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Abstract-The massive roll-out of the Information and
Communications Technologies (ICTs) has led to a drastic
rise in the use of the technology on a global scale resulting
in society shifting from a hierarchical industrial model to a
vertically organized networked society where people
participate and contribute rather than only consuming
information. As a way of bridging the digital divide,
developing countries have also joined the ICT bandwagon
allowing the disarmament of social stereotypes and
prejudices at the same time empowering members of
disadvantaged communities or other minority groups.
Empowering people by giving them
access to ICT
facilities enhances, liberates and nourishes human capacity
provided the necessary education and training structures
are in place to use them effectively. In a bid to avoid a
digital dilemma where deployed ICTs are not helping to
improve the lives of marginalized communities, our paper
discusses the critical factors behind designing an
integrated help and support application to promote the
maximum utilisation of the multi-purpose ICT platform
which has been deployed in Dwesa a marginalized setting
in the Eastern Cape Province, South Africa.
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I. INTRODUCTION
The ICT sector has emerged against the backdrop of the global
information revolution and the continuing reality of massive
poverty in developing countries. The emphasis of the ICT4D
sector is not so much on the development of a global ICT
industry but rather on the application of ICT to human
development [1]. There is a need to build projects that are
sustainable and scalable, rather than focusing on those which
must be propped up by huge amounts of external funding and
cannot survive for long without it [2]. Much more than
information is required to appropriate knowledge and use
ICTs for poverty reduction, resources also need to be
allocated for the development and training [3]. In our case the
Siyakhula Living lab has been setup to develop, field-test and
maintain the prototype of a simple, cost-effective and robust,
integrated e-business and telecommunications platform, for a
marginalized
community in Dwesa, Eastern Cape South
Africa. The project has evolved to include generic
communication (Internet, GSM, etc.) based services to rural

areas in South Africa, based on the deployment of ICTs in
schools, which together realise a distributed access network
[4] As part of the Living Labs objectives the school teachers,
learners and the surrounding community at schools where ICT
platform has been deployed benefit from regular training to
promote sustenance [4].Living Labs also help to eliminate the
forever Pilot Syndrome associated with most ICT4D projects
where a project forever remains at incubator stage rather than
up scaling to a stage where the project is fully managed by the
local community[5,6].
A holistic and people centered approach to ICT facilitates
effective utilisation, it is also crucial to understand and
appreciate the possibilities which come along with the
adoption of new technologies. Digital technologies provide
new forms of production, representation, creation, expression
and exchange. The role of ICT in marginalized communalities
has shifted from restraint (lack of interest due to limited
access) to irrational optimism (open access has resulted in
over expectations) particularly with the Internet, thus bringing
up the need to help the new users to have a rational
understanding of the benefits of the internet as well as the
potential problems[7]. Basic literacy and technology skills are
simply not enough, there is need to design and develop a
reliable help and support system to assist users in resolving
problems which will arise when using the ICT platform for
their benefit. The system should integrate the functionalities of
a typical help desk system with web forums, chat rooms,
search engines and other relevant links useful to the
community.
II. LITERATURE REVIEW
The novelty of digital technologies poses a threat to new users
resulting in a digital dilemma if proper structures are not met
in ensuring a reliable problem setting for the users. A heuristic
approach is required when designing an efficient help and
support application for poorly understood domains such as our
study area in Dwesa, Eastern Cape, South Africa.
1. Reasoning Heuristics
Modeling the human problem solving is a cumbersome task as
it involves mimicking the ever dynamic human reason
process. Our research is centred on the creation of a
knowledge-management system which contains large amounts
of knowledge, rules and reasoning mechanisms to provide

solutions to real-world problems using retained expert’s
knowledge. Depending with the structure of a particular
problem domain area, Artificial Intelligence (AI) is used to
model the deductive and inductive traits of the human problem
solving process. In order to find a tradeoff between the
deductive and inductive reasoning, our research focuses on the
use of case based reasoning and rule based reasoning for
modeling our knowledge base.
a) Rule Based Reasoning

Due to the repetitive nature of problems, it is natural that
people analyse new problems by creating solutions using
previous experiences. This then brought the need to model
how human reasoning works rather than sticking to a rigid set
of rules only as in Rule based reasoning. Knowledge
management is an ongoing process and research has shown
that Case Based Reasoning (CBR) is suitable for developing
help desk systems for domains with commonly occurring
problems due to its capability to map old solutions to new
cases [5]. Below is a diagram showing the processes involved
in CBR.

Rule induction is an area of machine learning in which formal
rules are extracted from a set of observations [8]. The rules
extracted may represent a full scientific model of the data, or
merely represent local patterns in the data. This reasoning
method is useful for well defined problem domains.
Forward-chaining
In some problems, information is provided with the rules and
the system follows a set of rules towards a certain goal. An
example of this is for solving technical problems where
problems are solved in a uniform manner following certain
rules and procedures [9]. A problem of this nature is solved
using a forward-chaining where the system compares data in
the working memory against the conditions of the rules.
Figure 1: The CBR Cycle, adapted K.L. Choy et al 1003
Backward-Chaining
When solving other problems, a goal is specified and the
system must find a way to achieve that specified goal [9]. A
backward-chaining, goal-driven, system looks for the action in
the then clause of the rules that matches the specified goal. In
other words, it looks for the rules that can produce this goal. If
a particular rule is not found the system takes each of that
rule’s conditions as goals and continues until either the
available data satisfies all of the goals or there are no more
rules that match [10].
The choice of the method to use is dependent on the nature of
the problem itself. A comparison of conditions to actions in
the rule base helps to determine the appropriate chaining
method. If a rule has more conditions than conclusions
forward-chaining is favored. If the opposite holds true and the
rule has more conclusions than conditions such that each fact
may fan out into a large number of new facts or actions,
backward-chaining is more preferred [10].If neither is
dominant, the number of facts in the working memory may
help the decision. If all (relevant) facts are already known, and
the purpose of the system is to find where that information
leads, forward-chaining should be selected. If, on the other
hand, few or no facts are known and the goal is to find if one
of many possible conclusions is true, use backward-chaining.
b) Case Based Reasoning

To counter for the problems associated with other machine
learning approaches especially in complex or partially
understood domains a case based reasoning approach elicits
demand-driven knowledge elicitation has proved to be a
bottleneck of many other machine learning approaches
especially in complex or partially understood domains[11,12].
The CBR problem solving paradigm, unlike rule based
reasoning does not relying solely on general knowledge of a
problem domain, or making associations along generalized
relationships between problem descriptors and conclusions. In
simple terms CBR solves a problem by obtaining a problem
description, measuring the similarity of the problem at hand
with past cases and their associated solutions. After retrieving
a couple of similar cases, and attempting to reuse their
solutions, there is need to adapt the closest past solution to
account for differences in problem descriptions in the event
that the cases in the legacy database don’t fit well in the part
of solving the new problem [13]. This evaluation process is
either done automatically by the system or handled by the
domain expert if the problem is complicated [14]. After
revision of the proposed solution, if required in light of its
evaluation, the problem description and its solution can then
be stored or retained as a new case. The storing of the new
case it is part of the learning process since the system has
used a past case and adapted it to the new environment as a
way of coming up with new solution [15]. When writing the
cases there is need to reduce data, and select only the
necessary processes. It is almost impossible to represent a
realistic case in all its natural complexity; therefore splitting
down the case into smaller, important components becomes

necessary. When creating the case, it will be good to embed
clues to solving the case in various locations [16].

III. SYSTEM DESIGN

Watson and Doyle [17] structured case representation by
splitting the structure into the problem and solution spaces.
The description of the problem resides in the problem space
with stored solutions being in the solution space. This
structure uses similarity measurement to find the best
matching case. The diagram below shows a schematic outline
of case representation structure in terms of the problem space
and solution space with “R”denoting retrieval and “A” for
adaptation.

Figure 3: Help and Support System Architecture
Above is a diagram shows the overall architecture of the help
and support system. The main components of the architecture
are:
1) Case Library
2) Case feature Vectors in High dimension space
3) User Interface
4) Search Engine

Figure 2: Relationship between problem and solution spaces in
CBR. [17]
The problem identification process involves taking note of the
input descriptors with an attempt to categorize known
descriptors of the problem within its context. To understand
the problem the CBR system filters out irrelevant problem
descriptors such as common used word connectors and
checking if the input descriptors fall within the context of the
existing semantic network[18]. If the descriptors are abstract
enough, other descriptors than the ones given as input may be
inferred using a general knowledge model or by retrieving
related previous case features as the expected features of the
new case. Cases can be retrieved by searching an indexing
structure, searching a model of the general domain or by
following direct index pointers from problem features. In our
research we are using the indexing structure to ensure that
useful cases are retrieved without extensive computation. This
is made possible by creating indexing vocabularies to describe
cases, so that the explicit description of a case captures the
features that determine its relevance [19].
For search optimization as the case base expands, a hybrid of
the inductive retrieval and the nearest neighbor retrieval
algorithms yields better results especially in cases where the
case base[10]. In this case the former retrieves a set of
matched cases and the nearest-neighbor retrieval algorithm
then ranks the matching cases according to their similarity
with target case.

Most help desk systems are specific and less adaptable in an
ICT4D setup where the literacy levels are low. This then
results in the need to have user requirements in mind when
designing the user interface for applications meant for users
with low computer literacy levels. The following guidelines as
a rule of thumb are critical to the overall success of help desk
support application. [20].
1) Speed and consistency in the retrieval of cases as
well as listing other cases which are similar to the
input descriptors.
2) Seamless sharing of knowledge between users and
experts.
3) Elimination of case redundancy.
4) Ability to list frequently viewed cases.
5) Assignment of problems to relevant experts as well
as timely feedback to reported cases.
6) Trace the status of cases (resolved or not resolved)
7) A user friendly interface to encourage user
contribution to the knowledge base.

In addition to the guidelines stated above, it is vital to
integrate other features such as wikis, news feeds, web forums
chat rooms to our help and support application as a way of
expanding the scope of knowledge for the intended users. As
integration to our system architecture, we conceptualized the
interface design below with components system model as
depicted by the diagram on the next page.

Figure 5: Interface of the Siyakhula Forums
Figure 4: User Options
Figure 4, illustrates a holistic approach in the efficient usage
of ICT facilities by marginalized users ranging from the
school going age to the old and unemployed. In addition to the
help and support component, the user can also access locally
based applications such as the e-commerce website, a wiki
and other important web sites such as ones for job placements.
This approach would allow users to discover the new
possibilities of the power of ICT from a broad perspective.
The nature of problems faced tends to change from application
to application hence the is need to provide an environment for
users to explore beyond locally deployed applications and
incorporate other useful web applications into a web portal
which would act as a one stop shop especially for new users
with relevant links to kick start them into efficiently using the
internet.
Bearing in mind that the Siyakhula Living Lab is centred on
schools in the Dwesa area it is necessary to focus on the young
since the ICT platforms are located in schools, our system will
help to empower the young as learners, future developers,
contributors, entrepreneurs.

In the screenshot above, the Internet and Email category users
are can report problems with regards to using the Internet and
email with the forum moderator and other members being able
to respond to the problems. All hardware problems are
handled in the hardware related problems section. In this
category the scope of problems range from basic problems like
connecting the keyboard to complex network related
problems. Everything related to the application programs in
use is attended to in the software category. The General
category deals with the other issues which users might feel
like discussing but cannot fit within the context of the
categories mentioned above. It is the duty of the Forum
moderator to consistently check the posts to ensure the users
request are handled on time.

V. MAINTENANCE

IV. IMPLEMENTATION

Knowledge base maintenance is critical to the overall lifespan
of the help and support application. As the knowledge base
grows over time there is need to understand the core issues
that underlie the maintenance process namely: Retain, Review
and Restore and their relationship to the overall maintenance
process. The improvised CBR cycle diagram below
emphasizes the important role of maintenance in our help and
support system [23]

The Open Source based LAMP (Linux, Apache, MySQL and
PHP) solution stack of software is used to implement the Help
and Support System [21]. At the present moment we have
installed a web forum where the users can report their
problems. The Siyakhula forum is categorized into 4 problem
area domains where the users can send in posts with regards to
the problems they are facing when using the system. The test
categories are as follows:
1) Internet and Email
2) Hardware Related Problems
3) Software Related problems
4) General Category

Figure 6: Help and support system maintenance process in
relation to the CBR cycle [11]

Case adaptation is the process of altering retrieved cases
when reproducing solutions for new problems as part of help
and support system maintenance. It may be the most important
step which adds intelligence as part of the machine learning
process. Case adaptation increases the overall problem solving
ability of help and support system as it improves the case base.
This is possible through the use of two adaption techniques
namely structural and derivational adaptation.
In structural adaptation formulas and rules are directly applied
to stored solution in knowledge base library [22]. The help and
support system adapts a case and matches it with new problem
when case is applies on these rules and formulas.
The derivational adaptation technique reuses the rules and
formulas to come up with a new solution to a current problem.
Retrieved solutions should be stored as an additional case in
the knowledge base library to allow later reuse as part of a
solution new solution to future cases [13].
There is need to determine how best to control the addition
and deletion of cases in a bid to maintain a competent help and
support system as part of the maintenance process. Before
adding a case it is necessary to check the following conditions:
1) whether it is a viable alternative that does not yet
exist in the case base
2) whether it subsume or can be subsumed by an
existing case
3) whether it can be combined with another case to form
a new one
4) whether the new case would cause an
inconsistency[23,24]
For problems which require the attention of experts an
approach similar to the one used in call centres is necessary.
This approach allows users to log a problem which will be
attended to by an expert in that particular area. This would
help in situations where the problems are highly technical in
nature where an expert’s proficiency is a must.
Due to the dynamic nature of problems it is useful to exploit
the use of search engines such as Google in situations where
the scope of the problem is not in the context of the case base.
This brings up the need to integrate the Google search to the
help and support system.
VI. CONCLUSION
Deployment of technologies and computer literacy training
alone does not guarantee sustainability and empowerment of
marginalized communities but integration with reliable
support structures assist greatly in eliminating the possibilities
of a digital dilemma which can occur through the process of
bridging the digital divide. The help and support system
should promote sustainable use of the ICT platform by
offering consistent and reliable assistance.
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