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Abstract: In today’s global knowledge-based economy, ievident that knowledge, its
accumulation and distribution, through institutiomfshuman and social capital, plays an
increasingly crucial role as a key factor in ecoimrdevelopment. Theproduction,
distribution and processing of knowledge (espegiatientific and technological) is
increasingly performed within the domain of compist@aal information and
communication technologies (ICTs). Even though ghisran uneven distribution of the
ICT resource, particularly within developing couesrthe emergence of Free Open Source
Software (FOSS) can act as a means to bridge ipaiddivide’. This paper looks at how
FOSS has been utilized in Ghana for the purposesagping the National System of
Innovation (NSI) and creating evidence based policy

Keywords: Free Open Source Software (FOSS), Knowledge feanKnowledge
accumulation, National Systems of Innovation (N&lpana

1. Introduction

In today’s global knowledge-based economy, it iglent that knowledge, its accumulation and
distribution, through institutions of human andiabcapital, plays an increasingly crucial role as
a key economic factor [1][2]Since the 1950’s the ability of policy makers awbnomists to
explain fully the determinants of, and growth rafes Western Industrialised Economies in
terms of traditional production factors such aglldabour, and capital has become increasingly
problematic. [3][4] The ‘residual’ [5][6] has been explained in terafisupgrading of the labour
force; surplus generated by interaction effectsl by the increasing role of knowledge in the
economy [7] To further underscore the increasingly strategmgnemic role of knowledge the
work of Lastres et al. (2005) presents three intated arguments. Firstly, “the proportion of
labour that handles tangible goods has become eimt@ian the proportion engaged in the
production, distribution and processing of knowlketlgsecondly, “the share of codified
knowledge and information in the value of many mad and services is significantly
increasing”; and finally, “knowledge-intensive atfiies are rapidly growing” [8] This
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production, distribution and processing of knowlkedgspecially scientific and technological) is
increasingly performed within the domain of compiotaal ICT.

This paper emphasizes the importance of ICT, pdaity FOSS in the measurement of the
main actors’ perspectives and interactions—as deweént assets—within the NSI of Ghana as
a valid means to effectively implement the achiegetrof national targets of innovation, science
and technology policy.

With the aforementioned in mind, designing polioy the right social institutions to absorb,
retain, advance, distribute and sustain knowledgmimes vital to a nation’s global economic
positioning. However this process of design posedoss challenges. “In addition to
understanding the importance of codified and tdesibwledge, it is also important for
governments concerned with competitiveness to ieffity utilize policy instruments and
internal resources (economic agents and institsfioh they are to achieve competitive
advantage” [9]. A framework that enables this psscef design is the National Systems of
Innovation (NSI). The definition of NSI is variediéha good overview of how the concept has
evolved can be found in the work of Freeman (1996). Based on the evolution in this body of
work we embrace the description of Lundval (1992ovdefines a NSI as ‘the elements and
relationships which interact in the productionfubfon and use of new, and economically useful
knowledge ... and are either located within or edoinside the borders of a nation state’ [11].
However to this succinct definition we add an addél dimension as framed in the definition of
Bartels et al. (2012), which is ‘the envelope ofifooming policies as well as private and public
institutional relations, and their coherent soeiadl capital formations, that determine the vector
of technological change, learning and applicationhie national economy’ [12]. Through these
definitions the importance of the non-recursiveatienship between knowledge and policy
becomes clear.

However, given the definition that alludes to tkavelope’ of conforming policies, there are
two aspects that are excluded from the traditidreahing of NSI, particularly in the context of
developing countries, which we include in our moa@mely the effects of diffused information
and communication technologies (ICTs) and arbitegie Through the spread of digital
information and ICTs a new mode of developmentéadved [13][14]. Our conceptualization
of ICT in NSI is not based solely on the conceptiofess, but the work of [15] Hilbert et al.
(2010) who view the digital divide as being atttdble to issues of storage, the ability to
compute and transmit digital information; to corntetize not just the quantity of hardware but
also the corresponding performance in relationltdhaee NSI actors. Within the developing
country context the three actors are perceivedotd relatively traditional and separate roles,
with little or no overlap in functional relationgd, i.e. “entrepreneurial academics, academic
industrialists, and business strategy in governiri@g{. This is evidenced by the lack of bodies
such as technology transfer or licensing officethmiuniversities, or the widespread presence of
venture capitalists. Therefore, access to the sacgdsinancial and information resources would
lead to the need for independent institutions, rgnaebitrageurs. Figure 1 illustrates this
concept.
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Fig. 1

As indicated by Leydersdorff and Ektowitz (1996Y]1the characteristics of NSI—that is, the
strength and quality of interactions between gowemt, knowledge-based institutions (KBIs)
and industry—are critical determinants of efficignand effectiveness in the creation and
dissemination of both tacit and codified knowledge.

It should also be understood that “policy is a parthe system, and it has outcomes and
impacts, just as a new technology or business psodees” [18] From a developing country
perspective it should be noted that there are gomblsome better ways to develop policy, but
above all, it is important to “avoid copying thedst policy fashion” [19]. Thus, informed policy
requires an understanding of the characteristithefelevant actors within a system, their inter-
relational dynamics and their individual requiretsenThis can only be achieved through
effective systemic measurement of NSI, which isoanglex affair that often requires the
deployment of already limited resources both inm&erof finances and human capital
(particularly in a developing country context).

The aim of this paper is to highlight the importanaf ICT, particularly FOSS in the
measurement of the main actors’ perspectives aedactions—as development assets—within
the NSI of Ghana; consequently providing a stromgid for validity, and therefore the
development of policy to effectively achieve natibrtargets of innovation, science and
technology policy.

Section 2 of the paper addresses the difficultieslada collection particularly within a
developing country context and highlights the imtaoce of FOSS. Section 3 presents the case
of the Ghana National System of Innovation (GN3I)v@y and how through the use of ICT and
open sourced software barriers to data collectaanle overcome. Section 4 looks at the results
gained from the GNSI survey and relates them touttee of FOSS. Section 5 concludes with
policy recommendations and areas of further rekearc
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2. Data collection and Free Open Sourced Software

At the most elementary level, “evidence based gafiaking refers to the notion that policy
intervention and direction are underpinned by adeustanding of how things develop” [20]. In
order to facilitate this there is the need for nueasient and hence effective data collection.
Essentially there are two basic forms of data cttbe, namely, interviews and self-administered
guestionnaires [21]. In both cases the processntex and requires the careful consideration
of a multitude of parameters, including: nature aodpe of the enquiry; availability of financial
resources; availability of time; access to necgssamnpower; degree of accuracy required, type
of collection method to be used [22] as well asassof statistical reliability and validity.
Traditionally methods of data collection and knadge codification have involved mail,
face-to-face, and telephone based approachesmaimefacets of which are outlined below:

Mail Surveys

* Mail surveys are less intrusive than interviewspandents may answer at leisure in their
own time and there is no interviewer present whg mhibit free answers to more sensitive
topics.

* Mail surveys lack the flexibility and intervieweugport of interview surveys, which limits
the complexity of the questionnaire. This is pamhtigated as visual stimuli, such as
pictures and graphics can be used.

» Access to lists of the target population shoulébailable but may difficult to obtain.

* Mail surveys have a longer turn-around than telephsurveys, but face-to-face interviewing
takes even longer.

* Mail surveys may be less costly than face-to-fdmmyever when the distribution is at an
international level, greater costs should be gaied.

Face-to-face Interviews

* Face-to-face interviewing has the highest potemti#th respect to types of questions and
complexity. To realize this potential one need$hwell trained interviewers and well tested
guestionnaires, and a qualified field staff in orttetake care of logistics.

» Face-to-face interviewing can be costly and timesconing.

» Face-to-face interviewing has also the highestri@teregarding coverage and sampling, but
again it can be very costly, especially if the doyrs large and/or sparsely populated.

* The greatest asset of a face-to-face interviewe-pitesence of an interviewer is also its
greatest weakness. Their presence may influencgeanghe respondents give, especially
when sensitive questions are being asked.

* In general there may be a contribution to total/eyrerror due to the variance of the skill of
interviewers.

Telephone Interviews
» Telephone interviews have less potential with respetypes of questions than face-to-face
interviews, because there is no visual communinatio

» Interviewers are able to assist the respondenteamglex questionnaires may be used.

* Fewer questions can be asked, a general rule 39 20mutes although longer questionnaires
have been successfully completed.
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* In situations where access to landlines or mobilenes is limited, results may be sub-
optimal.

» If good contact lists are available them from a slamg perspective, telephone interviews are
comparable to face—to-face interviews.

» If the sample dispersion if too high then telephorterviews are the optimal method.
» Telephone interviews can be less costly than fadade interviews.

To summarise, the main issues that arise acrosthraié data collection methods are: cost,
coverage, and quality of response.

However, the emergence and proliferation of then‘nechno-economic paradigm, centred
on information and communication technologies (IC1gve accelerated and deepened both the
codification of knowledge and the spread of infotiorad [23], as well as the overall quality of
data acquisition and responses to surveys.

As highlighted above the ability to access infororatand knowledge are key factors in
developing competitiveness and being able to engggeally. In particular, in the creation,
dissemination, accumulation and application of rimfation and knowledge; ICT acts as a
conduit facilitating this process [24Regrettably, “there is an uneven distribution bist
resource, which directly impacts on developing ¢oas’ capacity to fully participate in today’s
global information economy” [25]. This visible “digl divide” is partly due to the minimal
availability of ICT access in developing countresscompared to developed countrigsmited
resources in developing countries, Africa in paiac, act as a barrier to investment in expensive
communication infrastructure, applications and heamet. Many countries are more concerned
with basic economic priorities as housing, watet anergy. Bridging the digital divide through
digital inclusion may provide a possible means @kenglobalisation work for the poor” [26].

FOSS presents an access solution for developingtces to adopt affordable software
applications thus facilitating the bridging of tdagital divide. FOSS by its constitution — non-
rivalry and non-excludability [27] — acts as a palgood. The consumption of a non-rival good
by one consumer does not decrease its utility fmtteer consumer. FOSS programs can be
copied and distributed at near zero costs withdwat application losing its quality. Non-
excludability is defined as the characteristic, abhmakes it difficult or impossible to charge
people for the use of a good. The distribution led source code of FOSS underlines this
characteristic.

Conversely there arises the issue of sustainalality according to public choice theory,
FOSS developers would cease to invest time andriésgen developing programs that could
otherwise be used by free riders and the FOSS mewemould unravel, and contributions
would cease. However in practice, there are fewurggle to assume this outcome as FOSS
projects are growing around the globe. For exantpkre are long running FOSS projects such
as GNU/Linux, Apache or even the internet browseszila’'s Firefox. This brings up the
guestion of why talented programmers would offegirthexpertise for free and also why
developing countries would actively participate aodntribute to FOSS distribution and
development.

It has been noted that there is a positive cdrogldetween the growth of a FOSS developer
base and the innovative capacities of an econolly Therefore FOSS has the inherent capacity
for development of local nascent capacity by fuglinnovation through knowledge transfer.
With this in mind there needs to be a rethinkinghaf use of proprietary software by developing
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countries, as this may not be the optimal stratémy technological or human resource
development.

3. Methodology — Ghana National System of Innovatio Survey

This section discusses the steps involved in ptanand executing the Ghana NSI, along with
the problems associated with a study of this tgpel the innovative measures taken to address
these issues through the use of the FOSS apphichiine Survey. Figure 2 below provides a
graphical overview of the methodology used in cantitlg the Ghana NSI survey.

Create Database + Launch Survey » Evaluate Missing
of Respondents Responses
Verification of 1st Electronic Govemment Letter -
Databhase Reminder Second Reminder
Survey Creation 2nd Electronic Collation of
Reminder Results
Sensitise Jrd Electronic Database of
respondents Reminder Responses
Launch 4t Electronic Analysis
Workshop Reminder
Figure 2

The following [29] quotedn extenso portrays the methodological approach used in th&SIGN
survey. “The first step in the survey process &sittentification and creation of a comprehensive
database of respondents. The target respondensercheere derived from the three main NSI
actor groups, according to the ‘triple helix modaibposed by [30] Leydesdorff and Etzkowitz
(1996), and an extra intermediary body, namely:

First, the policy community (essentially the Govaent) is represented by officials working
in the relevant division of public institutions whare directly or indirectly responsible for
innovation. These include institutions such as Mmistry of Science and Technology,
Economy, Finance, Trade, Education and Industryve@oment funded research institutes are
also included in this category.

Secondly, the knowledge community (KBIs) is représd by heads of university and
innovation-related faculties/departments (econojrscgence, engineering and business) as well
as heads of think tanks and research institutesately funded research institutes are also
considered in this category.

Thirdly, the industrial community is representedthg CEOs of firms in the medium- and
high-technology manufacturing sector in accordamitie the sectoral ISIC Rev. 3 classification.
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Finally, the intermediary actors selected was diarbitrageurs, i.e., venture capitalists and
knowledge brokers. This group of actors is notesented in the traditional TH model, but is of
crucial importance as the innovation process reguimternal and external knowledge which has
led to the emergence of new business models andypms of companies. As such, knowledge
brokers and venture capitalists fill this gap thglodhe provision of links, knowledge sources and
even technical knowledge so that firms can impritnegr performance in terms of survival rate
as well as accelerate and increase the effectigenietheir innovation processes [31][32][33].
Their resource allocation role is based on the sassent of advantages in information
asymmetries [34][35][36].

For all selected actors full contact details wdreamed: those of government representatives
were provided by the Ministry of Trade and IndugoTI) and the Ministry of Environment
Science and Technology (MEST); the contact detdiimdustry CEOs were retrieved from the
online business directories such as Kompass, whashchosen on account of its comprehensive
list of worldwide companies and the function allagito find multiple e-mail addresses, and
those for KBIs and arbitrageurs were obtained thhodesk research.

The next point of discussion is response rate. t@&sponse rates are seen as problematic by
the researcher as sampling error increases todtie that samples are too small from which to
draw any meaningful conclusions [37]. Overall resg rates have been found to differ
significantly, both across different professionsd amccupational groups as well as across
countries. Evidence suggests that response ratembggerial staff are lower than those of non-
managerial staff [38]. In a recent meta analysl8] Cycyota and Harrison (2006) identified an
overall top manager response rate of 32 per ceran linternational research context, these rates
are, on average, likely to represent an upper bamyndhowever, steps were taken to maximize
the response rate and will be addressed in moead detow.

The next step, one that requires a great deal adgit, is survey design. Generally,
guestionnaire length is considered an importardiprer of response rate [40][41]. With respect
to the Ghana NSI survey, the variables were deeeldyased on a review of NSl literature by the
UNIDO Statistical Research and Regional Analysisit.Uihis initially consisted of 300
comprehensive variables. In order to ensure thédsigpossible response rate, the survey
instrument was revised and the number of variaielésced to 138

Empirical evidence supports the treatment of olduaaiables as conforming to interval
scales [42][43][44]. For this reason and for thepose of clarity and ease, direction and strength
of the response scales were carefully considergdinvthe design process. [45] Matell and
Jacoby (1972) state that as the number of stepssitale increases the number of respondents
who use the midpoint decreases. However, the erdusf a midpoint in a scale leads to a
greater negative bias within the results [46].igit of this, the Ghana NSI survey incorporated a
five-point Likert scale which utilized a midpoirthus reducing the bias towards both extreme
answers and towards false negatives.

The next step in the survey process is the chdiaaathod for survey delivery of which
numerous types exist within the literature, eackhwdiffering perspectives and assessments.
From the list of mail, telephone, interactive voiesponse and interdetwe chose the latter

1 The selection and drafting of the survey instrveas based on deliberations from an earlier earsted in seven Emerging Market Economies (EMB€procco, Egypt,
Chile, Peru, Malaysia, Thailand, and Ukraine, i@20The test of the 2007 pilot also utilized thenkiSurvey FOSS tool.

2 Given the specific targeting of respondents in fthe communities respectively, the survey partitigra invitation email, sent en-masse to all resgonsl, contains a link
leading to the electronic questionnaire. To enhatata reliability and validity the link was equigpwith an authorization token to restrict the ascespeople who have not

received a token and ensure that each respondsrinaable to answer the questionnaire once.
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based on the following justifications: i) In terraé maximizing the use of the budget, internet
surveys can cover a much larger sample size tleandhventional mail survey [47]) The time
dimension associated with conducting web-basedegsris much lower in comparison to other
forms [48]; iii) The quality of retrieved data iggher in terms of non-response and the ability to
include conditionality in a discreet manner [49]); Higher reliability of data is achieved due to
the reduced need for data entry [50][51][52]. Hoarm\there is need for caution when sampling
using a web-based survey. In particular, carefténdibn needs to be paid to the level of
computer access of the target population .[#3]the case of the Ghana NSI survey, the target
population is a sub-population with very high im&traccess, even within the developing country
context, and therefore this concern is of less/ezlee.

As previously noted, maximizing the response ratericial to achieve good survey results.
Various strategies associated with the survey poegist to increase response rates. In general,
it is advantageous to follow a multi-stage survegcpss that includes the circulation of an
announcement letter and the distribution of remiad®4]. Announcement letters and reminders
also have a secondary benefit, namely the creaftisponsorship. [55] Harzing (2004) discusses
the importance of sponsorship, particularly giviea geographical and cultural distance between
researchers and respondents. Generally, sponsocsimpbe provided by an international
professional organization, participating organi@ati international committee of
recommendations or at the level of the individuail of analysis. Conversely, a negative aspect
of sponsorship is the creation of the Hawthorneaff56].”

4. Results

Considering the challenges of surveying in develgmiountries, the results of the GNSI survey
are very encouraging. As previously mentioned thme population is composed of senior
persons within the hierarchy of each of the foubagroups (Government, KBIs, Industry and
Arbitrageurs), and the rate of response from thigig is expected at best to be in the range of
32% [57]. For the GNSI survey a universe of 557 vdestified. From this, due to changes in
contact information and inability to access currgidrmation and inactive email addresses, a
convenient sample of 417 was obtained. The coemrsiample was surveyed for a period of 6
month$, the end result being a total number of 224 resee154%) at the time of writing. This
figure is considerably higher than the aforememtbmaximal response rate of 32%.

It should be noted that, in the case of the GN8lesy the survey is the data base because of
the unique properties of FOSS Lime Survey. As resps are remotely completed they are
automatically translated into the database, these&ttributing a high level of fidelity to the
responses as error from data transcription is &bid

In terms of validity: i) the level of internal armbnstruct validity is high as variables were
extracted from a comprehensive review of litergtuleDue to the elevated response rate the
external validity, or the gerneralizability, of thresults is also high; finally iii) an elevated
degree of face validity is achieved as the FOSSelLfaurvey tool facilitates accurate and
efficient measurement.

3 The risk of the survey becoming longitudinal is low as the rate of institutional change within Ghana is low.
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5. Conclusions and Policy Recommendations

Policy for enhancing the role of innovation, scierand technology, in terms of knowledge that
drives performance as well as application acrossttonomy, is increasingly seen as crucial for
national economic development and industrial compeness. However, reliable policy craft
(mapping, measurement, analysis and control) anerabfe and valid policy instruments
(performance requirements, regulations, fiscal mmwhetary incentives) continue to elude, to a
large extent, the developing countries in genendl the least developed countries in particular.
The reasons for this are many and range from shsgtutional capacity constraints, budgetary
limitations and inappropriate priorities to thekaaf know-how by the policy making community
and the problematics of corruption, managerialitutiand perverse incentives. While these
challenges may not be tractable simultaneouslyeldging country policy makers can make
relatively easy choices to alleviate their probleaisinadequate policy craft and unsuitable
policy instruments.

The first is the necessary adoption of a postureldogitudinal mapping, measurement,
analysis and control of the variables of innovatiscience and technology policy in terms of
NSI. Such a posture enables policy to be ultimahdence-based. The consequences of
misinformed and incorrectly targeted policy is éomed by the mapping of the Canadian
innovation system, in that only certain human resegroups were targeted by programmes and
policy which subsequently resulted in creating@esigaps [58]

Secondly, recognizing the crucial role of compuatadl ICT (internet access, storage
capacity and processing capability) in the healtiihe national economy, ICT infrastructure
needs to be prioritized in developing country goweent budgetary expenditures. This
progressively provides an effective and efficienedimm in which the accumulation of
knowledge, its diffusion and spatial distributieimough the economic institutions of human and
social capital, can take place.

Thirdly, in terms of late-comer advantages andnied, the use of FOSS (such as Lime
Survey) for longitudinal mapping, measurement, sial and control of the variables of
innovation, science and technology representshallvilue of a public good to the developing
country without legacy and sunk costs. The quesifonho should lead in making such choices
comes to the fore. Clearly, given the strategici@alf NSI, computational ICT, and innovation,
science and technology in the economy, it fallgd@ernments of developing countries to lead.
This can be accomplished judiciously in a numberways namely: (i) compiling and
maintaining a database of FOSS,; (ii) by examplesimg intelligently FOSS within government
work; (iii) incentivizing KBIs to employ wisely FC&in their research and policy work and in
government awarded contracts; (iv) requiring thepliaption of FOSS in tendering for
government contracts; and (v) ensuring that thelledtual property rights regime is compatible
with the computational ICT infrastructure and exgaitton of FOSS.
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