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ABSTRACT

The understanding of the viability, competitiveness, and challenges of using open source
software has important implications for the understanding of its adoption. However, one
important problem is the paucity of contextual, valid and generalizable frameworks for
understanding the adoption of open source software. In contributing to address this
important issue, this paper presents a theory-grounded framework for understanding
factors and their influence in the adoption of open source software. The framework has
been developed based on the decomposed theory of planned behavior (DTPB), through
the augmentation of the research areas of the adoption of open source software and the
adoption of information and communication technology (ICT) in small businesses. We
show that the exploratory and explanatory capabilities of the framework provides simple
concepts for researchers seeking to develop valid and generalizable research models and
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analysis instruments, and for practitioners seek common understanding of factors
influencing their adoption of open source software. Implications of the framework are
discussed within the contexts of direct utilization, as justifications for intervention, and as
frame of reference for understanding and communicating issues influencing the adoption of
open source software. The paper outlines proposals for future research to extend and
validate the analytical capabilities of the framework.

Keywords: Open source software; innovation adoption; information technology,; technology
acceptance; decomposed theory of planned behavior; organizational change.

1. INTRODUCTION

There is a growing popularity of open source software (open source) as an important part of
organizational ICT infrastructure [1,2,3,4]. The term open source as used in this paper refers
to OSS as software where the license model grants individuals, groups, and organizations
extensive rights to use, modify, and redistribute the binary and source-code of the original
and modified/derived works, without requiring license royalty fees (Open Source Initiative —
OSI, Open Source Definition — OSD version 1.9). While most open source projects and
communities comply with this definition, there may be some differences in licensing terms
and conditions, particularly in relation to dual-licensing and re-distribution of source code
(see, for General comparison,
http://en.wikipedia.org/wiki/Comparison of free software licenses).

The adoption of open source has been discussed in many contexts including large
enterprises [5,6,7], public sector areas [8], developing economies [9,10,4] and health-care
industry [9,11,12]. The characteristics of individuals, small businesses, large organizations,
and government bodies differ, and influence the adoption of ICT in general. Therefore,
different open source adoption contexts are likely influenced by varying sets of factors,
including organizational characteristics. For instance, while cost saving as an economic
benefit may be attractive in small businesses, management and decision-makers in large
organizations are likely not motivated by the relative cost saving from using royalty-free open
source licenses. Rather, the time saving and reduced administrative overhead of license
auditing, and the enhanced agility in the access to, and the ease of, adopting new open
source solutions are likely relevant in most organizations.

To ascertain the scope of organizational contexts of open source adoption, we have chosen
a small businesses context, informed by the literature of small business adoption of ICT in
general and literature of the adoption of open source. Consistently, study suggests that
organizational characteristics of small businesses influencing their adoption of ICT in general
(see, for examples, [13,14,15,16]), likely influences their adoption of open source. The term
open source adoption, as used in the paper, refers to the process through which an adopter
passes from first knowledge of the open source, to forming attitudes towards its use, to
decisions to use or reject it, its implementation, and to confirmation of this decision (adapted
from [17,18,19]).

Studies suggests that factors influencing the adoption of open source are complex and
subjective [20,2,6]. Contextual frameworks, related models, theories, guidance, etc. helping
researchers and practitioners to better identify complex and subjective influencing factors
and understand their influence are important to managers and other practitioners in small
businesses, who are likely to benefit from the use of open source and the participation in
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open source projects and communities, and often face challenges in their adoption of ICT in
general [21,22,13].

However, a paucity of valid and generalizable theories in the area of open source adoption
[5,11] indicates that there are limitations in the current knowledge and understanding of the
potential benefits, challenges, etc. and their influence on the adoption of open source in
small businesses. These limitations means that researchers and practitioners face
challenges in their understanding and evaluations of the adoption of open source in small
businesses. This gap in research has led us to the broad question: what factors influence the
adoption of open source in small businesses and why? In addressing this question, this
paper presents a theory-grounded framework for exploring and understanding factors
influencing the adoption of open source. In doing so, the key objectives of the paper are, (1)
to identify and collate illustrative factors relevant to the adoption of open source in small
businesses, and (2) to model valid and generalizable explanations of the illustrative factors
and their influence on open source adoption.

To deliver these objectives, there are four major sections that form the structure of the rest of
the paper. The next section explores the early studies of open source adoption to outline an
important limitation in the understanding of influencing factors in this context, arguing for the
use of a theory-grounded approach for doing so. Section 3 will present the operationalization
of a selected theory — the decomposed theory of planned behavior (DTPB) — to develop a
framework of the adoption of open source. Following that, the research and practice
implications of the framework, its limitations and related suggestions for future research are
discussed in the section “Discussions”. The last section will present concluding remarks
about the work presented in the paper.

2. THEORETICAL FOUNDATION

Scholars have discussed diverse factors influencing open source adoption in terms of
benefits including cost saving [9,1,2,8], functionality [7] and quality characteristics [23,24,7];
barriers such as a lack of drivers [25,6] and limited support from government bodies
[26,27,4,16]; and facilitators and inhibitors such as innovativeness [5,26,13], capital
investment [22,28,15], IT infrastructure [29,30] and staff IT-capacity [26,11,16]. As illustrated
in Fig. 1, this diversity in categories and types suggests that influencing factors are complex.
Again, open source adoption has been discussed in diverse contexts such as health-care
industry [9,11,12], developing economies [9,10,4], large enterprises [5,6,7], and public sector
areas [8]. The set of influencing factors prevalent in these diverse areas of use likely differ,
suggesting that open source adoption are subjective to the adoption settings. Therefore, it is
important to use relevant theoretical frameworks for analyzing complex and subjective
factors and understanding their influence on the adoption of open source.

2.1 Limitations in the Understanding of Factors Influencing the Adoption of
Open Source

Early studies have discussed factors influencing open source adoption using mainly the
technology and organization and environment contexts (see, for examples, [5,9,31,31,7]).
Such contexts together provides a parsimonious framework for semantic categorization of
factors influencing the adoption of an innovation [7] (see, an illustrative framework in Fig. 1).
However, study suggests the semantic contexts used in Fig. 1 lack construct validity [5]. For
instance, diverse factors such as cost saving and functionality and trialability are categorized
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under a common context. The complexity and subjectivity of influencing factors implies that
analysis and explanations of such factors within a single context, and using these seemingly
monolithic concepts, are likely to face limitations of validity and generalizability [33,19].

Open Source Adoption

| Key
+ Positive influence
/ Technology Context \ - Negative influence

. * Subjective influence
Cost saving [+] ([14] [20] [53])

Functionality [+] ([10] [41])
Environment Context
IT infrastructure [+] ([27] [34])
Government support [*] ([11] [37] [39]
Lack of device drivers [-] ([22] [28])
[50])

Qialability [+] ([10] [35] [60]) /
Lack of support [-] ([22] [28])

Organisation Context

Capital investment [+] ([12] [29] [33])
Innovativeness [+] ([10] [14] [23])

Staff IT capacity [+] ([11] [17])

Fig. 1. Semantic framework of factors influencing the adoption of open source

Another limitation in Fig. 1 is that as a parsimonious framework, it lacks exploratory and
explanatory capabilities. The exploratory and explanatory capabilities are relevant in dealing
with complex and subjective illustrative factors, and for explaining the nature and influences
of the factors on open source adoption. This limitation implies that the framework in Fig. 1 is
unsuitable for the objectives set-out in this paper.

Relatively, widely-accepted behavioral and ICT adoption theories in the IS field provide
diverse constructs and within their nomological network for exploring factors and explaining
their influence on adoption. Consistently, studies suggests that use of reliable and widely-
accepted theory-grounded concepts with established construct validity, generalizability and
better exploratory and explanatory capabilities improves the validity and generalizability of
analysis, understanding, research models, and conclusions drawn from related findings
[33,34,19]. These assertions have led to us undertaking an evaluation of existing theories
relevant to the adoption of ICT in general.
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2.2 Evaluation of Common Theory-grounded Frameworks of Adoption

Many studies in the field of information systems have applied validated ICT adoption models
and theories to enhance the reliability of their research design and the validity and
generalizability of empirical findings (see, for examples, [35,36,37]). However, the research
area of open source adoption is still in its infancy [5,11], reflected in the paucity of theory
application. The evaluation and application of widely used and validated ICT adoption
models and theories is important in advancing theory application in this developing research
area. This reason has led to us evaluating relevant ICT adoption models and theories and
selecting a theory most suitable for addressing the already discussed limitations.

The theories being evaluated are summarized in Table 1, and based on a common beliefs-
intention-behavior structure. This structure can be seen as representing the exploratory and
explanatory capabilities in each model and theory in Table 1. A comparison of the exploratory
and explanatory capabilities of the theories has led to the selection of the decomposed
theory of planned behavior (DTPB). Three key reasons justifying this selection will now be
discussed.

Table 1. Comparison of relevant models and theories of ICT adoption

Theories Determinants of Intention Scope of decomposition References
Decomposed Attitude Subjective Perceived All determinants of [19]
Theory of Planned norms behavioral intention
Behavior (DTPB) control
Theory of Planned Attitude Subjective Perceived N/A [38]
Behavior (TPB) norms behavioral

control
Technology Attitude N/A N/A Attitude [34]
Acceptance Model
(TAM)
Theory of Reasoned Attitude Subjective N/A N/A [39]
Action (TRA) norms

The first reason is that the DTPB and the 'pure’ TPB, as shown in Table 1, comprise of all
three key determinants of intention and therefore has better exploratory capabilities [38,19].
This advantage over other models and theories is relevant for exploring a broad scope of
complex and subjective influencing factors, and it enhances both the exploratory and the
explanatory capabilities of a research model.

The second reason, as illustrated in Table 1, is that the DTPB has its determinants of
intention decomposed into their belief structures [40,19]. This decomposition extends the
exploratory capabilities of the DTPB over the other theories, providing simpler decomposed
structures to identify complex factors more accurately and therefore, enabling better analysis
and explanations of their influence.

Finally, prior studies have compared the theories in Table 1 and concluded that the DTPB
has the most exploratory and explanatory capabilities, but was the most complex and least
parsimonious [35,36,41]. Furthermore, this theory has been applied in empirical studies, and
it has been recommended as a useful theory for exploring organizational-level adoption of
ICT in general [40,37,19]. These issues are relevant to our objectives which focus on the
organizational-level of the adoption of open source in small businesses.
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3. CONCEPTUALIZING THE ADOPTION OF OPEN SOURCE USING THE DTPB

Having justified the selection of the DTPB, this theory is operationalized in the context of
open source adoption, as illustrated in Fig. 2. The operationalization applies the illustrative
factors — summarized in Table 2 — from the literature of open source adoption, and of ICT
adoption in general to provide context to the operationalization of the DTPB theoretical
constructs. The operationalization leads to related hypotheses that explains the influence of
the theoretical constructs on the adoption of open source.

3.1 Framing Actual Use of Open Source

The actual use of open source is represented by the behavior concept, and refers to the
implementation of an open source and the confirmation of its use (adapted from [17,18,19]).
The definitions of adoption suggests that it is a multi-stage decision process. As illustrated in
Fig. 2, the stages of beliefs, intention, and behavior allow us to explain adoption. Fig. 2 also
shows that actual use can be inhibited by the influence of the perceived behavioral control;
this relationship is discussed in detail in section 3.5. The theoretical constructs associated
with the stages will now be discussed.

3.2 Framing Intention to Use Open Source

As illustrated in Fig. 2, intention is the immediate determinant of behavior. It is defined as the
evaluations or judgment that using an open source is good or bad for the organization
(adapted from [38,34,19]). Here evaluations or judgment refers to the combined influences of
the three belief components (attitude and subjective norms and perceived behavioral
control), which are relevant in framing explanations of the influence of factors on open
source adoption and therefore, will be operationalized as well. Thus, we propose that (H1)
the intention to use an open source has a positive influence on actual use.

3.3 Framing Attitude Towards the Use of Open Source

The first belief component in Fig. 2 is attitude, defined as the perceptions (and evaluations or
judgment) that the use of an open source is favorable or unfavorable to an adopter (adapted
from [38,33,39,19]). This suggests that attitude is formed from the influence of perceptions
favorable and those unfavorable to use. The DTPB posits that attitude has a direct influence
on intention [38,19]. Thus, favorable attitude towards use of open source, which is seen as
an important part of organizations' information and communication infrastructure [2,3,4], has
a positive influence on intentions to its use. This understanding has led to the proposition
that (H2) attitude towards use of an open source has a positive influence on intention.

Attitude is likely the strongest determinant of intention [36,37,19] and it is decomposed in the
DTPB as attitudinal belief structures (relative advantage, complexity and compatibility). We
considered that other constructs related to issues of attitudinal beliefs were relevant in the
context of open source adoption, and therefore sought to extend the exploratory and
explanatory capability of attitude in the DTPB. In so doing, we extended the decomposition
of attitude using other related belief structures, as illustrated in Fig. 2. All of the attitudinal
belief structures in Fig. 2 will now be operationalized.
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Table 2. Operationalized belief structures and related contextual factors

Belief structures

Analytical features

Contextual factors

Triangulation of
literature

Affect Emotions of liking, Enjoyment of use, [3,42,43,44]
elation, joy, pleasure, participation and
depression, disgust, challenging
displeasure and hate
Anxiety Apprehensive, Unreasonable fears  [9,25,45]
fear/phobia, hesitation
and intimidation
Compatibility Existing value, Functionality [24,46,7]
previous experiences
or current needs
Complexity Difficult to understand, Lack of support [5,25,6]
learn or use
Image Enhancement to image Prestige [1,31,42]
or status
Relative Economic benefits, Cost saving [9,20,2]
advantages convenience,
satisfaction and
performance
Result Tangibility of results, Demonstrability [6,10,4,8]
demonstrability observability and
communicability
Trialability Experimentation Trialability [5,1,30]
before actual use
Visibility Visible and Visibility [1,11,31]
communicable
Voluntariness of Voluntary or free will Voluntariness [10,4]
use
Peer influences Peers such as friends, Consultants and [22,47]
families and vendors
colleagues
Superior Information from Government support  [4,8]
influences secondary sources
Self-efficacy Personal/internal Innovativeness [9,1]
ability or confidence IT capacity [11,25]
Resource Time and money Capital investments  [23,24,48]
facilitating resources
conditions
Technology Technology IT infrastructure [29,30]
facilitating compatibility and
conditions infrastructure

3.3.1 Affect towards use

Affect is the first attitudinal belief structure in Fig. 2, and we define it as feelings of joy,
elation and pleasure or depression, disgust, displeasure and hate towards use of open
source (adapted from [49]). Study suggests that open source adopters enjoy the use, the
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creativity, and the participation in projects and communities [43], and the challenging
activities of software development, maintenance, distribution, and governance [3,42,44].
These views suggest that enjoyment in the use of open source is a positive affect (see,
similar contexts, [50,41]). Communicating issues of affect in the use of open source, is likely
to draw the attention of practitioners in small businesses, who are seen as innovative and
often, early adopters of new technology [13,47]. This context of affects leads to propose that,
(H2a) affect has a positive influence on attitude.

3.3.2 Anxiety in use

Anxiety is the second belief structure in Fig. 2 and we define it as the tendency to be uneasy,
apprehensive and phobic towards use of open source (adapted from [51]). This construct
enables identifying issues of perceived risks and unreasonable fears likely to be relevant to
new adopters, and those in early stages of the adoption, of open source. For example, fear
has been discussed as an issue discouraging new users to trial open source ([9,45]); and
discussed in terms of the growing and hidden costs of IT projects, and the fear that the open
source community will splinter or disappear [25]. Much has been discussed about the 'FUD'
concepts used by industry competitors to induce fear, uncertainty and doubt (FUD) about the
viability and competitiveness of open source solutions. In contrast, there have been
arguments suggesting that fear of litigation from use, copying and redistribution of open
source are unreasonable [31]. This discussion leads to the following proposition: (H2b)
anxiety has a negative influence on attitude.

3.3.3 Compatibility of use

The third attitudinal belief structure in Fig. 2 is compatibility, defined as the degree to which
an open source fits with an adopter's existing values, previous experiences or current needs
(adapted from [52,18,19]). Small businesses may find the flexibility of open source [31]
appealing to their organizational structures and innovativeness [13,47]. Consistently, study
suggests that an open source would be more appealing to adopters if its functionality in
terms of capability and usefulness meets their business values and needs [24,7]. These
contexts fits with the compatibility feature of existing values or needs. Therefore, the
functionality of open source is a compatibility factor, and this has a positive influence on
adoption. Based on this argument, the following proposition is offered: (H2¢) compatibility
has a positive influence on attitude.

3.3.4 Complexity in use

The fourth attitudinal belief structure in Fig. 2 is complexity, defined as the degree to which
an adopter perceives an open source to be difficult to use, learn or understand (adapted
from [18,19]). Small business are often regarded as lacking highly skilled staff to provide in-
house support for ICT adoption [47,16] and therefore adopters in such organizations may
lack the staff capacity to address problems in using open source (see, for other contexts of
lack of support [5,25,6]). This example fits with the feature of the difficulty of use. This
understanding has led to the proposition that (H2d) complexity has a negative influence on
attitude.
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3.3.5 Image enhancement from use

Image enhancement is the fifth attitudinal belief structure in Fig. 2. This construct is defined
as the degree to which the use of an open source is perceived to enhance the image or
status of the adopter in their social system (adapted from [35,52]). Owing to their technical
supremacy and contributions in resources and sKkills, individuals, developers, organizations,
open source movements and advocates, and major contributors hold high status of good
reputation, high prestige and gratification, peer recognition and respect, and trust in open
source and the wider IT communities, than their closed-source counterparts [1,53,31,42]. On
the other hand, staffs in a small business may feel that their jobs are under-valued if
mandated to use free software, particularly when such management action is aimed at
addressing shrinking IT budgets and scarce financial resources to support ICT use [1,31].
Based on these discussions, we propose that (H2e) image enhancement has a positive
influence on attitude.

3.3.6 Relative advantage from use

The sixth attitudinal belief structure in Fig. 2 is relative advantage, defined as the degree to
which an open source provides benefits including economic benefits, image enhancement,
convenience, satisfaction and performance, which supersede those of its precursor (adapted
from [34,18,19]). Studies suggests cost saving is perceived as economic benefit motivating
the use of open source. The zero cost of open source licenses offers adopters saving on
software license costs [9,20,2,54], which may be relevant in small businesses sensitive to
the need for capital investment in ICT adoption in general [22,32,28]. Based on this
discussion, we propose that (H2f) relative advantages have a positive influence on attitude.
This proposition explains the influence of relative advantages on attitude towards use.

3.3.7 Result demonstrability of use

Result demonstrability is the seventh attitudinal belief structure in Fig. 2. This construct is
defined as the degree of tangibility of the results of using an open source, including their
observability and communicability (adapted from [52]). Use of open source has been
observed in different contexts: in large enterprises [6,15]; public sector areas [8]; developing
economies [9,10,4]; and in the health-care industry [1,11]. The observation and
communication of the results of use of open source in these contexts likely draws the
attention of potential seeking to understand and to justify how open source may be of value
to them and their organizations. Based on these arguments, we propose that (H2g) result
demonstrability has a positive influence on attitude.

3.3.8 Trialability of use

Trialability is the eighth belief structure in Fig. 2, and defined as the degree to which an open
source may be experimented with before adoption (adapted from [52]). Trialability in the
context of open source adoption seemingly has a broader scope than that commonly
associated with the trial of a proprietary software because there are no restrictions in the trial
of features and functionalities of an open source [5,1], no vendor mandated time-limit on
trials, no restrictions in the trial of multiple open source licenses, and no restriction of the trial
of full support from open source communities (see, the Open Source Definition — OSD
Version 1.9). Trialability is an important factor, allowing adopters the trial of an open source
(OSD Version 1.9) to determine its suitability for their needs and organizational values. The
satisfactory results of potentially long running trials and evaluations may lead to a committed
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use and future use of an open source [30]. Similar approach has been applied in evaluation
of the viability and competitiveness of open source in a range of government departments
and public bodies [31,6,10,8]. These contexts of trialability are consistent with the view that
innovations are more likely to be adopted if the potential adopter is able to trial and
experiment with it to ascertain its usefulness [18]. This understanding leads to the following
proposition: (H2h) trialability has a positive influence on attitude.

3.3.9 Voluntariness of use

As shown in Fig. 2, the ninth attitudinal belief structure is voluntariness of use, defined as the
degree to which the use of an open source is perceived as being voluntary or of free will
(adapted from [52]). The features of this concept suggests that use of particular open source
can be mandatory or voluntary in different settings. Organizations may have IT policies
selectively mandating the use of particular systems including open source for reasons
including leveraging the open source brand [20], gaining greater IT independence and
promoting software code transparency [10,4]. The understanding of issues related to
voluntariness of use may help decision-makers and managers address staff resistance to
change [5,11], especially when migrating to open source platform, and may be useful in
promoting voluntary experimentation and exploration of the benefits of using open source.
Based on these views, we propose that (H2i) voluntariness has a positive influence on
attitude.

3.3.10 Visibility of use

Finally, we define the belief structure, visibility of use, as the degree to which open source
and its use are visible and communicable to others (adapted from [52]). Study suggests that
visibility can influence adoption in the contexts of its current use and its future use [55] and
this is likely relevant to potential adopters who may gain awareness from seeing and
learning about new open source solutions. This implies two perspectives to visibility: a
software perspective associated with the openness of open source applications and source
code (OSD Version 1.9 — criteria 1, 2, 3 and 4), and a use perspective in relation to
experiencing the use of open source solutions through access to open source LiveCD, video
demonstrations, software benchmarks etc. However, the similarity of user-interfaces and
applications (for examples, in mobile phones platforms and auto-navigation systems from
third-party software vendors) has led to arguments that users may not differentiate between
the open source and closed-source applications they are using [1]. Based on these
discussions, we propose that (H2j) visibility has a positive influence on attitude.

3.4 Framing Subjective Norms around the Use of Open Source

The second belief component in Fig. 2 is subjective norms, defined as the perception of the
social pressures on a potential adopter to use or not use an open source (adapted from
[38,39,19]). Examples of social pressure from referent groups includes the influences of
work colleagues, media services, government support, vendors and consultants [27,4,16,8],
within the social environment of the open source adopter. Subjective norms enables
identifying and understanding such influencing factors within the social environments of
small businesses adopting open source. Based on these discussions, we propose that (H3)
subjective norms have a positive influence on intention. This proposition explains the
influence of subjective norms around the use of open source on intentions about its use by
the adopter.
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The diversity of referent groups suggests they are likely to have varying influence on a
potential adopter's decisions to use, or not use an open source. The two belief structures of
the subjective norm — peer influences and superior influences — provide simpler concepts for
differentiating between referent groups and their influence.

3.4.1 Peer influence on use

Peer influence is defined as the perception that peers such as friends, families and
colleagues influence the normative beliefs that using an open source is good or bad for the
adopter (adapted from [19]). Study suggests that government legislations, such as measures
to enforce the conformity to intellectual property laws [4,8], might drive organizations seeking
to avoid the additional costs in license auditing and management to consider more use of
open source solutions. Although consultants and vendors generally provide facilities and
professional information to aid innovation adoption, and they are often seen as
knowledgeable and trusted on the subject of ICT adoption [22,47], managers in small
businesses (such as a family-owned small businesses) may feel pressured to comply with
the advice of consultants and vendors, and they may have concerns about their
independence in making decision about IT implementation [13], and about receiving
inadequate and ineffective facilities and information [22,47] from such external players.
These issues suggests that peers influence including consultants and vendors, and
government policies are generally geared towards advancing the use of innovations such as
open source. This discussion leads to the proposition that (H3a) peer influence have a
positive influence on normative beliefs.

3.4.2 Superior influence around use

The second normative belief structure in Fig. 2 is superior influences, defined as the
perception that information from secondary sources, such as news on the Internet, TV and
newspapers influence the normative beliefs that using an open source is good or bad for the
adopter (adapted from [38,19]). Consistently, communication channels are important
elements in the spread and diffusion of innovations [18]. The Internet is an important
information media and communication channel for the adoption and diffusion of open source.
Adopters may find the Internet useful as a primary source of open source communities and
projects, support services, and software products. Based on these arguments, we propose
that (H3b) superior influence have a positive influence on normative beliefs.

3.5 Framing Perceived Control over Use of Open Source

The third belief component in Fig. 2 is perceived behavioral control and is defined as
perceptions of the control over the personal/internal and external factors that facilitate or
constrain the use of open source (adapted from [38,19]). This belief component is relevant in
exploring and understanding organizational readiness in the adoption of open source. Based
on these discussions, we propose that (H4) perceived control over the use has a positive
influence on intention.

The DTPB provides three belief structures (including self-efficacy, resource facilitating

conditions, and technology facilitating conditions) to enable easier identification of diverse
issues related to perceived behavioral control.
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3.5.1 Self-efficacy for use

The first belief structure is self-efficacy, defined as an adopter's personal/internal ability or
confidence to use an open source successfully (adapted from [19]). Study suggests that
subjects with self-assured skills and confidence to use an open source are more inclined to
adopt it [38,19]. In this context, innovativeness has been discussed in terms of the
confidence of top management and change agents [13,27] to support the trial and motivate
continued use of an open source by staff in their organization [9,1]. Based on these
discussions, we offer the following proposition: (H4a) self-efficacy has a positive influence on
perceived control.

3.5.2 Resource facilitating condition for use

The second perceived control belief structure is resource facilitating conditions, defined as
the supporting resources, such as time and money that facilitate or constrain the use of open
source (adapted from [19]). The features of time and money provide useful context for
discussing resource facilitating conditions of capital investments and staff-time for supporting
the use of open source. Capital investment has been discussed as an important issue
associated with the costs of learning and switching, adaptation, re-distribution, integration
and maintenance of ICT [23,24,48]. These issues are likely to be relevant to small
businesses adoption of open source. From a time resources perspective, limitations in staff-
time or a lack of the staff capability for in-house support may drive organizations to use
scarce financial resources in outsourcing support, a recurring issue in small businesses
adoption of ICT in general [22,28,15]. Based on these discussions, we propose that (H4b)
resource facilitating conditions have a positive influence on perceived control.

3.5.3 Technology facilitatinqg condition for use

Finally, technology facilitating conditions is defined as the technology compatibility issues
that facilitate or constrain the use of an open source (adapted from [19]). For instance,
relevant IT infrastructures such as computer systems, network hardware, and Internet
connection may be essential for use of software technologies including open source [29],
[30] in particular adoption settings. Based on this perspective, we offer the following
proposition: (H4c) technology facilitating conditions have a positive influence on perceived
control.

Although facilitating conditions influence the perceived control over use of an open source,
which contributes to the intentions to use, the influence do not guarantee actual use. On the
other hand, as illustrated in Fig. 2, a lack of essential facilitating conditions for adoption may
inhibit actual use (adapted from [19,41]). Therefore, issues related to essential facilitating
conditions may represent an adopter's critical failure factors. For example, the challenges of
limited financial and human resources, and the external influences of ICT vendors (such as
vendor products and services lock-in, and industry monopoly) may constrain an adopters
flexibility and choices in the migration to, and continued use of, open source solutions [26],
[54]. Based on this argument, we propose that (H5) lack of facilitating conditions has a
negative influence on actual use.

4. DISCUSSION

This paper has presented a theory-grounded framework for evaluating factors and
understanding their influence on the adoption of open source. This contribution is important
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and addresses broad questions regarding factors influencing the adoption of open source
and explanations helping to understand their influence in this context. The exploratory
capabilities of the framework illustrated in Fig. 2 has shown that open source adoption in
small businesses may be influenced by complex and subjective factors related to attitude
towards use, subjective norms around use, and perceived behavioral control over use. lts
explanatory capabilities were demonstrated using relationships between its belief
components, the intention and the behavior constructs to explain the influence of diverse
illustrative factors identified in the literature. The framework extends the existing knowledge
and understanding of factors and their influence and contributes to addressing the paucity of
theory-grounded and contextual frameworks for the evaluation of open source adoption in
small businesses [11].

The validity and generalizability of the underlying theory — the DTPB — and other theoretical
concepts applied allows us to argue that the framework is generalizable for studies of open
source adoption in other contexts, as well as the adoption of ICT in general. The
generalizability of the framework is important, enabling a common understanding of factors
and their influence across studies and evaluations of the adoption of open source in general.
Generally, frameworks are important contributions in the developing research area of open
source adoption [1,11,6]. Three implications for research and practice will now be discussed,
focusing on the issues of direct utilization, frame of reference, and justification for course of
action [35,33]. Following that, limitations in the framework are discussed, and we propose
related future research.

4.1 Implications for Research and Practice

The theory-grounded framework presented in the paper has direct utilisability for evaluating
factors and understanding their influence in the adoption of open source. The validity and
generalizability of the underlying theory (the DTPB) and the extended attitudinal belief
structures should give confidence to researchers seeking to apply the framework in their
studies. For the same reasons, practitioners may find the framework useful as an underlying
component, in whole or in part, for their field evaluation of open source adoption.

Second, the framework is useful as a general frames of reference [55,17] for understanding
factors and related theoretical concepts relevant to the adoption of open source in small
businesses. The factors applied in the operationalization of the framework provide a general
view of the diverse technological, organizational and environmental issues that may
influence the adoption of open source in small businesses. Researchers and practitioners
may find the discussions of illustrative factors useful as references for better understanding
the complexity and subjectivity of similar influencing factors in the adoption of open source in
their research and organizational settings.

Finally, the arguments to support the operationalization of the framework provide useful
justifications for consideration in the selection of contextually relevant theoretical concepts
[33]. The research area of open source adoption in small businesses is still emerging [5,1,6]
and there is a paucity of valid and generalizable frameworks helping researchers and
practitioners to identify and understand influencing factors. Practitioners may find the
arguments useful in selecting theoretical concepts relevant to decisions-making and strategy
about the adoption of open source in their organizations.
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4.2 Limitations and Proposed Future Research

The theory-grounded conceptual framework presented in the paper is exploratory, and has
its limitations. Generally, conceptual models have limitations of empirical validity in their
representation of characteristics of an innovation and its adoption [35,17,6]. Therefore, the
framework presented in the paper has similar limitations. However, the framework presented
in the paper was developed based on validated and widely-accepted theoretical concepts of
the DTPB and other innovation characteristics. Studies have applied the DTPB and similar
innovation characteristics implemented in the framework, and many have reported useful
research findings (see, for examples, [40,37,19]). This limitation paves the way for future
research as a confirmatory study to validate the operationalized theoretical concepts of the
framework and the related hypotheses. The following list illustrates six test questions
relevant to advancing the understanding of open source adoption.

Test questions for future research and confirmatory study

1. To what extent might the framework be valid and reliable for evaluating the adoption
of open source?

2. How well might the framework predict the attitudes, subjective norms and perceived
control over use in the adoption of 0SS?

3. What theoretical constructs and concepts might be most significant in understanding
factors influencing the adoption of open source? Such constructs and concepts
provide a research focus for exploring related contextual factors relevant to the
adoption of open source.

4. What theoretical constructs might be considered as part of a set of a critical success
factors?

5. Is the explanatory capability of the framework stable and reliable across the greater
majority of the sample population?

6. What theoretical constructs and concepts are likely to have important implications of
theoretical generalizability beyond the context of the adoption of open source?

Results from such study and tests may contribute to ascertaining the validity and reliability of
the framework as an analysis tool for evaluation of factors influencing the adoption open
source.

Another limitation of the framework is related to its scope of theoretical concepts [17,29,52].
The framework was operationalized within the context of the adoption of open source in
small businesses, and therefore may lack other theoretical constructs prevalent in other ICT
adoption settings. However, the generalizability of the underlying DTPB and innovation
characteristics makes the framework flexible for extensions to improve its exploratory and
explanatory capabilities, or a reduction in its scope to enhance parsimony. In this context,
future research may seek to determine the significance of the underlying theoretical
concepts of the framework, and may cull non-significant concepts to improve its parsimony
when used in similar contexts or other areas of the adoption of ICT in general.

5. CONCLUSION
This paper has presented a theory-grounded framework for evaluating the adoption of open

source in small businesses. The theory-grounded approach applied in developing the
framework shows that valid and generalizable theories of innovation adoption allow to better
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analyze and understand complex and subjective influencing factors. An augmentation of the
literature of the general ICT adoption in small businesses, the adoption of open source and
the models and theories of organizational adoption of technology appears to be a credible
way to frame theoretical concepts for valid analysis and common understanding of the
adoption of open source in small businesses. This approach in the analysis of prior literature
was relevant, partly, because the research of open source adoption is still in its infancy. The
paucity of theory-grounded frameworks in this research area also necessitated the extension
of the DTPB in the framework to accommodate additional innovation characteristics relevant
for understanding open source adoption. However, doing so has allowed to enhance the
exploratory and explanatory capabilities of the framework for simpler analysis and
understanding of influencing factors. The paper appears to be among the first applying an
extended DTPB to model the adoption of open source, and in so doing contributes to
addressing the paucity of valid and theory-grounded frameworks in this developing research
area. The wide scope and generalizability of the framework suggests that it has important
implications for research and practice, and we have proposed future research to test its
validity and reliability for evaluations of the adoption of open source in small businesses.
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