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ABSTRACT

Voice based applications have established themselves as hyper rele-
vant in the ICT4D field in order to reach remote and largely illiterate
communities. This paper reviews publications about voice based
applications in developing countries and their observed impact
on their target demographic. It was found that ongoing research
was focused on improving different sectors of which agriculture,
marketing and journalism are the most prominent. Moreover, the
impact of voice based applications was focused towards economic,
social and political improvement depending on the application type.
Lastly this paper identified challenges to be aware of when design-
ing such an application and encourages more discussion around
the economic viability of a project and its long-term impact.

KEYWORDS
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1 INTRODUCTION

With the growing digital divide between the global North and
the global South, Information and Communication Technology
for Development (ICT4D) is a popular field of research. It aims at
bringing ICT to less developed countries in order to further some
communities’ development sustainably [13]. In the last 20 years,
ICT4D has met a soaring success. Indeed, as technologies develop
in the global north, there is a growing enthusiasm aimed at helping
the global south with the same technologies. Many initiatives are
taken to further development in less developed countries, and they
more often than not include ICTs.

One particular challenge that remote populations in developing
countries present is the low literacy rate, which prevents the use
of written media for ICT as most of us use it. To circumvent that
problem, researchers have focused on developing voice based ap-
plications, which rely on spoken commands, often over the phone,
and takes as response either speech or number input through Dual
Tone Multi Frequency (DTMF). Many initiatives have been taken to
implement voice based applications in communities of developing
countries in order to improve one aspect of their everyday lives.
This is part of ICT4D projects.

This study aims at finding out the impact that such applica-
tions can have when implemented, what sector are they applied
to and what are the challenges that developers faced. This is done
through a systematic review of the existing literature. The papers
are selected through a snowballing method, data is extracted and
classified through standard classifications in order to best answer
the research questions. The contributions of this paper include an

overview of the different voice based applications deployed in de-
veloping countries, recommendations for evaluating such projects
and factors of success.

2 RELATED WORK

The field of research around ICT4D projects is broad and can be
scattered with the different initiatives taking place all over the
world. Many literature reviews embarked on the process to assess
the state of ICT4D research and to propose solutions to make it
more cohesive. In this section, we present key papers to understand
better the progress of this field, and of voice based interaction
research.

Yim and Gomez in [35] underlined the foci, challenges, gaps,
and limitations that the ICT4D actors encounter when evaluating
the impact of their projects. They conducted a study over 222 re-
ports and 24 interviews of relevant academics or professional. They
found that ICT4D evaluation focused on continental or regional
scope, method and research design, and notion of development.
The authors identified several challenges and gaps in ICT4D eval-
uation, such as difficulties in assessing impact, lack of knowledge
accumulation, project-oriented (short-term) evaluation practices,
and a lack of domain-specific approach. Yim et al. evaluated the
evaluation of the ICT4D field in general but in this paper, we will
focus on the domain of voice based applications specifically and the
result of their evaluation. Overall, they encourage the adaptation
of the Capability Approach in order to standardize the evaluation
of ICT4D projects.

In their paper [28], Ramadini et al. look at the state of holistic
research in ICT4D. They note the divide in the focus of project
development between technology adoption, economic impact, or
social change. They highlight the need for a more holistic approach
where researchers consider the complex interplay between tech-
nology, development context, and human factors. They encourage
researchers to use multi level analysis to understand the impact of
their projects, both on the macro and micro level. Our research is
focused on examining the impact of voice based applications and it
is evaluated and transmitted in the existing literature.

The existing reviews on Interactive Voice Response (IVR) ap-
plications are domain specific. In their study [15], Itorobong et al.
compare the technology used to develop IVR applications. They
briefly discuss their usefulness in fields such as healthcare, banking,
telecommunication, education, and government. They found that a
great majority of IVR interfaces are developed in VoiceXML, with
the Voxeo speech engine and a MySQL database. Our study will
focus on the effect of IVR applications in developing countries and
how they can be an essential ICT4D tool.
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3 STUDY DESIGN
3.1 Research Goal

Many voice based applications are developed for real word applica-
tions in developing countries. Those applications aim at improving
an aspect of life for under served communities and people with low
access to resources, especially ICT. In the last twenty years, projects
have been implemented in order to help people in the Global South
[35]. Voice based applications can facilitate access to ICT in regions
of low literacy, and thus have been a focus for researchers trying
to help in those areas. This study aims at analysing the impact
of such applications. Indeed, due to limited hardware resources
and low digital literacy, providing voice based services to remote
communities in developing countries becomes a challenge and can
often fail [5]. In this paper, we aim at examining key projects of
the decade and analyse their areas of impact, how significant of
a difference they can make and what challenges did they present.
This will enable future researchers to learn from the mistakes of
others and avoid pitfalls. Moreover, this will motivate the need for
more voice based applications if they prove to be successful enough.

3.2 Research Questions

In order to conduct our analysis on current literature, we have the
main research question: RQ1: What are the key areas of impact
of recent voice based applications in developing countries?.
This question will guide our research. To make it more precise, we
identified three sub questions in order to fully answer the main
question. They are as follows:

e RQ1.1: To what sectors are voice based applications the
most applied?

e RQ1.2: What is the observed impact of voice based applica-
tions?

e RQ1.3: What are the main challenges faced when developing
a voice based application?

3.3 Initial search

The initial search for relevant articles to our research questions
was conducted on Google Scholar because it is a neutral search
engine, not linked to any specific publisher. We picked articles from
a search with the keywords: Voice based and developing countries.
These are very broad terms but are necessary for the scope of the
search, which aims at examine the current state of voice based
applications in developing countries and what their areas of impact
are.

3.4 Application of selection criteria

Articles will be chosen according to the following inclusion and
exclusion criteria in order to focus our analysis on relevant papers.

I1- Studies addressing the implementation of a voice based appli-
cation. This inclusion criterion is utilized to select exclusively
studies considering voice based application.

I2- Studies taking place in a developing country. This inclusion
criterion is utilized to filter out studies which did not take
place in our specific context.

I3- Studies discussing the impact of implementing a voice based
application. With this inclusion criteria, we ensure that only
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papers which examine their impact on the community they
focused on will be included.
E1- Studies in the form of editorials and tutorial, and poster, as
they are deemed to not provide the required level of detail
and information.
Studies that have not been published in English language, as
their analysis would result to be too time consuming.
E3- Studies that have not been peer reviewed, in order to ensure
the high quality of the studies considered.
Duplicate papers or extensions of already included papers,
in order to avoid possible threats to conclusion validity.
E5- Papers that are not available, as we cannot inspect them.
E6- Papers that are published before 2007, as they are deemed
not part of recent research anymore.

E2

E4

3.5 Snowballing

To ensure that no relevant articles are missing on our topic, we
adopt a snowballing approach to select relevant articles. Indeed,
our initial keywords are broad and does not encompass every paper
that could be interesting for us. The approach is done following the
guidelines in [33], which has proven to be reliable.

This method is an iterative process from a set of articles. The
initial set of articles is selected from a Google Scholar search accord-
ing to the criteria established above. For each paper of the selected
set, we carefully examine the studies referenced and the studies
that cite the considered paper. If any of those studies fit our criteria,
they are included in the next set of papers. The process is repeated
until no new papers is included in the next set.

This method ensures that the relevant literature is identified, it
enables "famous" papers to be included because they will be refer-
enced multiple times and "unknown" papers to be chosen because
they most likely cite relevant literature already identified. This also
prevents us from restricting our search to a specific application
domain, area of impact or publisher.

3.6 Data Extraction

Once every relevant articles has been gathered for our review, the
data will be manually extracted. The author will read through them
and take notes in order to isolate answers to the research questions.
The following information are extracted from the papers:

Year of publication
Country of action
Sector of action

Origin of funds

Method of evaluation
Main goal of application
Evaluation results
Challenges encountered

3.7 Data Synthesis

After reading through every articles, we will conduct a thematic
analysis on our findings. This means that we will identify themes
or patterns across the selected articles in order to see what the
most recurring conclusions are when implementing voice based
applications. Moreover, this will enable us to compare and contrast
the results of different studies.
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The year of publication and country of action are metadata which
do not need to be classified. The sector of action of the application
will be classified following the International Standard Industrial
Classification of All Economic Activities (ISIC). The origin of funds
will be annotated following the organizations providing funds for
the project described in the paper. The method of evaluation is
classified by qualitative and quantitative methods. Data regarding
the main goal application goal, evaluation results and challenges
will be annotated by the author for each article.

3.8 Study Replicability

In Table 1 are identified all selected articles, along with the iteration
they were selected at. It is interesting to note that the papers P3
and P21 present multiple voice based applications. One application
for each paper is also represented through its standalone paper (P8
and P9 respectively). It was decided to keep P3 and P21 and during
data extraction, parts about the applications already described in
P8 and P9 will be ignored.
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3.9 Threats to Validity

This section presents the different threads to validity that our study
encounters and their mitigation strategy if one has been taken.

3.9.1 Internal validity. The main internal threat presented by the
snowballing method is of incomplete coverage. Indeed, it might
prevent us from finding a relevant article because it was not cited
or referenced in other pre-selected articles. This threat can be mit-
igated by having a starting set of articles which covers different
areas and enables the search to go in different directions.

Moreover, there is a subjectivity threat posed by the selection of
articles in itself. If the author selecting the articles is subjective in
their choice, then the result of the study would be skewed. This is
alleviated by the presence of well-defined inclusion and exclusion
criteria that are standard in this type of literature review.

3.9.2  External validity. By conducting a snowballing approach,
we rely on existing published works and their interconnectedness.
This might introduce a publication bias, by potentially overlooking
unpublished or less-cited works. This external threat is accepted as
we want to analyse peer-reviewed studies as they provide a more
reliable discussion than unpublished papers.

3.9.3  Construct validity. The principal construct validity of this pa-
per stems from the manual data extraction and synthesis performed
by the author. A bias is introduced because the author will read
every article and extract data themselves, meaning that it could
lead to essential information being missed. This threat is mitigated
by the author taking consistent notes on each paper that relate to
the research questions. This will enable us to have a clear overview
of the corpus and to discuss the different findings in a relevant
manner.

3.9.4 Conclusion validity. Because the data extraction will be done
manually by the author, there is a threat of inadequate synthesis.
This threat is mitigated by reading the articles multiple times when
looking for a specific information in order to ensure that the in-
formation is correctly found and processed. Claims of the result
section will be backed up with the list of specific articles supporting
that claim to ensure replicability and coherence.

Moreover, this study is carried out by one person, single-authored
snowballing studies might lack diverse perspectives and interpreta-
tions, limiting the depth and richness of the analysis. It is mitigated
through the supervision of experts in the ICT4D field who will
bring nuance to the discussion.

4 RESULTS

After careful examination of all articles compiled, the results are
presented in this section. The year of publication ranges from 2007
to 2021. 15 of the articles discuss an application developed either
in India or Pakistan while the remaining 9 papers address imple-
mentations in the African continent. Every project had a similar
target demographic composed of people with low literacy and digi-
tal skills, living in remote communities and without access to the
latest technologies. Projects before 2020 focused on services using
phone lines because it provided the most coverage, was cheaper to
use and could be accessed by non smart phones [9], [19]. However,
a trend has been observed that more people in remote communities

TechDebt’20, May 2020, Seoul, South Korea

Section - Division Corresponding articles

Agriculture P1, P3, P4, P5, P8, P13, P16,
P17

" Professional activities - P4,P6,P9,P11
advertising

‘Informationand P2,P19,P20,P21
communication

* Arts, entertainment and P10, P14,P22
recreation

* Administrativeand ~ P7,P23,P24
support service activities -
employment

" Human health P12,P15

" Education P8

Table 2: Papers categorized by sector of activity

of developing countries have a cheaper access to internet than to
phone lines and that they have more and more smart phones [25].

Let us answer the sub research questions with the knowledge
acquired from the articles.

4.1 To what sectors are voice based
applications the most applied?

Implementing a successful voice based application requires knowl-
edge of the needs of the community that it will help. Therefore, we
categorized the papers per sector of action according to the ISIC.
The results are reported in Table 2. A third of the papers touch on
helping farmers to improve their agricultural techniques. The pa-
pers classified in the advertising division are also targeted towards
the marketing of agricultural goods. Thus a majority of the voice
based applications are aimed at helping and improving a country’s
primary economy [34]. The other sectors that we isolated are less
targeted towards economic aid but more towards social well-being.
This is seen through the different reporting tools which help citizen
act on their rights (section Information and Communication), the
employment tools which aim at alleviating unemployment, the
social media applications (section Arts, Entertainment and Recre-
ation) that aim at creating a community and linking people or with
healthcare and education applications which try to raise living
conditions for its users.

Overall, voice based applications can be used to improve eco-
nomic performance through helping farmers with better yields and
sales. It can also be used as a way to create social link, improve
access to citizens’ rights, education or healthcare.

4.2 What is the observed impact of voice based
applications?

After identifying the sectors of action of voice based application, it
is important to evaluate their impact on the communities they are
supposed to help. In the papers selected, the impact on people was
assessed through qualitative interviews with a sample population of
the users, quantitative data from a form or quantitative usage data of
the application. In the quantitative form category was included the
papers which conducted a System Usability Scale analysis through
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Method
Quantitative usage data

Corresponding articles
P1, P2, P3, P5, P7, P8, P11,
P12, P13, P14, P15, P16,
P17, P18, P19, P20, P22,
P23, P24

P1, P2, P5, P8, P9, P11, P12,
P13, P14, P15, P16, P17,
P18, P19, P20, P21, P22,
P24

P4, P10, P15, P16, P21, P22,
P23, P24

Table 3: Methods used for impact assessment of a voice based
application

Qualitative interviews

Quantitative form

a questionnaire. Table 3 presents the methods chosen by each paper.
Almost every paper used a mix of interviews and usage data from
their system to evaluate their relevance to the context.

There is a clear distinction in the impact of the application de-
pending on its knowledge sharing model. The first type of appli-
cation crowd sources information and aims at freely sharing the
information inside the same community. The information comes
from the users and is shared to other users, and in some cases it
can be brought for higher authorities to deal with but it is not the
main focus of the project. The second type of application is more of
a top down approach, where an authority broadcasts information
to a community, feedback from the users can be taken into account
but it is not the main feature of the application.

Those different types of voice based applications are important
to understand the different impact they have on their target demo-
graphic. Let us examine such observed impacts according to the
previously defined categories.

4.2.1 Crowd sourced knowledge sharing. This type of application
includes the publications P1, P3, P4, P6, P8, P9, P10, P11, P14, P19,
p22.

Because the main goal is these applications is to facilitate knowl-
edge sharing inside of a community, its main benefit for people is
the community building aspect. When using forums in the shape
of voice based applications, users reported being pleased to link
with their peers even when the purpose of the application was not
explicitly to make social connections. This is observed directly in
P1, P8, P10, P14, P19 and P22. Users of those applications showed
enthusiasm at the idea to be able to interact with other people
and in some cases, the use of the application increased their social
standing in their village (P1 and P8). For people living in remote
areas, it was a valuable feature to be able to share their experience
and knowledge with their peers. It enabled them to extend their
social circles, which is a beneficial social impact from interactive
voice forums.

Concerning applications which implement a social media tar-
geted towards people with low literate skills or for visually impaired
people, the studies P7, P14 and P22 found that the users, in addition
to socializing about diverse subjects, could advance their profes-
sional network through the media. Indeed, many people reported
that they effectively used the media to find work, advertise their
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service or share opportunities with others, especially in the blind
community. Therefore, users showed an ability and a tendency to
diversify the use of a voice based application and make it relevant
to their needs, if the system allows it.

Moreover, applications from the advertising sector have for goal
to improve sales and they proved to be successful in that endeavour,
especially P11 which highlights the economic viability of their
model through an e3 value analysis. This methodology is especially
interesting because it enables to perform an in-depth assessment
of the business model of an application. Unfortunately, it has not
been applied to any other case study present in this selection. It is
interesting to note that of every papers, only P2, P4, P8, P9, P11, P16
and P24, discuss with varying degree of preciseness the economic
feasibility of their project and how to make it accessible to as many
people as possible by providing value to every stakeholder involved.

4.2.2  Top down knowledge sharing. This type of application in-
cludes the publications P2, P5, P7, P12, P13, P15, P16, P17, P18, P19,
P20, P21, P24.

Sharing knowledge in a top down manner implies that people
have to trust the information given to them for the application to
be successful. Indeed, the information given in those applications
come from an authority figure, either an expert from a local NGO, a
government official or a professional. Across studies, it was found
that this approach had varying degrees of success depending on
the sector of application. Indeed, in an agricultural context, P5 com-
pares advice given by a peer, meaning another farmer, or by an
expert from a more scientific background in India. The study found
out that users of the system used it more if the advice was given
by a peer. This is confirmed by P16 which took place in Tanzania
and during feedback, users shared doubts about the reliability of
the recommendations given to them by scientists. Publication P17
shares also similar findings, where farmers did not follow the for-
mation given to them all the way because they wanted to receive
education from people with first hand experience of farming.

However, in a sector like healthcare, people responded very
positively to having access to advice from a professional healthcare
physician (P12, P15). It was found to improve their access to health-
related information, their trust in the information given and their
overall health. This was especially true when the voice used for
the voice based application corresponded to the voice of their own
doctor or nurse, which they already trust. In publication P15, it was
found that people with a health condition would rather have access
to a doctor’s input than to their peer’s experience.

Three applications focused on bridging the gap between citizens
and their government, they are described in P2, P19 and P20. Those
applications all had a relatively high usage rate and in their inter-
views, users made good use of the access to government officials
either for grievances (P2 and P19) or for transparent information
on government proceedings (P20). The application of the paper P19,
CGNet Swara has impressive results over 4 years of deployment,
where more than 6 900 posts were published and the system helped
at least 280 problems to be solved, including by going through gov-
ernment officials if necessary. These applications show that voice
based applications can be a solution to bring citizens closer to their
government and help them navigate their problems. It is essential
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for a state to be reachable by its people to ensure prosperity of its
population.

Another recurring theme during interviews for top down knowl-
edge sharing applications is that the users felt an improved sense
of autonomy (P2, P13, P18, P19, P22, P24). Indeed the voice based
web provides an inclusive access to information and services that
people could not access through the regular Web. People, especially
blind users, reported that they were happy to gain autonomy on
their phone and not having to rely on their family or friends for
some tasks. Thus voice based applications provide a unique way
for users to improve their lives and overall well-being.

Moreover, in a few papers (P13, P22 and P24), authors were sur-
prised by the demographic their app was able to reach, which was
not the initial target demographic. Indeed, in P13, when surveying
the average age of the users, they found out that older people 50 or
more years old made regular use of the app and could navigate it
properly. Similarly, in P22 and P24, the majority of users were visu-
ally impaired, which was not their intended audience but proved
to improve accessibility to information and opportunity.

4.3 What are the main challenges faced when
developing a voice based application?

Developing a voice based application presents a unique set of chal-
lenges, especially in a developing country where there is a limited
access to hardware resources such as phones or servers. Over the
years, the situation has changed in regards to phone line coverage
and smart phone possession. Nowadays, most people have access
to a smart phone and to internet but it was not the case 5 years ago.
This affected greatly the development of voice based application.
One challenge that still remains is to really understand the target
demographic of users. One has to thoroughly understand what
access to phones, internet or mobile coverage they have and more
importantly how much they know how to use their device. Most
people targeted for voice based application have low literacy skills,
but one also has to take into account their low digital skills. There
are instances of people not knowing how to unlock their phone
(P12). It is paramount to take those parameters into consideration
when developing an application so that the user can actually use
them.

In terms of hardware limitation, a challenge that developers face
is that the system can also be down for periods of time due to
hardware or software malfunctions. In limited resources environ-
ment, things can easily go wrong because of unreliable material or
internet connection for example. This is something that multiple
papers mentioned and the system can stay down for up to multiple
months, which hurts the app in the end (P13, P16, P20, P22).

A recurring problem when interviewing people is that they did
not know how to fully use the system or might not be aware of
every functionality that is offered. A big challenge is therefore to
train users on the system so that they can become proficient in
using it. This takes time and effort because it can be a repetitive
task as some people need a lot of time to understand how to work
certain systems. However, if people are actively aware of how to
use the system, they will use it more and it will provide them with
added value.

TechDebt’20, May 2020, Seoul, South Korea

Another challenge that voice based applications face is a low use
rate. It can be increased with better training as mentioned above or
through a better user experience. Indeed, the system needs to be
tailored to its users so that they feel comfortable navigating it. The
developers have to be very culturally aware of the population that
they intend to serve. It is often important for users to hear native
speakers of their language for the system to be adopted (P4, P5, P9,
P10, P13, P20, P21, P22) and for the whole system to be available in
the local language as most people will not be proficient in English
or the official language of the country. This is a big challenge for
voice based application developed who wish to use voice input and
Automatic Speech Recognition (ASR). Those technologies require a
lot of fine tuning and are not usually available in small localized
language and dialects without a lot of recordings publicly avail-
able. Providing reliable ASR for such languages is an ongoing field
of research. It limits possibilities of development as opposed to
mainstream languages like English for example.

In relation to this, some papers have raised the issue that they
needed multiple rounds of development to make their application
culturally aware enough to increase their use rate (P9, P10, P13,
P16, P20, P22). For some users it is important to be greeted a certain
way, as is the habit in their community. P13 saw a considerable
increase in usage after adding proper greetings. Also every user
need to be properly guided through the specific input format that
it expected when using ASR and if an error happens, the system
needs to correctly inform the user on what is the problem and how
it can be solved.

Lastly, even with a well designed voice based application, one
has to consider how will the user be aware that it exists and to start
using it. One challenge related to a low use or retention rate is that
it is difficult to acquire new users. Indeed marketing is complex in
communities where ICT has not penetrated the lives of everyone
living in it. Most publications relied on key actors to spread the
word in their communities and get people around them to use
the application in a word of mouth strategy. One application (P24)
reused a discontinued phone number which used to connect to voice
based application liked by blind users. This strategy also proved
successful as they gained a significant amount of users in a short
time just through people trying to reach the former application
associated to that phone line.

5 DISCUSSION

It is important to keep in mind that the projects described in the
papers selected have all been implemented for varying amounts
of time before being evaluated. This affects the results of the as-
sessment because it will be more difficult to evaluate the impact
of an application that has only been implemented for less than 6
months. We included papers presenting applications ranging from
proof of concept to an implementation of multiple years because it
is interesting to compare the early stages challenges of designing
a relevant application for its community with the later challenges
that come which are more related to retaining the user and mak-
ing sure that new users are acquired. We can classify our corpus
depending on their runtime into three categories:

e Proof of concept: The application has been designed and
validated by forms to potential users. This is essentially done
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to highlight the need for a voice based solution in a com-
munity and give a prototype of how it can be achieved by
taking into consideration the limited resources. It includes
the papers P4 and Pé.

o Trial runtime of less than 6 months: Many research pa-
pers implementing voice based applications do so for a fixed
period of time, often with a total runtime of less than 6
months. This enables the researchers to design a relevant
voice based application and to validate it for a short time on
the field. Thus they can ensure that their solution is helpful,
at least short term and they can draw conclusions on the
short term impact of their work. It includes the papers P2,
P3, P5, P7, P9, P10, P11, P12, P15, P16, P17, P18, P20 and P23.

e Applications with a long runtime of 6 months or more:
Those applications have been proven to be useful and helpful
to the community therefore they have a longer runtime in
the study. Some of them are still running as of now. This
includes the applications from papers P1, P8, P13, P14, P19,
P21 and P22.

The majority of papers describe applications that have been
implemented for less than 6 months. This shows that there is a
demand that is well identified for voice based applications. However,
it is complex to keep those applications running outside of an
academic scope. We also have to account for the fact that research
on voice based applications and ICT4D in general is decentralized,
not everything is published and peer reviewed. Some applications
in the corpus might still running but they just might not have
any publications in their name to advertise their impact years after.
This highlights the need for more consistent communication around
voice based applications and their impact on communities they are
part of. The added traction would benefit them by attracting more
talented people to work on improving voice based applications.

More literature on voice based applications and their long term
impact is very much needed in order to truly evaluate the lasting
impact that ICT4D can have on the communities it aims at helping. It
is also necessary to reflect on projects and their factors of success or
failure. Indeed, many ICT4D implementations have failed in the past
and revisiting them can avoid future failures [5], this includes voice
based applications. New technologies have an immense impact
when implemented, and it is the duty of their developers to ensure
that the process ensures the prosperity of its community.

The need for impact assessment raises the question of method-
ology for impact assessment. In every paper studied, impact was
evaluated through interviews and quantitative data from the ap-
plications. They did not follow a set methodology that could be
used to objectively compare each project and conclude on their
overall usefulness. The introduces a subjectivity to the evaluation
which makes it more difficult to argue for more international aid to
developing countries in the form of voice based applications.

There exists multiple ways to assess impact in the ICT4D con-
text, of which the capability approach [31] is the most used and
adapted to specific context [2] [14]. Some voice based applications
are only part of an isolated academic project (e.g. P7 or P20), and
therefore their impact is minimal because they are not made to last,
only to provide an academic discussion on the need and potential
effect of such application. Thus, they have no lasting impact on the
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community they originally aimed at helping with the developed
product.

This raises the question of funding projects. Kick-starting ICT4D
projects, especially voice based applications, requires good technical
knowledge, some hardware equipment and a lot of background
research. This often cannot be offered for free by the people carrying
out ICT4D projects. The selected papers describe projects funded
by different actors described below:

¢ International government: aid coming from other gov-
ernments if frequent, especially from the USA, UK and the
EU. The projects P15, P16, P17, P18 and P21 benefitted from
international aid.

e International NGO: most projects are funded through non-
government international aid. This can be done by either
private foundations, corporations or public institutions giv-
ing grants. This is the case for P4, P5, P8, P9, P10, P11, P12,
P18, P20, P21, P22, P23 and P24.

e Local government: projects can be funded by the the state
in which they take place, however it is still rare for voice
based applications as only two papers are partially funded
by locally governments (P13 and P15).

o Local NGO: they are usually big stakeholders in the develop-
ment of ICT4D projects but they are rarely the ones bringing
funds. In our selected papers, the NGO granting resources
was mostly IBM Research India which spearheaded many
voice based applications with their VoiceSite Technologies
(P1, P2, P3, P6, P7, P8) and one was funded by Microsoft
Research India (P14). Even through those organizations are
locally implemented, they remain international corporations
from the United States of America and operate on a global
scale.

Funds come from various sources, but mainly from international
aid. Even though ICT4D projects are executed in close collaboration
with relevant stakeholders to the application such as local NGOs
or communities, the first steps of the projects are dependent on
outside resources. This adds constraints for developers because the
grant might only cover a set period of time and when the funds
run out, the project cannot go on unless funds are found again. The
issue of economic sustainability is therefore essential to consider
when deploying voice based applications for the projects to keep
having impact even when money runs out. However, this subject is
touched on by less of a third of the articles. This means that few
articles studied the durability of their project and they stay reliant
on outside funds, often international help.

This paper encourages voice based application developers to
design their project in such a way that it creates value for every
stakeholder involved once international aid is subtracted from the
equation. This will help developing countries gain more indepen-
dence and thus enter a virtuous cycle of economic and social growth
according to the Sustainable Development Goals [1].

When discussing economic viability of their applications, re-
searchers all concluded that the cost incurred by users should be
very small to none. Users come from low socio-economic back-
ground, thus they are unwilling or incapable of spending money to
access a new service, especially if they are unsure of its benefits at
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first. If the service provided is not free, it should bring increased
value in the users’ life.

Another important factor of success is the system’s usability.
Voice based applications are targeted towards people with low digi-
tal skills, therefore the designed system should be kept as simple
as possible. Usability is an essential non-functional requirement
for any voice based applications. User centric design is highly rec-
ommended with multiple iterations of feedback to facilitate the
development. This will ensure that the application has a successful
launch for its users.

6 CONCLUSION

This study considered recent research on voice based applications
in the context of developing countries. They are becoming a popular
tool for ICT4D projects and they have been implemented in various
settings. During the last twenty years, an important topic in ICT4D
has been to evaluate the impact that the projects can have. Through
a systematic literature review, we aimed at finding out what kind
of impact and challenges can those applications present for their
developers and researchers. To select relevant papers, we followed
a snowballing approach. This enabled us to identified the most
prominent research in the field and to analyse its conclusions.

We found that voice based applications are applied mostly to the
agricultural sector in order to improve farming practice or boost
sales. In addition to the economic value that they can bring, voice
based applications also can also improve social cohesion, health and
strengthen the link between remote citizens and the state. However,
the evaluation of voice based applications’ impact does not follow a
set standard and often fails to consider the economic sustainability
of the project.

Most of the projects examined in this study were very young
when written about. A big avenue for future research would be
revisit those projects if they are still in use and to assess their long-
term impact and factors of success or failures. Moreover, research
into adapting popular approaches (e.g. Capability Approach) for
the evaluation of impact of voice based applications could benefit
the field.
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