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a b s t r a c t
The paper presents an approach for evaluation of software development methodologies (SDM) that considers the aspects of a SDM’s social adoption and technical efﬁciency. It builds on existing evaluation
models used in the ﬁeld of SDM. Case study approach was used to validate the model in four software
development organisations. In all four cases the management conﬁrmed that the model provided valuable new insights into adoption and efﬁciency of the companies’ SDM.
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1. Introduction
A software development methodology (SDM) can be deﬁned as
a recommended mean to achieve the development of program systems, based on a set of rationales and an underlying philosophy. It
usually includes a deﬁnition of phases, procedures, tasks, rules,
techniques, guidelines, documentation and tools [1]. SDM adoption
can be deﬁned as the actual level and consistency of use of ofﬁcially recommended SDM in the observed organisation. Although
most organisations, involved in software development, follow certain rules and procedures during development, there is a distinction between organisations with rules and procedures written in
a form of a formal SDM and organisations that rely only on informal agreements between developers on how to develop software.
Different studies indicate that adoption of formal SDMs facilitate
increases in productivity and quality [1–3]. However, despite the
fact that formalised commercial SDMs have existed for several decades, many software development organizations do not use formal
SDMs in practice. Moreover, even those that use formal SDMs,
rarely follow them rigorously [4–6]. Different reasons for this situation have been identiﬁed [7,8] and different approaches to improve the level of formal SDMs adoption in organisations
proposed [9,10]. The results of the formal SDMs adoption research
nevertheless suggest that these efforts have been met with limited
success.
Researchers found that in the context of formal SDMs nonadoption two aspects are especially signiﬁcant. The ﬁrst one is that
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formal SDMs are not tailored to speciﬁc organization and project
needs. Example, formal SDMs often prescribe inappropriate techniques and methods; formal SDMs are too rigid and cannot be
adapted to speciﬁc project demands, etc. [11–14]. The second
one is that formal SDMs do not ﬁt social characteristics of a development team and an organization. Example, it is difﬁcult to introduce a rigorous SDM into an organization that has a liberal culture;
an non-innovative development team will probably reject an innovative SDM, etc. [15–18]. The consequence of using a SDM that is
either technically unsuitable for a project at hand, or socially inappropriate for a given development team is that even though an
organisation might have invested a considerable amount of resources into the SDM, developers consider it useless and therefore
reject it.
The ﬁrst step to improve the aforementioned situation is to
evaluate technical suitability of a particular SDM for a particular
project and social suitability of the SDM for a particular development team. Even though extensive research in the ﬁeld of SDMs
technical aspects and in the ﬁeld of SDMs social aspects exists
and one of the goals of both ﬁelds is similar, i.e. to improve SDMs
suitability, the two research ﬁelds remain almost completely unrelated. Researchers tend to observe SDMs from one of the two aspects only, which results in an incomplete evaluation of SDMs.
We believe that in order to achieve a thorough evaluation, SDMs
should be considered simultaneously from technical and social
aspects.
The objective of our research is to deﬁne theoretical and empirical background for a SDM evaluation model, which will facilitate
concurrent consideration of both technical and social aspects of a
particular SDM and consequentially identify those parts of SDM
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that are unsuitable from at least one of the two aspects. In contrast
to the existing research, in which SDMs is typically observed as a
whole, our model facilitates observation of a SDM on a ﬁner scale,
measuring SDMs suitability part-by-part. This allows a software
development organization to identify the technically and/or socially (in)appropriate SDM parts. Based on the evaluation results
the organization can prepare appropriate improvement steps for
each SDM part, thus gradually bettering the SDM value.
The basic idea of the approach was ﬁrst presented in [19]. Since
then the model’s characteristics and a detailed measurement
instrument have been fully developed and the model has been
tested in a real-life environment to validate its usefulness. In this
paper, we present the complete model and the results of its application in several software development organizations.
The research work and the results that we present in this paper
are part of a larger R&D project named MasterProc.1 The MasterProc was conducted under the umbrella of the Centre of Excellence
for Information and Communication Technologies with the aim to
develop a framework and supporting tools that will help software
companies in reengineering their software development methods.
The framework suggests how a company can evaluate and improve
its existing practice (Method Evaluation and Improvement) and
how knowledge and experience of the development team can be into
a formalised method (Method Construction). While the framework
supports continuous improvement of the formalized method, it also
gives instructions how to avoid rigidity, i.e. how to make the formalised method adaptable to particular circumstances (Method Conﬁguration). Please note that in this paper we only focus on the
approach that supports method evaluation and improvement, fundamental for method construction and its continuous evolution. For
more details on the whole framework, the interested reader can refer
to [20 and 21].
The paper is organised as follows. In addition to introduction
(Section 1) and conclusion (Section 6), it comprises four sections.
Section 2 discusses the background and theoretical foundations
for the SDM evaluation model. It is followed by a detailed description of the model in Section 3, which is divided into four subsections. The ﬁrst and the second subsections introduce the model
and its framework, the third subsection explains the characteristics
used in the model, and the last subsection presents the measurement instrument. Section 4 explains the method of application
and tailoring of the evaluation model. It is followed by Section 5,
which presents the approach that was used to test the model
and the results of a practical application of the model in four cases.
Two of the cases are discussed in detail.
2. Background and theoretical foundations
One of the important research areas that address technical aspects of SDMs tailoring is method engineering. The aim of method
engineering is to construct SDMs from the SDM components or
fragments [21–24]. In the context of SDMs, tailoring a special form
of method engineering termed situational method engineering is
particularly important. Situational method engineering deals with
construction of a SDM adapted to a certain project. Different types
of situational method engineering are known [25]. They vary from
the relatively simple types that help choose the most suitable path
through a certain SDM for a particular project, to the advanced
types that support modular construction of a SDM from the suitable SDM parts and result in a SDM completely adapted to the
needs of a particular project [26,27]. Although many researchers
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focused on the advanced types of situational method engineering,
it has later been recognised that these types of situational method
engineering are too complex to be widely practiced by software
development organisations [28]. Situational method engineering
research nevertheless offers important insights into the problem
of SDMs construction and customisation. Interestingly, ideas similar to situational method engineering were reinvented with the
emergence of agile methodologies that advocate the idea of SDMs
adaptation for a given project [11]. Moreover, adaptation and customisation is becoming one of the important factors in some of the
‘‘off the shelf” SDMs (e.g. Rational Uniﬁed Process [29]) that were
often criticised for being too rigid and inadaptable in the past [30].
The research dealing with evaluation of maturity and efﬁciency
of SDMs is another area that addresses technical aspects of SDM.
Different standards and evaluation models exist that can be used
to evaluate technical aspects of SDMs and their products. These include ISO/IEC standards like ISO/IEC 15504 [31], ISO/IEC 9126-1
[32] and CMMI maturity model [33] that describe different categories and characteristics of SDMs and software quality.
While situational method engineering and SDM evaluation
models consider almost every possible technical component of
SDM evaluation, construction and tailoring, they almost completely omit the social and cultural aspects of SDM users. However,
research has shown that it is probable that developers reject a SDM
that does not suit their social needs, even if the SDM is technically
suitable [3,10,18]. Therefore, considering technical aspects of SDMs
only is insufﬁcient and results in an incomplete evaluation. To obtain a complete picture of SDM value we also have to consider the
aspects of its social adoption.
The research that explains social aspects of (non-)adoption in
software development organisations [15,34,35] is often based on
Rogers’ diffusion of innovations theory (DOI) [36]. DOI is a general
theory that tries to explain why certain innovations spread among
their target users and others do not. Researchers in this ﬁeld consider a SDM or its parts as an innovation and try to predict and explain target adopter attitudes and their innovation-related
behaviour [37]. Beside DOI other innovation diffusion models and
theories like the Theory of Planned Behaviour (TPB) [38], Technology Acceptance Model (TAM) [39,40], Perceived Characteristics of
Innovating (PCI) [41], and the Theory of Reasoned Action (TRA)
[42] can be used to predict/explain adoption of innovations in
the ﬁeld of SDMs. The comparison of these models shows that they
all have some common characteristics that were found signiﬁcant
in context of SDMs adoption [3].
However, in contrast to method engineering that considers a
SDM as a composition of interrelated parts, the aspects of SDM social adoption are typically observed either on the scale of the whole
SDM or for a single part of a SDM only (e.g. a development tool).
Furthermore, models explaining social adoption ignore technical
efﬁciency and quality of innovation and focus only on reasons for
the innovation’s (non-)adoption. An additional difﬁculty is that
these models tend to focus on reasons for (non-)adoption levels
but do not measure actual levels of adoption.

3. SDM evaluation model
3.1. Introduction
The main goal of our research was to construct an approach that
would better suite the needs of SDM adaptation and improvement.
A comprehensive evaluation of a SDM requires an evaluation model that facilitates evaluation of SDM suitability on a social and a
technical dimension. The social dimension focuses on SDM suitability to social and cultural characteristics of a development team
and enables one to determine the level of SDM adoption. The
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technical dimension considers suitability of a SDM for technical
characteristics of a project and an organisation, and helps determine the level of the SDM efﬁciency. The purpose of the model is
to help an organisation identify less suitable parts of their SDM
that need improvement.
An important aspect of such a model is that it does not only
consider a SDM as a whole, but also as a composition of interconnected elements. We deﬁne a SDM element as a component of a
SDM and specially focus on the SDM elements that can be formalized. Common SDM elements that can be formalized include elements like activities, roles, artefacts, techniques, templates,
guidelines, recommendations, etc. [43]. The reason we decided to
consider only the elements that can be formalized is that these elements can be observed and discussed on solid ground – formalized
description of the element. Elements that were excluded from the
evaluation deal mostly with tacit knowledge.
3.2. The evaluation model framework
The framework of the evaluation model focuses on the interaction between social and technical SDM aspects. Fig. 1 depicts the
framework of the evaluation model. After an evaluation is completed, all SDM elements are positioned in a scatter chart. The chart
is divided into four quadrants to facilitate differentiation between
the four different types of SDM elements regarding their value:

Social suitability

Inefficient SDM
elements

A

Useful SDM
elements

C
B

Useless SDM
elements

Unadopted
SDM elements

Unsuitable

Level of SDM element adoption

Suitable

a

Unsuitable

Suitable

Technical suitability
Level of SDM element efficiency

Technical suitability
Useful SDM
elements

Social suitability

SDM evaluation after
improvements
Application of SDM
improvement
scenarios

SDM evaluation before
improvements

Social suitability

b

Technical suitability

SDM elements that need
improvement or replacement

Fig. 1. The framework of the SDM evaluation model. SDM elements are positioned
in one of the four quadrants to facilitate distinction between four different types of
SDM elements (a). After application of SDM improvement scenarios, we expect
most of the elements to move to the useful elements quadrant (b).

 A useless SDM element is both technically and socially unsuitable.
Different reasons for such unsuitability can be identiﬁed. It can
for instance be caused by constant technology change that eventually renders an SDM element technically unsuitable. Consequently, developers stop using the technically unsuitable
element, which ﬁnally results in its complete unsuitability.
Alternatively, an element might have been technically unsuitable from the beginning and therefore never used.
 An inefﬁcient SDM element is socially suitable, but does not suit
technical needs of a project or an organisation. For instance,
these can be SDM elements that have been technically suitable
in preceding projects and have been well adopted among users,
but are technically inappropriate for the current project.
 In contrast to an inefﬁcient element, an unadopted SDM element
is technically suitable, but its potential users do not use it
because of its social unsuitability. Many reasons why potential
users do not adopt a technically efﬁcient SDM element can be
identiﬁed. The element might be overwhelmingly complex, it
might be difﬁcult to present advantages of its use to the potential users, it might be incompatible with existing user experience and knowledge, etc.
 A useful process element is socially and technically suitable. Such
SDM element is adopted among its users and suits technical
needs of the project and the organisation.
This categorization of SDM elements facilitates creation of
improvement scenarios for the less suitable SDM elements. We
deﬁne an improvement scenario as a list of concrete actions that
should be performed to improve the level of efﬁciency or adoption
of a certain SDM element. Creation of an improvement scenario is a
delicate task that is based not only on the results of the element’s
evaluation, but also on additional information that is gathered
through observations of the element and consultations with the
element’s (potential) users. These observations and interviews
are performed only for the elements that have been found less suitable during the evaluation. Although the scenarios typically share
some common features, each scenario has to be tailored to the circumstances of the SDM element that require improvement. The
detailed description of scenario creation is out of the scope of this
paper, as it does not inﬂuence the evaluation itself. However, general rules considered during the creation of an improvement scenario, are as follows:
 In case of an inefﬁcient process element (see Fig. 1a, arrow A.),
we should improve element’s technical and retain its social suitability. Since users already adopted the element, we should
strive to modify it only to the extent that it becomes technically
efﬁcient again. An example of an inefﬁcient SDM element could
be an approach used for business modelling based on ﬂowcharts. Such approach might be well adopted among analysts
in a certain team, but technically inappropriate for a given problem, as it would not capture certain business concepts. We
might identify RUP’s UML business modeling approach [29] to
be technically the most suitable. However, analysts would reject
the RUP’s approach as its philosophy differs considerably from
the philosophy of the adopted approach. In this case, a socially
more suitable approach that shares a similar philosophy should
be considered (e.g. an approach using ARIS eEPC [44]) even
though such an approach might be technically less suitable in
the given context than RUP’s.
 In case of an unadopted but technically suitable process element
(see Fig. 1a, arrow B.), we should explore the causes for element’s rejection among its potential users. We might ﬁnd out
that potential users lack knowledge and experience to use the
element. To improve the element’s adoption we might consider
educating and presenting advantages of the element to its

531

D. Vavpotic, M. Bajec / Information and Software Technology 51 (2009) 528–545

potential users. An example of an unadopted element could be a
certain modelling technique that is unused by a development
team albeit obvious advantages of using such technique are
reported in different publications. In this case, we should present advantages of the technique to the developers and offer
them appropriate training.
 In case of a useless element (see Fig. 1a, arrow C.) that is both
socially and technically unsuitable the most reasonable action
would be to replace or discard it completely. We can most likely
ﬁnd a technically and/or socially more suitable element or perhaps the element is not needed at all.
We expect that most SDM elements will move to the useful SDM
elements quadrant after application of improvement scenarios
(see Fig. 1b), though some of the elements might still need further
improvement or even replacement.
It is important to understand, however, that improvement scenarios cannot be applied uniformly to every SDM element and not
every element can be changed to the same extent. For instance,
SDM elements that are part of the SDM core can only be changed
to a limited extent or not at all. In that case, only the level of the
element’s social adoption can be improved, but not its technical
aspects. Therefore, we introduce the third dimension that has to
be considered in creation of improvement scenarios – the changeability. We consider changeability in two ways, technically and
socially. From technical point of view, our main concern is how
to avoid changes that would lead into inconsistent methods. In
our research, a method is considered to be technically inconsistent if it contains elements that are not complete or feasible,
since their dependent elements have been changed or removed
from the method. The approach that we use in our framework
prevents such situations by special rules that are part of a base
method. For more details, please see [21]. From social point of
view, we take into account various aspects that inﬂuence the
ability to introduce a certain innovation into a certain organisational setting like organisational culture, policies and practices.
These issues have also been studied by other researchers
[9,15,45].
When creating improvement scenarios changeability requires
careful consideration. A detailed discussion on changeability is,
however, out of the scope of this paper, as it does not inﬂuence
the SDM evaluation itself.
3.3. Structure of the evaluation model
As discussed in the preceding sections, we use social and technical dimensions to determine the suitability of a SDM. The literature and the existing evaluation models were searched for
measurable characteristics for each dimension. Characteristics that
have been found signiﬁcant in the context of SDM in the preceding
studies have been selected for inclusion in the model. Characteristics of each dimension were grouped in two sets. The ﬁrst set of
characteristics measures the current situation, i.e. the level of so-

cial or technical suitability. The second set of characteristics measures the reasons for the current SDM element situation, i.e. the
reasons for the level of technical or social suitability that was
determined by the ﬁrst set of characteristics. Fig. 2 shows both sets
of characteristics and their relations to the dimension.
The following example illustrates the use of a model shown in
Fig. 2. Suppose that by examining the set of characteristics that
measures the current situation, we discovered that a certain SDM
element is socially unsuitable. Although we are now aware of the
element’s social unsuitability, we are still unfamiliar with the reasons for its unsuitability. To determine the reasons we have to
examine the second set of characteristics. Suppose that based on
the second set of characteristics we determine that most of the potential users of the SDM element ﬁnd the element too complex.
These results lead to the conclusion that the SDM element is not
used because it is perceived as being too complex. To improve
the situation we can either try to simplify the SDM element so that
it becomes more socially suitable, or we can try to train its potential users.
3.3.1. Characteristics of social adoption
Fig. 3 depicts a model that measures the level and the reasons
for the level of social adoption. The level is determined by two
characteristics.
 Frequency of use in a case of a given opportunity measures how
often developers apply a certain SDM element in a case that
an opportunity for its use arises within a certain project. It is
based on a more general characteristic frequency of use that
has been used by other researchers on the scale of a whole
SDM [46,47]. We modiﬁed the more general characteristic in a
way that enables us to measure the use of a single SDM element.
The main difference between measuring the frequency of use of
a whole SDM and of a single SDM element is that in the later
case one has to consider that during a development process
opportunities for use of different SDM elements are not equally
frequent. Therefore, we measure the frequency of use relative to
the frequency of opportunities for use. The modiﬁed characteristic enables us to gain comparable evaluations for different
SDM elements.
 Consistency of use measures how consistently developers follow
the instructions and rules of a certain SDM element. Although
the developers may state that they use a certain SDM element,
they may only partially follow its instructions and rules. This
characteristic measures the difference between the approach
developers actually apply in practice and the approach prescribed by the corresponding SDM element.
The reasons for the level of social adoption are determined by the
second set of characteristics that are divided into four different
groups. The characteristics are based on existing research models
used in the ﬁeld of SDMs and IT adoption, DOI and other studies
examining the factors that inﬂuence the use of SDMs.

Reasons

Dimension

Situation

Characteristics that measure the
reasons for the current situation

Level of social or
technical suitability

Characteristics that measure
the current situation

(independent variables)

(dependent variables)

(independent variables)

Fig. 2. The relations between a dimension, a situation and a reason for the situation.
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The Reasons for the Current
Level of Social Adoption
Perceived Attributes of SDM
Relative Advantage (SrRA)
Social Compatibility (SrSC)
Complexity (SrCO)

Attributes of SDM Users
Users Experience and Knowledge in
the field of sys tem development (SrDK)
Users Experience and Knowledge in
the field of SDM (SrMK)

Perceived Attributes of
Organisation

The Level of Social Adoption

Social
adoption

Frequency of Use in a Case of a
Given Opportunity (SlFU)
Consistency of Use (SlCU)

(Social suitability)

Voluntariness (SrVO)
Management Support (SrMS)
Subjective norm (SrSN)
Uncertainty (SrUN)

Perceived Attributes of SDM
Presentation
Result Demonstrability (SrRD)
Visibility (SrVI)
Obtainability of SDM Knowledge (SrOK )

Fig. 3. The model of characteristics used to determine social adoption.

Most of these characteristics focus on users’ perceptions of a
SDM rather than on primary attributes of a SDM. Researchers in
the ﬁeld of IT innovation adoption often use perceived characteristics. According to Downs and Mohr [48] the ﬁndings of many studies, which have examined the primary characteristics of
innovations, have been inconsistent, as primary attributes are
intrinsic to an innovation independent of their perception by potential adopters. The behaviour of individuals, however, is predicated by how they perceive these primary attributes. Since
different adopters might perceive primary characteristics in different ways, their eventual behaviours might differ.
The ﬁrst group Perceived attributes of SDM comprises three
characteristics.
 Relative advantage is the extent to which SDM users see the use
of a certain SDM element as superior to work without using the
SDM element. In some studies, relative advantage is termed
Usefulness. It is based on DOI and is used in different models
in the ﬁeld of IT adoption like TPB, TAM and PCI. In various
studies (e.g. [3,36,46]) it has been found to be one of the most
signiﬁcant characteristics that positively inﬂuence adoption of
a SDM.
 Social compatibility is the degree to which SDM users perceive
a certain SDM element as being congruent with their
experience, knowledge and needs. It is based on PCIs compatibility, however, we use the term social to distinguish
between social and technical compatibility that is also measured in the model. Studies (e.g. [3,46]) have shown that
social compatibility has signiﬁcant positive inﬂuence on SDM
adoption.
 Complexity is the degree to which SDM users see a certain SDM
element as difﬁcult to use and comprehend. Some studies also
use a reversed characteristic termed Ease of use. The characteristic is part of DOI and is used in TAM and PCI. Even though complexity has not been found signiﬁcant in some studies [3,46], it
has been found signiﬁcant in others [39]. In the later studies, it
has been found to negatively inﬂuence the adoption.

The second group Attributes of SDM users consists of two
characteristics.
 Users experience and knowledge in the ﬁeld of system development
is the level of knowledge and experience that a SDM user has in
the ﬁeld of programming tools, platforms, technologies, program
languages, etc. Studies (e.g. [49]) suggest that inexperienced
developers are more likely to use SDM and that existing experience has negative inﬂuence on SDM adoption. Users evaluate
their experience and knowledge in the context of evaluated
SDM element only.
 Users experience and knowledge in the ﬁeld of SDM is the level of
knowledge and experience that a SDM user has in the ﬁeld of
development processes, standards, etc. Researchers have found
signiﬁcant positive relation between user experience in the ﬁeld
of SDM and SDM adoption [50]. Users evaluate their experience
and knowledge in the context of evaluated SDM element only.
The third group Perceived attributes of the organisation comprises
four characteristics.
 Voluntariness is the extent to which SDM users see the adoption
of a certain SDM element to be optional. The characteristic is
part of extended TAM and PCI. Studies suggest that unless management prescribes the use of SDM or other IT innovation, developers often do not adopt it. Consequentially, signiﬁcant negative
relation between voluntariness and SDM adoption has been
detected [3,51,52].
 Management support is the degree to which management
actively supports introduction and use of a certain SDM element
on projects. Management support has been found to have significant positive inﬂuence on SDM adoption [36,46].
 Subjective norm is the degree to which SDM users think that others, who are important to them, think they should use a certain
SDM element. It is based on TRA and is also used in extended
TAM and TPB. This characteristics has been found to signiﬁcantly inﬂuence adoption of tools [40] and SDM [3].
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 Uncertainty is the extent to which potential adopters of SDM
think the future of their organisation is uncertain and are therefore unwilling to support new initiatives, i.e. adopt SDM. Uncertainty has been found to have signiﬁcant negative inﬂuence on
SDM adoption [46,53].
The fourth group Perceived attributes of SDM presentation consists
of three characteristics.
 Result demonstrability is the degree to which the beneﬁts of use of
a certain SDM element are tangible. The characteristic is part of
DOI and is used in PCI. Studies suggest that the characteristic
has positive inﬂuence on adoption of IT innovations [41]. However, studies in the ﬁeld of SDM adoption typically have not
found signiﬁcant inﬂuence on adoption [3,46]. Nevertheless,
we decided to include the characteristic in the evaluation model,
as we expect that it could have signiﬁcant inﬂuence on the adoption of some speciﬁc SDM elements like tools and SDM products.
 Visibility is the degree to which others can observe SDM users
using a certain SDM element. The characteristic is part of DOI
and is used in PCI. Visibility is suggested to have positive inﬂuence on adoption of IT innovations [41]. The motive to include
the characteristic is the same as for Result demonstrability.
 Obtainability of SDM knowledge is the extent to which it is easy for
SDM users to acquire knowledge of a certain SDM element. Users
obtain SDM knowledge from different sources like trainings,
books, web resources, etc. Studies emphasise the importance of
SDM training that facilitates adoption and use of SDM [54].

3.3.2. Characteristics of technical efﬁciency
Compared to social adoption characteristics, characteristics of
technical efﬁciency are of more objective nature. Evaluation mod-

els that consider the technical aspects of a SDM [32,43,55] therefore usually measure its primary attributes that do not leave
much room for subjective (perceptual) interpretation (e.g. lines
of code produced in a man-week, number of critical errors per
thousand lines of code, etc.). There are, however, also evaluation
models that focus on perceptions of SDM users to evaluate technical aspects [6].
We decided to focus on perceptions of SDM technical efﬁciency rather than on its primary attributes. The reason that led
us to this decision was, that it is necessary for an organisation
to have a well-established measurement system in order to acquire objective measurements of primary attributes of a SDM in
such an organisation. Unfortunately, many organisations do not
systematically measure their development process and it is usually these organisations that call for process evaluation and
improvement.
Nevertheless, use of perceptual characteristics creates the problem of objectivity, as it is difﬁcult to eliminate the inﬂuence of the
respondent’s subjective views of SDM technical efﬁciency. To mitigate the impact of perceptual characteristics on objectivity, only a
selected group of SDM users answered to the questions about technical efﬁciency. The formation of the group is discussed in the following section.
Fig. 4 shows the model that measures the level and the reasons
for the level of technical efﬁciency. To determine the level we use
the following characteristics:
 Frequency of opportunities for use measures how frequently an
opportunity for application of a certain SDM element arises
regardless of the fact if this SDM element is actually used by
its potential users. It complements the characteristic frequency
of use in a case of a given opportunity and is similarly based
on a more general characteristic frequency [46,47].

The Reasons for the Current
Level of Technical Efficiency
Attributes of Technical
Suitability
Suitability for the Project and the
System (TrSP )
Suitability for the Development
Team (TrST)

The Level of Technical Efficiency

Suitability for a Customer (TrSC)
Frequency of Opportunities for Use
(TlFU)

Compliance with Modern
Development Approaches (TrCM)

Attributes of Technical
Compatibility

Technical
efficiency
(Technical suitability )

Compatibility with Information
Technologies and Program
Environment (TrCT)

533

Implication on the System (TlIS)
Implication on the Project (TlIP)
Implication on the SDM Users (TlIU)
Implication on the Organisation (TlIO)
Implication on a Customer (TlIC)

Compatibility with Internal SDM
Standards (TrCI)
Compatibility with General Standards
(TrCG)

Attributes of Adaptability
Adaptability to Technical Needs of
Projects (TrAT)
Adaptability to Needs of Users (TrAU)

Fig. 4. The model of characteristics used to determine technical efﬁciency.
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 Characteristics concerning implication of a certain SDM element
on different aspects of the development are based on existing
models and standards that can be applied to determine the quality of the development process [6,31,55]. SDM elements that
have positive implication are considered technically suitable
and vice versa. The characteristics have been modiﬁed to support perceptual measuring.
Characteristics concerning implication of a certain SDM element
focus on following aspects of the development:
 Implication of SDM element on system to be implemented – completeness, coherence, usability, reliability, maintainability, portability, efﬁciency and reusability of the new system.
 Implication of SDM element on project – time consumption, project costs, project control, quality of project plans, traceability
of a project, estimation of project risks and different other problems that arise during project.
 Implication of SDM element on SDM users – ambiguity of communication, facilitation of cooperation, understanding of responsibilities and duties and support for training.
 Implication of SDM element on organisation – facilitation of standardisation, organisation goal achievement and improvement of
organisation’s reputation.
 Implication of SDM element on customers – improvement in customers’ trust in organisation, improvement in customers’ overview of progress, improvement in general satisfaction with the
organisation.
The second set of characteristics is used to determine the reasons
for the level of technical suitability. Characteristics are based on
existing models and standards [11,13,32,55] that enable us to
determine suitability, compatibility and adaptability of the development process.
The ﬁrst group Attributes of technical suitability comprises four
characteristics.
 Suitability for the project and the system is the degree to which a
certain SDM element suits different project and system parameters like size, complexity, priority, type, etc.
 Suitability for the development team is the extent to which a certain SDM element suits the experience and knowledge of the
development team. Even though this characteristic covers a
rather similar ﬁeld as some of the social suitability characteristics, the main difference is that it measures suitability from a
more objective perspective.
 Suitability for the customer is the degree to which a certain SDM
element suits predeﬁned requirements and needs of the customer. This characteristic is relevant especially when the customer has special demands regarding the SDM element (e.g.
use of a special tool).
 Compliance with modern development approaches is the extent
to which a certain SDM element is kept up-to-date with
current technologies, techniques and recommendations in its
ﬁeld.
The second group Attributes of technical compatibility consists of
three characteristics.
 Compatibility with information technologies and the program
environment is the degree to which a certain SDM element is
compliant with technologies and program environments used
for system development on a certain project. Some SDM
elements may be closely related to technologies and therefore
less useful when unsupported technologies are applied on a
project.

 Compatibility with the internal SDM standards is the degree to
which a certain SDM element complies with internal SDM standards and common standards of other SDM elements. The characteristic measures SDM internal integrity.
 Compatibility with general standards is the degree to which a certain SDM element complies with generally deﬁned standards in
its ﬁeld like modelling techniques, coding standards, architecture standards and patterns, etc.
The third group
characteristics.

Attributes

of

adaptability

comprises

two

 Adaptability to technical needs of projects is the degree to which a
certain SDM element can be tailored to technical needs of a certain project.
 Adaptability to needs of users is the extent to which a certain SDM
element can be tailored to suit the level of knowledge and experience of each SDM user. This kind of adaptability is especially
important when knowledge and experience of team members
varies.
3.4. The measurement instrument
To evaluate the characteristics of social adoption and technical
efﬁciency we developed the measurement instrument that is
shown in Tables 1–4. Several questions are posed for each characteristic. Most of the social adoption items used in the instrument
are adopted from existing studies and models and are only slightly
modiﬁed to suit speciﬁc requirements of the model. The references
are noted in Tables 1 and 2. The items used to determine technical
efﬁciency build on the existing evaluation models and studies
[6,29,31–33]. However, most of them had to be modiﬁed, to focus
on perceptions rather than on primary attributes.
The measurement instrument mostly consists of close-ended
questions using a seven-point Likert scale. In case, when other
types of questions and scales are used, that is noted in Tables 1–
4 in square brackets.
The appropriateness and the validity of the measurement
instruments were pilot tested in a company dealing with software
development. The results of pilot testing led to slight rephrasing of
some items.
The tests showed that in case of certain SDM element types
some characteristics tend to be more important than others . This
has to be considered during interpretation of the results and creation of the improvement scenarios. For instance, in the context of
visibility, it is typically easier to observe the use of a development
tool than to observe execution of a certain activity. In the latter
case, visibility is considered less important during the construction
of the improvement scenarios.
4. Method of application of the evaluation model
Prior to application, in an organisation, the evaluation model
has to be adapted to the speciﬁcs of the organisation’s SDM and
Table 1
The measurement scales of the level of social adoption
Frequency of use in a case of a given opportunity – SlFU (based on [52]):
1. Given the opportunity to use the part of the SDM, how often do you use it?
(never, in up to 20% of opportunities, in 20–40% of opportunities, in 40–60%
of opportunities, in 60–80% of opportunities, in more than 80% of opportunities but not always, always)
2. Use of the part of the SDM is encouraged as a normal activity
3. Use of the part of the SDM is routine and is used at every opportunity
Consistency of use – SlCU (based on [52]):
1. I consistently follow the instructions of the part of the SDM, when I use it
2. Instructions of the part of the SDM precisely describe my work in this ﬁeld
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Table 2
The measurement scales of the reasons for the current level of social adoption
Perceived attributes of SDM
Relative advantage – SrRA (based on [3,39]):
1. Using the part of the SDM improves my job performance
2. Using the part of the SDM increases my productivity
3. Using the part of the SDM enhances the quality of my work
4. Using the part of the SDM makes it easier to do my job
5. The advantages of using the part of the SDM outweigh the disadvantages
6. The part of the SDM is useful in my job
Social compatibility – SrSC (based on [3,41]):
1. The part of the SDM is compatible with the way I develop systems
2. Using the part of the SDM is compatible with all aspects of my work
3. Using the part of the SDM ﬁts well with the way I work
Complexity – SrCO (based on [3,39]):
1. Learning the part of the SDM was easy for me
2. I think the part of the SDM is clear and understandable
3. Using the part of the SDM does not require a lot of mental effort
4. I ﬁnd the part of the SDM easy to use
5. The part of the SDM is not cumbersome to use
6. Using the part of the SDM does not take too much time from my other duties
Attributes of SDM users
Users experience and knowledge in the ﬁeld of system development – SrDK (partially based on [46]; note that survey participants were instructed to evaluate their
experience and knowledge in the ﬁeld of the evaluated SDM element):
1. How many years of experience in system development do you have? (years)
2. Mark those concepts from the ﬁeld of system development, to which you are familiar (different concepts – depends on a particular requirements of an organisation and
ﬁeld of work of the user)
3. Evaluate your own knowledge in the ﬁeld of system development (marks form 1– poor to 5 – excellent)
Users experience and knowledge in the ﬁeld of SDM – SrMK (partially based on [46]; note that survey participants were instructed to evaluate their experience and
knowledge in the ﬁeld of the evaluated SDM element):
1. How many years of experience in SDM do you have? (years)
2. Mark those concepts from the ﬁeld of SDM, to which you are familiar (different concepts – depends on a particular requirements of an organisation and ﬁeld of work of
the user)
3. Evaluate your own knowledge in the ﬁeld of SDM (marks form 1 – poor to 5 – excellent)
Perceived attributes of organisation
Voluntariness – SrVO (based on [3,41]):
1. Although it might be helpful, using the part of the SDM is certainly not compulsory in my job
2. My supervisor does not require me to use the part of the SDM
3. My use of the part of the SDM is voluntary
Management support – SrMS (based on [52]):
1. Organisation’s top management supports use of SDM
2. IT department’s management supports use of SDM
Subjective norm – SrSN (based on [3,46]):
1. People who inﬂuence my behaviour think I should use the part of the SDM
2. People whose opinion is important to me think I should use the part of the SDM
3. Co-workers think I should use the part of the SDM
Uncertainty – SrUN (based on [46]):
1. It is probable that the IT department will dismiss some of its employees in near future
2. The future of the IT department (or organisation) is uncertain
Perceived attributes of SDM presentation
Result demonstrability (SrRD) (based on [3,41]):
1. I would have no difﬁculty telling others about the results of using the part of the SDM
2. I believe I could communicate to others the consequences of using the part of the SDM
3. The results of using the part of the SDM are apparent to me
4. I would have no difﬁculty explaining why the part of the SDM may or may not be beneﬁcial
Visibility – SrVI (based on [3,41]):
1. The part of the SDM is very visible at the organisation
2. It is easy for me to observe others using the part of the SDM
3. I have had plenty of opportunity to see the part of the SDM being used
4. I can see when others use the part of the SDM in my department
Obtainability of SDM knowledge – SrOK (partially based on [52]):
1. I have enough opportunities for gaining knowledge in the ﬁeld of the part of the SDM (in-house training, self-study, vendor courses, etc.)
2. The quality of available sources of knowledge (training, courses, literature, internet sources, etc.) is suitable
3. The available sources of knowledge (training, courses, literature, internet sources, etc.) are suitable for my level of knowledge; they are neither beyond my comprehension nor too simple

the organization itself. The size of the SDM and the number of SDM
users involved in the evaluation are the two most important factors that have to be considered. The size of the SDM is determined
by the number of SDM elements it contains. A simple SDM can contain as few as 20 elements whereas a complex one can have hundreds or even thousands of SDM elements. Clearly, an evaluation of

a SDM comprising a few hundreds SDM elements is far more complex and time-consuming than the evaluation of a SDM comprising
20 elements. The complexity of the evaluation is further affected
by the number of SDM users and other organisation speciﬁcs. For
instance; an organisation may ﬁnd that some parts of its SDM
are more critical for the success of its projects, those parts should
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Table 3
The measurement scales of the level of technical efﬁciency

Table 4
The measurement scales of the reasons for the current level of technical efﬁciency

Frequency of opportunities for use (TlFU):
1. How often does an opportunity arise to use the part of the SDM (regardless it
is actually used or not)? (never, very rarely, rarely, sometimes, often, almost
always, always – during the whole development)

Attributes of technical suitability

Implication of SDM element on system to be implemented (TlIS):
1. The part of the SDM helps to develop a more complete system (more aligned
with requirements)
2. The part of the SDM helps to develop a system that is more coherent (more
aligned with standards)
3. The part of the SDM helps to develop a more usable system (easier to use)
4. The part of the SDM helps to develop a more reliable system
5. The part of the SDM helps to develop a more maintainable system
6. The part of the SDM helps to develop a more portable system
7. The part of the SDM helps to develop a more efﬁcient system
8. The part of the SDM helps to develop a system that reuses existing components (designs, code) and new components of which can be reused
Implication of SDM element on project (TlIP):
1. The part of the SDM helps to decrease the time needed to complete a project
2. The part of the SDM helps to decrease the costs of a project
3. The part of the SDM helps to improve control over a project
4. The part of the SDM helps to improve the quality of project plans
5. The part of the SDM helps to improve the documentation and traceability of
a project
6. The part of the SDM helps to better estimate project risks
7. The part of the SDM helps to reduce number and impact of different problems at the project
Implication of SDM element on SDM users (TlIU):
1. The part of the SDM facilitates unambiguous communication between SDM
users
2. The part of the SDM facilitates cooperation between SDM users
3. The part of the SDM helps to lessen the number of conﬂicts concerning SDM
users’ responsibilities and duties
4. The part of the SDM facilitates better understanding of SDM users’ duties and
responsibilities
5. The part of the SDM helps to improve training of new SDM users
Implication of SDM element on the organisation (TlIO):
1. The part of the SDM facilitates standardisation in the organisation
2. The part of the SDM helps the organisation in achieving its goals
3. The part of the SDM helps to improve organisation’s reputation of excellent
work
Implication of SDM element on a customer (TlIC):
1. The part of the SDM helps to improve a customers’ trust in organisation
2. The part of the SDM helps to improve a customers’ overview of the progress
on project
3. The part of the SDM helps to improve general satisfaction of a customer with
the organisation

hence be evaluated more precisely; an organisation may be willing
to invest more time and effort in the evaluation than another one
may, etc. Therefore, it is important to ﬁnd the right balance between the evaluation precision, the organisation’s requirements
and the time required to implement the evaluation. To support this
adaptation we created a procedure that comprises ﬁve steps.
The ﬁrst step is the analysis of the basic features of the SDM and
the organisation. Different aspects of the organisation should be
considered, like: which parts of the organisation’s development
process are formalised and how precisely, how many developers
work in the organisation, what kind of projects does the organisation deal with, what is the general attitude of developers towards
the organisation’s SDM, are the developers willing to participate in
the evaluation, etc. The analysis shows whether it is rational to apply the evaluation model in the organisation and helps deﬁne the
scope of the evaluation (evaluation can be performed for the whole
SDM or only for particular parts of the SDM).
The second step is the identiﬁcation of roles and SDM users that
perform these roles. A role is a concept that deﬁnes the behaviour
and responsibilities of an individual, or a set of individuals working
together as a team, within the context of a software development
organization [43]. Typical roles include programmers, analysts,

Suitability for the project and the system (TrSP):
1. The part of the SDM is suitable for the project size and complexity (number
of developers, number of organisations involved, etc.)
2. The part of the SDM is suitable for the system to be implemented (size and
complexity of subsystems, number and complexity on interactions between
subsystems, integration of legacy applications, etc.)
3. The part of the SDM is suitable for project type (new development, upgrade,
renovation, etc.)
4. The part of the SDM is suitable for project priorities (productivity, traceability, etc.)
5. The part of the SDM is overall suitable for work on the project and the system
Suitability for the development team (TrST):
1. The part of the SDM is suitable for the level of knowledge and experience of
the development team
2. The development team has no difﬁculty in understanding and using the part
of the SDM
Suitability for a customer (TrSC):
1. The part of the SDM is aligned with the demands of the customer
2. The part of the SDM suits real needs of the customer
Compliance with modern development approaches (TrCM):
1. The part of the SDM is aligned with modern trends and approaches in its ﬁeld
2. The part of the SDM is aligned with current standards in its ﬁeld in case standards exist
Attributes of technical compatibility
Compatibility with information technologies and program environment (TrCT):
1. The part of the SDM is aligned with the development tools used in the development team and facilitates their use
2. The part of the SDM is aligned with the information technologies used in the
development team and facilitates their use
3. The part of the SDM is aligned with the program languages used in the development team and facilitates their use
Compatibility with internal SDM standards (TrCI):
1. The part of the SDM is compatible with other parts of SDM that are of the
same type
2. The part of the SDM is compatible with internal standards of the SDM
3. The part of the SDM is compatible with the results of other parts of the SDM
that it needs for its execution (e.g. input artefacts)
4. The results of the part of the SDM are compatible with other parts of the SDM
that use them (e.g. output artefacts)
Compatibility with general standards (TrCG):
1. The part of the SDM is compatible with general standards in its ﬁeld (e.g.
standardised notation, languages, techniques, etc.)
2. The part of the SDM does not prescribe a very different way of work from
way of work generally performed (e.g. at other organisations) or taught
(e.g. at schools or trainings) in its ﬁeld
Attributes of adaptability
Adaptability to technical needs of projects (TrAT):
1. It is possible to tailor the part of the SDM according to the size and complexity of the project
2. It is possible to tailor the part of the SDM according to the type of the project
(new development, upgrade, renovation, etc.)
3. It is possible to tailor the part of the SDM according to the project priorities
(productivity, traceability, etc.)
Adaptability to needs of users (TrAU):
1. It is possible to tailor the part of SDM to suit different levels of experience
and knowledge of SDM users
2. The part of the SDM is designed in a way that it allows more experienced
SDM users to use it in a different way than less experienced users do

designers, testers, etc. Even if a certain SDM does not contain formally deﬁned roles, it is usually possible to categorize different
sets of activities and responsibilities that individuals perform during software development. These sets of activities and responsibilities are than assigned to a certain role. Subsequently, each SDM
user that participates in the evaluation is matched to one or more
roles that he performs. It is thus precisely determined who is supposed to use a certain SDM element and is therefore responsible for
its evaluation. Fig. 5 shows SDM users who perform different roles
and therefore use different SDM elements. They evaluate only the
elements they use in the context of their roles.
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Fig. 5. The roles of different types of survey participants. The participants in the survey evaluate only SDM elements that are part of their responsibilities in the context of
their roles. All SDM users evaluate the level of social adoption, but only technically advanced SDM users evaluate the level of technical efﬁciency.

The third step is the identiﬁcation of technically advanced SDM
users. These users should not only be knowledgeable in the context
of their SDM roles, but should also understand a broader perspective of SDM. They should be familiar with the current trends in the
ﬁeld of their expertise and should be able to assess technical efﬁciency of the SDM objectively. In cases, when technically advanced
SDM users cannot be identiﬁed for a certain SDM role, external experts are engaged to assure objective evaluation of the SDM’s technical efﬁciency. Fig. 5 depicts that the responsibility of the
technically advanced users is to evaluate both technical efﬁciency
and social adoption whereas ordinary users evaluate only social
adoption. External experts can also be engaged to help evaluate
technical efﬁciency.
In the fourth step, we deﬁne the basic evaluation units for different parts of the SDM. The evaluation on the scale of a single
SDM element enables the most accurate assessment of the SDM’s
technical efﬁciency and social adoption; however, it can be a very
time-consuming procedure. Therefore, one could choose to evaluate only the most critical parts of a SDM on the scale of a single
SDM element, whereas less critical parts would be evaluated on
the scale of larger evaluation units that encompass several SDM
elements. For instance, an evaluation unit can consist of SDM ele-

ments like: an activity, all artefacts used in the activity, all artefacts
produced in the activity and all tools used during the activity.
Although such evaluation is less precise, it is also less timeconsuming.
In the ﬁfth step, we select characteristics of the evaluation model that will be used in the evaluation. In the preceding sections, we
presented the complete list of characteristics that can be used in an
evaluation. It is often not rational to use all of these characteristics.
For instance, if we are only interested in the level of SDM social
adoption and technical efﬁciency, but not in the reasons for this level, all characteristics that determine the reasons can be omitted.
Another possibility for simpliﬁcation of the model is to omit characteristics that can be determined upfront. E.g., it is not rational to
evaluate a well-known commercial SDM’s compatibility with
internal SDM standards, as this compatibility is already assured
by the provider of the SDM. Based on the chosen characteristics,
we customise the measurement instrument and prepare questionnaires for the evaluation.
Finally, evaluation is performed. It is important that the SDM
users are motivated to participate in evaluation. They should
understand that evaluation is the key to the improvements of their
SDM that will positively affect the way they perform their work.
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5. Tests of the evaluation model in a real-life environment
5.1. Test design
The main research question during testing was how the evaluation model performs in real life environment i.e. organisations dealing with software development. The aim of the tests was therefore
to verify the model’s usefulness as a tool for identiﬁcation of less
suitable SDM elements. We formed the following propositions:
 P1: The evaluation model will enable acquisition of nontrivial
information about the SDM technical and social suitability that
was previously unknown to people responsible for the organisation’s SDM.
 P2: The combined analysis of social and technical suitability will
enable people responsible for the organisation’s SDM to take better decisions in the context of the SDM improvement compared
to measurement of only technical or only social suitability.
 P3: The evaluation on the level of SDM elements will enable
people responsible for the organisation’s SDM to take better
decisions in the context of the SDM improvement compared to
evaluation on the level of a whole SDM.
 P4: The SDM elements that will be improved based on the results
of evaluation and introduced to the SDM users will be re-evaluated as generally more suitable than the original SDM elements.
To answer the research question and verify the propositions we
decided to use the case study research strategy as deﬁned by Yin
[56]. A holistic multiple-case design was used and three software
development organisations and one organisation unit served as
units of analysis.
The test procedure in each case (unit of analysis) started with
adaptation of the evaluation model to case speciﬁcs as discussed
in Section 4. Next, presentations were held to explain the adapted
measurement instrument to the evaluation participants. Execution
of the evaluation followed and after it was completed, the results
were analysed.
To verify the prepositions P1, P2 and P3, we discussed the analysis results and the prepositions with each organisation’s key
employees i.e. the management and the employees in charge of
an organisation’s SDM. Initially, reports were prepared that were
sent to the key employees. After one to two weeks, during which
the key employees examined the reports, a meeting was held to
additionally explain the results and to interview the key employees.
A different approach was used to verify the preposition P4. SDM
improvements that were based on the preceding SDM evaluation
were created. These improvements were implemented and the improved SDM was later re-evaluated. This veriﬁcation was performed in one organisation.
5.2. Test cases
We tested the SDM evaluation model in four different cases:
two different software development companies that produce their
own pre-packaged business solutions for small companies, a software development company that develops custom software solutions, and an IT department of a mid-sized bank. In the following
sections, there are detailed descriptions of two of the four cases
and a short summary of the other two cases.
5.3. Case A
5.3.1. Case description
Case A is a company that develops its own ERP solution for
small businesses. It uses object-oriented program languages and

a self-developed SDM that contains 21 elements. These elements
are best described as comprehensive activities that also include
simple descriptions of documents produced in the activities, roles
that perform the activities and prescribed development tools. The
SDM is only used to develop a single product, so there is not
much need for SDM tailoring for different projects. Nevertheless,
the SDM is constantly updated and improved. As a result, the
SDM is relatively inadaptable, but optimized for work at the company. Therefore, we anticipated that most SDM elements would
be evaluated as quite suitable in both technical and social
dimension.
5.3.2. Evaluation
Ten SDM users participated in the evaluation, seven of which
were considered as technically advanced users, and thus they evaluated technical efﬁciency as well. SDM users had a positive attitude towards the evaluation and there was strong management
support for the evaluation. This enabled the use of a comprehensive questionnaire, which included most of the evaluation model
characteristics and measurement items. However, some of the
characteristics and items were left out, as they were irrelevant in
the context of the organisation or the SDM users were unwilling
to answer the questions regarding the items. For instance, characteristics regarding adaptability were excluded, as there is almost
no need for SDM tailoring.
Paper questionnaires were distributed among the 10 survey
participants. Each participant was asked to evaluate only SDM elements he/she was using in the context of his/her roles. In total 70
questionnaires were returned, but four of them remained partially
unanswered or were considered invalid. Veriﬁcation of the questionnaires showed that 66 of 70 evaluations of social adoption
and all 49 evaluations of technical efﬁciency were valid.
Cronbach alpha coefﬁcients and corellations of all constructs
used in the evaluation are provided in Table 6. All constructs were
well within the limits of acceptable internal consistency [57]. As
expected, the constructs were correlated to a certain extent, however, their correlations were generally signiﬁcantly lower than
internal correlations of constructs’ items.
Results of the evaluation showed that all SDM elements except
one (element C) were inside the useful SDM elements quadrant.
Favourable results were expected, as SDM was optimised and the
development process did not require much tailoring. Fig. 6 shows
the results of the evaluation. Spikes connect each SDM element’s
evaluation to a centroid.
To demonstrate the detailed analysis of the evaluation results,
we focus on two elements that have the largest negative horizontal
and vertical distance from the centroid: element B termed Addition
of new system functions and change of existing system functions on
analysis level and element C termed Addition and change of program
code or user interface. Two reference points were additionally selected to compare the results of the evaluation: the mean evaluation of all SDM elements (centroid) and element A that has the
largest positive distance from the centroid. Diagram in Fig. 7 shows
the evaluations of reason characteristics of elements B and C, and
of the two reference points. As expected, most evaluations of elements B and C are lower than of element A and many are also below average. We focused especially on characteristics whose
evaluations are considerably different from the average and are
on ‘‘disagree” part of the scale.
The characteristic that clearly steps out of element B’s average
is Management support (SrMS). Its evaluation indicates that its
users believe that management does not support the use of the element. Consultation with the element’s users revealed that new system functions were usually added into the analysis model, but the
model was only rarely updated to reﬂect changes that occurred
during implementation. The management considered updating
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Table 5
The test cases summary
Organisation

Case and evaluation summary

Summary of the evaluation results

Case A
A company developing
pre-packaged business
solutions (1)

 A SDM developed completely inside the organisation, improved and
optimised regularly
 An evaluation of 21 comprehensive SDM elements

 Almost all SDM elements were evaluated as technically and socially
suitable
 Based on the differences between the SDM elements’ evaluations
several improvement opportunities were identiﬁed which company
management was previously unaware of
 Key employees conﬁrmed prepositions P1, P2 and P3

 Most of the evaluation model characteristics were applied
Case B
A company developing
custom software
solutions

 Speciﬁcally tailored SDM based on Rational Uniﬁed Process and
Information Engineering

 Although the SDM was speciﬁcally tailored for the needs of the
company, several SDM elements were identiﬁed that required
improvement
 Improvements to SDM were implemented that were based directly
on the results of the evaluation
 Re-evaluation showed that efﬁciency and adoption of the improved
SDM elements generally bettered; preposition P4 was conﬁrmed

 Evaluation of 113 well-deﬁned SDM elements
 Only the characteristics that measure the level of social and
technical suitability were applied, however, users were asked to
additionally comment their evaluations
 Re-evaluation of the improved SDM elements
Case C
A company developing
pre-packaged business
solutions (2)

 Key employees conﬁrmed prepositions P1, P2 and P3

 A SDM partially based on Information Engineering and partially
developed inside the organisation
 An evaluation of 11 areas of the SDM

 Only six areas were evaluated as technically and socially suitable of
which two were marginally suitable
 Although the company’s management was already aware of many of
the deﬁciencies of their SDM, the evaluation helped them to
delineate the reasons for the deﬁciencies and identify additional
problems
 The results of the analysis were used in the creation of a new SDM
that partially integrated suitable elements of existing SDM
 Key employees conﬁrmed prepositions P1, P2 and P3; a more
detailed evaluation would be advantageous

 Most of the evaluation model characteristics were applied

Case D
An IT department of a
mid-sized bank

 SDM mainly developed inside the organisation

 Six of 16 areas were evaluated as technically and/or socially
unsuitable
 The identiﬁcation of the reasons for their unsuitability was based on
the results of the evaluation
 The results were used to improve some parts of the SDM
 Key employees conﬁrmed prepositions P1, P2 and P3

 Evaluation of 16 areas of the SDM
 Most characteristics of the evaluation model were applied

Table 6
The Cronbach alpha coefﬁcients and inter-correlations for each construct used in the evaluation
SlFU
Characteristics of social adoption
SlFU
1.000
SlCU
0.402b
SrRA
0.175
SrSC
0.463b
SrCO
0.370b
SrMS
0.390b
SrRD
0.299b
SrVI
0.359b
SrOK
0.280a
Cronbach’s alpha
0.812
Number of items
3
Characteristics of technical efﬁciency

TlFU
TlIS
TlIP
TlIU
TlIO
TrSP
TrST
TrCM
TrCT
TrCI
TrCG
Cronbach’s alpha
Number of items
a
b

p < .05.
p < .01.

SlCU

SrRA

SrSC

SrCO

SrMS

SrRD

SrVI

SrOK

1.000
0.011
0.213a
0.221a
0.409b
0.110
0.297b
0.298b
0.801
2

1.000
0.395b
0.033
0.039
0.474b
0.477b
0.409b
0.851
4

1.000
0.294b
0.183
0.353b
0.347b
0.204
0.913
3

1.000
0.287b
0.035
0.078
0.451b
0.801
3

1.000
0.197
0.260a
0.157
0.932
2

1.000
0.480b
0.210a
0.888
3

1.000
0.365b
0.881
2

1.000
0.853
3

TlFU

TlIS

TlIP

TlIU

TlIO

TrSP

TrST

TrCM

TrCT

TrCI

TrCG

1.000
0.038
0.134
0.023
0.027
0.011
0.134
0.068
0.063
0.322a
0.363b

1

1.000
0.366b
0.282a
0.244a
0.023
0.318a
0.001
0.021
0.032
0.041
0.803
5

1.000
0.413b
0.507b
0.317a
0.045
0.007
0.143
0.334b
0.083
0.895
7

1.000
0.398b
0.200
0.258a
0.037
0.096
0.078
0.218
0.820
5

1.000
0.539b
0.057
0.352b
0.234
0.152
0.127
0.842
3

1.000
0.209
0.483b
0.403b
0.365b
0.263a
0.899
5

1.000
0.209
0.225
0.296a
0.070
0.781
2

1.000
0.441b
0.160
0.059
0.819
2

1.000
0.288a
0.058
0.926
2

1.000
0.324a
0.815
4

1.000
0.798
2
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5.3.3. Discussion
Initial consultations with the company’s key employees did not
reveal any signiﬁcant deﬁciencies in the SDM. Therefore, the main
challenge of the evaluation was to answer whether the SDM is
actually adopted and efﬁcient as much as it was believed to be.
The results of the evaluation conﬁrmed that SDM is quite suitable
generally, yet distinctions between more and less suitable SDM
elements, have clearly been recognized. The main contribution of
the evaluation was the identiﬁcation of improvement opportunities, which the company management was previously unaware
of. The company’s key employees who were in charge of the
SDM conﬁrmed our ﬁndings and prepositions P1, P2 and P3.
5.4. Case B
5.4.1. Case description
Case B is a company that develops custom software solutions in
an object-oriented way using Java development platform. It has its
own SDM that is based on the principles of Rational Uniﬁed Process
and Information Engineering and is speciﬁcally tailored to the
company’s needs. The SDM has moderate possibilities for adapting
to projects speciﬁcs, as some activities are optional and some steps
of the SDM are executed only in case of certain project types. The
SDM consists of the following SDM elements types: processes,
activities, roles, documents (artefacts) and templates. Altogether,
the SDM contains 113 well-deﬁned SDM elements, which represented basic evaluation units during the evaluation. The SDM is
stored in a form of a web site so that the users can easily access
SDM through organisation’s intranet. At the time of the evaluation,
the company employed 28 people that were actual or potential
users of the SDM. All of them were invited to participate in the survey and 13 responded. Five were technically advanced users and
eight were ordinary users. To ease their participation in the survey,
a web survey application was created. We integrated the application into the web-based SDM, which allowed survey participants
to access questionnaires directly from their SDM web pages.
The test was divided into three phases: initial evaluation,
improvement and re-evaluation.

Fig. 6. The results of Case A evaluation.

the analysis model unnecessary, which consequentially resulted in
relatively low adoption. Nevertheless, the element was evaluated
as rather technically efﬁcient, which indicated that the cause for
low adoption was not the element itself.
The most noticeable characteristics of the element C are the
Suitability for a project and a system (TrSP) and the Compliance
with modern development approaches (TrCM). The prescribed
development tool and accompanying technologies that were of
an older generation and did not support new trends in the ﬁeld
of software development were found to be the critical part of the
element. Even though the tool was relatively well adopted and
used regularly, technically advanced SDM users were well aware
of its deﬁciencies.
Other SDM elements that had evaluations below the average
were analysed in a similar way and opportunities for their
improvements identiﬁed.

5.4.2. Evaluation
Because of the scale of the evaluation, the model used in the
survey was simpliﬁed. In the questionnaires, only the characteris-

The reasons for the current level of
social adoption

The reasons for the current level of
technical efficiency

Positive opinion
(agree)

7.00

6.00

5.00

Negative opinion
(disagree)

4.00

3.00

2.00

1.00
SrRA

SrSC

SrCO

SrMS

SrRD

Element A

Mean

SrVI

SrOK

Element B

TrSP

TrST

TrCM

TrCT

TrCI

TrCG

Element C

Fig. 7. The comparison of evaluations of reasons for the current level of social adoption and technical efﬁciency for elements A, B, C and mean.
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tics for evaluation of the level of social adoption and technical efﬁciency were used, but not the characteristics for evaluation of the
reasons for these levels. This simpliﬁcation was necessary as
SDM users were not prepared to ﬁll in extensive questionnaires
for each SDM element. Nevertheless, the survey participants were
encouraged to make short comments on reasons for their evaluation. These comments proved very valuable during the improvement phase.
The number of questionnaires that a SDM user had to ﬁll in was
relatively high as a typical role was connected to at least ﬁve other
SDM elements and each user performed two or more roles. Each
SDM user had to ﬁll in approximately 15 questionnaires. Not only
it was unlikely that SDM users would be willing to complete all
questionnaires at the same time, but it was also probable that their
answers would be distorted because of the time shortage. For that
reason, we decided that SDM users should be able to answer to a
survey during a longer period, while simultaneously using the
SDM to work on projects.
In the ﬁrst phase, an initial evaluation of all SDM elements was
conducted. The survey participants were given one and a half
months to evaluate the SDM elements. Although they were allowed to evaluate the SDM elements anytime during that period,
they were encouraged to evaluate them while applying them on
real projects, as we wanted their answers to be based on their
immediate experiences with the SDM elements. The survey participants were allowed to correct their answers. In total, we received
225 answers of which 168 were valid. The remaining 57 were
either corrected by later answers (43 answers) and were therefore
discarded or were invalid (14 answers).
Of 113 elements, 20 SDM elements remained completely
unevaluated. As we discovered later, ﬁve of these elements dealt
with database administration and database reviewing, that nobody
of the survey participants felt responsible for, and 15 of the unevaluated elements dealt with business modelling, which was not performed in the organisation at the time. The remaining 93 elements
(see Table 7) were evaluated as follows: 60 were evaluated in both
dimensions; the remaining 33 were evaluated only in the dimension of social adoption, as we could not identify technically advanced users who would be competent to evaluate their technical
efﬁciency.
The measurement instrument was tested for its validity. Cronbach alpha coefﬁcients of the constructs, used in the evaluation
model, ranged from .69 to .93, indicating acceptable internal consistency [57]. The constructs were correlated to a similar extent
as in Case A and their correlations were generally lower than internal correlations of constructs’ items.
The scatter chart in Fig. 8 shows the results of the initial evaluation. The dots on the scatter chart indicate positions of SDM elements. The vertical position represents the level of element’s
social adoption and the horizontal position the level of element’s
technical efﬁciency. Larger points indicate that more elements are
in the same position, as they have the same average evaluation of
both dimensions.
Most of the elements that were evaluated in both dimensions
are in the upper right quadrant i.e. the useful elements quadrant.
Elements that were not evaluated in the technical dimension are
shown in the left side of the scatter chart.

5.4.3. Improvement
In the second phase, we focused on the improvement of 15 SDM
elements that were evaluated in both dimensions and were positioned outside the useful SDM elements quadrant on the evaluation
scatter chart (see Fig. 8). Three SDM elements were found to be
redundant and were therefore discarded. Five elements remained
unchanged as they were either already technically efﬁcient, or no

Table 7
List of all evaluated SDM elements in Case B
D Act: 2.0 Create initial requirements
document
D Act: 2.1 Determine and structure
requirements
D Act: 2.2 Develop prototype
D Act: 2.3 Validate requirements
D Act: 3.0 Choose initial software architecture
D Act: 3.1 Deﬁne architecture
D Act: 3.2 Deﬁne logical structure
a D Act: 3.3 Review software architecture
D Act: 4.1 Design database
D Act: 4.3 Implement database
D Act: 5.0 Deﬁne object model
D Act: 5.1 Plan integration and Setup required
development environment
D Act: 5.2 Design features
D Act: 5.3 Develop unit tests
D Act: 5.4a Implement features (client side)
D Act: 5.4b Implement features (server side)
D Act: 5.5 Execute unit tests
D
D
D
D
D
D
D
D
D

Act:
Act:
Act:
Act:
Act:
Act:
Act:
Act:
Act:

5.6
5.7
5.8
6.0
6.1
6.2
6.3
7.1
7.2

Revise unit
Unit review
Assure compliancy with standards
Integrate subsystem
Develop subsystem Tests
Execute subsystem Tests
Revise subsystem integration
Deploy system
Execute system tests

D Act: 7.3 Revise system integration
D Act: 8.1 Develop system approval tests
D
D
D
D

Act: 8.2 Execute system approval tests
Doc: Application
Doc: Approval test document
Doc: Approval test document template

D Doc: DB design and object mapping
D Doc: DB Design and object mapping
template
D Doc: Detailed design
D Doc: ER model
D Doc: Fine tuned physical DB
D Doc: Integrated system
D Doc: Object model
D Doc: Physical DB
D Doc: Requirements document 0
D Doc: Requirements document 1
D Doc: Requirements document template
D Doc: SALSD template
D Doc: Selected initial architecture
D Doc: Source code
D Doc: Source code coding standards
a

D Doc: Source code commenting
standards
D Doc: Source code design by
contract
D Doc: Standards violation
document template
D Doc: Standards violation
notiﬁcation
D Doc: System architecture and
logical structure 1
D Doc: System architecture and
logical structure 2
D Doc: System deployment
D Doc: System deployment
template
D Doc: System test case
D Doc: System test case template
D Doc: System test report
D Doc: System test report
template
D Doc: Unit tests
D Doc: Unit tests description
D Ovr: Overview – development
D Ovr: Overview – many
elaboration iteration process
D Ovr: Overview – single
elaboration iteration process
D Rol: DB designer
D Rol: End user
D Rol: Implementer
D Rol: Software architect
D Rol: SW architecture reviewer
D Rol: System analyst
D Rol: System deployer
D Rol: Tester
Ovr: Overview – Complete SDM
processa
PM Act: 1.1 Initiate new project
PM Act: 1.2 Develop initial project
plan
PM Act: 1.3 Evaluate project risks
PM Act: 1.4 Plan next iteration
PM Act: 1.5 Manage iteration
PM Act: 1.6 Evaluate project risks
and a
PM Act: 1.7 Close-out phase
PM Act: 1.8 Close-out project
PM Doc: Minutes of a meeting
PM Doc: PMD 1 document
PM Doc: PMD 2 document
PM Doc: PMD 3 document
PM Doc: PMD 4 document
PM Doc: PMD 5 document
PM Doc: PMD 6 document
PM Doc: PMD 7 document
PM Doc: PMD 8 document
PM Doc: PMD template
PM Ovr: Overview – project
management process
PM Rol: Project manager

Actual SDM name was replaced by acronym ‘‘SDM”.

suitable alternatives were available. The remaining seven elements
were improved in accordance with the SDM user comments and
evaluation. After improvement, they were integrated into the
web-based SDM.
To illustrate how the improvement was performed, we focus on
three of the seven improved elements. Elements are marked with
letters A, B and C in Fig. 8.
The element A is a document named Detailed Design Document.
Its purpose is to provide a precise description of a part of an information system under development. It serves as a basis for coding.
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Fig. 8. The results of the initial evaluation of Case B.

The element was evaluated as less suitable in both technical and
social dimension. Although the results of the evaluation suggested
that the proper action would be to discard the element, we decided
to try to improve it. SDM users’ comments indicated that the main
problem was the low level of element’s adaptability to different
types of projects and its high complexity. Thus, the improvement
focused especially on improving the element’s adaptability and
reducing its complexity. Parts of the element were made optional
and changes were made to allow the use of less rigorous techniques in the creation of the document in case of smaller projects.
A simple decision table was introduced to help users decide, which
parts of the document and techniques to use.
The element B is an activity named Execute Subsystem Tests. The
activity is performed after the integration of a subsystem. Its purpose is to validate that the newly integrated subsystem is operating correctly. The element was evaluated as technically unsuitable,
but socially suitable. The comments of technically advanced users
pointed out that activity did not produce any formal reports of the
results of the tests. The results of the tests were formally registered
and reported only after the ﬁnal system integration. The lack of formal reporting made supervision impossible, which led to superﬁcial execution of subsystem tests. However, ordinary SDM users
adopted the element and were relatively content with its performance. The improvement therefore focused on an establishment
of a formal reporting mechanism. Subsystem test reports were
introduced to systematize subsystem testing.
The element C is a template named Software Architecture and
Logical Structure Document Template. The template is used in a creation of Software Architecture and Logical Structure Document. Interestingly however, the document itself was evaluated as socially
and technically quite suitable, while the document’s template

was evaluated as socially unsuitable. Users’ comments revealed
that the template was unpopular because of its rigidness. As a result, most users preferred ad hoc approaches in creation of the document, rather than using the template. To improve the template,
an analysis of the ad hoc documents created by SDM users was performed. The results of the analysis showed that users often used
informal techniques and models to describe system architecture.
Although the document permitted the use of informal techniques,
the template did not. Hence, the template was extended to allow
the use of informal techniques and at the same time, parts of the
template were made optional.
5.4.4. Re-evaluation
In the third phase, the improved SDM elements were re-evaluated. The re-evaluation was performed about three months after
the SDM improvements were introduced, which gave SDM users
some time to familiarise with the changes. The same conﬁguration
of the evaluation model as in the initial evaluation was used. The
scale of the evaluation was much smaller, however, as only the seven improved SDM elements were re-evaluated. In addition to the
improved elements, three SDM elements that remained unchanged
during the improvement phase were also re-evaluated. The three
elements served as control elements to verify whether the changes
in the evaluation of the seven improved elements were actually the
result of the improvements, or were caused by external factors.
During the re-evaluation, the participants were allowed to access
their answers from the initial evaluation and were asked to correct
these answers only if their perception of any of the 10 SDM elements changed. We received 23 valid answers.
Scatter chart in Fig. 9 shows the results of the re-evaluation.
Black dots mark the initial positions of the 15 less suitable SDM
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Fig. 9. The results of the re-evaluation of Case B after the improvement of the less suitable SDM elements.

elements (except control element 1) of which the ﬁve SDM elements that remained unchanged and were not re-evaluated are
encircled, and the three SDM elements that were discarded are
crossed out. Arrows indicate to which positions the seven SDM elements moved after the improvement. New positions are marked
with crosses. Letters A, B and C mark initial positions of the three
SDM elements, depicted in the previous subsection, while their
new positions are marked with letters A0 , B0 and C0 . White dots
mark the three control elements. Numbers 1, 2 and 3 mark their
initial positions and 10 , 20 and 30 are their positions after reevaluation.

element’s users rejected the use of formal subsystem test reports,
and consequentially did not adopt the improved element B0 . Further improvements of element B should therefore focus mainly
on proper presentation of the element to SDM users.
The key employees responsible for SDM validated the results of
evaluation and re-evaluation and conﬁrmed the prepositions P1,
P2 and P3. In their opinion, it was especially important to perform
the evaluation on the level of a SDM element, as it enabled the creation of focused improvement scenarios. The re-evaluation of the
improved SDM conﬁrmed the preposition P4.
5.5. Summary of cases C and D

5.4.5. Discussion
The initial evaluation showed that the SDM was generally suitable. The result was expected, as the SDM was speciﬁcally tailored
to the company’s needs. However, it also revealed that several SDM
elements were in need of improvement.
The results of the initial evaluation were used in creation of
improvement scenarios for the seven SDM elements. The process
of creation of improvement scenarios proved relatively lengthy.
However, this was not an obstacle as only seven scenarios were
created. Generally, the scenarios proved to be effective as social
and technical suitability of most of the improved elements increased noticeably. The three control elements moved only slightly
(elements 1 and 3) or not at all (element 2), which signiﬁes that the
changes in the evaluation were not inﬂuenced by external factors.
We believe that one of the reasons for effectiveness of the
improvements was that they were based on the comments of
SDM users. After the users realised that the SDM was improved
according to their comments, they were more eager to adopt and
use the improved elements. However, social adoption of SDM element B decreased. The main reason for this was that some of the

The general course of the evaluation for the cases C and D was
similar. In both cases, larger areas of custom-made SDMs were
evaluated and the evaluation showed that many of the areas
needed improvements. In case C, the results were used in creation
of a new SDM that partially integrated suitable elements of the
existing SDM and in case D, the results were used to improve parts
of the existing SDM. In both cases, the key employees agreed the
results gave them new insights into their SDM, and generally conﬁrmed the prepositions P1, P2 and P3. In case C they, however, suggested that a detailed analysis would be more beneﬁcial as the
analysis on the level of larger SDM areas gave them only general
directions on how to improve the SDM, but was too coarse to create focused improvement scenarios.
5.6. Discussion
Table 5 summarises the characteristics of the four cases, and the
evaluation results. In all four cases, the same pattern emerged, i.e.
the key employees conﬁrmed that: the evaluations provided new
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valuable insights into their SDMs; it was important to consider
technical and social aspects to create suitable improvement scenarios; and the evaluation on the level of SDM elements was more
beneﬁcial than evaluation of larger areas of SDM, as it facilitated
creation of focused improvement scenarios. An important ﬁnding
was that in case of evaluation on the level of SDM elements and
use of the simpliﬁed evaluation model (Case B), users’ comments
provided enough information to create efﬁcient improvement scenarios. We speculate that in case of SDM evaluation on the level of
SDM elements, the use of simpliﬁed questionnaires as in Case B
generally sufﬁces. Further investigation is needed to conﬁrm this
speculation.
Several particularities need to be considered during practical
application of the model. First, the population of SDM users in an
organisation is often relatively small. On one hand, this hinders
the application of many common statistical protocols, but on the
other, it enables us to sample most of the population and gain relevant results in the context of the company. Second, perceptual
questions are used in the model to evaluate technical efﬁciency.
To gain objective evaluation of the SDM technical dimension, a
group of technically advanced SDM users has to be formed.
Although in most cases, the formation of the group was unproblematic, in some cases, we were not able to identify the technically
advanced users for particular SDM elements, which therefore remained unevaluated from the technical perspective. It is also
important to note, that as different groups respond to social and
technical aspects, there is a possibility that the group means might
be different. Third, the evaluation is relatively extensive and time
consuming, especially if performed on a scale of a single SDM element. It is therefore important to tailor the model to speciﬁc
requirements of the organisation and users to avoid redundant
work. Finally, it is important to motivate SDM users who participate in the evaluation. They need to understand that evaluation
is the key for SDM improvements that will positively affect the
way they work.
In all four cases, the evaluation was performed in smaller organizations or organisational units that were motivated to improve
and/or standardise their development processes and practices.
Although the results validated our initial prepositions, we are
aware of the validity and reliability threats posed by relatively
small number of test cases. Unfortunately, due to complexity of
the evaluation and limited resources, we were unable to perform
tests in more organisations so far. On the other hand, according
to Yin [56] more than two cases can make a strong argument already. In our opinion, the repeated positive response of the key
employees in the four companies provides strong indication that
the model will generally provide useful results for similar companies. Additional research is needed to verify whether the model can
also be successfully applied in larger organisations.
6. Conclusion and further work
In this paper, we have presented an approach for SDM evaluation. Although various SDM evaluation methods exist, the proposed approach has several distinctive qualities. First, it
considers both social and technical suitability of a SDM; second,
it supports evaluation on a scale of single SDM elements; and third,
it measures the level of SDM adoption and efﬁciency and the reasons for SDM adoption and efﬁciency. These allow a software
development organization to observe the value of its SDM in detail,
identify technically and/or socially inappropriate parts of the SDM,
and create customized improvement scenarios based on the evaluation of each SDM part.
The proposed evaluation model builds on existing models that
have been checked for their validity and reliability. The model

has been applied in four companies dealing with software development. In all four cases, the evaluation gave valuable insights into
SDM adoption and efﬁciency and validated our prepositions. The
re-evaluation in one of the companies proved the efﬁciency of
SDM improvement scenarios that were based on the initial
evaluation.
In the following step of our research, we intend to focus on the
simpliﬁed evaluation model and validate its effectiveness on additional cases. Next, we intend to develop a support for semi-automated creation and selection of SDM improvement scenarios. The
tests of the evaluation model showed that the creation of improvement scenarios on a scale of single SDM elements is time consuming. However, the tests also showed that improvement scenarios
often share several common features, even though they are created
to improve different parts of a SDM. Therefore, we plan to create
templates that will speed up the creation of improvement scenarios. To facilitate selection of the templates we intend to create a
semi-automated decision system that will help a SDM expert to
choose the suitable template for each SDM element and lessen
the work required to create an improvement scenario, consequentially enabling more frequent SDM improvements.
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