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We examine the diffusion of information and communication technologies (ICTs) in the
knowledge production sectors of three developing areas. Using interviews with 918 scientists in
one South Asian and two African locations, we address three fundamental questions: (1) To what
degree has the research community in the developing world adopted the Internet? (2) How can the
disparities in Internet adoption best be characterized? (3) To what extent is Internet use associated
with research productivity? Our findings indicate that while the vast majority of scientists describe
themselves as current email users, far fewer have ready access to the technology, use it in diverse
ways, or have extensive experience. These results are consistent with the notion that Internet
adoption should not be characterized as a single act on the part of users. The rapid development of
the Internet and the cumulative skills required for its effective use are equally important,
particularly its impact on productivity. These findings lead us to qualify crude generalizations
about the diffusion of the Internet in developing areas.

Introduction

With the globalization of science, both developed and developing societies are
increasingly knowledge-based, presenting new social realities.1 To understand these
realities, social analysis should pay proportionate attention to the nature and functioning
of scientific institutions.2 The research reported here examines these institutions in
terms of their access to and utilization of new information and communication
technologies (ICTs). The Internet is of particular interest because its recent diffusion
has been viewed both as the much needed “elixir” that will free Third World science
from its relative isolation and conversely as an “affliction” that fuels the engine of
global inequality. This latter impact comes in the form of an insidious new dependency
creating technology gaps between the developed and developing worlds, a scientific
“digital divide”.3
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While studies of ICT diffusion in developed areas have gained momentum,9–13 the
diffusion of ICTs and their effects on developing world science have not yet been
studied in any systematic way. To date, no comparative study has examined the use of
the Internet by individual scientists in the developing world. This study examines the
structure of Internet use and its association with publication productivity for three cases
in Africa and south Asia. We address three basic questions. First, to what degree has the
research community in these developing areas adopted the Internet? Second, how can
we best characterize disparities in Internet adoption in the scientific communities?
Third, to what extent does Internet use influence research productivity?

The first two questions pertain to the diffusion of technological innovations, many
of which originated within the scientific community itself. ICT diffusion in the US and
Western Europe enabled rapid and continuous access to information and shared
databases.3 It has also enhanced “real time” opportunities to share findings and support
the exchange of ideas within the scientific community in the developed world. These
seemingly universal benefits of ICTs have led some to argue that the diffusion of ICTs
in developing areas will lead to the globalization of science. More importantly, some
suggest it will lead to local integration, universal participation, and global visibility of
Third World scientists (the “elixir” argument).4–7 Others are skeptical about the positive
impacts of ICTs (the “affliction” argument).8 They argue that ICTs form a new basis for
social differentiation and social evaluation that can exacerbate existing problems and
create new social inequities on a global scale. Our approach is not to view the Internet
as either an elixir or affliction, but rather an essential tool in the conduct of research. As
the Internet becomes a pre-requisite for research and international collaboration, it is
essential to understand its impact on developing scientific communities.

While the concept of Internet “adoption” in the developed world context seems
straightforward, it is not so clear in the developing world context. In answering our first
question, we recast the notion of Internet adoption and move away from the idea that
‘adoption’ is a single, instantaneous behavior. While some authors emphasize the issue
of access in defining the digital divide,14–17 others emphasize that access does not
imply use. The latter, many feel, should be the primary focus of adoption studies.18 For
example, Lenhart and Horrigan19 question the validity of studies that treat Internet
adoption as an issue of binary access (access/no access) and use (user/non-user). Their
call for a more specific understanding of the qualities of technology access and behavior
is based on a concern that the way an issue is labeled constrains and shapes our
responses to it.19 Robinson1 argues that Internet studies should move beyond the usual
definitions of the divide in the sense of simple access and use, and focus instead on
social processes and behavior once access has been achieved. Robinson 1 alludes to finer
divisions in access and use than the usual binary categories. In short, the divide might
best be viewed as a digital spectrum based on multiple dimensions, rather than a digital
dichotomy.
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This analysis begins to address the criticisms of Internet diffusion studies within the
context of research institutions in the developing world. During the last decade of
surveys, interviews, and field studies on the scientific communication system in
developing areas such as Ghana, Kenya, and India, it has been impossible to ignore the
progressive development of connectivity initiatives by international donors as well as
the private sector. Aid agencies and multinational telecommunications firms have
dramatically increased both emphasis and investment in the research and educational
sectors of Latin America, Asia, and Africa. Yet our observations in the scientific
organizations we have studied reveal that the process of connectivity is complex,
difficult, and circuitous. To take one example, several agricultural research institutes in
Kenya had greater facility for email communication in the late 1990s than in early 2000.

In broad terms, the Internet refers to a range of communication and information
retrieval technologies, a distinction that is broadly captured by the concepts of email
and Web. In what follows, we use this distinction to refer to two separable dimensions
involving interpersonal and collective communication practices (e.g., using email to
communicate with scientists in developed countries, discuss research with funding
agencies, review, or submit a manuscript) as well as information exchange and retrieval
(e.g., using the Web to find electronic journals and accessing research reports and
articles). This distinction is important because scientific activities involve both
individual activities (e.g., data management and bibliographic searches) and social
transactions (e.g., consultations and discussions with other scientists and
communication with funding agencies and journals).

We conceptualize Internet adoption in terms of four primary dimensions.∗ The first
dimension refers to the degree to which individuals define themselves as users of
telecommunications technology – specifically, whether one defines oneself as an “email
user”. The second dimension is explicitly contextual. It refers to the degree to which a
particular technology is present and available for use within the environment. For the
individual, this is a matter of access, that is, the degree to which there is a functioning
Internet connection within the organizational, domestic, or community context. The
third dimension pertains to personal experience. Clearly, differences exist between a
first time user and one who has interacted with a technology for years, who through
repeated and continuous exposure has incorporated a technological practice into a
pattern of daily life. The fourth dimension pertains to the social and cultural practices
that constitute Internet use – that is, the diversity of behaviors associated with the
employment of contemporary email and Web technology.

                                                          
∗ The ‘Internet’ is often characterized dichotomously as a combination of email technology for
communicating and Web technology for information gathering. The empirical analysis in this paper focuses
largely on email technology especially along the dimensions of current use and ready access. Our survey also
included information on web use, which is presented in Table 3.
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We distinguish these dimensions because while many individuals report having used
the Internet, this does not mean that they have ready access to the Internet or that they
use the Internet in varied ways, or have used it repeatedly for long periods of time.
Conversely, ready access does not necessarily imply either current usage or diversity of
purpose and use. Current usage may or may not translate to overt and sustained Internet
use. In the following analysis, we measure these four dimensions through current use,
ready access, Internet experience, and Internet practice.

A “current user” is an individual who defines themselves as such, regardless of the
frequency or practices of use. This criterion is important because a self-defined current
user can range from someone who has been using, is using, and will continue using the
Internet in everyday transactions to someone who has become familiar with email
through their experiences in graduate training, but may have low levels of access in
their current situation. “Ready access” is also a perceptual measure: individuals define
themselves as having accessible, available, and/or reasonable connectivity within their
immediate environment. This qualification is relevant because access can either be
within the organization (e.g. personal office, library, and laboratory) or outside the
organization (e.g. home, friend, public terminals, Internet café).

Our third dimension, “Internet experience,” refers to the period of time during which
an individual has used the Internet. We use two indicators of Internet experience
representing the communication aspect and the informational retrieval aspect of the
Internet. “Email experience” refers to the length of time between the survey and the
year the respondent began using email. “Web experience” refers to the time interval
between the survey and the year of first browsing the World Wide Web. Our fourth
dimension, “Internet practice,” designates the variation among individuals in terms of
the ways they use the Internet. For example, for what purpose does an individual
scientist use the Internet? Is it simply and primarily for personal communication? Or is
connectivity also used to communicate findings and exchange ideas with colleagues or
discuss research activities with scientific organizations, research foundations, funding
organizations, and other institutions in a system of innovation?

The second major question for this analysis centers on the disparities in ICT
adoption among developing world scientists. Recent studies show that socio-
demographic factors such as age, gender, and education determine the likelihood of ICT
adoption in the developing world. With respect to age, the largest proportion of Internet
users is in the 35-45 age group.20 However, in the absence of any sociological
explanation, it is reasonable to hypothesize that the 35-45 age group typically represents
mid-career individuals who are more likely than members of other age groups to have
access to the Internet. This is because they are established in their jobs, are the ones
who process and filter data, and have the most training and exposure to the Internet.

Gender analysis of the digital divide remains inconclusive.21 The Pew Internet and
American Life study22 reports that the gender-gap in terms of access has all but
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disappeared in the U.S. Other surveys indicate that in 2000, there were more women
than men on the Internet and that women spent more time on-line than men.14 The
educational divide, on the other hand, has been quite consistent: those with higher
education are more likely to have access to the Internet. Wilheim23 found that education
is a stronger determinant of Internet connectivity than any other socio-demographic
variable. However, systematic research on the nature of disparities in ICT adoption in
developing world science communities is absent. The answer to our second question
will begin to fill this gap in the literature.

The third question pertains to the opportunities and rewards implied by the digital
divide.14,24,25 Of the few studies that have investigated the relationship between the
Internet and scientific productivity,26–30 few have been conducted in the developing
world and virtually none have included comparisons among developing countries. In
scientific communities, disparities in utilization of ICTs are presumed to lead to
inequalities in access to international databases and information,29 scholarly
communication,31 collaboration and scientific publication productivity.27,32,33 With the
exception of Ehikhamenor,27 studies of scientific productivity have examined individual
and demographic characteristics of scientists,34–36 but do not address the question of
Internet adoption directly.

Hence, our third question focuses on the influence of Internet adoption and scientific
productivity in domestic and international journals. The distinction between these two
types of publication productivity is relevant because in developing areas their
association has been shown to be weak or absent. This suggests that there may be no
single underlying productivity dimension. Domestic and foreign productivity translate
into two distinct phenomena, reflecting the priorities of careers in international science
versus local development interests, or at least the advantages of training in the
developed world.37 We further contend that the review process, acceptance criteria, and
prestige are not the same for local journals in the developing world and foreign journals
in the developed world.

The analysis below elaborates Internet use and access patterns for a sample of
scientific and educational institutions in Kenya, Ghana, and the State of Kerala in
southwestern India. In the next section, we describe the three locations in which this
research was conducted. We then describe the sample and method. In the analysis that
follows, the dynamics of ICT adoption are treated in terms of current usage, ready
access, Internet practice and experience. After describing the availability of computers,
email access and Web use in some detail, the social structural characteristics associated
with these technologies are examined. Finally, we test for an association of Internet use
and publication productivity in both domestic and foreign journals.
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Study contexts

Because research in developing areas is mostly conducted in universities and in
government research institutes, the sample of scientists for this study was drawn from
these two sectors within each of the three study locations. These locations were selected
to represent low (Ghana), medium (Kenya) and high (Kerala, India) levels of scientific
and socioeconomic development. In 2002, per capita gross national income for Ghana,
Kenya and India were $270, $360, and $480, respectively; while aid per capita were at
$33, $15 and $2, respectively.38 For ages 15 and above in 2002, India had the highest
illiteracy rate (41.2%), followed by Ghana (26.2%) and then by Kenya (15.7%). In
terms of Internet diffusion, Ghana, Kenya and India had 1.9, 16.0 and 6.8 Internet users
per 1000 people, respectively.39 A somewhat different ordering among the three
countries is observed for the diffusion of personal computers (India 5.8, Kenya 5.6, and
Ghana 3.3 per 1000 persons) and combined fixed phone lines and mobile phones (India
43.8, Kenya 29.6, and Ghana 20.8 per 1000 persons).38

In India, we focus on the southwestern State of Kerala. Kerala is distinctive in that
the level of social development is higher than one would expect based on its level of
economic development; a phenomenon often cited as the “Kerala Model”.40–44
Although capital investment and economic growth in Kerala remain low and
unemployment high;45,46 social indicators, including literacy rates, demographic trends,
the presence of social programs and the status of females suggests a state that is similar
to many developed countries. With Kerala’s strong emphasis on literacy and
education,41,44 it is not at all surprising that it supports an independent system of
research institutes and statewide programs dedicated to the generation of scientific
knowledge about local conditions. Moreover, while the level of external investment
might lead one to predict a reduced rate of diffusion compared with the national
average, the literacy rate and education of Malayalis have led to early awareness and
high demand for ICTs.

For nearly 20 years after it gained independence in 1964, Kenya was seen as the
“African success story”. Its average annual GDP growth rates was at 6.5 percent, the
economy was buoyant, investor confidence was high and international donor support
was generous.38 Kenya also possesses one of the largest scientific communities in the
region. With the rapid expansion of its university system in the 1970s, its scientific
output continued to increase.47 However, by the 1980s Kenya started to experience an
economic downturn. By the 1990s there was a steady decline of development assistance
owing to donor perceptions of poor governance and mismanagement of both public
resources and development aid.38 Tribal politics and widespread government corruption
persist in spite of steadfast efforts to stimulate reform by the donor community. Despite
its socioeconomic situation before the change of national leadership in 2002, Kenya is
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one of seven African countries with more than 10 Internet service providers and a high-
speed national Internet backbone is under development.

Ghana was the first sub-Saharan African country to gain independence, but also the
first to experience violent military coups and witness promising developmental
prospects deteriorate through economic depression.38,48 Yet, the authoritarian rule of its
military leader made it possible to impose the stringent financial measures required to
receive continuous structural adjustments loans since the early 1980s. As a result,
Ghana remains one of the leading countries in the region in terms of economic
progress.49 Academic and state research facilities in Ghana were inherited from colonial
period, but economic and political difficulties throughout the 1980s led to scientific out-
migration and a significant decline in output. In terms of most indicators of
development Ghana trails Kenya. In spite of this, Internet connectivity is relatively
equal, owing to Ghana’s liberalized telecommunications sector and VSAT connection
to the international backbone. Ghana was one of only a few sub-Saharan African states
to have Internet access, as well as three commercially operational Internet Service
Providers by 1996. Since 2000, Ghana has experienced high growth in ISP services50
and in the Internet Café’ industry. Although recent findings allude to a standstill in the
diffusion of the Internet in the last three years, Ghana has actively sought ways to fund
telecommunications deployment that would connect peripheral areas.51

Data and method

Face-to-face surveys of scientists in Kerala (n = 303); Kenya (n = 315); and Ghana
(n = 300) were conducted in 2000, 2001, and 2002, respectively. Respondents
represented a variety of research fields (i.e., agriculture, biological science, engineering,
mathematics, information technology, chemistry, physics, geology, and social science)
in two organizational types: government research institutes (also referred to as the
‘state’ or ‘governmental’ sector) and university faculties (also called the ‘academic’ or
‘educational’ sector). Since research institutions are generally concentrated in urban
centers, we selected the capital cities as a base for our data collection (Nairobi, Kenya;
Accra, Ghana; Trivandrum, Kerala). As a result, our sample is not representative of the
complete range of research institutions in each of these countries, since respondents are
in or near the urban centers. We argue that our sample is broadly representative of the
population of scientists in the system of government research institutes and university
organizations in these countries. However, the research community in the urban centers
of these countries may be better connected than more remote institutions.

Surveys were directed by national collaborators in each of the three research
locations and administered, face-to-face, by current or recent postgraduate students.
Each research institution contacted was located within the city or not more than two
hours by vehicle. The final sample consists of 918 scientists, about half from
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universities and half from government research institutes.∗ The questionnaire consisted
of nearly 200 questions on social and demographic background factors, professional
activities, organizational structure, access to technology and Internet use. Data entry and
preliminary data validation were carried out in Kenya and Kerala. Project research
assistants based at Louisiana State University carried out the second and final data
validations.

We consider six dimensions relating to Internet adoption and several control
variables indicating the social, educational and professional characteristics of
respondents. Internet adoption measures include dichotomous measures of ready access
to email (1=access; 0=no access) and current email use (1=current user; 0=nonuser),
two indicators of Internet experience (years of email and years of Web use) and two
indices of Internet practice (email use diversity and Web use diversity). Email diversity
is constructed as the sum of dichotomous (1=yes; 0=no) responses to six questions
regarding scientists’ uses of email (e.g. has been a member of science and technology
(S&T) discussion group, has sent a message to an S&T discussion group, discussed
research with someone in a developed country, started a professional relationship with
someone met on the Internet, discussed research proposal with funding agencies,
submitted or reviewed manuscripts for journals). Web diversity is constructed as the
sum of thirteen dichotomous (1=yes; 0=no) items regarding scientists’ use of the World
Wide Web (e.g. order a product or service for research, created a Web page, conducted
an information search, used an electronic journal, acquired or used data, collaborated on
a scientific project, found and examined reference materials, accessed research reports
or scientific papers, participated in chat groups, used job listings, used maps,
downloaded software, published a paper).

Control variables for our analyses are derived from previous research on diffusion of
innovations52 and on scientific productivity. For example, studies by Duque et al.32 and
Garg and Padhi53 have shown the effect of contextual factors on productivity. Many
authors.35,36,54 have found gender differences in scientific publication while others55
found no significant difference between productivity distributions of male and female
scientists. Previous research on the effect of age structure on productivity has shown
that age has a depressing effect on productivity.34 Control variables in this analysis
include sector (1=research; 0=academic), gender (1=male; 0=female), age, marital

                                                          
∗ For purposes of sampling, and because staff size is often similar, we consider a university department as an
organization in the same sense as a research institute, most of which are under a common administrative body.
It is not possible to calculate a response rate in the conventional sense. Although a percentage figure could be
generated, we are reluctant because we cannot interpret it ourselves. We did not experience any refusals in the
usual sense, but owing to the conditions of conducting personal interviews in these areas, we defined the
population of eligible respondents as those individuals who were physically present during the data collection
interval at their institutions. Individuals who are on study leave, seconded to other areas, and so forth were not
considered eligible members of the population.
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status (1=married; 0=not married), educational credential (1=doctorate; 0=non-
doctorate), possession of a degree from a developed country (1=yes;0=no) and
professional involvement (1=member of a professional organization yes; 0=no).
Because we are interested in Internet adoption variables, we also include immediate
access to a computer (1= computer in personal office; 0=no). Immediate PC access
translates into architectural privacy, which is hypothesized to be an important
facilitating condition for Web use.56 Conceptually, architectural privacy refers to the
physical and visual surroundings that lead to the privacy a person experiences.

Previous studies32,53 and our own exploratory data analyses reveal statistically
significant interaction effects between location and sector. Hence, in presenting
descriptive statistics for PC, email and Web access and use, we define context as the
intersection of location (i.e., Kerala, Kenya and Ghana) and organizational type
(government research institute and academic). Although we generate all possible
significant differences for the six contexts using LSD tests at the 10% level of
significance, we present our results in such a manner that comparisons are made only
between sectors within a location.∗ Furthermore, because of the presence of a
location/sector interaction, we perform multivariate regression analyses for each
location with sector as control variable within locations.

In contrast with studies of scientific publication productivity that use bibliometric
techniques, we use self-reported publication productivity. The adequacy of bibliometric
measures as indicators of scientific productivity outside the developed world is of some
concern because international databases include few developing world journals.37
Furthermore, publication outlets in the developed world may structurally exclude some
of the substantive questions explored and methodologies used by developing world
science.3,57–59 As such these measures may not be robust indicators of the indigenous
breadth of scientific inquiry in the developing sphere.60 Our dependent dimensions are
the number of articles published in national and in foreign journals. Interviewers asked
each respondent scientists how many articles they have published in foreign and in
national journals during the last five years. Because the distribution of publications is
positively skewed, we employ natural logarithms of self-reported productivity in our
analyses.∗∗

                                                          
∗ Fisher’s least significant difference (LSD) test is a sequential mean comparison technique wherein an F-test
is performed first. If resulting F-test is significant then pair wise comparisons based on a t-distribution are
carried out.
∗∗ Because productivity is positively skewed, we obtained the natural logarithm of number of publications.
This yields a valid test of hypotheses based on a normal error regression model.
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Results

In this section, we first present a profile of scientists’ access and use of personal
computers, email and the Web. We then describe differentials in email use, ready
access, email and Web use diversity and Internet experience by a variety of social and
professional characteristics. Finally, we present the results of multiple regression
analyses that examine the link between scientific productivity in local and foreign
journals with dimensions of Internet adoption.

Personal computer access and use

Personal computer technology predates Internet technology and is a precondition for
it. A profile of personal computer access and use for this sample of African and Indian
scientists is presented in Table 1. Three quarters of these scientists have access to
computers at work, while fewer than half (45%) have a home PC (Rows 1 and 6).
Workplace computers were generally acquired in 1996, about two years prior to home
computers. Whether at the workplace or at home, our respondents use these computers
about five hours each week. While these figures are somewhat low by international
standards, the most pertinent finding for questions of access may be in rows 3 and 4.
Only 42% possess a computer in their personal office, and over seven people, on
average, use each computer at work.

The six main columns of Table 1 show differences between research sectors
(academic and government research institutes) within each of the three study locations
(Kerala, Kenya and Ghana). In the workplace, Kerala leads in the distribution of PCs,
ahead of Kenya and Ghana (Rows 001-002). Not only do more scientists in Kerala have
access to a computer, but also those who did report that it was first available in 1995,
compared with 1996 for Kenya and 1997 for Ghana. Still, such access differences are
not straightforward: Malayali scientists are least likely and Ghanaian scientists most
likely to have personal computers in their offices (Row 003). That difference is
reflected in computer sharing, which is extremely high among scientists in Kerala and
Kenya, especially among academics. Although fewer Ghanaian researchers have access
to personal computers, those who have access are less likely to share (Row 004). For
each location except Ghana, government scientists are more likely to have access to
computers than academics. However, this difference is somewhat mitigated by the
pattern of home use: in all locations, university scientists are more likely to own
computers at home (Row 006). By location, home computer sharing is highest among
Kenyans, followed by Malayalis, and then by Ghanaians. By sector within each
location, we observe no significant differences between scientists in universities and
state institutes with respect to their home computer-sharing behavior.



M. YNALVEZ et al.: Internet in developing areas

Scientometrics 63 (2005) 49

Table 1. Personal computer access and use profile of respondent scientists
by location-sector combination
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Table 1 also shows systematic differences among locations and between sectors in
computer use, as distinct from access. Put differently, regardless of whether there is a
computer at home or work, who else has access, or how many people use it, the
question remains: how frequently do individual scientists use the computer as a
research tool? Row 010 shows that, regardless of location, government scientists spend
more hours each week using computers and there are no large differences among
locations. In the case of university scientists, on the other hand, African scientists report
significantly more time using computers than Indian scientists.

The primary focus of our analysis is not the use of computers as stand-alone tools,
but rather their potential to facilitate global science. Our next question concerns the
extent to which scientists make use of email and Web browsing. Rows 005 and 009 of
Table 1 reveal that approximately two fifths of both work (40%) and home (43%)
computers are connected to the Internet. We observe very different patterns between
sector for our Indian and African locations at work. Scientists in Kerala are more likely
to be connected in research institutes than in universities, while academics are more
likely to have connectivity in both Ghana and Kenya [Row 005]. However, what seems
clear is that Malayali professionals in both sectors have domestic access to the Internet:
three quarters of those with home computers are connected.

Email access and use

Whether a computer is “connected to the Internet” is subject to a variety of
technological and social meanings that can be best disentangled by asking directly about
email and Web use. A profile of email access and use is presented in Table 2. Ninety-
four percent of scientists identify themselves as current email users (Row 002) who, on
average, began using the technology in 1997 (Row 004). In a typical week, scientists in
our sample spend about 1.5-2.0 hours emailing (Row 011) and send about 3-4 emails
(Row 008).∗ More than half (or 58%) report inability to access email for at least a week
during the past year (Row 005), generally for technical rather than financial reasons. By
location, African scientists are more likely to have email access problems.

Rows 12-18 show the variety of things respondents do using email. Less than one
third of scientists use email for membership in S&T discussion groups (27%), to start a
professional relationship with someone met on the Internet (28%), or submit
manuscripts (30%). Fewer than half use email to send messages to S&T
discussion groups (43%) and to discuss proposals with funding agencies (48%).

                                                          
∗ About three quarters of these are research-related. To estimate number of hours, we take the midpoint of
each category. For the last category, which is open ended (over twenty hours per week), we simply assumed
the upper limit to be about 40 hours per week.
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Table 2. Email access and use profile of respondent scientists
across location-sector combination
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More than half use email to discuss research with someone in developed countries
(60%) and to continue email contact with someone met personally (77%). Put another
way, the only functions of Internet communication reported by more than half of our
email users are continuing contact with someone met personally and discussing research
with someone in developed areas.

Web access and use

As indicated above, use of the World Wide Web and use of email have different
functions and may have different usage patterns. The former is often associated with
information search while the latter is more directly linked to interpersonal or inter-group
communication. Table 3 (Rows 001-003) provides support for this assumption, by
comparison with Table 2 (Rows 001, 003, 004). A significantly smaller fraction of
scientists have ever used the Web (71%) than email (91%). Scientists began using email
earlier (1997) than the Web (1998). Most had sent their most recent email within the
past week, while most had accessed the Web sometime between the past week and the
past month (Row 002). Finally, the typical scientist spends less time each week sending
and receiving emails than browsing the Web (Table 2, Row 011 and Table 3, Row 004).

Our respondents report a variety of activities on the Web, centering on information
search and retrieval (Rows 011 – 023). By frequency, information search, retrieving
data, finding references and downloading reports are the most common activities.
Producing Web pages, publishing and chatting are extremely uncommon activities,
indicating that both African and Indian scientists use the Web for acquisition but not
typically transmission of information. Slightly over one third of those who use the
Internet have collaborated on a scientific project. However, if we replace the
denominator of this fraction with the sample size – that is, if we consider not simply
those who use the Web, but all respondents – the “best guess” of collaborative activity
would be closer to 20%.

As with computer access and email use, there are differences in Web use by location
and sector. As indicated Rows 004 - 009, Ghanaians spend the most time accessing the
Web, followed by Malayalis and then by Kenyans. University scientists are more likely
to use the Web than those in government, a difference that is more pronounced in
Kenya than Ghana. In contrast, Indian academics are less likely to have used a Web
browser than their counterparts in research institutes.

Our qualitative observations and interviews with professionals conducted in the late
1990s made it clear that a variety of problems were encountered among first and later
adopters of ICTs. We included a range of items designed to address the most common
issues and constraints experienced by scientists. Indian professionals have fewer
concerns and they are fundamentally technical in nature. For our sample of Malayali
scientists, concerns center on connection time and wait times for page loading. African
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professionals experience more problems of all types, both technical and financial.
Not only do they have the same technical problems as scientists in India, but
they are also fundamentally worried about resources required by use of the Internet.

Table 3. Web access and use profile of respondent scientists across location-sector combination

Indeed, the issues listed as significant problems for Africans (too much time to connect,
waiting time for a page to appear, costs, loss of connection, and sites that require
payment) can be interpreted as involving a cost component in each case.



M. YNALVEZ et al.: Internet in developing areas

54 Scientometrics 63 (2005)

Correlates of ICT access and Use

To this point in the analysis, we have only considered contextual differences in ICT
access and use. Table 4 shows different dimensions of the digital divide based on social,
educational, and professional characteristics. Specifically, we report disparities in ICT
behaviors based on gender, age, marital status, education, degree from a developed
country, membership in professional organizations and computer access, as well as
location and sector. We present percentages for current email use and ready access, as
well as averages for email and Web diversity and experience. The first column in
Table 4 shows extremely small differences in the extent to which scientists define
themselves as current email users across most social and professional dimensions.
Indeed, there are virtually no differences among social categories except by gender and
age and even these are not large. The reason is the sheer pervasiveness of email use:
over 90% of every category of respondent defines themselves as current email users.

However, as shown in the second column of Table 4, there are still wide gaps in
ready access to email by locations (Rows 001-003) and level of education (Rows 013-
014). In effect, those who define themselves as current email users have, in varying
degrees, problematic access to email facilities. Not only are there fewer who report
ready access, but there are also large and significant differences between categories by
location, age, education, location of degree and professional involvement. For example,
86% of Malayalis report ready email access, compared to only 65% of Ghanaians
(Column 2, Row 003), and 51% of Kenyans (Column 2, Row 002). In terms of
education, 75% of those with doctorates report ready access compared to only 58% of
those without. The location of the doctorate matters as well, but in an unexpected
direction: those with a Ph.D. from developed countries are less likely to have ready
access (Column 2, Row 016). The much larger number of Malayali scientists, who have
ready access to email compared to the Africans in the sample (Column 2, Rows 001-
003), with doctorates obtained almost exclusively in India rather than in developed
countries, explains this unexpected result.

The third column of Table 4 shows a relatively low level of diversity in email use,
an average of two practices out of six. Despite these low levels significant disparities in
email use diversity exist and tend to favor scientists in relatively advanced locations
(i.e., Kerala and Kenya, men, those with better education (e.g. doctorates, scientists
trained in advanced countries, who are professionally involved, and who have PCs in
their personal offices. As evident from the fourth column of Table 4, similar patterns of
disparity are observed for diversity in the use of the World Wide Web. Disparities
in Internet experience are shown in columns five (email) and six (Web).
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While there might seem to be a negative association level of development and
experience, the likely explanation is that our survey was conducted in Ghana in 2002
while the Kerala survey was conducted in 2000. That aside, disparities in both email
and Web use experience tend to follow the same lines as Internet practice. Those with
greater experience tend to be men with doctorates or degrees from developed countries
(Column 5, Rows 007, 014 and 016), who are involved in professional organizations
(Row 018) and have PCs located in their personal offices (Row 020).

It is clear from these results that there are large differences in Internet adoption
depending on the dimension under consideration. Over 90% are self-defined users, but
closer to half actually has easy access to Internet facilities. Statistics relating to Internet
practice are generally low across categories of location, sector, social, and education
categories, ranging from 1.99 to 2.85 for email use diversity, and from 4.81 to 6.47 for
Web use diversity. Scientists with degrees from developed countries are the earliest
adopters of Internet. Disparities in experience tend to favor males, academicians,
doctorates, members of professional organizations and those with PCs in their personal
offices. Indeed, the distributions for current use, ready access, Internet practice and
experience are varied and indicative of different phases of Internet adoption.

Given these general results, we observe that the distribution and variation in Internet
practice and experience, together with measures of ready access and current use,
provide more reliable indicators of digital inequality in the developing world. In these
three developing areas, we observe high rates of ICT adoption in terms of current use,
moderate rates for ready access, low diversity in communication practices and limited
experience with ICTs. These pieces of information taken together give a more accurate
description of ICT adoption.

ICT and scientific productivity

The four aspects of Internet adoption have not been linked to outcomes. Publication
productivity exhibits a great deal of variability. The total number of articles published
during the past five years is about 4.5 for both academic and government researchers.
However, the average ranges from 7.0 articles in Kerala, to 3.6 in Ghana and 2.5 Kenya.
In this section, we examine whether Internet adoption influences the rate of local and
foreign publication productivity. We perform two sets of regression analyses: first for
the full sample (Table 5), followed by analyses for each location separately (Tables 6a
and 6b). For these analyses, the log of articles published in local and foreign journal are
dependent dimensions. We use the Internet adoption indicators (self-defined use, ready
access, diversity of use, and experience) as independent dimensions and control for the
dimensions analyzed in the previous section (sector, gender, age, marital status, having
a doctorate degree, having a degree from a developed country, PC in personal office and
membership in professional organizations).
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Table 5. Standardized regression results for log number of publications in the last 5 years

Table 5 (Column 1, Rows 001 and 002) shows the effect of contextual differences
on publication in local journals. Compared to Ghanaians, Kenyan scientists generally
tend to be less productive (b =–0.248), while Malayalis, on average, tend to be more
productive (b = 0.175). This rank order in local publication productivity, especially in
the case of Kenya and Ghana, is a reversal of expectations based on the level of
scientific development in these locations. Sectoral differences between academic and
state organizations do not seem to affect local productivity in general. In addition
to the influence of location, show that being married (b = 0.109), having a doctorate
(b = 0.117) and membership in professional organizations (b = 0.087) enhance local
productivity.
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The first column of Table 5 provides no indication that Internet adoption influences
local productivity. However, we find significant evidence linking increased foreign
productivity with Internet adoption, primarily through the dimension of Internet
practice. That is, the greater the diversity of email use (b = 0.193), the greater the
number of publications in international journals (Column 2, Row 016). Other aspects of
ICT diffusion such as ready access, current use, and email experience appear to have no
links with number of publications abroad. Table 5 does not reveal any difference
between Kenyan and Ghanaian scientists in terms of foreign productivity, though
Malayalis are less productive than their African counterparts (Column 2, Row 001). As
indicated by the interaction term, there is another “productivity divide” among
Malayalis themselves: academics are significantly less productive than their
counterparts in government research institutes (Column 2, Row 004). Just as we found
for local productivity, having a doctorate (b = 0.240) and involvement in professional
organizations (b = 0.075) enhance publication in foreign journals (Column 2, Rows 010
and 013).

From the regression results in Table 5, we are able to show the presence of
interaction between location and sector in the case of foreign productivity but not for
local productivity. What this means for local productivity is that there is no consistent
difference in output between sectors for all three locations. That is, the productivity
ranking between sectors is stable across locations. However, in the case of foreign
productivity there are differences in the rank order of sectors from one location to
another. Thus, in the analysis that follows, we examine local and foreign productivity
for each location separately.

The regression results in Table 6a show that the effect of ICT adoption on local
productivity varies among developing world scientists depending on location. Among
Malayali scientists, local productivity is associated with current use (b = 0.147) and
email experience (b = -0.174) but there is no evidence that ready access and diversity of
use determine productivity (Column 1, Rows 011 and 013). Malayali women
(b = –0.163) and Ph.D. holders (b = 0.123) have greater local productivity (Column 1,
Rows 002 and 006). Among Kenyans, neither current use or ready access or experience
is associated with local productivity. Diversity of email use (b = 0.261), however, has
the strongest impact of any factor regardless of the sectoral affiliation of scientists
(Column 2, Row 012). Unlike the Malayali case, we observe that being male
(b = 0.127) and involvement in professional organizations (b = 0.127) enhance local
productivity among Kenyan scientists (Column 2, Rows 002 and 009). Finally, for
Ghanaian scientists, we find no significant ICT effects on local productivity, though
there are positive effects for marriage (b = 0.272) and having a degree from a developed
country (b = 0.229) (Column 3, Rows 005 and 007).
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Table 6a. Standardized regression for log number of publications in local journals during the last 5 years

From these results, we observe that factors affecting local scientific productivity are
largely configured by variations in location. In the three locations we studied, different
combinations of personal, educations, professional, and ICT dimensions affect
productivity. Although gender is associated with local productivity, the effect is
mediated by location. Among Kenyan scientists, men have higher local productivity,
while the effect is reversed for Malayalis. These results indicate that in terms of local
ICT impacts, the developing world is far from homogeneous.

Our final models in Table 6b show that factors associated with output in foreign
journals also differ by location. However, the effect of the doctoral degree is an
important positive determinant of foreign publication regardless of location (b = 0.206
for Kerala, b = 0.278 for Kenya, and b = 0.279 for Ghana). In contrast, the effect of
sector is specific for at least two locations: Malayali government researchers and Kenya
academics are more likely to produce internationally than their sectoral counterparts
(Columns 1 and 2, Row 001). As we saw earlier, government scientists tend to be more
productive than their academic counterparts in Kerala, a trend that is reversed in the
case of Kenyan scientists. The influence of Internet adoption on foreign productivity
varies with location, but diversity in email use has a positive impact in two of the three
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locations (Row 012). For Malayalis, there is no evidence that disparity in ready access
and current use influence productivity. However, we do find that number of articles
published in foreign journals by Malayalis is positively associated with diversity of
email use (b = 0.137) and email experience (b = 0.143) (Column 1, Rows 012 and 013).
In the case of Kenyan scientists, only diversity of email use (b = 0.346) influences
foreign publication behavior (Column 2, Row 012).

Table 6b. Standardized regression for log number of publications in foreign journals during the last 5 years

For Ghanaian scientists, none of the four ICT aspects plays any role in foreign
productivity. Among Ghanaians, age (b = 2.622), possession of a doctorate (b = 0.279)
and a degree from a developed country are associated with international output (b =
0.195), as well as immediate access to a personal computer (b = 0.233). Again, the
effect of Internet adoption on foreign productivity is mediated by the differences among
research locations. For scientific communities in locations with low socioeconomic
development, ICTs have no impact on scientists’ productivity in local (Column 3, Rows
010 -013) or foreign (Column 3, Rows 010 -013) journals. For scientific communities
in locations characterized by high socioeconomic development (e.g. Kerala), ICTs
generally influence scientific output in both local and foreign journals.
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Discussion

We first addressed the degree to which scientists in the developing world have
adopted the information and communications technologies that are now a prerequisite
for participation in global scientific communities. We addressed the diffusion of both
hardware (computers) and connectivity (the Internet). Apart from variations by level of
development (location) and organizational setting (sector), two features stand out from
our descriptive findings on adoption. First, personal computers are a pre-requisite for
the use of the Internet, but in the developing world this does not yet translate into
“personalized” computers. In the early 1990s PCs were already prevalent throughout the
scientific community in the developed world, so the diffusion of the Internet was, in
large measure, a matter of connecting extant computers. Our results show that even the
presence of computers as research tools in the developing world is relatively recent:
personal computers. While most scientists now have access to a computer at work, only
a minority can boast of a PC in their personal office. In fact, an average of over seven
people uses each computer. Programs that seek to provide connectivity to the research
institutions of the developing world should recognize at the outset that the basic
technology to implement the Internet is itself scarce: PCs are not so much “personal
computers” as “public computers”. Although our re-conceptualization of Internet
adoption treats access and use as two separate but correlated dimensions, our results are
consistent with Ehikhamenor’s view that scientists in the developing world have limited
access and use due to a variety of technical, institutional, cultural, economic, and
political reasons.27∗

A second important feature is the substantial discrepancy between scientists’ view
of themselves as Internet users and the extent to which they actually have the
opportunity to use the Internet. This was indicated by what we have labeled “ready
access”. While nine in ten scientists in our study consider themselves current email
users, only six in ten report such access. Indeed, our observations since 1994 suggest
that this is actually an optimistic assessment. The large gap between user definitions and
ready access further supports the claim that current use status is largely attained through
sharing of computers connected to the Internet. In developing areas, an individual may
be an “email user” without the implication of being able to engage in a scientific
collaboration that requires reliable or continuous access. One of our own project
collaborators, as we wrote the final version of this essay, admitted that Internet
connectivity had been absent in his department for a period of four months and he had
been using other means to communicate – much less frequently. In our study locations,

                                                          
∗ Ehikhamenor’s research on Internet use among scientists in Nigerian universities is the only empirical
survey of which we are aware that examines the diffusion of ICTs in developing world scientific
communities.26,27
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this gap is partly bridged by the coping mechanism of shared computer and Internet use.
But even this is misleading owing to frequent technical problems. Sharing resources,
especially with a large number of other scientists, translates into the low individual
usage that indirectly affects the development of sophisticated Internet practice and
relevant Internet experience.

Our second question pertains to the disparities in Internet adoption within the
research communities of the developing world. Statistically significant disparities in
aspects of Internet adoption exist along contextual, personal and professional
dimensions of developing world science. Disparities in ready access, practice and
experience are associated with differing levels of socioeconomic development among
our research locations. Differences between universities and government research
institutes are not generally large. Gender remains a durable source of inequality in
Internet adoption. This is especially true with respect to the aspects of current use,
practice and experience, where men typically have higher rates of adoption than
women. But despite the traditional deference given to older and married members of
society in these locations, age and marital status do not constitute major sources of
digital inequality in the scientific communities of developing areas.

Education is perhaps the most consistent dimension defining the digital divide
among developing world scientists, especially in terms of Internet practice and
experience. Where the highest degree is a doctorate from a developed area, there seem
to be clear advantages. For a scientist earning a Ph.D. in the U.S. or Europe within the
past ten years it is almost inconceivable that Internet use would not be a significant part
of this experience. The advantage is twofold: based on direct association, learning and
modeling from those who use the Internet and the acquisition of a network of
communication partners.

Professional involvement and the convenience of having PCs in personal offices
also favor sophisticated Internet practice and extensive Internet experience. This
relationship seems intuitive, given that membership in professional organizations – like
training in developed countries – translates into opportunities for interaction with other
scientists, who may exchange information at the same time that they learn Internet
skills. The enhancing effect of having immediate PC access on sophisticated Internet
practice and extensive Internet experience is also intuitive given that having a PC in
one’s personal office implies a degree of architectural privacy that serves as a
facilitating condition to explore, experiment, and familiarize one with the various
functionalities of the Internet. We note that increasing disparities among social
characteristics as one moves from current use, to ready access, then to practice and
finally to experience. We conclude that the digital divide pertains more to aspects of
practice and experience than adoption in any simple sense. Current use and access may
become less relevant aspects of the digital divide in the future. In other words, as
developing areas steadily become knowledge societies, the concept of the digital divide
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moves away from the simple inequalities in hardware-software access and use and
moves toward the more complex inequalities of hardware-software-user interaction
skills.

Our final question is the extent to which Internet adoption influences research
productivity in the developing world? Part of the eagerness to connect Third World
research organizations is the assumption, stated or unstated, that higher levels of
connectivity will result in increased productivity, as in the developed world.32
Consistent with the findings of Ehikhamenor,26 our findings offer limited support for
this view. What seems clear from our findings is that the developing world cannot be
viewed as a homogeneous entity and the influence of Internet connectivity on
productivity is far from predictable. We find that scientific productivity is sensitive to
variations in level of development (location) and organizational setting (sector).
Research communities differ substantially, while the circumstances surrounding and
constraining scientific production generate conditions that may not favor any direct
impact of Internet connectivity. The volume of scientific output disseminated through
foreign journals is conditioned by the joint effect of level of development and
organizational setting. However, foreign productivity between organizational settings
within each location also changes as one goes from less developed to more developed
areas. In African locations, there is a general tendency for scientists in academic
settings to be more productive than their counterparts in government research settings,
but the opposite holds true in our Indian location. Local productivity is sensitive to
variations in level of development but not to organizational setting. Locations situated
at both extremes of the development spectrum exhibit higher local publication
productivity.

Our results show that different aspects of Internet adoption come into play in
influencing productivity depending on location. In locations such as Ghana,
characterized by a low level of development, for both local and foreign productivity;
ready access, current use, Internet practice and Internet experience do not translate to
any detectable differences in the volume of scientific output. This implies that certain
prerequisites (e.g. manpower skills and competencies, ICT infrastructure) must be first
satisfied before any clear advantages associated with the Internet can be realized. In
locations with higher levels of development, there are indications that aspects of
Internet adoption do influence productivity, but the relationship is complex and merits
further study. Among the four aspects of Internet adoption, disparities in what we have
called Internet practice are associated with scientific productivity. Variations in Internet
practice generally enhance foreign productivity, but influence on local productivity is
strongly mediated by variations in location. Disparities in ready access and current use
do not generally influence either foreign or local productivity. The digital divide that
has direct bearing on scientific output is the divide that pertains to practice and
experience, not access and use.
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Though we focus primarily on the Internet as a research tool, our results provide
some support for both “elixir” and “affliction” arguments about the diffusion of the
Internet in developing areas. As the “elixir” argument suggests, there are indications
that the Internet may increase the visibility of developing area scientists in foreign
journals, yet the effect is not uniform across locations. As the “affliction” argument
suggests, the diffusion of the Internet has introduced a new set of inequalities (practice
and experience) even as the old inequalities (in particular, self-defined use) have been
reduced. These new dimensions have assumed more complex forms characterized by
increased sophistication and extensive exposure (or the more complex form of
“hardware-software-user skills” usually acquired through prolonged use and more
personal use of computers) compared to the earlier and easier forms characterized by
access and use (categories denoting superficial skills).

As a research tool, the efficacy of the Internet is constrained not only by whether a
PC is a “personal computer” or a “public computer”, but also by the time and space
(architectural privacy) for research transactions that include information search and
personal communication. Scientists in the developing world must have personal time
(more time to use the PC alone) and personal space (more space to use the PC alone).
These temporal and spatial dimensions constitute workplace privacy. This facilitating
condition does not occur when a large number of scientists share PCs in public spaces
of research centers. Although the Internet has altered communicative conditions to
allow information interchange among spatially dispersed actors in real time, developing
world scientists do not have the luxury of personal time and space for gaining the
sophistication that might transform Internet connectivity into a collaborative research
tool, and thereby make science a truly global enterprise.

*

This paper presents results from a series of studies conducted between 2000 and 2002 in Kerala, India;
Kenya, and Ghana funded by the U.S. National Science Foundation program on Information Technology
Research. We owe particular gratitude to Dan-Bright Dzorgbo, our national coordinator for Ghana, and James
Opare, who led a team at the University of Cape Coast (Ghana).
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