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Abstract
Low literacy rates in many developing countries present
barriers to educational attainment, exacerbating existing
socio-economic inequities. Low-cost mobile interventions
may present one method for addressing low literacy rates.
We propose a design of a mobile literacy support tool for
low-cost feature phones that can leverage parental support,
despite low adult literacy in the target language. We discuss here a proposed research design and propose a set of
research questions we hope to discuss at the symposium.
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Introduction
Literacy is essential to educational attainment and full participation in modern society. For a variety of reasons, in
Côte d’Ivoire, like many Sub-Saharan African countries,
adult literacy rates lag far beyond the global average [14].
Without a foundation of literacy taught at the early grades,
children struggle with learning more advanced material.

However, the variety of stages that Ivorian children are at
in their literacy development presents a challenge to intervening in a classroom, where students may differ greatly
within the classroom in literacy level. Therefore, an adaptive
technological solution that can tailor the content to the students’ level of ability may be able to have a positive impact
on early childhood literacy.
Due to the high (and increasing) levels of mobile phone
adoption in Côte d’Ivoire [13], even among rural areas of
the country, we propose a mobile delivery of an adaptive
French literacy curriculum designed to function on 2G networks and low-cost feature phones, using interactive voice
response (IVR) coupled with SMS for content delivery and
assessment. We seek to extend existing work on mobile literacy tools [17, 10] through adaptation to low-cost feature
phones able to be used in low-resource areas.
Extensive prior literature has demonstrated the benefits of
parental involvement in early child literacy, from providing a
"secure base" for learning via socio-emotional supports [11]
to engaging children in practice with recognizing syllables
and their letter correspondences [19]. However, if parents
are not themselves literate, which is likely in Côte d’Ivoire
given the low overall literacy rates, parents may not be able
to support their children’s literacy development without being supported themselves. We thus propose a method for
supporting parents (who themselves may not be literate in
French) in supporting their children’s progression through
the literacy curriculum, in order to improve early childhood
French literacy outcomes in Côte d’Ivoire.
Our proposed work attempts to cross geopolitical borders,
through our collaboration between researchers from Carnegie
Mellon University, University of Delaware, and researchers
in Abidjan, Côte d’Ivoire. Our proposed work also attempts
to cross generational borders by designing a tool to sup-

port literacy-building interactions between children and their
parents. We believe we would benefit from the HCI Across
Borders symposium by getting feedback from researchers
working on similar technical and theoretical challenges, in
similar contexts.

Ivorian Context
Literacy Context
Before discussing the theoretical background for our proposed work, it is worth saying a bit about the literacy context of the site of that proposed work. In Côte d’Ivoire, the
literacy rate was 53% for males and 33% for females in
2016, well below the global average literacy rate of 90%
and 82%. Indicators of this can be seen in early childhood
as well. In recent work from our co-PI Jasińska, basic literacy components were not evident even among 5th grade
children (mean age of 11), with 20% of 5th graders sampled unable to read a single age-appropriate word, and
the remaining 80% correctly reading only 30% of words
from a set of 50 age-appropriate words. These results suggest that earlier precursors to literacy, such as phonemic
awareness and letter-sound knowledge are not present at
earlier stages of development. Jasińska then sampled children from earlier grades (1st, 3rd, as well as 5th), finding
that 30% of those sampled could not identify any French
letters, with 20% having limited ability to even identify the
phonemes aurally.
Language Context
As this proposed work intends to improve childhood literacy, it is also important to understand the linguistic diversity
of Côte d’Ivoire. While French is the official language and
the one in which business is conducted, only 6.9 million
of the 23.7 million Ivorians speak French, and of Frenchspeakers, 6.8 million speak it as their second language (as
of the 2013 census) [22]. There are over 60 languages ac-

tively spoken in Côte d’Ivoire, which makes it crucial that a
literacy intervention support bilingual instruction, building
off of speakers’ phonemic knowledge in their first language.
Prior work from our co-PI indicates that the predictive relationship between phonological awareness and literacy
is stronger for bilingual children who learn both languages
early, compared to their monolingual peers [7]. In our proposed work, we intend to explore how second language
literacy instruction can build off of speakers’ knowledge of
phonemes in their first language (here, Attié).
Mobile Penetration
The high variance in children’s literacy and the large variety
of linguistic diversity suggests that a technological solution that can be adapted to each child’s literacy level would
be most effective, as suggested by prior work in Uganda
[20]. Mobile penetration is relatively high in Côte d’Ivoire,
with 53% of adults having access to some type of mobile
device. Of those with a mobile device, however, only 25%
have smartphones, and 30% have an internet connection,
as of 2015 [13]. Therefore, we propose a mobile literacy intervention that can function on low-cost, non-smart feature
phones, and need not rely on an internet connection.

Theoretical Background
Phonological Awareness and Literacy
Before words can be learned and sentences decoded into
meaning, early readers must first be able to map sounds to
letters and decompose words into their fundamental visual
and auditory units [6]. The awareness of distinguishable
fundamental sounds of language, or, "phonemes", is a necessary precursor to mapping those phonemes to letters
[12]. This phonemic awareness can be developed auditorily
first, before mappings are made to written characters [6],
through such activities as segmenting words into their constituent phonemes by clapping or counting each phoneme

[6], telling stories, rhymes, or songs with repeated rhyming
phonemes [9], or other methods. After phonemic awareness is established, mappings between phonemes and their
corresponding characters can be developed, either through
simply displaying the character and hearing the corresponding phoneme [9], or through displaying objects or images
that start with the phoneme being taught, accompanied by
that letter [6], among many other methods.
Mobile Literacy Interventions in Developing Contexts
Some prior work has developed mobile literacy tools to support these methods for early literacy development, specifically for phonology, and some focusing on developing contexts in particular. Ojanen et al. developed a mobile tool
for 3G-enabled smartphones that follows the phonological process outlined above, guiding learners from single
phoneme recognition, to single letter-sound mappings, to
multi-letter syllables and more complex mono or polysyllabic words [17]. Their curriculum is the most directly relevant for our proposed work, but because their approach
relies heavily on high-bandwidth internet-enabled devices,
high-quality graphic displays, and touchscreen interaction,
with on-device processing requirements, their approach is
not feasible for the rural Ivorian context, with low-bandwidth
2G internet in the majority of the country and smartphone
adoption lagging significantly behind the 53% of the population that owns a phone at all [13].
Others, such as Kumar et al. (2012), have developed voicecontrolled apps for literacy development in developing contexts in rural India. They used on-device voice recognition
software trained for this particular context, allowing for less
reliance on mobile networks. They still used a visual display and touchscreen on the device [10], which is likely not
possible on many low-cost feature phones. We build off of
their work by proposing an IVR- and SMS-based approach

to allow for greater access on low-cost devices.
Parental support for literacy development
While such technological interventions may be effective,
prior work has argued that literacy is a socially-constructed
skill [1], and many others have highlighted the crucial role
of parents and caregivers in fostering early childhood literacy (see [11] for a review). Sénéchal found, in a systematic
meta-review, that parental "involvement" (broadly speaking)
has a strong positive effect (d=0.36) on early childhood literacy outcomes, though such effects have large variance,
perhaps due to the nature of the support parents provide, or
their own literacy skills as well [21].
To support early childhood literacy development, prior work
has identified productive sets of supportive behaviors in
which parents engage. These range from direct instruction
of letters or other content-based support, to socio-emotional
supports to provide encouragement, also known as a "secure base" from which children will be more willing to take
risks in learning difficult phoneme-letter mappings [11, 19].
If parents choose to (or are able to) provide direct transmission of phonemic knowledge, prior work has shown
that beneficial activities include singing songs to reinforce
letter-sound mappings, telling stories or rhymes to children
with similar initial or ending phonemes, or asking children
to provide lists of objects in their environment that begin
with the same phoneme [6, 3]. However, all of these activities presume a certain amount of time, knowledge, and
self-efficacy from the parents to be able to engage in these
sorts of direct instruction. In low-literacy contexts such as
Côte d’Ivoire, this may not be possible without support.
Some prior work has developed interventions to help scaffold parental support for early literacy. In San Francisco,
York and Loeb developed "READY4K", a system that sent
direct SMS on a weekly basis to parents, suggesting spe-

cific literacy-building behaviors they could engage in with
their kids [23]. In Uganda, the MobiLiteracy program provided instructional materials to parents in the form of downloadable audio instructions [20]. While they found that these
downloadable instructions were more effective than a paperbased curriculum, they were not always accessible due to
connectivity issues, and navigating their file directory to find
the relevant audio file required digital literacy skills that not
all of their participants possessed [20]. They also pointed
out the impact that parental self-efficacy in their own literacy
or instructional abilities has on their likelihood to engage
in productive literacy-building activities with their children,
which we will need to address in our work.

Proposed Work
Literacy support tool
Based on the crucial role that phonemic awareness plays in
early literacy, and the evidence from prior work that parental
support can better scaffold early literacy development, we
propose a mobile literacy support intervention that can
deliver instruction and assessment to children developing
phonological awareness, as well as facilitate parental support as well. We propose a literacy curriculum that builds
off of existing first-language (Attié) phonemic awareness to
develop French phonemic awareness, letter-sound mappings, and ultimately monosyllabic word reading in French.
Given the state of mobile penetration in Côte d’Ivoire, our
proposed intervention will rely on combinations of interactive voice response (IVR) and short messages (SMS) to
deliver the instructional content and assess learners. We
propose an adaptive curriculum such that students will be
provided with the lessons that correspond to their current
level of literacy, from auditory phonemic awareness (i.e.
being able to recognize and distinguish spoken syllables),
single letter-sound mappings, more complex syllable-letter
combinations, to, ultimately, monosyllabic words.

Interactive Voice Response
We propose to use an interactive voice response (IVR) system to deliver content and assess learners, particularly
early in the curriculum, when learners may lack any lettersound knowledge. Thus, we propose initial auditory-based
lessons such as selection of a rhyming words or syllables,
perhaps using touchtone (which would require sufficient
numeracy to recognize the number on the keypad corresponding to the correct response) or voice response (which
requires sufficient computational capability to correctly assess the speaker’s phonemes, challenges for which are
discussed in [10]). To inform the IVR portion of this work,
we look to prior literature in HCI and ICTD which has previously used IVR in low-resource, developing contexts, such
as [15, 5, 8, 18], among many others.
We additionally propose a parent or caregiver-facing support tool designed to help scaffold their support for their
children’s literacy development. As many parents of our
study participants may not themselves be literate in French,
or even French speakers at all, we want to explore how a
similar type of low-cost, IVR and SMS-based mobile intervention can scaffold parents’ support of their children’s
literacy. We take as inspiration the work of York and Loeb
[23] in sending short messages to parents in San Francisco
about how to engage their children in literacy-building behaviors, as well as the MobiLiteracy project in Uganda [20],
which provided a more structured curriculum for parents to
engage their children in. To support all parents, regardless
of their literacy level, we may focus more on scaffolds for
parents to provide socio-emotional, motivational support, in
line with the "secure base" theory of literacy development
[11, 19], or may provide more auditory activities, perhaps
involving phonemic awareness and segmentation in Attié
first, before moving to French.

Research Questions
1. How can the design of an adaptive mobile intervention using IVR and SMS on feature phones support
literacy in an Ivorian context?
2. How can the design of mobile tools scaffold parental
support for their children’s literacy, given parental language and literacy levels in the Ivorian context?
3. How do individual factors such as learners’ and parents’ self-efficacy affect their participation and learning gains with such an intervention?
Proposed study
To evaluate those research questions, we intend to conduct
two studies. Prior to the studies, we intend to iteratively design and develop a set of low-fidelity prototypes to evaluate
with a small set of Ivorian participants (both children and
their parents or caregivers). Through a qualitative designbased research approach [16], we will first interview our
participants about their beliefs about language, literacy, and
the role of parents in their children’s education (following
[4]). We will supplement those interviews with questions
for parents about a set of storyboards we have drawn to
explore our interaction space, through a "speed dating"
approach to user needs validation [2]. Participants in this
preliminary data collection will also be presented with a
minimally functional prototype of our IVR system, and we
will prompt users to call in and complete a lesson, observing breakdowns and pain points in this process, and asking
them questions about the experience.
We will then use the qualitative insights gleaned from this
process to inform the redesign of the system. Study 1 will
involve a small-scale pilot of a working system, and we
will use literacy benchmarks to assess students’ progress.
Then, in study 2, following iterative cycles of redesign, we

propose a larger, randomized controlled trial over 12 weeks,
with one condition receiving the mobile intervention for children alone, and another group receiving the intervention
for children as well as the parental support tool. We intend
to supplement the assessment and system log data with
interviews and surveys with the participants, to better understand their perception of the intervention and add to our
understanding of how socio-emotional motivational supports from adult caregivers can support early childhood
literacy development in this context.

to broaden his perspective on how HCI methods can be
integrated along with ICTD methods to most effectively design educational technologies for international contexts.
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Attending HCI Across Borders
As this is work in progress, we hope to use the HCIxB symposium as an opportunity to connect with interdisciplinary
researchers working across HCI, ICTD, and related fields.
We invite feedback and discussion about our proposed system, research questions, study design, or other aspects of
this work, particularly as it relates to the crossing of borders, both disciplinary, generational, and geopolitical. We
welcome rich discussions around the nature of bilingual
education, the challenges of designing, prototyping, and deploying IVR and SMS interventions on feature phones, and
the social nature of education, particularly as it plays out in
international, multicultural contexts.
Michael is a 3rd year Ph.D. student in the Human-Computer
Interaction Institute at Carnegie Mellon University. His research focuses on how to design educational technologies
that can shed light on and support the benefits of social relationships on learning. Because the nature of social interactions and their role in learning is so dependent on cultural
norms, Michael is interested in how educational technologies intended for international contexts can be designed
in ways that are appropriate and authentic for those contexts of use, in collaboration with the people for whom those
technologies are intended. By attending HCIxB, he hopes
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