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Abstract

Governments in developing countries aim to improve education through novel
teaching approaches as taught in pedagogical programs. These pedagogical pro-
grams rely on government teacher training infrastructure and face challenges
in rural parts of Africa where there is a lack of experts and teachers are isolated.
Thus, pedagogical programs consider using technology to overcome some of these
challenges.

Prior work has used a conversational agent to address the challenges of limited ex-
pert knowledge and providing personalized interactions. Recent work used virtual
communities on social media for teachers to support each other through online in-
teractions. Still, it is unclear how these two promising research areas can translate
to rural African contexts with low technology infrastructure. Additionally, teachers
in these contexts are newly adopting technology and thus require additional sup-
port to accommodate technology adoption. Therefore, there is a need to discover
appropriate conversational agent designs that support teacher communities in
low-infrastructure settings.

This design process must overcome several practical, technological, and theoretical
challenges to find appropriate designs in this context. Beyond being usable, the
design has to support an intervention aligned with the pedagogical program. Lastly,
theoretical grounding for designing technology in low-resource contexts is still
emerging.

Therefore, I use an iterative design-based research (DBR) approach by working
closely with teachers in rural Côte d’Ivoire to develop a technology that helps
them to implement a pedagogical program. My work iteratively identifies design
directions and validates these directions through prototypes shared among the
teacher community. Through a progression of three studies (Study 1, Study 2 and
Study 3), I studied the impact of these design directions at scale.

My work led to a conversational agent called "DIA." that I designed by working with
Ivorian teachers. Key findings in these studies were that teachers supported each
other in the community and valued community-based features in a conversational
agent. Therefore, this led to my thesis question: How does a conversational agent
that supports a virtual community of practice (vCOP) impact teachers in low
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infrastructure settings?. To answer this question, I conducted a large-scale, year-
long study to understand the impact of community-based features at scale (Study
4).

Study 4 involved a longitudinal quasi-experiment with 400 teachers in two different
regions of rural Côte d’Ivoire to investigate the impact of two variations of a conver-
sational agent. In one region, a conversational agent with individual support was
deployed, and in another region, a conversational agent with community support
was deployed. The objective was to assess motivation, knowledge, and technology
adoption changes over the school year. The findings indicated that community
support positively affected motivation, enhancing agency within the community.
Teacher knowledge showed some improvement, with a slight but statistically sig-
nificant overall increase. Although the community condition increased technology
usage, the results did not reach statistical significance. The results favor utilizing
community support in conversational agents for teachers in low-infrastructure
settings.

This dissertation extends the literature on Human-Centered AI in low-infrastructure
settings through iterative design-based research. On the theoretical front, my work
expands literature on virtual communities of practice to an Ivorian context. My
work has created opportunities to design for teachers "aspirations" or long-term
desires. My work has also provided design recommendations for governments
to utilize a conversational agent to support teachers implementing pedagogical
programs.
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Dedication„Happiness can be found, even in the darkest of
times, if one only remembers to turn on the
light.

— Albus Dumbledore
(Headmaster of Hogwarts)

I dedicate this dissertation to my first teacher –my grandmother, the late Mahamayi
(1932-2023, known as Amuma to me). Amuma, you taught me to read my first
alphabet. You also shaped my worldview by teaching me the importance of com-
passion during my early childhood. You lit up my world in many ways. I hope I’ve
shared some of your light (DIA) with the world through my Ph.D. work.
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Introduction 1
Today, school enrollments in low and middle-income countries are growing ex-
ponentially, but basic primary school educational outcomes still lag international
standards [139, 158], thus impeding economic growth and equity [ 12]. Early
simulations show that COVID-19 has aggravated this situation, and up to 91%
of students will fall farther behind in Sub-Saharan Africa [ 13]. Governments are
addressing this crisis by investing heavily in new pedagogical programs that deliver
targeted instruction to align with student learning levels [ 89]. Successfully imple-
menting these pedagogical programs requires well-trained teachers, but programs
for training teachers in low-income countries are challenging to deploy. As pedagog-
ical programs scale, they rely on governments' teacher training [89] 1 infrastructure
to teach new approaches and provide support to teachers. However, implement-
ing teacher training interventions in rural and isolated areas is challenging due
to infrastructural [ 24, 90] and socio-cultural complexities [ 185, 123]. This gap is
prominent in sub-Saharan Africa, especially in rural areas with less economic infras-
tructure, such as roads and energy supply [4]. Therefore, pedagogical programs
consider technology to scale and increase their impact [89].

Technology has shown promise in teacher training interventions in some contexts,
but how this body of work can support designing technology for rural African
contexts is unclear. Prior projects have supported teacher training by provid-
ing resources digitally through tablets [124], videos [ 168], and audio contexts
[ 116]. These interventions are often new to the context, leading to overhead in-
vestments in setup, training, and monitoring costs [124]. Recent work has reduced
the overhead of introducing new technology by capitalizing on teachers' own
devices and using applications, such as WhatsApp, that are already familiar to
users [87, 128, 155]. Literature has also shown the bene�ts of creating virtual com-
munities(VCOPs) for teachers to support each other using technology [176, 200].
Teacher support groups on WhatsApp have allowed fostering of virtual teacher
communities in Indian [ 203] and African contexts [ 132], but connectivity issues
prevent streamlined access and participation of rural teachers [132]. Additionally,
there tend to be fewer administrators in rural Africa [ 24, 90], who are critical to
facilitating and moderating these groups digitally [ 132].

1Also referred to as teacher professional development or professional learning.
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Conversational agents, also known as chatbots, are one way to support scaling
expert knowledge and have seen initial success on social media in rural African
contexts [31]. Some conversational agent research has scaled expert knowledge
using innovative AI techniques in Western settings [86, 171]. An exploratory de-
ployment of a conversational agent on WhatsApp in rural Côte d'Ivoire by the
authors [31] found initial evidence that such technology can provide personalized
and context-speci�c support to teachers. However, AI research is often discon-
nected from low infrastructure contexts due to socio-cultural nuances [169]. Prior
work has attempted to bridge this disconnect [220, 127, 93, 31] through qualita-
tive design studies with stakeholders. Therefore, there is a need for design-based
work to understand the potential for conversational agents to support teachers in
low-infrastructure settings.

To design impactful systems, Toyama [198] urges researchers to extend traditional
HCI approaches that understand user needs [136] and follow an aspiration-based
approach, i.e., to channel user aspirations while designing technology. The objective
is to shift researcher thinking from problem-solving for user needs to support users
to achieve their aspirations with technology [ 198]. Toyama describes an aspira-
tion as an individual's long-term desire that is persistent and aiming for something
higher than one's current situation[ 198]. Understanding aspirations has shown to
have practical bene�ts for developmental projects [162, 71] as well as theoretical
bene�ts [ 10], which improve research transferability for the HCI4D space [44].
Although research on aspirations has emerged in education [142], student's ca-
reer [165], and healthcare [ 148], research on teacher aspirations is still developing.
Therefore, I use a theoretical lens of aspirations to uncover conversational agent
design directions to support teachers in implementing pedagogical programs in
low-infrastructure settings.

However, �nding appropriate designs for this problem faces practical, contextual,
and theoretical challenges. On a practical level, the context of the teachers' and the
pedagogical program along multiple dimensions was unknown to the researchers.
Additionally, beyond being usable to users who are new to technology use [48], the
design had to conceive an intervention aligned with the goals of both the teachers
and the professional development program. Lastly, on a theoretical dimension,
aspirations are relatively emerging in low infrastructure contexts for technology,
thus increasing the complexity of designing for new populations, such as teachers
implementing pedagogical programs in rural Côte d'Ivoire.

To overcome these challenges, I used adesign-based research(DBR) approach [18,
52] by working closely with teachers implementing a pedagogical program in rural
Côte d'Ivoire. DBR work helps researchers work in a new context and understand
contextual knowledge using mixed methods, i.e., qualitative and quantitative data
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collection methods. Throughout my work, I followed a DBR approach with teachers
and ministry of�cials in rural Côte d'Ivoire to uncover conversational agent designs.
My work involved sharing prototypes among community members, through which I
iteratively identi�ed and validated the design directions. In my �nal study, I use this
knowledge to understand the impact of the resulting designs and generate theories
in context.

Fig. 1.1. : The iterative design-based research to bridge the gap between theory, technology,
and design through my former studies (Study 1-4). My �nal study (Study 4) is to
answer: How does a conversational agent that supports a virtual community
of practice (vCOP) impact teachers in low infrastructure settings?

Therefore, I conducted three studies (refer Fig1.1) as part of a design-based re-
search process to support teachers implementing a pedagogical program in rural
Côte d'Ivoire. My �rst study used a qualitative approach to explore technology's
role in teacher professional development. Then, in the second study, (a) I deployed
and evaluated an early version of a conversational agent (DIA) (b) my interview
data revealed the positive role of community support in teachers' engagement in a
pedagogical program. Finally, in the third study, I updated my conversational agent
designs with features for community support through participatory content. My
preliminary analysis revealed that teachers valued community-based features.

Therefore, this led me to my thesis's question:How does a conversational agent
that supports a virtual community of practice (vCOP) impact teachers in low
infrastructure settings? . To answer this question, I evaluated the impact of com-
munity support designs in a conversational agent through a longitudinal, large-scale
deployment. I have categorized impact as teacher motivation, training knowledge,
and technology adoption. I hypothesized that community support features would
have a better impact than individual support due to early adopters, who will sup-
port their fellow teachers through the intervention. Therefore, I ran a longitudinal
study in two regions receiving community or individual support.
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Study 4 involved a longitudinal quasi-experiment with 400 (313 veri�ed) teachers
in rural Ivory Coast to investigate the impact of two variations of a chatbot. One
version with individual support and the other with community support(vCOP)
within a teacher training program. The objective was to assess motivation, knowl-
edge, and technology adoption changes. The �ndings indicated that community
support positively affected motivation, enhancing teachers' professional agency
within the community and reducing emotional exhaustion. Teacher pedagogical
knowledge increased over time only for the ASER category for active users. Al-
though the community condition improved technology usage, the results did not
reach statistical signi�cance.

My work makes a case for virtual Communities of Practice(vCOP) and chatbots
in low-infrastructure settings. My dissertation adds to the gaps in literature by
providing insights for:

• Design: I conducted a series of iterative studies using Design-Based Re-
search [18, 52] to create features for the chatbot to facilitate a virtual commu-
nity of practice for rural teachers.

• Participation: My �ndings revealed new ways rural Ivorian teachers engage
of�ine and use technology intermittently.

• Content Moderation: My designs have offered initial evidence of chatbots to
support content moderation for virtual communities of rural teachers.

• Evaluating impact: I ran an experiment to assess the impact of the virtual
community of practice by conducting a longitudinal study involving over 400
(313 identi�ed) teachers.

Outside academic impact, this thesis supports practitioners and policymakers
through:

• Designing for teacher aspirations theory: As aspirations are relatively emerging
in low-infrastructure contexts for technology, my work extends the theory
to aspirations-based designs. I expect my approach will help ICTD practi-
tioners convert theory-based work on aspirations to practical design-based
interventions.

• Initial evidence of social impact: My work will also provide initial design
recommendations for governments to utilize conversational agents to support
teachers in implementing pedagogical programs in rural African contexts.
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Related Work 2
In this section we summarize the related work spanning teacher professional
development, technology to support teachers in developing contexts, designing for
aspirations, and lastly, intelligent messaging in low-resource contexts.

2.1 Pedagogical Programs and Teacher Training

In recent years, developing countries have invested in novel pedagogical programs
to address the learning needs of primary school students [89]. These programs
teach students foundational skills tailored to their learning levels [ 195]. The level-
appropriate teaching for students and tailored guidance from facilitators help
the students improve at their pace [210]. Prior work has used community volun-
teers, learning camps, and teachers as facilitators to guide students to enhance
their foundational skills [ 16, 17]. Teachers have shown to be ideal for sustaining
these programs in sub-Saharan Africa [56, 64, 191]. African governments have
operationalized these programs using their teacher professional development infras-
tructures [ 56, 64]. Pedagogical program deployment differs from typical teacher
training programs because they have more resources (�nancial, operational) and
rigorous evaluations to understand their impact [ 89]. However, they also receive
many of the same bene�ts and challenges as teacher training programs.

Signi�cant research on teacher training tells us that ongoing and lifelong profes-
sional learning is integral to supporting teachers [65, 186, 98, 92]. Research has
found that giving teachers expert feedbackin person for their teaching sessions [22]
through thoughtful re�ection is an effective approach. Prior work on modeling
teacher growth informs that teacher growth is non-linear; therefore, teacher train-
ing programs should consider building individual teacher capacity with personalized
support [ 39]. Teacher training literature in the Global North has developed mate-
rial to foster self-ef�cacy [ 15], self-re�ection [ 173], and collaboration [ 40], some
via interactive tools [ 68, 84]. However, how this work transfers to developing
contexts where experts are less readily available [24] is unclear.

Although teacher training programs have been shown to improve children's edu-
cation in developing countries [125, 157, 50, 17] it is challenging to implement

7



them in rural contexts [ 133, 50, 90]. Teacher training interventions often require a
cultural shift [ 185, 123] in which teachers are asked to change some of their long-
held teaching beliefs and practices, making it dif�cult for teachers to implement
the pedagogical approaches of a new program without frequent mentoring [4].
In developing contexts, teachers are mentored through regular visits by ministry
of�cials [ 90]. Still, infrastructural challenges (i.e., poor roads, travel costs, etc.)
and lack of mentors reduce the frequency of mentoring visits [133, 24], leading to
challenges in teacher training implementation. Hence, it is helpful to support teach-
ers in rural contexts who might need more mentoring and support in implementing
these pedagogical programs.

2.2 Teacher Training and Communities of Practice

An alternative perspective is that PD is informal, and teachers learn through in-
teractions between themselves [55]. Prior work has explored creating formal
learning communities but creating traditional structures is not sustainable as it
takes more resources [79]. Additionally, learning occurs in a context, i.e., informal
discussions among teachers during school hours [126]. Therefore research has
advocated for promoting informal teacher communities that allow unstructured
social learning [11, 137].

Prior work has used a theoretical framework called communities of practice (COP)
to understand informal teacher communities [ 213]. The de�ning traits of a com-
munity of practice are a domain, a community, and practice. The domain includes
a shared �eld of interest, such as teaching. Thecommunity consists of a group of
people, i.e., teachers, who meet formally/informally regularly. Lastly, the practicein-
cludes a shared repository of knowledge about the domain, i.e., experiences, stories,
and material distributed among the community members. Wenger [213] postulates
that repeated interactions between new and active members allow new members
to learn and become active eventually. Wenger [213] also suggests that the initial
participation of new members is "peripheral," i.e., they participate passively to
learn for a period before they start gradually contributing (as active members) and
eventually become core members who contribute at a high frequency.

COPs have been shown to bene�t teacher communities when they have collabo-
rative activities and dialogue between members [112]. Lesser & Prusak [114]
argue that collaboration in COPs helps build relationships with other community
members, which helps them learn and shapes the future direction of their work.
Additionally, creating unique channels that allow for meaningful conversations
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between active and novice teachers also leads to novice teachers learning and inte-
gration into the community [ 53]. Lastly, these conversations have to be sustained
over time to create a meaningful impact on teachers' learning [146]. Although
COPs have shown promise for educators, a bottleneck for sustaining COPs is their
need for in-person interactions, which is challenging in developing countries due
to geographical limitations [ 90]. Therefore literature suggests augmenting existing
COPs with technology [89, 176].

2.3 Virtual Teachers Communities of Practice

Virtual communities of practice(VCOPs) use online technology to allow communi-
ties to interact beyond geographical limitations [ 149]. VCOPs use technology to
allow for virtual participation among members to share stories and have discussions
to solve problems related to their domain [97]. Participation in online communities
can be active and peripheral. Active participants regularly add content, i.e., ask
questions, share stories, or perform tasks. Peripheral members consume content but
do not regularly contribute [ 149]. Prior research has shown that it is normal for a
large section of users in online communities to participate peripherally [159]. Still,
peripheral participation is essential as members learn from reading information that
may not be available elsewhere [73].

Signi�cant research on virtual communities suggests that technology needs to be
designed to augment an existing community, and a VCOP is independent of any
technology( [ 177] ). To design virtual communities, prior work [ 83] suggests focus-
ing on (1) connections: linking people in the same practice, (2) content: providing
a shared repository of information resources, (3) conversation: support commu-
nication by providing discussion tools, and (4) information context: providing
users context about the shared content. Outside technology design, Wenger et al.
[ 214] suggest that technology shepherds are an integral component of an online
community. Technology shepherds are early adopters who train and encourage
usage among novice users leading to greater technology adoption. Lastly, even after
careful designs, members will ultimately use technology as they see �t and how it
was designed to be used [149].

VCOPs for teachers found that teachers use online tools when they see a perceived
bene�t, i.e., teachers are motivated to access pedagogical resources and improve
social connections [176, 200]. To support teachers' access to resources, prior work
recommends personalized interactions that cater to each teacher's needs [176].
On the social side, experienced teachers (or teachers with higher self-ef�cacy) are
likelier to share content [ 200]. Sharing on online media is motivated by of�ine
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interactions, and technical systems would bene�t from increased social interaction
between novices and experienced teachers [200].

Although VCOPs have supported teachers in Western contexts, it is unclear how
technology can support teacher communities in low infrastructure context [75, 81]
where internet access may in�uence technology adoption.

2.4 Designing Technology for Teachers in

Low-Infrastructure Contexts

Although technology has shown promise in education in developing contexts, a
large portion of the research is focused on giving resources to children [144, 105,
202] or supporting school administration [ 164, 66, 41]. Prior projects that focus on
teachers have helped them withteaching resourcesthrough video content [ 7, 168,
124], audio content [ 116], and text messaging [99]. Still, it is not clear that simply
providing teaching resources is suf�cient to support teachers in implementing novel
pedagogical programs [89]. Additionally, introducing new technology requires
extra digital training and monitoring to promote engagement [ 124].

Prior work has mitigated training and monitoring costs using popular social me-
dia applications, such as WhatsApp, which is a familiar tool for teachers [87,
128, 155]. In Indian contexts, NGOs have extended technology support beyond
teaching resources by creating groups [216] to foster peer support and remote
administrative help for a VCOP of teachers [203, 204, 205, 135]. In particular;
these initiatives showed success in decreasing teacher absenteeism.

However, internet technology [ 128, 31, 33] in rural Africa is still lagging behind
its Global South counterparts like India [ 75, 81]. In rural Côte d'Ivoire, a related
project by Motteram et al. [ 132] found initial evidence that Whatsapp groups could
support the VCOP of language teachers. Still, rural teachers lagged on usage due to
connectivity issues. [132]. In rural contexts, teachers use the internet infrequently
or in speci�c locations due to low cell tower infrastructure [ 31, 132]. Therefore, to
understand this design space, we extend the literature on WhatsApp-based support
for teachers, speci�cally for pedagogical programs in a rural context like Côte
d'Ivoire where infrastructure is emerging [ 75, 81].
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2.5 Designing for Aspirations

To build sustainable systems [147] for Information and Communication Tech-
nology and Development (ICTD) some researchers have shifted focus from user
needs [136] to designing for users' aspirations [198]. Toyama describes aspira-
tion as an individual's long-term desire that is persistent and aiming for something
higher than one's current situation[ 198]. Learning user aspirations has shown to
have practical bene�ts [ 162, 71] as well as theoretical roots [10] which improve
research generalizability for the ICTD research [44]. Therefore, prior work in ICTD
has explored aspirations in mental health [148], healthcare [ 101, 91], commu-
nity networks [ 51], agriculture [ 77] and accessibility [103]. In education, prior
work used aspirations to understand career paths for high school students [110],
undergraduate students [100, 165] and vocational workers [ 194].

For African teachers, aspirations have been explored for pre-service undergraduate
teachers' aspirations (i.e., teachers in training) in South Africa [26]. In prior work
by the authors [33] on primary school teacher aspirations in Côte d'Ivoire, we
discovered teacher aspirations for (1)Students' success: teachers expressed that
they wanted to see their students improve on the curriculum over the short term
and improve professionally in the long term; (2) Improving teaching skills: Teachers
expressed aspirations to improve their teaching skills to support their class better;
(3) Career progression: Teachers aspired to progress in their career to become
advisors and inspectors to have a broader impact on the community. However, we
discovered aspirations for career progression con�ict with their current teaching
role, complicating the design space. Therefore, this paper explores how these
aspirations intersect with the pedagogical program to design relevant technology
for low infrastructure settings.

To design for aspirations, Kumar et al. [110] showed that aspirations are deeply
intertwined with the community ( embedded), aspirations are achieved after a time
frame (i.e., have temporal boundaries) and can adapt with time (mutable). Ad-
ditionally, Kano al. al [ 100] found the importance of role models in in�uencing
the future aspirations of undergraduates in Bangladesh. In Côte d'Ivoire, we [33]
found that teachers' professional aspirations con�ict with their teaching respon-
sibility. However, teachers' role models help them navigate this con�ict between
current aspirations (to support students) and future aspirations (to advance their
careers). These insights, like Kumar et al. [110] and Kano et al. [ 100] have implica-
tions for designing systems that not only support interface design but also lead to
developmental outcomes or better lives for marginalized users.
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2.6 Intelligent Messaging in low resource settings

Early work in text messaging focused on sending one-way messaging [47, 161] to
provide information to the user but users found it challenging to interact without
feedback. Therefore, projects have moved towards providing two-way feedback
for health [ 152], education [ 218], and agriculture [ 209] with expert support.
Researchers have extended expert support to create human-machine hybrids in �-
nance [46] and healthcare [ 151] by automating a part of the interaction. However,
text messaging-based applications are limited by the cost of messaging, reducing
sustainability and lack of availability of experts reducing scalability [ 152, 151, 218].
To improve sustainability, research has shifted to use text messaging on social media
in education [ 203], healthcare [ 63], activism [ 172], and election monitoring [ 131].
However, this work on text messaging through social media platforms depends on
experts' availability, which is a scarce resource in developing contexts.

Chatbots or conversational agents have the power to scale up expert knowledge
through arti�cial intelligence [ 74]. The �rst chatbot Eliza was developed in 1966
to emulate a therapist using simple rules of language understanding [212]. Today
chatbots are being used by 1.4 billion users on various platforms on home assistants
and social media platforms like Skype, Whatsapp, and Facebook [182, 62]. On
Facebook Messenger alone, it is estimated that there are 300,000 chatbots [182].
Chatbots have been classi�ed based on usage [62], customer support agents for
product search (Alibaba), personal assistant chatbots (Amazon Alexa, Google
Home) for content curation (CNN News) and coaching (WoeBot [141]). Prior work
has tried to scale chatbot capabilities by using human-machine hybrids [74] or hum-
bots that combine expert knowledge with innovative AI techniques [86]. Additional
research has expanded chatbots through Crowd-AI hybrid architecture to automate
conversations over time [86] by utilizing crowd workers to support AI when it fails
to retrieve an appropriate response. Additionally, prior work has used chatbots to
mediate experts critique learners in short intervals of time on social media [197]. A
chatbot has also been used to foster a community of practice for teaching staff in
in the US [167]. However, a majority of this work is focused on western settings in
the English language [182] which may not transfer to developing contexts due to
lack of language datasets or translation support leading to a further need to rely on
experts. In developing contexts, prior work has focused on a voice-based chatbot
for low literate users [ 94] and explores design opportunities for novice urban users
interacting with Facebook Messenger chatbots [95]. However, more research is
needed to explore opportunities to design chatbot-based systems to support local
language interaction using text messaging in low resource settings.
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2.7 Conclusion

In sum, some pedagogical programs have successfully improved teaching prac-
tices, but they must be adapted to support rural teachers in low-infrastructure
settings. Teacher communities can help each other professionally through organic
informal expert-novice interactions. Recent work has been shown to support such
interactions for teacher communities virtually on social media such as WhatsApp.
However, it is unclear if chat applications like WhatsApp–which many teachers
worldwide use–can help teachers sustainably in rural Sub-Saharan Africa with low
internet infrastructure. Prior work in ICTD has proposed an aspirations lens to
design sustainable interventions, but it is unclear how teacher aspirations intersect
with new implementations of pedagogical programs. Lastly, conversational agents
have shown promise to support scalable interventions, but it is unclear how to
translate such interventions for teachers in places like Côte d'Ivoire. Therefore, we
explore this design space for pedagogical programs in developing rural contexts.
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Study 1: Exploration 3
„ I'm �ne where I am, but I want to do more

— P14
Exploring Teacher Aspirations

3.1 Overview

Fig. 3.1. : The goal for study 1 was to explore the (a) technological design space in Côte
d'Ivoire and (b) discover opportunities to design for teachers' aspirations.

In this chapter (refer Fig 3.1), I explore the design space for teacher professional
development in developing contexts with technology. Prior work in ICTD has
proposed an aspirations theory to design sustainable interventions, but it is unclear
how teacher aspirations intersect with their professional development or technology.
Therefore, we interviewed 22 teachers across two regions of rural Côte d'Ivoire over
two years to understand their aspirations and how it in�uences their professional
development and technology use.

3.2 Research Questions

To address this, we use theaspirations-avenues-agencyframework [ 107, 110] to
analyze our qualitative study. Aspirationstranslate to longer-term desires [198],
Avenuesare pathways both traditional and non-traditional that users take towards
ful�lling their aspirations and Agencyis the capacity that people build to create
these avenues [107] (e.g. Aspiration: Teachers want their students to excel in class,
Avenue: They use technology to captivate children's attention, Agency: They down-
load technology-based classroom examples). This framework lead to the following
research questions:
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RQ1: What are the aspirations of teachers in low-resource contexts in
rural Côte d'Ivoire?

As professional development is a key to teacher growth we ask:

RQ2: Through what avenues do teachers currently access and imple-
ment professional development?

To see whether technology can have a role in this growth we ask:

RQ3: What agency do teachers currently have to support their profes-
sional development with technology?

3.3 Methodology

This study is part of an ongoing research program on supporting literacy in cocoa
farming communities, conducted by an interdisciplinary team of American and
Ivorian researchers. The project aims to improve children's education in rural Côte
d'Ivoire through poverty reduction and improved educational quality. For this study,
we interviewed 22 teachers from 2 regions of Côte d'Ivoire (Adzopé and Soubré ),
the interviews were conducted in 3 sessions from April 2018-May 2019. We tran-
scribed, and translated the interview data into English and formed the low-level
themes using grounded theory [36, 188, 134] and used af�nity diagramming [ 25]
to synthesize the themes for our research questions.

3.3.1 Participants and Data Collection

With approval from the Ivorian government and our university IRBs, participants
were introduced to us by the school director who was �rst briefed about the study.
The interviews were conducted with voluntary verbal approval from the partici-
pants who were offered no compensation. The data collection was conducted in
French by an Ivorian researcher with help from a US researcher. The US researchers
had a limited French pro�ciency and the Ivorian researcher would occasionally
pause to translate answers to English. We attempted to reduce social distance [45]
from our participants by having one of the Ivorian co-authors lead the data col-
lection. However since the foreign researcher sat nearby, this may have affected
participants' responses. The data was primarily analyzed by non-Ivorian researchers
(3 of US origin and 1 of Indian origin) but these non-Ivorian researchers regu-
larly discussed the data and interpretations of emerging �ndings with the Ivorian
researchers.
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Fig. 3.2. : An interview session in a school in Adzopé .

PID Gender School Class Age Career Aspiration Smartphone
P1 M Region-A CM1 42 inspector Y
P2 F Region-A CM1 39 counselor Y
P3 F Region-B CP1 34 teacher (other than primary) Y
P4 M Region-B CE1 41 counselor/college teacher Y
P5 F Region-B (2) CP1 32 business Y
P6 F Region-C CM1 33 college teacher Y
P7 M Region-D CE2 54 private school owner Y
P8 F Region-D (2) CE1 39 counselor Y
P9 M Region-E CE1 51 primary teacher Y
P10 M Region-E CE1 37 NGO worker -
P11 M Region-E (2) CM1 49 primary teacher Y
P12 M Region-F CP1 35 counselor Y
P13 M Region-G CE2 30 high school teacher Y
P14 M Region-H CM2 37 literacy counselor Y

Tab. 3.1. : This Table summarizes the demographics and aspirations of teachers in the
Adzope region.
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3.3.2 Data Analysis

Table 3.1 summarizes the demographic of our data collection session in May of
2019 and Fig. 3.2 depicts a typical interview session. Interviews were recorded,
transcribed, and translated into English before they were analyzed by the authors.
We coded the transcripts to identify low-level themes using theaspirations-avenues-
agencyframework [ 107, 110]. We synthesized the data by using an af�nity dia-
gramming [ 25] approach guided by this framework ( aspirations-avenues-agency) to
generate �ndings to answer our research questions.

3.3.3 Context

This study was conducted in two rural cocoa-producing regions in Southeast and
Southwest Côte d'Ivoire (the Adzopé and Soubré region). These sites primarily
have an agricultural economy based on cocoa and coffee, which has been the pri-
mary source of income of residents for decades [102]. French is the of�cial national
language of Côte d'Ivoire but there are nearly 70 local languages, including Attié
which is widely spoken in the Adzopé region, as well as mother tongues for each
tribal group [ 181].

Primary School Teachers in Côte d'Ivoire

Primary school teachers are selected through an entrance exam called DECO (Direct
Competitions organized by the Examinations and Competitions Department or
DECO) with eligibility criteria of secondary school completion. Upon, passing the
DECO, teachers undergo an education program in a leadership institute called
CAFOP (Centres d'Aptitude et de Formation Pedagogique) for 3 years where they
are taught by teacher trainers. Trainers teach pedagogical methods and also closely
mentor teachers through internships. Once teachers graduate, they receive tenure
in a school [179]. A single teacher teaches all the subjects (e.g., maths, French,
social sciences, humanities) for their class. The school is managed by a headmaster
who often teaches a class of his own.

Teachers in Côte d'Ivoire have a rigid centralized curriculum and schedule which
is followed by the entire country. The ministry offers a guidebook to support the
teachers on a daily basis. The guidebook offers lesson plans (�ches) which help
teachers conduct the lessons. The lesson plans have guidelines, as Participant 3 (P3)
states ”There are cards that are established, there is a canvas, there is a methodology
that must be respected to prepare the cards”. Additionally, teachers are encouraged
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to adapt their lesson plan to create a“learning situation” or an environment for
children to learn. Headmasters receive training in management and advising, so
they also serve as of�cial support for all the teachers.

Challenges in teaching

Although the centralization of curriculum planning brings uniformity to the edu-
cation system, it widens existing inequalities in rural contexts, thereby increasing
the burden on rural teachers. We observed that teachers in rural Côte d'Ivoire had
similar challenges observed in other developing countries, such as poor student
literacy rates, absenteeism, and working with large class sizes [57, 50]. Many teach-
ers expressed that students had poor literacy skills and they were able to notice
this in older students (e.g., CM1 or �fth graders). In fact, a recent evaluation by
our team found that 50% of �fth graders in the Adzopé region cannot read an
age-appropriate word [96]. Teachers are trained to deal with a class size of 30
students [140], but we found that teachers in rural contexts often have to deal with
large classes, of more than 60 students. A large classroom also brings students at
multiple levels of pro�ciency, making it harder for teachers to teach a class and give
individual attention to students. Teachers mentioned that students are absent often
making it hard for them to catch up with subsequent lessons.

3.4 Findings

We describe our �ndings categorized into sections on teachers aspirations, av-
enues taken by teachers for their professional development and teacher's agency in
technology. Although these sections are interconnected, we have organized our �nd-
ings to answer speci�c research questions and highlighted key themes to improve
readability.

3.4.1 RQ1: Aspirations

In this section, we explain teacher aspirations and then proceed to individual
�ndings in the subsequent sections.
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Teacher Aspirations

We found that teachers' aspirations were in two categories of (1) community as-
pirations (or embedded [ 110]), for students evolution which emerges from their
students and their teaching; and (2) personal aspirations for career progression.

Student Evolution : We found that teachers derived happiness in seeing their
students evolve academically and professionally. Teachers had smaller goals con-
cerning improved comprehension from students as P11 tells us ”This morning you
saw that I was evaluating students. I'm happy because I know that at least 90 or 95%
understood my lesson”. On the long term, teacher aspirations involved their stu-
dents' professional success as P1 expresses that ”for the 12 years I've been teaching,
the �rst students I taught, some have come out of nursing, some are police of�cers.
When we see that it amazes us, we are happy”. This �nding resonates with work
from other contexts [ 178] where teachers mentioned that they were vested in their
student's success.

When students come back after 23 years and say, "Sir, you've taught
us good values and good attitudes when we were children in primary
school and those same attitudes have transferred to us, to our work, to-
day". Such remarks make me happy. I do not wait for them to come and
give me money, but just that they understand that the good attitudes I
instilled in them allows them to live a useful life - [P11]

Teacher Growth : Teachers expressed aspirations to improve their teaching skills
to support their class better. Although teachers undergo rigorous training before
teaching primary schools, they expressed that often their training did not transfer
well to their classroom practice [133, 57]. Teachers mentioned that to ful�ll their
aspirations for growth they tried learning from their peers and kept practicing for
example, P11 talks about writing on the board.

I write well on paper but I found it dif�cult to write on the board when
I started. Today, when I see my writing, I feel it's improved but it could
be better. So every day I practice writing different texts on the board to
improve my writing. - [P6]

Career Progression : Teachers organically mentioned career progression when we
asked them their personal aspirations for the next �ve years. Teachers expressed
that they would like to advance to new roles in education with primary school
being a stepping stone towards their long term aspiration. As P2 aptly summa-
rizes”Like any person, I would like to evolve in my career, that is to say, not just stay at
the primary level. Personally, move on”.
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Career Progression Con�icts with Teaching Role

We discovered teachers' personal aspirations by askingwhere would they see them-
selves in �ve years's [198] . Almost all teachers said that did not want to continue
teaching in primary schools, as P14 mentions ”In �ve years, I will de�nitely not be a
teacher anymore. Even if I'm in education, I'm not sure if I'm still going to be a school
teacher”.

Teachers aspired to join positions they perceived to be better than their current
role as a primary school teacher i.e., to high school, teacher trainers or inspectors.
Although most teachers did not want to continue teaching in primary schools,
majority of them wanted to work in other positions in education. To reach those
positions, teachers mentioned that they need to qualify in competitive exams and
they hinted that it was very dif�cult to succeed. In fact, all participants hadn't
succeeded during their term (average of 12 years) but they hoped to qualify in the
next �ve years. One teacher mentioned that he attempted the exam all his career
but sadly he could not succeed, he has now accepted that he supported his siblings
and takes solace that he made a difference in their lives.

I tell you that from 1997 until today when I speak to you, there is not
a year where I did not try at least two or three exams. Unfortunately,
maybe I'm so stupid that it never worked. [..] We had to �nd someone
to help the little ones. Now, I do not feel I have succeeded, but still, I
was able to at least help two or three who give me satisfaction today. -
[P7]

Some teachers (n=4) organically told us that they chose the teaching profession
as a short term solution to support a family's �nancial crisis. For example, P11
mentions he was training to become a doctor but his family problems forced him to
terminate his education halfway and switch to teaching ” I studied for two years in
the Faculty of Medicine from 92 to 94 and because of the dif�culties with my parents,
I applied for a teacher's post”. Similarly, others mentioned that they tried multiple
career choices that did not pan out so they ended up working as primary school
teachers.

I always wanted to help others. First, I opted for the army [..] unfortu-
nately, it did not work. After that, I tried medicine to help the sick, but
that did not work either, hence I became a teacher. So I say to myself
that I'm �ne where I am, but I want to do more. - [P14]

Therefore these factors tell us thatteacher's career aspirations con�ict with
their current role as a primary school teacher . Similar to our �nding, prior work
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in Côte d'Ivoire found that teachers chose teaching careers to get out of unemploy-
ment or to transition to other career positions [ 140]. In context of professional
development, teachers in Côte d'Ivoire have little or no incentive for attending
these training sessions as documented by the World Bank [27], therefore it does not
align with their aspirations to progress in their career.

Education Role Models In�uence Teacher Aspirations

However, the sense of community among educators helped teachers �nd role
models who in�uenced them to stay motivated towards their education career
aspirations as well as inspired them to teach.

Well, �ve years, the goal is to go up, to have promotions. As I said,
there are people as role models who started in primary education, and
today they are counselors, others are college teachers. So it's with this
in mind, too, that I'm thinking of �ve as well - big promotion, with a
promotional cost. - [P4]

To understand teacher role models and their in�uence, we asked participants about
teachers they admired while asking them to mention speci�c qualities about these
teachers that they admired. Almost all participants (n=13/14) mentioned that they
had a role model in education, many (n=6) admired their colleagues and a few
(n=3) organically mentioned that their role models led them to their current career.

We found that teachers not only admired their role models but teachers drew
inspiration from their education role models to advance their career as well
as improve their teaching . P8 expresses this well when she talks about her trainer
in teacher education school who inspired her ”whatever you ask for, even if it does
not concern teaching, she (trainer) answers. She explains so well that sometimes it
makes you want to be like her. [..] She makes you want to teach”.

We found that role models were often teachers in the same school, school principals,
counselors, and a few mentioned their parents. Our participants also talked about
skills and qualities that they admired in their role models, which they tried to
incorporate into their teaching. For example, P3 mentioned her role model was a
colleague who proactively learned from his peers which led her to admire him and
inspired her to do the same.

This person (colleague) is always going to others(teachers) to learn [...]
This way of doing this person I liked and it makes me try to copy the
same thing every time, try to collaborate with the colleagues who have
just arrived. - [P3]
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In some cases, role models in�uence a teacher's career path, for example, P7 men-
tioned ”He's a gentleman who impressed me a lot. First, by his way of doing, his
charisma and then by the way of teaching even, but he was a professor of Mathematics.
(And) I became a teacher”. A few teachers mentioned that a parent who in�uenced
their career choice. Some participants mentioned that although they admired their
past role models, they were cognizant that today they need to adapt and grow
beyond their role models, as P2 expresses ”It must be said that the generations are
different. So, wanting to look like the model we estimated, it is not possible”.

Our �ndings replicate prior work that aspirations are embeddedin the community
as teachers derive their aspirations from their role models who are community
members i.e. peers, superiors, or family. We also observe themutable nature of
aspirations as teachers express the generation gap between them and their role
models. Additionally, as mentioned in developmental economics and ICTD, we
found that role models play a major role in a user's aspirations [198, 71] but for
teachers, they happen to be educators in their community.

3.4.2 RQ2: Avenues for PD

In this section, we give a brief context of professional development (PD) in Côte
d'Ivoire and then discuss existing challenges in this environment. In the subsequent
sections, we explain how teachers �nd avenues (or pathways) to overcome these
challenges.

Challenges in Teacher Professional Development

Professional development is conducted as workshops for teachers to help them
learn new pedagogical methods. Professional development workshops are held
outside the village in peri-urban towns. Teachers are required to travel to these
locations for a week and then return to implement the new method in their subse-
quent classes.

It happened in the neighboring village called Ananguie, Our counselors
have their of�ces there. So when there is professional development all
the teachers go there [..] then we come back to practice what we have
learned. - [P6]

Training sessions are lectures hosted by counselors for teachers of the same grade.
School directors have similar training sessions but are trained on the administrative
and leadership aspects of managing a school. Teachers mentioned that there could
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be up to 80 teachers per training session. Teachers expressed that the lecture-style
lessons make it hard for them to transfer their learning back to their classroom. P2
suggested that they could have practical lessons ”professional development is like
class sessions or sessions in lecture halls. I want it to be a little practical”.

Upon completion, teachers are offered teaching material (documents) that are
needed to implement the new pedagogical method back in their schools. Teachers
use these documents to create a new lesson plan to implement their PD lessons.
The lesson plan acts as a guiding tool but teachers acknowledge that they need
further support to implement the new method correctly, as P10 expressed ”not that
everything will be perfect, but at least you have a driver in front of you”.

Teachers expressed that the teaching material from PD is slow to transfer to rural
areas. Since the class material and the lessons are centralized, teachers �nd it
hard to adopt PD lessons without consistent availability of documents. Even when
teachers receive documents, they lack adequate material making it dif�cult to
implement it correctly.

So our problem is the same as I said if there is no material, the current
material does not follow the new program. When the material arrives, it
comes late after we have started our classes - [P7]

Teachers expressed practical challenges to implement student-centric methods due
to cultural nuances. Teachers mentioned that the Western nature of PD required
teachers to alter their cultural values to implement it in their classrooms. In Côte
d'Ivoire adults have a superior status to children and a student-centric approach
con�icts with their social norm.

Today, a child can sit on the table, even stand on the table. If it was the
old way, you'd get upset [...] but now you say "Excuse me, come down".
You are even obliged to ask the child for forgiveness. - [P6]

Proper implementation of pedagogical methods is overseen by counselors who su-
pervise their region by visiting individual schools. Counselors are ministry of�cials
tasked with mentoring teachers and supporting schools with the administration in
a region. As P4 aptly mentioned ”this training is followed by class visits, that is, the
counselors come to the class to follow how we put it into practice”.

During school visits, counselors observe teachers teach in their class followed by
a feedback session. Teachers mention that the counselor critiques their teaching
and directs them toward appropriate ways of implementing pedagogical methods.
Teachers not only get feedback on their pedagogy but they also learn about their
shortcomings in their use of support material, classroom management, and teaching
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behavior. Teachers also mentioned that there is a self-critique (re�ection) element
to their feedback so teachers can articulate their shortcomings to explicitly to seek
feedback from the counselor.

He chooses certain subjects of the day which you have to teach, he
then observes your performance. He will correct your inconsistencies,
express what's wrong, express what you should do, how you should
lead children so they understand better, and what material you used
that was not good. That's why he comes and then, in the end, there is a
criticism. First, you make your self-criticism to see if the lesson you have
done is past. After that, he makes the criticism, and then he gives you
advice on how to improve yourself. - [P3]

Counselors not only evaluate teacher classroom performance, teaching methods
but they also foster teacher growth by mentoring and improving their teaching.
As OP1 said ”I didn't have training in the APC system (teaching method). When the
counselor came here, he showed me how to teach the lesson and gave me a supporting
document”. Therefore counselors are the human infrastructure [ 170] behind
teacher professional development . However, we found that counselor visit fre-
quency varied by region, some regions often had received visits in a month while
some had not received a visit in the academic year. In Ivorian contexts, teachers
receive teacher training for an average of 2 days a year [96].

In summary, we discovered breakdowns in professional development due to teach-
ing style, transfer of resources and cultural nuances. We also found evidence of
tension between Ivorian culture and student-centric PD methods as observed in
other developing countries [133, 50] and counselors are the human infrastruc-
ture [ 170] of PD. However, we found that teachers have a strong support system
and are creating avenues to implement and access PD which we will discuss in the
subsequent sections.

Teacher Solidarity

We found that teachers have a strong social bond which creates a sense of belong-
ing. Their social bond leads them to perceive themselves as a family which P10
aptly said ”Now, socially, we are a family. We have friendships, we have a solidarity
fund [..] which we use to support each other through joy and misfortune”. They
use the solidarity fund for joyous occasions such as parties and during periods of
misfortune such as sickness or death. Their solidarity fund is a physical re�ection of
their social bond, which helps them collectively handle professional and personal
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issues. Teacher solidarity expands beyond the school level to a district level and
beyond as unions.

Now we teachers of Region2 have our union called the association of
teachers Region2. So once someone is touched, it means that all of the
Region2 teachers automatically are affected. - [P12]

This �nding of teacher solidarity resonates with work in the South African context
which discusses the spirit ofUbuntu [ 76] or the sense of oneness shared by the
people in the region. We found that Ubuntu also exists in teachers in rural Côte
d'Ivoire. Professionally, teachers use this solidarity to �nd role models to inspire
them(as discussed in the earlier section) or to support each other when they do not
have support from the administration.

Solidarity Supports Accessing Professional Development

Although teacher professional development has challenges, teachers' work around
these problems by leveraging their solidarity. Teachers' sense of solidarity extends
to support both personal and professional problems. Teacher solidarity is acknowl-
edged by the administration. P11 (director) mentioned how his school teachers use
their solidarity to �ll in for a teacher when he is sick.

The solidarity must be created between us because one person can
be sick while school is in session and the children have the right to
education. But at the same time, the teacher is also entitled to care,
being sick, he can not teach. I as the team leader of the school make
pedagogical solidarity so I can take his course and work until a certain
time and then hand it over to another teacher. - [P11]

Professionally, teachers use this network to support each other when they do not
receive visits from the counselor. When teachers need additional mentoring, they
support each other by (1) passively advising each other informally, as P11 ex-
pressed this sentiment ”if I have dif�culties in a subject or my perception of something,
I approach a colleague and ask for help. We can help each other at this level”. (2)
they actively seek help by critiquing each other by role-playing as a counselor in
each other's classes.

I can teach a course that may be in history, and the other teachers come
to observe me. For example, they come to my class, and then note all
the mistakes I make. After that, I do my self-criticism, and then they
criticize me [..], my shortcomings and what to do next time so that it
can go better. - [P6]
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Teachers expressed the reciprocal nature of support i.e. teachers learned from each
other irrespective of experience levels. Each level of experience had something new
to offer i.e. more experienced teachers had �eld exposure and techniques which
they had perfected during their tenure while new incoming teachers would bring
new methods that they recently learned during their initiation. P6 summarized this
well ” There are people who have 30 years of service who are there. Often, we go to
them, but often by research, we who are new, we also teach some things to our deans,
so it's reciprocal”.

We found that solidarity helps teachers �nd alternate avenues to access pro-
fessional development . This �nding helps us learn about existing networks of
support among teachers which originates from their strong sense of belonging. The
sense of community highlights the community spirit of Ubuntu [ 76] that exists
in the South African context, our work shows how this phenomenon is present in
teachers of Côte d'Ivoire and how it in�uences teachers handle breakdowns in PD.
Lastly, our �nding supplements teacher co-learning as observed in Western settings
by Clement et al [ 40] which we found to exist in the rural context of Côte d'Ivoire.

Teachers Create Avenues to Implement PD

Teachers of Côte d'Ivoire have challenges in PD implementation as discussed earlier,
however, they �nd workarounds or avenues to handle these challenges. Teachers
have a rigid centralized curriculum but they have the freedom to contextualize their
lesson plan for their classes. Teachers prepare their lesson plans at home and they
acknowledge class preparation to be an integral part of teaching. As P8 mentioned ”
The most important thing is to prepare my classes at home, read, understand before
you come to class. That's what makes you a good teacher”.

(1) Teachers mentioned that they prepare lesson plans by supplementing the
centralized guideline with relevant content for their classes. They expressed that
it is cumbersome to search relevant material for adapting lesson plans for rural
students, mainly because the students are below the expected centralized literacy
levels.

We prepare our cards (lesson plans) at home by preparing for the lesson
you teach, there is a guideline that will show you how to do it for your
student's level. You try to adapt the card to the level of your students
during the preparation. If your children are high, you try to raise the
vocabulary too. Now, for the students of the village, it is dif�cult to use
the complex vocabulary, so it is necessary to tailor it to their level - [P3]
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Additionally, teachers mentioned that students' home environment affects learning
at school. For example, students in rural contexts are more accustomed to inter-
acting in their native language (like Attie) at home rather than French, leading to
lowered �uency and literacy. As P10 told us ”We are in a rural area. French is not
easy for these children. They speak more in their dialect”.

(2) Since Côte d'Ivoire is multilingual, teachers often face scenarios where they are
unfamiliar with the local language spoken by the students and might not be able
to communicate with them. However, teachers mentioned that they usestudents
as resources to work around this issue to implement their lessons. Teachers use
knowledgeable students in the class to play the role of translators to help them
teach to students of low French pro�ciency.

For example, when I say "a mountain" in French, students do not under-
stand. So I ask students, as we are in an area of Attie. "In Attie, how do
we say mountain?" He who understands mountain in French says: "In
Attie, we say like that". And then the others say "Aaah! What we have
just said here, in French, is called a mountain." - [P10]

In our class observation, we also saw that the teachers use older students as teach-
ing assistants to manage the classroom. Teachers also mentioned that they manip-
ulate seating arrangements based on student pro�ciency to support peer learning.
Additionally, we observed a teacher using peer grading among students as an initial
evaluation of a test. P14 explains that it's his own idea to distribute the notebooks
randomly among students to grade their peers so they learn.

(3) Teachers are trained to deal with a class size of 30 students and are taught to
implement their lesson plans for the same, however, they often had to work with
large class sizes. As P9 stated ”when you �nd yourself with 100 students, it becomes
an audience. It's not a class anymore. You speak in noise and it is not easy”. Addition-
ally, large classrooms also lead to students of multiple learning levels in the same
class i.e. a class can have advanced students who �nd the material less engaging
and lower level students who need additional support. Teachers mentioned that
they manage their class usingcreative teaching methods . Teachers implemented
their lesson plan to help lower level students by using music, technology, songs
and stories to engage students. P10 expressed that he takes a playful approach of
shouting like a bird when children are distracted.

When I feel that students are distracted, I imitate the cry of an animal
or a bird. I say "Ouhou !!!". Then they (students) repeat after me. They
see this as a game, so it relaxes them. - [P10]
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Teachers face contextual challenges of inappropriate content material, low student
literacy, and large class sizes. However, teachers �nd avenues by preparing lesson
plans, leveraging students as resources, and by creating new methods to engage
classes. Although teachers feel that these methods are useful, it is unclear if they
are improving student learning outcomes. A study in the region found poor literacy
rates among primary school children [96], which suggests there are opportunities
for channeling these avenues to improve student learning. Additionally, teachers
mentioned that technology played a role in helping them prepare for a class or
implement a lesson plan.

3.4.3 RQ3: Technology Agency

This research question is focused on understanding teachers use of technology for
professional development. Our focus was on information technology i.e. devices
(smartphones and laptops) and common applications used by teachers. We were
interested to learn how teachers build agency towards PD using technology.

Teachers' Perceptions of Technology

We found that all teachers had exposure to smartphones and almost all(n=13/14)
currently owned a device. They used it for using social media, playing games, and
sharing media using Bluetooth services like Xender [223]. WhatsApp and Facebook
were the prominent applications used among teachers, matching the global usage
statistics of these applications in the developing countries [216]. For teaching, they
used dictionary applications to �nd the meaning of words, conjugation, or searched
on Google to �nd content for their lesson plan.

Teachers expressed a positive attitude towards technology and its bene�ts to edu-
cation. They saw technology as a positive force connected with evolution, as P10
aptly summarized ” I think technology is a very good thing. Normally, all schools
should have computers. As the world evolves, I think schools too must evolve for educa-
tion to evolve”. This positive attitude towards technology is similar to perceptions
of teachers in India [203]. However, participants expressed that they were con-
cerned that technology for students needed supervision to bene�t their learning.

Generally, what I dread is that, when you give someone a tool (technol-
ogy), he automatically sees the playful side and that's a bit dangerous.
However, if we manage to channel the tool, it's very good - [P7]
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Teachers used technology to address this concern by channeling children's curiosity
for technology to engage them in their lessons. Technology supports them to deal
with classroom challenges such as managing large class sizes.Therefore,teachers
�nd avenues using technology to tackle contextual challenges i.e. teachers
use technology in non-traditional ways to discipline and captivate their students
towards learning.

Children are captivated by my laptop. I do not know if it's the color or
the screen that makes them follow better. When I use my device, they
feel more comfortable and they understand better. So if someone talks, I
do not use it. We know that at least there is a student who will disrupt
the class, I say "as you chatted, we will not use the computer today."
-[P6]

Outside of class, teachers used computers to print documents to manage student's
scores or printing their lesson plans. Few teachers mentioned that they were en-
couraged by the ministry to use technology to prepare their lesson plan and they
were open to using it more if they had of�cial orders.

Teachers Use the Internet to Prepare their Lesson Plans

Teachers mentioned that professional development is implemented by preparing a
lesson plan before class. Although they had preparation material, they expressed
that it often does not match the updated curriculum or the tailor to rural students.
Therefore, teachers may spend hours searching through various documents to �nd
appropriate content for a lesson plan.

We have the old FPC (old method) documents with us, while the course
content uses a competency-based approach (new method). Do you see
it? [..] So, today to do a 30-minute course, you can easily spend three
hours searching through documents for the content. - [P7]

However, we found that teachers take ownership of this problem and use the
internet to help them �nd appropriate resources for their lesson plans. As P11
mentioned ”I am obliged, as a teacher, to search on Google. I either do my research
there or I need to use the old documents”. Teachers expressed that they either used
their smartphone or their computer at home to do internet research. Although they
are able to leverage the internet, they also mentioned that it is necessary to adapt
the content to support the rural students.
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I research using Google for more information and how to better run
the course so students can understand. We call this learning situation. I
�rst read a short text orally so that students are centered and captivated
in the lesson. They are curious to know the rest of the story so they
continue to listen. - [P6]

Although they �nd value in using the internet, they expressed that this process is
cumbersome and it is not easy to use technology, as P6 mentioned ”Often, while of
searching (on the internet), we have migraines”. However, teachers voluntarily chose
to spend this additional time after school to �nd content because they believe this
will bene�t their students in the long run. Teachers also mentioned that although it
is dif�cult at �rst, they eventually get better at research and even use their expertise
to teach their superiors. P6 summarized this well ”Often by research, we who are
new, we also teach some things to our deans”. Therefore, teachers use technology
to build their agency for implementing professional development to support
students' learning.

Using technology to work around the challenges in professional development is an
expression of teachervoice[ 129, 117, 2] against the dif�culties in their context i.e.
lack of documents and appropriate material. This phenomenon opens opportunities
for amplifying and connecting teacher voices [10] to reach higher administration
thereby creating a social change in teacher professional development.

3.5 Discussion

In this section we brie�y discuss re�ections on our aspiration-based approach,
which leads us to open questions. We then propose some design recommendations
for answering these open questions and conclude with limitations of our work.

3.5.1 Re�ections on Aspirations-based Approach

Our research helped us understand teacher needs and aspirations in the context of
Côte d'Ivoire. We found breakdowns in teacher professional development which
helped us understand their need for mentoring (frequency of visits), contextual
support (for rural students), and access to resources (PD documents). However,
by understanding aspirations, we learned that teacher aspirations for career pro-
gression con�icts with their role as a primary school teacher. The pathway towards
achieving their aspirations is through individual performance in competitive exams
which does not involve the community (students or peers). Therefore designing
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technology to address professional development needs alone limits its impact on
the teachers as predicted by Toyama [198]. Although technology can play a role
in career progression to provide access to mentors or resources, it's ultimately up
to the teachers to build their capacity to use these resources to achieve their as-
pirations. Social impact for teacher PD is possible when career aspirations align
with their role i.e. teachers are incentivized towards their career progression by
teaching better, educational outcomes or attending PD. However, technology can
be channeled to act as a catalyst towards in�uencing policy by amplifying teacher
voice. We also observe how a community in�uences aspirations (or aspirations
are embedded [110]) when teachers derive inspirations from their role models or
have aspirations for their students. Therefore these community aspirations can be
leveraged to motivate and support teacher PD.

We acknowledge that we have scoped aspirations to a teacher's profession but
similar scoping has been done by others [26, 110, 165]. More research is needed
to understand deeper levels of career-related aspirations, non-career related as-
pirations, and creating a hierarchy of aspirations [198]. Although we explored
aspirations in our work, it is unclear how to channel teacher aspirations towards
social change with technology. Furthermore, it is unclear how to balance career and
community aspirations or even measure the developmental impact on the aspira-
tions of teachers. We provide some ideas to design technology-based interventions
to answer the questions above.

3.5.2 Design Implications

We found that a high percentage of teachers had access to smartphones, there-
fore smartphones can be a medium of design. Designers interested in creating
sustainable interventions can draw upon an asset-based approach [147] to lever-
age existing assets (i.e. smartphones) and applications popular in the context
e.g. we found that teachers used WhatsApp, Facebook Messenger, and Google in
Côte d'Ivoire. However, we also found that teachers are still learning to use their
smartphones. Therefore designers need to be mindful that any new design will
need a shallow learning curve so teachers can adopt it. Alternatively, designers
can incorporate training when they deploy their technology [ 85]. As an example
scenario, consider a chatbot on Facebook Messenger that mentors teachers on PD.
This scenario uses existing technology and has a low learning curve as teachers are
familiar with it. We will use this scenario as an example in subsequent sections.
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Balancing Career and Community Aspirations

We know that teachers' career aspirations con�ict with their current role as teachers
i.e. their professional success criteria do not intersect with children's success. There-
fore technology design needs to focus on balancing both career and community
aspirations to create a social change in teacher professional development. Our data
suggests that role models (colleagues, counselors, inspectors) play a dual role to
inspire teachers in their career aspirations as well as motivate them to improve their
teaching. Prior work used role models in a documentary to demystify the path to
�nancial independence [ 190]. Hence designers can use such interventions with
relatable role models to inspire teachers towards their career progression while
showing examples of good teaching practices. Designers can use role models for
best practices using multimedia such as video [7] or audio [ 116]. Such multime-
dia can also act as tutorials to change behavior to help teachers adopt technology
into their curriculum. However, care must be taken to focus the role models in the
primary school domain so teachers are motivated to improve themselves in their
schools while being inspired to advance their careers. Using our chatbot scenario,
teachers can be shown videos of role models performing a teaching method to
inspire them to implement PD methods. Additionally, the same role models can talk
about their success stories and strategies motivating teachers towards their career
progression.

Measuring Impact on Aspirations

Prior work on measuring the economic impact of aspirations [118] used a self-
ef�cacy scale to measure the perception of the user's agency. Since the agency is
built towards achieving aspirations [ 107], measuring perceived agency can help
understand a user's present circumstance towards their aspirations. Therefore
researchers interested in designing and measuring teacher aspirations can utilize
self-ef�cacy scales to measure the impact of their interventions on teacher's per-
ceived agency (or self-ef�cacy). Prior work in a controlled environment found
that building teacher computer self-ef�cacy could in�uence teacher self-ef�cacy in
PD [59]. Therefore designers can extend this research to learn about teacher aspira-
tions and technology in a long term �eld setting for PD. Additionally, researchers
can create custom scales to focus on individual aspirations i.e. student evolution,
teacher growth, and use self-ef�cacy to measure the impact or relationship between
each aspiration. Using our chatbot scenario: if the goal of the project is to improve
student learning, then a customized self-ef�cacy for student evolution can be used
to evaluate the intervention.
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Designing for Social Change using Feminist HCI

Although we learned about teacher aspirations, it is unclear how to channel their
aspirations towards a social change. To bring about a social change, we recommend
a Feminist HCI [19] approach towards supporting teachers with their professional
development. The feminist HCI approach is inspired by feminism and provides
guidelines for designers to balance societal problems while preventing marginaliza-
tion of social groups (in our context teachers). Feminist HCI (through pluralism and
participation) suggests different users (teachers) need individual support therefore
there is no universal design. Therefore designers can learn from these ideas to pro-
vide personalized [39] and adaptive technology [ 99] to support individual teachers.
Using our Messenger chatbot scenario: Arti�cial intelligence could be used to pro-
vide personalized support to teachers with each teacher having individualized
support.

Teachers have strong solidarity to support each other and this phenomenon can be
leveraged to build online forums to expand their support network. These forums
can provide pathways for teachers to seek mentoring, acquire role models, or
express theirvoice. We found that teachers express their voice against challenges in
the context by inventing new methods and �nding innovative uses of technology
for their PD. Designers can channel these activities towards amplifying community
voices for social change [10]. To promote a social change, designers can leverage
the concept of advocacy (from Feminist HCI [19]) to allow political expression. To
allow teachers to have a political voice, designers can include administrators i.e.
directors, advisors, and ministry of�cials [ 41, 116] who can draw insights from
communal phenomena to make of�cial decisions. Using our Messenger chatbot
scenario: a summary of teacher challenges surmised from chatbot interactions can
be sent to the regional advisor to prioritize his visits to mentor teachers.

3.5.3 Limitations and Future Work

We conducted our research in two regions but we focused on aspirations only
in one region. Future research can address if teacher aspirations vary by region.
Secondly, although teachers have a social bond it is unclear if this bond transfers to
a technology media. Participants mentioned that an unof�cial Facebook group for
teachers exists in Côte d'Ivoire but some said they weren't active users because they
preferred in-person communication. Therefore, future work can learn about social
media usage by teachers and understand how much of their social interactions
transfer online. Although we did not speci�cally ask for career aspirations, teachers
organically mentioned that they would like to change their career in the next �ve
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years. We expect there could be an availability bias as preceding questions in the
interview were on their professional life. Future research can focus on encouraging
participants to discuss deeper levels of career aspirations or alternative ones such as
having a family, building their own house or achieving fame.

3.6 Conclusion

Teaching is challenging in rural contexts in developing countries because of contex-
tual challenges that lower teacher motivation and educational outcomes. Teacher
motivation and educational outcomes can be improved by teacher professional
development programs but these programs are limited by poor infrastructure in
rural areas. Although infrastructural challenges can be overcome by information
technology today, it is unclear how such technology can support teacher training.
Therefore to explore opportunities to promote social change in teacher profes-
sional development in low resource contexts with technology, we conducted a
qualitative study with 22 teachers of rural Côte d'Ivoire by following an aspiration
based approach. Our �nding reveal that (1) teachers aspire to achieve higher posts
in education which con�icts with their current role as a primary-school teacher;
(2) teachers have a solidarity which helps them (a) �nd role models for their ca-
reer and teaching, and (b) tackle breakdowns in professional development; and
(3) teachers also take ownership of their professional development by �nding
workarounds by inventing new methods, taking student support and using the
internet to prepare their lesson plan. Based on these �ndings, we discuss design
directions for balancing teachers' community and personal aspirations, ideas to
measure aspirations and provide implications for designing for social change in
teacher professional development.
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Study 2A: Initial Design 4
4.1 Overview

Fig. 4.1. : The goal of study 2a was to explore the feasibility of a conversational agent to
support rural teachers. I derived from study 1 that teachers used smartphones
and were already using them to support their work.

The previous chapter described teachers' smartphone usage in rural Côte d'Ivoire. I
learned that teachers had challenges in professional development but used smart-
phones to support their classroom teaching. In this chapter (refer Fig 4.1), I de-
scribe the initial designs of a conversational agent to support teachers in pedagogi-
cal programs. Prior work in conversational agents has shown promise to support
scalable interventions, but it is unclear how to translate such interventions for
teachers in places like rural Côte d'Ivoire. Therefore, I built DIA a conversational
agent to scale expert knowledge and support localization. I choseDIA1 as a it is
short for DIA-logue �ow [ 49] by Google, which was used in the earlier version of
the system. The later iterations ofDIA uses Rasa [138] an open source framework.

This chapter(refer Fig 4.1) addressed the following research question.

RQ1: What is the feasibility of a conversational agent (DIA) to mentor
teachers in low resource contexts like rural Côte d'Ivoire?.

1DIA (pronounced as diya) also means lamp in Indian culture, which is a symbol for light and
positivity.
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