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Abstract. An increasing number of academic studies have been devoted
to the organizational adoption of open source software (OSS). Most
studies have either focused on determining which reasons influence the
adoption of OSS, or which barriers prevent the adoption of OSS. To our
knowledge, no prior study has been conducted to determine which barri-
ers exist to the further adoption of OSS in organizations. Studies address-
ing this issue could provide more insight into whether organizations are
effectively able to overcome the initial barriers to adoption, or whether
new barriers arise when the organization expands its use of OSS. To this
end, we conducted a qualitative field study involving 56 organizations that
were asked to report on which barriers existed to their further adoption of
OSS. The data was analyzed using a mixed methods approach by combin-
ing both qualitative and quantitative techniques. Results showed that the
main barrier reported by organizations was a lack of internal and external
knowledge. Furthermore, our results indicate that there was no relation-
ship between the barriers reported by organizations and their extent of
OSS usage. This indicates that these barriers remain important as orga-
nizations increase their assimilation of OSS.

Keywords: open source software, adoption, assimilation, knowledge,
barriers.

1 Introduction

In the past few years, an increasing number of academic studies have been de-
voted to the organizational adoption of open source software (OSS). One line
of research has investigated which reasons influence the adoption of OSS (see
e.g., [32,8,14,18,16,15,31]). These studies have provided more insight into which
factors have a positive impact on the adoption of OSS. Typically, such studies
hypothesize that organizations that exhibit a number of favorable characteris-
tics are more likely to exhibit a greater extent of adoption [6]. Hence, these
studies consider both organizations with a low extent of adoption and organiza-
tions with a high extent of adoption. A second line of studies has investigated
the non-adoption of OSS (see e.g., [20,12,5,13,19,10,11]). These studies are con-
cerned with determining which barriers prevent organizations from adopting
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OSS. These barriers can have an important negative influence on the organiza-
tional adoption of OSS. It is important to realize that adoption and non-adoption
are indeed two distinct phenomena [21,9]. Gatignon and Robertson have noted
that “the variables accounting for rejection are somewhat different from those
accounting for adoption; rejection is not the mirror image of adoption, but a
different form of behavior.” [9, p. 42]. For example, it has been shown that even
in the presence of several strong arguments in favor of the adoption of OSS, the
existence of additional factors with a negative impact on adoption may result in
non-adoption [13]. Previous studies that investigate the barriers to the adoption
of OSS generally use a sample of organizations that have not adopted OSS (e.g.,
[10,11,13]).

To our knowledge, no prior study has been conducted to determine which
barriers exist to the further adoption of OSS in organizations. However, we
argue that it is interesting to consider which barriers exist for organizations that
have already adopted OSS to some extent. These barriers may limit the ability
of organizations to further increase their adoption of OSS. It seems unlikely
that an organization that has adopted OSS to a limited extent will no longer
experience any barriers when expanding its use of OSS. Instead, a more gradual
process is likely to take place in which organizations slowly overcome the barriers
to adoption over time. Hence, there is currently a lack of studies that consider
the impact of barriers to the further adoption of OSS. Studies addressing this
issue could provide more insight into whether organizations are effectively able to
overcome the initial barriers to adoption, or whether new barriers arise when the
organization expands its use of OSS. The results from such studies could allow to
devise interventions that facilitate the further adoption of OSS in organizations.

In this study, we will address this gap in literature by investigating how the
barriers reported by organizations evolve as organizations increase their use of
OSS. To this end, a qualitative field study involving 56 organizations was con-
ducted to determine which barriers existed to the further adoption of OSS. Our
sample included organizations that did not adopt OSS, as well as organizations
that have adopted OSS to at least some extent. Each respondent was asked to
report which barriers they perceived to be present to the further adoption of
OSS. We investigated whether the existence of these barriers was related to the
extent to which the organization has adopted OSS. This will provide insight into
whether these barriers are overcome by organizations as they increase their as-
similation of OSS, and which additional barriers may arise later in the adoption
process.

2 Methodology

Our study was conducted as a qualitative field study. A self-administered web
survey was used to collect the data for our study. The scope of our survey was
restricted to the use of open source server software (OSSS). For the purpose of
this survey, the term OSSS referred to a limited list of 7 OSS products consisting
of Linux, BSD, Apache, Bind, Sendmail, Postfix and Samba. Respondents were
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instructed on each page of the survey that the term OSSS referred to this spe-
cific list of OSS products. Our sample consisted of Belgian organizations from
different sectors and sizes. The target person in each organization was the IT
decision maker, commonly the CIO or IT manager. We received a reply from
111 out of 153 organizations that were sent an invitation to participate, which
corresponds to a response rate of 72.5%.

The main question in the survey that respondents needed to answer was the
following: “Which reasons prevent the (further) adoption of OSSS in your orga-
nization?”. The question was open-ended, allowing organizations to provide a
free format reply. This approach allowed us to obtain more in-depth information
than by using a closed-ended question. In addition, organizations were also asked
to report on their extent of Linux adoption and their degree of OSSS assimila-
tion. The extent of Linux adoption was measured on a 7-point point Likert scale
ranging from “no usage” to “to a very large extent”. The assimilation of OSSS
was measured by using the Guttman scale developed by Fichman and Kemerer
[7] which was slightly reworded to fit the context of the adoption of OSSS (see
also [32]).

A mixed methods approach was used to analyze our data, by using both
qualitative and quantitative techniques [24,22]. In a first step, our data was
analyzed by using qualitative techniques [17,2,27]. This analysis was performed
by using NVivo 8. After importing the data in NVivo, all replies were coded to
identify any barriers reported by respondents. In a first cycle, coding took an
inductive approach by creating new codes as new reasons were identified in the
responses [2,27]. After this first cycle, a list of 21 codes was obtained. In a second
cycle, the codes were further aggregated into a hierarchy consisting of 8 main
categories representing the barriers to the further adoption of OSSS [2,27].

In a second step, the qualitative data was converted into quantitative data.
This process is commonly referred to in mixed methods research as quantitizing
[24,23,3,28]. After quantitizing, statistical methods can be used to test hypothe-
ses regarding the relationships between independent and dependent variables de-
rived from both qualitative and quantitative data [28,3]. Combining qualitative
and quantitative analysis techniques is an accepted approach in mixed methods
research and can assist the researcher to more easily distinguish and communi-
cate patterns within the qualitative data [24,23,3,28,17]. Each barrier that was
coded in the qualitative analysis was converted into a dichotomous variable by
using NVivo. Each case was assigned a value of one if the barrier was present,
and zero otherwise. This resulted in a matrix in which the presence or absence
of each code derived from the qualitative data was recorded for each case. This
matrix is referred to as an inter-respondent matrix or a case-by-variable matrix
[24,3]. This matrix was further extended with quantitative data concerning the
degree of OSSS assimilation and the extent of Linux adoption. This matrix was
then used to perform statistical analyses to further analyze the data [24,23,3,28].
These analyses were performed in SPSS 15.0.
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3 Findings

A quick inspection of our data showed that 55 out of 111 respondents did not
provide an answer to the question of which barriers (further) inhibit the use
of OSSS. This was indicated by an empty string for the reply field. A missing
reply could have two causes: (1) the respondent did not reply to the question,
or (2) the respondent could not identify any barriers to the further adoption of
OSSS. Unfortunately, we were not able to make a distinction between these two
scenarios. All cases with empty responses were therefore coded as unanswered.
These cases were discarded in the further analysis of our data. As a result, we
obtained usable replies from 56 organizations in our sample. We will first present
an overview of which barriers were reported by our respondents. Next, we will
investigate whether these barriers are related to the assimilation of OSSS or the
extent of Linux adoption.

3.1 Barriers to the Further Adoption of OSSS

A general overview of which barriers were mentioned by the organizations in our
sample is presented in Table 1. This table contains the 8 barriers that were iden-
tified during the coding process. One barrier (“insufficient knowledge”) is further
divided into two subcategories (“internal” and “external” knowledge). The sec-
ond column indicates how many organizations have reported each barrier.1 The
final column indicates the percentage of organizations that has reported each
barrier. Since organizations could mention more than one barrier, the total of
this column does not add up to 100%. This column represents the frequency
effect size of each barrier [22]. We will now discuss each of these barriers in more
detail.

Insufficient Knowledge. The most important barrier that was mentioned by
almost a third of the organizations is a lack of knowledge about OSSS. We further
distinguished between insufficient internal knowledge (i.e., knowledge that is held
by employees within the organization) and external knowledge (i.e., knowledge
that is offered by service providers). Our data shows that internal knowledge is
the most important component. Many organizations reported that they lacked
employees that are familiar with OSSS. One respondent mentioned that it was
“difficult to find in-house the right technical staff to maintain [OSSS]”. In addi-
tion, the knowledge base within the organization may also restrict the opportu-
nities to explore the use of OSSS. One respondent mentioned that the increased
use of OSSS was difficult due to “colleagues who are more proprietary-oriented”.
With respect to the availability of external knowledge, organizations were con-
cerned that no commercial support was available for OSSS and that the internal
IT staff would be responsible for supporting the software. One respondent noted

1 Since one organization reported a lack of both internal and external knowledge, the
number of organizations that reported insufficient knowledge is not the sum of the
number of organizations that reported insufficient internal and external knowledge.
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Table 1. Overview of Barriers Mentioned by Respondents

Number of Percentage of
Rank Barrier Organizations Organizations

1. Insufficient Knowledge 18 32.1%
Insufficient internal knowledge 13 23.2%
Insufficient external knowledge 6 10.7%

2. No further barriers 15 26.8%
3. Limited functionality 9 16.1%
4. Management guidelines 8 14.3%
5. Insufficient resources 7 12.5%
6. Dependency on vendor 3 5.4%
7. Not a goal 2 3.6%
8. Satisfaction with proprietary software 1 1.8%

Total organizations responding: 56

Note: percentages do not add up to 100% since organizations
could mention more than one barrier.

that “currently no suppliers offer/support OSSS”. It was verified that this spe-
cific respondent was not interested in using OSSS in the organization, and can
therefore be expected to have accumulated little knowledge about OSSS.

No Further Barriers. Some organizations explicitly mentioned that they could
not identify any barriers to the further adoption of OSSS.2 Although this is not
a real barrier that inhibits the use of OSS, it is interesting to consider this factor
as it identifies those organizations that have overcome all barriers to adoption.
For one organization, the absence of any remaining barriers appeared to have
paved the way to make OSSS the preferred technology for the organization, as
the respondent wrote: “We don’t have any reason to prevent future use of OSSS!
We have the intention to use OSSS as much as possible!”.

Limited Functionality. Several organizations mentioned the limited function-
ality of OSSS as a major barrier to adoption. The most important remark in this
regard was the poor interoperability with proprietary applications. For example,
one respondent mentioned “compatibility issues on file-level and application-level
with Microsoft software”. One organization from the financial sector also raised
concerns with respect to the “necessary security requirements in a financial en-
vironment”.

Management Guidelines. The attitude of managers may also impede the use
of OSSS. Several respondents expressed that managers in the organization were
either “unease about the use of OSS” or simply “not in favor of OSS”. This
2 Please note that we were not able to determine whether a blank reply meant that the

respondent did not reply to the question, or that the respondent could not identify
any barriers. It is therefore likely that our data slightly underestimates the number
of respondents that could not identify any barriers.
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appeared to be mainly due to a lack of trust in OSS. As one respondent men-
tioned: “we work for a large organization who values the trusted vendors more
than the cost savings of working with OSS”. As a result, some organizations had
a clear policy that did not allow the use of OSSS. The respondent in the financial
organization mentioned above, for example, indicated that “an in-house policy
forbids the use of all OSSS”. In organizations in which IT plays an important
role, managers may also prefer to posit strict guidelines with respect to the use
of IT. This was illustrated by one respondent as: “the decision of the board to
go with ‘standardization’, which seems to be Microsoft nowadays”.

Insufficient Resources. Some organizations reported that a lack of resources
(i.e., time, money, and human resources) inhibited the use of OSSS. For most
organizations, the main issue in this respect seemed to be a lack of internal
resources that are available to gain experience with emerging technologies. This
was expressed by one respondent as: “not enough manpower to try out new
things”. One respondent considered OSSS unsuitable for organizational use by
saying that: “we have no time for such hobbies”. Another organization seemed
to think that using OSSS still required much customization efforts by explaining
that the use of OSSS would require “too much investment to make tailor-made”.

Dependency on Vendor. Some organizations mentioned that they could not
adopt OSSS because they fully depended on a vendor for their software. Inter-
estingly, this factor was mentioned by three public organizations, all so-called
Public Center for Social Welfare (PCSW). As expressed by one respondent,
“given the specific PCSW software, we are dependent on our software vendor”.
These organizations need to use specific software for their services, and only a
limited number of vendors currently offer this software on the market.

Not a Goal. Two organizations mentioned that the further use of OSSS was
not a goal in itself. One respondent indicated that the further use of OSSS was
“not a necessity”. This seems to suggest that these organizations do not want
to increase the use of OSSS per se, but rather decide on a project-per-project
basis which solution (proprietary or OSS) is best suited.

Satisfaction with Proprietary Software. Finally, one organization men-
tioned that “we are satisfied with our current proprietary software [operating
system] and don’t see the ROI or the major change in TCO to move to OSSS”.
If organizations are satifisfied with their existing systems, there may indeed be
no compelling reason to consider the adoption of OSS.

3.2 Relationship with Assimilation of OSSS

Next, we determined whether the existence of certain barriers was related to the
assimilation stage reached by the organization. The Guttman scale developed
by Fichman and Kemerer [7] classifies organizations into 7 different assimilation
stages. Organizations that are situated in stages 0 to 3 have not yet made a
formal decision to adopt OSSS. They have progressed at most to the trial or
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Table 2. Relationship between Assimilation and Barriers Reported

Number of Percentage of Fisher
organizations organizations Exact

Barrier NAD AD NAD AD Test

1. Insufficient knowledge 10 8 37.0% 27.6% .319
Internal knowledge 7 6 25.9% 20.7% .441
External knowledge 4 2 14.8% 6.9% .301

2. No further barriers 5 10 18.5% 34.5% .148
3. Limited functionality 4 5 14.8% 17.2% .547
4. Management guidelines 3 5 11.1% 17.2% .395
5. Insufficient resources 5 2 18.5% 6.9% .182
6. Dependency on vendor 1 2 3.7% 6.9% .527
7. Not a goal 2 0 7.4% 0.0% .228
8. Satisfaction with proprietary software 1 0 3.7% 0.0% .482

Total number of organizations: 27 29

Note: percentages do not add up to 100% since organizations could mention
more than one barrier.
Legend: NAD: non-adopter, AD: adopter.

evaluation stage, where the use of OSSS is still being considered. Organizations
in the latter stages (4 to 6) have made a formal decision to adopt, and are
using OSSS in a production environment. It therefore appears that stage 4 is a
logical boundary between assimilation stages. For the purpose of this analysis,
organizations that have not progressed beyond stage 3 (evaluation/trial) will be
called “non-adopters”, while organizations that have reached at least stage 4
will be called “adopters”.

Table 2 shows how many adopters and non-adopters have mentioned each bar-
rier. Similar to Table 1, we also calculated the frequency effect size for each bar-
rier [22]. This effect size was calculated by dividing the number of non-adopters
(or adopters) that mentioned a specific barrier by the total number of non-
adopters (or adopters). These effect sizes are displayed in column 4 and 5 and
indicate the relative importance of each barrier for each group.

In order to test whether there are statistically significant differences between
the barriers reported by adopters and non-adopters, we constructed a 2 × 2
contingency table for each of the barriers by using the data from Table 2. The
rows classified organizations according to whether they mentioned a specific
barrier, while the columns distinguished between adopters and non-adopters.
The Fisher Exact Test was used to test for significant relationships. The Fisher
Exact Test can be used when the assumptions of the χ2-test are violated [26].
The use of this test was appropriate in this case given the use of a 2×2 table, the
relatively small sample for each barrier, and an expected frequency below five for
some cells [26]. The Fisher Exact Test returns the propability that exactly the
same observed distribution or an even more disproportional distribution would
be obtained by taking into account the row and column totals [26]. A one-tailed,
directional test was performed since it is expected that adopters would report
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Table 3. Relationship between Linux Adoption and Barriers Reported

Number of Percentage of Fisher
organizations organizations Exact

Barrier NLU LU NLU LU Test

1. Insufficient knowledge 13 5 39.4% 21.7% .499
Internal knowledge 9 4 27.3% 17.4% .220
External knowledge 5 1 15.2% 4.3% .665

2. No further barriers 6 9 18.2% 39.1% .381
3. Limited functionality 5 4 15.2% 17.4% .063
4. Management guidelines 5 3 15.2% 13.0% .503
5. Insufficient resources 6 1 18.2% 4.3% .418
6. Dependency on vendor 0 3 0.0% 13.0% .512
7. Not a goal 1 1 3.0% 4.3% .643
8. Satisfaction with proprietary software 1 0 3.0% 0.0% .804

Total number of organizations: 33 23

Note: percentages do not add up to 100% since organizations could mention
more than one barrier.
Legend: NLU: non-Linux user, LU: Linux user.

fewer barriers. The output of the Fisher Exact Test for each barrier is shown
in the final column in Table 2. As can be seen, none of these values are smaller
than a critical level of α = .05. Hence, we have to accept the null hypothesis
that there is no significant difference between adopters and non-adopters with
respect to any of the barriers.

We further investigated this relationship by considering whether organizations
that mentioned a barrier exhibited a lower degree of OSSS assimilation than
those organizations that did not report the barrier. To this end, a t-test for each
barrier was conducted. None of these t-tests identified a significant difference at
α = .05.

3.3 Relationship with Extent of Linux Adoption

We also considered whether the extent to which the organization has adopted
Linux had an influence on the barriers reported. The extent of Linux adoption
was measured using a 7-point Likert scale, ranging from “no usage” to “to a very
large extent”. Based on this data, organizations were divided into two groups.
The first group consisted of those organizations that did not make use of Linux,
or only to a small extent (i.e., those who answered 1–3 on the 7-point Likert
scale) and will be called “non-Linux users”. The second group consisted of those
organization who made use of Linux to at least a moderate extent (i.e., those
who answered 4–7 on the 7-point Likert scale) and will be called “Linux users”.

Table 3 shows a breakdown of the barriers reported by Linux and non-Linux
users, as well as the frequency effect size for each barrier. Similar to before, the
Fisher Exact Test was performed for each barrier to test whether the barriers
reported differed based on the extent of Linux adoption. As can be seen in
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Table 3, none of the Fisher statistics are smaller than the critical value of α = .05.
Hence, we have found no significant difference between Linux and non-Linux
users with respect to the barriers reported.

We subsequently performed a series of t-tests to investigate whether orga-
nizations that reported a barrier exhibited a lower extent of Linux adoption.
Results showed only one significant difference at α = .05. It was shown that
organizations that reported that they could not identify any further barriers to
the adoption of OSSS exhibited a higher extent of Linux adoption (t = −2.028,
df = 54, p = .048).

4 Discussion and Conclusion

Several of the barriers discussed above were also mentioned in previous research
(see e.g., [10,20,11,12,25,5,19]). However, an important result of this study is
that the most important barrier to the further adoption of OSSS was insufficient
knowledge on OSSS. Our data suggests that the lack of internal knowledge is
more important than a lack of external knowledge. This can be explained by
the fact that it can be rather difficult to reorient the knowledge base of the
organization. Previous research has shown that the skills of employees are of-
ten brand-specific [29], or that the IT staff may resist a change towards a new
platform if it goes against their “vested interests” [30,33]. The use of service
providers is more flexible since they can be hired on an ad-hoc basis to support
the organization in the adoption of OSSS.

Overall, our results indicate that there are important knowledge barriers in-
volved in the adoption of OSSS. Knowledge barriers may occur during the adop-
tion of knowledge-intensive technologies [1]. To overcome these barriers, organi-
zations must engage in a process of organizational learning [1,7]. With respect
to the adoption of OSSS, organizations may have to invest considerable learning
effort if they have primarily experience with proprietary software. The assimila-
tion of OSSS then becomes a process of organizational learning.

These results are very consistent with our findings from previous quantitative
research that investigated which reasons influence the assimilation of OSSS [32].
Results showed that the assimilation of OSSS was primarily influenced by the
knowledge available to organizations, which suggested the presence of knowledge
barriers [32]. In addition, our previous research also showed that the availability
of internal knowledge had a more important impact on the assimilation of OSSS
than the availability of external knowledge [32]. The most important factor in-
fluencing the assimilation of OSSS was the presence of boundary spanners in
the organization [32]. Such boundary spanners are important in overcoming the
knowledge barriers involved in the adoption of new technologies [4]. The find-
ings of this study therefore provide further support for our previous conclusions.
This is remarkable since the aim and research design of both studies was quite
different.

We further used statistical techniques to analyze our qualitative data. Our re-
sults showed that organizations that have adopted Linux to a higher extent tend
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to report more often that they cannot identify any remaining barriers to the fur-
ther adoption of OSSS. This suggests that barriers to adoption are only overcome
in the final stages of the assimilation process. This illustrates the importance of
also considering which barriers exist for organizations that have already adopted
OSSS. In addition, we were not able to find any statistically significant indica-
tions that the barriers reported by organizations were related to their degree
of OSSS assimilation or their extent of Linux adoption. This implies that these
barriers remain an issue during the whole assimilation process. Hence, our data
does not suggest that organizations are effectively able to overcome these barri-
ers to adoption. This means, for example, that a lack of knowledge continues to
be an important problem for organizations when increasing their assimilation of
OSSS.

4.1 Contributions

The main contribution of this study is that it addresses a topic that has not
been previously addressed in literature, namely the barries that exist to the
further adoption of OSS. We provided an overview of which barriers exist to
the adoption of OSSS by using a large-scale sample including both organizations
that did not adopt OSSS, and organizations that have adopted OSSS to at least
some extent. By investigating the relationship between the existence of these
barriers and the degree to which the organization has adopted OSSS, it was
shown that these barriers remain important in the whole assimilation process of
OSSS. This highlights the importance of also considering the barriers that limit
the further adoption of OSSS.

A second contribution is that we confirmed the results from our previous
quantitative study. This is noteworthy since a very different approach was used
in this paper. A first difference is that our previous study focused on determin-
ing the factors that influence the assimilation of OSSS. In our present study,
we were concerned with which barriers inhibited the further use of OSSS. It
has been noted in literature that adoption and non-adoption are two fundamen-
tally different phenomena [21,9]. A second difference is that our previous study
used quantitative techniques to analyze the data, while a combination of qual-
itative and quantitative techniques were used in this paper. The fact that the
results from both studies using multiple methods are very consistent increases
the (nomological) validity of our results.

An important practical implication of this study is that organizations should
consider the adoption of OSSS to be a learning process. This learning process
is required to overcome the knowledge barriers associated with the adoption
of OSSS. This implies that organizations should invest sufficient internal re-
sources to support this learning process, instead of relying exclusively on a ser-
vice provider. By having sufficient internal knowledge, the assimilation of OSSS
can be facilitated. Decision makers can also take initiatives to foster the ac-
quisition and exploitation of internal knowledge. Since boundary spanners have
found to be important in overcoming knowledge barriers, decision makers could
try to stimulate the emergence of informal boundary spanners and seek their
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input during the adoption process. In addition, decision makers should be aware
of the existence of these knowledge barriers when considering the adoption of
OSSS. This means that they should not only consider the advantages that the
adoption of OSSS could offer to the organization (e.g., lower cost, the availabil-
ity of the source code, or the reduction of vendor lock-in), but should also take
into account whether the organization has the ability to acquire the knowledge
required to use OSSS.

4.2 Limitations and Future Research

This study has a few limitations that provide opportunities for future research.
A first limitation is that we did not obtain the perception of each organization
with respect to each of the barriers reported in Table 1. Instead, organizations
were asked to report any perceived barriers in a free text field. This way, we
only obtained those barriers that spontaneously came into the mind of the re-
spondent, without further probing for their opinion on other barriers. This may
have had an impact on our results. Future research may therefore take the list of
barriers identified in this study as a starting point, and measure the perception
of organizations towards each barrier. Finally, the external validity of our study
is limited in the sense that the scope of our study was limited to Belgian orga-
nizations and OSSS. It would therefore be useful to replicate this study in other
regions and by using a different set of OSS products (e.g., OSS desktop products
such as OpenOffice.org) to see to which degree our results can be generalized.
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