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ABSTRACT

In this study, we examine Information and Communication
Technology for Development (ICT4D) technology interventions
that have been developed over the last decade. The purpose is to
provide a snapshot of the trends that have characterized ICT4D
technology interventions from the period starting 1995 to 2010.
This paper presents three general dimensions i.e. ICTs,
development and research which are further broken down into
seven variables used to categorize projects over this period. The
seven variables include: telecommunication, terminal device,
target group, domain area, region, research methods and
discipline. Results suggest that applied research stood out as the
methodology of choice; health and education as the most
researched areas; hand-held interventions as the most popular
choice of solutions; and Computer Science, Informatics and
Information Systems as the disciplines that offer ICT4D
technology interventions. Consequently, we argue that these
trends will facilitate understanding the past performance of
ICT4D, both as an academic field and as an area of development
practice, and identify defining ideas on the potential directions for
the future.
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1. INTRODUCTION

Recent years have seen a growing research interest in both the
design, use of Information and Communication Technologies
(ICTs) in the context of developing regions and the impact
technology adoption has on economic and social development.
The history of ICT4D in Computer Science dates back to the
1990s when Liebenberg and Blake reported on Cyber Tracker [1]
— a field computer system designed to support scientific data
collection from expert animal trackers who were not textually
literate. Since then, research has concentrated on aspects such as
economic growth; the Millennium Development Goals (MDGs);
and peoples’ livelihoods [18]. Attempts to elicit general trends in
ICT4D research have been undertaken by researchers in this area.
Such studies include those by Heeks [2] and Patra et al. [3].
However, from a Computer Science point of view, limited or no
work has been done to review ICT4D technology interventions. In
the context of this study, we define a technology intervention as
an information technology based information system, for example
a web based application for capturing claim forms for nurses in
the field. They are also referred to as computer artefacts when
used in Computer Science and may include e.g. commercially
available products, prototypes, user interfaces, mock-ups, etc. We
excluded any other research that involved impact studies or those
whose focus was the use of technology. Therefore, this paper
presents a review of technology interventions from 1995 to 2010.
We identify three general dimensions i.e. ICT, development and
research. These dimensions are broken down into seven variables
namely: terminal device, telecommunication, domain area, target
group, region of study, research methods used and discipline. We
postulate that the findings from this review can be used to
facilitate understanding the past performance of ICTD as an
academic field as well as an area of development practice; and
identify defining ideas on the potential directions for the future.
The rest of this paper is organized as follows: Section two
explores related work; Section three details the systematic review
methodology used in this study; Section four details the variable
identification process while section five explores the ICT4D
technology intervention trends and discussions. Section six
presents our conclusions.

2. RELATED WORK

In this section, we present some related studies that review ICTD
literature. In their study titled ICTD State of the union: Where we
have reached and where we are headed, Patra et al. [3] presented a
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literature review and interviewed 50 ICTD researchers in order to
examine the history and growth of ICTD since the 1990s. Their
study revealed the trends defining ICTD research and examined
the progress in areas that have come to dominate discussion in
ICTD; for example the researchers areas of affiliation and
practice, area of specialization, location of researchers and areas
of future importance among others.

In another review, Bussell [4] highlights key trends on the uses of
technology and the goals of ICT for development initiatives. She
further reveals perspectives, potential barriers to success and
strategies for overcoming these barriers. She analyzed 39 reports
produced in the period 1994-2005 by ten different organizations.
In another study by Hedstrom and Gronlund [5], they reviewed
literature from ICTD journals. They investigated the degree to
which case study research on eGovernment and ICTD focuses on
ICTs role for development in developing countries or regions and
examined the extent to which evaluations of ICTD-projects focus
on development assessment. Ho et al. in their work [6] reviewed
the past, present and future of Human Computer Interaction for
Development (HCI4D) research in order to articulate some of the
histories and provide an overview of existing work in HCI4D
spanning numerous venues and research traditions. In particular,
the review aims to emphasize works that are representative of
major trends and topics identified in the various workshops at
CHI, Mobile HCI, Interact, Participatory Design Conference
(PDC), and DIS, as well as ongoing discussions within the IFIP
Special Interest Group. They relate them to one another to provide
a conceptual roadmap for making sense of this emerging
literature.

Research work involving technology interventions has evolved
differently over time in different regions due to different
constraints. For instance the developed world, has witnessed a
trend towards cloud based services, green computing and so on
whereas in developing countries which are typically characterized
by a high prevalence of cell phones, technology interventions
should evolve differently. However, to the best of our knowledge,
there is limited research that reviews ICT4D technology
interventions. It is therefore on this basis that this paper attempts
to highlight trends that have characterized ICT4D technology
interventions over the last decade.

3. METHODOLOGY

In this paper, we set out to identify emerging trends in ICTD
research particularly involving technology interventions. The
analysis in many aspects draws on a systematic review
methodology [7][22] and to some extent snowball sampling
[20][21]. A systematic review is a means of identifying,
evaluating and interpreting all available research relevant to a
particular research question, or topic area, or phenomenon of
interest whereas snowball sampling refers to a non-probability
sampling technique used in Statistics and Sociology where
existing study subjects recruit future subjects from among their
acquaintances. This sampling technique is often used in hidden
populations which are difficult for researchers to access. Example
populations would be drug users or sex workers and in the context
of this study, hidden population encompasses work presenting
ICTD technology interventions.

The systematic review involved searching through conference and
journal articles using keywords i.e. “ICT4D interventions,
development, ICTD publications, etc” via online databases such

as Google Scholar, ACM, IEEE and Science Direct among others.
These searches covered the time period between 1995 and 2010
because we believe that it is around 1995 that ICTD research
started. Moreover, it is in this time period that Liebenberg and
Blake reported on Cyber Tracker [1]. The keyword searches
proved challenging because ICTD as a discipline is relatively
young, and the first ICTD conference was only held five years ago
in 2006 [6]. We therefore adapted the snowball sampling
technique for our review by identifying key researchers in the
ICTD field via scanning through recent ICTD proceedings (i.e.
Kentaro, Heeks, Donner, etc.); searched through their personal
Websites for published works and through bibliographies of their
articles to obtain further studies. What started out as a reasonably
large body of studies (i.e. over 400) conference and journal papers
was trimmed significantly. A total of about 220 articles were
excluded based on their titles and abstracts. This was followed by
a further inclusion/exclusion of articles based on whether they
presented ICT4D technology interventions in literature as their
core. ICTD is a multidisciplinary field where researchers are not
necessarily required to create technology in order to publish their
findings in conferences and/or journals. These researchers are to a
great extent typically interested in the impact of technology and
using ethnographies to explore its use. However, as computer
scientists interested in designing technology, what trends should
we look out for? Or what should other researchers look out for? In
order to achieve this goal, a total of 116 articles met the selection
criteria and were presented for further review. 23 articles were
then excluded because despite having relevant titles, abstracts and
full text, they did not offer/present technological interventions
which left us with 93 articles for further analysis (see
http://people.cs.uct.ac.za/~cchepken/ICTD2012Bib.pdf). In the
following section, we describe the variables derived from our
review.

4. VARIABLE IDENTIFICATION

In order to identify and describe the variables derived from our
critical analysis of ICT4D technology interventions literature, we
utilize the work presented by Heeks [2], Kjeldskov and Graham
[8] and Gitau et al. [10] to provide the framework for this section.
We identify three broad dimensions derived from the
conceptualization of ICT4D — which deals with the application of
ICTs within the fields of socio-economic development,
international development and human rights [23]. Therefore, the
first dimension is ICTs — which includes technologies that
facilitate via electronic means the creation, storage management
and dissemination of information [24]. The importance of ICTs is
to bridge digital divide by providing access to a target group. This
involves transmission of information and/or data from one point
to another. Once information or data has been transmitted, the
consumer needs a device to access and make use of it. Therefore
ICT is ©broken down into two variables namely:
telecommunication (as a result of data transmission through ICT
usage) and terminal device (through which the target groups
access data). In addition, the variables terminal device and
telecommunications were also adopted from Heeks who
distinguishes two phases of ICT4D while exploring various key
areas such as terminal devices, sustainability, scalability and
telecommunications among others.

The second dimension is development which deals with
improving the social and economic livelihoods of the poor [25]
[26]. The development dimension can be broken down into three
variables i.e. target group or population; domain area (as ICT


http://en.wikipedia.org/wiki/Non-probability_sampling
http://en.wikipedia.org/wiki/Non-probability_sampling

initiatives have different requirements for the various domains e.g.
agriculture, education, etc.); and region. Poverty is a key word
normally used in conceptualizing development and a number of
ICTD studies are undertaken in regions that are characterized as
developing or poorer e.g. Africa, Asia and Latin America [2].
Gitau et al. [10] present an analysis of the role played by African
researchers in disseminating ICT4D research.

They go on to classify the regions from which ICT4D literature
tends to originate. Therefore, it is from research presented in [10]
that the variable region was derived. Target group and domain
area variables where derived from the conceptualization of ICT4D
studies and/or initiatives.

Table 1. Dimensions vs. variables.

Dimension Variable

1 ICT - Telecommunication
- Terminal device

2 Development - Domain area
- Target group
- Region of study

3 Research - Research methods applied
- Discipline of study

The last dimension is Research which is the core of this study. It
involves building technology interventions using methods from
various disciplines. Therefore, we break down the research
dimension into research methods and discipline of study [27].
Moreover, Kjeldskov and Graham review and classify mobile HCI
methods while relating them to their purpose(s). This review uses
the research methods presented in [8] and details their usage
trends over time. In addition, the millennium development goals
(MDGs) and people’s livelihoods indicators [19] provided the
domain area and discipline variables. The seven variables are as
illustrated in table 1 below and described thereafter.

Telecommunication — Refersto the transmission of messages
over significant distances for the purpose of communication. In
earlier times, telecommunications involved the use
of visual signals such as smoke, signal flags and audio messages
among others. VSATSs during the 1980s and 1990s gave way to a
focus on land-based transmission systems. Most recently
according to Heeks [2], wireless is becoming the delivery mode of
choice to provide connectivity to poor communities in the
developing regions. We therefore categorize telecommunication
into the following variables: Internet, wireless telephone, wired
telephone, short range wireless, doesn’t need network and
Television. Figure 1 shows a graph with telecommunication
trends.

Terminal Device — Since the mid-nineties, models serving the
developed world consisted of a personal computer (PC) connected
via landline. Over time, researchers in ICTD and other disciplines
are realizing that globalization of technology is costly,
unsustainable and does not offer viable solutions due to the
various social, cultural and infrastructural constraints. Instead,
there is need for low-specification, low-cost, robust terminal
devices to meet the needs of the developing world poor. Within
the scope of this paper, “terminal devices” is used to refer to the
“technology intervention or end device that the user interacts
with”. As a result, we identify a number of terminal devices such
as: PC, Hand held devices e.g. personal digital assistants (PDAs),

fixed line applications and visual display unit/television
(VDU/TV) based applications among others. The terminal devices
that could not be classified were categorized as others (see figures
2[a] and 2[b]).

Domain Area — In September 2000, building upon a decade of
major United Nations conferences and summits, world leaders
came together at United Nations Headquarters in New York to
adopt the United Nations Millennium Declaration, committing
their nations to a new global partnership to reduce global extreme
poverty  (http://www.un.org/millenniumgoals/bkgd.shtml).  In
order to achieve these, there was need for major reforms and
improvements in various economic sectors and most recently the
use of ICTs to foster human development. Borrowing from this,
we identify a number of domain areas derived from the MDGs
and other literature. The domain areas identified include:
Agriculture, Education, Health, Knowledge, Economics and
Fundamental Problems (see figure 3 for domain area analysis).

Target Group — ICTD research is normally associated with target
users, groups or a problem area. In our review, we identify several
categories such as the rural poor, urban poor, problem as target
(which refers to articles such as those that attempt to solve a
caching problem or present applications for use in limited
bandwidth environments) and lastly developing world — those
projects that mention that they are developing technology for use
in these regions with no reference to any user group. Figure 4(a)
in the section that follows shows the distribution and frequencies
of target groups used in ICT4D projects over the last decade.

Region — We classify articles based on geographical location in
which the research was undertaken. It is clear that majority of the
world’s poor originate from Asia, Africa and Latin America.
Figure 5 therefore gives a distribution indicating the regions
where ICT4D technology interventions have tended to concentrate
in the last decade.

Research Methods Used — Our review reveals that defining and
differentiating research methods is a challenging exercise. This is
because terminologies used are ambiguous, definitions sometimes
tend to be vague and often methods overlap and are not used in
their strictest sense. Since defining and differentiating research
methods is beyond the scope of this work, we adopt the
classification provided in [9] and reproduced in [8]. As a result,
we classify articles based on whether they applied any of the eight
methods, namely: Case Studies, Field Studies, Action Research,
Laboratory Experiments, Survey Research, Applied Research,
Basic Research and Normative Writings. Figures 6 and 7 give an
indication of the research methods and their distribution across
projects over the study period.

Discipline — In this section, we group our studies based on the
general subject area. Figure 8 indicates four areas, namely
Computer Science, Information Systems, Human Computer
Interaction and Multi—Disciplinary projects. ICT4D research as
presented in [2] and [10] spans many other disciplines such as
development studies, anthropology and ergonomics among others
but because we reviewed articles that presented technology
interventions, it was clear that they fell under the more technically
oriented subject areas such as Computer Science.

5. RESULTS

In this section, we provide a descriptive analysis for each variable
to determine the distribution of ICT4D technology projects over
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the last decade and highlight some factors that may have
contributed to the trends. We found that the early part of the
decade recorded very few ICT4D interventions possibly because it
is a fairly young discipline. Similarly, it is possible that
researchers and stakeholders initially focused more on large scale
projects like the Digital Villages. Below is an exploration of the
variables from which our trends are generated.

5.1 Telecommunications
In this sub-section, we present an analysis of telecommunications
and their usage distribution in ICT4D over the last decade.
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Figure 1. Telecommunications.

Interventions that do not need a means of connectivity dominated
ICT4D technology projects prior to 2007. Although these
remained the choice of applications throughout the decade, they
were overtaken by internet and wireless telephone technologies in
2008 and 2009 respectively. A possible explanation for this is the
upsurge of mobile phones and internet penetration in developing
countries. It is during this time that a number of ICT4D studies
that utilized mobile phones started to rise. These studies might
have influenced the telecommunication trends during this period.
In 2007, 2009 and 2010, TV was seen as having the greatest
potential as the transmission mechanism compared to other
means. In fact, we envisage the re-emergence of TV as an
alternative means to counter the high cost of internet and mobile
telephone charges in developing countries.

5.2 Terminal Device

This variable describes the point of contact between the
technology intervention built and the end user. Figures 2(a) and
2(b) show the trends and distribution of terminal devices. In
particular, figure 2(a) reveals that since 2004 fixed line terminal
devices rose until 2006, remained fairly stable in 2007 and 2008
and dropped in 2010. The research that selected handsets as their
terminal device was mostly done in India, biased towards voice
applications and presented illiteracy as the problem they were
providing solutions for. Examples of such studies are presented in
[11], [12] and [13].

For the second half of the decade, hand held devices remained the
preferred terminal device of choice. They surpassed the personal
computer category after 2008 and since then, the number of
handheld based interventions has remained high. One reason that
can be advanced for this trend is the pervasiveness of mobile
phones and their ability to withstand the developing world’s
conditions that other terminal devices may not. Such conditions
may include intermittent electricity, poor infrastructure and high
cost. However, overall, the PC still remains the second most used
terminal device. It accounted for about 41.7% (see figure 2[b]) of

the terminal devices used in the last decade. The persistence of the
PC can be attributed to the fact that it was the de-facto computing
device most of the time covered by our survey. Fixed line
telephone terminals seem to have constituted a great share over
the last decade.
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Figure 2(a). Terminal/platform analysis.
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Figure 2(b). Terminal percentages share.

5.3 Domain Area

In order to give an indication of the domain areas that have been
covered by ICT4D researchers over the last decade, we firstly
identify a number of areas from literature and partly through
various aspects for instance economic growth; the Millennium
Development Goals (MDGs) and people’s livelihoods [18]. As a
result, we identified a number of domain areas as presented in
figure 3. Clearly, health and education related technology
interventions dominated ICT4D research in the last ten years.
Agriculture started to appear in 2003, died out in 2004, rose in
2006 and started to decline thereafter. This may be because over
two thirds of the populations in developing countries depend on
agriculture as the main source of livelihood in addition to bad
climate conditions. In addition, research that focused on
economics/finance started appearing in 2005 and for reasons we
were not able to speculate, maintained its share in 2006 and 2009.
The domain categorization ‘other’ refers to interventions that
could not be classified into the general domain areas. These
include disaster, computer literacy, special groups, digital divide
and service provision.
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5.4 Target Group

In this subsection, we present a distribution of the target users that
ICT4D research has tended to use over the last decade. Although
majority of the articles we reviewed make mention of their target
groups, others do not. In particular, researchers do not define
specific “problems as a target” when presenting their interventions’
but simply state that the solution is meant for the developing world.
Figure 4 shows the four different target groups identified.
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Figure 4(b). Percentage of each target group.

Figure 4(a) reveals that the focus of ICT4D research over the
review period was on the rural poor with 2009 presenting the
highest number of articles focusing on this group. The articles that
present “problem as a target” seemed to reduce from 2004 to
2005, remained constant up until 2008 and rose significantly in
2009. These results reiterate the arguments put forward in [14],
where they reveal that articles have tended to concentrate on users
living in rural areas, with low income and education levels and
present mobile phone applications based on these needs. To our

surprise, articles that use the urban poor as target groups
constituted 13.58% — the lowest in the group (see figure 4[b]). It
should be noted that urbanization in the developing world is on
the rise leading to an increasing number of urban poor in the cities
[15]. Therefore, one would have expected to see the urban poor as
a key target group.

5.5 Regions

An analysis of literature revealed the following as the regions for
the development of ICT4D technology interventions: Asia, Africa
and Latin America. Africa, despite having high poverty levels
[17] still ranks low compared to Asia and Latin America.
Moreover, research done in these regions tends to be done by
researchers from the developed world hence very limited
representation of scholars from the developing world [10]. Figure
5 reveals that up to 60% of all the ICT4D work was done in Asia,
most of it being done in India and by Indians, whereas 30% was
in Africa. ICT4D research involving technology interventions
done in Latin America only contributed 5%.
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Figure 5. Percentage of ICT4D works by region.

5.6 Research Methods

Identifying and categorizing research methods is challenging
because some of the articles reviewed do not clearly describe them
[7]. In such cases, the authors made inferences from descriptions
of the approaches used, the target group(s) and the general
research processes. In instances where it was not clear what
methods were used, we classified them as “unspecified”. Since
this paper concentrated on analyzing technology interventions, it
was interesting to find that, as shown in figure 6, applied research
stood out as the most employed method across the different areas,
particularly in education, health and agriculture. This was
consistently followed by Field Studies over the same time period.
Action Research, Case Studies and Basic Research did not appeal
to researchers during this period. The reason for this could be that
their time requirements, commitment and high cost due to the fact
that majority of ICT4D work done to date is undertaken by
researchers from the developed world who may not be in position
to visit developing regions for long durations.

Similarly, applied research seemed most popular with researchers
with a significant number of studies consistently undertaken in
Asia, followed by Africa and Latin America. This was followed
by field studies for the same regions and survey research (see
figure 8). ICT4D solutions are intended to enhance human
development in some way — hence the need for deployment in real
world contexts and the need for triangulation that applied research
methodologies provide. For instance during the different
phases/iterations in the various action research cycles, researchers
may be involved in using a number of methods such as



ethnographies, participatory design, etc. which normally generate
richer data and reduce bias.
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Figure 7. Methods vs. region.

ICT4D research covers a number of disciplines and as a result,
researchers have proposed the adoption of Social Science
methods. However, methods such as action research were applied
sparingly. One major reason for this may be because such
methods require that researchers spend several months in the
field. In an attempt to identify which methods were successful we
looked at project outcomes and attainment of research goals.
Evaluation outcome according to Heeks [28] can be measured by
whether or not different stakeholder groups attain their goals. We
therefore identify the following types of evaluation outcomes
namely: academic success — which refers to those projects that
were evaluated successfully in a laboratory environment;
deployment success — refers to those that were successfully
deployed in a real world setting; failure — those that failed; and
unclear — those in which the researchers could not ascertain their
success or failure.

From our review, deployment success seemed to dominate the
evaluation outcome. For instance projects such as those reported
in [32][33][34] presented deployment successes. This was
followed by academic successes presented in [29] [30][31]. We
also noted that some researchers mentioned that their projects
were not successful or did not meet their goals. In such instances,
such projects were considered to have failed (see for example
[35], [36] and [37]). In other cases, it was difficult to ascertain
success or failure of projects and thus projects evaluation outcome
was categorized as ‘unclear’. Examples of projects categorized as
unclear are [38] and [39].

5.7 Research Discipline

Heeks [2] predicted that champions of ICT4D should be drawn
from Computer Science, Human Computer Interaction and
Development Studies disciplines. However, our study reveals
contradictory results. For instance, the majority of the ICT4D
articles seemed to have been authored collaboratively with CS and
Health experts, Information Systems and agricultural experts or
HCI with finance researchers among others.
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Figure 8. Research disciplines.

Figure 8 shows the share of ICT4D articles within the various
disciplines over the last decade. Computer Science and
Informatics remains the highest contributor overall followed by
Information Systems. Clearly, in the last quarter of the decade,
multidisciplinary research grew considerably, getting to
comparable numbers with CS/informatics and IS research by
2010. This growth of multidisciplinary work goes against Raitis’s
comments that ICT4D is multidisciplinary while its authors are
predominantly not multidisciplinary [16]. Information Systems is
lagging behind HCI and CS, as traditionally IS researchers rarely
build technology in their research. Those categorized as “others”
include anthropology, engineering, economics, media and
development studies.

6. CONCLUSIONS

This study was organized with the purpose of identifying variables
and the trends that have tended to categorize ICT4D technology
interventions over time. As a result, a systematic review of ICT4D
literature using a keyword index and article title search was
undertaken. Results suggest that Applied research stood out as the
methodology of choice; health and education as the most
researched areas; hand-held interventions as the most popular
choice of solutions; and Computer Science, Informatics and
Information Systems as the disciplines that offer ICT4D
technology interventions. Clearly, ICT4D has made strides since
the 1990s expanding the inclusion and use of research methods
used, the domain areas covered, terminal devices of choice, the
various target groups of interest by researchers, the research
disciplines and telecommunications choice. Overall, we found that
there was limited research activity in the latter half of the 1990’s
and early half of the last decade. However, this increased
dramatically from 2006 after the hosting of the first international
ICTD conference. A fairly large body of ICTD researchers have
now been in the field long enough to think critically and
retrospectively on progress in this work. We hope that this
document will serve as another step in that direction.
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