twitter platform. It also allowed splitting the lesson into
two meaningful segments, making lessons more challenging
for the users thus, improving user engagement. Considering
the small screen size of mobile devices, Q&A format also
avoided publishing bulky material.
There were a few drawbacks in the mLA with regard to
technical difficulties in receiving tweets in the mobile phone,
difficulty in moving for higher order learning skills, and
limited opportunities for collaborations due to SMS based
platform. The mobile SMS based platform in the mLA did
not provide enough room to connect learners with each other.
Nearly one fifth of connections could be established in mLA
as the majority of users accessed mLA using basic phones.
However, all the learners were linked with instructors, thus
effective collaborations were mostly seen between
instructors and learners in the mLA. Due to this reason, many
learners sought to contact others outside the mLA system,
using communication methods such as SMSs, personal calls,
and face-to-face discussions.
Learners will need more technical support and assistance
together with better interface to promote collaborative
learning opportunities in the future. In future research, it is
necessary to extend the mLA model as a mobile application
in a Smartphone environment.
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Developing a Community-Based Knowledge
System: A Case Study using Sri Lankan
Agriculture
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Abstract— Agriculture sector plays a vital role in Sri Lankan
economy. Not having an agricultural knowledge repository that
can be easily accessed by people in agriculture community in Sri
Lanka within their own context is a major problem. As a
solution a large user centred ontology for Sri Lankan farmers
was developed to provide required information/knowledge not
only in a structured and complete way, but also in a contextspecific manner. Since this problem is not only limited to
farmers, we extend this for every one working in the agriculture
domain. We validate the ontology in terms of accuracy and
quality. The online knowledge base based on the ontology with a
SPARQL endpoint was created to share and reuse the domain
knowledge that can be queried based on user context. A Mobile
based application and a Web based application were developed
to provide information/knowledge by using this ontology. These
applications are also used to evaluate the ontology by getting the
feedbacks from users to the knowledge in the ontology. It is very
difficult to maintain a large complex ontology. To maintain our
ontology, we identified various processes that are required to
develop and maintain an ontology as a collaborative process. A
semi-automatic end-to-end ontology management system was
developed to manage the developed ontology and the knowledge
base. It provides the facilities to reuse, share, modify, extend,
and prune the ontology components as required. The facilities to
capture users’ information needs and search domain
information in user context are also included. In this paper we
present a summary of the overall development process of the
ontology including the end-to-end ontology management system.
Keywords— Agricultural Information/Knowledge, Contextual
Information, Knowledge Modeling, Ontology, Ontology
Management Systems.

I. INTRODUCTION
Agriculture is an important sector in the Sri Lankan
economy. 31.8% out of the total population in Sri Lanka
engages in agricultural activities [1]. People in agriculture
domain need agricultural information and relevant knowledge
to make informed decisions and satisfy their information
needs. For example farmers need information on pest and
diseases, control methods, seasonal weather, best varieties or
cultivars, seeds, fertilizers and pesticides, etc. to manage their
farming activities [2], [3]. Other stakeholders of the domain
such as agricultural instructors, researchers, information
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specialist, policy makers, etc. need agricultural information to
fulfill their information needs. For example, researchers are
interested to know the information about how to solve the
problems of pest, symptoms of crop diseases, and usage of
fertilizer and pesticides for research purposes. Agricultural
instructors also need domain-specific information to help
farmers in their region. Thus, all the stakeholders in the
agriculture community need agricultural information relevant
to them to make better decisions, do further research, or
analyze the information for future needs and predictions.
They can get some of this information from multiple sources
such as agricultural websites, agriculture department leaflets
and mass media, etc. However the information in the above
sources is general, incomplete, heterogeneous, and not
structured to meet their needs. They require information
within the context of their specific needs in a structured and
complete manner. Such information could make a greater
impact on their decision-making process [4].
Not having an agricultural knowledge repository that is
consistent, well-defined, and provide a representation of the
agricultural information and knowledge needed by the
farmers within their own context is a major problem.
Moreover, this problem is not only limited to the farmers, it
effects every one working in the agriculture domain.
Social Life Networks for the Middle of the Pyramid
(www.sln4mop.org) is an International Collaborative
research project aiming to develop a mobile based
information system to support livelihood activities of people
in developing countries [5]. The research work presented in
this paper is part of the Social Life Network project, aiming
to provide agricultural information and knowledge to farmers
based on their own context in Sri Lanka using a mobile based
information system. This system has now been expanded to
include everyone working in the agriculture domain in Sri
Lanka through a development of an end-to-end ontology
management system via web based interface.
To represent the information in context-specific manner,
firstly, we need to identify the users’ context (i.e. users’
context model). Since the farmers are the main stakeholders
in the agriculture community and other stakeholders are
willing to help farmers in various manners, we have
identified the users’ context specific to the farmers in Sri
Lanka such as farm environment, types of farmers, farmers’
preferences, and farming stages [6]. The farming stages that
we have identified as relating to our application are Crop
Selection, Pre-Sowing, Growing, Harvesting, PostHarvesting, and Selling [6].
Next we have identified an optimum way to organize the
information and knowledge in user context using ontologies.
An Ontology provides a structured view of domain
knowledge and act as a repository of concepts in the domain
[7]. The most quoted definition of ontology was proposed by
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Thomas Gruber as “an ontology is an explicit specification of
a conceptualization” [8]. Mainly due to the complex nature
of the relationships among various concepts, attenuate the
incompleteness of the data, and also add semantics and
background knowledge about the domain we have selected a
logic based ontological approach to create our knowledge
repository.
We first developed an ontological approach to represent
the necessary agricultural information and relevant
knowledge within the user context [6]. Using this approach
we designed the ontology to include information needs
identified for the first stage of farming life cycle [9]. Next we
extended the ontology to include events associated with the
farming life cycle such as fertilizers, growing problems, and
their control methods [10]. A revised and enhanced version
of the work including the creation of an online knowledge
base and an information retrieval interface has been
published in [11]. In this paper we have presented a summary
of the overall development process of the user centered
ontology and the end-to-end ontology management system
with respect to the domain of agriculture in Sri Lanka. The
user centered ontology was implemented using protégé editor
(based on OWL 2-DL). A Web-based ontology management
system was developed based on the framework explained in
[12].
The remainder of the paper is organized as follows.
Section 2 summarizes the development process of the
ontology. A summary of end-to-end ontology management
system is explained in section 3. Finally, section 4 concludes
the paper and describes the future directions.
II. ONTOLOGY DEVELOPMENT PROCESS
To clearly identify the process of the ontology
development to represent the information in user context,
this section (section II) is mainly organized in six (6)
categories such as users’ information needs,
users’
information needs in context, representation of contextualized
information, generalizing design approach, and validation
and evaluation process. The framework we identified to
maintain the ontology for our application is described
separately in section III.
A. Users’ Information Needs
First we have extracted domain specific knowledge using
the reliable knowledge sources [2], [3], [13]-[17], by
interviewing the farmers as well as other stakeholders in the
agriculture community. By analyzing the information
gathered from various sources, we have identified what
information is required by the users in agriculture domain at
various stages to support better decisions, problem solving,
and other information needs. As a result of this analysis,
information important to users was identified in the form of
questions. Some examples are given in Table I.

TABLE I
USERS’ INFORMATION NEEDS

Users’ Information Needs
What are the suitable crops to grow?
What are the best varieties (or cultivars)?
What are the best fertilizers for selected crops and in what
quantities?
When is the appropriate time to apply fertilizer?
What are the types of pests or crop diseases?
How to solve the problems of pests?
What are the symptoms of crop diseases?
How to solve crop diseases?
Which are the most suitable control methods to a particular
disease?
What are the problems of pesticides?
What are the reasons for reduction of yield and/or quality of
the specified crop?
How to control diseases in an environmentally safe way?
What are the best techniques for harvesting?
What are the crops cultivated by other farmers and in what
quantities?

In this study we identified that, farm environment, types of
farmers, farmers’ preferences, and farming stages
(considered as the user context model) are the important
factors that need to be considered when delivering
agricultural information and knowledge to farmers [6].
B. Users’ Information Needs in Context
We identified areas of generic crop knowledge required to
answer the users’ information needs (see Table I). We have
called these broad areas of knowledge as “knowledge
modules”. The generic crop knowledge consists of modules
such as nursery management, harvesting, post-harvesting,
growing problems, control methods, fertilizer, environmental
factors, crops and basic characteristics of crops, variety, etc.
For example, crop module has information about crops and
fertilizer module has fertilizer information and knowledge to
handle the fertilizer knowledge needed by domain users. Next
we identified the relationships among them. The Fig. 1 shows
the generic crop knowledge module. This modularization also
helps us to reduce the complexity of real-world scenario in
the application domain. It is very hard to maintain a large
ontology. Furthermore, this modularization assists us to
maintain a large ontology by maintaining small blocks in the
knowledge module.
Variety
Basic
Characteristics

Nursery
Management
Fertilizer

Environmental
Factors

Crop

Growing Practices

Harvesting

Post Harvesting
Growing Problems

Control Methods

Symptoms

Fig. 1 Generic Crop Knowledge Module

doi: 10.4038/icter.v8i3.7164

Developing a Community-Based Knowledge System: A Case Study using Sri Lankan Agriculture

We organized the users’ list of information requirements
according to the farming life cycle stages (6 stages - Crop
Selection, Pre-Sowing, Growing, Harvesting, PostHarvesting, and Selling). We begin our detail design process
with the first question in the list; “What are the suitable crops
to grow?” Choosing the best crop for individual situations is
difficult since one has to consider many factors such as
environmental conditions which can vary based on region
and time period, preferences of user, and resources available
for them for cultivation. We therefore have reviewed existing
literature on crop selection to identify a suitable criterion
which can be used to make better decisions. Then we
summarized the existing criteria and identified a suitable crop
selection criterion for our application based on the
requirements of agriculture community in Sri Lanka [11]. It
includes the environmental conditions, the special
characteristics of a crop, user preferences, about what other
farmers grow in different regions and its quantities, and the
market information.
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In a similar way, we identified the criteria for each item in
the list of user information requirements. For example, we
defined the criteria for applying fertilizers to deliver fertilizer
knowledge and for the growing problems and their control
methods related to second stage and third stage of the
farming life cycle respectively. When applying a fertilizer for
a specific crop user needs to know fertilizer quantity and its
unit. A fertilizer quantity depends on many factors; especially
it depends on the location, water source, soil Ph range, time
of application, application method, and fertilizer type. In
addition to this information; the cost, the land sized required
for particular fertilizer, and other special information need to
be considered. Thus fertilizer quantity needs to be specified
in relation to all these information. To do that, we introduced
a new information module; Fertilizer Event to represent this
additional information and new relationships to describe this
event. More details about the criteria for applying fertilizers
and selecting control methods are explained in [10]. A
summary of these criterion factors is shown in Table II.

TABLE II
SUMMARY OF THE CRITERION FACTORS FOR CROP SELECTION, FERTILIZER APPLICATION AND CONTROL METHODS

Crop Selection

Fertilizer Application

Control Method Selection

Environment
Soil
Location
Water Supply
Season
Crop Characteristics
Hardiness, value added products,
etc.
Length, weight, color, shape,
quality, size of the variety
Etc.
User Preferences
High yielding varieties
Maturity time and disease
resistance
Other preferences
Labor Requirement
Market information
Other farmers’ information

Environment
Soil
Location
Water Supply
Time of Application
Pre-Sowing stage
Growing stage, etc.
Application Methods
Basal dressing
Top dressing 1
Top dressing 2, etc.
User Preferences
Fertilizer types such
as chemical,
organic, or
biological and its
specific sources
Farm land size
Budget

Environment
Soil
Location
Water Supply
Farming Stage
Application Stage
o Before
Infestation
(Avoid and
Prevention)
o After Infestation
(Control)
User Preferences
Control Method Types
such as chemical, cultural
and biological control
methods

The next step is formulation of a set of contextualized or
personalized information based on the users’ information
needs. For this we had to develop our own approach to
formulate the contextualized information. With the help of
the domain experts we first identified the breadth of
information required by users. Next based on earlier
identified user context we identified the conditions we can
use to obtain a subset of information that can satisfy a
specific information need of users. Based on this, we
expanded the questions in the user information need list to
include the user context.
The Fig. 2 shows our basis for formulating contextualized
information. The formulation of contextualized information
for crop selection depends on multiple criteria such as the
users’ context, general crop knowledge, crop selection
criteria (select a suitable task modeling criterion specific to
the question; for example crop selection criterion, fertilizer
application criterion, control method selection criterion, and
so on) and the users’ constraints (conditions). This serves as a

basis for formulating information in a user context for our
application.
Generic Crop
Knowledge
Module

User Context
Model

Additional
Knowledge
Modules

Task Modelling
Criteria

Contextualized or Personalized Information
Fig. 2 Basis for Modeling Contextualized Information

Some examples of contextualized information related to
each category of crop selection, fertilizer applying, and
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control method selection are given in Table III. We have
identified the user constrains based on the each criterion
factor. We therefore need to select suitable information based
on the different locations, different seasons, different soil
factors, different types of control methods, etc. or
combination of these constraints that help to make better
decisions. We have identified these different constraints
related to this application. For example, we identified the
location as a Zone, Agro Zone, Elevation based location,
Province, District, and Regional area (see Fig. 3 (a)). The
relationships among these are also complex based on the
meaning of these terms. For example, Agro Zone is a Zone,
Zone is a Location, Variety is a Crop, and the representation
of the environmental factor (see Fig. 3 (a)). The definitions of
the terms also need to be considered to attenuate the
incompleteness of the data (see Fig. 3 (b)). Furthermore, we
need to represent semantic meaning of the terms, for example,
if Magalle (location) belongs to Galle (location) and Galle
belongs to WetZone (location) then Magalle belongs
WetZone (see Fig. 3 (c)). Through this process we have
formulated the contextualized questions covering all the
constrains relevant to each criteria. We also generalized these
questions (see Table III).
TABLE III
USERS’ INFORMATION NEEDS IN CONTEXT
Users’
Information
Needs
Stage 1: What
are the suitable
crops to grow?

Stage 2: What
are the suitable
fertilizers for
selected crops
and in what
quantities?

Stage 3: Which
are the most
suitable control

Users’ Information
Needs in Context

Generalizing
Contextualized
Information

Suitable crops based on
the Environment:
What are the suitable
vegetable crops for
‘UpCountry’, applicable
to the ‘Well-drained
Loamy’ soil, and
average rainfall > 2000
mm?

What are the suitable types
of crops for specified
location (Elevation),
applicable to the specified
soil types/characteristics,
and conditions (Rainfall or
Temperature)?

Suitable crops based on
Preferences of Users:
What Brinjal’s varieties
are good for the
‘Bacterial Wilt’ disease?

What crop’s varieties are
good for the specified
disease?

Suitable crops based on
Environment,
Preferences and Other
Information:
What is the best
Brinjal’s variety which
is suitable for ‘DryZone’
and high-resistance to
the ‘Bacterial Wilt’
disease?
Suitable fertilizers based
on the Environment:
What are the suitable
fertilizers and in what
quantities for farmers in
Badulla district who
cultivate Tomatoes?
Suitable fertilizers based
on Preferences of Users:
What are the suitable
organic fertilizers which
are used to Basal
dressing for Tomato?
Suitable control methods
based on the
Environment:
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What is the best crop’s
variety which is suitable for
specified location (Climatic
Zone) and resistance
conditions to the specified
disease?
What are the suitable
fertilizers and in what
quantities for farmers in
specified location (Districts)
who cultivate specified
crops?
What are the suitable types
of fertilizers which are based
on method of application for
specified crops?

methods to a
particular
disease?

What are the suitable
control methods to
control weed for Radish
which is grown in Up
Country?
Suitable control methods
based on Preferences of
Users:
What are the suitable
chemical control
methods and in what
quantities to control
Damping-off for
Tomato?
Suitable control methods
based on the Farming
Stages:
What are the suitable
control methods to
control Bacterial wilt for
Brinjal before
infestation of the
disease?

What are the suitable control
methods for different types
of growing problems to
specified crop which are
grown in specified location?

What are the different types
of control methods to
specified growing problem
of a crop?

What is the suitable control
method based on the
specified farming stages to
specified growing problem
of a crop?

These are the range of questions that we want to obtain
answers by organizing agricultural information and
knowledge to query in context using an ontology.
C. Representation of Contextualized Information
An ontology provides a structured view of the domain
knowledge and act as a repository of concepts in the domain.
This structured view is essential to facilitate knowledge
sharing, knowledge aggregation, information retrieval, and
question answering [7]. Mainly due to the complex nature of
the relationships among various concepts, attenuate the
incompleteness of the data, and also add semantics and
background knowledge about the domain (see Fig. 3) we
have selected a logic based ontological approach to represent
the contextualized information/knowledge (in Table III) that
can be used to find a response to queries within a specified
context in agriculture domain.
We reviewed ontology development methodologies and
techniques to identify a suitable ontology development
approach. Grüninger and Fox [19] have published a formal
approach to design ontology while providing a framework for
evaluating the adequacy of the developed ontology. We
therefore selected Grüninger and Fox’s methodology, a logic
based approach to develop a user centric ontology for
agriculture community.
Our ontology creation begins with the definition of a set of
users’ information needs identified in Table I. We take these
information needs as the main motivation scenario of our
application to provide information in context. Competency
questions (CQs) determine the scope of the ontology and use
to identify the contents of the ontology. The ontology should
be able to represent the CQs using its terminologies, axioms
and definitions. Then, a knowledge base based on the
ontology can provide answers to these questions [19].
Therefore, formulation of the CQs is a very important step
because these questions guide the development of the
ontology. In our application, the contextualized information
(see Table III) has been used as the CQs to develop the
ontology because it satisfies the expressiveness and reasoning
requirements of the ontology (see Fig. 3).
The different constraints in the domain are represented
using OWL-2 DL (see Fig. 3). Fig. 3 (a) represents the
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semantic meaning of the concepts using the class hierarchies.
The sub concepts inherits the properties of the parent
concepts and then instances of the sub concept act as the
instances of the super concept, because of the taxonomic
hierarchy (is-a relationship). The definition of the concept,
for example DryZone is represented in Fig. 3 (b). The
instances need to be classified based on these definitions. The
reasoner attached to the protégé tool can be used for this
classification. By using the transitive property, the relation

Representation of EnviornmentalFactor:
Union of a set of mutually-disjoint classes
(exhaustive partition)

belongsTo with respect to the instances of the Location
concept is defined and shown in Fig. 3 (c). Based on the
existing information, the additional knowledge can be
inferred using the composition of relations (e.g. the relation
GRANDFATHEROF is composed by the relations
FATHEROF and PARENTOF). We used this property to
infer the additional knowledge (see Fig. 3 (d)). The object
property chain in Protégé tool is used for this representation.

Semantic Representation
of User Location

Variety is a Crop
(a)

Class Hierarchies

The concept definition of the DryZone:
x (Zone(x) ( y, z NonNegativeInteger hasMaxmumRainfall (x, y)
DryZone(x))
This definition is represented in Protégé implementation (see below):

(b)
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(y <= 1750)

hasMinimumRainfall (x, z)

(z >= 0) ) ↔

Class Definition

The instances of the Location concept are related as follows:
x,y,z
Location: ( x belongsTo y and y belongsTo z)  x belongsTo z
For example, if Galle belongs to Wet Zone and Wet Zone belongs to Low country then the Galle belongs to Low country.
This semantic can be represented in OWL:
<owl:ObjectProperty rdf:ID=“belongsTo">
<rdf:type rdf:resource="&owl;TransitiveProperty" />
<rdfs:domain rdf:resource="#Location" />
<rdfs:range rdf:resource="#Location" />
</owl:ObjectProperty>
(c)

Transitive Property

Based on the existing information the additional
knowledge can be inferred. For example;
if Crop has GrowingProblemEvent and
GrowingProblemEvent has GrowingProblem then can
infer the Crop is affected by this Growing Problems
(object property chain in Protégé was used to represent
this):

hasGrowingProblemEvent o hasGrowingProblem

 isAffectedBy

(d) Composition of relations

if GrowingProblem is GrowingProblem of
GrowingProblemEvent and GrowingProblemEvent has
related ControlMethod then can infer the
GrowingProblem is controlled by this ControlMethod:
isGrowingProblemOf o hasRelatedControlMethod 
isControlledBy

Fig. 3 Representation of different constraints
doi: 10.4038/icter.v8i3.7164
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Fig. 4 shows the Fertilizer Event represented using Cmap
tool. The Cmap (Concept Map) tool is used to view the
graphical representation of the ontology for better user
understanding [18]. The details of modeling the events
associated with second and third stages of the farming life
cycle and the associated challenges are explained in [10].

The implemented ontology using protégé is available at
http://www.sln4mop.org/ontologies/2014/SLN_Ontology. It
consists of 90 concepts, 205 object properties, and 45 data
properties. Currently it has 23 vegetable crops, 10 fertilizers,
19 growing problems, and 30 control methods. The more
details of the ontology development are explained in [11].

Fig. 4 FertilizerEvent Concept

D. Generalizing Approach
We have generalized the specific approach that was
developed to create the user centered ontology for Social Life
Networks. The Fig. 5 shows this generalized approach.
According to this approach, we first identify a set of
questions (Users’ Information Needs) that reflect various
motivation scenarios. Next we create a model to represent
information in user context. Then we derive the
contextualized information incorporating user context and
task modeling with generic knowledge module. We refer to
this contextualized information (refer Table III.) as the
informal CQs. These CQs are used to identify the ontology
components according to the Grüninger and Fox’s
methodology to develop the ontology.
Using this framework, we can extend the ontology for
different scenario problems. For example, when answering
scenario question like “How to control the growing problems
such as diseases, weeds, or pests in environmentally safe
manner?” we need to take into account suitable criteria for
selecting control methods and the users’ context with respect
to each criterion factor. We can then formulate the
contextualized information based on this systematic approach.
These questions drive the development of the ontology. By
doing so the contextual information/knowledge can be
represented by satisfying the user needs.

Domain Knowledge from Reliable Knowledge Sources and
Outcomes of Interviews with Domain Users and Domain Experts

Users’ Information Needs
(Formally Referred to as Motivation Scenarios)

Generic Crop
Knowledge (in Agriculture Domain)

Task Criteria Modeling

User Context model

Contextualized (or Personalized) Information
(Formally Referred to as Competency Questions)

Main Ontology Components

Specialization and Generalization

Axioms

Classification

Ontolog
y

Fig. 5 Ontology Design Framework
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E. Validation and Evaluation Process
It is very important to check the validity of the ontology.
In this study, the correctness of the contents and correctness
of the construction of the ontology have been validated.
The content correctness depends on definitions of concepts,
relationships between concepts, hierarchical structures,
concept properties, and information constraints of the
ontology. The Delphi Method is a research technique that is
used to obtain the responses to a problem from a group of
domain experts [20]. We selected the Delphi method to
obtain expert advice and responses to check the definitions of
concepts, relationships, and data properties; and hierarchical
structures. The validation process is mainly done by
agricultural experts from different agricultural institute using
questionnaires base on the Delphi method. They verify the
correctness, relevancy, and consistency of the ontology
components and a set of predefined criteria. The modified
Delphi method can be adapted to use in face-to-face group
meetings, allowing group discussions [21]. Since we need to
make more dialogues and collaboration among the
participants in the Delphi group we arranged a discussion
based on the modified Delphi method. For this discussion
eleven (11) Agricultural Instructors (AIs) gathered at Lunama
Govi Jana Seva Center, Ambalanthota. The main aim of the
discussion was to check the criteria relevant to the fertilizer
application, growing problems and control methods, etc. The
Delphi investigator (one of the authors of this paper)
explained the problems in details to get experts’ knowledge.
Investigator also allowed them to discuss the problems and
possible solutions. Based on their responses, comments, and
suggestions we make judgments for the design criteria and
assumptions we made during the design process. The
contents of the ontology have been refined based on domain
experts’ feedbacks and comments.
One approach for checking the correctness of the
construction is to analyze whether the ontology contain
anomalies or pitfalls [22]. We first identified the common
pitfalls before the implementation. Next we identified the
types of Ontology Design Patterns (ODPs) that helps to avoid
the pitfalls by means of adapting or combining existing ODPs
[22]. Design patterns are shared guidelines that help to solve
design problems, for example Semantic Web Best Practices
and Development under W3C [23]. We also used the webbased tool called OOPS! [22] to detect potential pitfalls in the
ontology. Using above methods we validated the ontology in
terms of accuracy and quality.
The implemented ontology using protégé is used to
evaluate the ontological commitments internally and also
used to test the consistency and inferences using reasoners.
We used the CQs to evaluate the ontological commitments to
see whether the ontology meets the users’ requirements using
Description Logic (DL) queries and SPARQL queries [11].
Next we checked the user satisfaction to the
information/knowledge in the ontology. We used a mobile
based application for this evaluation. A Mobile based
application was developed to provide information by using
this ontology [24]. The first evaluation was done only for
crop selection with a group of 32 farmers in Sri Lanka [24].
We have gathered suggestions from farmers and other
stakeholders of the domain for our future designs.
The Knowledge Base based on the ontology was created
by populating the ontology with instances to share and reuse
the agricultural information via the Web [11]. The online
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knowledge base can also be used for evaluation process. We
can query the contextualized information on the Web via this
application (SPARQL endpoint) using SPARQL queries
(refer http://webe2.scem.uws.edu.au/arc2/select.php). This
application specially is useful for agricultural instructors,
researchers, and people at the Department of Agriculture to
find information based on their needs. For example, the
following SPARQL query lists the suitable environmentally
safe control methods to control Bacterial wilt disease for
Brinjal crop? We evaluated the knowledge represented in the
ontology by evaluating outputs of the queries. The output of
the following query is shown in Fig. 6.
PREFIX sln:
<http://www.sln4mop.org/ontologies/2014/S
LN_Ontology#>
SELECT DISTINCT ?ControlMethods WHERE {
{?p sln:isControlMethodEventOfCrop
sln:Brinjal. }
{ ?p sln:hasRelatedGrowingProblem
sln:Bacterial_Wilt
.}
{ ?ControlMethods
sln:isControlMethodOf
?p }
{ ?ControlMethods
sln:hasControlMethodType
"Cultural"^^xsd:string }
}
LIMIT 250
ControlMethods
Use_resistance_varieties_for_Bacterial_wilt
Deep_drain_to_facilitate_drainage
Crop_rotation_with_non_solanaceos_crops
Fig. 6 The output of the above query

III. ONTOLOGY MANAGEMENT SYSTEM (OMS)
If a developed ontology is not up-to-date or the annotation
of knowledge resources is inconsistent, redundant or
incomplete, then the reliability, accuracy, and effectiveness
of the ontology based systems decrease significantly [25].
Ontology building is a significant challenge for a number of
reasons, for example it takes a considerable amount of time
and effort to construct an ontology, it requires a sophisticated
understanding of the subject domain, and also it is even
greater challenge if the ontology developer or engineer is not
familiar with the domain of interest. Due to the increase in
volume of information, capturing the information,
maintaining it and making it usable is a challenge. Therefore
it is very important to be able to practically maintain a
developed ontology by updating the content of the ontology
in a timely manner, for example, extending the ontological
structure by improving coverage and modifying the instances
(individuals) in the knowledge base.
After developing the ontology we had to devise a method
to maintain it. A community based facility to manage the
structure of the developed ontology in the long term as well
as further populate the knowledge base is very useful. For
this we have developed an end-to-end semi-automatic
collaborative ontology management system for large-scale
development and maintenance purposes by giving facilities to
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reuse, modify, extend, and prune the ontology components as
required. It also has facilities to capture users’ information
needs in their context, as well as search domain information
in user context. We use a web based application to deploy the
proposed framework. With the help of this web based

ontology management system, the people with little
knowledge about the ontology can help to modify the
ontology, and use the ontological information and knowledge
for their needs.

Fig. 7 A Framework for End-to-End Ontology Management System

The Fig. 7 shows the proposed framework for an end-toend ontology management system. The full details of the
design of the framework and development of the end-to-end
ontology management system based on the framework is
explained in [12]. In this paper we briefly present the
processes belong to this framework. This framework mainly
has four processes such as Populate the ontology, Modify the
ontology, Search domain information in context, and Capture
users’ information needs and related users’ context for
community based ontology development and maintenance.
This framework provides the essential facilities to manage
the ontology life cycle by supporting the identified processes.
Each process is briefly mentioned below.
A. Populate the Ontology
Using this process we can get the support from the
agriculture community to fully populate the knowledge base
in the long term. To populate, we specially get the
involvement of the people in the domain, for example,
domain experts such as agricultural instructors, information
specialist and researchers in agriculture community. To fully
populate the ontology with the real data, we develop a semiautomated system to capture this information using web
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based application. For that we have used a framework called
“CBEADs”: Component Based Ebusiness Application
Development and Deployment Shell [26] as a data capturing
application. This framework which is created using PHP and
MySQL has the potential to evolve with changing
requirements. More details related to each process can be
found in [12]. The Form as shown in Fig. 8 is used to gather
required data using the CBEAD application.

Fig. 8 Data gathering Interface for crop variety
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B. Modify the Ontology
This process helps us to extend and prune the ontology
based on the changing and/or expanding user requirements
and related user contexts. This process can be performed by
agriculture domain experts and ontology developers. Since
the process to modify the structure of the ontology is
complex we need to mange this process carefully. This has
three processes; insertion, deletion, and updating (change).
Each process has three main activities. For example in
insertion process it needs to consider Inserting Concepts,
Inserting Data properties and Inserting Object properties. In
the same manner these activities can be seen in deletion and
updating processes. In this model, seven steps have been
proposed to modify the ontology such as view the ontology
structure (initial structure) represented in Cmap tool; extract
domain terms, concepts, and basic hierarchies using Text-ToONTO tool; view ontology design framework used to
represent the information in user context; based on the design
framework modify the structure using metadata (metadata
provides the information to users how to modify the structure
of the ontology, for example, how to insert the concepts, how
to delete the data properties or object properties, etc.);
validate the modified content using web forms; convert
modified content into RDF or OWL format; and finally
import modified content into initial ontology for information
integration. The way of modifying the ontology related to this
application is outside the scope of this paper and it is explain
in [12].
C. Search Domain Information in Context
To get the benefits from the knowledge base for all the
stakeholders in the community by finding the right
information based on their context we have included the
process “search domain information in context”. Through this
system we provide two facilities. Especially normal users
such as farmers can view the domain information in their
context and other stakeholders in the domain especially
agricultural instructors and researchers can retrieve domain
information and knowledge based on their interest. For the
farmers, we have provided specific answers to their questions
in their context using a natural language (in English, Sinhala,
and Tamil). Fig. 9 shows a user friendly interface for
searching information.

Fig. 9 Interface for searching information in context
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D. Capture User Information Needs in Context
The process “capture the user information needs and
related user context” collects the information required to
extend the ontology further. Since to get the benefits to a
broad audience is even more challenging task, this
collaborative end-to-end ontology management system via
web based interface has now been expanded to include their
requirements in context. Then we can extend our ontology
with the different motivation scenarios that provide even
richer knowledge environment to support the agriculture
community.
Since this is a collaborative approach, the system mostly
relies on the users of the domain, their participation to the
system, and developers’ and administrators’ skills in
overseeing the collaborative processes. In our system (refer
http://webe2.scem.uws.edu.au/oms/index.php), there are three
main user categories (e.g. domain experts, normal users and
ontology developers) with different access rights. Fig. 10
shows the home page of the OMS (in English Language).

Fig. 10 Ontology Management System (OMS)

The domain experts and ontology developers need to be
logged-in to the system for populating and modifying the
ontology. Domain experts and ontology developers can
change or extend the ontology by getting the requirements
and user constraints from the system. There are processes to
capture user information needs and related user context from
the users to represent domain information in context. Domain
experts also involve populating the ontology by capturing
instance values through the forms. Through this system all
the stakeholders of the community can search information by
viewing user friendly interfaces (for the normal users such as
farmers) and/or querying the SPARQL endpoint in context
(for the advanced users). We have developed this web based
application in English but the English is not the official
language of Sri Lanka. Sri Lankan people mainly use their
native languages such as Sinhala and Tamil. We therefore
give the facility to use this application in their native
languages.
Fig. 11 shows the overall development process of a
community based ontology by summarizing above two
sections (II and III). This is an iterative process. Based on the
results and feedbacks of the validation and evaluation
processes the design of the ontology is refined using the
design framework shown in Fig. 5. Then the ontology can be
maintained using the web based ontology management
system based on the framework represented in Fig. 7.
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Ontology Design:
Ontology Design Framework (Fig. 5)
Implementation:
Language: Web Ontology Language (OWL)
Tool: Protégé

Refine the
ontology
based on
the
feedbacks
and
comments
from the
validation
and
evaluation
process

Validation:
Correctness of Content – Delphi Method
and Modified Delphi Method
Correctness of Construction – ODPs and
OOPS! tool

Evaluation:
Mobile based Application
Web based Application (using question
answering in natural languages)
Online Knowledge base (SPARQL
Endpoint)

Maintenance:
Web based Ontology Management System
(End-to-end OMS Design Framework in
Fig. 7)

in the long term as a collaborative process. Therefore this
OMS is a community activity.
We received very valuable feedbacks from the domain
experts during the group discussions in the modified Delphi
method as well as from and the field trials. Based on these
feedbacks we are now refining our application.
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Delphi methods; a web-based tool; and ODPs. We evaluated
the ontology against the user requirements by using mobile
based and web based applications. The online knowledge
base with a SPARQL end-point to share and reuse the
domain knowledge was created. To fully populate the
knowledge base as well as modify the ontology by extending
coverage of the domain we developed a semi-automatic endto-end ontology management system that help us to develop
and manage complex real-world application based ontologies
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