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1. Introduction

This deliverable presents and discusses findings from the Track 1 surveys, i.e.

e Survey of FLOSS developers
e Survey of employers (HR managers at businesses)
e Survey of universities and institutes of higher education (HEIs)

The purpose of Track 1 is to find out how FLOSS contributes to human capacity building and how
these capacities are valued by FLOSS community members and by employers. In this context, the
study of HEIs is intended to reveal the role of FLOSS for higher education and how FLOSS is
employed and taught in HEISs.

It must be emphasised that FLOSSWorld was not designed in order to provide a statistically
representative account of FLOSS-related human capacity building in the scrutinised regions,
although in this report, based on the full sample of respondents, we strive to get as much insights in
these issues as possible, in a methodologically sound way. FLOSSWORLD primarily aimed to
strengthen Europe’s leadership in international research in FLOSS and open standards, and to
exploit research and policy complementarities to improve international cooperation, by building a
global constituency of policymakers and researchers. FLOSSWorld thus contributes to enhancing
Europe’s leading role in research in the area of FLOSS and strongly embed Europe in a global
network of researchers and policy makers, and the business, higher education and developer
communities. Finally, another purpose of FLOSSWorld was to enhance the level of global
awareness related to FLOSS development and industry, human capacity building, standards and
interoperability and e-government issues in the geographical regions covered by the consortium.
The project contributed significantly in establishing and /or supporting a stronger, sustainable
research community in these regions. The requirements from the data quality regarding proper
academic research were therefore of secondary importance. Testing if and under which conditions
data can be gathered in these regions and how collaboration between European and local research
partners in these regions can be organised was way more important than statistical
representativeness. In order to measure the success of Track 1 the consortium defined following
thresholds for data collection, regardless of whether or not the data that was collected was
representative:

e Developer survey: 320 developers across 8 countries of respondents
e Employer survey: 400 employers across 8 countries of respondents
e HEI survey: 400 HEIs across 8 countries of respondents

All three surveys successfully reached these thresholds. It must be noticed, however, that the size of
the country-specific samples varied a lot. These differences are described in detail in D45.

2. Design, Methodology and Background

2.1. Design and Methodology

The FLOSSWorld project has been designed with a clearly defined work structure in mind, with
two chronological phases and three functional tracks. The two chronological phases of the workplan



are designed to reflect both the two structural phases of the thematic studies of Tracks 1 to 3, as
well as the increasing levels of collaboration during the project lifetime.

Phase 1, “Design and implementation” focuses on the design and implementation of the studies,
with workshops' bringing together researchers with representatives of business, education and
policy communities. Phase 2, “Analysis and policy” focuses on the interpretation of survey results,
further analysis and inputs to the policy development process. Workshops bring together
researchers and policy makers, with strong representation from business as well as the education
sector. Table 1 illustrates how Track 1 is structured along the two phases:

Phase 1: Design, Implementation |Phase 2: Analysis, Policy

Track 1: study Plan analytical framework. Interpret survey results. Determine quantifiable
of human skills development impact of FLOSS

capacity Finalise design and methodology of survey | participation and value to employers.

building / skills |and guestionnaire (based on results of on-

development in |going FLOSSPOLS survey). Define Compare by region and with Europe (relate to
FLOSS representative sample for results from FLOSSPOLS, CALIBRE).
developer employer/business and university/HEI Determine policy impact on use of FLOSS in the
communities respondents. Identify sample for FLOSS education sector.

developer survey (possibly with Track 2).
Determine impact of FLOSS-based skills
Localise questionnaire. Conduct pre-testing |development on employment generation and
of questionnaire. business success.

Conduct survey. (For developer survey,
possibly conduct jointly with Track 2.)

Table 1: Design of Track 1

1 The workshops held in the course of the FLOSSWORLD project are described in Deliverables D3, D4, and D33-
D44.



The questionnaires for the empirical surveys were developed by the European partners (MERIT,
URIJC, and OII) while the local partners localised and adapted the surveys to the context of each
target country — Argentina, Brazil, Bulgaria, China, Croatia, India, Malaysia and South Africa.
Localisation involved three tasks:
1. translation of the questionnaire into local languages if and where appropriate (Bulgarian,
Chinese, Spanish, Portuguese, etc...)
2. introduction of local terms to ensure international comparability — e.g. using local currencies
in the questionnaire and localised scales when asking about income or expenditure levels
3. introduction of additional questions that are unique to each country’s context (e.g. questions
on the role of specific government organisations, businesses, HEIs or projects, which were
carefully designed and positioned so that they did not reduce the international comparability
of the rest of the questionnaire

The surveys were conducted using a combination of web-based questionnaires, e-mail contacts and
reminders, telephone and fax. The localised questionnaires were converted into an on-line form and
hosted on a web server at UM.

The on-line questionnaires were accessible in two ways: addressed access, where unique web
addresses were generated for each preselected respondent with identifying information pre-
recorded; and open access, where respondents have been asked to provide contact information.
Addressed access was used in particular when address lists for the respondents were available to the
international partners, from which a sample could be drawn. Those respondents that were
addressed personally were contacted by e-mail with a request to fill out the survey at the unique
address created for them. This is the most reliable form of ensuring an authenticated representative
sample of respondents. Open access was used when no respondents could be identified in advance
or when the number of identifiable persons to survey was considered too low. For open access, the
survey was publicised through mailing lists, online forums, or publicity to associations (of
businesses, universities and governments, respectively).

Addressed access execution involved repeated reminders. These were mainly sent by email, but in
some countries (Malaysia, Bulgaria) it turned out that phone calls to the addressed respondents were
more efficient.

The questionnaire’* for FLOSS developers asked, among other things, for detailed developer
perceptions of skills learnt informally through FLOSS communities in comparison to a more formal
setting (multi-disciplinary skills — understanding licensing issues, managing teams, writing modular
software...). Developers were also asked to describe what activities (reading code, reading a book,
participating in community discussion groups) lead to learning what skills. These questions aimed
to determine what benefits for skills development are seen by participants. Finally, respondents
were asked to quantify their skills in terms of increased employment possibilities and earning
capacity.

The questionnaire for employers was directed at human resource managers at companies — not
FLOSS or even software companies, simply employers of IT-skilled personnel. It complements the
developer questionnaire to determine employers’ perceptions of the type and level of skills learnt
informally through participation in FLOSS communities, versus formally through, e.g., universities.
Employers are also asked to quantify such skills in terms of hiring preferences and salary levels.

2 The questionnaires for the surveys and the guidelines for the local partners to execute the survey in their region are
attached in Annex A. These documents are referred to in the proposal as Deliverable 6a (not to be released
separately).



Universities and other Higher Education Institutes (HEIs) in target countries were surveyed to
understand and utilize the information gathered by the survey of developers since for many target
countries, the tertiary educational and training institutions are prime access points to the Internet for
many young people, at high enough bandwidths to support interactive communication and initial
involvement in experiential learning. These also are locales of personal contacts with more expert
users and developers of FLOSS code, which may be important for effectiveness even in remote
learning. (The FLOSS-US survey showed a clustering of Indian developers at one locale, an HEI in
Bangalore.) Thus, the policies of HEIs, and the depth of their personnel's expertise are important
factors conditioning the entry of new cohorts of developers, as indicated by the prominence of
university and technical college students among respondents to FLOSS and FLOSS-US. The third
Track 1 survey targeted at investigating HEIs usage and awareness of FLOSS in order to identify
institutional obstacles and solutions to overcome them in the target countries, and further at
identifying sources of institutionalized capability in regard to FLOSS use in instruction and
research.

2.2. Background: The FLOSS community as a learning environment

FLOSS is not only a viable software development approach, but also a model for the creation of
self-learning and self-organizing communities (Sowe, et al. 2006c). FLOSS is also a virtual learning
context in which both professional software developers and novice users benefit by leveraging their
knowledge and information access repertoire. Knowledge is mainly acquired in FLOSS through
learning by doing. In recent times, FLOSS is making inroads not only in business and software
industries but in colleges and universities as well. There is increased interest in the FLOSS learning
environment (Sowe, et al., 2004; Bacon and Dillion, 2006) and in FLOSS projects as bazaars of
learning (Sowe, et al., 2006). FLOSS is an alternative teaching methodology and an educational
model at the same time (Faber 2002).

To a certain degree, the FLOSS community can be considered as a large community of practice (or
as a reservoir of many such communities of practice), since membership in this community is not
defined by official status but by participation, it develops informally around things that matter to
people (in this case: software), and it produces a shared repertoire of communal resources (routines,
sensibilities, artefacts, vocabulary, styles, etc.) (Wenger 2000; Ghosh et al. 2005a). virtual
communities and communities of practice serve as important learning environments. Sowe et al.
(2004, 2005) therefore concluded that FLOSS is also a model for the creation of self-learning and
self-organizing communities. FLOSS communities can therefore be described as web-based
learning communities (Sowe, et. al., 2004) in which individuals interact with collaborating peers to
solve a particular problem and exchange ideas. Collaborative learning and the peer review process
emphasize the importance of shared dialogue. In this regard, the principles and practices of learning
in the FLOSS community appear helpful to master the challenges coming up with the growing
demand for “lifelong learning” (OECD, 1977; Livingstone, 1999). These challenges consist mainly
in the necessity of new leaning arrangements that are more informal, self-organized, and incidental
(i.e. driven rather by situational personal interests and needs than by pre-defined curriculae of
educational institutions or firms) (Keeton et al., 1976; Houle, 1976; Chickering, 1976; Coleman,
1976, 1995; Lave & Wenger, 1991; Watkins & Marsick, 1992; Cseh et al., 2000; Council of
Europe, 2000; Dohmen, 2001; Overwien, 1999). David & Foray (2002) describe this change as an
overall shift from “learning to do” to “learning to learn”. Given the potentials provided by the
Internet, “communities of practice” (Brown & Duguid 1991), especially Internet communities are
considered to be extremely successful in developing and deploying such new learning forms.



FLOSS communities often serve as prime examples when the capacities of such volatile network
organizations are demonstrated (Faust & Holm, 2001; Demil & Lecocq, 2003; Hemetsberger. &
Reinhardt, 2004; von Hippel, 2002; David & Foray, 2002; von Krogh et al., 2003). In fact, the
FLOSS developer survey (Ghosh et al. 2002) has revealed that this community is mainly driven by
its members’ individual wish to learn about and share knowledge of the development of open
source software, its philosophy, and the cooperation within the community (Ghosh et al., 2002;
Ghosh et al., 2004).

The open source community thus provides a suitable object for research on the mechanisms and
structures that characterise the new forms of learning. In the following we will examine what
FLOSS community members in different developing countries and regions learn from their FLOSS
engagement and whether or not these informally acquired capabilities provide an advantage on the
labour markets in these regions. Special attention will thereby be given to aspects of homogeneity
and heterogeneity of the different FLOSS communities and how these differences and similarities
affect skills attainment and labour market opportunities.

3. Homogeneity and Heterogeneity of FLOSS Communities in
different countries

Overall, 1029 FLOSS community members have participated in the FLOSSWORLD developer
survey (see Table 3). The response from the countries covered by the consortium varied
significantly, depending on the size of the country and its population as well as on the means the
research consortium disposed of in order to contact community members in the 8 countries. For
instance, the fact that Brazil provides more than half of all respondents is due to the fact that the
Brazilian partner had lists with contact details of several thousand FLOSS developers. In the other
countries FLOSS community members could usually not be approached directly, the survey was
announced through mailing lists, forums, etc.

FLOSSWORLD Developer Survey: Respondents

by country
Country Frequency Percent
ARG 115 11,2
BGR 40 3,9
BRA 541 52,6
CHN 83 8,1
CRO 51 5,0
IND 71 6,9
MYS 77 7,5
ZAF 51 5,0
Total 1029 100,0
Table 2: FLOSSWORLD Developer
Survey Sample by country

The demographic characteristics of the country-related sub-samples differ significantly only with
regard to gender and the professional structure. The share of female respondents is rather small in
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most countries, with 2% in Croatia and 4% to 6% in Argentina, Bulgaria, Brazil, India and South
Africa. China however and especially Malaysia exceed the average share of female (6.6%) by far
(China: 11%, Malaysia: 23%)).

The share of students differs considerably between the countries: While their overall share within
the sample is 16%, Bulgaria and Argentina show very small student shares (5% and 9%), whereas
Croatia (24%) and especially China, where the vast majority of the community consists of students
(61%) show above average shares of students. Similar differences can be observed with regard to
the share of self-employed, which is considerably high in Argentina (44%, compared to an overall
average of 22%) and very small in Croatia and Malaysia plus, of course, China, where self-
employed make up only a share of 1%.

Homogeneity, by and large, can however be observed with regard to the age structure. Overall, the
average age of the respondents is 29.2 years. The average age of the communities in the
FLOSSWORLD countries is close to the overall average age, except for China. There, the FLOSS
community is obviously built by very young members, as indicated by an average age of 25.5.
South Africa provides the “oldest” community, with an average age of 31 years.

The educational structure of the respondents appears also quite homogeneous across the countries,
which is explained by the fact that FLOSS obviously attracts a lot of its members from universities
or from professions that require a university degree. Also — and closely related to the previous point
-, the professions of the community members are very similar across all FLOSSWORLD countries,
as usually software engineers, system administrators, and programmers provide the lion shares of
the regional FLOSS communities.

Apart from these basic demographics, the economic structures in which FLOSS development is
performed obviously do either not differ very much between the FLOSSWORLD countries and
European FLOSS communities, at least as far as this can be illustrated by the community members'
opportunities to earn money from their FLOSS engagement. As shown in Figure 1, except for China
and Malaysia the shares of those who are able to earn direct or indirect monetary rewards from
FLOSS are quite the same in all countries and regions. The lower shares of Chinese developers are
due to the fact that this community consists mainly of students, the lower shares in Malaysia may be
due to the relatively small share of self-employed, assuming that a higher share of self-employed
leads to a higher degree of “commercial” projects within the community.

There are either no significant differences with regard to the ways in which community members
gain their income from FLOSS. If they gain direct monetary rewards, this is usually rather paid for
administrating or supporting FLOSS than for developing FLOSS; if they earn indirect monetary
rewards this means usually that the respondent got his job because of his FLOSS experience. As we
will see later, in both these FLOSS communities is the share of members that are still “seeking”
their way and position, which might also hinder a broader “commercial” activity because this may
require to commit oneself to clear tasks, time schedules, and maybe work that is not self-
determined.

10



BRA

ARG

Europe (FLOSSPOLS)

BGR

IND

Total FLOSSWORLD n=1029

CRO

MYS

CHN

P<.05
Figure 1: Shares of FLOSS community members earning directly or indirectly money from FLOSS

Significant differences between the communities surveyed by FLOSSWORLD could also be
observed with regard to the motivations of the FLOSS community members to join the FLOSS
community. Though at first glance there is a strong agreement across all regional FLOSS
communities that sharing knowledge and learning new skills, together with some ideological
aspects (e.g. fighting the power of proprietary software (PROPS) companies), provide the main
motivators for joining the community. A cluster analysis of following set of 13 motivators, of which
the respondents were asked not to check more than four, revealed that there are five groups with
distinct motivations within the overall sample.

Reasons to join the FLOSS community:
e to learn and develop new skills

to share my knowledge and skills

because I think that software should not be a proprietary product
to solve a problem that could not be done by proprietary software
to limit the power of large software companies

to participate in new forms of cooperation

to improve my job opportunities

to participate in the OS/FS scene

to improve OS/FS products of other developers

to distribute not marketable software

to get a reputation in the OS/FS developers' scene

to get help in realizing a good idea for a software product

to make money

11



The five motivational groups that could be identified are characterised as follows:

Materialists — emphasise making money, improving job opportunities

Philosophers — emphasise sharing knowledge, limit PROPS

Helpseekers — emphasise software development, look for help in order to realise ideas
Reputationseekers — emphasise getting a reputation in the FLOSS community

Undecided — no clear motivational profile, obviously in a seeking phase within the
community

Table 3 illustrates how these five groups are spread across the FLOSS communities in the surveyed
regions.

Motivational clusters ARG BGR BRA CHN CRO IND MYS ZAF Total
Materialists 18,4 10,0 18,2 11,0 9,8 12,9 171 19,6 16,6
E:g;f:g::’:;ﬁiops) 17,5 225 213 55 27,5 17,1 7.9 17,6 18,6
Helpseekers 7,9 7,5 121 13,7 59 171 13,2 11,8 11,6
Reputationseekers 9,6 12,5 15,4 9,6 13,7 10,0 10,5 5,9 12,9
Undecided 46,5 47,5 33,0 60,3 43,1 429 51,3 451 40,2
Total 100 100 100 100 100 100 100 100 100

Table 3: Motivational clusters within the FLOSS communities of the FLOSSWORLD countries

The undecided provide the highest share in each FLOSS community, which is probably due to the
high share of very young and / or new community members. The Argentinian community can be
described as a community that is highly determined by these undecided; apart from that material
orientations show also an above average share. The Bulgarian community appears to be mainly
characterised by philosophers Material orientations are not very strongly pronounced but mainly (if
we neglect the residual category of the undecided). Brazil's FLOSS community shows a mixture of
philosophers, materialists, and reputationseekers. China however, as well as Malaysia, must be
classified as communities of the undecided. We assume that this feature contributes to the lower
economic activity (in terms of earning money from FLOSS) in these two communities. The
Croatian community shows a significant share of philosophers. The Indian community seems to be
determined by software enthusiasts that use the community as a means to realise their ideas for
software products or related services. The South African community shows the highest share of
materialists, which might be explainable by the fact that this community shows the highest average
age, so that the share of community members with professional and / or commercial interests is
higher in this community than in the other ones.

4. Human capacity building in the FLOSS community

Although FLOSS is not just coding but offers its community members a wide variety of activities to
perform and to learn (we have asked for more than 30 different activities in our survey), the
community members in all communities showed such a homogeneous pattern that a meaningful
distinction of typical activity groups was not possible. The homogeneity is explained by the fact
that in all communities the members prefer to write code or to act politically but don't like to write
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documentations or to localise texts or software.’ We therefore abstain from a detailed discussion of
these activities.

More interesting than the question about general activity patterns is the question which skills
improve most through participating in the FLOSS community. The degree of convergence between
the 8 countries with regard to this question is impressive, as in almost all communities the same
three skills are perceived as the most improving ones: to write code in a way that it can be re-used,
to develop an awareness of legal issues, and to accept and respond to criticism from others (see
Table 4, illustrating for each country the three skills that were evaluated most positively on a scale
from 0 = “I learned nothing” to 4 = “I learned a lot”). Exceptions are only provided by the Chinese
community, which members also learn a lot “to clearly define and achieve targets”, and the Indian
and South-African community, which learns a lot “to coordinate your own work with the work of
others”.

Overall, this observation leads to two fundamental findings with regard to the human capacity
building in FLOSS: FLOSS provides not only technical skills but also social, technical and legal
skills, and there is a common global understanding of what those skills are that improve most

through FLOSS.

ARG

BGR

BRA

CHN

CRO

To develop an awareness of
legal issues relating to
software, such as copyright,
patents, licensing, liability

To write code in a way that it
can be re-used

To develop an awareness of
legal issues relating to
software, such as copyright,
patents, licensing, liability

To write code in a way that it
can be re-used

To write code in a way that it
can be re-used

To write code in a way that it
can be re-used

To accept and to respond to
criticism from others

To write code in a way that it
can be re-used

To clearly define and achieve
targets

To develop an awareness of
legal issues relating to
software, such as copyright,
patents, licensing, liability

To accept and to respond to
criticism from others

To develop an awareness of
legal issues relating to
software, such as copyright,
patents, licensing, liability

To accept and to respond to
criticism from others

To develop an awareness of
legal issues relating to
software, such as copyright,
patents, licensing, liability

To accept and to respond to
criticism from others

IND

MYS

ZAF

Total

To write code in a way that it
can be re-used

To write code in a way that it
can be re-used

To coordinate your own work
with the work of others

To write code in a way that it
can be re-used

To accept and to respond to
criticism from others

To develop an awareness of
legal issues relating to
software, such as copyright,
patents, licensing, liability

To develop an awareness of
legal issues relating to
software, such as copyright,
patents, licensing, liability

To develop an awareness of
legal issues relating to
software, such as copyright,
patents, licensing, liability

To coordinate your own work
with the work of others

To accept and to respond to
criticism from others

To accept and to respond to
criticism from others

To accept and to respond to
criticism from others

Table 4: Top-3 skills that are considered to be better learnt in FLOSS than in a formal course

Another important aspect of the capacities of the FLOSS community as a learning environment is
whether or not it allows to learn some skills better than in an alternative environment, especially as
compared to formal computer science courses. Interestingly,developers as well as employers report
that there such “FLOSS-specific” skills, and the views of these two groups are quite congruent with

3 The same applies to ways of learning: Formal courses and workshops are refused while reading source code or
books and participating in discussions is said to be a very useful way to learn.
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regard to technical skills (Figure 2). The same holds true for managerial skills, as illustrated in
Figure 3. Finally, 78% of the FLOSS community members say that legal skills related to software
can better be learnt in FLOSS than in a formal CS course, which is also uttered by 63% of the
employers

To write code in a way that it can
be re-used

To run and maintain complex
software systems

To document code

Basic / introductory
programming skills

%

‘I Developers EEmployers ‘

Share of respondents saying that these skills can better be learnt in FLOSS

Figure 2: Technical skills better learnt in FLOSS than in formal CS course — developers and
employers compared
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To accept and to respond to criticism
from others

To coordinate your own work with the
work of others

To express your personal opinions

To evaluate the work of others

To lead a project or a group of
developers

To clearly define and achieve targets

To plan work and stick to a work
schedule

0 10 20 30 40 50 60 70
%

E Developers B Employers ‘

Shares of respondents answering these skills can better be learnt in FLOSS

Figure 3: Managerial skills better learnt in FLOSS than in formal CS course — developers and
employers compared

Skills attainment in the FLOSS community is directly related to professional aspirations, as
illustrated in Figure 4. In each country, the share of those FLOSS community members who say
that they consider these skills as a core for their professional career is the biggest one, and only
comparably few say that these skills are an end in itself and not related to their career. This is
particularly true for Argentina, Bulgaria, India and South Africa.
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M they provide a core skill for my professional career
Othey provide a useful supplement, but they are not a core skill of my professional career

O1 don't know

Othey are an end in itself (they provide fun, contacts to others, help to use my time in a reasonable way etc.) but play no important role for my professional career

Figure 4: Role of FLOSS skills for professional career

Regarding the value of FLOSS skills as compared to formal degrees, overall 64% of the developers
think that proven participation in the FLOSS community can compensate for the lack of formal
degrees, like certificates or university degrees. As shown in Figure 5, the respective share is in

Croatia, India, China and Bulgaria much larger.

The employers' opinion on this issue is unequivocal: Most of them see no difference between a
formal degree and informal FLOSS experience; in China the employers even prefer informal

experience over a formal degree (see Figure 6).
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Figure 5: Capacity of FLOSS to compensate for lack of formal degrees

How do you consider the relative merit of a university degree or other
formal computer science qualification as compared to practical experience
as a FLOSS developer?

Europe (FLOSSPOLS)
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ARG

\lthe formal qualification is better dthe formal qualification is worse Ethe formal qualification is equal E1 don't know

Figure 6: Formal degrees and FLOSS experience compared - employers' view
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When two people with exactly the same level of formal qualifications but different experiences are
imagined, Person A with proven experience developing an important component of a proprietary
software product and Person B with proven experience developing an important component of a
FLOSS software product of equivalent complexity, 37% of the FLOSS community members think
that Person B would be in a better position to get a job*, 42% thinks that both are equal. Only 13%
see Person A advantaged. 8% did not know how to decide on this question (see Figure 7).

Who is advantaged on the labour market: Person A, with proprietary software
skills, or person B, with comparable skills attained in FLOSS?

Total 221 [ 80 |
ZAF 314 [ 98 |
MYS 39,0 [ 10,4 '

IND 31,0 [ 14,1 I
CRO 333 [ 59 |
CHN 38,6 [ 108 |
BRA 36,6 47,6 I
BGR 725 [ 12,5 i
ARG 35,7 [ 10,4 '

‘I Person A (proprietary) is advantaged EPerson B (FLOSS) is advantaged Ethey're equally likely to get the job O1 don't know ‘

Figure 7: FLOSS skills vs. proprietary software skills - developers' view

The South African, Croatian and Malaysian community sees more often than the other communities
people with proprietary software skills as advantaged. Indeed have our local partners in these
countries confirmed that it is not easy for job applicants there to use FLOSS experience as a
reference because many employers are not aware of FLOSS.

Employers tend to either say that the differences between Person A and Person B would not
influence their preference (40% overall) or they would prefer Person B, with FLOSS skills (42%).
This is probably due to the fact that the employer sample is biased towards companies for which
FLOSS plays an important role. Only 13% would prefer Person A (4% do not know). Strongest
support for FLOSS skills is expressed by South African and Chinese employers, while Croatian
employers show comparably strong support for proprietary software skills (see Figure 8). The latter
is in line with the perception of the Croatian developers. Overall, we can conclude for the “FLOSS-
centred economy” - because most of the companies in our sample are FLOSS-centred — developers
have by and large a realistic understanding of how employers value their FLOSS skills.

4 It was explained to the respondents that "job" refers not just to permanent employment, but also any other paid work
including freelance or consultancy.
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Figure 8: FLOSS skills vs. proprietary software skills - employers' view

The question whether the FLOSS community members think that people like person A, with
proprietary development credentials, are paid the same by employers as people like person B, with
FLOSS development credentials, was apparently hard to answer, as the shares of the “I don't know”
responses ranges from 26% to 44%. 30% (but 45% in Croatia and 35% in South Africa) think that
people with proprietary software credentials would get paid more. A better payment for a person
with FLOSS credentials is assumed by only 14%, but by 24% in India and Malaysia, respectively. It
should be noted in this context that overall only about one third to two fifths of the respondents
could answer this question based on own experience in getting a job. Together with the high degree
of uncertainty in the response to this question — which is also visible in the response of those who
answered based on own labour market experience - we like to consider these findings as tentative.

45% of the employers replied that they pay persons with FLOSS experience the same as persons
with a formal computer science qualification. 14% would pay more for a formal degree, and 19%
would pay the FLOSS-skilled employee more. One fifth of the respondents did not know what to
answer. Comparably strong support for formal degrees could be observed with Argentinian and
Malaysian employers (more than 20% of them would pay an employee with formal degrees more),
whereas strongest support for FLOSS is visible in Brazil, South Africa, and Argentina again.
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5. Higher Education Institutions and the Global Role of FLOSS

5.1. Introduction

Policymakers in the private and public sectors, and researchers in the social sciences and software
engineering, have sought to understand the dynamics and implications of the growth of
Free/Libre/Open Source Software (FLOSS) by focusing primarily upon the motivations of the
individuals that participate in its development and the conditions affecting the adoption of “open
source” computer programs by business firms and government agencies.” Comparatively little
attention has been given to examining the extent to which FLOSS is being created, released and
applied within the Higher Education Sector (HES). Moreover, virtually all the previous empirical
research in that vein has been concentrated upon FLOSS development and diffusion in
economically advanced regions of the world. This report seeks to help fill the resulting “double-
gap” in knowledge regarding the global role of “open source” software, by presenting the findings of
a recently completed survey of administrative staff members and information technology managers
at “universities” in seven developing and “transition” economies.®

The present study represents one part of a broader enquiry supported by the EU 6th Framework
Research Programme -- the FLOSSWorLp project, the aim of which is to increase knowledge about the
global phenomenon of Free/Libre and Open Source Software (FLOSS) development and adoption, thereby
contributing to informed public policy and effective collaboration between the EU and developing countries.
As a Special Action Project, FLOSSWorLp seeks to advance Europe’s leadership in FLOSS development,
to build a global constituency of policymakers and researchers, to enhance global awareness of
FLOSS issues, and to strengthen the research communities in the participating regions. Toward
those goals FLOSSWorLp has designed and carried out parallel surveys of government organizations,
business firms, and individual developers, as well as universities in the selected group of countries:
Argentina, Bulgaria, Brazil, China, Croatia, India, Malaysia, and South Africa. By highlighting the
dynamics of open source software use in the universities of those countries, the present report
facilitates comparisons of the role of FLOSS in a variety of organizations whose separate activities
and interactions are of critical importance for the development of the capabilities of their
respective societies and the well-being of their citizens. It examines inter-regional differences in the
extent of the use of FLOSS in university teaching, research and administration, and the
contributions of members of those institutions to open source software development. Its findings
serve to highlights opportunities for improving the future role of FLOSS in the HES.

5.1.1. FLOSS in the HES: Some Motivating Issues

A growing body of research has pointed to the broader economic significance of the mode of
production that has characterized the development of many of the most successful and extensively

5 Most of the systematic survey studies focus on the supply of open source software (FLOSS), inquiring into the
characteristics, location and motives of the developers. Studies based upon extensive survey data include Robles et
al. 2001; Ghosh et al. 2002; David, Waterman, and Arora 2003; Mitsubishi 2004. See David and Shapiro 2007
comparative details. The 2002 FLOSS Report by Ghosh et al., however, looked at business use and procurement
policies as well. There are, in addition, numerous “case studies” of migration to FLOSS in business and non-profit
organizations, although meta-analysis of their findings is generally difficult.

6 The survey focuses on the main categories of higher education institutions, which for convenience we refer to
simply as “universities”. The latter term applies, therefore, to research universities, teaching colleges, research
institutes, and other institutions that fall under the label of HEI -- with the caveat that some respondent institutions
do not teach undergraduates, or do not conduct research, or in some other way do not fit the traditional
conceptualization of a university. The higher education sector (HES) includes other tertiary educational
organizations and programs that were not targeted by this survey, notably those specializing in continuing education
and non-professionalized areas of vocational training.
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adopted FLOSS programs (e.g., the GNU Linux, Apache, Mozilla and Firefox, MySQL, OpenOffice).
These typically decentralized, self-governing, trans-national community-based, and heavily
volunteer-dependent collaborations utilize “open” peer-based coordination, continuous workflow
and early and frequent code release practices — all of which present marked divergences from the
mode of production that had come to be established in the “closed”, proprietary sector of the global
software industry. From the organizational standpoint, as well as from the uses to which these
“open source” projects put the copyrights on the code contributed by developers, FLOSS as a system
of allocating resources for production and distribution occupies a territory distinct from that
governed by either the “visible hand” of hierarchical management or the “invisible hand” of the
market. Its resemblance to prominent features of academic “open science” research collaborations
has been remarked upon, but there are numerous respects in which FLOSS collaborations remain
distinctive and far less institutionalized.”

Beyond its potentials as a paradigm for collaborative creation of a range of information products
considerably broader than computer software, the FLOSS movement has come to be viewed as
emblematic of a more general reorientation of the organization and conduct of many processes in
the social and political sphere, one that may be particularly supportive of the production of public
goods and participatory democracy (Benkler 2006). Rather strikingly, however, the roles that
FLOSS may have in the sphere of Web-based skills acquisition, the support of conventional
educational and training activities in computer programming and Web design, and the formation
of human capital more generally, has not attracted equivalent attention.® Public discussions of the
relevance of “open source” programs for e-learning at the tertiary level (at least, those carried on in
English language sources) have been largely preoccupied with questions of patent rights and
licensing cost of “course management” and e-learning support software (particularly those arising
from the “Blackboard Learning System” patents, and the possible threats to FLOSS alternatives
such as “Moodle,” and MIT’s “Saki Project”).?

But, quite obviously, the potential contributions that the activities of FLOSS communities can make
to university education and skill formation do not begin and end with the question of the costs to
educational institutions of on-line course management software, and this is especially true when
the situation of the developing and transition economies are considered. Universities (and
educational institutions more generally) can be both significant contributors to, and beneficiaries
from the development of FLOSS. The major educational and research missions of universities give
them the potential to be powerful actors in this regard: they can prepare the users and developers
of computer software to apply these tools as citizens, consumers, employees and entrepreneurs;
they train researchers in scientific and technical fields that are becoming evermore reliant upon
advanced digital information processing and retrieval technologies, and they are the institutional
hosts for fundamental and applied research in the mathematical and computational sciences.

Furthermore, the policies of universities and the behaviors of their employees are of interest
because the HES is a major employer and user of digital information and computer-mediated
telecommunication resources, and the decisions made within these organizations about what
hardware and software systems will be acquired and supported are shaped by incentives and
constraints that are not identical to either those in government agencies or in private, profit-

7  For further discussion of the “open source” — “open science” relationship, see, e.g., Dalle, David, Ghosh and
Steinmueller (2005); on open science institutions and norms among Internet-based research projects, see David, den
Besten and Schroeder (2006).

8 It is striking that the discussion of “educational instruction” by Benkler (2006: pp. 315, 327) is brief, focused on
the limited capacity of electronic communications to transform university level (or other) face-to-face instruction,
and confined to the MIT Open Courseware Initiative and the potentialities of employing such public domain
strategies to create open platforms on which textbook authors and instructors can collaborate. Benkler (op.cit., p.
326) cites the South African project (Free High School Texts) as the “the most successful commons-based textbook
authoring project, which is also the most relevant from the perspective of development.”

9 See discussion and links at http://en.wikipedia.org/wiki/Blackboard Inc.
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oriented enterprises. Examining the use and development of FLOSS within HEI’s, and the possible
differences within the various functional divisions of the university (administration, teaching and
research in the arts, and in the sciences) may be informative of more general questions about the
ways in which different structures of organization and cognitive activity affect the balance of choice
between proprietary software and FLOSS.

In addition, it must be recognized that HEI’s are providers of high-speed internet connections with
global sources of information that are likely to be far from ubiquitously available and therefore
particularly important in many developing countries. Consequently, beyond questions concerning
the extent to which universities and technical training institutes are offering instruction in the
skills that would allow students and staff to modify and utilize open source computer code for their
own uses, and to participate in collaborative projects on the Internet, one should consider how the
policies of universities affect the access that students in developing regions can have to informal,
experience-based learning interactions with global software development communities.
Opportunities to observe, passively follow email forum discussions, and learn how to elicit and
absorb technical help from more skilled programmers and sophisticated users of specialized
software packages, can be especially important in settings where such expertise is not locally
available. Although it is sometimes argued that the lack of expertise in computer programming in a
region’s workforce constitutes a powerful reason for relying exclusively on “closed”, user-friendly
software packages from proprietary vendors who can supply external support and help for
unsophisticated users, as a developmental strategy this is very short-run in its priorities. It limits
opportunities for skills development that can transform the region’s resource endowment, and it
ignores the potentialities for knowledge transfers from the existing international community of
FLOSS developers and users to accelerate that learning process.

In developing regions of the world, where young people are unlikely to have their own personal
computers and high bandwidth telecommunications connections, educational institutions can
provide key portals for self-initiated skill formation through contact with distributed “communities
of practice.” To the extent to which universities encourage students and staff members to avail
themselves of those “learning resources,” international FLOSS development communities in turn
may adopt norms and procedures that accommodate and facilitate informal processes of skill
acquisition — rather than dealing with neophyte developers in ways that rebuff an discourage
individuals for whom such contacts could constitute an important source of knowledge. Whether
the foundations that support the activities of some of the larger FLOSS development communities
would be willing and capable of taking such a pro-active role in contributing to the formation of
human capital, and the enhancement of the software skill proficiency and versatility of scientific
and technical workers in the materially less well endowed societies would become a quite relevant
question if the higher education institutions were effective in facilitating the connections from their
side.

The foregoing considerations provide ample motivation for enquiring into the policies and
practices of universities (in the developed and the developing regions) regarding FLOSS.
Considering this, it is really surprising that so little empirical research has been focused on the
subject. Previous to the study reported here, the only systematic survey-based research addressing
this range of topics (of which we are aware) is that carried out for UK universities and further
education institutions by OSS Watch (2006)."

10 John Seely Brown, in a lecture entitled "Relearning Learning: Applying the Long Tail to Learning"
delivered at MIT (in April 2007) elaborated on the changing face of learning in terms that emphasize the
educational potentials of the kinds of distributed interactions with communities of practice that are
envisaged here: "We learn through our interactions with others and the world", and there's no more
perfect medium for enabling this than an increasingly open and organized World Wide Web....In a
digitally connected, rapidly evolving world, we must transcend the traditional Cartesian models of
learning that prescribe 'pouring knowledge into somebody’s head'." For a summary and links to the lecture,
see: http://www.checkpoint-elearning.com/article/3822.html.

11 OSS Watch is the Advisory Service on free and open source software established by the Joint Information Services
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The data used in this paper have been extracted from the survey responses of two groups of
university employees — administrative staff members and IT managers — totaling 446 individuals
who reported on the conditions at 310 distinct HEIs. The first group, administrative respondents,
includes Deans of Research, Vice-Provosts of the university, or other individuals in high
administrative positions who must oversee operations of the university as an organization. The
members of the group that we have labeled “IT managers” are occupants of a more varied
assortment of university posts, including a Provost of Information Services, Vice-Provost of
Information Technology, and other individuals (including those with teaching roles) who are
responsible for managing the informational technology infrastructure of their institution.
Universities are complex and highly variegated organizations, despite their outward similarities of
purpose; they have correspondingly differentiated and complicated personnel structures whose
members this survey did not explicitly seek to contact: a typical university employee works in a
department or research institute that operates within a school, and is located on a specific
academic university campus or in an urban facility. Moreover, schools and even entire university
campuses may be only one local affiliate of a national university containing several such units.
Adoption of FLOSS may differ within and between each of these organizational levels. In one
university where individuals from several departments responded, we are able compare IT
adoption policies and demonstrate the heterogeneity of FLOSS policies even within a single
university. Although statistical averages and modal values are convenient in summarizing the data,
considerable caution should employed in reaching for generalization about the way that FLOSS
figures in work of the “typical” university community of any one of the countries in this survey, let
alone in activities of the typical university student or academic workgroup in developing regions.
Conducting a study of open source software adoption by universities in economically less advanced
regions, nevertheless, may yield further potentially useful insights regarding the important aspects
of the development and growth process in a global context. One broad concern of economic
growth policy is the formation of “absorptive capacity” in developing countries that will enable
their producers to continue to identify, locate and successfully utilize scientific knowledge and
technological information originating elsewhere, and particularly in societies where the scientific
and engineering resource endowment is greater and average technical skill levels in the working
population are higher. FLOSS itself is a technological artifact that is readily (and almost costlessly)
transported, but whether it is “transferred” -- in the sense of being effectively absorbed into use — is
a more complex matter. Studying the extent and pattern of adoption of FLOSS in developing and
transition countries may therefore provide comparative measures of “absorptive capacity”, as well
as insights into possible mechanisms and institutional policies affecting the formation of
capabilities for successful technology transfer in other areas.*

5.1.2 Organization of the Report and Overview

The presentation of our findings is organized as follows. Section two outlines the survey
methodology and response rates. It emphasizes that the data represent a selected sample from
predominantly technical universities in each of the seven countries. Within universities, the
individuals who respond may be more interested in FLOSS than are the individuals who do not

Committee (JISC) of the Research Councils in the UK, which is based in the Oxford University Computer Service.
The OSS Watch 2006 survey is available at: http:/www.oss-watch.ac.uk/studies/survey2006/survey2006report.xml. Also
available are the findings of an informal survey (conducted by Barry Cornelius in April 2005) of Linux on desktop
computers at Oxford University, and a May 2006 update presenting similar fragmentary data on FLOSS software
use gathered from several other UK universities [http://www.oss-watch.ac.uk/studies/linuxdesktopssurvey.xml].

The OSS Watch 2006 survey employed an online questionnaire that extended a design piloted by a much smaller
2003 survey (also available on the OSS Watch website), and made use of many portions of the instrument developed
for the FLOSSWorld HEI survey. Future research will therefore exploit the “developed country bench-mark” that
this affords, offering direct comparisons with the responses reported here — subject, of course, to the variants in the
wording of questions introduced by translation from the basic English version.

12 As the average university employee is likely to have a better educational preparation and higher skill levels than the
average member of the work force, the implicit measures of absorptive capacity yielded by looking at FLOSS
adoption and use in HEI’s relate to a “best practice” rather an “average practice” concept of technology transfer.
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respond. So it would not be unreasonable to surmise that the picture created by our study describes
the state of affairs among technology savvy individuals at the “leading edge” of universities’
involvements with FLOSS, rather than the situation that is more typical in the HES as a whole.
Section three summarizes responses to most of the questionnaire items, and highlights the
following five principle sets of descriptive findings:

* First, reported average rates of FLOSS use and FLOSS development at
universities vary substantially across countries, but FLOSS use lies in the
range above 60 percent whereas FLOSS development typically lies in the range
below 60 percent. As might be expected, the reported use of FLOSS in these institutions
is far more prevalent than development activity: whereas the national average proportions
of universities that use FLOSS in some form fall in the range between 0.63 and 1.00, the
corresponding range for the mean proportion that are reported to develop FLOSS lie in the
range from 0.27 to 0.61 (save for handful of responding universities in Bulgaria, where
reported rate averaged 0.93). Universities in Argentina and Brazil use FLOSS more
extensively than do their counterpart institutions in other countries, especially those in
China, among which the adoption of FLOSS is less common than the rest of the sample.
Despite the prominence of the Indian Institute of Technology and the increasing role that
information technology plays in India’s economy, FLOSS does not have a comparatively
prominent role in the countries universities of India. Overall differences between countries
explain only 14 percent of variation in FLOSS use, so an institution’s country says only
about one-sixth as much about the institution’s use of rLoss as do the institution’s other
characteristics.

* Second, views among administrators and IT managers are not closely aligned
regarding the appropriateness of the share that their institutions’ IT budgets
devote to software purchase and licensing fees, although there is a clear preponderance of
opinion that budget shares in the range 0.20-0.40 “seem reasonable”. A clear majority
among the administrators are comfortable with software budget shares in the range up to
.50; those that think otherwise appear to agree, on balance, that the shares in that range are
too low rather than too high; whereas at each point in the budget range above .30 a clear
majority of IT managers view their institutions’ share as reasonable. Expectations that
there will be a need to reduce expenditures on software are rather more closely aligned
between administrators and IT managers at each level of the actual institutional budget
range, but, perhaps not surprisingly, the consensus on the need for cuts that emerges
among respondents whose institutional software expenditure shares are in the 0.30-0.60
range is considerably more pronounced in the case of the administrators.

e Third, a substantial portion of universities ask technical job applicants about
their rLoss experiences and give positive weight to such experience in making hiring
decisions. This finding is consistent with, but by no means proves, the contention that an
important motivation for developers to volunteer contributions to rLoss projects is their
expectation that such participation will improve their employment prospects in the
software industry or professional careers by signaling their technical abilities and
achievements.

*  Fourth, a majority of the survey respondents report that courses are offered at
these institutions that would provide students with basic and advanced
programming skills, and courses in web management and advanced html appear to be
no less frequently available. While this is important in initiating development of the
abilities of graduating cadres entering employment to use and modify open source code,
and permitting them to interact with and participate in the code development activities of
international FLOSS projects, comparable skills development support generally is not
afforded to university staff. Nor are these software skills course offerings equally extensive
across the countries: whereas as average of 3 or more courses per institution is the country
norm, with Bulgarian and Indian universities averaging more than 4 such offerings apiece,
the average barely exceeds 2 courses per institution in Croatia.

»  Fifth, having a departmental policy for purchasing computer software which is
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clear or which supports FLOSS adoption is neither necessary nor sufficient
for a university to attain high levels of prevalence in the adoption of FLOSS.
Many universities that extensively use FLOSS lack clear software policies, and many
universities with IT “neutral” policies regarding procurement do not use FLOSS. Such
policies, however, when not anti-thetical to releasing FLOSS appear to be
strongly associated with the reported presence of open source software
development activity within the institution.

Section 4 analyzes the correlates of reported FLOSS use, software adoption policy, open source
software development activity, and IT personal hiring preferences, with the aid of two statistical
methods — principal component analysis and multivariate regression. These techniques are
explained briefly in the methodological appendix. It is found that cross-country differences explain
only 15 percent of variation in the reported prevalence of rLoss use. Knowledge of a university’s
country, in other words, says less about the university’s use of rLoss than does knowledge of other
characteristics of the university. Survey data are relatively uninformative about rLoss use, however,
as data from the present survey explain only 20 percent of variation in rLoss use across
respondents.

Section 5 summarizes the report’s findings with a view to their possible bearing on higher
education and science policies aimed at human capital formation involving IT skills and the
absorption of technologies embedded in software. A statistical Appendix presents auxiliary tables,
methods for statistical tests and regression analysis, and further discussion of possible selection
bias in the survey.

5. 2. Survey Populations and Respondents

5.2.1. Respondent Individuals

Local survey affiliates in each of eight countries identified potential universities as targets for direct
email requests to cooperate by responding to the survey. In most cases the university
administrators and information technology (IT) personnel were contacted by direct email and
informed of the online (Web) location of the questionnaire(s).

The survey responses thereby obtained includes the answers supplied by a total of 446 individuals,
just over half of whom are IT managers. National sample sizes vary: China, the country with the
world’s largest population, has only 54 respondents, while Malaysia has 128. Bulgaria and South
Africa have small samples of 7 and 12 respondents, respectively, while Argentina, Croatia, and
India have intermediate sample sizes. The samples from Brazil, Croatia, and India substantially
over-represent IT staff, while the sample from Argentina most under-represents IT staff. These
differences in proportion across countries have robust statistical significance, but they could
indicate different true ratios of IT to administrative staff in these countries, or they could reflect
varying response probabilities across individuals and countries.

Respondents had mean age of 39.5, with the average South African aged 47 and the average
Bulgarian aged only 35. Large web-based surveys of rross developers place their mean ages in the
range between 27 to 29 (David and Shapiro 2007), so the HEI survey represents an older
population, reflecting the likely situation of university administrators and IT staff members,
compared with considerably younger typical entrants to labor markets and the students who have
been found to represent sizable proportions among the population of rLoss developers at large.
The mean ages of the HEI survey respondents for the eight countries show variations, as has been
indicated, and the same thing may be said in regard to their composition by gender, which ranges
widely: females were entirely absent among the respondents from South Africa, but represented
more and two-fifths of the (comparably small) number of Bulgarian respondents. The mean of the
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female proportions in the whole sample (0.183) approximates the average that is found among the
other, more substantial national samples, but even for that part of the data set the country-to-
country differences are considerable — ranging from 0.11 to twice that proportion.® Whereas the
respondents’ mean age varies significantly across countries, in the case of their gender
compositions we are able only marginally to statistically reject the hypothesis that in each country
the proportion of females among responding university officers is the same.*

On average the survey required 20.7 minutes to complete, or just over one minute per question. A
few respondents took much longer (Figure 1). National language imperfectly predicts time required
for completing the survey, as the average South African respondent spent 21 minutes,*” but the
average Bulgarian and Chinese respondents spent only 11 and 14 minutes completing the survey,
respectively. Connection speed, time required to think of an answer to a question, and other factors
likely played roles in determining the time required for the survey. Survey duration was right-
skewed, with a few respondents taking nearly an hour.

5.2.2 Respondent universities

To give a clearer picture of the institutions represented in these data, Table 2 provides descriptive
statistics indicating the size and scope of the respondent universities’ educational activities the
several countries. For several reasons, calculating response rates for this survey is not trivial.
Surveyors contacted one or more people at each university, and sometimes in different
departments or campuses of one national university. Sometimes the person who responded from a
university differed from the person who was contacted in that university. Further, surveyors and
respondents refer to one university in many ways — via acronym, nickname, departmental name
only, department and faculty, or any combination of the preceding options in English and/or local
languages. Table 2 presents an “institutional response rate”: the numerator is the number of
distinct universities which had at least one person answer the survey, and the denominator is this
number of distinct respondent universities added to the number of distinct universities which were
contacted but did not respond. The response rate statistics are reported therefore approximate the
portions of the contacted universities that had at least one person fill out the survey.

Overall, forty-eight percent of the universities invited to participate actually submitted a response,
but the response rate varied from a high of 77 percent in Malaysia to a low of 24 percent in India.
Since the survey offers nearly no data on the non-respondent individuals or institutions, the data
allow no testing whether respondent institutions differ in observable ways from non-respondent
institutions.

This response rate led 310 distinct universities to respond, implying that the survey contains just
below 1.5 mean respondents per university. ** Malaysia had the largest sample of individuals, but
Croatia has the greatest number of universities, with 71 different institutions responding. Bulgaria

13 It is interesting to note that the mean proportion of females among these respondents closely approximates the (20
percent) share of females among the employess of proprietary software firms surveyed by the FLOSSPols Project
(2006): the latter far exceeds the share of females among FLOSS developers that respond to web-surveys, which is
in the neighborhood of 3 percent. In the case of the FLOSS-US survey, only 1.6 percent of the approximately 1500
respondents to that survey question identified themselves as female (see David, Waterman and Arora (2003).

14 The Appendix Section A2 explains the Pearson X* and ANOVA F statistics reported in some tables.

15 In this instance, as elsewhere, we report sample statistics calculated after discarding outlier observations that are
obviously erroneous: one of the South African respondents appeared to have taken more than 20 hours to complete
the survey, most probably because they had interrupted their work but remained connected to the server, which
eventually recorded their log-out time.

16 When a national university has campuses in several cities, Table 2 identifies these campuses as distinct institutions.
The existence of measurement errors in the size data is suggested by Figure 2, where “age heaping” is clearly
present in the size distribution of the responses to questions about the numbers of undergraduate and graduate
students enrolled: note the local peaks on 10, 20, and 30 thousand undergraduates; there are indications of heaping at
5, 7,5(7), 10 thousand graduate students.
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had only five institutions respond, and South Africa had only 9.

A surprisingly high portion of universities only sent responses from IT staff. The survey requested
responses from administrative personnel, and also requested administrative respondents to
designate an IT manager who could either supplement or replace the administrative response.
Given this survey design, one would expect a majority universities to have an administrative
respondent, and some to also have IT managers as respondents in those instances where the
administrator was unable to supply answers to technical questions; in a minority of cases, one
would expect only responses from an IT respondent. The data, however, contain more responses
from IT personnel than one might expect: 46 percent of universities have IT managers only, 35
percent have admin respondents only, and 19 percent have both types of respondents. The
breakdown of respondent type varies across country: Brazil, China, and Croatia have relatively
more IT managers, while Argentina has a disproportionate number of administrator-respondents.”
One-fourth of the responding universities represent technical institutions, as one might expect
given the survey’s announced focus on IT software. Technical institutions are identified from
university names—institutions like “Binary” or “Multimedia” university are identified as technical,
while others are not. University naming may reflect demand for different types of education in
different countries, and it is striking to note that over 60 percent of respondent universities in
Argentina and India are technical, while no more than a third of any other country’s sample is
technical.

Respondents to this survey also represent large universities, with mean enrollment of 13,500
students, about three-fourths of whom are undergraduates (Table 2). This reflects the presence of a
long right-hand tail in the size distributions of the respondents’ undergraduate and graduate
enrollments. University size correlates somewhat with country size, as China has the largest
universities (22,300 undergraduates and 31,000 graduates) and Croatia has the smallest (1,100
undergraduates and only 770 graduates).”® Indeed, of the 14 institutions in this survey with the
largest student enrollment, 7 are Chinese. Administrative and academic staff sizes are somewhat
correlated with student size—Brazilian and Chinese universities have the largest staff sizes, and
those in Croatia have the smallest . For each of these enrollment and staffing variables, data show
statistically significant differences across countries. Given the sample of 310 distinct universities,
Table 2 implies that in total this survey represents universities teaching about 4.2 million students
(=310 x 13,410).

Since Malaysia has the largest sample of 128 individual respondents, we disaggregate the responses
for the 48 universities on which they reported, in order to obtain a quantitative indication of the
degree of within-country heterogeneity (Table 3). Although most institutions are represented by
one or two respondents, quite a few of these universities have many more than that. From
University Putra Malaysia there were 18 respondents, constituting 14 percent of the Malaysian
sample. Multimedia University provided the second-largest sample, with 8 respondents. By any
measure, university size has little relation to sample size, perhaps due to varying response rates but
possibly may be caused by reporting error in university size measures.' As one may see from Table
3, the variations in institution size as indicated by the structure of student enrollments, faculty and
administrative personnel are generally consistent, but positions in the rank-order by size shows no
systematic association with the institutions’ place in the ranking by number of individual
respondents.

17 These results may say more about the assignment of job-titles than about the comparative technical expertise of
respondence designated as administrative and IT managers, respectively. In presenting survey results, however, we
consider the possibility that on average there may be differences between the typical occupants of those positions,
and so separate the responses from the two groups for statistical analysis.

18 Nearly all enrollment levels reported in the survey are rounded to the nearest hundred or thousand, and
administrative and IT staff may not know their institutions’ exact enrollment, so these statistics probably include
more measurement error than other statistics do.

19 A least squares regression of the number of survey respondents from a university on variables for that university’s
enrollment and staff size reveals no association larger than 0.0001, with no statistical significance for any parameter
estimate. The existence of measurement errors in the size data is suggested by Figure 2, in which the presence of
“age-heaping” in the size distribution of reported enrollment numbers already has been noticed.
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5.3. Survey results

5.3.1 Work Responsibilities of the Respondents

The responsibilities of these respondents defy simple characterization. Half of IT managers hold an
executive position as a manager or department head, while only a third of IT staff conduct research
as a part of their work (Figure 3). Administrators juggle even more tasks, with over half doing some
kind of teaching and nearly three-fourths holding an executive position. Although Figure 3 suggests
that IT staff face varying levels of responsibility, a rather more comprehensive picture is presented
of the technical skill/experience levels of IT managers, based on their responses to a subsequent
set of survey questions concerning 7 specific technical capabilities and managerial capacities
required by their positions (Figure 4).>° Between half and two-thirds of IT managers reported that
they have skills in the listed areas or have responsibilities in these areas as part of their work: 52
percent reported skill in database administration, 65 percent reported skill in administration, and
intermediate proportions reported skill in software development, programming, internet/web
design, ICT/software teaching, and network administration.

Most respondents — administrative and IT — have a variety of responsibilities for IT practices,
making them potentially good sources of information for understanding rLoss use in universities
(Figure 4). Although nearly two-thirds of respondents purchase software, only 42 percent
administer information and communication technology (ICT) budgets, and only a third design or
approve software licensing agreements. Over half develop and/or implement institutional ICT
policies. These tasks require expertise in several subjects — technical expertise for identifying and
implementing required ICT systems, legal expertise for designing or approving software
agreements, and fiscal expertise in designing budgets — so it is unsurprising that respondents fill
some but not all of these tasks. From Figure 5 it is seen that the pattern in the proportions of the
various skills and responsibilities are quite similar for the subsets of university administrators and
IT managers.

5.3.2 Institutional Decision-making for Software and IT Expenditure
Shares

Advocates of rLoss and advocates of proprietary software each argue that the respective
merits of their products will cause some classes of users, if not all users, to adopt them in
preference to the alternative. In many universities, as is the case in many business organizations, a
centralized procurement process determines the software that manages systems and appears on
individual users’ computers. Indeed, 69.3 percent of respondents to the HEI survey agreed that
decisions regarding software purchases for their institution are “made on an institution wide
basis.” Regardless of the substantive attributes rLoss or proprietary software products in particular
contexts of application, it seems likely that the process by which universities choose software will
influence the software they ultimately install. For instance, one might suppose that IT managers, if
they had the decision to make, would select different software from that which would be chosen by
financial or other managers in the ranks of university administration. Understanding the locus of
departmental decisions about procurement of software, then, may help understand why some
departments and, indeed, some universities do or do not adopt rrLoss.

IT managers clearly play the most important role in choosing software—nearly half of
respondents identified their institution’s IT manager as most important in this decision, and
another fourth of respondents said that the individuals holding that position was second-most in
importance (Figure 6). Users play an important role in 40 percent of institutions, whereas
financial and other managers play less important roles, and external consultants have effectively no
role to speak of. Panels A and B of Figure 6 show that there is a generally close agreement of views

20 The item asks whether IT staff have “personal technical skills and/or responsibilities in your employment position,”
so responses may include all staff that have technical skills in an area, regardless of whether the respondent’s
employment requires use of the skill.
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between members of the general university administration and IT manages concerning the locus of
influence in decision-making on these matters; the proportion among IT managers that rate their
role as dominant is only slightly bigger than the proportion among administrators who accord
them top importance.*

Only half of respondents offered answers to questions on the composition of IT budgets,
which could reflect lack of knowledge on these budgets, unwillingness to divulge this information,
or other reasons. Respondents who estimated the composition of IT budgets indicated that a fourth
of expenditure goes to software and license fees while a tenth goes to IT personnel (Table 4).
Malaysia and India dedicated the greatest portions of their IT budgets to software and license fees,
while Bulgaria and Croatia recorded the lowest proportional expenditure on software and license
fees. Statistics on budget expenditure for software explicitly excluded expenditure on IT personnel,
though the survey did not specify whether these data included contracted-in personnel, such as
database consultants from external firms.

Opinions about the “reasonability” of the current levels of expenditures on software
purchases and license fees also vary widely among institutions and countries. In India, 71 percent
of respondents felt that expenditure on these items was reasonable, while among Croatian
respondents only a third took that view, and nearly 60 percent of Croatians stated that expenditure
on these items was too high. Views about the reasonability of software and license fees did not
strongly correlate with opinions about the need to change expenditure on these items in the near
future. In Malaysia, for example, only 24 percent of respondents felt that expenditure on these
items was “too high,” while 69 percent identified a need to reduce expenditure on them in the next
two years. In Croatia, by contrast, 59 percent of respondents thought that expenditure on these
items was too high, but only 7 percent saw a need to reduce expenditure on them in the near future
(Table 4).

By combining observations on the actual IT budget structure with those on the respondents’
opinions about the appropriateness of the fraction of their institutional or department IT budget
that was devoted to software purchasing and license fees, it is possible to form a view of whether or
not there exists a clear consensus on this question, and whether in the absence of funding shocks
such a consensus is essentially stable or would generate pressures for substantial reallocations of IT
budgets. Figure 7 (Panels A and C) presents these results: there is a clear preponderance of
opinion that budget shares in the range 0.20-0.30 “seem reasonable”, but the views among
administrators and IT managers on the appropriateness of the share of their institutions’ IT
budgets that is devoted to are not perfectly aligned.** A substantial majority of the administrators
(c. 60 percent) are comfortable with software budget shares in the range up to 0.45-.50; those that
think otherwise are on balance of the view that shares in that range are too low rather than too
high. By contrast, as actual software expenditure shares rise from 0.10 to 0.30 an emerging
majority among IT managers view the software share of their IT budget shares as being
“reasonable”; this reaches the 60 percent level when the software budget share is 0.40, and

21 There is only one notable point of disagreement in the assessments reported in Panels A and B of Figure 6. 29
percent of the IT managers say that financial administrators have either a top or second-tier importance in software
purchasing, and 23 percent of them attribute that influence to “other management”; by contrast, 36 percent of
administrators give “other manangement” personnel primarily or secondary influence, and only 18 percent of them
say that financial managers are at the top or second position in these decisions. IT managers appear to have a less
nuanced perception than do the administrators of exactly who it is — if not they — that have sway in software
purchasing decisions. This is perhaps also reflected by the relatively larger frequency (17 vs 10 percent among
administrators) with which top influence is attributed to “others” by the IT managers.

22 The survey questions for Administrators (Q.10) and Managers (Q.17) asked explicity for their views regarding “the
share of software purchases and licsence fees in the total IT budget,” rather than about absolute levels of
expenditures on those items. This had the advantage of “normalizing” the responses for each institution and
avoiding a need to convert different currencies in order to aggregate across countries, especially as exchange rates
may well not reflect purchasing power relatives in software and IT equipment. The drawback, of course, is that the
question did not elicit information regarding whether or not the level of the funding for software is regarded to be
adequate.
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thereafter it continues to drift slightly higher throughout the range of ever-larger software shares.
The appetite for more software appears not to be easily sated among IT managers. Indeed, among
those not content with their actual budget shares, the preponderant opinion favoring higher
relative expenditures for software remains positive throughout the entire range from 0.30 to 0.80.

Perceived needs to reduce expenditures on software in the course of the coming years are
more closely aligned between the two groups (Figure 7, Panels B and D). A clear majority of
opinion supporting that forecast emerges among both the administrators and the IT managers
whose budget shares are in the range from 0.30 to 0.60. But the strength of that majority is more
pronounced among members of the administration, where more than 60 percent always see a
coming need to reduce outlays for software and 75% express that opinion by the time one reaches
software budget shares of 0.60. The conjunction of the two sets of views suggests that if it is not
possible to meet currently desired rates of software acquisition with lowered expenditures vis-a-vis
the overall IT budgets in these institutions, there will be very substantial discontent — especially in
the ranks of IT managers.

5.3.3. IT Strategy, Use of FLoss, and Development of FLoss

One motivation for undertaking this survey was to understand how and why the use of rross
varies across countries. Table 5 describes one potentially important element of software adoption:
formal departmental IT policies or strategies. Fifty-eight percent of respondents indicated that
their department had a formalized policy: Malaysians were most likely to have such a policy (92
percent prevalence), while Brazilians were least likely to have one (29 percent). Three-fourths of
stated policies mentioned rLoss as an option for procurement, giving a good basis for rLoss use.
About 90 percent of institutional IT policies in Argentina and 95 percent in Brazil, mention rLoss.?
Even more surprisingly, over a third of IT policies require procurement of rross software if it is
available.** These requirements are most common in Brazil, India, and Argentina, but relatively
rare in China and Croatia and completely absent in South Africa. In those policies that did not
mention rLoss, a large portion (67%) either did not discuss software or did not specify any type of
software. A small portion (15%) focus on proprietary software, and only 2 institutions — one in
Croatia, and one in Malaysia — had policies that explicitly excluded rross.

In short, the institutions in this survey are only moderately likely to have a formal IT policy,
but most formal policies mention rross — nearly all formal policies in Latin America do — and over a
third of these policies require acquisition of rross software if such acquisition is possible.

Although not all institutions have IT policies that mention rLoss, many institutions and
administrators use rLoss. Nearly 90 percent of respondents indicated that their institutions use
FLoss, but use of rross differs across groups within an institution (Figure 8). In only 9 percent of
institutions do administrators use rross “a great deal,” and in half of respondent institutions,
administrators use rLoss only “a little.” Teaching staff and non-science students are even less likely
to use rross, while 6 percent of teaching staff and 17 percent of computer science students use rLoss
“a great deal.” Among all these groups, computer science students show the greatest use of rLoss.
(The Lickert scales used for responding to these questions do not allow simple comparison across
countries, but in Section 4 we develop a scalar index summarizing use of rross in institutions and
compare this index across countries.)

To simplify presentation, we only disaggregate rLoss use by country for the “whole
institution” sub-question, and not for the sub-questions focusing on specific academic groups, but
we report the responses from administrators and IT managers separately (Figure 9). Again, Latin
America has the greatest prevalence of institutional rLoss use, with 98 and 97 percent of institutions

23 Only 4 Bulgarians responded to the question in column (3) of Table 4, and no Bulgarians answered the questions in
columns (4) to (7).

24 Note that column (3) of Table 4 only includes respondents who answered “yes” to the question in column (2), so
0.49*%0.74 = 0.36.
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in Argentina and Brazil, respectively, using rLoss. FLoss use is least common in China, with only 73
percent of Chinese respondents using rross. A statistical test rejects the hypothesis that rross use is
equal across countries.

The aforementioned statistics do not measure the intensity of rLoss use within an
institution, but among respondents there is general agreement that of the extent of rLoss use should
be increased for all academic groups (Figure 10). Overall, 95 percent of respondents believe that
FLoss use needs to increase in their particular institution, and the proportion within each of the
countries does not vary notably from that high level (Figure 11): a statistical test fails to reject the
hypothesis that the proportion holding that opinion uniform across all the countries.

Although Figure 8 showed that computer science students are more likely than other
academic groups to use rLoss survey, from Figure 10 it is seen that there was strong consensus
among both Administrative respondents and IT managers that greater use of FLOSS was most
relevant for computer science students: 88 percent of the former and 85 percent of the latter
respondents thought that rross use should be increased “much” or “a great deal” among computer
science students. Strikingly, 87 and 83 percent of these respondents, respectively gave the same
answers to the question in the case of the teaching staff. The proportion of IT managers that called
for FLOSS use to increase “a great deal” or “much” among Administrative staff was somewhat
higher (777 percent) than the proportion holding those views (69 percent) among the Administrative
respondents themselves. There was close agreement in the strength of the two groups’ consensus
on the desirability of increasing the use of FLOSS among science students other than computer
scientists, but Administrators were less inclined than IT managers to take the same position in
regard to students outside the sciences.

The preceding questions have concerned respondents’ reports on rLoss use in their
respective institutions. Since it is unlikely that they have precise knowledge of the prevalence of
FLOSS use among particular groups (for example, non-science students), the foregoing data
regarding their opinions is potentially subject to substantial divergences from the actual situation
on which the respondents were commenting. Figure 15 offers a means of assessing the
correspondence between opinion and reality in this matter: it shows the country-level prevalence of
experience with FLOSS use among the survey respondents (administrators and IT managers
combined). At an overall level, comparison with the data from Figure 8 suggests a reassuring level
of consistency. According to Figure 15 the global proportion of respondent’s reporting that they
personally used FLOSS at work is 31 percent, whereas from Figure 8 it will be seen that
administrators reported that 33 percent of the teaching staff and same percentage of their own
colleagues were using FLOSS “a great deal” or “much, whereas IT manages gave 24 and 33 percent
for the corresponding percentages.

There is, in addition, a reassuring degree of agreement in the two sets of observations if one
uses them to rank-order the countries according to the degree of institutional use of FLOSS. For
this purpose we can use the proportion reporting any level of FLOSS at work (from the compliment
of the percentage reporting “None” in Figure 15), and the mean of the national proportions given
by the administrators’ and IT managers’ who reported on institutional use of FLOSS (in Figure 9).
The ordering of 4 highest countries on the latter measure ranking of countries is Bulgaria (100%),
Croatia 89%), Brazil (76%), Malaysia (67%), and these 4 are also in the 5 top-ranked group on the
measure constructed from Figure 9, which includes Argentina (99%) as well. Aside from the
anomaly of Argentina’s position, which is at the very bottom rank according to Figure 15’s measure
of any own use (31%). This gross agreement is only mildly reassuring, however, as even after
omitting Argentina the rank correlation within the group formed by the top 4 is not perfect; and
the same must be said in regard to the rank correlation between the bottom 4 (with Argentina
again excluded) according to Figure 15, and the estimates from Figure 9: China comes lowest (at
69%) according to Figure 9, but on the basis of the estimates from Figure 15 it follows Malaysia and
outranks India (53%) and South Africa (50%). Of course, it is quite possible that there are marked
variations among these countries in the relationship between the extent of institutional use and
the prevalence of FLOSS use among institutional employees who responded to the survey. The
importance of student use, given variations in the relative importance of high- and low-use
students in the sciences, could account for the looseness of the cross-country rank associations that

31



have been examined.

The data based on “own use” also paint a picture of considerable inter-country variations in
the circumstances of rLoss use among personnel employed at HEIs. In Brazil, 76 percent of
respondents use rross at work, and about half of these respondents had used rLoss outside work as
well. In Croatia, 89 percent of respondents use rLoss in some capacity, and 76 percent used it both
privately and at work.” Two-thirds of Malaysian respondents had some personal experience with
rross, half of Indian respondents did, but among Argentinean institutions’ respondents that
proportion was only a one-third. A statistical test confirms that respondents in different countries
have significantly different experiences in both the extent and circumstance of their use of rross .

As important as these academic institutions’ use of FLOSS may be in terms of its effects
upon skill formation among their students, or in releasing IT budgets for other purposes, it is also
relevant to consider the extent to which university-based developers in these regions are active as
contributors to rross production. After all, the prevalence of participation in the development of
open source software among students is itself a indicator the degree to which expertise has been
acquired in programming skills and understanding of software systems; and in the case of faculty it
should be informative about the capabilities of the instruction that the institution is able to provide
for those seeking to develop those skills. rLoss development work can take many forms in the
university setting : faculty and students might develop programs for their own use but then post
these programs at an online code repository; students, staff or faculty, might contribute to one or
another of the large rLoss projects, such as Gnome and KDE which garner the most media attention,
or they may collaborate to form small, team-based rrLoss development projects relating to their
training, or create such software in the course of their individual research work, or participate in
extensive multi-institutional scientific collaboration that develop highly specific FLOSS program to
support their activities. This survey does not distinguish among these various forms of rLoss
development. Nor does it report code levels of software development activity such as numbers of
“commits”, lines of code contributed, average hours spent, average proportions of institutional
personnel involved, nor any other measures of the intensity of participation in rLoss production.
Nonetheless, the survey provides a “first look” at the proportion of universities and of specific
academic groups within these responding HEI’s that engage in such activities.

Overall, approximately half of the institutions represented in the responses were
contributing to rLoss development (Figure 12). This statistic may reflect an average over time; it
may reflect an average over individuals, or it may reflect a subjective judgment about the level of
FLOSs participation necessary for a person to respond that the entire institution develops rLoss.

Computer science students have the greatest involvement among all the academic groups
listed in Figure 12, with one in ten institutions having computer science students that contribute “a
great deal,” and four in eight institutions having such students contribute “much” or more
intensely to rLoss. Half of institutions report that students in other sciences have little or no
involvement in rross, and three-fourths of institutions report that non-science students have little
or no involvement in rLoss. The extent of participation among administrative staff members falls
somewhere between that of the computer science students and the other science students at these
institutions. Teaching staff are nearly as likely as computer science students to contribute to rross.

The finding that computer science students as a group contribute somewhat more
frequently to rross development than faculty members should not be particularly surprising.
Firstly, since most computer science students develop software as part of coursework, computer
science students face a low cost of putting homework-based rrLoss software online. Teaching staff,
by contrast, may face greater obligations to develop teaching material and research papers, which
ma