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Abstract

Earlier software development processes (SDPs), such as waterfall processes, were mainly focused on process steps and did
not address people- and product-related issues. Emergence of Software development methodologies (SDM) has created a
new paradigm for developing software systems. A SDM is a special kind of technically engineered framework for organ-
izing SDPs; this framework is expected to specify three main interwoven elements, namely people, products, and process.
It has since become evident that it is impossible to provide a general-purpose SDM for developing all the various kinds of
software systems, and it has thus become essential to construct the most appropriate methodology for the system develop-
ment situation in hand, a practice commonly called Situational Method Engineering (SME). The problem with existing SME
methods is lack of adequate attention to the role of people who might seek or possess valuable knowledge about the project
situation. This knowledge can be tacit information that is hidden in the developer’s mind, or it might be explicitly available.
This paper proposes a knowledge management (KM)-driven and DevOps-based SME method as a new integrated multi-view
methodological paradigm that satisfies the need for sharing human experience in engineering SDMs. The method has been
proposed by reusing general SME practices and complementing them by embedding appropriate KM and DevOps practices
to alleviate the weaknesses of previous SME methods. Furthermore, the proposed method has been evaluated through four
case studies and also by conducting a criteria-based comparison with eight prominent SME methods.

Keywords Software process engineering - Knowledge management-driven improvement - Software process knowledge -
DevOps-based process - Situational method engineering - Developer experience management

1 Introduction

This work draws attention to an important, yet neglected,
concern: using developers’ experience for improving the
quality of Software Development Processes (SDPs). Devel-
opers can share their opinions regarding the processes they
use, even though they are not experts in process engineering.
We have observed that, in comparison with method engi-
neers, developers can develop a deeper understanding of the
differences between the characteristics of various projects,
and thus, the various SDPs that should be applied.
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Primitive SDPs were mainly focused on process steps.
The emergence of Software Development Methodologies
(SDMs) has created a new perspective to SDPs. A SDM has
been defined as a well-integrated framework of appropri-
ate activities, roles, techniques, products, and guidelines for
engineering software systems [1]. It is impossible to pro-
vide a general-purpose SDM for developing all the various
kinds of software systems, and it has thus become essential
to construct the most appropriate methodology for the sys-
tem development situation at hand, a practice commonly
called Situational Method Engineering (SME). A “situation”
is described through a set of specific characteristics. As an
example, different projects and organizations have different
characteristics, and prominent SDMs such as Scrum are used
differently in each of these situations.

SME can be seen as a knowledge-seeking effort to engi-
neer (build or customize) a SDM in accordance with the
features of the project at hand [2]. Existing SME methods
have focused on the process aspect of engineering, and
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proposed four main steps which respectively pursue the fol-
lowing goals: (1) deciding about engineering a new SDM or
improving an existing one, (2) specifying the most appropri-
ate strategy for constructing the target SDM, (3) evaluating
constructed method parts, and (4) ensuring the complete-
ness of engineered SDM [2]. So far, five main high-level
approaches have been proposed for constructing SDMs,
namely “Assembly-Based”, “Paradigm-Based”, “Deontic
Matrix-Based”, “Activity Diagram-Based”, and “Configu-
ration-Based” [2].

The important problem with these approaches is the lack
of adequate practices for engineering concrete reusable and
practicable SDMs, instead of producing high-level well-
documented instructions [2]. Thus, the applicability of two
categories of practices in SME processes has been studied
in this research: (1) Knowledge Management (KM) practices
that help share the developers’ valuable experiences, and (2)
Development and Operations (DevOps) practices that sup-
port the engineering and maintenance of more operational-
ized SDMs. Taking advantage of these practices to propose
a new KM-driven and DevOps-based SME method is the
main novelty of this research. To explain the results, it is first
required to define the notions of KM and DevOps in SME;
the following two paragraphs provide these definitions.

SME knowledge refers to the “State of Mind”, “Object”,
and “Process” dimensions of the knowledge hidden in
method engineering operations [3]. These dimensions are
proposed based on the three main constituents of a SDM,
namely “People”, “Product”, and “Process” [2]. On this
basis, managing SME knowledge refers to creating an
appropriate learning environment for method engineers
and developers (people), building and managing valuable
knowledge assets (including products), and facilitating the
flow of knowledge throughout method engineering and
thus software development activities (process); this should
encompass managing both tacit and explicit types of knowl-
edge. The tacit type, which might be hidden in processes,
products, or individuals’ minds, is more difficult to share.
Hence, our proposed method takes advantage of several KM
practices to alleviate the weaknesses of existing SME meth-
ods in establishing the flow of both tacit and explicit types
of SME knowledge.

Henderson-Sellers et al. have referred to several knowl-
edge sub-areas in SME [2], and we have categorized these
areas in three classes (Table 1). DevOps practices help
develop and operationalize software systems [4], and some
DevOps practices facilitate sharing the knowledge required
for operationalization [5]. Since “software processes are

Table 1 Synergistic relationships between SME knowledge areas and DevOps practices

SME knowledge area SME knowledge sub-areas (Adapted from Corresponding DevOps Common concerns
2] practices (Adapted from
(4D
Management Structuring SDM Constituents (Knowledge  Process Standardization ~ Specifying a unique and reusable method for
Base) presenting and updating process constituents
Human Resource Management Feedback Loop Supporting iterative-incremental learning and
improvement
Representational Approach Prototyping Receiving early feedback and avoidance of
late discovery of misunderstandings
Constituent Integration Continuous Release Delivering resilient products and ensuring
early discovery of problems
Project Management Continuous Planning Making realistic plans
Quality Assurance Continuous Monitoring Discovering quality threats as soon as possible
Process SDM Enacting Continuous Revision Delivering practicable products
Tailoring and Configuration Change Management Preserving the logic behind changes and sup-
port for tailoring products by rolling back
the changes
Construction Strategy Continuous Building Coordination between building strategy and
constructed products
Tool Usage Continuous Preparation Coordination between execution platform and
running processes
SDM Evolution Continuous Delivery Making release processes repeatable
Situation Analysis Defining Requirements Developing specific-purpose products
SDM Evaluation Continuous Testing Learning about products continuously and
improving reliability
Modeling Meta-Modeling “Modeling and Simula- Providing an appropriate platform for shared
tion” understanding

@ Springer



Information Technology and Management

software too” [6], our proposed method uses these practices
for operationalizing SME methods, which in turn produce
operationalized SDMs. Table 1 shows the relationship
between DevOps practices and SME knowledge areas. It
should be noted that, depending on the goals pursued, other
kinds of relations might also be proposed. We have found
these relations by studying the requirements in managing
SME knowledge and the corresponding applications of
DevOps practices. Thus, the correspondence provided in
Table 1 has been proposed by focusing on the issues dis-
cussed by Henderson-Sellers et al. [2] and Jabbari et al. [4].
It should be noted that KM sub-areas are not the same as
DevOps practices, but we have observed that they address
certain common concerns (as shown in Table 1), based on
which they can be combined to provide synergistic results.

The remaining sections will focus on the following issues:
the related work; the method used for deriving the constitu-
ents of our proposed method; the proposed method itself;
results of evaluating the proposed method; and conclusions
and future work.

2 Related work

This research aims to help fill the following knowledge
gaps (inspired by the risks introduced in [7]) with available
SME methods: (1) “knowledge attrition”: The SDPs or the
products, produced throughout the SDP, become obsolete.
Besides, they might be used inappropriately; (2) “knowledge
loss”: Individuals’ (software developers’/method engineers’/
project managers’) knowledge or the products are lost; (3)
“knowledge leakage”: The right of ownership is violated for
the products and SDPs; (4) “knowledge spillover”: Those
products, people, or SDPs that create competitive advantage
are not preserved; (5) “lost reputation”: The SDM seems
impractical due to negative points of view about individu-
als’ skills, quality of products, and practicality of SDPs; (6)
“lost sustainability”: The SDM is not flexible enough, and
it is difficult to configure it to satisfy the new development
requirements.

To reach the target mentioned above, the method pro-
posed in this paper facilitates process and product improve-
ment by prescribing KM-supportive mechanisms for concen-
trating on situational needs and avoiding distractive issues.
We have thus studied three categories of work related to this
paper, as explained in the following subsections.

2.1 Available SME methods

Existing SME methods have not directly addressed the man-
agement of SME knowledge, though they have used cer-
tain techniques for knowledge sharing. In Sect. 5, we will
compare our proposed method with eight of these methods,

which provide a more comprehensive support for KM pro-
cess. These methods have been selected based on the avail-
ability and adequacy (richness in detail) of their support
documentation. Furthermore, we have evaluated the avail-
able SME methods by using a set of criteria that we have
previously elicited to evaluate the support that SME methods
provide for managing SME knowledge [8]. In addition, we
have used the framework provided in [9] for comparing and
selecting superior methods based on the following features:
nature, construction technique, knowledge representation
technique, supported dimension (process/product), abstrac-
tion approach, support for formalism, support for flexibility,
knowledge construction approach, and knowledge structur-
ing method.

Table 2 provides a general overview of seven of the meth-
ods selected. This schema has been provided by specifying
the correspondence between a general SME process and fea-
tures of the SME methods selected. The general process has
been introduced in [2], and consists of four high-level activi-
ties: Specifying principal approach for SDM construction,
Selecting construction strategy, Evaluating method parts,
and Validating the produced SDM as to completeness.

The eighth method has been inspired by the general SME
process, and is superior to the other seven methods. We will
thus describe it in more detail. Henderson-Sellers et al.
have listed the following seven approaches for construct-
ing a SDM: Assembly-Based, Extension-Based, Deontic
Metrics, Activity Diagrams, Ad Hoc, Configuration-Based,
and Paradigm-Based [2]. By comparing these approaches, it
has been revealed that in comparison with other approaches,
the assembly-based approach is more powerful in establish-
ing the required knowledge flows [8]. Therefore, we have
selected a special instance of the assembly-based approach
(introduced in [17]) as the eighth SME method; this method
provides a requirements-based process for selecting and
assembling the appropriate method chunks [17].

The requirements are elicited by considering the project
characteristics, which are categorized into four dimensions,
namely: Organizational, Human, Application Domain, and
Development Strategy [2]. As shown in Fig. 1, this method
prescribes a five-step process:

a) Specifying Project Characteristics Investigate the pro-
ject characteristics within the four categories provided.

b) Specifying SDM Requirements Specify the require-
ments through asking development and management
team members to participate in requirements elicitation
activities.

c) Selecting Method Chunks Select the appropriate chunks
from the method chunk repository based on their
weights and priorities.

d) Assembling Method Chunks Assemble the selected
chunks to build the target SDM.
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e) Stopping SME process Stop the SME process if the data repositories of projects conducted in specific com-
method satisfies the requirements. panies, and elicited the methodology constituents and
the relationships between them [19]. In fact, they have
2.2 Recent SME applications used a bottom-up approach to find reusable methodol-
ogy constituents by generalizing the recurrent solutions
Recent applications of SME have customized SME mecha- extracted from data repositories of specific projects.
nisms for specific purposes. We have categorized the cus- 3. Inspiration: The research in this category has been
tomization techniques as follows: inspired by SME practices. For example, Sandkuhl and
Seigerroth have proposed a balanced scorecard approach
1. Abstraction: Some researchers have applied abstraction for method improvement. This method takes advantage
to available intention-based development practices, and of a SME process to generate and enact scorecards [20].
proposed reusable customizable contributions. Karagi- 4. Tailoring: These works use SME to tailor a solution to a

annis et al., for example, have used this technique to ana-
lyze the modeling method requirements. They have pro-
posed high-level concepts for conceptualizing method
requirements [18]. In fact, they have reused SME mecha-
nisms for situational method requirements engineering.
Pattern Extraction: Many efforts have been made to
identify software development patterns. These patterns
provide proven solutions for recurrent software develop-
ment problems in specific contexts. Some researchers
have mapped these solutions to general, customizable
practices. For example, Jankovi¢ et al. have analyzed

@ Springer

specific context. Franch et al. have used SME for tailor-
ing a data-driven software evolution method [21]. For
this purpose, they have analyzed the elements of the evo-
lution method, and extracted a metamodel for method
chunks. Finally, they have proposed a three-step process
for tailoring and assembling the method chunks to build
a customized software evolution method.
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2.3 Available knowledge sharing and quality
improvement approaches

An important subset of the research related to this paper
focuses on finding knowledge-sharing facilitators and obsta-
cles. The following have been addressed by researchers in
this context:

e Technical facilitators help preserve the logic underlying
the engineered SME method and elicit tacit SME knowl-
edge; ontologies [2] and games [16] are examples of such
facilitators. Some researchers have built technological
platforms to preserve and share situational knowledge.
For example, Mishra et al. have created an online tool
to share situational requirements engineering knowledge
[22]. SME methods could provide guidance on creating
and using such tools throughout the SDP.

e Trust and cultural issues affect the method engineers’
mindset, and facilitate the acquisition of situational
knowledge [23] [24]. For instance, Lopez et al. have
proposed a situational method to help adopt open source
software; however, they have explained that cultural
issues affect the usability of their method [25].

e Obstacle analysis methods help improve SME knowledge
flow by avoiding the obstacles recognized. For exam-
ple, Mitchell and Seaman have used k-mapping to find
obstacles in knowledge flows [26]. Such methods could
be reused by SME methods to find and avoid knowledge
flow obstacles continuously.

Another subset of the related research focuses on using
Quality Improvement (QI) practices. SME methods should
improve the quality of in-use SDMs. Thus, techniques for
improving the quality of SDPs [27] are potentially useful
in SME methods; specifically, a combination of KM and
QI practices have already been used for this purpose [28].
Since improvement is affected by various mutable factors
[29], it requires acquiring knowledge about the mutable
situations on a continuous basis. CMMI [30], Experience
Factory [31, 32], DevOps [5], and TQM and Lean [28]
are examples of continuous improvement approaches.
Table 3 provides a high-level view of how these prominent
approaches cover the various phases of the KM process; as
shown, fine-grained practices have not been prescribed by
most of these approaches. We have obtained these results by
comparing the techniques proposed by QI approaches to the
goals pursued by the four phases of the KM process (Iden-
tification, Extraction, Sharing and Monitoring, of knowl-
edge resources). The coverage-assessment results shown in
Table 3 are explained below:

e DevOps: (1) Identification: The identification of
developers (as knowledge resources) is not forced,

Table 3. Coverage of KM process by prominent QI approaches

QI approach KM process

Identification Extraction Sharing Monitoring
DevOps 0] | - | o
Experience Factory H o | =
TQM O} o E o}
CMMI O} o E |
Lean o} o o o}

- Corresponding KM phase is not supported.

W Fine-grained mechanisms are proposed to support the correspond-
ing KM phase.

O: Coarse-grained mechanisms are proposed to support the corre-
sponding KM phase.

: No mechanism is proposed to support the corresponding KM
phase, but an appropriate Infrastructure/environment is provided to
support the corresponding KM phase.

even though continuous development is forced; thus,
identification of knowledge resources is not forced,
but is possible; (2) Extraction: Gaining fast feedback
supports knowledge extraction; (3) Sharing: Practices
for embedding development into operations (and vice
versa) are prescribed, but fine-grained informal knowl-
edge sharing mechanisms have not been proposed; and
(4) Monitoring: Injecting quality gates is forced but
fine-grained aspects of quality are not discussed.

e Experience Factory: (1) Identification: Characterizing
projects and environments helps find the resources at a
high level; (2) Extraction: Data analysis is conducted
to find the practices, improvements, and problems. As
a result, some types of knowledge can be extracted;
(3) Sharing: An experience base is developed to share
knowledge; and (4) Monitoring: Setting quantifi-
able goals prepares the environment for monitoring,
although it is not forced.

e TQM: (1) Identification: Supporting leadership pro-
vides the environment for identifying the leaders that
possess valuable knowledge resources; (2) Extraction:
Facilitating self-improvement helps meet the prerequi-
sites for extracting knowledge; (3) Sharing: Facilitating
staff communication prepares the environment for shar-
ing knowledge; and (4) Monitoring: Constant improve-
ment of plans prepares the environment for monitoring.

e CMMI: (1) Identification: The prescriptions are focused
on improvement, but some resources might be identi-
fied throughout the improvement steps; (2) Extrac-
tion: Decision analysis supports extracting hidden
knowledge; (3) Sharing: Organizational training pro-
vides the environment for sharing knowledge; and (4)

@ Springer
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Monitoring: Process and product quality assurance are
emphasized and continuous monitoring is performed to
improve the level of maturity.

Lean: (1) Identification: Considering the people, product,
and purpose dimensions provides the environment to find
the knowledge resources; (2) Extraction: Analyzing root
causes helps extract new knowledge; (3) Sharing: Col-
lecting data about measures sets the stage for sharing
knowledge; and (4) Monitoring: Controlled goal achieve-
ment is advised, and collecting data about measures is
encouraged, but no specific techniques are provided for
these purposes.

3 Research methodology

The main question that needed to be answered in this
research was: How should a SME method build a SDM to
flow the knowledge acquired throughout enactment of the
methodology and software building processes? In turn, in
order to build a method that supports the management of
SME knowledge, three main questions should be answered:
(1) Which weaknesses of existing SME methods should be
targeted? (2) Which strengths of existing SME methods can
be reused? and (3) Which requirements, in general, should
be satisfied by SME methods? To answer these questions,
our proposed SME method was iteratively built and evalu-
ated through the following three steps (Fig. 2.), which

respectively helped answer the three questions mentioned
above:

Alleviation The first step was performed to alleviate the
weaknesses of the eight SME methods reviewed in the
previous section. For this purpose, a set of criteria were
applied to these methods, and the following problems
were revealed as their main shortcomings: deficiency in
establishing an appropriate communication and collabo-
ration environment, deficiency in prescribing compre-
hensive structures for sharing SME knowledge, and lack
of support for operationalizing the engineered SDMs.
Improved versions of these methods were then produced
to address these shortcomings. Due to limitations in
space, and also to observe the regulations of double-
blind review, the complete set of criteria has been made
available online as a supplementary file [8].
Integration In the second step, a SME framework (dem-
onstrated in Fig. 3) was proposed by applying abstrac-
tion to the improved versions of the above-mentioned
SME methods. As shown in Fig. 3, the proposed frame-
work encompasses several umbrella activities (shown
within the arrow symbol); these activities signify the
tasks that should be performed in tandem with the fol-
lowing three iterative engineering phases:

e Preparation With the aim of preparing the prereq-
uisites needed for building the target SDM, three
stages are prescribed: (1) making preliminary plans,
preparing the resources required and scheduling the
tasks, (2) analyzing the situational factors that affect

Assess
/ Develop/Build (derived from [35]) \ (derived / Justify/Evaluate (derived from [35]) \
from [35])
Weaknesses of || KM and Strengths of Eni q KM-Driven || Requirements for || Results of
SME ImprOVf:ment SME Method(s) NBINCEree || pequirements Establishing Conducted
Method(s) Practices SME Method of SME Appropriate Case Studies
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Fig.2 Research methodology (generally inspired by [33])
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Fig.3 Proposed KM-driven SME framework

the features of the target SDM [34], and (3) deciding
on the construction strategy and the models that will
be produced.

e Method Engineering By using the strategy that was
selected in the previous phase, either a new SDM is
built, or the existing one is improved.

e Approval and Production The engineered SDM is
evaluated and put into production. It will then be
continuously revised based on the feedback received
from the users. The evaluation results and the lessons
learnt are documented.

3. Evaluation The proposed method was iteratively
improved by assessing its capability to satisfy the
requirements pertaining to managing SME knowledge,
and also to establish appropriate knowledge flows. In
addition, four case studies were conducted to evaluate
the proposed method in practice. The detail is provided
in the following sections.

It should be noted that the high-level process of our
research methodology (Fig. 2) has been inspired by the fol-
lowing guidelines, which have been proposed by Hevner
et al. [33]: (1) “Design as an Artifact” which was applied
by producing the SME method as an artifact, (2) “Prob-
lem Relevance” which was considered by using SME and
knowledge sharing techniques to address the problems with
available SME methods, (3) “Design Evaluation” which was
addressed by evaluating the proposed method through con-
ducting case studies and applying evaluation criteria, (4)
“Research Contributions” which were described clearly by
specifying the proposed method constituents, (5) “Research
Rigor” which was addressed by considering the SME and
KM foundations (which were encompassed in the KM-
driven requirements of SME methods) and conducting case

studies (by collecting data from experts), (6) “Design as a
Search Process” which was conducted by finding the desired
features of the SME method in the form of KM-driven
requirements of SME methods, and (7) “Communication of
Research” which was realized by presenting the proposed
method through depicting its high-level phases and explain-
ing the detail. We have used Hevner et al.’s guidelines due
to the following opportunities that they provide: (1) evalu-
ating various versions of the contribution (SME method)
iteratively, (2) considering environmental factors (in terms
of requirements for establishing knowledge flow), (3) check-
ing the consistency with (KM and SME) foundations, (4)
checking the applicability of the proposed contribution in
different projects (companies), and (5) attention to the use
of appropriate communication mechanisms to present the
detail (fine-grained SME tasks).

4 Proposed SME method

Our proposed SME method consists of three parts: Process,
Product, and People. These constituents are described in the
following subsections. To use the proposed method, the roles
prescribed in the "people" part should take the "process"
steps to produce the "products”.

4.1 Process part of proposed SME method

The proposed SME method has been engineered through
instantiating the general KM-driven SME framework pro-
posed in the previous section (Fig. 3), and then embedding
appropriate KM and DevOps practices into it. As shown in
Fig. 4, the process part of the proposed SME method incor-
porates two intertwined cycles, through which the target
methodology is iteratively developed and operationalized.
The correspondence between phases of the general SME
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Fig.4 Proposed KM-driven and DevOps-based SME method

framework and stages of the proposed SME method is as
follows: “Preparation” phase is refined into ‘“Plan” stage;
“Method Engineering” is realized by the “Improve or Build”
stage; and “Approval and Production” phase is refined into
“Test”, “Release”, “Use & Operate”, and “Monitor” stages.
In addition, KM practices are performed in parallel with
Development and Operations cycles, and umbrella activi-
ties (shown on the arrow) are performed throughout the
whole process. The following subsections describe these
constituents.

4.1.1 Development (Dev.) Cycle

The target SDM is planned, built, and tested through the
following stages (shown in Fig. 5):

1. Plan: Perform the following three stages:

a. Situation Analysis: By using the characteristics pro-
vided in Table 4, analyze the characteristics of the
situation for which the target SDM should be engi-
neered; it should be noted that due to limitations
in space, the complete version of the table is pro-
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vided in the supplementary file [8]. To prepare the
table, we have reused the characteristics introduced
by Khatibian et al. for this purpose [35]; Khatibian
et al. have defined these characteristics to catego-
rize organizations at five levels of maturity as to
their support for the KM process. We have reused
these characteristics to specify the level of maturity
in managing SME knowledge (rows of Table 4).
Since SME knowledge encompasses three main
categories of knowledge, the columns of Table 4
refer to the dimensions of SME knowledge. This
helps answer the following questions from a KM
point of view: (1) What are the factors that affect the
SDP (software engineering knowledge)?; (2) How
should these factors be addressed (method engi-
neering knowledge)?; and (3) Who should perform
the management necessary to address these factors
(management knowledge)? To further elaborate,
each of these dimensions incorporates the follow-
ing knowledge contents:
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What: Two categories of knowledge affect the software
development process: (1) general (context-independent)
situational factors within the following eight classes:
“Business”, “Application”, “Management”, “Require-
ments”, “Technology”, “Personnel”, “Operation”, and
“Organization” [34], and (2) special (context-dependent)
situational factors, which depend on the paradigm/context
through which the software is developed. For example,
various agent-oriented methodologies have been engi-
neered and the SME process should guide creating/choos-
ing the most appropriate one. These methodologies vary
in four categories of criteria, namely ‘“Process-Related”,
“Technique-Related”, “Model-Related”, and “Supportive-
Feature” [36].

How: The way a SDM is engineered should describe the
engineering process steps, and also the Modeling Lan-
guage (ML). The ML specifies the rules for producing
the artifacts of the process part.

Who: People who have responsibilities for method engi-
neering should be skilled enough in the Software Engi-
neering (SE) and Method Engineering (ME) areas of
knowledge related to the situation at hand.

b) Decision Making: Specify the following items:

Inconsistencies: Check the consistency between in-
use and to-be-used practices. The mutual relationships

<+—>
One-Way Workflow Parallel Activities

Fig.5 Phases within the Dev. Cycle

Uses Phase

between in-use management approaches and KM prac-
tices should thus be investigated.

Stakeholders: 1dentify the stakeholders of the tar-
get SDM. Method engineers, who improve/build the
SDM, and software developers who use the SDM are
examples of stakeholders.

Requirements: Specify three categories of require-
ments by analyzing the features required for improv-
ing the level of maturity of (1) target SDM, (2) SME
method, and (3) skills of human resources. Stake-
holders should be involved in this step.

Strategies: Henderson-Sellers et al. have proposed
various strategies for SME [2]. We propose a new
KM-driven and assembly-based strategy. This is an
evolved version of the assembly-based SME strategy,
which takes advantage of the “Methods as Action
Knowledge” viewpoint [2]. In this strategy, each
SDM is imagined as a multi-dimensional knowledge
block which is itself composed of smaller knowledge
blocks, called method parts. As shown in Fig. 6, each
method part incorporates three dimensions:

1. Content: encompasses the three dimensions of
SME knowledge analyzed in Table 4. For exam-
ple, a method part might force project managers
(Who) to schedule a repetitive task for assessing
(How) developers’ knowledge about technology
(What). Knowledge about technology is a gen-
eral situational factor that affects the SDP [34].
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Table 4 Dimensions and levels for situation analysis — A brief overview of main characteristics

Dimension
Maturity What How Who
level
Initial No clear definition for knowledge con- No clear definition for knowledge con- No plan for managing SME process
tents in SDMs tents in SME methods Incomplete understanding of SME concept
Managed  Identifying knowledge assets in SDMs Identifying knowledge assets in SME Specifying responsibilities for SE and SME
Structural support for KM process (by methods Considering the priority of SE and SME
SDMs) Structural support for KM process (by goals
Specifying goals for SDMs SME methods) Support for training, rewarding, and moti-
Specifying goals for SME methods vating software and method engineers
Valuing software and method engineers’
knowledge
Defined Technical investigation of SE require- Technical investigation of SME require-  Emphasize on managing human resources’
ments ments knowledge
Detailed description of SE process Detailed description of SME process Provision and revision of metrics for
Embedding valuable SE experience into ~ Embedding valuable SME experience evaluating performance of SE and SME
SDMs into SME methods processes
Defining KM sub-processes within SDMs Defining KM sub-processes within SME ~ Defining KM responsibilities throughout
methods SE and SME processes
Plan for training software and method
engineers
Quanti- Using quantitative measures for assessing Using quantitative measures for assessing Making improvement plans
tatively performance of KM sub-processes in performance of KM sub-processes in Monitoring and revising KM sub-processes
managed SE process SME process Fostering an atmosphere of open commu-
Focus of SDMs on leadership and assess- Focus of SME methods on leadership and  nication
ment assessment Creating a collaboration culture
Optimizing Continuous improvement of SE process ~ Continuous improvement of SME process Choosing appropriate mechanisms through-

Using modern SE technologies Sharing
SE practices experienced

Using a qualified method for measuring
performance of SE process

Embedding KM sub-processes in SE
process appropriately

Using modern SME technologies

Sharing SME practices experienced

Using a qualified method for measuring
performance of SME process

Embedding KM sub-processes in SME
process appropriately

out SE and SME processes

Well-establishment of knowledge sharing
and innovation culture

Focus of KM plans on culture

Benefiting from innovative and creative
characteristics of method and software
engineers

Alignment of KM sub-processes with SE
and SME goals

Establishment of a learning culture

Performing KM sub-processes routinely

Applicability Context: specifies the time and the

N Q\G Content (What, How, Who) 2.
\$ S

ISP |
Sl >
O*Qco %
& e
O €&
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3
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Fig.6 Knowledge dimensions (Cube) of method parts

To address this issue, the method part has speci-
fied a responsibility (continuous assessment of
knowledge) for a role (project manager).
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place (case) in which applying the method part
is recommended. For example, assessing devel-
opers’ knowledge about technology (the above-
mentioned method part) should be performed in
organizations/projects that deal with changing/
new technologies.

Granularity: specifies if the method part is
atomic or incorporates finer-grained parts. For
example, assessing developers’ knowledge (pre-
scribed by the above-mentioned method part)
might be performed directly by assigning tasks,
or indirectly by checking the resumes. Thus, the
method part for assessing knowledge is a com-
pound one.
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Besides, meta-knowledge is used for providing com-
plementary information, if required. In this step, method
engineers should decide on the knowledge dimensions
which should be specified/updated in the current Dev.
and Ops. cycles. Deciding about the strategy, and thus
the knowledge dimensions, facilitates the sharing of SME
knowledge by standardizing the structure of the knowl-
edge shared. Otherwise, SME techniques would have to
be pooled in various forms, which would make them dif-
ficult to grasp; a deficiency that afflicts all existing SME
methods.

It should be noted that the proposed knowledge cube
(Fig. 6) has been inspired by the efforts previously made
in the area of both SME and KM. The problem with avail-
able SME methods is that they do not encompass all the
dimensions in detail. Most available methods specify the
content, but do not specify the corresponding context and
levels of granularity. For example, the SME methods that
are proposed based on the assembly-based approach specify
the granularity of method contents, but they do not neces-
sarily encompass all the dimensions of the content (what,
how, who); also, it is not mandatory to specify both the time
and the place (case) of using the content. Putting all three
dimensions together, as well as specifying the detail in a uni-
fied structure (What, How, Who, When, Where, Granularity
Level), are the novelties of this approach.

Measures: Define measures to assess the quality and com-
pleteness of current Dev. and Ops. cycles. These meas-
ures are inspired by requirements, strategies, and features
of the current level of maturity specified in the previous
steps. Method engineers should be asked to commit to
this definition. This step has been inspired by the Defini-
tion of Done (DoD) technique [37]. It should be noted
that the duration of the development and operationaliza-
tion cycles is dependent on the measures decided upon;
thus, this item is not fixed beforehand.

ML: Select an appropriate ML to present the knowledge
dimensions of artifacts. Some examples of modeling
approaches are: (1) Ontology-based technique [2, 38],
and (2) process meta-models, such as SPEM 2.0 [39].
Schedule: Prepare a timeline to schedule current Dev. and
Ops. cycles. This timeline should be consistent with the
specified requirements and measures.

c) Preparation: Establish an appropriate collaboration
and learning environment, and ask method engineers
to discuss the rationale behind the tasks and changes
prescribed. Ask individuals to choose the tasks them-
selves and prepare the following items: (1) off-the-shelf
method parts which might be reused; (2) prerequisites
for alleviating cultural barriers; and (3) other resources

required. Team separation, lack of a common language
between different roles, and fear of sharing knowledge
[5] are examples of cultural barriers.

2. Improve/Build Pursue the following stages to build/
improve the target SDM:

a) Constituent Improvement/Building: Build a new
method part, or update an existing one. Previously
engineered method parts (off-the-shelf method
parts) might be reused in this step. It should be noted
that the rationale behind selecting/building method
parts should be preserved through updating knowl-
edge dimensions of selected/built method parts.
Also, method parts should be traceable to require-
ments.

b) SDM Improvement/Building: Integrate chosen
method parts to build/improve the target SDM.
Developers should be involved in this step to pro-
vide feedback about the method they should use.
All versions of the under-construction SDMs and
their corresponding knowledge cubes should also
be shared in order to be reused in the future.

3. Test: Use previously specified measures to evaluate:
a) the method parts, and b) the current version of the
engineered SDM. Finally, use stakeholders’ opinions to
revise the measures.

4.1.2 Operations (Ops.) Cycle

The following three phases are performed to operationalize
the developed SDM (shown in Fig. 7):

1) Release Release the current version of the SDM through
the following stages:

a) Situation Revision Investigate changes in character-
istics of the situation for which the SDM is being
engineered, and specify changes in the level of
maturity.

b) Completeness Analysis Assess the satisfaction of
requirements targeted at current Dev. and Ops.,
cycles, and revise the requirements list, if required.

c) Preliminary Notification Release the current ver-
sion of the engineered SDM, and report on these
items: reasons for postponing delayed tasks, number
of non-satisfied requirements, and current level of
maturity.

2) Use and Operate Put the engineered SDM into practice
through the following stages:
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Fig. 7 Phases within the Ops. Cycle

a)

b)

Transition Ask customers (developers) to use the
current version of the engineered SDM. If they have
to switch between new and old versions of the SDM,
it is recommended to use the “Blue-Green Deploy-
ment” technique [5]; in this way, the new version
will be used by some of the developers in the blue
environment, while other developers use the old ver-
sion. The “Dark Launching” technique [5] might
also be used to receive feedback from handpicked
individuals. These feedbacks should be saved and
shared.

Feedback Analysis Analyze feedbacks received in
the previous phase, and specify new requirements.
Then, report on changes in the level of maturity of
the SME method, if applicable.

Final Evaluation Ask stakeholders to use the engi-
neered SDM, and evaluate their satisfaction with the
current version. Define new requirements, if neces-
sary.

3) Monitor During the time that the engineered SDM is
being used, follow these stages to prevent it from dete-
rioration:

a)

Revision Reassess the situational factors and find
new requirements to improve the engineered SDM
through re-performing Dev. and Ops. cycles. Then,
revise the in-use SME method, and ask the method
engineers to change their responsibilities to blur
roles [5]. Finally, plan for using appropriate KM
practices to prevent the occurrence of the following
anti-patterns:
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b)

c)

d)

“Hero cult” [5]: All the individuals should share
their knowledge, and heroes should not be cre-
ated.

“Emphasis on titles” [5]: Individual’s skills
should be evaluated based on the knowledge they
share, rather than their roles in the SME process.

“Shadow responsibilities” [5]: All responsibili-
ties should be monitored to be performed accu-
rately (just as defined).

“Favor a plan over planning” [5]: Both the plan
and the quality should be important for individu-
als. Schedules might be updated to ensure quality.

Documentation Document the results of the revi-
sions conducted. Results of revising the SME
method should be recorded in the SME method
description document. Results of revising the SDM
should also be saved as a kind of knowledge con-
tained (knowledge-content) within the method parts.
Final Notification Report on the successes and fail-
ures documented in the previous stage. This helps
motivate method engineers through appreciating
their efforts for successes and also informing them
about weaknesses.

Death If the in-use SME method does not satisfy
the new requirements and it cannot be improved,
stop using it. Record the lessons learnt (in the SME
description document and the method parts).
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4.1.3 Umbrella activities

The project manager and knowledge manager, described in
the next section, are responsible for the umbrella activities.
The supported umbrella activities are as follows:

e  Human Resource Management Engaging method engi-
neers and developers in SME activities along with pro-
nouncing knowledge sharing awards supports training
and assessing human resources.

e Configuration Management Versioning is applied to
shared knowledge contents. In addition, changes are
managed.

e Complexity Management This activity is supported
by dividing complex methods into simple knowledge-
contained method parts and using a gradual engineering
process.

e  Management of Temporary Activities Activities’ lifetime
is managed through sharing experience about starting
and stopping challenges in running the activities and also
by receiving feedback about the applicability of activi-
ties.

e Decision Making Decisions are made with more confi-
dence by facilitating access to the right knowledge at the
right time [40].

e Risk Management The iterative-incremental engineering
process supports finding and alleviating the risks gradu-
ally.

e Project Management Iterative-incremental planning and
monitoring of SME activities supports project manage-
ment.

e  Quality Assurance Quality assurance is supported by the
activities within the “Test” and “Monitor” phases along
with defining measures during the “Plan” phase.

Table 5 Examples of criteria and KM practices

e Financial Resource Management Financial resources,
required for the SME process, are prepared and revised
in the “Plan” phase.

e Cultural Promotion Cultural concerns are gradually
addressed in the “Plan” phase.

e Conflict Management Conflicts between the engineered
and in-use versions of the SDM are managed through
defining joint development-operationalization respon-
sibilities for some of the roles. Moreover, managing
changes supports managing conflicts.

4.1.4 KM Practices

We have previously found the requirements for managing
SME knowledge, and have presented them through a set of
criteria which have been provided in the supplementary file
[8]. Knowledge engineers can use these criteria to assess the
accurate flow of SME knowledge. Appropriate KM practices
should then be applied to satisfy the criteria required. For
each type of elicited criteria, Table 5 provides examples of
the criteria and the corresponding KM practices that satisfy
the criteria.

4.2 People part of proposed SME method

The following roles take the responsibilities for perform-
ing the proposed SME process; Dev. and Ops. responsibili-
ties are not separated, and individuals should choose their
responsibilities themselves [5]:

e Method Engineer Activities that require ME skills, such
as situation analysis, are performed by this role. Thus,
individuals who take this responsibility participate in all
the prescribed phases. They should also manage configu-
rations of method parts.

Criterion ID
(available in the
supplementary file

(8D

Criterion (Requirements for Managing SME Knowledge)

Solution (KM Practice)

SME-P 34 Prescribing appropriate mechanisms to use the experience
available in the field of software engineering

SDM-P 47 Prescribing appropriate mechanisms that support learning
from software development activities

SDM-ML 8 Prescribing appropriate mechanisms to use appropriate
models that support KM-driven extraction of the require-
ments of the target SDM

SME-ML 21 Support for managing reusability knowledge

KIP 108 Support for collaboration-dependent knowledge-intensive

SME processes

Embed the capability for automatic KM in collaboration
tools. For example, embed the capability to “identify an
expert capable of answering a query” in in-use tools [41]

Use the Systemic Lessons Learned Knowledge (Syllk) model
to facilitate learning from projects [42]

Use dynamic methods to extract and classify requirements-
related knowledge [43]

Provide the capability to choose a set of appropriate reusabil-
ity practices such as the DevOps practices [44]

Use collaborative KM practices such as the practices pro-
vided in [45]
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e Developer The developers who use the SDM should par-
ticipate in the following stages: Final Evaluation, Tran-
sition, Decision Making, and Preparation. This helps
define the requirements and evaluate the engineered
SDM more accurately.

e Knowledge Engineer This role takes the responsibility for
choosing appropriate KM practices. In addition, monitor-
ing the process for establishing appropriate knowledge
flows is fulfilled by this role. Establishing shared values
and goals is also assigned to this role.

e Project Manager A method engineer who is familiar with
KM practices should play this role and direct other indi-
viduals. This role is also responsible for scheduling and
configuring the SME process.

4.3 Product part of proposed SME method

The following outputs are produced/updated throughout the
proposed SME process:

e KM-Based Maturity Level of the Situation This includes
the characteristics of the situation, analyzed in the first
phase.

e Schedule Tasks, deadlines, and responsibilities are
recorded in this product.

e Strategies As previously explained, our method uses the
assembly-based strategy, but it does not force preserving
all the knowledge dimensions of the method parts assem-
bled. Valuable knowledge dimensions of the method
parts are discussed in this product.

e Resources The results of analyzing the resources are
reported in this product. This includes tools, miscel-
laneous knowledge contents (which are not preserved
within the method parts), and also financial and human
resources.

e Cultural Prerequisites All the prerequisites required for
supporting the cultural dimensions of KM-driven SMEs
are explained in this product.

e ML This product contains syntax and semantic rules for
producing the method parts.

o Off-the-Shelf Method Parts This product refers to reus-
able (previously engineered) method parts.

e List of Stakeholders This list provides information about
the individuals who are affected by, or affect, the target
SDM.

e Measures This product provides information about the
criteria used for assessing the level of maturity in support
of the KM process.

e Requirements Requirements specify the features required
to be supported by the SME method or the target SDM.

e  Method Description Document This document describes
the SME method in detail.
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5 Evaluation of proposed method

Our proposed method was assessed through criteria-based
evaluation and a case study, explained in the following
subsections.

5.1 Criteria-based evaluation

We have previously elicited a set of 381 criteria to assess
two issues: (1) ability in managing SME knowledge, and (2)
support for engineering SDMs which are themselves capable
of managing knowledge throughout the SDP; as mentioned
before, due to limitations in space and also because of the
regulations of double-blind review, these criteria has been
made available online as a supplementary file [§]. We have
used these criteria to compare our proposed SME method
with existing ones. We have found out that our proposed
method is superior to existing SME methods in the follow-
ing aspects:

1. Supporting adoption of the engineered SDM: Adopting
SDMs, even light ones, might be difficult [46]. The pro-
posed “Preparation” stage addresses this issue by defin-
ing prerequisites for sharing adoption knowledge. For
example, problems with forming self-organized teams
are alleviated by teaching communication and collabora-
tion skills and also by monitoring cultural obstacles.

2. Support for engineering comprehensive SDMs: As pre-
viously mentioned, previous methods have focused on
the process aspect of SME knowledge. The proposed
method provides the opportunity to capture and share
various dimensions of knowledge (Fig. 6). This helps
preserve the rationale behind selecting and integrating
method parts and thus prevent engineering stovepipe
SDMs.

3. Preventing early death of the engineered SDM: KM
practices are performed all through the DevOps cycles.
This helps monitor and update the engineered SDM con-
tinuously, and thus improve it when required.

4. Supporting definition of visions: Analyzing the level
of maturity of situations helps define visions for in-use
SDMs.

Besides the above-mentioned strengths, our method suf-
fers from the following weaknesses:

1. Lack of a comprehensive ML: We have not proposed a
language for modeling the products of the SME process.

2. Lack of a comprehensive SME tool: Method engineers
should themselves decide about the tools that they will
use for SME. EPFC is an example of such tools [47].
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3. Complexity: In comparison with previous methods, our
method provides more detailed instructions. In addi-
tion, both DevOps and KM encompass a large number
of practices. Even though we have only used the prac-
tices that help address the weaknesses of available SME
methods, the proposed method is still larger and more
complex than its predecessors. To address this issue,
constituents have been classified into different levels of
abstraction, and we have used a top-down approach to
describe the proposed method.

4. Need for standard measures: Method engineers should
specify appropriate measures for evaluating both SME
methods and SDMs. These measures are affected by the
method engineer’s goals and knowledge, and we have
not provided a standard set of measures for this purpose
yet.

5.2 Case study-based evaluation

With the aim of validating the proposed SME method
and finding its strengths and weaknesses (as perceived by
method engineers and developers), four case studies have
been conducted based on the guidelines provided in [48—52].
We have also used the case studies reported in [53-55] as
templates for reporting our case studies. Reports of the four
case studies are provided in the following subsections.

5.2.1 Case study design and planning

With the aim of evaluating the proposed method in prac-
tice, two main questions were targeted: (1) What are the
strengths and weaknesses of the proposed SME method? and
(2) What are the aspects in which the SDMs engineered by
applying the proposed SME method are superior/inferior to
the SDMs previously in use? As mentioned, the responses
should encompass the strengths and weaknesses from both
method engineers’ and developers’ points of view.

To find the answers, the cases were selected based on
the following criteria [51]:

1. “Maximum Variation” [51]: Companies with SME pro-
cesses at different levels of maturity were selected; the
maturity level was determined by using the information
provided in Table 4. A brief review of the features of
these companies is provided in Table 6; the names are
intentionally kept anonymous. Also, Table 7 shows a
general overview of the main strengths and weaknesses
of the companies’ in-use processes. A customized ver-
sion of the Scrum methodology was used in all the cho-
sen companies, but the level of capability for KM was
not the same across these companies. It should be noted
that Table 6 does not show the size of each company,
but the size of the unit in which the case study was con-
ducted.

Table 6 Features of the

. Name (Unit) Business Area  In-Use Age Size Level of Maturity
companies chosen as case study Methodol-
venues “What” “Who”  “How”
ogy

A (One Unit, Two Sections) IT Scrum 25 11 3 1 1
B (Four Units) 1T Scrum 17 20 3 2 3
C (One Unit) IT Scrum 7 15 2 1 2
D (One Unit)-Startup 1T Scrum 3 3 3 2 2

Table 7 Main strengths and weaknesses of in-use processes in the companies chosen as case study venues

Company strengths

Weaknesses

A Developers’ tendency to improve in-use processes

Being informed about a large number of available knowledge resources

B Ability to create a friendly workplace (in one unit)
Speciation of measures for assessing products

C Avoidance of structural limitations which prevent knowledge sharing

Developers’ tendency to participate in workshops

D Being familiar with appropriate mechanisms for sharing knowledge with

customers

Ability to create a friendly workplace

Inability to create a friendly workplace

Inefficiency of motivational mechanisms

Inefficiency of training mechanisms

Dissatisfaction with opportunities for career progression
Being dependent on specific developers

Suffering from knowledge hoarding culture

Inability to specify criteria for evaluating processes

Inability to update plans and make accurate estimations
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2. Availability of Knowledge In some of the companies,
acquiring information from resources was restricted;
hence, they were excluded from the case studies.

3. Perception of Necessity We chose those companies
in which managers felt the need for using KM-driven
method engineering approaches. This has facilitated the
knowledge sharing process.

Table 8 Designed questionnaire and corresponding target respondents

5.2.2 Data collection

Data was collected in two rounds; the first round was for
investigating the in-use method, and the second was for
analyzing improvements and shortcomings. Semi-struc-
tured interviews and questionnaires were designed for
this purpose. The main questions of the questionnaires
and interviews are provided in Table 8 and Table 9. These
questions were asked in all the companies. Unique ques-
tions were added for each company based on the specific
problems encountered in that company. For example, when

First Round of Questions

Question (Target Respondent(s))

Strongly Agree Neu- Disa-
Agree tral gree

Strongly
Disagree

I prefer to work alone rather than participate in team activities (D)
I’m not worried about explaining the mistakes that I have made (D)
Some skills are monopolized by specific persons (B)

I can easily communicate with the managers (D)

I am satisfied with the methods used for monitoring the processes (M)

Changes required to be made to software development processes are not assessed (M)

I am interested in team activities (D)

Responsibilities are clearly defined (B)

Standards for producing products are specified (B)

Second round of questions

I am now interested in sharing my experience (B)

Certain documents that help avoid rework are now produced (M)
I am now satisfied with the training techniques (B)

I am now consulted before updating the workflows (D)

The results of this case study helped analyze the strengths and weaknesses of in-use SDM

™M)

The results of our study helped you analyze the strengths and weaknesses of the in-use

SME method (M)

The Operations cycle helps engineer more operationalized SDMs (M). Please explain

Iterative-incremental application of changes helps improve applicability of the revised ver-

sion of the Scrum methodology (M)

Performance of team-work efforts is improved by holding workshops about communica-

tion and collaboration skills (B)

Notifying about the achievements and failures helps clarify the criteria for a job promotion

(B)

The work breakdown structure used for describing the SME method improved the practica-

bility of the proposed method (M)

Accurate specification of the products of the SME method helped preserve the project

managers’ and developers’ knowledge (M)

Planning software development processes is now performed more accurately (B). Please

explain

The iterations for building/revising the software development processes are now conducted

more effectively (B). Please explain

Processes are now evaluated more accurately (B). Please explain

The iterative-incremental process for releasing the changes has improved the efficiency of

changes (B). Please explain

M Method Engineers;D Developers; B Both Developers and Method Engineers
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Table 9 Designed interview questions and corresponding target respondents

First Round of Questions (Target Respondent(s))

Which SDMs have been used in this company (M)?

What are the strengths and weaknesses of the in-use processes (B)?

Which mechanisms are used to find the skills required (B)? How are the employees trained (B)?

Which techniques are used for motivating the developers (B)?

Which roles are involved in engineering and running the development processes (M)?

Which mechanisms are used for monitoring the SDMs (M)?

Which tasks are performed to develop a software (B)? How are these tasks customized (B)?

Which tools and documents are used to share the products throughout the software development process (B)?

Second Round Of Questions (target respondent (s))
Could you find and alleviate the problems with collaborations (M)?

What are the weaknesses and strengths of the proposed SME method, in your opinion (M)?

What are the weaknesses and strengths of the improved SDM, in your opinion (M)?

What is your opinion about the applicability of the improvements proposed to be applied to in-use Scrum methodology (B)?

What are the strengths and weaknesses of this case study in terms of attractiveness, timing, etc. (B)?

Do the motivational mechanisms, proposed by this method, helped increase employee performance (M)?

Are the roles, prescribed by the SME method, comprehensive enough to encompass all responsibilities (M)?

How much did it take for you to understand the prescriptions by the proposed SME method (B)?

M Method Engineers; D Developers; B Both Developers and Method Engineers

[ Preparation

]47

Complexity Management, Risk Management, Quality
Assurance, Project Management

[ Retrospective ]—

Fig.8 In-use SDM (a customized version of the Scrum methodology)

one of the managers reported problems with teamwork,
we added more questions to find the causes for this issue.
5.2.3 Data analysis

The following subsections provide the results of qualita-
tive and quantitative analysis of the data collected.

a) Qualitative data analysis

By analyzing the data collected, the in-use versions of
SDMs were identified, and improved versions were then
engineered. Figure 8 shows a general high-level schema of
the in-use Scrum methodology [56] in all the companies. It
should be noted that the fine-grained tasks were different
among the companies, but the general process was the same.
Figure 9 shows the new customized version of the Scrum
methodology that was engineered by using our proposed
SME method. A clearly visible improvement is that sprints
have been revised so that KM practices are performed in par-
allel with development activities. Since developers should be
motivated for using KM practices, the left-side sprint should
first be performed by the time individuals start using KM
practices unconsciously. In addition, more comprehensive
umbrella activities, shown within the arrow symbol, have
been prescribed to be performed in parallel with other activi-
ties. For example, appropriate cultural techniques have been
prescribed for preventing developers from hoarding their
knowledge. The second round of data was thus collected to
assess the SME method that was used for engineering this
methodology, and also to assess the customized methodol-
ogy itself.

By analyzing the data collected, in addition to the features
of the in-use SDMs, the following practical implications
were revealed for the proposed approach:

e Strengths (Positive Implications) (1) improving in-use
processes by emphasizing on using developers’ experi-
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Fig.9 Improved SDM (a tailored and improved version of the Scrum methodology)

ence in addition to method engineers’ experience; (2)
combining theoretical foundations with practical solu-
tions by supporting experience-based method engineer-
ing rather than emphasizing theoretical-based method
engineering; (3) supporting routinization by providing
prescriptions for continuous improvement; (4) avoiding
resistance to change by supporting continuous transition
of engineered SDM instead of changing the in-use SDPs
in a one-time fashion; (5) illustrating the as-is situation
by providing the capability to provide quantified and
detailed results for analyzing situations; (6) supporting
training by providing instructions for analyzing the skills
required for method engineering; (7) providing a uni-
fied comprehensive structure for describing various parts
of SME methods through proposing a knowledge cube
structure; and (8) facilitating maintenance by continuous
revision of measures to maintain the usability of method
parts.

o Weaknesses (Negative Implications) (1) dependency on
certain experts due to the need for an expert knowledge
engineer to facilitate the KM process; (2) late returns due
to the time needed for applying the KM practices; (3)
dependency to method engineers’ capability to describe
SDMs because of inability to prescribe a standard lan-
guage for describing the engineered SDMs; and (4) need

@ Springer

for a tool to search for available method parts because of
their sheer multitude.

b) Quantitative Data Analysis

Developers were users of the engineered SDMs, but their
expertise was not at the same level as that of method engi-
neers. Thus, they could not conduct the evaluation directly.
As a result, two types of questions were designed: (1) gen-
eral questions, which indirectly assessed whether the sub-
jects (developers and method engineers) agreed or strongly
agreed with the solutions, and (2) specific questions, which
were specifically designed for method engineers who had a
deeper understanding of the prescribed solutions and could
therefore directly assess them.

We have used Likert-type scales for quantifying the
responses to the questions (Strongly Agree (2), Agree (1),
Neutral (0), Disagree (-1), Strongly Disagree (-2)) [57]. The
following methods have then been used for analyzing the
data collected.

1. Mean We used Formula 1 to calculate the average of
the responses. As shown in Table 10, the result of cal-
culating the average of quantitative responses was posi-
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Table 10 Results of statistical evaluation

5.4 Formula 2. Precision of proposed practices

Measure Company
A B C D S Numberof Practices ¢ C(si) = 1, Consistencybetweendeveloperstand exp erts/responses
Mean Developers’ special 0.8 02 01 03 Numberof Practices - 0, Inconsistencybetweendeveloperstand exp erts/responses
questions
General questions 06 05 04 07 . . .
Experts special ques- 082 1 04 0.2 3. Internal Consistency: The questions we have designed
tions ' ' ' should measure the same issue, which is the efficiency
Precision 072 055 0.89 078 of the prescriptions by the proposed SME method. To

Internal consist- 0.96 0.99 0.95 0.96
ency (Cron-

bach’s o)

tive, which means that most solutions were confirmed
by developers and experts. The experts’ special ques-
tions helped compare our proposed method with previ-
ous SME methods. Since the mean for answers to these
questions is positive, it can be claimed that most experts
have confirmed that our method is superior to previous
SME methods in both managing SME knowledge and
engineering KM-driven SDMs.

5.3 Formula 1. Mean value of responses

Ri=Number ofRespondents

ZQ;:NUmbemeue.!mm) ZRiz1 ResponseinLikert! sScale(Qi)
Qi=1

2«NumberofRespondents

NumberofQuestions

2. Precision: KM practices are context-dependent [58].
In some cases, the developers’ perception is more pre-
cise than the method engineers', as the developers are
the ones who actually apply the practices proposed by
our method. Thus, developers can have a more precise
context-dependent judgment in such cases. In order to
assess the precision of the developers' agreement with
the experts, the true positive rate of responses was calcu-
lated (Formula 2). To this aim, we assumed that experts’
(method engineers’) responses indicated the true (right)
solutions, and then compared developers’ and experts’
responses by calculating the true-positive rate. As shown
in Table 10, in most cases, developers confirmed the
experts’ opinions.

assess this issue, we have checked the internal consist-
ency of the responses. This means that a respondent
should not provide inconsistent responses which affect
the reliability of the results of the assessment conducted.
For example, if an employee prefers working alone, he/
she cannot be interested in teamwork at the same time.
We have thus calculated the Cronbach’s a to analyze
this issue (Formula 3). As shown in Table 10, in all the
companies, this measure was greater than 0.9.

5.5 Formula 3. Cronbach’s Alpha

NC
vHN-1)C’
covariance,v = Averageinterquestionvariance

N = Numberofrelatedquestions, C = Averageinterquestion

5.5.1 Reporting

Internal reporting of the results has been done through hold-
ing meetings by the managers. We had three main meetings
for this purpose; sub-sessions were also held for guiding
the employees. In the first meeting, the as-is situation of the
company was described by explaining the results of analyz-
ing the responses to the questions of the first rounds of inter-
views and questionnaires. The second meeting was aimed at
informing the managers about the process of applying the
changes and also asking for their help to alleviate the prob-
lems encountered. Finally, we reported the improvements in
the third meeting, and also provided suggestions for future
follow-ups.

We cannot disclose the artifacts of the case studies
because of legal reasons. As mentioned above, we have
masked the company’s names and their private information
for the same reasons.

5.5.2 Lessons learned

We have learned the following lessons through the case stud-
ies conducted:
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e Plans should be flexible because changing the routines is
difficult and requires managing the resistance to change.
We found that some employees were worried about the
results of our study; we therefore decided to have coffee .
meetings with them to explain the benefits of our study
for their work.

e In some cases, analyzing the process documents and
models has not provided concrete information, as some
employees update these products at the end of each year.
Thus, we had to collect the new information through
interviews. In other words, we learned to assess the
reliability of explicit knowledge resources before using
them.

e Effort estimation should be conducted by collaborating
with project managers. Since the managers have previ-
ous experience with controlling company projects, they
can provide more accurate estimations. After analyzing
the as-is situation, we asked the managers to check the
estimations we had provided.

e Choosing appropriate data analysis methods requires
considering the features of the data that will be avail-
able. We had to omit the unreliable data (which included
inconsistent responses), and thus could not use Structural °
Equation Modeling (SEM) techniques that require a large
amount of data.

5.5.3 Threats to validity

The four aspects of the validity of our case study have been
assessed as follows:

e Construct Validity Various interpretations of the ques-
tions were investigated in the pilot study (by an expert),
and the questions were then revised. Moreover, the ques-
tions were reviewed by the second author. Furthermore,
we assumed that developers had the same interpretation
of the questions, regardless of their roles in the SDP. To
make sure about this assumption, the responses were ran-
domly divided into groups, and single factor analysis was
applied to assess common method bias [59]. We used the
ANOVA data analysis method available in Excel for this
purpose. Table 11 shows the results of the analysis. Since
the values calculated for F are less than F critical, we

can assume that the responses provided by different roles
have the same variance; this indicates that the means for
different groups’ responses are equal.

Internal Validity Individuals who filled the questionnaire
were asked to specify the factors that had not been men-
tioned in the questionnaire, but might be useful. This
helped find the factors that had been neglected in inves-
tigating the causal relations. Furthermore, to check the
mean difference between responses, the t-test has been
conducted. Since a few of the developers did not have
adequate time to fill the questionnaire completely, we
hypothesized that losing these responses would result in
non-response bias. To assess this hypothesis, we clas-
sified the respondents into two groups, and then used
the t-test method to assess non-response bias [60]. The
results are provided in Table 11. We noticed that the fol-
lowing condition had not been met: “t Stat < -t Critical
two-tail or t Stat >t Critical two-tail”; this means that the
responses do not fall into the rejection region. Hence, our
assumption was not true and losing some of the responses
did not affect the overall results; thus, non-response bias
was insignificant.

External Validity Threats to this kind of validity were
minimized because we tried to choose various cases; this
helped generalize the results. Moreover, we used the tri-
angulation technique to ensure the coverage of various
kinds of data; this was achieved by asking a variety of
individuals to fill the questionnaires. In addition, quanti-
tative and qualitative analysis methods were both used,
and both method engineers and developers were engaged
in the evaluation process.

Reliability During the pilot study, method engineers
were asked to comment on the ambiguous aspects of
the questions. Also, the collected data were analyzed by
using well-known methods, and the analysis results were
reviewed by the second author. We have thus strived to
enhance the reliability and repeatability of the results.

Table 11 Single Factor and

Company Single Factor Analysis t Test Analysis
t-Test Analyses
F F Critical P Value P(T< =t)two-  tCritical two- ¢ Stat
tail tail

A 0 4.13 0.90 0.84 2.11 -0.28
B 0.6 2.31 0.91 0.94 1.95 0.51
C 0.8 1.65 1 0.81 1.78 -0.32
D 0.3 1.90 0.95 0.93 1.10 -0.1
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6 Conclusions and future work

The KM-driven and DevOps-based SME method that we
have proposed in this paper is different from previous SME
methods in the following two main aspects: (1) analyzing
and improving support for KM process, and (2) gradual
operationalization of the engineered SDM.

The proposed method was evaluated both theoretically
(based on evaluation criteria) and empirically (through case
studies). The results indicate that the proposed method is
strong in the following features: (1) involving people who
might seek or have valuable knowledge about the project
situation; (2) engineering SDMs with three main interwoven
elements, namely people, product, and process; (3) improv-
ing in-use SDPs; (4) scrutinizing SDPs by analyzing the
features of the situation in which they should be engineered
and used; and (5) iterative-incremental engineering and
transition of SDMs. Despite these advantages, the method
suffers from the following weaknesses: (1) complexity due
to the multitude of steps involved (compared with existing
SME methods); (2) inability to provide a standard language
for describing the output products; (3) lack of a standard tool
that supports the SME process; and (4) inability to support
short one-day development and operations cycles as pre-
scribed by the DevOps framework. It should also be noted
that the proposed method is expected to be applicable for
engineering various SDPs in various situations; however, we
could not empirically test it in larger organizations, so this
feature remains unexplored.

The results of this research can help practitioners engi-
neer SME methods and SDMs that support the KM process.
Researchers can also reuse the constituents of the proposed
method to improve in-use SME methods. We aim to further
this research by proposing a new version of our proposed
SME method that supports ontology-based description of
SDMs. Furthermore, we plan to provide a refined version of
the proposed SME method that supports one-day DevOps
cycles. Another strand of research will focus on conducting
further case studies in different contexts; this will provide a
chance to improve the proposed SME method through fur-
ther iterations of the Assess/Refine cycle of the research
methodology (Fig. 2).
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