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ABSTRACT
The adoption of the most appropriate systems development methodology (SDM) for a systems development
project is one of the most critical decisions in systems development practice. An appropriate SDM for a sys-
tems development project is adopted to avoid a misfit of a systems development methodology to the systems
development project contextual settings. An SDM misfit is caused by an SDM whose basic assumptions have
been violated by the targeted systems development project contextual settings. A misfit may increase the
effort required for an SDM in use to fit the systems development project contextual settings. The study aims
to investigate the contingent use of SDMs as an approach to minimise SDM misfit in a systems development
project. The purpose of the article is to present insights on the contingent use of SDMs derived from a survey
of 155 organisations involved in systems development. The results show that both plan-driven and agile SDM
class instances are in use and that hybrid SDMs characterise most SDM implementations. The findings have
implications for both research and practice as they unify the use of the two SDM classes under the contingent
use of SDMs approach.
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1 INTRODUCTION

Research and practice present two main perspectives on how the systems development pro-
ject contextual settings can be dealt with. The first asserts the existence of a universal SDM
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that can deal with any systems development project contextual settings. However, systems
development is a complex problem, and therefore, there is no single systems development
methodology that can address all the systems development project contextual settings (Brooks,
1987; Špundak, 2014). Evidence from practice and research in the systems development field
has dismissed the existence of a one-size-fits-all systems development methodology (Aitken
& Ilango, 2013). The quest for context-setting independent SDMs for systems development
projects has been categorically rejected as infeasible by research and practice evidence (Gill
et al., 2018; Marks et al., 2017; Molina-Rıós & Pedreira-Souto, 2020; Moyo, 2020; Serrador &
Pinto, 2015). The proliferation of SDMs is perhaps partly a result of an attempt to find a uni-
versally applicable SDM to different systems development contextual settings (Diebold et al.,
2015). The systems development project contextual setting consists of a unique set of systems
development constraints, characteristics, and concerns that have to be met to achieve optimal
interaction between an SDM characteristics and the systems development project contextual
factors (Moyo, 2020; Špundak, 2014). These systems development constraints, characteristics,
and concerns are hereafter referred to as systems development contextual stressors.

The second perspective hypothesises that each set of systems development project contex-
tual stressors is unique, and should be treated as such. The systems development practitioner’s
challenge is to adopt the most appropriate SDM from a variety of SDMs for each systems devel-
opment project’s contextual stressors. Therefore, the critical factors in the adoption of an SDM
for a systems development project are contextual stressors (Špundak, 2014). Furthermore, the
adoption of an SDM is not a once-off event nor a straightforward process. SDM adoption is
the outcome of a decision process that involves continuous SDM use assessment and evalu-
ation of available alternatives (Moyo, 2020; Špundak, 2014). The adoption of an SDM for a
systems development project may not be as ideal and logical as expected due to contextual
stressor framing or misinterpretation (Ashok et al., 2012). Furthermore, the adopted SDM
implementation may vary from one system development project to another or even within the
same systems development project (Schmidt, 2016; Špundak, 2014).

The systems development practitioner is mostly presented with two classes of SDMs from
which they can adopt an appropriate SDM, namely the plan-driven SDM and the agile SDM
classes. The plan-driven SDM class emphasises the freezing of the system development project
scope. In contrast, the agile SDM class emphasises the freezing of cost, schedule, and qual-
ity, with scope regarded as a variable. The two classes have been compared and contrasted
through project contextual stressors such as requirements dynamics (Boehm, 2004), systems
development project type (Dyba & Dingsoyr, 2009), addressing change (Boehm, 2004), and
organisation culture (Nerur et al., 2005). Both classes have their strengths and limitations
(Henderson-Sellers et al., 2014; Janes & Succi, 2012; Špundak, 2014) when evaluated on spe-
cific systems development project contextual stressors.

Research on agile SDM has received extensive attention (Abrahamsson et al., 2009; Ding-
søyr et al., 2012; Tam et al., 2020), and some of the studies seek to prove the superiority of the
agile SDM class over the plan-driven SDM class (Janes & Succi, 2012; Jiang & Eberlein, 2008;
VersionOne, 2018). The comparison to prove that one SDM class is superior to the other in

https://doi.org/10.18489/sacj.v34i1.926

https://doi.org/10.18489/sacj.v34i1.926


Moyo, B., Huisman, M., and Drevin, L.: The state of systems development methodologies use within … 105

all systems development project situations has been rejected as not objective and counterpro-
ductive (Jiang & Eberlein, 2008). Each project is unique and it has to be treated as such, by
adopting an SDM appropriate to its contextual stressors, and not simply adopting an SDM be-
cause it belongs to a specific SDM class. Different SDMs can be combined to achieve synergies
that would be impossible to achieve with a single SDM (Janes & Succi, 2012). Even though
the plan-driven SDM class is well-established, it requires ongoing attention to improve. The
agile SDM class is intended to complement, rather than replace, the plan-driven SDM class
(Janes & Succi, 2012).

In South Africa, the Agile Africa conference is an annual event organised and hosted by the
Joburg Centre for Software Engineering (JCSE) that advances the agile SDM class (JCSE, 2016).
There is a gap in empirical evidence concerning the current state of SDMs in use, in particular
within the South African systems development industry. This article investigates and presents
empirical findings on SDMs in use and their pattern of use within the South African systems
development industry. The findings are relevant for both practice and research since they
reveal a repository of SDMs and their use patterns. The findings allow practitioners to evaluate
and compare their current SDM(s) with local and international trends to improve SDMs and
their application. Researchers may have the opportunity to gain an unbiased perspective on
the use of both the agile SDM class and the plan-driven SDM class in systems development
projects. The findings could advance understanding the adoption and use of SDMs based on
project contextual stressors.

The overall research question for the study is:
How can the contingent use of SDMs be investigated?
The overall research question is further subdivided into two sub-research questions, which

are as follows:
RQ1: What systems development methodologies are in use within the South African systems

development industry?
RQ2: What is the SDMs use pattern in systems development projects within the South African

systems development industry?
This article has seven sections. A conceptual definition of an SDM as used in the article

is proposed in the next section. The evolution of SDMs is presented in the third section. The
research design and methodology for the study are described in section four. Results are
presented in section five and section six discusses the results. Finally, conclusions and recom-
mendations are presented in section seven.

2 CONCEPTUAL DEFINITION OF SDM

There has been a considerable effort to arrive at an authoritative definition for systems devel-
opment methodology (Avison & Fitzgerald, 2003; Geambaşu et al., 2011; Huisman & Iivari,
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2006; Iivari et al., 2000). A proposal of system development methodology definition that has
a broader scope that encapsulates most of the definition conceptualisations found in literature
has been presented (Huisman & Iivari, 2006). The definition provides a perspective based on
the components of a systems development methodology that are not restricted to instances
of systems development methodology classes (Iivari et al., 2000). The definition presents a
unique approach to the definition of systems development methodology found in the literat-
ure that is neither biased towards the plan-driven systems development methodology class nor
the agile systems development methodology class. The definition provides a systematic way of
understanding, comparing, and evaluating systems development methodologies. This article’s
working definition adopts the definition proposed in Huisman and Iivari, 2006 as follows:

A system development methodology is a dynamic framework for developing sys-
tems consisting of the systems development approach, the systems development
method(s), the systems development process model(s), and the systems develop-
ment technique(s) guided and uniquely shaped by a philosophy.

This definition can be used as a criterion against which systems development methodolo-
gies are identified, assessed, and evaluated.

3 SDM EVOLUTION

The evolution of systems development methodologies is classified into four eras: the pre-SDM
era, the early-SDM era, the SDM era, and the post-SDM era or SDM reassessment era (Avison
& Fitzgerald, 2003). Each era is characterised by a specific focus on the systems development
contextual stressors. The pre-SDM era was characterised by systems development based on
the build and fix approach (Aitken & Ilango, 2013). There was significant dependence on
the experience and insight of individual experts and management. When systems complex-
ity increased, this unsystematic and informal systems development practice of the pre-SDM
era was challenged to develop systems that could address the systems development contex-
tual stressors. To address the weaknesses of the pre-SDM era, a more disciplined approach
to systems development was introduced (Avison & Fitzgerald, 2003). This period marked the
early-SDM era. The use of the systems development life cycle (SDLC) as a de jure systems de-
velopment methodology for all systems development situations characterized the early SDM
era (Aitken & Ilango, 2013). However, in reality, the deployment of an SDM is dependent
on contextual stressors (Clarke & O’Connor, 2015; Marks et al., 2017). Contextual stressors
are not static, universally applicable, or equally important in all systems development pro-
jects (Marks et al., 2017). One of the criticisms of the early-SDMs was the underestimation
of the variability of the contextual stressors (Gill et al., 2018). The importance and emphasis
on a specific contextual stressor may vary from one organisation to another, from one sys-
tem development project to another, and within the same systems development project over
time (Aitken & Ilango, 2013). The SDM era saw a proliferation of SDMs in search of a uni-
versally applicable SDM. The failure to find an SDM that was appropriate to all the spectrum
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of possible systems development contextual stressors configuration led to the post-SDM era.
The post-SDM era was characterised by the reassessment of the relevance of SDMs in the sys-
tems development field. The current period is the post-SDM era, where SDMs are no longer
viewed as complete packages that can be matched with systems development projects. The
post-SDM era views SDMs as complementing each other; SDMs can be combined to achieve
an ideal fit to systems development project contextual stressors. An SDM achieves an ideal fit
if it matches the contextual stressors at the organisational level, systems development project
level, and systems development team level (Vijayasarathy & Butler, 2016). Each SDM is suit-
able for addressing systems development contextual stressors that do not violate its underlying
assumptions (Clarke & O’Connor, 2015).

Systems development practitioners often tailor systems development methodologies to fit
the specific circumstances of a systems development project (Gill et al., 2018; Serrador & Pinto,
2015). Each systems development project is unique, and the choice of an SDM or a variant
thereof is contingent on contextual stressors (Henderson-Sellers et al., 2014). It is not common
for an SDM to be used rigidly as per its declared use (Henderson-Sellers et al., 2014; Serrador
& Pinto, 2015). In practice, each SDM, even the one regarded as the most appropriate, is
tailored (Henderson-Sellers et al., 2014) or adapted (Diebold et al., 2015) or combined with
another SDM (Cooper, 2014) to suit specific project contextual stressors (Henderson-Sellers
et al., 2014). In the light of the preceding, this research investigated SDMs in use and the
SDMs use pattern within the South African systems development industry.

4 RESEARCH DESIGN AND METHODOLOGY

This research is based on a comprehensive study that uses contingency theory and the innova-
tion diffusion theory to investigate the contingent use of systems development methodologies
in South Africa (Moyo, 2020). The underlying principle of contingency theory within the con-
text of systems development methodologies is based on the proposition that no one SDM can
address all systems development contexts (Henderson-Sellers et al., 2014). An SDM’s suitabil-
ity is defined as the temporal achievement of an ideal fit between an SDM and the contextual
stressors. To maintain this optimal fit, an SDM must be adapted, tailored, or substituted in re-
sponse to the dynamics of the contextual stressors. The contingency theory’s Task-Technology
Fit model (TTF) is used in this study. Task-technology fit (TTF) is the correspondence between
the task requirements and the functionality and features of a contingent innovation (Goodhue
& Thompson, 1995). The antecedents of TTF are the interactions between contingent innov-
ation and contextual stressors. The contingent innovation in this study is an SDM. Therefore
the TTF construct provides a framework to investigate the SDM choices developers make for
a project based on their experience.

With regards to TTF, after using an SDM, a developer gains direct performance experience
with it. The performance experience evidence is evaluated against performance expectations
(Goodhue & Thompson, 1995). When discrepancies between expected and actual perform-
ance are observed, the developer may reconsider the initial expectations, tailor an SDM to
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reduce the discrepancies, or discontinue its use entirely (Rogers, 2003). The experience of
the developer influences the future use behaviour of an SDM (Goodhue & Thompson, 1995;
Rogers, 2003). Experience is related to the knowledge accumulation on how to use and why
use a specific SDM (Goodhue & Thompson, 1995; Rogers, 2003). In this study, experience is
measured through SDMs intensity of use, vertical SDM use, and horizontal SDM use, and the
total number of years the developer has been using a particular SDM.

Contextual stressors in systems development projects evolve and take on different levels of
importance at different points in the project’s life cycle. Changes resulting from the interac-
tion of an SDM and the contextual stressors necessitate a continuous assessment of previous
and current decisions on the appropriateness of an SDM to the contextual stressors. The con-
tinuous assessment of previous and current decisions on the appropriateness of an SDM to the
contextual stressors can be investigated using the innovation diffusion theory. The innovation
diffusion theory describes an innovation-decision process that explains how an innovation is
adopted and used (Rogers, 2003). The innovation-decision process can be used to investigate
decision options that a developer can take to adopt an SDM, use an SDM as-is, tailor and use
an SDM, or create and use an appropriate alternative SDM.

The TTF model (Goodhue & Thompson, 1995) and the innovation-decision process (Rogers,
2003) form the basis for the creation of survey questionnaire items.

The research methodology selection is informed by the positivist research paradigm (Saun-
ders & Lewis, 2019). According to the positivist research paradigm, scientific study is based
on observable and repeatable facts, and the phenomenon under study does not necessitate the
presence of an observer (Saunders & Lewis, 2019). The use of SDMs and their use patterns are
independent of the researcher. As a result of the structured nature of the positivist research
paradigm, it was considered appropriate to address the research questions posed for this study.
The survey was used as the research method (Oates, 2006) and a questionnaire was developed
as a survey data-generating instrument.

The survey questionnaire consisted of demographic questions, SDM adoption questions,
and SDM deployment questions. Some survey questionnaire item responses ranged from 1,
representing totally disagree, to 6, representing totally agree.

Systems development organisations were the target population. However, at the time of
the study, the Department of Trade and Industry (DTI) did have a separate economic sec-
tor allocation for the systems development industry in South Africa (DTI, 2008; MICT SETA,
2017). This presented a challenge in establishing an authoritative total number of systems
development organisations in South Africa. The possible systems development organisations
were identified through their web presence and some were identified from the ITWeb direct-
ory of companies website (ITWeb, 2019). A random list-based frame sampling technique was
used to establish the sample size. A total of 573 systems development organisations were con-
sidered eligible to participate in the survey and were invited to participate. The refusal rate
was 35.6%. A questionnaire package consisting of a consent letter and a self-administered
questionnaire was sent to each one of the 369 eligible organisations that agreed to participate
in the survey. The first preference was the systems development project manager. However,
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in the case of the systems development project manager not being available, other systems
development practitioners were co-opted to complete the questionnaire. The unit of analysis
is the organisations whereas the unit of inquiry is the systems development practitioners.

In total, 162 questionnaires were completed and returned, giving an acceptable response
rate of 28.3% (Sekaran & Bougie, 2016). The first cycle of data analysis constituted data
cleaning. 155 (27.1%) were usable and 1.2% of the received questionnaires were discarded
due to missing key data values. The discarded cases were within the acceptable data loss
range (Bannon, 2015). The Cronbach’s alpha was used to indicate good internal consistency
of the items in the scale, in which all the items indicated Cronbach’s alpha greater than 0.7.
The dimensionality of the scale was determined by Factor Analysis. The second cycle of data
analysis constitutes descriptive statistics.

The size of an organization, among other important characteristics, determines the type
and amount of resources available, as well as communication protocols. The respondents
came from organisations of varying sizes. The majority (42.6%) of the respondents came from
organisations with 251 or more employees followed by organisations with 51-250 employ-
ees which constituted 33.5% of organisations and lastly, organisations with 1-50 employees
constituted 23.9% of the total organisations.

5 RESULTS

The following subsections present the empirical results of the study.

5.1 Respondents’ roles in systems development projects
A summary of roles is presented in Table 1. The roles in systems development projects are each
associated with accountability in a team, systems development project, or in an organisation
as a whole. Table 1 represents the role of respondents in systems development projects. The
systems development managers were 38.1% and the systems analysts were 26.5% of the total
respondents.

Table 1: Respondents’ roles in systems development projects

Respondents’ role in systems development projects Percentage
Systems Development Manager 38.1%
Systems Developer 21.2%
Systems Designer 5.2%
Systems Analyst 26.5%
Other 9.0%
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5.2 Experience of respondents in the use of SDMs
The respondents had varying levels of experience in the use of systems development meth-
odologies. The experience of the respondents is associated with the technical knowledge on
SDMs acquired over the years. The majority (81.3%) of the respondents had experience of six
years and above, as shown in Table 2. The significant experience in the systems development
practice of the respondents strengthened the relevance of the data collected in terms of its
validity and generalisability.

Table 2: Respondents’ experience in the use of SDMs

Experience of respondents in the use of
SDMs in systems development projects Percentage
0-5 years 18.7%
6-10 years 21.9%
11-15 years 27.7%
16-20 years 20.7%
21 or more years 11.0%

5.3 The size of the systems development team
The majority of the systems development project teams (78.7%) had more than five members
at the time of the study, as shown in Table 3. The largest systems development project teams
had more than 50 members representing about 8.4% of the total number of respondents. The
small systems development project teams (between one and five team members) were 21.3%
of the total number of respondents.

Table 3: Systems development project team size

Systems development project team size
SDMs in systems development projects Percentage
1-5 members 21.3%
6-15 members 43.2%
16-30 members 20.6%
31-50 members 6.5%
51 or more members 8.4%
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5.4 Systems development project team members involved in the selection
of an SDM in an organisation

One of the questions in the questionnaire aimed at establishing the number of people respons-
ible for the SDM selection decision-making process. The results are presented in Table 4 which
shows that 43.9% of the respondents state selecting SDMs as a responsibility of a few members
(between one and five team members) of the systems development team.

Table 4: Systems development team members involved in the selection of SDMs

Number of systems development project team
members involved in SDM selection Percentage
1-5 members 43.9%
6-15 members 40.0%
16-30 members 5.8%
31-50 members 4.5%
51 or more members 5.8%

5.5 Decision-making practices in systems development projects
Respondents were asked to indicate their perception of systems development failure and the
level of accountability per role. The question sought to understand the responsibility and ac-
countability associated with the systems development roles in a systems development project.
The assumption is that the contribution to the selection of a systems development methodology
is associated with the level of responsibility for the actions and decisions embedded within a
role. Figure 1 shows that the systems development managers and the systems analysts bear
most of the accountability for systems development projects.

5.6 SDM adoption approaches and SDM use patterns
The results for SDM adoption approaches are displayed in Table 5, and respondents were al-
lowed to indicate more than one approach. The majority (78.7%) of organisations indicated
that their SDM selection was informed by best practices and experience. The SDM adoption
based on adoption frameworks and the “Other” option was chosen by 11% and 0.6% of re-
spondents, respectively. The adoption frameworks assist systems development project teams
to adopt SDMs based on the assumptions made by the adoption frameworks on systems de-
velopment project contextual stressors. However, these framework assumptions may not hold
in some situations. Notably, 24.5% of the organisations selected SDM adoption based on
guidelines or policies for adopting SDMs.
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Table 5: SDM adoption approaches

SDM adoption approaches Percentage
Guidelines and polices 24.5%
SDM adoption frameworks 11.0%
Based on SDM adoption best practices 78.7%
Other 0.6%

5.7 SDM use patterns
More than three-quarters (77.4%) of the respondents adopted an SDM and tailored it for each
systems development project situation. 42.6% of the respondents did not only adopt a single
SDM but a set of SDMs and combined them for each systems development project situation,
while 39.4% adopted an SDM from a standard set of SDMs for each systems development
project situation. Finally, 17.4% create an alternative SDM for each systems development pro-
ject situation. Table 6 shows that no respondents indicated non-use of SDMs in their systems
development projects.

5.8 Horizontal use of SDMs
Table 7 shows that not even one (0.0%) of the respondents indicated non-use of SDM know-
ledge in systems development projects in their organisation. The question gathered informa-
tion on the horizontal use of SDMs, that is, the proportion of people using SDM knowledge
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Table 6: SDM use patterns

SDM use patterns Percentage
Not using any SDM 0.0%
Create a new SDM for each systems development project 17.4%
Select an SDM from a standard set of SDMs for each

systems development project situation 39.4%
Select an SDMs from a standard set of SDMs for each

systems development situation 42.6%
Select an SDM from in-house developed SDMs for each

systems development situation 70.3%
Select an SDM and tailor it for each systems development situation 77.4%

across systems development projects in organisations. The results reveal that more than two-
thirds (67.1%) of the respondents indicated that the intensity of SDM knowledge use across
systems development projects in their organisations was above 60%.

Table 7: Horizontal use of SDMs in organisations

Percentage indicating the SDM knowledge
application across systems development projects

Horizontal use of SDMs in an organisation for the interval
0% 0.0%

1-20% 1.3%
21-40% 7.1%
41-60% 24.5%
61-80% 34.2%
Over 80% 32.9%

5.9 Vertical use of SDMs
The question gathered information about the vertical use of SDM, that is, the intensity of
SDM knowledge application in each systems development project within an organisation. A
summary of the results is presented in Table 8. The results indicate that the application of
SDM knowledge is above 60% in 65.2% of the organisations that participated.
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Table 8: Vertical use of SDMs in organisations

Percentage indicating the intensity of SDM
knowledge application in each systems development

Vertical use of SDMs project in an organisation for the interval
0.0% 0.0%
1-20% 2.6%
21-40% 1.2%
41-60% 27.1%
61-80% 40.0%
Over 80% 25.2%

5.10 Contingent use of SDMs
A question was posed to measure the variability of SDM implementation between system de-
velopment projects and within the same systems development project. The variability in the
use of SDM indicates the extent of the contingent use of SDMs in systems development projects.
The responses are summarised in Table 9. The results indicate 63.9% of the respondents com-
pletely agreed that they adopt and tailor SDMs for each systems development project (M = 4.0,
SD = 1.11), 95% CI [3.8069,4.1587], 54.9% create alternative SDMs (M = 3.8, SD = 1.71), 95%
CI [3.5153, 4.0589], and 33.9% use SDMs without any modification (M = 3.0, SD = 1.70), 95%
CI [2.7564,3.2952].

Table 9: Contingent use of SDMs in organisations

Std Frequencies as percentages
N=155 Mean Dev 1 2 3 4 5 6

SDM tailoring 4.0 1.11 1.3 7.1 27.7 26.5 29.7 7.7
Create alternative SDMs 3.8 1.71 12.3 14.8 18.1 14.2 18.1 22.6
SDM use as-is 3.0 1.70 19.4 31.0 16.8 7.1 12.3 13.5

5.11 SDMs in use within organisations
A list of plan-driven SDM class instances and agile SDM class instances was presented to the
respondents to indicate SDM instances their organisations were using. The aim was to gather
data related to the specific SDMs used within the systems development organisations and
the intensity of use of the SDMs. The responses are summarised in Table 10. The intensity
of use for Scrum SDM indicated the highest calculated mean score of 4.58 and had a low
standard deviation of 0.973. The low standard deviation concerning the calculated mean
scores indicated a small variability on observed data, which meant that the mean scores were
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closer to the observed data (Hair et al., 2008). The “Other” option data and the data for
Yourdon Systems Method (YSM) were removed for further analysis as constituted outliers in
the data set (Hair et al., 2008).

Table 10: SDMs in use within organisations

Std Frequencies as percentages
N=155 Mean Dev 1 2 3 4 5 6

Other 5.50 0.707 0.0 0.0 0.0 0.6 0.5 0.0
Scrum 4.58 0.973 1.3 2.6 6.5 29.0 47.7 12.9
Rapid Application Development 3.85 1.144 6.5 4.5 20.6 34.8 32.9 0.6
Rational Unified Process

(RUP) 3.68 1.791 23.9 4.5 9.0 20.0 27.7 14.8
In-house developed 3.68 1.347 12.3 5.2 18.7 32.9 27.7 3.2
PRINCE2 (Projects In

Controlled Environments) 3.65 1.126 6.5 6.5 28.4 32.9 25.8 0.0
Water-Scrum-Fall 3.32 1.329 10.3 15.5 29.0 29.0 9.0 7.1
Microsoft Solutions Framework

(MSF) 3.28 1.540 20.6 10.3 20.0 23.9 20.0 5.2
Kanban 3.19 1.221 11.0 14.0 36.1 21.9 14.8 1.3
Structured Systems Analysis

and Design Methodology
(SSADM) 3.16 1.760 27.7 11.6 16.1 19.4 11.6 13.5

XP (Extreme Programming) 3.10 1.252 13.5 18.1 27.7 27.1 12.8 0.6
Crystal family 2.94 1.323 21.9 12.9 25.8 29.0 9.7 0.6
Jackson Systems Development

(JSD) 2.51 1.388 36.1 14.8 20.0 20.0 9.0 0.0
Merise 2.20 1.281 39.4 22.6 26.5 5.2 3.2 3.2
Yourdon Systems Method

(YSM) 1.19 0.507 86.5 8.4 5.2 0.0 0.0 0.0

A Cronbach’s alpha level for these thirteen items was 0.801, suggesting good internal con-
sistency reliability within the items (Hair et al., 2008). After performing PCA suitability tests,
the Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) generated a value of 0.832,
which is regarded as great (Hair et al., 2008). The results of Bartlett’s Test of Sphericity,
χ2(78) = 475.522, p < 0.0001, indicated that the correlations between the subscale items were
adequate (Hair et al., 2008). The Kaiser criterion extracted three components with eigenvalues
greater than 1 (Hair et al., 2008), explaining a total of 51.4% of the variance. The scree plot
showed a clear break between the third and the fourth components, suggesting the retention
of the three components.

The Promax with Kaiser Normalization rotation was performed on the three components
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to generate a pattern of loadings that was easy to interpret without changing the underlying
solution. The three components were subjected to Cronbach’s alpha level analysis, and the first
component had the highest Cronbach alpha level of 0.757, followed by the second component
with a Cronbach alpha level of 0.723 and the third component had a low Cronbach alpha level
of 0.489. However, by treating Scrum SDM as a single item component and removing it from
the third component, the Cronbach’s alpha level of the third component increased to 0.502.
The resulting four components were named as: 1) less used known SDMs, 2) Adaptive SDMs,
3) Popular structured SDMs, and 4) Scrum SDM. This information is presented in Table 11.

Table 11: Component structure of SDM intensity of use

SDM intensity Less used Adaptive Popular Scrum
of use known SDMs SDMs structured SDMs SDM
(F0) (F1) (F2) (F3) (F4)

XP (Extreme Rapid Application Structured Systems Scrum
Programming) Development (RAD) Analysis and Design SDM

Methodology
(SSADM)

Kanban PRINCE2 Water-Scrum-Fall
All items Jackson Systems Rational Unified

Development (JSD) In-house developed Process (RUP)
Crystal family
Merise
Microsoft Solutions
Framework (MSF)

Cronbach α 0.757 0.723 0.502 -

5.12 The duration of the current SDM
The respondents were asked how much time they had spent using the SDM. The results presen-
ted in Table 12 show that 71.6% of the respondents indicated that they had been using their
SDM for at least three years.

6 DISCUSSIONS OF RESULTS

More than a third (38.1%) of the respondents held senior positions in systems development
projects in their organisations. The majority (79.4%) of the respondents had the experience
of at least six years in systems development projects. Experience is related to knowledge
accumulation on how to use and why use specific SDMs (Rogers, 2003). The study found a
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Table 12: Period the current SDM has been in use

Time interval Percentage
Less than 1 year 12.9%
1-2 years 9.0%
3-5 years 22.6%
6-10 years 33.5%
Over 10 years 15.5%
Not known 6.5%

significant positive relationship between the experience of systems development practitioners
and the tailoring of SDMs (r = .36, p < .001). The result is consistent with the innovation
diffusion theory, which states that innovations are adopted, used, and tailored based on their
context (Rogers, 2003). SDMs are adopted and tailored on a project-by-project basis, according
to 77.4% of respondents. This result is consistent with the contingency theory, which states
that no single SDM can address all system development contexts (Henderson-Sellers et al.,
2014).

67.1% of respondents indicated a high level of horizontal use of SDMs in organisations.
The high horizontal use of SDMs implies that SDM knowledge is used by the majority of sys-
tems development practitioners across all systems development projects in organisations. 65.2
percent of respondents indicated a high vertical use of SDM, indicating the depth of SDM know-
ledge application among systems development practitioners. Together the horizontal and the
vertical use of SDMs indicated the breadth and the intensity of SDM knowledge application in
systems development projects. According to the contingency theory, a high horizontal SDM
use and a high vertical SDM use are indicators of how appropriate an SDM addresses the task
requirements of a systems development project (Goodhue & Thompson, 1995).

When it came to the use of SDMs in systems development projects, the Scrum SDM was the
most popular. The Scrum SDM, however, was used as a hybrid SDM, that is, it is combined
with other SDM instances from the same agile SDM class or the plan-driven SDM class. These
findings are consistent with Kuhrmann et al., 2017 and Rodrıǵuez et al., 2019 who found that
agile SDM class instances are combined with plan-driven SDM class instances to form hybrid
SDMs. Consistent with other studies (Henderson-Sellers et al., 2014; Janes & Succi, 2012;
Moyo, 2020), as well as the innovation-decision process (Rogers, 2003), the study found that
an SDM can be selected and used as-is, tailored and used as an emergent SDM, or a new
alternative SDM can be created depending on the prioritized specific systems development
project contextual stressors.

A crosstabulation analysis revealed that 10% of the systems development managers indic-
ated that their systems development team sizes were less than six members. However, 33.9%
of systems development managers indicated that less than six people were involved in the se-
lection of an SDM for a systems development project. In the case of systems developers, 36.6%
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indicated that their systems development teams were less than six members. Lastly, 54.5% of
the systems developers indicated less than six people being involved in the selection of SDMs.
This demonstrates that the selection of SDMs for systems development projects is handled by a
smaller group of people than the entire systems development team. The evidence was signific-
ant (χ2(df = 4, N = 155) = 10.821, p < 0.05). The results suggest that SDM selection decision
was not necessarily devolved to all the members of a systems development project team. This
is also shown by the higher responsibility and accountability associated with systems develop-
ment managers and analysts. In general, organisations use a role-based punitive system where
a few individuals make decisions and are held accountable for the outcome. This is mostly
associated with the plan-driven SDM management approach.

Given the degree of variability in system development project contextual stressors, it is
not surprising that a wide variety of SDMs was indicated as being used in the South African
systems development industry. A significant negative relationship exists between the use of
Scrum SDM and its use in its original version (r = −0.26, p < 0.01), as indicated in Table 13.
The findings suggest that Scrum SDM is not used as-is, but rather is tailored to the specifics
of the systems development project, which is one of the options provided by the innovation-
decision process in the innovation diffusion theory (Rogers, 2003). However, a significant pos-
itive relationship was found between the Scrum SDM use and the creation of hybrid SDM for
a systems development project (r = 0.28, p < 0.01). Scrum SDM is combined with other SDM
instances to gain synergies not possible through the sole use of Scrum SDM (Moyo, 2020). The
results also confirmed the assertion made by Martin Fowler that Scrum is not used as proposed
(Fowler, 2018). It has also been found that what organisations claim as the use of Scrum SDM
in most cases is a variation of Scrum SDM, not the version of Scrum SDM as proposed by its cre-
ators (Schwaber, 2010). A significant moderate positive relationship was found between the
creation of alternative SDMs and the use of Scrum SDM (r = 0.30, p < 0.01). The creation of al-
ternative SDM is consistent with the innovation diffusion theory’s innovation-decision process.
The use of SDMs as originally documented (as-is) had a moderate negative relationship with
the Adaptive SDMs use (r = −0.34, p < 0.01), a negative relationship with the less used known
SDMs usage (r = −0.25, p < 0.01), and a weak negative relationship with the usage of popular
SDMs (r = −0.19, p < 0.05). SDM use as-is is a decision option in the innovation-decision
process. The Scrum SDM, Adaptive SDMs, less used known SDMs, and popular structured
SDMs, all indicated statistically significant negative relationships being used rigidly according
to prescription. Perhaps this is because systems development is a knowledge-intensive process
where systems development project details are progressively tailored depending on the level
of understanding of the systems development project contextual stressors involved. Each sys-
tems development project is unique, therefore, according to the contingency theory (Goodhue
& Thompson, 1995) and innovation diffusion theory (Rogers, 2003), SDMs are tailored to the
demands of the systems development project contextual stressors. A statistically significant
positive relationship was found between SDM tailoring and the use of Adaptive SDMs (r = 0.22,
p < 0.01). This suggests that Adaptive SDMs respond continuously to the changing systems
development project contextual stressors. The creation of alternative SDMs had a moderate
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Table 13: Correlations of the SDMs in use and the variations in SDM use

Create
Variable alternative SDM Tailor SDM SDM use as-is
Scrum SDM 0.297a 0.280a -0.261a
Adaptive SDMs 0.084 0.218a -0.339a
Less used known SDMs 0.210a 0.140 -0.245a
Popular structured SDMs 0.301a 0.106 -0.185b

ap < 0.01
bp < 0.05

positive relationship with the use of popular structured SDMs (r = 0.30, p < 0.01), a positive
relationship with less used known SDMs (r = 0.21, p < 0.01). The variability of SDM use based
on the contextual stressors is consistent with the contingency theory (Goodhue & Thompson,
1995) and the theory of innovation diffusion theory’s innovation-decision process (Rogers,
2003).

7 CONCLUSIONS AND RECOMMENDATIONS

This study looked into the contingent use of SDMs in South African systems development
organisations. An overarching research question was developed, then subdivided into two
sub-research questions that were answered using empirical evidence from the South African
systems development industry.

RQ1: What systems development methodologies are in use within the South African systems
development industry?

There was no conclusive evidence to suggest that organisations exclusively use a specific
SDM class instance. According to the findings, SDMs cannot be split into two mutually ex-
clusive categories of plan-driven SDM class and agile SDM class in the context of systems
development in South Africa. The study dataset indicated the use of hybrid SDMs. Both the
agile SDM class instances and the plan-driven SDM class instances coexist as asserted by Janes
and Succi (2012). The results indicate that organisations enact base SDMs and create hybrid
SDMs as determined by the specific systems development project contextual stressors. The
hybrid SDMs are derived from combining the base SDM with SDM components from the same
class of SDMs or a different class of SDMs.

RQ2: What is the SDMs use pattern in systems development projects within the South African
systems development industry?
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The study found that SDMs are used on a case-by-case basis. Depending on the prioritized
specific systems development project contextual stressors, an SDM can be selected and used
as-is, tailored, and used as an emergent SDM, or a new alternative SDM can be created. An
organisation can select a base SDM a priori and tailor it on an ad hoc project-by-project basis
(Henderson-Sellers et al., 2014). The base SDM is usually a variant of an instance of either an
agile SDM class or plan-driven SDM class or a hybrid SDM (Gill et al., 2018; Henderson-Sellers
et al., 2014; Janes & Succi, 2012; Moyo, 2020).

It can be concluded that instances of the plan-driven SDM class and the agile SDM class are
used in the South African systems development industry. The use of SDMs varies from system
development project to system development project and within a systems development project
based on the systems development project-specific contextual stressors that may be prioritized
at any given time (Henderson-Sellers et al., 2014; Molina-Rıós & Pedreira-Souto, 2020). As a
result, SDMs are used on a case-by-case basis in system development projects. The variations
in SDMs implementation make identifying the specific SDM in use difficult, as an SDM instance
may be a temporary hybrid of various SDM components from different SDMs or/and SDM class
instances. As a result, when viewed in the context of system development contextual stressors,
the SDM concept is critical. This is typical of the post-methodology era, in which the SDM is
relevant and applicable in a specific project contextual stressors configuration (Marks et al.,
2017; Serrador & Pinto, 2015).

Because the findings unify the two SDM classes based on project contextual stressors, they
have implications for both research and practice. The findings reveal a repository of SDMs as
well as their usage patterns. This gives practitioners a criterion for evaluating and comparing
their current SDM(s) with local and international trends in order to improve the SDMs and
their use. In addition, researchers are given an unbiased viewpoint on the use of the agile
SDM class and the plan-driven SDM class in system development. These findings provide an
opportunity to further our understanding of the adoption and use of SDMs based on systems
development project contextual stressors.

This study makes no claims about the generalizability of its findings because it is limited to
those who voluntarily participated. Respondents in a survey may introduce bias due to differ-
ences in their experiences and roles within their organisations. This study can be expanded in
the future to look at how the contingent use of SDMs is implemented in system development
projects. More empirical research is needed to investigate the SDMs in use at the component
level rather than the entire SDM.
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