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ABSTRACT
Low-quality software products are synonymous with small soft-
ware companies, yet thousands of process tools and methods are
available, although unfortunately, they remain unutilized. The uti-
lization of these process tools are said to be very challenging to
small software companies with the difficulty of adaptability tagged
to the context in which the companies operate since the process
tools are not designed to take care of the operational context of
the small software companies. This survey study was undertaken
to empirically investigate the implication of the organizational dy-
namics on using process tools in SSCs. A total of 115 respondents
from Tanzania, Namibia, and Ghana were reached through a struc-
tured questionnaire. Our findings reveal that the ad-hoc behaviors
and attitude breed a culture that inhibits procedural and process-
intensive practices synonymous with most software engineering
process tools. This finding is interesting because this area has been
underestimated while looking at software practice, yet it is sig-
nificant in understanding practice in relation to software process
tools, significantly how small software companies can be helped to
adopt the different tools and also provide a mechanism to help the
designers of process tools make tools that are usable in the context
of the practice of SSCs.

CCS CONCEPTS
• Software organization and properties; • Software notations
and tools; • Software creation and management;
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1 INTRODUCTION
Low-quality software products have been associated with small
software companies (SSCs), despite different process tools to guide
software engineering processes. Studies continue to report poor
engineering practices accompanied by volatile development envi-
ronments in which the SSCs are faced with high competition, short
time to market, impossible deadlines and limited resources [29],[31].
Different solutions have been developed to transform development
practices, among which are adaptive methods that have seen the
companies leapfrog in the names of being agile to no avail. It is
important to note that the SSCs are significant to the software in-
dustry, that the SSCs produce over 80 percent of software products
on the market and the ubiquitous world of today is run on software.
Software significantly touches every aspect of human lives, and a
successful software industry is in the world’s interest [8].

Researchers have listed countless factors affecting software de-
velopment generally, and another author has specifically contextual-
ized the factors to SSCs [18]. Unfortunately, very little seem to have
yielded results in an attempt to address the said factors to put the
predicament at bay. We take an interest in the authors’ work in [33]
who cited four factors affecting software development processes:
technical factors, organization factors, the business environment,
and the governance in the SSCs. Similarly, other researchers in
[28],[8] have also raised similar views and, in addition, associated
the different factors with subsequent complexities, which among
others, make it difficult for the SSCs to use the prosses tools in the
development processes [31],[32]. The researchers propose a process
adoption framework and cite the four factors as the influencing
factors to support the envisaged adoption mechanism to address
the limited utilization of the process tools.

In this paper, we singled out the organizational factors, which
we referred to as organizational dynamics. We investigated the
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significant elements that influence the people, the purpose, the
work patterns, the culture, the leadership, and the structure of that
particular organization affecting the delivery of the intended prod-
ucts expected to be produced by that specific organization. Most
processes in software development, particularly requirements en-
gineering [4] and software testing, are people-intensive processes
with extensive people involvement [9]. Given that people play a
significant role in an organization and the dynamics in an organiza-
tion affect the people. From this, we believe that the said dynamics
affect the utilization of process tools, which has not been explored
and fronted for discussion. Similarly, we also front the notion that
paying attention to the organizational dynamics while developing
an adoption mechanism and the complexities that arise requires tak-
ing a specific interest in investigating what organization practices
influence effective utilization of process tools in SSCs.

To understand this, we first looked at the organizational cul-
ture and specifically the ad-hoc [28] behaviors in an organization
occasioned by development processes due to technology change.
Secondly, we looked at the organization’s structure, believing that it
creates complexity on the management practice in an organization
which is viewed through the lenses of the number of roles one takes
in an organization. Additionally, the number of roles staff take up,
the attitudes in organizations that create a stereotypical tendency,
for instance, the impression that it could be challenging to adopt
tools and techniques for development, the ‘confidence’ in products
followed by an attitude of no testing. In some cases, the companies
have a software testing strategy that may not be referred to, yet it is
developed in-house. Additionally, what seems to look like organiza-
tion flexibility by taking up additional responsibility for the already
available routine work during a typical project, coupled with the
flexibility in resource allocation, exhibited by liberty to switch re-
sources from one activity to another. These concerns aggregate to
organizational behavior that affects the ability of a team to follow
procedural processes and look at multiple tasks in processes as
backbreaking while opting for ad-hoc practices. Moreover, most
tools in software engineering have multiple tasks and need time,
making it difficult for the SSCs to take up these tools.

Investigating the parameters will enable us to make meaningful
conclusions on how organization dynamics make it complex for
SSCs to utilize process tools. The rest of the paper is structured as
follows: In section 2, we present related work, section 3 covers the
methodology used in the study, in section 4 we present the results,
which are then discussed in section 5 and finally, the conclusion
and future work in section 6.

2 RELATEDWORK
Contextual complexities while developing software have become a
matter of concern to different authors [2], [21], [24], with significant
attention given to implications of entrepreneurial characteristics,
maturity models and software process improvement, all discussing
business success of the SSCs, project management and the technical
aspects some of which are covered the software body of knowl-
edge as process areas. Although these initiatives have ended up
with new tools and frameworks that are unfortunately not used
to transform software development processes in the SSCs, they

have contributed significantly to literature in understanding the
challenges in practice.

The interests of some scholars in the associated challenges faced
in the production of software by SSCs have been given to the or-
ganizational aspects of SSCs with significant concern on the en-
trepreneurial characteristics of SSCs [24],[27]. Although the authors
highlight the importance of success in the SSCs, the studies are
more concerned about the organizational cultural characteristics
for the organization’s survival in areas of marketing and engage-
ment with customers. Giving no attention to the fact that these
same cultural issues harm the development practices and the de-
velopment tools that give purpose for the company, especially that
quality is related to marketing and satisfaction of the customers.

The proponents of SPI [19],[21],[22] and [23] present evidence
to the effect that SPI helps transform the practice and at the same
time contend that SPI models such as ISO 9000 and the Capability
Maturity Model Integrated (CMMI) have assisted software develop-
ment organizations by harnessing their experience and supporting
them so that production of software is on time, within budget and
to a high level of quality. However, this presents contraindications
to SSCs. This challenge is further reinforced by [19], who acknowl-
edge the lack of adoption of standards in SSCs and point out the
perception that these tools have been developed for large software
companies and not with the SSCs in mind. The reasons cited, such
as limited resources regarding people, money and organization chal-
lenges, are also alluded to in [21]. The authors proposed what they
referred to as whitewater interactive systems development with ob-
ject models to address the specific needs of SSCs. Additionally, the
authors in [8] list organizational phenomena such as culture and
structure, which set out a significant effect on the company’s ability
to deliver technical aspects of software production and improve the
processes of producing software as a whole. A similar argument
is elaborated by [20], who examine the impact of organizational
culture in supporting knowledge sharing on the success of SPI.

Although all these researchers highlighted significant points on
the organizational dynamics of the SSCs and subsequent challenges
it poses to the company’s, it is notable that they all highlighted the
fact that the SSCs find adoption of specific tools complex[32] and,
as such, propose tools designed explicitly for the SSCs which are
unfortunately not utilizable. However, it is important to note that
the SSCs are not of the same in character and with organizational
dynamics, so bounding then as all small and tailoring tools for all
SSCs is still a futile attempt. This, therefore, is the gap that remains
unresolved, and in this study, we pay attention to the organizational
characteristics of the SSCs and their implications on the utilization
of tools, as highlighted in [31]. In this study, we hypothesize that
SSCs are different and that the difference in character implies cul-
ture and practice. The study seeks to illustrate how the differences
in the organizational dynamics affect the technical utilization of
process tools.

3 METHODOLOGY
We use a quantitative design study in a cross-sectional survey
with close-ended questions answered with a type 5 Likert scale.
Quantitative study designs are commonly used in software practice
research[15, 25], to understand the organizational dynamics in the
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SSCs, the characteristics of practitioners and their usage of software
tools in software practice by SSCs, which has limited studies.

The survey was sent out to 84, 95 and 103 for Namibia, Tanzania,
and Ghana, totaling 282 companies. A total of 115 data points was
returned with 30, 38 and 47 responses from the respective coun-
tries representing 26, 33, and 41 percent. Purposive sampling was
used based on a criterion whose characteristics are defined for a
purpose that is relevant to the study [3]. A sample used is from
a population of software-intensive companies of different sizes
developing software products for a wide variety of markets. The
criterion of selecting the company was the number of persons in
the company to fit the definition of SSCs of under 50 persons, the
type of software-intensive products from the company, and the role
in the software company. Purposive sampling is commonly used in
software engineering studies [10],[7] as advised in [6]. Telephone
calls were made to request the participants to participate in the
study before mailing the questionnaire link on theWebropol survey
system.

Participant time on a questionnaire was under 30 minutes. The
study received a response rate of 40.8 percent, which is above the
minimum 40 percent as recommended in [5]. The respondents’
characteristics were such that those developing software solutions
and web products made 90 and 94 hits while corporate systems
and business tools hit 63 and 32, respectively. The composition in
terms of roles is such that developers, software engineers, project
managers and business owners were 82, 52, 34 and 25, respectively.
The respondents’ level of education is such that bachelors, masters,
and doctorate degrees were 83, 24 and 4 than high school and
vocational training 3 and 1. On gender, 76 and 24 percent in favor
of the males, and the number of personnel in the companies under
5 was the majority with up to 41 followed by 21 to 25 and 26 to 30
with 11 and 14 percent respectively and the rest with single-digit
percentage points.

The survey questionnaire was designed to investigate software
practices, specifically the tools used in practice by the SSCs. We
developed a draft set of questions aiming at covering the software
practice comprehensively. Consideration wasmade to the size of the
questionnaire and the number of questions, with the guidelines in
[14]. Fifteen practitioners in the industry checked the language used
in the study as familiar to the participants through a pilot. Evidence
shows that researchers and industrial practitioners use different
terminologies while conducting industrial studies yet, consensus on
terminology is required [13]. A set of questions was dedicated to the
profiles and demographics of the respondents. The questions probed
data related to software companies in the context of characteristics,
software development tools used in software practice with answers
of type 5-point Likert scale giving participants options of 1. Never,
2. Rarely, 3. Sometimes, 4. Often, and 5. Always.

Assessment of Reliability and Validity of the questionnaire was
done using Cronbach’s alpha α as proposed in [11] to measure
of internal consistency ("reliability"). The reliability of the 64 sub-
questions measured on the 5 Likert scale given a dataset of 115 was
evaluated by internal consistency analysis, using coefficient alpha
α [23]. The result was evaluated to 0.92, which means that our ques-
tions’ internal consistency or reliability is acceptable. According to
the rule a minimum of 0.7 and above is acceptable from the ranges
are from zero to one.

Figure 1: A representation of the respondents who have
more than one role in the company against those with only
one role (n=115)

The data analysis was done using cross-tabulation and spear-
man’s rho correlation, cross-tabulation is a tool used to analyze
categorical data. This type of data involves values that are mutu-
ally exclusive to each other. Data was collected in numbers, but
numbers have no value unless they mean something. Similarly to
the method used by [16], the results of testing these assumptions
showed that kurtosis, skewness, and the one-sample Kolmogorov-
Smirnov tests for all variables were within the acceptable range for
the normal distribution assumption. In addition, the assumptions
of homoscedasticity, linearity, and independence of the error terms
were supported, and no influential observations were identified. In
other words, there were no extreme violations to the basic assump-
tions underlying the chosen data analysis techniques that could
justify the use of less powerful nonparametric statistics. The spear-
man’s rank correlational coefficient calculated using equation 1 is a
nonparametric test used to measure the strength of association be-
tween two variables also commonly used in software development
related research like in [1, 17]. All quantitative analyses were con-
ducted using Statistical Package for Social Science (SPSS) version
26.

ρ = 1 −
6Σd2i

n
(
n2 − 1

) (1)

Where ρ = Spearman’s rank correlation coefficient, di = difference
between the two ranks of each observation and n= number of
observations

4 RESULTS
4.1 Organization culture
4.1.1 Ad-hoc practices that get enshrined as culture. The results
present a correlation between the occurrences of change in de-
velopment practice and the number of software professionals in
a company depicting an ad-hoc behavior that tends to become a
practice and culture in a company. The results present a positive
correlation, as illustrated in Table 1. We also use the question on
the roles taken in the company to evaluate multiple roles Figure 1
shows that 58 percent had more than 2 roles while 42percent had
only one role in the company

4.1.2 Attitude that shapes culture. Figure 2 presents the responses
to whether the respondents had trouble in adopting tools during
software development. Of the 115 respondents,64 stated that they
rarely had trouble, 16 stated they never, 30 stated they sometimes
experience difficulty, and lastly, 5 stated that they often do.
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Table 1: representation of the correlations between the change in the development process due to change in technol-
ogy(XT_DISRUP) and number of professionals employed in a company (NUM_PROF)n=115

Correlations

XT_DISRUP NUM_PROF
Spearman’s rho XT_DISRUP Correlation Coefficient 1.000 -.215*

Sig. (2-tailed) . .021
NUM_PROF Correlation Coefficient -.215* 1.000

Sig. (2-tailed) .021 .
*. Correlation is significant at the 0.05 level (2-tailed).

Figure 2: Representation of the answers to the question to test if the respondent has had difficulty in adopting tools during
software development (n= 115)

Figure 3: Representation of the number of software engineering professionals working in the companies represented by the
respective respondents n =115.

Figure 4: Responses from the question on liberty to switch resources from one activity to another n=115.

We also tested the attitude of the respondents on software test
strategy developed in-house within the organization, on whether
they referred to their strategy. We observed a correlation between
the variables “We refer to our company test strategy” and “Approx-
imately how many software professionals are employed by your
company?” The results presented a p-value of 0.003 (spearman’s
rho value = 0.331) significant at 0.01 level of significance. There
exists a significant positive association between the variables.

4.2 Organization Structure

4.2.1 Number of staff defining structure. As many as 98 of the 115
fulfilled the definition of the SSCs with less than 50 employees.
Figure 3 shows the number of responses in each category on the
number of software development professionals in a company.

4.2.2 Flexibility on resource allocation. Figure 4 shows that up to 94
of the 115 respondents chose the option to have either sometimes,
often or always had the liberty to switch resources from one activity
to another up to respondents, while 21 respondents chose the option
of rarely and none of the respondents chose the option of never.
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5 DISCUSSION
An organization’s culture shapes the practice of an organization;
in small organizations, ad-hoc [28] behavior has adverse effects on
the procedure and intensive knowledge activities. In our case, SSCs
are faced with a dynamic and versatile situation that leaves them
with no choice but to change their development processes due to
technology change.

Finding evidence of a correlation of the change in the develop-
ment process being associated with the number of software pro-
fessionals in a company speaks to this. This also comes with the
pressure that makes it complex, and it tends to create room for
ad-hoc practices, which are in most cases counterproductive while
using process tools. Concerning this, our findings also reveal that
the number of roles an individual takes up in an organization was
up to 56 percent. Role theorists in a scarcity model in [26] posit
that a solid commitment to one role may preclude attachment to
other roles. This takes us down to the individual in the organiza-
tion whose efficiency is curtailed with overlapping duties, which
breed conflict of interest and confines one’s capacity to follow pro-
cedures and processes, hence developing ad-hoc and shortcutting
tendencies. This situation inculcates the volatility observed in SSCs
[8],[30] which is occasioned by pressure and has led the SSCs to
have no choice but to rather amour themselves with attitudes, since
some process tools have increased overhead, meaning that the SSCs
will not see the tool as being a viable solution or even worthy of
trying to use. This creates a stereotypical tendency, for instance, the
impression that it could be difficult to adopt tools and techniques for
development. Although our data show considerable high numbers
of respondents stating that they rarely found difficulty in adopting
tools, this interestingly points to the fact that the limited tools used
could reveal such findings. Limitation of usage of process tools is
also cited by Laporte [19].

Additionally, individuals working under pressure while taking
up multiple roles tend to ignore details that were done in the earlier
role. For instance, a software tester may not have been as strict
when he developed the artefact being tested, as we observe in the
’confidence’ in products followed by an attitude of no testing. In
some cases, the companies have a software testing strategy that
may not be referred to.

The structure of an organization talks a lot to this, the manage-
ment practice in an organization which is viewed through the lenses
of the number of roles one takes in an organization. On what seems
to look like organization flexibility by additional responsibility for
the already available routine work during a typical project, and
finally resource allocation, in which there is the liberty to switch
resources from one activity to another. This tends to be seen as an
unfortunate element to the SSCs, especially that they are already
constrained by resources as also eluded to in [12],[22]. The con-
cerns affect the ability of a team to follow procedural processes and
look at multiple tasks in processes as backbreaking while opting for
ad-hoc practices. Most tools in software engineering have multiple
tasks and need time. This makes it difficult for the SSCs to take up
these tools.

6 CONCLUSION LIMITATIONS AND FUTURE
WORK

This work helps us understand how the organizational dynamics
impedes the SSCs from utilizing process tools as a step towards
streamlining software engineering practice in the SSCs and a revo-
lution in software quality. The study points out key standpoints as
far as organizations and utilization of process tools are concerned.
The developers of process tools must take note of the organizational
dynamics and make tools that are usable in the context of this type
of organization. The findings pointed out in this study fit into the
characterization and classification of SSCs, which will become a
guide while choosing process tools that are appropriate for the
specific organization.

This study is limited to a small sample of data and may not gen-
eralize the entire software development in SSCs. However, we have
attempted to take care of the African context of software develop-
ment, especially by triangulating the data in 3 countries spread all
over Africa. Data collection is still ongoing in 3 other European
countries, and this data will be used to validate our findings and
aggregate on the other studies on how the business environment
affects the utilization of software process tools in SSCs. Addition-
ally, we are in the process of publishing the findings of a study in
which we have developed the characteristics of SSCs, leading to
the development of a classification taxonomy and ultimately an
adaptability framework to help the SSCs choose process tools that
are easily usable in their operational context.
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