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Abstract

The human—computer interaction for development (HCI4D) field emerged at the
intersection of the fields of information and communication technology for devel-
opment (ICT4D) and human—computer interaction (HCI). In 2010, Michael Best
nominated HCI4D as one of ICT4D’s “grand challenges”. This HCI4D field is now
entering its second decade, and it is important to reflect on the research that has been
conducted, and to consider how HCI4D researchers have addressed the challenge
that constitutes the raison détre of HCI4D's existence. Best provided four guidelines
to inform researchers embracing this challenge. This study commences by identify-
ing the primary HCI4D-specific themes, and then carries out a systematic literature
review of the HCI4D literature to build a corpus to support the analysis. The corpus
is analysed to reflect on how well the field’s practices align with Best’s guidelines.
The overall finding is that HCI4D researchers have largely been following Best’s
guidelines and that the HCI4D field is demonstrating encouraging signs of emerg-
ing maturity.
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1. Introduction

In 2010, Michael Best, the internationally recognised computer scientist and scholar
of information and communication technology for development (ICT4D), contem-
plated the necessities facing the ICT4D field. In a brief theoretical contribution
published in the Information Technologies & International Development (ITID) jour-
nal, Best (2010) enumerated four “grand challenges” that the ICT4D field needs to
address to prove itself a progressive intellectual enterprise (2010, p. 52): (1) sustain-
ability, (2) post-conflict and disaster computing, (3) HCI4D, and (4) appliances.

Human—computer interaction for development (HCI4D) is a multi-faceted field
that focuses on understanding and designing technologies for under-served, un-
der-resourced, and under-represented populations in a variety of geographic regions
(Dell & Kumar, 2016). The HCI4D field, like its parent fields—information and
communication technology for development (ICT4D) and human—computer in-
teraction (HCI)—has enjoyed much attention, as evidenced by the significant and
burgeoning number of research publications that have appeared since Best (2010)

posed the challenges.

Best argued that, in order to address the challenges, researchers ought to: (1) return
to the field’s “interdisciplinary and holistic roots”, (2) avoid “fetishistic techno-uto-
pianism”, (3) focus on “fundamental innovation” through “multi-year initiatives”, and
(4) develop “fundamental shared problems” and tackle the problems with “mixed
methods” and strong “evaluation and assessment” (2010, p. 51). A decade has passed
since Best published his seminal article, and it seems an appropriate time to gauge
how well researchers have responded to the imperatives he proposed. Accordingly,
this study, a systematic literature review, probes this core question: To what extent
have HCI4D researchers followed Best’s four guidelines in carrying out the research
in this ICT4D challenge area?

2. Research design

The systematic literature review (SLR) was carried out to construct a corpus of
HCI4D research published from 2009 to 2019. SLRs are a recognised method of
supporting analysis of the literature in a research domain (Paré et al., 2015). The aim
thereof is to go beyond merely aggregating existing evidence and to construct evi-
dence-based lessons from the accumulated research (Kitchenham et al., 2009; Grant
& Booth, 2009). The processes of data collection, data condensation, data display,
drawing conclusions, and verifying conclusions are applied, either allowing the pub-
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lications to suggest themes (open coding), or using pre-existing themes to constrain
and inform the analysis (directional coding) (Miles et al., 2019). Over the past 11
years (2009 to 2019), several researchers have published surveys of the HCI4D liter-
ature. We extracted the dimensions and overarching themes from this existing review
literature (see Table 1), and used those themes to conduct directional coding analysis,
as advised by Bramer et al. (2018).

Different acronyms have been used to refer to research focusing on human-centred
design aiming to foster socio-economic development. We acknowledge the ambigu-
ity and even controversy surrounding the term “development”, and the fundamental
duality between those studies that focus on understanding technology “for develop-
ment” (where there is a commitment to human and socio-economic development)
and those studies that focus on understanding technology in developing countries.
Despite the academic discourse, and the critique that the terms “development” and
“for development” introduce ambiguity (Toyama, 2010), the term “HCI4D” has sur-
vived, as evidenced by increasing research in this area that uses this term in the
publication titles or as keywords. This publication-based measure admittedly does
not reflect the adoption of the term by government, industry, and the broader com-
munity, but that is beyond the scope of this paper.

Table 1: Themes in existing review literature

Van

Ho et al. I?(ell and Biljon and B\'q%m Clcl;et‘tytand Overarching

Dimensions (2009) s Renaud A i themes
(2016) (2019) (2020) (2007)
Cross-cultural .
context Context
WhO: L] L] L] L]
Target users
Developmental . . . . . International
needs development
Where:
Geographical . . .
distribution
What:
Technolo . .
and interé}ées
Intervention

Why: L] L] L]
Focus areas
How:
Research . . R .
methods

Okoli (2015) argues that a rigorous literature review should be systematic, explicit,
comprehensive, and reproducible by other researchers who are interested in following
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the same approach in reviewing the topic. We followed the systematic literature
review based on the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) method (Moher et al., 2009), which resulted in the corpus of
literature to support the analysis.

The Scopus database was selected as the search database since it includes many of
the titles where the ICT4D and HCI4D conference proceedings are published. The
review was conducted in the week of 18 February 2020, using the keyword “HCI4D”
and the period 2009 to 2019. The SLR excluded all items that were not peer-re-
viewed, and we excluded patents and magazine articles. That produced 230 publica-
tions, which included items—proceedings of workshops and symposiums, abstracts
from books, and bulletins published as conference proceedings—in which the format
was condensed and hence not comparable to the other pieces of literature. Removing
these items, 176 publications remained to support analysis: 171 conference publica-
tions and five journal articles.! Using only the term “HCI4D” might be considered
a limitation due to the diversity surrounding “4D” terminology. However, given that
Best’s (2010) grand challenge specifically refers to HCI4D, it was decided that only
this single keyword should be used.

3. Findings

When: Annual publication levels

Grouping the HCI4D publications in terms of number per year, as depicted in Fig-
ure 1, reveals that the annual number has increased since 2009 (from 1 in 2009 to
41 in 2019) with a dramatic increase in 2013, a decline in 2014, and a less obvious
decline in 2017, followed by a strong rise in both 2018 and 2019. The reasons for the
strong increase in 2013 are debatable but might be attributable to the convergence of
a number of biannual conferences as well as the first HCI4D event being organised

at CHI2013 that year.
Figure 1: Number of publications per year
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1 The corpus of 176 items is available at https://tinyurl.com/HCI4D-Corpus
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Where: Research and author locations

Figure 2 depicts the geographic locations of the research reported in the 176 items
reviewed. It shows that the largest amount of HCI4D research covered in the pub-
lications has been done in India (65), with Pakistan (13) and Kenya (13) in second
place, followed by Bangladesh (10) in third.

Figure 2: Research locations
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It should be noted that publications focused on developing-world research often
have authors based in developed countries (see Bai, 2018; Van Biljon & Renaud,
2019). Figure 3 demonstrates that most (67.5%) of the lead authors in our corpus
of literature are based in the US, Europe, Australia, and Canada, i.e., outside the
developing world. (If an author worked on five separate publications, they would
be counted five times—the graph represents the authorship of the corpus, not the
authorship of the HCI4D field.)

Figure 3: Authors’locations
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Africa 13.30%
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Why: Research domains

As seen in Figure 4, the health domain attracted the most attention (28%) in the
HCIA4D literature in our corpus, followed by education (24%) and gender (18%).
The aim was to categorise publications according to the dominant domains, but
two domains were selected for some publications. For example, a publication on the
use of an app to teach about a medical condition, where the research involved both
health and education, was counted in both categories, such that the total number
of domain selections is 349 while the total number of publications is only 176. This
means that the percentages provided per domain include overlap. Furthermore,
some of the domains that emerged, such as community, Data4Dev, interactive voice
response (IVR) and access, might not be considered independent domains, and -
gration studies might be considered a discipline rather than a domain. This visuali-
sation is provided as a snapshot provided primarily to demonstrate the diversity and
reach of the research reported in the corpus.

Figure 4: Publications per research domain, per year
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——Mobile Money ——Games ——Migration Studies

How: Research designs and data collection methods

Figure 5 provides an overview of the methodological information reported in the
176 items of literature. Ethnography, experiment, action research, and case study
were found to be the most common research designs, while interviews, observations,
and surveys were the most common types of data collection strategies. Given
the interdisciplinarity of HCI, there is little standardisation on methodological
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terminology. For example, some researchers refer to a survey as a research design
while others consider it a data capturing method. To avoid misclassification, we do
not separate research design and data capturing methods.

Figure 5: Research designs and data collection methods
COUNT (N)

Grounded Theory | 1
Design Science Research I 2
Literature Review / Review / Literature Survey . 7
Usability Evaluation / User Evaluation / Usability Tests - 11
Case Study - 11
Action Research [ 13
Experiment [ 16
Ethnography _ 33
Survey _ 39
Observations _ 68
nterviews | : 2

Alignment with Bests four guidelines

We now set out the findings from the analysis of the corpus in respect of alignment
with each of Best’s (2010) four guidelines. As depicted in Figure 6, we split the fourth
guideline into two parts for the purposes of our analysis, with 4a relating to the set of
fundamental problems and 4b detailing the research methods used for each.

Figure 6: Best’s four guidelines

Fundamental

innovation
demonstrated by
Avoid the multi-year Develop a set
pitfalls initiatives of fundamental
techno- shared
utopianism problems

Appreciation
1 Return to for mixed 4b
interdisciplinary methods, robust
& holistic roots evaluation &
assessment

HCI4D 2009-2019

Source: Derived from Best (2010)
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1: Is the field returning to interdisciplinary and holistic roots?
Interdisciplinarity occurs when researchers from diverse disciplines work together in
carrying out a piece of research. To assess whether the HCI4D field is engaging in
this kind of research, the following actions were carried out:

e ascertain the discipline of each publication’s authors (based on their
institutional home);

e group semantically similar disciplines (for example, Computer Science,
Computer Science and Engineering, Computer Engineering and Software
Engineering were considered to be one meta-category); and

e tally the number of publications written by authors coming from each
discipline.

The final percentages are provided in Figure 7. It is clear that Computer Science and
Computer Science-aligned disciplines such as Information Systems, Information
Science and Management, Human—Computer Interaction (HCI), and Education
Technologies dominate, which is to be expected because HCI4D is grounded in
Computer Science. Yet there is still evidence of a great deal of interdisciplinary work.
Of the 176 publications, 109 (62%) have authors from at least two different disci-
plines, while 44 (25%) have authors from three different disciplines. (The “Other”
group includes all disciplines which, on their own, make up less than 1% of the total.
These disciplines are wide-ranging, and include International Relations, Television
and Features, and Organic Chemistry.)

Figure 7: Author disciplines

Computer Science I 37.06%
Other GG 13.00%
Digital Media I 3.34%
Human-Computer Interaction I 35.32%
Cognitive Psychology I 7.30%
Informations Systems I 6.37%
Information Science and Management I 6.24%
Health I 4.70%
Educational Technologies M 3.77%
Biology HE 2.73%

Municipal and Regional Governance W 1.17%

0% 5% 10% 15% 20% 25% 30% 35% 40%
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2: Is the field avoiding techno-utopianism?

In order to evaluate this aspect, we focused on the maturity of research in the field—
on the assumption that a mature field would be one that has moved beyond any one
narrow focus, e.g., a focus on the benefits of technology. We categorised each item in
the corpus in terms of type of publication and the artefact(s) produced in the publi-
cation. Van Biljon and Renaud (2018) use three cross-cutting meta-themes to assess
the maturity of the mobile communication technology for development (M4D) field
based on an analysis of the M4D conference publications. Adopting the same three
purpose-related meta-themes as the basis for the analysis, the publications were cat-
egorised according to their stated purpose, as follows:

o Foundational publications: Publications that seek to capture and describe
the status quo towards understanding the user’s needs, context, or use
of technology. The research design often involves self-reporting during
interviews, surveys, or focus groups where the context, needs, expectations,
and aspirations are captured. N = 51 (29% of the items in the corpus).

o Design or intervention publications: Publications that describe the design,
implementation, and evaluation of applications (benefiting from the findings
of theme 1 publications, but also extending them). The research design
encompasses requirements gathering, artefact development, and evaluation
based on users’ self-reporting, observations, usability testing, or ethnography.
The artefacts include prototypes of ICT systems and technology probes. N
=116 (67%).

o Abstraction or theorisation publications: Publications that apply existing
knowledge to implement ICT technology, replicate that knowledge in a new
context, or extend existing research. That is, these are items that analyse,
synthesise, and refine existing research in order to generate abstract new
knowledge. Meta-view analyses identified trends and explicitly built on the
extant literature, e.g., systematic literature reviews, analysis of trends towards
suggesting models and theories, and making recommendations about the

way ahead. N = 9 (5%).

Figure 8 shows the number of publications and citations per publication type and the
year of the first publication of each type. The first foundational publication is from
2009; the first design or intervention publication is from 2010; and the first abstraction
or theorisation publication is from 2014. This progression is to be expected because
abstraction or theorisation publications reflect increased maturity in the field, i.e.,
the field needs to be mature enough to have generated significant research in the
Jfoundational and design or intervention categories if there is to be sufficient material
to inform abstraction or theorisation publications.
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Figure 8: Maturity of the HCI4D field
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These results indicate that the largest percentage of publications (67%) are those
describing a design or intervention. That resonates with the real-world focus of the
area. To gain insight into how many of these design and intervention publications
produced a new system, the publications were sub-categorised in terms of their ar-
tefact contribution. It was found that 83 (47%) do not present any type of system as
contribution. New digital systems are presented in 91 (52%) of the publications and
non-digital artefacts (e.g., curricula) in two (1%) of the cases. New digital application
systems are informed by both target user requirements and academic literature.

In the 91 studies where new systems are developed or tested, the results show that
both users and the literature are consulted in 77 (85%) of the cases and only users are
consulted in 12 (13%) of the studies. Only 2% of the publications are silent on re-
quirements gathering. This implies that the contextual requirements are considered
a priority in much of the HCI4D research, and obtaining end-user input seems to
be treated as more important than consulting the research literature. The importance
of context in HCI4D is supported by Patterson et al.(2009) and Abdelnour-Nocera
and Densmore (2017), but the finding of potential lack of emphasis on engagement
with the relevant literature is somewhat novel.

Considering the distribution of the types of publications and the contextual em-
beddedness of the new technologies developed, it seems as if contextual needs are
guiding development, so that techno-utopianism does not appear to dominate the
HCI4D field. Resource constraints, which often manifest in the HCI4D context
(Toyama, 2010; Dell & Kumar, 2016) necessitate the consideration of cost and sus-
tainability. These resource constraints and contextual requirements mitigate the drive
for using new technology, which could explain why techno-utopianism in less pro-

nounced in HCI4D research than in HCI.
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3: Is the field engaging in fundamental innovation through multi-year initiatives?
Kondrat'ev (1984) argues that fundamental innovations drive economic growth. A
fundamental innovation enables other incremental research to improve, derive from,
or extend it. Hence, a way to detect whether a field is embracing this principle is to
look for multiple successive publications addressing the same innovation. If a pub-
lication introduces an innovation which then leads to multiple other publications
extending the original research, it could be argued that the original publication’s
reported innovation has become fundamental.

To reveal fundamental innovation, two steps were carried out. First, a search for the
publication was conducted using Google Scholar. Second, the “cited by” link was
used to obtain the list of publications that have cited the source publication (as an
indication of the degree to which the research is being built on). When it was found
that the citing publication was written by one or more of the same authors as the
source publication, and deals with the same topic, that was taken as indicating that
one or more of the authors is engaged in a multi-year research initiative.

Of the 176 items in our corpus, 81 have been cited by subsequent publications by
at least one of the original authors. This can be considered as evidence of multi-
year initiatives. We identified 39 different multi-year publication profiles. These are
distinct multi-year innovation research profiles. Figure 9 shows the 39 multi-year
publication profiles. Some appear repeatedly, mostly towards 2019. This might well
be an indication that the field is demonstrating increasing maturity, showing that
researchers are starting to embrace the need for multi-year initiatives and acknowl-
edging that genuine innovation can occur only when researchers extend research
rather than continually re-invent.

Figure 9: Multi-year publication profiles
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4a: Is the field developing a set of shared research problems?

As seen in Figure 4 above, central themes have emerged, such as health, education,
and gender. This provides evidence of shared research problems while other publi-
cations lie at the intersection of domains, e.g., the Yadav et al. (2019) study on the
potential of chatbots for breastfeeding education links to both health and education.

4b: Is the field characterised by mixed methods and strong evaluation and assessment?
The most often-cited data collection method, as seen in Figure 5, is interviews, fol-
lowed by observations (almost 50% less), and then by surveys. However, as is evident
from Figure 8, a range of research designs and data capturing methods is being used.
With respect to the evaluation component in the published research, 81 of the 91
publications that present a new digital system report an evaluation procedure. Hence
most new digital systems (89%) were subjected to formal evaluation. However, it
must be acknowledged that the rigour of the claimed evaluation could not always be
deduced from the publications.

4. Analysis in terms of Best’s guidelines

Returning to interdisciplinary and holistic roots

As seen in the findings, there are encouraging signs that researchers from a variety of
disciplines are indeed working together, if we use the disciplines of the publication
authors as evidence of this. Furthermore, there are suggestions that researchers in
all realms of development-related research should work together, as a community
(Ho & Veeraraghavan, 2008), and in multidisciplinary, interdisciplinary, or transdis-
ciplinary ways (Walsham, 2017).

Awvoiding the pitfalls of techno-utopianism

The findings suggest there is a tendency for researchers to design or build new inter-
ventions. This is typical of the problem-solving first phase of a new field (Winters
& Toyama, 2009), which places primary importance on an intervention showing
measurable improvement, but there is evidence of the values-first approach focusing
on the construction of a shared perspective between researchers and the communities
they research. However, only nine publications were found to be building on the ex-
tant literature. While it can be expected for a new field such as HCI4D to spend its
first decade on foundational publications and design or intervention publications (the
first two types in Figure 8), we anticipate uncovering evidence of greater maturity
over the next 10 years, as per the emergence, as seen in Figure 8, of abstraction or
theorisation publications in 2014.

Engaging in fundamental innovation through multi-year initiatives

Figure 9 demonstrates a number of multi-year research profiles, which shows that
authors are not merely parachuting in to do a single study and then moving on. This
is evidence of researchers’ commitment to their own innovations. We have to consid-
er this against the dynamic nature of technology development and funding realities
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where multi-year initiatives are often not practical despite the best intentions of
researchers.

Dewveloping shared problems, using mixed methods, and conducting robust evaluation
and assessment

Figure 4 shows that a number of shared problems (research domains) have started to
emerge, as judged by the attention they have garnered. It can be observed that health
and education are enjoying the most attention towards the end of the corpus time
span. Many other topics cluster at the bottom of this graph, indicating that there is
not, at this stage, implicit acknowledgement that these are compelling shared prob-
lems. Still, a large and diverse number of topics are enjoying attention.

Summary

The findings suggest that research projects reported in the field of HCI4D are most-
ly aligned to Best’s guidelines. To engender continuation of these positive trends, it
would be helpful if conference chairs could ensure that calls for publications specifi-
cally include topics that encourage research building on existing research, and other
publications aimed at maturing the field. For instance, they could create a category
for “systematisation of knowledge” publications (which would feed into abstraction
or theorisation publications, the third and most mature type in Figure 9), or require
those who develop technology to provide their code on GitHub so that other re-
searchers can make use of it.

Study limitations

Despite a rigorous approach enforced by the strict application of the SLR as meth-
od, any literature survey can be faulted for having made contestable decisions (both
intentionally and unintentionally) about which works to include and which elements
to emphasise in the works identified. We acknowledge the ambiguity and limitations
surrounding the term “development” (Sen, 2001; Toyama, 2010) and the duality in
the ICT and development research agenda (Brown & Grant, 2010). However, this
article does not attempt to engage with the ongoing discussion on how development
should be defined and whether we should distinguish between research conducted iz
the developing world, with people at the margins, and research conducted specifically
for development. We also recognise the potential limitations of using “HCI4D” as the
sole search term—a choice made, as explained earlier, because that is the term used
by Best in the seminal 2010 publication. In addition, only one database, Scopus, was
used to identify publications to feed into the review and the publications retrieved
were mostly conference publications. It might well have been possible to identify a
larger and more diverse range of publications if other databases had also been con-
sulted.
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5. Conclusion

As the field of HCI4D enters its second decade, a veritable adolescence, we offer,
through this study, an analysis of HCI4D publications published 2009 to 2019, in
order to present a snapshot of the field. Using Best’s guidelines to structure the anal-
ysis, this snapshot is provided as an overview of the field, in order to take cognisance
of the sophisticated and important work that has been done in this space. In doing
systematic literature reviews in fields such as this one, it is necessary to accept that
the field is characterised by a wide diversity of terminology and, notwithstanding
such constraints, to still push forward with the review exercise in order to generate
the available insights.
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