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Abstract
The purpose of this study was to measure the efficacy of an
eBook to improve the vocabulary and word recognition skills in
an Afrikaans speaking group of lower socio-economic status of
6- to 7-year old children with poor vocabulary. The main goals
were to investigate if exposure to an interactive eBook would
result in the acquisition of new vocabulary and sight word read-
ing in the study participants. A randomised pre-test/post-test
between-subjects design was used. An experimental group that
received an intervention was compared to a control group be-
fore the control group received a delayed intervention. Both
groups were reassessed, eight weeks after the interventions to
assess the retention of their newly acquired skills. Results show
a significant improvement in recognition and vocabulary skills
in the experimental group compared to their initial assessments,
as well as compared to the control group.
Index Terms: text-to-speech, emerging literacy, eBooks

1. Introduction
Emerging literacy refers to the level of literacy of children who
are only starting to read. In the South African context this
specifically refers to the literacy skills of children in Grade R
and Grade 11. Literacy skills are critical to academic success
and survival in a modern, industrialised, knowledge-driven so-
ciety.

Unfortunately, low literacy levels of South African children
are already apparent in the foundation phase, i.e. in the first
three years of primary school. The Department of Basic Edu-
cation’s (DBE) Report on the Annual National Assessments of
2011 indicates that 53% of South African children in Grade 32

did not pass the literacy test and that the average score in liter-
acy for a typical Grade 3 learner in South Africa was 35%.

An estimated 80% of state-run schools lack a library. Chil-
dren therefore do not have access to supplementary reading ma-
terial or literacy teachers. Children from disadvantaged back-
grounds often also do not have access to literacy development
tools or family members to assist them. As a consequence, they
often start their formal schooling with limited experience with
books and literacy and often display limited early literacy skills,
such as phonological awareness, print awareness and knowl-
edge of story structure.

This challenge is further exacerbated by the fact that South
Africa has 11 official languages and that many children learn to
read and write in a language that is not their first language (i.e.
the language which they understand the best) due to issues such

1Grade R: 5 years old, turning 6; Grade 1: 6 years old, turning 7
28 years old, turning 9

as having to attend the school nearest to their homes, and expo-
sure to more than one language in the home and community. As
a result, they are under-prepared for the formal curriculum and
struggle to learn to read.

Evidence of this can also be found in the DBE’s 2011 re-
port, which indicates that Quintile 1 children (the poorest chil-
dren) score on average 31% for literacy, while Quintile 5 chil-
dren (the least poor) score on average 49% for literacy. Once
the lower income group children have acquired basic reading
skills, they often fail to read with comprehension in the later
grades. Poor reading skills (and consequently poor language
skills) have a negative impact on children’s ability to acquire
knowledge and skills in all subjects. This is compounded by
education policy which dictates that in certain schools, African
languages are used as medium of instruction up to Grade 3, at
which time there is a switch to English as medium of instruction
(Grade 4 and up).

Any attempts to improve emerging literacy in South Africa
must therefore be easily extendable to applications in various
languages. Given the widespread disparities in socio-economic
situations of many South Africans, which may influence aca-
demic needs and performance, solutions must also be flexi-
ble enough to allow targeted intervention, geared towards each
group of children in their immediate context.

Mobile technology and mobile development platforms have
advanced to the point where computer based solutions can
be deployed on mobile devices, such as smart phones and
tablets. Such platforms provide a rich ecosystem within which
language- and speech-related technologies can be developed.
Specifically, text-to-speech (TTS) technology provides the op-
portunity for personalised and interactive reading of content as
it converts written text into synthetic speech. In a society that
depends increasingly on digital technology, exposing children
to mobile technology is an added advantage.

The aim of this study, therefore, was to develop and test
the effects of using a mobile application addressing aspects
of emerging literacy using TTS technology in a South African
context. Although similar commercial mobile applications that
are geared towards literacy development are available, none are
available in the 11 South African languages and none have had
content developed specifically for the South African environ-
ment. Furthermore, not all available applications make use of
TTS technology. Only a few have been developed with the aim
of having teachers and literacy experts customise the content
and technology to suit their requirements.

The application that was developed for the study consists of
an Afrikaans eBook enhanced with TTS that can run on a mo-
bile platform. It was designed to improve early literacy skills of
children in Grade R and 1 and aims to address the problem of
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poor literacy teaching skills, poor access to supplementary read-
ing material and poor access to literacy development support at
home.

In addition, the eBook includes locally developed and cul-
turally relevant content and graphics. The focus is on recog-
nition and vocabulary skills, such as highlighting of sentences
as they are read, and interactive activities where drag-and-drop
gestures must be used to match words to picture referents. The
application also aims to enhance human narrated books, by pro-
viding the possibility to interact with story content.

2. Background
Lumsden et al. [1] provide some guidelines for designing ap-
plications for “mobile experiential language-learning technolo-
gies”, which include assessment of the users’ needs and abili-
ties, and then adapting the approach to take this into consider-
ation. The ability to follow these guidelines therefore depends
on a high degree of flexibility, since content must be designed
to suit a specific target population. Text-to-speech technology
provides much flexibility for generating audio content, offer-
ing “some of the benefits of a personal reader” [2], since any
text may be read aloud on the fly. Although there are some
limitations to TTS, such as the possibility of inappropriate into-
nations, an inability to personify characters, or occasional mis-
pronunciations, high quality TTS technology is able to convey
meaning very effectively [3], and it is by far more flexible and
less expensive than pre-recorded speech.

It has been shown that students with special needs due to
disability are more interested, pay more attention to detail and
are able to learn more effectively when using electronic multi-
media devices [4]. Such students also benefit from being more
independent during the learning process. It has also been found
that such devices are particularly useful for developing aspects
of literacy such as phonological awareness [5], text visualisation
and supported reading [6]. Children generally enjoy touching
things, and therefore a learning environment that encourages
touch gestures allows for “natural interaction” [4].

While this study does not focus on disabled students, many
poor South African students have similarly specific educational
needs because of the lack of support mentioned above. The ap-
plication is therefore designed to incorporate multimedia con-
tent by making use of graphics, as well as audio in the form
of a high quality synthetic voice, and so that it may be inter-
acted with in an intuitive way via touch gestures and interactive
feedback.

Presenting material in this way is not sufficient to ensure
that children interact successfully with the content of the appli-
cation. Two specific challenges arise. Firstly, the application
must be designed to prevent a situation where children focus
on producing certain multimedia effects, instead of interacting
with the content itself. Children must be encouraged to think
and react to the concepts and questions presented to them. This
is mainly addressed by designing the flow of interaction and the
feedback given by the application to encourage thoughtful re-
sponses. Secondly, the concepts and questions presented must
be suitable to the children’s context. More specifically, in de-
signing the content, the background knowledge and learning en-
vironment of children must serve as a guide [7].

When the focus is on vocabulary learning, as in our case,
the words and concepts children are likely to be familiar with
must be considered. Furthermore, the story and characters in
the eBook must also be suitable. Given the poor support for lit-
eracy for many South African children, the story should have a

simple structure, recognisable themes and characters that chil-
dren are able to relate to. Consequently, it is crucial that chil-
dren have access to content in their own language that may be
customised for their specific needs. Related studies published
by recognised leaders in the field of electronic books to support
language and literacy, such as [8, 9, 10, 11, 12], were consulted
to aid in the conceptualisation of the study and the development
of the methodology.

3. Content
Content planning and interface design was a combined effort
between the emerging literacy expert and the development team.
Principles for successfully incorporating TTS into the applica-
tion were established, such as deciding on the conditions under
which elements of the application would respond to touch ges-
tures with TTS, deciding on strategies to keep the interaction
with the application focused on the content as opposed to mere
interaction with the TTS effects of the application, and devel-
oping a sequence of activities designed to assist the children in
their progress.

The solution that was developed provides two kinds of ac-
tivities: the first closely resembles reading of an eBook, while
being enhanced with TTS and simultaneous highlighting, and
the second focuses on interaction with pictures, words and sen-
tences taken from the context of the book.

The purpose of the eBook is to expose children to general
reading conventions, as well as introduce the content and vo-
cabulary around which the activities are built. The purpose of
the question and answer activities is to provide more in-depth
interaction with specific words, while also introducing certain
mobile technology conventions, such as the use of touch ges-
tures.

The eBook was created to suit the developmental levels of
the target groups, i.e. a repetitive storyline with themes and
vocabulary suitable for 6- to 7-year old children. In the story
a young girl walks with her dog in the wild; they encounter
different animals (rabbit, frog, bird, mouse, and bee); the dog
chases all the animals that disappear in their homes; finally, the
dog chases a bee and the bee stings him on the nose.

The story content was created to comply with the goals of
the intervention programme, i.e. the acquisition of expressive
and receptive vocabulary and recognition of target words. The
story content is therefore controlled for the number of word oc-
currences and variety of word classes (nouns, verbs, adjectives,
and adverbs), sight words at the targeted reading level, and more
advanced words for novel word learning.

4. Application development
The application was developed specifically for Android tablets
and was enhanced through the use of TTS. There are three cat-
egories of outputs of the application:

1. The home page with choices for activities.

2. Activities consisting of interaction with the eBook con-
tent.

3. Multichoice-style quizzes with questions that are an-
swered by clicking/dragging an object to the correct an-
swer.

The home page of the application provides buttons for ac-
cessing six different activities. These activities range from read-
ing through the eBook content and interacting with the eBook
content, to multichoice-style activities for answering questions
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about the eBook content. Activities 1 and 2 are eBook activities,
while activities 3 to 6 are multichoice-style activities.

Activities 1 and 2 consist of a succession of pages that allow
different levels of interaction with the content. Activity 1 allows
the user to select the text in order for it to be read aloud by the
TTS function, while sentences are highlighted as they are read.
Activity 2 is similar, but allows the user to touch the characters
on each page to hear additional information about them.

Figure 1: Screenshot of the application in eBook mode.

Activities 3 to 6 include various multichoice-style games
with questions (read and highlighted) that are answered by
clicking on or dragging an object to the correct answer. These
activities allow for interaction with the content of the eBook.
Using both dragging and click gestures, users can match an-
swers with questions. Figures 2 and 3 provide examples of
questions for the click and drag activities respectively.

Figure 2: Example question (“What is bright?”) in a “click”
activity.

On each screen, a question is presented to be read out aloud.
When the gesture of the specific activity is correctly performed,
the text of the answer appears at the bottom of the screen and it
is read aloud.

5. Application implementation
5.1. Android

In Android, each screen extends the Activity class. The main
activity of this application is the home page, while three other
classes of activities are defined for the eBook and multichoice-
style screens: one for the eBook screens, and two classes of
activities for the multichoice-style quizzes, corresponding to the
two gestures used, i.e. dragging and clicking.

Figure 3: Example question (“Who does Jasper chase?”) in a
“drag” activity.

TTS is used to read aloud all text used in the application,
allowing for a larger degree of flexibility with regards to con-
tent and related activities than would be the case with human
narrated audio. The application structure is modular to ensure
that this flexibility is capitalised on effectively.

An XML-style structured format was developed for spec-
ifying all aspects of the content of the eBook and related ac-
tivities, including images, text and information needed to gen-
erate multichoice screens. The multichoice activites are gen-
erated randomly from a list of “matches” - objects containing
a question, its answer and alternative answers. The format al-
lows specifying a number of levels for each activity, where each
level presents the user with an increasing number of alternative
answers. The XML document is parsed into a BookTree object,
which is used by a Book object in the application. The Book
object is, in turn, used by all classes extending Activity to pop-
ulate various elements of the screen, depending on the kind of
activity.

5.2. Text-to-speech

The application uses the Qfrency3 Afrikaans voice to convert
text to speech. Qfrency is a TTS system that was developed
specifically for South Africa’s official languages.

Each page in the eBook carries a list of sentences. As soon
as a user clicks on the text block displayed on the screen, each
sentence is read aloud and highlighted in turn. Internet access
was not available in the deployment environment. As a conse-
quence it was not possible to access a remote TTS server via
the application. Instead, for the purpose of the intervention, the
text-to-speech audio for the custom content was pre-rendered
and installed as part of the application. A lookup function
matched each sentence in the Book tree with its corresponding
audio, and the Android API was used to keep track of the list of
audio tracks to be played for each page. Callbacks were used to
synchronise the highlighting of the sentences as they were read
aloud.

A similar approach was followed for the multichoice-style
quizzes, especially with regard to the question presented on
each page. In this case, the appearance of the answer text and
the playback of its audio is triggered whenever the correct an-
swer is given by the user via clicking or dragging gestures.

3http://www.qfrency.com/
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6. Intervention
Participants were recruited from the Grade 1 class (n = 42) of
an Afrikaans-medium farm school in a lower socio-economic
rural community. For inclusion in the study, children had to
pass otoscopic examinations, pure tone hearing and optometric
screening tests, and had to have below average language skills
and non-verbal intelligence skills within normal limits.

The Afrikaanse Reseptiewe Woordeskattoets (ARW) [13]
was used to assess the children’s receptive language skills. All
the children obtained standard scores ranging from 55 to 85.
This is one to two standard deviations below the mean standard
score, indicating that they have language impairments [13].

Their non-verbal skills were assessed by means of the Test
of Nonverbal Intelligence-4 (TONI-4) [14]. Their TONI-4 in-
dex scores ranged from 82 to 104 (scores below 90 indicate be-
low average performance). Twelve children who did not meet
the selection criteria were excluded from the study and referred
for further testing.

The final study population comprised 28 children. After
matching for gender, the children were randomly assigned to
the experimental (n = 14) and control (n = 14) groups.
The two groups were comparable in terms of age. One-way
ANOVAs showed no differences between the groups for ARW
standard scores, F (1, 27) = .06202, p = 0.81, and TONI-4
index scores F (1, 27) = .05306, p = .82. Both groups com-
prised of seven boys and seven girls.

Participant questionnaires were used to determine their pre-
vious exposure to digital technology. None of the children
reported that they had computers at home and none had cell
phones or were allowed to play games on their parents cell
phones. They had, however, been exposed to educational com-
puter programmes since they started formal schooling.

The experimental group (n = 14) received the eBook in-
tervention programme in groups of 3 to 4 children, 3 times per
week in 20 minute sessions, for a period of 2 weeks; i.e. 6
sessions in total under supervision. Two different approaches
were taken during the intervention. In the first approach, chil-
dren were exposed to new words, to determine if the application
could assist them in learning to use and recognise new words.
In the second approach, children were also exposed to repre-
sentations of new words, but the aim was to determine whether
the application could assist them in learning to read words they
already knew. A facilitator was used to oversee the use of the
application by children in small groups, but was not allowed to
help them with the content of the application. The control group
received no intervention apart from normal classroom activities.

After the experimental group completed the intervention
programme, the control group (n = 14) and the children who
did not comply with the selection criteria (n = 12) received the
eBook intervention programme in exactly the same way as the
experimental group.

After a period of 8 weeks, the assessments were repeated on
the experimental and control groups to determine their retention
of newly acquired skills.

7. Results
The results of the screening and the pre- and post-intervention
assessments were coded and analysed by the researchers. In
addition, they were independently coded by a third research as-
sistant who was blinded for the group status of the participants.
A commercial software package, Statistica 12, was used for the
statistical analyses of the data by a biostatistician.

Intra-class correlations (ICC) were calculated to determine
inter-rater reliability. For both word definition and word recog-
nition, the ICC was found to be > 0.99 which indicated near
perfect inter-rater reliability. In order to examine the differ-
ences between the participants in the experimental and control
groups, mixed model repeated measures ANOVAs were used.
A 5% significance level (p < 0.05) was used as guideline for
determining significant effects of variables.

The results of the pre-, post- and follow-up assessments for
the experimental and control groups are summarised in Table 1.
The table shows that the control and experimental groups had
similar pre-test scores, but the experimental group performed
significantly better than the control group after the intervention
on the receptive and expressive vocabulary measures.

The follow-up results, eight weeks after completion of the
intervention programmes, show significant improvement in the
control groups receptive and expressive vocabulary scores after
they had also received the intervention. The follow-up measures
for the experimental group indicate that they had retained these
gains. With regard to the word recognition scores, however, no
differences were observed between the groups before or after
the interventions took place.

7.1. Receptive vocabulary

The receptive vocabulary assessments measured the children’s
receptive knowledge of the 15 target word meanings after they
had been exposed to the words in the story context and inter-
vention activities. A significant interaction between group and
time was found, (F (2, 52) = 24.11, p < 0.05).

7.2. Expressive vocabulary

7.2.1. Sentence completion

The sentence completion task assessed the children’s ability to
complete sentence cues with corresponding pictures by using
the target vocabulary words. A significant interaction between
group and time was found, (F (2, 52) = 8.6605, p < 0.05).

7.2.2. Word definitions

This subtest assessed the children’s ability to provide defini-
tions of the target vocabulary words. A significant interaction
between group and time was found, (F (2, 52) = 8.2109, p <
0.05).

7.2.3. Word recognition

The word recognition test measured the children’s recognition
of selected target words from the text in the intervention pro-
gramme. No significant interaction between group and time
was found, (F (2, 52) = .09851, p = 0.91). The two groups
had similar pre-, post- and follow-up test scores. A gradual im-
provement in the scores for both groups over time was observed,
probably as a result of schooling rather than their exposure to
the eBook.

7.3. Reception of TTS voice

The children did not seem affected by the TTS voice. When
asked to comment on the voice, some said that the story was
read by a ”computer”, which suggests that they recognised it as
being a synthetic voice.
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Table 1: Means (and ranges) for receptive vocabulary, sentence completion, word definitions and word recognition scores for partici-
pants in the experimental (Exp, n=14) and control (Control, n=14) groups for the pre-, post- and follow-up assessments.

Assessment task Pre-test Post-test Follow-up
Exp Control Exp Control Exp Control

Receptive vocabulary 6.6 (3-10) 6.4 (3-9) 12.3 (8-15) 6.1 (2-9) 11.9 (9-15) 9.6 (3-15)
(max score =15)
Sentence completion 0.9 (0-4) 1.4 (0-9) 5.6 (1-15) 1.3 (0-3) 4.1 (1-13) 3.4 (0-10)
(max score =15)
Word definitions 8.6 (3-12) 7.2 (1-13) 17 (4-32) 8 (2-14) 15.6 (4-28) 12.3 (3-25)
(max score =45)
Word recognition 11.8 (0-24) 10.7 (0-27) 14.6 (0-25) 13.9 (0-26) 19.6 (2-29) 18.1 (5-30)
(max score =30)

8. Conclusions & Future work
The goal of this study was to determine if exposure to a short-
term interactive eBook intervention programme would improve
the language and literacy skills of an Afrikaans speaking group
of lower socio-economic status of 6- to 7-year old children
with language impairments and little previous experience in the
use of digital technology. The data-analysis of pre-, post- and
follow-up test scores indicated that the children’s receptive and
expressive vocabulary improved as a result of the intervention.
All the participants acquired new words at different levels of
semantic representation, although some children showed only
modest gains. The small sample size of this study limits the
generalisation of the findings, but the results indicate that in-
teractive eBooks may be effective tools in improving children’s
language skills.

After the successful completion of the intervention with
Afrikaans speaking children, an isiXhosa version of the applica-
tion was developed. It will be used during a similar intervention
in the Eastern Cape province of South Africa during the second
quarter of 2015.

The initial concept of the eBook included word-level syn-
chronised reading as a feature. However, in the Android TTS
API the audio playback is asynchronous, and the Android op-
erating system only provides callback notifications to utterance
start and utterance end events. Finer grained audio playback
notification is therefore not available through the operating sys-
tem. This limitation will be addressed in future work to imple-
ment word-level synchronised reading in the application.

9. References
[1] J. Lumsden, R. Leung, D. D’amours, and D. McDonald, “Alex©:

a mobile adult literacy experiential learning application,” Interna-
tional journal of mobile learning and organisation, vol. 4, no. 2,
pp. 172–191, 2010.

[2] E. Balajthy, “Text-to-speech software for helping struggling read-
ers,” Reading Online, vol. 8, no. 4, pp. 1–9, 2005.

[3] P. Taylor, Text-to-Speech Synthesis. Cambridge: Cambridge Uni-
versity Press, 2009.
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