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Abstract- FundaWethu is reading software that is
designed to deliver reading lessons to Grade 1-3
(foundation phase) children who are learning to read in
a multilingual context. Starting from a premise that the
system should be both educative and entertaining, the
system allows literacy researchers or teachers to
construct rich multimedia reading lessons, with text,
pictures (possibly animated), and audio files. Using the
design-based research methodology which is problem
driven and iterative, we followed a user-centred design
process in creating FundaWethu. To promote
sustainability of the software, we chose to bring teachers
on board as “co-designers” using the lesson authoring
tool. We made the authoring tool simple enough for use
by non computer specialists, but expressive enough to
enable a wide range of beginners reading exercises to be
constructed in a number of different languages.
Index Terms-reading software, multilingual, foundation
phase, design-based research, user-centred design
I. INTRODUCTION

P

ROFICIENT reading at the foundation phase is a
foundation for further learning [1]. The PIRLS (Progress
in International Reading Literacy Study which is an
international reading assessment conducted at the fourth
grade) 2006 assessment showed that South Africa fared
worst out of forty six educational systems around the world
in reading literacy [11]. This is mainly attributed to a lack of
financial and human resources.

Some of the advantages of CAI include provision of timely
and useful feedback; repeating explicit instructions as often
as needed and motivational features can be added in the
form of multimedia. Using CAI students can put it more time
to practice as long as a computer is available. While
FundaWethu incorporates all these advantages, it differs
from other systems in that a non-programmer, specifically
teachers, can create or edit the lessons and in any indigenous
language. This aspect of flexibility is seldom available in
reading tutors therefore it hampers localization of content.
FundaWethu will be used for reading instruction and lesson
creation. The building block is a mechanism that permits the
child to make multiple-choice selections. From this base we
can construct lessons that instruct children in a number of
different ways: letter-sound recognition, spelling, word
recognition, fill-in-the-missing-word in a sentence, and
storytelling and sentence rebuilding exercises. Because most
foundation phase children in developing communities speak

a mother language that is different from the school system,
there is a need to incorporate language diversity in
FundaWethu.
Some research has shown this to be an effective way of
getting children to read the second language with ease [9].
Lesson authoring in FundaWethu will be in English and
isiXhosa, but with a design that allows lesson authoring for
any other indigenous South African language.
II. RELATED WORK
There are five essential areas of reading which good CAI
should address; phonemic skills, phonics skills, vocabulary,
fluency, and comprehension [12]. FundaWethu incorporates
all five in the various activities which include letter-sound
recognition, spelling, word recognition, sentence completion
and story building.
Mills-Tettey et al [13] outline experiments that were done
with Project LISTEN’s Reading Tutor in Ghana and
Zambia. The reading tutor uses automated speech
recognition to provide a guided reading experience for the
user. From the outset, because of the multilingual goals, we
decided not to attempt to recognize or synthesize speech.
Instead, we have provided the ability to use pre-recorded
sound clips. This offers us a very flexible mechanism with
excellent quality, and makes it easy for the lesson designer
to add new sound files. The Project LISTEN experiments
showed improvement in the reading abilities of the children
which further supports the crucial role that technology can
play in literacy development.

III. RESEARCH METHODOLOGY
A. Design-based Research (DBR)
Wang and Hannafin [19] defined design-based research as
follows:
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.
1) Main characteristics of design-based research
Various researchers [4], [16], [19] have proposed different
characteristics of DBR but in this paper we dwell on the 5
proposed by Wang and Hannafin [19] which are as follows:
Pragmatic; Grounded, Interactive; Iterative and flexible;

Integrative; and Contextual. Figure 1 shows what DBR as a
whole entails. Below is a summary of the characteristics of
DBR:

which results are generated and the setting where
the research is conducted” [19]. For our research,
the context is marginalised schools that employ
bilingual learning in isiXhosa and English.
2) Challenges of DBR

Figure 1. Design-based research
• Pragmatic because its goals are solving current realworld problems by designing and enacting
interventions as well as extending theories and
refining design principles [17]. DBR therefore has
an interventionist quality. In our project, the
problem was poor literacy levels which are
attributed to a lack of motivation and resources,
that is, human, material and financial. Our niche
population is foundation phase children who learn
in a bilingual context, that is, isiXhosa and English.
Therefore we saw an opportunity to introduce
literacy software that meets the needs of learners
and teachers in terms of multilingualism and ability
to author and edit lessons as need arises.
• Grounded; design-based research is grounded in
both theory and the real-world context. It tests and
advances theory through the design-analysisredesign of instructional activities and artefacts. In
addition, design-based research is conducted in
real-world contexts complete with the complexities,
dynamics and limitations of authentic practice.
Because it is conducted in collaboration with
practitioners, it is much more likely to lead to
effective applications. In our case, we are working
with teachers and learners from our niche
population who were facing literacy development
challenges.
• Interactive, iterative and flexible; design-based
research requires interactive collaboration among
researchers and practitioners. We involved
educators in this project from the start so that they
could assist us to incorporate sound educational
material into our software. This is a way of
ensuring that the research effects a change in the
real world situation. Design-based research is also
iterative because theories and interventions tend to
be continuously developed and refined through a
design-evaluation-redesign cycle. This ongoing
recursive nature of the design process also allows
greater flexibility than do traditional experimental
approaches.
• Integrative because researchers need to integrate a
variety of research methods and approaches from
both qualitative and quantitative research
paradigms, depending on the needs of the research.
• Contextualized because research results are
“connected with both the design process through

Like any other research method, DBR has its challenges in
terms of ensuring a smooth working relationship between
researchers and practitioners. Sustainability is another major
challenge in DBR [8]. The case in many schools is that many
new innovations are eventually abandoned because of lack
of support from the researchers. One way to combat this and
motivate practitioners is to bring in teachers as co-designers.
This was a motivating factor in incorporating a lesson
authoring tool where teachers can actually create lessons to
be used with the software.
3) Benefits of DBR
The major benefit of DBR is that it provides a practical
contribution because it is problem-driven [19]. Researchers
seek to change and improve educational practice and
opportunity. Because it is contextualised, research produces
results that consider the role of social context and therefore
have better potential for influencing educational practice [8].
Tangible products and programs that can be adopted
elsewhere are also produced by DBR. It is our interest in this
project to make the software available to as many relevant
schools as possible.
IV. DESIGN PROCESS
The aim of this project was to build a cost-effective, fun,
language-adaptive and flexible lesson authoring and delivery
platform that could assist teachers, researchers and learners
involved in bilingual foundation phase teaching. This makes
our project problem-driven; as a result we took on a usercentred design process [2] (Figure 2). Working in
collaboration with practitioners allowed us to hand off the
burden of ensuring that the software is educationally sound.
This allowed us to concentrate more on designing good
quality software. Quality is measured in terms of the
ISO/IEC FCD 9126-1 definitions [5], [2] below:
• functionality: the capability of the software to
provide functions which meet stated and implied
needs when the software is used under specified
conditions.
• reliability: the capability of the software to maintain
its level of performance when used under specified
conditions.
• usability: the capability of the software to be
understood, learned, used and liked by the user,
when used under specified conditions.
• efficiency: the capability of the software to provide
the required performance, relative to the amount of
resources used, under stated conditions.
• maintainability: the capability of the software to be
modified. Modifications may include corrections,
improvements or adaptation of the software to
changes in environment, and in requirements and
functional specifications.
• portability: the capability of software to be
transferred from one environment to another.

especially important for reading in isiXhosa which is an
agglutinative language (languages in which most words are
formed by joining morphemes together) featuring an array of
prefixes and suffixes that are attached to root words. Verbs
are modified by affixes that mark subject, object, tense,
aspect, and mood, for example, umntwana, abantwana or
indoda, amadoda.

Figure 2. User centred design
In accordance with our research methodology, we went
through four design iterations. In the first prototype we
created lessons using plain text files and the user interface
(Figure 3) consisted of list boxes on which letter choices
were displayed. This prototype limited the types of reading
activities that we could have which therefore led us to our
second iteration.
Figure 3. Slot machine user interface
Here we changed the user interface to using labels and
buttons on which we could display a variety of “primitive
building blocks of language”, that is, characters, syllables,
words, phrases or sentences. The new user interface also
allowed us to introduce a drag and drop interaction mode.
In the third iteration we introduced a lesson authoring tool
(Figure 11) which made it possible for non-programmers to
create and edit the lessons to be used in the software. At this
point, we also chose to change the lesson files from plain
text to xml files which are dynamically arranged. The
advantage of using xml was that we could create our own
tags which were specific to our lesson contents and we could
also add attributes which made identifying a lesson easier.
After this we brought the teachers on board who loved the
use of multimedia because of its motivational effects and the
fact that combining text, visual and audio made word
recognition easier. They were however not happy with the
font that we had chosen which led us to the fourth iteration
where we changed the font from Comic Sans Serif to Lilly
which was closest to the font that the target group was using
in the classroom. At this point we created various lessons
with the teachers and also recorded the audio files after
which we deployed the software at the school for the
usability test.
1) The “Game” logic
We began with the metaphor of a slot machine with a
number of wheels for representing a wide range of multiple
choice problems. Figure 3 shows an early prototype with the
slot-machine wheels represented by list boxes.
This introduced flexibility because it allows us to seamlessly
create reading puzzles with missing words on the wheels, or
spelling puzzles with missing letters on the wheels, or
phoneme based puzzles with missing syllables like pha/tsha,
or it can be used for sentences with missing words on the
wheels. So our core engine can handle a variety of
“primitive building blocks of language”. This flexibility is

2) Lesson representation
When creating the lessons, the author uses the lesson
authoring tool (Figure 11) for describing the lesson and its
content. Our presentation engine can read that external
description of the lesson and dynamically arrange the layout.
Each lesson/puzzle (Figure 4) has four attributes, that is,
language, dictionary base path, lesson type and number of
wheels. The dictionary base path is the file path to the media
repository, the lesson type specifies whether it is spelling,
letter-sound recognition etc and the number of wheels
specify the number of missing letters, syllables or words. For
example, the sentence “Susie loves [dolls]” has one wheel
denoted by the square brackets in the lesson file.
Each lesson contains a list of sentence objects which are
made up of text, the pre-recorded sound file, and a possibly
animated picture file. The text can be any of the building
blocks like letters, syllables, and words and we can then
attach various animations or sound files to these units, or to
the whole sentence. Below is an example of a sentence from
a lesson file:
<Sentence SoundFileName="imbi.wav" Text="Iti [imbi]
kuba [iyabanda]." PictureFileName="iyabanda.jpg" />
Including the target language as an attribute of a lesson file
is important because we created the software to serve in a
multilingual context. The same word may need different
pronunciations or illustrative pictures in different languages.
This allows a "language-contextual" lookup of
pronunciations and pictures. We optimized our lesson and
media resources by using the word or phrase directly as a
lookup key in our media – by default retrieving a picture of
"cat" doesn't require the lesson author to do anything other
than to drop a (possibly animated) picture of a cat into the
appropriate folder.
When we want to reuse the "cat" resource in an isiXhosa
("ikati") lesson, we treat the English folder as a "base
dictionary", and provide a simple list of mappings from the

isiXhosa dictionary back to the English dictionary. But we
also allow specific language dictionaries to override the
resources locally. So while "utata" could map back to
"daddy", it is also possible to override the image in the
isiXhosa resources so that we present images that make
sense in the culture. Retrieving a picture corresponding to
the word "ikati" would first look locally in the isiXhosa
dictionary, and only if that was not successful, it would use
the mapping to attempt to retrieve the "cat" resource from
the English repository.

The ability to understand the relationship between a letter
and its sound is critical for the development of phonological
awareness; letter identification and spelling. The
tactile/visual/ auditory features of the computer environment
support the active identification of letter/sound relationships
[14]. We created this reading exercise (Figure 5) where the
learner clicks on a letter or syllable and the corresponding
sound is read out.
2) Spelling

Figure 6. Spelling exercise
Figure 4. Lesson class diagram
V. OUTCOMES
A. Delivery Engine
The delivery engine is the actual presentation of the reading
activities and it is made up of six activities. We changed the
user interface from the one shown in Figure 3 to make it
more interactive (allowing drag and drop) and eye catching
(see figures below). Joiner et al [10] cite a research by King
and Alloway which compared children's use of a keyboard,
joystick and mouse and found that children of all ages were
quicker and more accurate with the mouse. In FundaWethu
we thus decided to use only the mouse (clicking and “drag
and drop”) as a means of input or interaction. This input
method is used with the expectation that it will be replaced
by touch screen technology in due course. Using a mouse or
touch technology also sidesteps the educational concerns
about computer keyboards showing only uppercase letters,
in a font that does not match their classroom experience.
1) Letter-sound recognition

Figure 6 is a snapshot of the spelling exercise that is
included in FundaWethu. Words can be spelt letter by letter
or using syllables especially when using isiXhosa.
3) Flash card reading

Figure 7. Flash card reading exercise
Flash cards are an effective way of helping children
recognise and memorise sounds, words, alphabet characters
and phonemes [7]. Figure 7 above is the flash card reading
exercise. Each word is displayed with its corresponding
picture, depending on the speed set, there is a time out when
the picture is hidden and the learner has to read the word
before it is read out by the computer.
4) Sentence completion
In this exercise (Figure 8), a sentence is read by the
computer and the learner has to drag and drop the correct
missing word onto the space. We combined visual, audio
and text with the images being representations of the
sentences.

Figure 5. Letter-sound reading exercise

interface (Figure 11). However, a simple file-based
representation makes it easier to copy, replicate and share
lessons.

Figure 8. Sentence completion exercise

5) Spot the word
Figure 11. Lesson author interface
VI. THE USER STUDY

Figure 9. Spot the word exercise
The activity shown in Figure 9 was designed to help the
learners in word recognition since this is an important factor
to becoming a skilled reader. Out of the four words
displayed, only one is read out by the computer and the
learner has to click on the correct word.
6) Jumbled story
The jumbled story in Figure 10 is the computer version of an
activity that the learners in the literacy group do. The child
tells a short story which the teacher types on the screen. The
story is cut up into individual words and jumbled. The child
then has to recreate their story correctly. We employed a
drag and drop interface for this activity.

Figure 10. Jumbled story exercise
B. Lesson Authoring
We have chosen to use a file system rather than a database
for the content (sound files and graphics) and lesson
repository. Lessons are coded in xml files, which teachers
don’t have direct contact with, but they create them via an

1) Test Plan
This is ideally the basis for the entire testing and it addresses
the how, when, where, who, why, and what of the usability
test [3]. The usability test will be in two aspects; the teachers
(using the lesson author for designing lessons) and the
learners (using the reading activities).
A. Research question: (What)
With regard to the research aim outlined in section IV, the
purpose of our user test is therefore to find out if we have
managed to create good quality software that is especially
cost effective, language adaptive, flexible and fun. Cost
effectiveness can be measured in terms of equipment, test
environment and time needed to get the software up and
running. It can also be measured by the re-usability of some
of the code to create more reading activities, using the same
lesson author to create lessons for the various activities and
the ability to edit lessons easily. The ability to create reading
activities in various indigenous South African languages is
the yardstick for determining that the software is language
adaptive. From the research question we can therefore
conclude that the test is more qualitative than quantitative.
B. Methods and Techniques
For the purpose of conducting a less formal usability test,
recent research [18] has shown that four to five participants
will expose eighty percent of the usability deficiencies of a
product, which are most of the major problems. Our test will
be a less formal one but we have chosen to use ten
participants because we want the learners to work in pairs
(co-discovery exploration). In pairs, children verbalise
which is helpful for obtaining a clearer understanding of
how the users see the software.
We chose to use observational evaluation which implies
collecting data that provides information about what users
do when interacting with the software [3]. According to
Preece [15] two broad categories of data may be obtained:
how users tackled the tasks given, where the major
difficulties lie and what can be done; and performance
measures like frequency of correct task completion, task

timing, and frequency of participant errors. For our usability
test, we are more interested in collecting the first category of
data and using the feedback to improve the software.
As the learners work, we will do a direct observation, with
the evaluator taking notes about user performance. However,
this technique can create a Hawthorne effect where users
react as they think the evaluator/monitor would expect [3].
To minimise such a situation, video recording will be used
so that analysis can be done later.
The interview is another way of collecting data. We will use
semi-structured interviews for teachers and learners to obtain
more of the participants’ thoughts about the software. The
interviews will be recorded and transcribed and analysed
using Nvivo which is qualitative data analysis software.
The usability test is scheduled to take about 6 weeks after
which an assessment will be done to determine the impact of
the software. We are doing the study at a local school that
has an after-school reading program. The program was
initiated
by
the
Grahamstown
literacy
project
(http://www.grahamstownliteracyproject.org.za/).
VII. CONCLUSIONS
We are currently carrying out a user study to determine the
efficiency, usability and reliability of the software in order to
help determine the quality of the software. The software has
good portability since it runs on Windows XP with the Dot
NET framework 2.0. One of the big motivations behind
FundaWethu was to introduce maintainability especially in
the educational content of software. For this reason we
introduced the lesson-author which allows educators to edit
and add lessons in FundaWethu.
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