
WHICH ABILITIES AND ATTITUDES 
MATTER MOST?
UNDERSTANDING AND INVESTIGATING CAPABILITIES  

IN INDUSTRIAL AGILE CONTEXTS

Sai Datta Vishnubhotla

Blekinge Institute of Technology
Licentiate Dissertation Series No. 2019:13

Department of Computer Science

Background: Over the past decades, advance-
ments in the software industry and the prevalence 
of Agile Software Development (ASD) practices 
have increased the prominence of individual and 
interpersonal skills. The human-centric nature of 
ASD practices makes it imperative to identify and 
to assign a capable professional to a team. While 
capabilities of professionals influence team perfor-
mance and lead the path to a project’s success, the 
area of capability measurement in ASD remains 
largely unexplored.

Objectives: This thesis aims to aggregate evi-
dence from both the state of the art and practice 
to understand capability measurement in ASD. 
Further, to support research and practice towards 
composing agile teams, this thesis also investigates 
the effects of capability measures on team-level as-
pects (team performance and team climate) within 
industrial contexts.
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dence in relation to individual and team capability 
measures, which are pertinent to ASD context. 
A case study and another industrial survey were 
carried out to provide insights and extend support 
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Results: Our SLR results showed that a major 
portion of former studies discussed capability 
measures in relation to affective, communication, 

interpersonal and personal aspects. Results from 
our survey also aligned with these findings, where, 
measures associated with the aforementioned 
aspects were observed to be widely known to 
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conducted at a large-sized organization identified 
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gathered by employing mixed-methods and exam-
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approaches. The first approach is based on devel-
oping an agile support tool that coordinates capa-
bility assessments and team composition. The sec-
ond approach is based on establishing team climate 
forecasting models that can provide insights about 
how the perceived level of climate within a team 
would vary based on its members’ personalities. 
However, in order to improve both approaches, 
it is certainly necessary to examine the effects of 
diverse capability measures.
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“I cannot change the direction of the wind, but I can adjust my
sails to always reach my destination.”

Jimmy Dean





Abstract

Background: Over the past decades, advancements in the software industry
and the prevalence of Agile Software Development (ASD) practices have
increased the prominence of individual and interpersonal skills. The human-
centric nature of ASD practices makes it imperative to identify and to assign
a capable professional to a team. While capabilities of professionals influence
team performance and lead the path to a project’s success, the area of
capability measurement in ASD remains largely unexplored.

Objectives: This thesis aims to aggregate evidence from both the
state of the art and practice to understand capability measurement in ASD.
Further, to support research and practice towards composing agile teams,
this thesis also investigates the effects of capability measures on team-level
aspects (team performance and team climate) within industrial contexts.

Method: Amixed-methods approach was employed to address the thesis’
objectives. A Systematic Literature Review (SLR) and an industrial survey
were conducted to identify and gather evidence in relation to individual
and team capability measures, which are pertinent to ASD context. A case
study and another industrial survey were carried out to provide insights and
extend support towards agile team composition.

Results: Our SLR results showed that a major portion of former stud-
ies discussed capability measures in relation to affective, communication,
interpersonal and personal aspects. Results from our survey also aligned
with these findings, where, measures associated with the aforementioned
aspects were observed to be widely known to practitioners and were also
perceived by them as highly relevant in ASD contexts. Our case study con-
ducted at a small-sized organization revealed multiple professional capability
measures to be affecting team performance. Whereas, our survey conducted
at a large-sized organization identified an individual’s ability to easily get
along with other team members (agreeableness personality trait) to have a
significant positive influence on the person’s perceived level of team climate.

Conclusion: In this thesis, the empirical evidence gathered by em-
ploying mixed-methods and examining diverse organizational contexts, con-
tributed towards better realization of capability measurement in ASD. In
order to extend support towards team composition in ASD, this thesis
presents two approaches. The first approach is based on developing an agile
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support tool that coordinates capability assessments and team composition.
The second approach is based on establishing team climate forecasting mod-
els that can provide insights about how the perceived level of climate within
a team would vary based on its members’ personalities. However, in order
to improve both approaches, it is certainly necessary to examine the effects
of diverse capability measures.
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1
Introduction

1.1 Overview

Software development is a socio-technical activity where personnel factors
are key in determining the success of a project [1]. The emergence of
the Agile Software Development (ASD) paradigm has contributed towards
transforming development practices into iterative and incremental practices,
where solutions evolve through collaboration between self-organizing teams.
The rapid rate of adoption of ASD methods across various organizations over
the past decades (e.g. [2], [3], [4], [5]), coupled with the agile manifesto’s
emphasis on “individuals and interactions over processes and tools” [6]
supports the need for establishing deeper insights into human aspects of
software development.

Agile methodologies are designed to capitalize on each individual and
team’s unique strength [7]. In ASD, individuals use their abilities and skills
to better interact and address problems collectively through the expertise
accrued at team level [8]. In such a development environment, a failure in
assigning a suitable person to a team can ultimately lead to a decline in
service quality, unattainable project deadlines and loss of credibility [9], [10].

In order to provide adequate mechanisms for reacting to changing markets
and reducing lead time, ASD methodologies are largely reliant on the capa-
bilities of professionals [11]. Within Software Engineering (SE), capability
relates to the qualities, features and abilities that can be used or developed
by individuals and teams for personal and professional development [12],
[13], [14]. The capability of professionals influence organizational outcomes
like software productivity [15], team performance [16] and software quality
[7].

Although numerous studies discussed skills and human aspects within
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1. Introduction

the context of ASD (e.g.: [8], [17], [18], [19] ), only limited studies examined
which aspects correspond to characterizing the capability of an agile team
or its members. These findings have not been aggregated at one place yet.
Despite the global prevalence of agile methods and practices in software
organizations, we are not aware of any study that analyzed the perceptions
of agile practitioners from different organizations to determine the state of
the practice on capability measurement.

This thesis primarily focuses on exploring and aggregating knowledge,
from SE literature and industry, with respect to capability measurement in
ASD. Further, the effect of capability measures on team performance and
team climate was also investigated in agile contexts by active engagement
with two software organizations in Sweden. This thesis also emphasizes on
how to direct tool support for integrating capability assessments into real-
time project management routines. The insights brought out by reviewing
the literature and collaborating with industry, contribute to both research
and practice in terms of supporting agile team composition.

The remainder of this chapter is structured as follows: Section 1.2
presents the background and related work for the thesis by providing a
brief overview of the main SE areas investigated. Section 1.3 presents
the research questions and Section 1.4 discusses the research gaps and
contributions. Section 1.5 introduces the research methods employed and
Section 1.6 provides a summary of the results from the included studies.
Finally, Section 1.7 states the conclusions from our studies and presents the
directions for our future research.

1.2 Background and related work

1.2.1 Human aspects of software development

Software development can be seen as an intricate system where social and
technical entities are configured into an optimally functional assemblage [20].
When these entities function as an integrated and coordinated unit, they
would have the potential to address a wide range of problems, which otherwise
would be too complex to be addressed by an individual or technology alone
[21]. Thus, people associated with software development are as indispensable
as the process and the technology itself [22].
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1.2. Background and related work

The problem solving abilities, cognitive aspects and social interactions of
people are the driving creative force behind software development [23]. The
compatibility of a person’s profile within a team, and the person’s ability
to perform, substantially affect project outcomes [7], [24]. Therefore, the
understanding of people-related factors or human aspects is important for
numerous reasons, such as, dealing with negotiations and with personality
conflicts among members in a team and to hire talented professionals for
the right job [22].

Despite the fact that the software community is aware of professionals
who outperform their peers when working on identical tasks [7], previous
research and practice in SE has mainly emphasized on refining processes,
tools and technological innovation without equal consideration for the social
and psychological aspects representing those who employ such tools and
processes [7], [17], [21], [25] . This is also evident from the findings of Lenberg
et al. [17], where the percentage of publications focusing on processes and
technologies in SE is at least tenfold that of studies addressing human
aspects.

Interestingly, studies that reported the trends in research related to
human aspects in SE [17],[26] revealed that there has been more than a
three-fold increase in publications over the past couple of decades, which
substantially quantifies the ascending prominence of human-centric research
in recent times. Part of this upsurge in the number of publications could
be attributed to the widespread adoption of ASD methodologies, where
professionals and their synergy are valued over processes [6].

1.2.2 Agile software development

Formerly, plan-driven software development processes emphasized on thor-
ough upfront planning and detailed documentation, which resulted in delays
during implementation and testing phases. These delays consequently lead to
longer development cycles, making such processes less suitable for situations
where market needs and customer requirements change frequently [27].

The phenomenon of requirements volatility created due to the functional
and quality oriented needs from customers, made it imperative for software
organizations to be highly flexible in terms of delivering working software,
even when new or updated requirements are introduced late in the implemen-
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1. Introduction

tation phase. Therefore, more companies started adopting ASD methods,
which were framed with the central idea of tackling constant requirements
change [27],[28], [29].

ASD is an umbrella term encompassing several methods that adhere to
the agile manifesto’s guiding principles for software development [6],[29],[30].
The agile manifesto is a proclamation that articulates a set of four values and
12 principles for guiding ASD. Among these values, the first one emphasizes
on ‘people and interactions over processes and tools’. That is, the skills and
coordination among individuals should be regarded as fundamental aspects
and the processes should be molded to suit specific people and teams, not
the other way round [28].

Unlike the plan driven processes, where the main emphasis lies on software
life cycle and less towards the people involved, under the conditions where
people are treated as the core of the development process (such as ASD
processes), Hazzan and Hadar [25] opined that additional and different kinds
of measures and measurement models should be used for guiding software
development projects.

1.2.3 Human aspects in agile software development

Software professionals adhering to agile practices are expected to demonstrate
experience and proficiency in various methodologies, tools and skills while
undertaking diverse roles in a team [11]. Since workforce is regarded as a
key source of agility within the context of ASD, research suggests that more
attention has to be devoted towards human aspects like amicability, talent,
skills, communication and personalities [28], [31],[32].

Besides researchers, even agile practitioners [33] seem to perceive that
many of the practical challenges in ASD relate to human aspects. Some of
the key people-driven challenges are: possessing competence in a broad range
of skills as opposed to specialization in one, increased reliance on social
and communication skills and understanding agile values and principles.
In this regard, multiple studies have examined the influence of human
aspects towards achieving organizational outcomes like project success, team
performance and productivity, as presented next.

Chow and Cao [34] discussed the critical success and failure factors
associated with ASD projects. The authors reported the people dimension
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1.2. Background and related work

to be the most important in influencing projects’ success and also failure.
Team level factors like lack of necessary skills, lack of project management
competence, lack of team work and resistance from groups were reported to
have a negative effect upon projects. Whereas, a team’s expertise, motivation,
knowledge in agile processes and self-organizing coherent teamwork were
identified as key factors affecting a project’s success.

Fagerholm et al. [18] examined how practitioners experience and reason
about team performance in ASD. By conducting a multiple-case study and
interviewing practitioners, the authors found 33 major categories of perfor-
mance factors and among them, human aspects like communication, social
skills, collaboration and cooperation were emphasized by practitioners from
most of the companies. Wood et al. [35] discussed the association between
agile teams’ performance and general team factors. Authors identified multi-
ple factors from the literature and using a regression analysis determined
that only cooperation was related to team performance.

Melo et al. [36] determined the factors that impact an agile team’s pro-
ductivity by gathering the opinions of practitioners. The authors identified
personnel factors like personality, full-time allocation and knowledge levels
as key factors to be considered while aligning agile teams. On the other
hand, Fatema and Sakib [37] and Claudia et al. [38] investigated team level
factors influencing an agile teams’ productivity. Human aspects like team
experience, competence, motivation and communication were among the list
of various factors identified to be impacting an agile team’s productivity.

Agile practices such as co-location, on-site customers, pair program-
ming, stand-up and retrospective meetings call for social interaction, self-
management and shared-responsibility among team members [33],[39]. This
could be seen as a rationale behind why the findings from the aforementioned
studies include human aspects pertaining to both individuals and teams. Peo-
ple and their interactions in the agile way-of-work heighten the prominence
and the need for investigating technical, social and psychological aspects
not only from an individual’s perspective but also from the standpoint of a
team [40], [41].
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1. Introduction

1.3 Research questions

This thesis aims to provide greater insights, for research and practice, re-
garding capability measurement and team formation in ASD. To this end,
the research questions driving the research are the following:

RQ.1) How is capability measurement done in ASD?
RQ.1.1) What evidence does SE literature report in relation to capability

measurement in ASD?
RQ.1.2) What measures do practitioners perceive as relevant for repre-

senting capability in ASD?
RQ.2) What capability measures affect team performance and climate in

ASD?
RQ.2.1) What capability measures do practitioners perceive as affecting

the performance of an agile team?
RQ.2.2) What personality characteristics of agile practitioners affect their

perception on team climate?
RQ.3) How to coordinate real-time project management routines and capa-

bility assessment of personnel in ASD?

The first research question (RQ.1) targets at gathering evidence for un-
derstanding what type of measures characterize the capability of individuals
and teams, within the context of ASD. This research question further aims
to explore other important details, such as, the data collection techniques
used for measuring capabilities, the SE domains in which former studies
investigated capabilities and the differences in the perceptions of capability
measures among different ASD roles.

The needs of our industrial collaborators (IC1 and IC2) together with
yet unaddressed research gaps, opened venues for further investigation and
motivated us to prioritize the next research questions (RQ.2 and RQ.3). The
second research question (RQ.2) targets at analyzing capability measures’
influence on team-level aspects, such as team performance and team cli-
mate. Investigating RQ.2 provides insights for team composition in ASD, in
particular the findings from RQ.2.1 were utilized towards composing teams
at IC1 (investigated in RQ.3). The final research question (RQ.3) targets
at devising a solution for integrating capability assessments with project
management routines in ASD, such as, team composition and task allocation.
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1.4. Research gaps and contributions

Table 1.1: Mapping of research questions and thesis chapters

Research question Chapter
Chapter 2 Chapter 3 Chapter 4 Chapter 5

RQ.1.1 X
RQ.1.2 X
RQ.2.1 X
RQ.2.2 X
RQ.3 X

An overview of the research questions addressed in various chapters of this
thesis is presented in Table 1.1. Note that information about IC1 and IC2 is
detailed in Section 1.6.

1.4 Research gaps and contributions

The research gaps identified and addressed in this thesis together with the
corresponding contributions are presented in this section. An overview of
how various studies in this thesis contribute towards the main objective is
presented in Figure 1.1.

• Research Gap 1: Within the context of ASD, former studies investi-
gated human aspects from a particular angle (e.g. team composition
factors [42], team characteristics [43] and characteristics of high perfor-
mance teams [44]) and thereby emphasized on capabilities only to some
extent. However, we did not come across any study that aggregates
the evidence from the diverse human aspect studies, for determining
agile-specific individual and team capability measures.

• Contribution 1: This thesis contributes to the knowledge of capabil-
ity measurement in ASD by aggregating the evidence on agile-specific
capability measures, pertaining to software engineers and teams. This
was accomplished by performing a Systematic Literature Review (SLR)
(see Study S1 in Figure 1.1).

• Research Gap 2: Our SLR in Study S1 targeted at extracting
information from studies that were conducted in real industrial contexts.
The limited number of primary studies (16) identified in our SLR
brought to light that there were not many research efforts towards
identifying which measures practitioners perceive to be relevant for
characterizing the capability of agile teams and its members. We did
not encounter any comprehensive multi-aspect study that reports the
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1. Introduction

Objective:  Suppor t capability measurement and team  

                     composition in agile software development 

Study S1 

Gap 1 

RQ.1.1 

SLR 

Contribution 1 

Study S1 Study S4 Study S2 Study S3 

Studies conducted in industrial context 

Gap 2 

RQ.1.2 

Survey 

Contribution 2 

Gap 3 

RQ.2.1 

Case study 

Contribution 3a and 3b 

Gap 4 

RQ.2.2 

Survey 

Contribution 4 

RQ.3 

Multiple companies Large-sized company (IC2) Small-sized company (IC1) 

   : Research Gap : Research Question : Research Method 

Figure 1.1: Thesis overview

views of agile practitioners regarding the qualities, features, skills and
abilities concerning individuals and teams, within the context of ASD.

• Contribution 2: This thesis contributes to SE research by uncovering
the state of the practice in relation to capability measurement in ASD.
The perceptions of agile practitioners across different organizations
and countries were gathered in a survey study and were scrutinized
for identifying ASD-relevant individual and team capability measures
(see Study S2 in Figure 1.1).

• Research Gap 3: Using management tools adds value to ASD meth-
ods in terms of improving traceability and tracking decisions [45].
Upon inspecting the widely used project management tools in ASD
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1.4. Research gaps and contributions

[46] (e.g. Atlassian Jira, Taiga, Asana and Redmine), we observed
that none of them have a provision for considering the capabilities of
professionals while assembling teams or allocating tasks. Moreover, our
review of former SE literature did not identify any support tool that
was designed to be compatible with an ASD method and further help
practitioners in coordinating activities such as capabilities’ assessment,
team composition and task allocation.

• Contribution 3a: This thesis contributes to SE research by elucidat-
ing a systematic approach to design a capability-centric tool and devise
its framework. This approach first analyzes the tacit knowledge of
practitioners to identify various factors that affect team performance.
The identified factors are integrated into the tool’s design to help
team composition. A case study was conducted at IC1 and the factors
identified by analyzing practitioners’ opinions were used to design
a Capability-centric Agile Support Tool (CAST) (see Study S3 in
Figure 1.1).

• Contribution 3b: The CAST developed for IC1, provides practition-
ers the flexibility for composing teams, tracking personnel capabilities
and executing task allocation routines. The ease-of-use (i.e. CAST
serves as an extension for a project management tool, without creating
additional overheads to agile team members) and ASD methodol-
ogy compliant design makes CAST a convenient project management
solution for practitioners.

• Research Gap 4: The diversity among individuals within ASD
projects and the less rigid nature of their involvement, poses a risk
of personal incompatibilities and potential conflicts [42]. Therefore,
composing teams on the basis of personalities of individuals is a crucial
aspect that influences outcomes in an organization [47]. A former
study in SE emphasized that there has been very limited research in
relation to identifying what personalities lead to better team climate
[48]. To the best of our knowledge, there is no previously published
study that investigated which personality dimensions contribute to
better climate within agile teams.

• Contribution 4: This thesis contributes to SE research by unveiling
the association between personality traits and team climate factors in
ASD context. These details further provide insights to practitioners
regarding the factors that can contribute to better climate within
agile teams. Within the context of a telecom company (IC2), the
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Table 1.2: Mapping of research methods and thesis chapters

Research Method Chapter
Chapter 2 Chapter 3 Chapter 4 Chapter 5

Systematic literature review X
Industrial survey (Questionnaire) X X

Case study (Interviews) X

personality characteristics and team climate perceptions of agile team
members were gathered by employing survey method (see Study S4
in Figure 1.1). Study S4 was the first research study, within SE, to
construct regression models for forecasting team climate factors.

1.5 Research methods

In this thesis, a mixed-method approach [49] has been employed for answering
the research questions. Research methods such as SLR, industrial survey
and case study were selected based on the type of data the research questions
aimed to explore. An overview of the research methods employed in various
chapters is presented in Table 1.2. The methods employed in Chapter 3,
Chapter 4 and Chapter 5 target at gathering practitioners’ perceptions.
While the survey methods used in Chapter 3 and Chapter 5 target at
gathering quantitative data, the case study in Chapter 4 targets at qualitative
data. A brief overview of the research methods employed in this thesis is
presented in the following subsections.

1.5.1 Systematic literature review

An SLR identifies, evaluates and critically appraises prior research in order
to gain deeper insights into a research topic. The aim of this process is to
enable a comprehensive, transparent search over available literature such
that it can be replicated and reproduced by other researchers [50].

The review method is initiated by planning a well thought out strategy
for answering a research question. This planning phase involves creating
a review protocol which details the procedures for searching, selecting and
assessing the quality of former studies. Next to planning phase is an execution
phase, where the protocol procedures are executed and a search is performed
over different databases to select relevant studies. Then the quality of the
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selected studies is assessed and finally the data of our interest is extracted
and synthesized to answer the research question(s) [50].

Chapter 2 (Study S1) presents the details of the SLR conducted for
gathering and analyzing the existing empirical evidence on capability mea-
surement in ASD. Since our objective was to synthesize the state of the
art from former SE studies, we adopted the SLR approach. We followed
the guidelines presented by Kitchenham and Charters [50] for executing the
SLR. Our SLR reported the criteria used for measuring capabilities along
with the gap identified in relation to capability prediction in ASD.

1.5.2 Industrial survey

A survey is a system that facilitates data collection from people and aid in
describing or extracting the knowledge, attitudes and behavior of people.
Researchers execute this empirical method for gathering information from a
large number of individuals, in relation to an intervention that has been in
practice for a significant time. Executing a survey in industrial contexts is
advantageous in terms of a) understanding views from many individuals who
are associated with different organizations and b) supporting data collection
for many variables in a short span [51], [52].

A survey is initiated by defining research objectives and selecting target
population in relevance to the objective. Subsequently, data collection
mechanisms like questionnaires, interviews or structured observations are
employed for collecting data from the target population. Finally, the research
objective is achieved by analyzing and reporting the gathered data [52]. In
this thesis, we have conducted two different surveys in industrial context
using questionnaires.

Chapter 3 (Study S2) presents the details of our survey that employed
an online questionnaire for gathering agile practitioners’ perceptions of
capability measures. The ease of circulation and cost-efficiency [53] were two
important factors that motivated us in using an online questionnaire for this
study. The questionnaire herein was built based on the capability measures
identified from our SLR (Chapter 2). Software professionals possessing
experience of working in ASD teams were the target population for this
survey. We employed a two-phase scheme for recruiting subjects from
different organizations and countries. In the first phase, potential subjects
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were selected by convenience sampling and in the next phase, we used
social-media (LinkedIn) for searching and contacting subjects. Additionally,
snowball-sampling technique was also used to recruit subjects.

The survey reported in Chapter 5 (Study S4) was conducted within the
context of our industrial collaborator (IC2), a large-sized [54] telecom com-
pany in Sweden. This study was executed for identifying which psychological
aspects of practitioners contribute to a better climate within agile teams. In
order to examine the personality characteristics of practitioners and under-
stand their perception of team climate, a data collection mechanism that
gathers first hand opinions of practitioners would be appropriate. So, for this
study, we used two well-established questionnaires: IPIP-NEO personality
questionnaire [55] and team climate inventory questionnaire [56]. Since this
study targeted at analyzing climate within a team, it was important to
recruit practitioners who had prior experience of working in teams. There-
fore, subjects for this survey were recruited with the support of company
representatives, based on the availability and work load of practitioners.

1.5.3 Case study

In light of the context dependent nature of software development [57],
studying a phenomenon of interest in isolation is difficult. In this regard,
case study is a crucial empirical method that investigates a contemporary
phenomenon within its natural context [58]. Case studies offer an in-depth
understanding of why and how certain phenomena occur. For conducting a
case study, it is important to derive a study proposition that guides data
collection and selection of cases.

Data collection mechanisms such as interviews and observations are
pivotal for case studies as they offer rich insights into a case. A case study
further uses purposive sampling rather than random sampling for selecting
the cases that are most relevant to the study proposition. In general, a case
study involves various iterations of the following steps: design of the case
study, preparation for data collection, collecting evidence, data synthesis
and reporting [58].

A longitudinal case study (a sub-type of case study) is an approach where
data is collected over an extended period for investigating a contemporary
phenomenon as it changes over time [58],[59]. This approach enables software
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development to be observed as it unfolds and it has been reported to be
useful in designing tools to achieve practitioners’ goals [60].

Within the context of our industrial collaborator (IC1), in order to
develop a tool that a) coordinates capability assessments, team composition
and task allocation routines b) perhaps at later stages of development, help
practitioners in aligning members so as to achieve better team performance;
developing a better understanding of team formation routines and broader
context of the company, was necessary. To achieve this understanding, we
initiated a longitudinal case study at IC1 and Study S3 reports one instance
of it.

Chapter 4 (Study S3) presents the case study conducted at IC1. IC1
is a small-sized company in Sweden, which offers services and products in
Information and Communication Technology (ICT) domain. The unit of
analysis in our case study was an agile practitioner who was well-aware of
various work routines and played a role that enables him/her to assess which
capabilities would have an effect on team performance.

We gained deeper insights into IC1’s work routines and also identified
capability measures valued at IC1, by interviewing practitioners. During
these interviews, practitioners’ opinions were gathered regarding the criteria
used for selecting teams to tasks and the factors that affect the performance
of a team.

1.6 Summary of studies

In this thesis, each chapter from Chapter 2 through Chapter 5, reports an
individual study. An overview of how the studies align towards capability
measurement and the contribution(s) of each study is (are) presented in
Figure 1.2. Note, SS shown in Figure 1.2 is a supporting study that is
relevant to this thesis but not included. The following sections describe
how our studies answer the research questions listed in Section 1.3 and also
highlight the major findings and conclusions from each study.
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Figure 1.2: Overview of findings from studies in this thesis

1.6.1 Study S1: An insight into the capabilities of professionals
and teams in agile software development: A systematic
literature review

Previous SE literature includes a significant number of studies that reported
frame works and literature reviews in relation to software engineers’ compe-
tence (e.g. [61], [62], [63]). In addition, there are also studies that focused
on topics such as soft skills, social skills, human factors and personalities
(e.g. [64], [65], [66]). However, only a limited number of those studies
acknowledged the focus on ASD.

Even among the investigations conducted within the context of ASD,
there was no study that aggregated evidence in relation to what measures
characterize the capability of an individual and team in ASD. To address
this gap, Study S1 aims to explore the state of the art (S1 in Figure 1.2) in
relation to capability measurement in ASD, by reviewing empirical studies
in SE (RQ.1.1).

14



1.6. Summary of studies

An SLR conducted in the Study S1, focused on identifying attributes for
measuring and predicting the capabilities of professionals and teams within
the context of ASD. Since the definitions of individual and team capability
[12], [13], [14] indicate that capabilities of people influence organizational
outcomes like productivity and performance, our investigation also took
into account, the empirical studies that examined the influence of people’s
abilities and attitudes on productivity and performance.

The evidence gathered from 16 primary studies, which were executed in
industrial backdrop, included capability measures not only with respect to
technical aspects like knowledge in software life-cycle model and programming
experience, but also measures concerned with behavior, personality and
interpersonal aspects. The measures essentially spanned across professional,
social and innovative dimensions. The majority of the primary studies
identified in our SLR discussed measures in relation to social aspects of
people, rather than technical and innovative aspects. Our SLR identified a
clear gap in relation to capability prediction within the context of ASD. We
identified only one study that presented a method for predicting individual
capability. However, we did not come across any study that addresses team
capability prediction.

1.6.2 Study S2: Understanding the perceived relevance of
capability measures: A Survey of agile software
development practitioners

Due to its focus on fully refereed empirical studies, our SLR (Study S1) did
not take into account the findings from any technical reports or practitioners’
opinions in the form of forums, articles and blogs. In order to provide deeper
insights to practitioners and also to complement the state of the art, it is
crucial to investigate the extent to which the capability measures gathered
by our SLR apply to practice in ASD.

Moreover, in our SLR, we did not encounter any study that analyzes
the opinions of agile practitioners regarding multiple capability aspects. To
address the aforementioned issues, Study S2 aims to explore the state of the
practice (S2 in Figure 1.2) in relation to capability measurement in ASD, by
analyzing agile practitioners’ perceptions on the list of capability measures
retrieved by our SLR (RQ.1.2).
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A total of 60 agile practitioners participated in the online survey con-
ducted in Study S2. More than 95% of individual capability measures listed
in our survey questionnaire were perceived as relevant by majority of the
respondents. Whereas, in the case of team capability measures, all the
measures were perceived as relevant by majority.

Analysis of the perceptions gathered from the practitioners, belonging to
diverse organizations, further revealed that majority of them regarded non-
technical skills such as ‘responsibility’, ‘questioning skills’ and ‘listening skills’
as highly relevant for characterizing the capability of an agile team member.
Whereas, in relation to team capability, measures such as ‘cooperation’,
‘communication skills’ and ‘active learning and improvement’ were perceived
to be crucial.

The work experience of survey respondents was observed to have a
significant relatively strong effect on how they perceived some capability
measures. Moreover, the ASD methodology used at respondents’ organization
and their primary role were also observed to have a significant relatively
strong effect on their opinions of certain capability measures.

1.6.3 Study S3: Designing a capability-centric Web tool to
support agile team composition and task allocation: A
work in progress

Although project management tools like Atlassian Jira, Asana and Redmine
are popular in ASD [46], they come without any functionality for logging
capabilities of personnel. So, the need to design a tool that integrates
capability assessment into regular project management routines was identified.
To address this gap, Study S3 aims to first identify which factors are valued
for what purposes in a given context (IC1) and then design a tool and devise
its framework (S3 in Figure 1.2).

In Study S3, a case study was conducted at IC1. Practitioners from
IC1 indicated the need for developing a tool which can support them in
assembling teams, by allowing comparison of abilities among multiple people
before assigning a person to a sprint. They opined that such a tool can help
them in assigning people with precise skills to security-critical tasks.

In light of the influence of a professional’s capability on performance
(from definition of capability in Study 1) and IC1’s interest towards having
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tool support for composing teams, two practitioners were interviewed to
understand their perception of the factors affecting team performance and
also to figure out the details of task allocation and team selection criteria
employed at the company (RQ.2.1 and RQ.3). The data from interviews was
further analyzed using grounded theory based procedures and this resulted
in identifying codes in relation to three categories: sprint classification,
company driven factors and team building strategy.

Among the three categories, the codes related to team building strategy
(see Figure 1.2) represented the individual capability measures valued by
the practitioners while targeting at team performance. These capability
measures and rest of the codes were further utilized for designing a framework
for a tool (CAST in Figure 1.2). Multiple workshops were organized with
the practitioners to gather their feedback and mold the tool such that it
complies with the development routines practiced at the company.

The findings from Study S3 contribute to both research and practice.
While the details from Study S3, such as capability measures affecting
team performance and the systematic approach for developing a capability-
centric tool, contribute to the knowledge on capability measurement in ASD
(see Figure 1.2), the tool deployed in company premises directly benefits
practitioners at IC1. However, one practical limitation of the tool is, its
framework would be applicable to the industrial contexts where managers
assign members to teams and does not fit to the context of self-selected/self-
designed teams [67].

1.6.4 Study S4: Investigating the relationship between
personalities and team climate of software professionals
in a telecom company

In one of our former investigations [68] (SS), we conducted a case study to
explore the tacit knowledge of practitioners at our industrial collaborator’s
organization (IC2). This study (SS in Figure 1.2) interviewed 14 practitioners
to understand their perception of the factors affecting team performance and
in this regard, the study identified multiple capability measures in relation
to both individuals and teams. Among those measures, ‘attitude of a person’
was mentioned by multiple practitioners.

Since, the attitude of a person is influenced by his or her personality,
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professionals from IC2 suggested that it would be worthwhile to investigate
which personality characteristics of individuals contribute to a better climate
within agile teams. Upon reviewing literature, we did not come across any
previously published study that examines the relationship between agile team
members’ personalities and team climate. To address the aforementioned
aspects, Study S4 aims to investigate the effect of practitioners’ personality
traits on team climate (S4 in Figure 1.2), within the context of IC2 (RQ.2.2).

A total of 43 agile practitioners from eight teams participated in the
survey conducted in Study S4. The data on personality characteristics and
team climate perceptions was initially used for correlation analysis. A signif-
icant positive correlation was observed between agreeableness personality
trait and team climate. Next, upon performing regression analysis, it was
noticed that personality traits accounted to less than 15% of the variance in
perceived team climate. This suggested that, for future regression models, it
is necessary to consider more data and also other capability aspects.

The findings from Study S4 provide insights for team formation in not
only IC2, but also for other companies within the telecommunications domain.
Moreover, the relationships identified from correlation and regression analysis
in this study contribute to the state of the art in capability measurement
(see Figure 1.2).

1.7 Conclusion and future work

This thesis sheds light upon the not widely explored area of capability mea-
surement in ASD. By gathering evidence from literature, we have identified
individual and team capability measures in relation to technical, social and
innovative aspects. Our investigation into agile practitioners’ perception of
capability measures indicated that they highly regard social aspects such
as, work ethics, communication skills, interpersonal skills and emotions.
As there seems to be no universal recipe for measuring the capabilities
of software engineers, our comprehensive list of state of the art capability
measures, which were validated by practitioner vetting, can serve as a check
list to managers while allocating software professionals to teams and, in
turn, teams to work tasks.

This thesis further demonstrates how researchers and practitioners can
collaborate to design a tool and devise its framework, so as to coordinate
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capability assessments with real-time project management routines in ASD.
To the best of our knowledge, our investigation on how personality charac-
teristics affect team climate perceptions, was the first SE study to construct
regression models to forecast team climate. In future, we intend to investi-
gate two areas to extend the work presented in this thesis. The details of
these areas are presented next.

Towards forecasting team climate: The regression models developed
in Study S4 (Chapter 5) considered personality traits as predictors. The
regression coefficients identified in that study indicated the need for consid-
ering additional variables that can aid in increasing the explanatory power
of the models. In this regard, a relevant direction for future research would
be to investigate how the highly regarded individual capability measures
identified in Study S2 would relate to team climate. Such an investigation
helps in determining causal relations, such as, what impact capability mea-
sures have on team climate, which essentially provide more insights towards
team composition.

Towards forecasting team performance: Although CAST is a tailor
made tool that fits into the context of IC1, the plethora of temporal data
that will be generated from the tool, such as, assessments done for personnel
in relation to capability measures (findings from Study S3), requirements
specified for sprints, user stories picked by/allocated to people, feedbacks
from sprint retrospective questionnaire, etc., provides an opportunity for
developing a team performance forecasting model. The effects of various
predictors observed from such a model, would be applicable to other organiza-
tions in ICT domain that use Scrum methodology for software development.
Additionally, the team performance forecasting model could be incorporated
into CAST to support team composition. The forecasting model could be
used to inspect how a configuration of members in a team would affect the
team’s performance.
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An Insight into the Capabilities of

Professionals and Teams in Agile Software
Development : A Systematic Literature

Review
Sai Datta Vishnubhotla, Emilia Mendes, Lars Lundberg

Abstract

Background: Previous studies investigated key characteristics of
software engineers and factors influencing the performance of individ-
uals, productivity of teams and project success within agile software
development (ASD). They aided in the active investigation of human
aspects in ASD. However, capability measurement and prediction with
respect to agile workforce, owing to its importance, is an area that
needs spotlight.

Objective: The objective of this paper is to present the state of
the art relating to capability measurement of software engineers and
teams working in ASD projects.

Method: We carried out a systematic literature review (SLR)
focused on identifying attributes used for measuring and predicting
the capabilities of individual software engineers and teams.

Results: Evidence from 16 studies showed attributes that can
measure capabilities of engineers and teams, and also attributes that
can be used as capability predictors. Further, different instruments
used to measure those attributes were presented.

Conclusions: The SLR presented a wide list of attributes that
were grouped into various categories. This information can be used
by project managers as, for example, a checklist to consider when
allocating software engineers to teams and in turn teams to a project.
Further, this study indicated the necessity for an investigation into
capability prediction models.
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2.1 Introduction

The findings from version one’s recent annual survey [1] on the usage of
agile methods, where the largest number of respondents (23%) worked for
software organizations, presented that more than 90% of the respondents’
organizations practiced agile methodologies and around 60% of respondents’
organizations adhered to agile practices for over 2 years. Evidence from
their preceding surveys and previous software engineering literature (e.g. [2],
[3]) affirms that adoption of agile methodologies is increasing across various
organizations at an accelerated rate.

The complexity of software-intensive systems and the need for organi-
zations to stay competitive makes it imperative for individuals to work in
teams. The fit of a person to a team and the ability to perform substantially
affect a project’s outcome [4]. In essence, “the human factor in software
development is the ingredient that ultimately gives a project team its soul”
[5].

The need for individual and interpersonal skills seems to be increased
with the prevalence of agile software development (ASD) methods [6]. In
ASD, workforce is considered as a key source of agility [7], i.e., ASD is
largely reliant on the capabilities of its professionals to provide mechanisms
for reacting to changing markets and reducing lead time. ASD expects
experience and proficiency in various methodologies, tools, techniques and
skills while requiring software engineers to undertake diverse roles [8].

One of the core values in the agile manifesto emphasizes “individuals
and interactions over processes and tools” [9]. Despite the importance of
identifying and assigning capable people to particular project roles, there
seems to be no universal recipe for measuring the capabilities of software
engineers. Many managers typically base this process on their heuristic
knowledge, subjective perception and instinct. Although these can help,
managers need to be careful while adopting such assignment procedures [10].
A failure in a suitable assignment can lead to decrease in service quality and
unattainable project deadlines [11], [12]. Further, capabilities of software
engineers influence team outcomes [13], and team capability is a crucial
factor that leads the path to a project’s success [14]. Thus, considering
individual and team capabilities while allocating engineers to various roles
is crucial for establishing successful ASD teams [6].
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2.2. Related work

Although there is significant research focusing on identifying capabilities
and competencies of software engineers, just a small number of studies
focus on ASD. However, in light of the growing importance of ASD [1], the
significance of team member’s competencies in bringing agility to develop-
ment processes [P10] and the need for assigning capable professionals to
teams and projects [P11], [P16] as also specified by two of our collaborators
(collaborators include a small and large sized software organization with
agile teams), identifying individual and team capabilities in such contexts is
an important area for investigation.

Therefore, the goal and main contribution of this paper is to present
a systematic literature review (SLR) that synthesizes the state of the art
relating to attributes and criteria used for measuring and predicting in-
dividual and team capabilities in ASD. Note that we neither focused on
factors for measuring productivity nor on individual and team performance.
Instead, as capabilities significantly influence software productivity [15] and
performance [16], our research was directed towards identifying individual
and team attributes influencing productivity and performance in ASD.

Such investigation also opens up the possibility for utilizing capability
criteria to rank candidates and make decisions regarding human resource
management [P1]. Further, an organization can supervise its development
activities based on team capabilities [P11]. Note that all references identified
by ‘P’ correspond to primary studies listed in Appendix.

2.2 Related work

The basic interpretation of capability can be considered as the qualities,
features and abilities that can be used and developed [17]. Competence is a
closely associated term and the European qualifications framework defines
it as the ability to use skills and abilities for personal and professional
development [18].

Previous software development literature includes a significant number of
studies that report important characteristics (e.g. [19, 20, 21]), capabilities
and competencies (e.g. [10, 12, 22, 23]) of team members. In addition, there
are also studies that focus upon topics such as soft skills, social skills, human
factors, personalities (e.g. [24, 25, 26]); however, only a limited number of
those studies acknowledged the focus on ASD.
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In recent years, there is appreciable progress in the research involving
human aspects within ASD [27], [28]. There are some research areas that
cover various human aspects such as team composition [29], team character-
istics [30], characteristics of high performance teams [31]. However, most of
these studies consider capabilities only to some extent. They do not focus
exclusively on skills and abilities concerning individuals and teams.

To the best of our knowledge there is no previously published SLR
targeting specifically at professionals’ and teams’ capabilities within ASD.
However, the works presented in [32] and [33] seem close to ours, as elaborated
next.

Lenberg et al. [32] presented the results from an SLR based on the
definition of behavioral software engineering (BSE). According to them, BSE
deals with the study of behavioral, cognitive and social aspects of activities
performed by individuals, groups or organizations. Their SLR covered the
period from 1997 to 2013, and was not ASD specific. Unlike Lenberg et al.
[32], the capabilities and competencies in our study do not correspond to
cognitive factors. Our study is confined to qualities, features, abilities and
skills for personal and professional development.

Sutling et al. [33] conducted an SLR on understanding project manager
competency in ASD. This study dealt with skills, knowledge, personal at-
tributes and behavior needed by project managers in ASD projects. However,
their research method did not present any information about the search
string, selection criteria and quality assessment. Unlike their work, the SLR
detailed herein presents state of the art in capability measurement from
team and individual perspectives, and beyond solely management roles. We
focus on attributes for measuring and predicting the capabilities of software
engineers and teams. Further, our work discusses key capabilities within
some software engineering domains.

2.3 Methodology

This SLR focuses on investigating and synthesizing literature pertaining to
capabilities and competencies of software engineers and teams, within the
context of ASD. We followed the SLR guidelines proposed by Kitchenham
et al. [34], [35]. The search and selection process was executed by the first
author under the close supervision of the second author, who is well versed
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in conducting SLRs within the field of software engineering.

2.3.1 Research questions

The PICOC (population, intervention, comparison, outcomes and context)
approach discussed by Kitchenham and Charters [34] was principal in formu-
lating a set of research questions for our SLR. Table 2.1 displays the PICOC
elements.

The main goal of our SLR is to investigate how individual as well as
team capability have been measured and, if applicable, predicted within
the context of ASD. This goal is further decomposed into multiple research
questions, as follows:

RQ.1a) How are individual and team capability of software engineers being
defined/understood in ASD?

RQ.1b) Which attributes are being used to measure individual and team
capabilities of software engineers in ASD?

RQ.2a) If applicable, which attributes are being used as predictors of individual
and/or team capabilities of software engineers in ASD?

RQ.2b) If applicable, which technique(s) are being used to build prediction
models?

RQ.3) Which data collection mechanisms are being used to measure at-
tributes?

RQ.4a) If applicable, what type of software applications are being developed
by agile teams?

RQ.4b) If applicable, which software engineering domains are being focused in
studies?

2.3.2 Search strategy

Kitchenham and Brereton [35] discussed the value of using a known set of
papers to determine the search strings for an automated search. In our
study, we adopted a similar approach and initiated an informal search on
Google scholar by considering the PICOC elements listed in Table 2.1 as
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Table 2.1: PICOC elements

Population Software engineers or professionals

Intervention Individual capabilities, team
capabilities, team building and team composition criteria

Comparison N/A

Outcomes Knowledge of attributes and measurement methods
for measuring and predicting individual and team capabilities

Context Software development organizations implementing agile methodologies

initial search terms. The relevant studies identified from this search acted
as our known set of studies – [P8], [P10], [P11], [P16].

2.3.3 Search string

The studies above mentioned provided additional search terms, which were
added as alternate search terms. The term closely related to capability is
competence and the relationship between these terms was discussed by Van
Assen [7] and Kettunen [17], [P11]. However, these terms are sometimes used
interchangeably [17]. Besides competence, other studies [29], [36], [37], [P8]
used the terms ‘team building criteria’ and ‘team composition’ for selecting
individuals for agile teams. We decided to consider such studies as they
discussed the criteria used by managers and team leaders to select software
engineers while establishing a project team in industrial practice. Terms
related to software engineers and teams were selected from [P16].

The keywords related to measurement were derived from [38]. Further,
the keywords related to ASD and relevant methodologies were collected
from [P10] and a comparative study on ASD methodologies [39]. Table 2.2
displays the list of key search terms together with alternate terms used
for generating the final search string. The final string constitutes Boolean
operators (OR and AND) as shown in Table 2.3. This string was used to
execute automated searches for identifying literature from databases.

2.3.4 Primary search process

The primary search process was executed over four online databases- Scopus,
Science direct, ACM and Wiley. They are listed as electronic sources of
relevance to software engineers and are widely used by researchers within the
field of software engineering [34]. The complete search string was successfully
executed in those databases as they did not have any constraints on the
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Table 2.2: Search terms

Key search term Alternate term
I. Capability Competence
Team building Team composition
II. Software engineer Software professional, software developer
III. Software team Agile team
IV .Measure Assess, predict, estimate, criteria

V. Agile software development

Agile method, agile software process, scrum,
dynamic systems development method,
adaptive software development, crystal family,
feature driven development,
extreme programming

search string length. However, it is essential to note that the string was
adjusted to comply with the search mechanisms used by the databases.

The search period was 2001 – 2016. Note that 2001 was the year in which
the agile manifesto was published [9]. After scrutinizing the results to remove
duplicates, the search process resulted in 546 studies. Table 2.4 displays the
total number of results retrieved from each database by executing the search
string.

2.3.5 Selection process

The aforementioned search process was followed by a process that regulated
a study’s selection. This process was realized using two separate criteria
to decide upon the inclusion or exclusion of a study. We considered the
following inclusion criteria:

• Studies published after the year 2001.
• Studies written in English.
• Studies published within the field of computer science and engineering
& software engineering.

• Studies backed by empirical evidence. They may involve quantitative,
qualitative, case study or mixed methods.

• Studies strictly focusing on ASD.
• Studies discussing team building criteria, with a focus on selecting
individuals to agile teams.

• Studies presenting capability measurement/ prediction attributes/
methods for individuals/teams.

• Studies discussing individual/team level attributes that affect perfor-
mance/productivity of an agile team.
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Table 2.3: Search string

(Capability OR competence OR “team building” OR “team composition”) AND (“software developer"

OR "software professional" OR "software engineer" OR "software team" OR "agile team”) AND (measure

OR assess OR predict OR estimate OR criteria) AND ("agile software development" OR "agile methodology"

OR "agile software process" OR scrum OR “dynamic systems development method” OR “adaptive software

development” OR “crystal family” OR “feature driven development” OR “extreme programming”)

Table 2.4: Results from databases

Online Sources Number of Studies Primary studies
ACM Digital Library 11 –

Science Direct 81 P1,P2,P3,P4,P5,P6,P7,P8,P11,
P13,P15,P16

Scoups 206 P10,P12
Wiley 259 –

The studies were excluded in any of the following cases:

• Grey literature like non-refereed thesis works, technical reports, confer-
ence summaries, newsletters, extended abstracts and magazine articles.

• Opinion based reviews without any empirical evidence.
• Secondary studies or tertiary studies.
• Studies discussing training activities in educational institutions and

knowledge transfer practices. These studies involve cognitive effort and
the definitions of capability ([17], [18]) do not correspond to cognitive
effort.

• Non-professional subjects like students working in an academic setting.
• Study that did not investigate individual or team capability.
• Study that did not consider the scenario of ASD.

The titles, abstracts and keywords of every study retrieved by primary and
secondary search processes were reviewed and the selection decision was
made based on the inclusion and exclusion criteria. Under the circumstance
of no sufficient information in title and abstract, the full version of the study
was reviewed in order to arrive at a decision.

To minimize the bias in selecting studies, the first author accomplished
the selection process under the supervision of second author. While the first
author executed the selection process over 546 studies, 10% of these 546

34



2.3. Methodology

studies were randomly selected and the second author evaluated their titles
and abstracts against the inclusion and exclusion criteria.

At this stage, we calculated Kappa statistic to inspect the extent of
agreement between authors. In general, a Kappa coefficient between 0.6 -
0.80 indicates substantial agreement [40]. In our case, the resultant coefficient
was 0.646, indicating fair agreement between the authors. The cases with
discrepancies were discussed until a consensus was attained.

2.3.6 Secondary search process

Besides the primary search process, a secondary search process was executed
using backward snowballing technique [41] to identify more relevant studies.
This was initiated by examining titles from list of references included in
selected primary studies. Then, each study was evaluated against the
inclusion and exclusion criteria, followed by a quality assessment. The
relevant studies were collated with the set of primary studies.

2.3.7 Quality assessment

The studies matching the inclusion criteria were reviewed comprehensively
to assess the quality of their evidence. A scoring criteria, as suggested in
[35], was adopted and every question was scored as: Yes=1, Partial=0.5 and
No=0 point.

The total score for each study was calculated by aggregating individual
scores of each question. For our assessment criteria, listed below, the
maximum quality score corresponds to 8 points. We decided to exclude
studies if their score fell below 5 points. We considered the following questions
for quality assessment:

• Does the study clearly state its aims?
• Does the study include a clear description of the framework in which
the research was carried out?

• If applicable, does the study present analysis of data?
• Does the study present answers for all research questions?
• Does the study clearly define all the presented attributes?
• Does the study include a clear description of the employed research
method or technique?
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Table 2.5: Quality scores of primary studies

Quality Score (QS) Quality level Number of studies
QS <3 Poor 0
QS >3 and QS <4 Borderline 0
QS >4 and QS <5 Fair 0
QS >5 and QS <6 Good 3
QS >6 and QS <7 Very Good 4
QS >7 and QS <8 Excellent 9

• Does the study explain how adopted method was validated?
• Does the study include a clear description of the subjects?

Table 2.5 presents the distribution of primary studies based on quality score.
It can be observed that the scores of all primary studies surpassed boundary
score of 5 points and no studies were excluded. Further, 9 out of 16 studies
were scored as excellent.

2.3.8 Data extraction process

The first author carried out data extraction from primary studies and the
second author scrutinized the extracted data from 20% of the primary
studies. A data extraction form was designed based on the research and
quality assessment questions. Towards the end of data extraction phase, a
synchronization meeting was organized between the first and second authors
to inspect the extracted data.

2.4 Data synthesis and findings

2.4.1 Overview of primary studies

We selected 16 primary studies based on search and selection criteria. Among
these, 14 studies were identified by automated search and the other 2 studies
were identified by a secondary search [P9], [P14]. A total of 9 studies (56%)
were published in conferences and the remaining 7 in international journals.

The bar graph in Figure 2.1 shows the number of primary studies
published per year. A glimpse at the trend indicates ascent in the number
of primary studies published every year, thus suggesting the increase in
importance of the topic for ASD.
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Figure 2.1: Number of studies per year

2.4.2 Response to research questions

A synthesis of data extracted from the primary studies is presented next. Un-
der the research questions, the trends observed in primary studies, attributes
and data collection mechanisms are discussed.

RQ.1a. How are individual and team capability of software engineers
being defined/understood in ASD?

This question focuses on identifying how primary studies interpret the
capabilities of software engineers and teams. The answer to this question
conveys information regarding the essential characteristics and scope of
capabilities. Table 2.6 presents consolidated definitions from primary studies.
Studies [P11] and [P16] defined capability pertaining to individuals and teams,
respectively; whereas [P1] defined competence with respect to individuals.

Celar et al. [P16] expressed that capabilities reflect the abilities of every
individual and facilitate in assessing the time required for accomplishing
projects; Kettunen [P11] presented the definition of capability from the
‘professional staff core capability’ dictionary, which defined capability from
an individual perspective; Kettunen adapted the definition to teams and
considered the term competence to be closely related to capability. However
in [P11], competence was considered as component and building block of
capability.
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Table 2.6: Definitions of capability and competence

S.ID Term Entity Definition

P16 Capability Individual engineer
Information about each individual, which
greatly affect his/hers level of ability to
perform project tasks.

P11 Team The skills and abilities, aptitudes and attitudes
needed by a team to achieve high performance.

P1 Competence Individual engineer

The proven ability to use knowledge, skills and
personal, social and/or methodological abilities
in work or study situations and in professional
and personal development.

Moustroufas et al. [P1] defined the term competence within the context
of staff competency management. Based on the definitions of capability in
[P11] and [P16], we can observe that capability and performance seems to
bear an association. The collective analysis of capability and competence
definitions portray the main focus on individual or team’s ability within a
work environment.

Moreover, it can be observed that capability and competence focus on
professional and personal factors, like knowledge, skills abilities, aptitudes
and attitudes. This aspect was key in selecting attributes for the research
question 1b.

RQ.1b. Which attributes are being used to measure individual and team
capabilities of software engineers in ASD? Among the 16 primary studies, 2
studies proposed attributes for measuring capabilities [P1], [P11]. 4 studies
discussed individual and team level attributes influencing productivity, per-
formance and success in ASD [P10], [P12], [P13], [P14]. Team composition
and team building criteria were discussed by 3 studies [P6], [P7], [P8]. The
remaining studies focused on soft skills, non-technical skills and personality
traits [P2], [P3], [P4], [P5], [P9]. The definitions of capability and com-
petence were pivotal in identifying and selecting the attributes from these
studies.

A total of 10 primary studies were concerned with capabilities of an
individual engineer, and the majority discussed soft skills, nontechnical skills
and personality traits [P2], [P3], [P4], [P5], [P9].

Moustroufas et al. [P1] gathered information regarding existing compe-
tency management models and presented a new competency profiling model.
The tool presented two sub-levels of professional, social and innovative com-
petencies of a software engineer. The model was not developed exclusively
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for companies adopting agile methodologies. However, it was included in this
SLR because it was evaluated within a telecommunication systems company
that followed ASD methods. The detailed list of attributes discussed in [P1]
can be found in the subsequent tables.

Lacher et al. [P2], [P3] discussed non-technical skills of software develop-
ers. [P2] focused on developing a non-technical skills taxonomy to construct
a behavior marker system tool. [P3] was an extension of [P2], where students
working in a software factory acted as subjects for validating the marker
tool. [P2] presented non-technical skills pertaining to social and innovative
categories, like listening, attitude, attention to detail, problem solving, etc.
Whereas, [P3] expressed difficulty in observing behaviors for attention to
detail, time management, integrity, honesty and ethics. However, it was
suggested to refer to Kanban metrics, bug reports and customer feedback to
observe those skills.

Studies [P4] and [P5] presented personality attributes of software en-
gineers. [P4] compared personality preferences among agile and non-agile
developers using the Myers–Briggs type indicator questionnaire. Four dimen-
sional pairs like introversion extroversion; sensing and intuitive; thinking and
feeling; and judging and perceiving were used for determining personality
types. Study [P5] provided methods for understanding cognitive and person-
ality types of individuals. Authors executed Big Five personality test using
five dimensions of personality like openness, conscientiousness, extroversion,
agreeableness and neuroticism. In [P5], cognitive factors measured how
individuals processed and organized information. We observed that the
definitions from Table 2.6 do not correspond to cognitive factors. So, from
[P5], based on the definitions in Table 2.6, personality attributes determine
the capability of engineers.

Studies [P6] and [P7] discussed team composition factors and [P8] pre-
sented team building criteria. Study [P6] presented the influence of team
formation on team buy-in and success. Students with prior industrial ex-
perience were selected as subjects and they worked in a product-focused,
customer centric environment. The relevant attributes to measure individual
capabilities were experience, ability and attitude. In [P6], although attitude
was evaluated by self-efficacy, the authors indicated that self-efficacy is a
subjective measure of one’s own ability and therefore does not allow a fair
measurement of individual’s actual ability. [P7] presented a hybrid recom-
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mender system that helps in forming the most suitable team for different
work packages. Authors presented a partial view of personal and professional
attributes that can be used for developing the recommender system.

The goal of [P8] was to identify criteria for selecting members for a
project team and further associate these criteria with a project’s success.
Technical profile, behavior and availability were the attributes that resulted
from interviews and mapping study in [P8].

Matturro et al. [P9] reported the ‘insider’ voices of Scrum practitioners
about the soft skills they consider most valued to have by product owner and
scrum master. Communication skills and teamwork were most valued for
both roles. Besides them, customer orientation was expressed as important
for program managers, whereas commitment, responsibility, interpersonal
and planning skills were considered valuable for scrum masters.

[P10] presented factors that impact an agile team’s productivity, on the
basis of factors perceived by software engineers who were part of industrial
agile teams. The definitions shown in Table 2.6 suggest that personality,
full-time allocation and knowledge levels are the factors determining the
capability of individual engineers.

Table 2.7, Table 2.8 and Table 2.9 aggregates the attributes identified in
the 10 primary studies that represent capabilities of an individual engineer.
[P1] seemed to contribute majority of the attributes in the three tables.
All the attributes representing capabilities were categorized using the same
classification suggested in [P1].

In Table 2.7, the software construction sub-category presented the highest
number of attributes. Whereas in Table 2.8, attributes pertaining to the
personal sub-category were high in number. In Table 2.9, creativity and
enterprising sub-categories presented the highest number of attributes.

In terms of the number of studies discussing a sub-category, Table 2.7
shows that software process model and life cycle model subcategory were
discussed in multiple studies [P1], [P6], [P8]. Table 2.8 conveys that the
personal sub-category was dominant [P1], [P2], [P3], [P4], [P5], [P6], [P9],
[P10]. Further, the affective subcategory was also widely discussed [P1],
[P2], [P3], [P7], [P9]. Table 2.9 shows that attributes representing creativity
were predominant [P1], [P2], [P3]. Finally, when focusing on the number of
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primary studies discussing a category, the social category was predominant,
followed by professional and innovative categories.

A total of 6 primary studies dealt with capabilities of teams, of which
attributes influencing productivity, performance and success in ASD were
the ones discussed predominantly [P12], [P13], [P14]. Study [P11] proposed
a team capability analysis approach that facilitates teams and organiza-
tions to identify their essential capabilities. The study discussed multiple
traits pertaining to various areas of capability like agile, business excellence,
operational excellence, growth and innovativeness.

Study [P12] discussed the association between performance of project
teams and general team factors. Students working in a university’s software
engineering house were selected as subjects. Although authors identified
multiple team factors from literature, in [P12], a regression analysis over
questionnaire responses conveyed that only cooperation was related to per-
formance.

Study [P13] investigated agile team perceptions of factors influencing their
productivity. Team experience and capabilities were one of the key factors
highlighted in their results. Besides them, motivation and communication
were also discussed.

Study [P14] discussed the critical success factors that help ASD projects.
Authors identified 12 possible success factors and consolidated them into
5 categories. In terms of the impact of the 5 categories on agile project
success, the people dimension was considered as the most important. The
attributes motivation and expertise were used to indicate team capability.

Authors in [P15] developed and validated team tacit knowledge measure
for developers based on a situational judgement test. We identified social and
professional attributes like high motivation, cooperation, experience, morale,
competition and clear goals, on the basis of team capability definition from
[P11].

Based on the data retrieved from the various primary studies, Table 2.10
and Table 2.11 present the attributes used to measure an agile team’s
capability. In Table 2.10, expertise and the attributes within the team
experience sub-category were discussed by multiple studies. Whereas in
Table 2.11, the attribute cooperation was discussed by multiple studies.
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Table 2.7: Individual engineer attributes; category: Professional

S.ID Sub category Attributes

P1 Software requirements

Elicitation
Analysis
Specification
Verification
Management

P1 Software design
Fundamentals
Strategies and methods
Software architectural design
Quality analysis and evaluation

P1 Software system engineering

Concept definition
System development life cycle modeling
Software-intensive systems engineering
System design
Requirements allocation and flow-down
Component engineering

P1 Software construction

System integration and verification
System Validation and deployment
System sustainment planning
Software construction planning
Managing software construction
Detailed design and coding
Debugging and testing
Integrating and collaborating

P1, P6, P8 Software process model and
life cycle model

Software development life cycle models
Process definition and tailoring
Process implementation and management
Process assessment and improvement
Interaction style design

P1 Human-computer interaction
Requirements
Visual design
Usability testing
Accessibility

P1 Software testing
Techniques
Planning
Infrastructure
Measurement & defect tracking

P1 Software quality

Independent process and product audits
Statistical control
Management
Reviews, walkthroughs and inspections
Testing & demonstration

P1 Software sustainment
Software transition
Software support
Software maintenance

P1 Software security and safety

Design
Construction
Quality
Requirements
Testing
Process

P1 Software configuration
management

Plan software configuration management
Conduct software configuration management
Manage software releases
Plan software measurement process
Perform software measurement process

P6, P7, P8, P10 Miscellaneous

Prior work experience
Years in company
Programming experience
Allocated full-time
Planning skills
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Table 2.8: Individual engineer attributes; category: Social

S.ID Sub
category Attributes

P1, P2, P3, P7, P9 Affective

Aptitude
Initiative
Enthusiasm
Work ethic
Willingness
Planning skills
Trustworthiness
Non-technical leadership skills
Team participation skills
Technical leadership skills

P1,P2,P3, P9 Communication
Oral communication skills
Listening skills
Questioning skills

P1, P2, P3, P9 Interpersonal

Seeks help
Helps others
Customer orientation
Attitude
Team oriented/team work
Willingness to confront others

P1, P2, P3, P4, P5, P6, P9, P10 Personal

Driven by desire to contribute
Introversion
Extroversion
Sensing and intuitive
Thinking and feeling
Judging and perceiving
Openness
Conscientiousness
Agreeableness
Neuroticism
Charisma
Tenacity
Behavior
Knowledge
Education
Pride in quality and productivity
Perseverance
Desire to improve things
Pro-active/initiator/driver
Maintaining “big picture” view
Desire to do/bias for action
Thoroughness
Sense of mission
Strength of convictions
Mixes personal and work goals
Pro-active role with management

P2, P3 Work ethics

Flexibility
Time management
Motivation to work
Commitment
Responsibility
Integrity/honesty/ethics
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Table 2.9: Individual engineer attributes; category: Innovative

S.ID Sub category Attributes

P1, P2, P3 Creativity

Generating ideas
Critical thinking
Synthesis/reorganization
Creative problem solving
Attention to detail

P1 Enterprising

Identifying problem
Seeking improvement
Gathering and evaluating information
Independent thinking
Technological savvy

P1 Integrating perspectives

Openness to ideas
Research orientation
Collaborating
Engaging in non-work related interests

P1 Forecasting

Perceiving systems
Evaluating long-term consequences
Visioning
Managing the future

P1 Managing change
Sensitivity to situations
Challenging the status quo
Intelligent risk-taking
Reinforcing change

From Table 2.7, Table 2.8, Table 2.9, Table 2.10 and Table 2.11, we
can observe that some of the attributes were commonly listed for both
individuals and teams. Under professional category, programming experience
and full-time allocation were commonly listed. Whereas, motivation was
commonly listed under social category and in innovative category, visioning
was commonly discussed (foresight in Table 2.11).

RQ.2a. If applicable, which attributes are being used as predictors of
individual or team capabilities of software engineers in ASD?

We identified only one study [P16] that presented a method for predicting
the capability of individuals. However, we were unable to identify any study
that addressed team capability prediction.

Celar et al. [P16] expressed that capabilities effect productivity of an
individual in an agile team and proposed a mathematical model based on 18
attributes, to predict capability. Personal points were computed to predict
the capability of an individual. Further, the method in [P16] was validated
in a company and results presented differences between various developers.
Table 2.12 indicates the attributes that predict capability of individual
software engineers.

RQ.2b. If applicable, which technique(s) are being used to build prediction
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Table 2.10: Attributes for team; category: Professional

S.ID Sub category Attributes

P13, P15 Team experience

Customer experience
Domain knowledge and experience
Generational experience
Programming language experience
Experience with tools

P11 Agile capability
Conscious sensitivity
Responsiveness to customer
Environment needs and changes

P11 Business excellence
Effectiveness
Result-orientation
Systemic benefits

P11 Operational excellence Sustainable efficiency
Consistent predictability

P11 Growth Active learning and improvement
Advancement

P6, P13, P14, P15 Miscellaneous
Clear goals
Full time allocation
Team buy-in
Expertise

models?

The prediction model discussed in [P16] was based on a mathematical
model that calculates personal points for individuals. These personal points
numerically express the capability of an agile team member. To predict
capability, an expert initially assesses an individual using a range of 18
attributes. Then, personal points for each attribute are measured by the
product of the attribute value and its weight factor. Finally, the sum of
personal points for all the 18 attributes indicates the personal capability of
an engineer in an agile team.

RQ3. Which data collection mechanisms are being used to measure
attributes?

We observed that 8 out of 10 studies that discussed attributes for engi-
neers utilized questionnaires as means to measure attributes. While 4 out
of 6 studies that discussed attributes for capabilities of teams employed
questionnaires for measuring attributes. Next to questionnaires, interviews
were widely used as data collection mechanism. Table 2.13 presents various
data collection mechanisms used in primary studies.

Some studies used multiple means to measure attributes. In [P6], ques-
tionnaires were complemented by curriculum vitae to measure individuals’
work and programming experience. Whereas, ‘team buy-in’ [P6] was mea-
sured by interviews and team’s group report.
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Table 2.11: Attributes for team; category: Social and Innovative

Category S.ID Attributes

Social P3, P12, P13, P14, P15

Morale
High motivation
Value diversity
Internal competition
Communication skills
Cooperation
Cohesion

Innovative P11 Creative exploration and exploitation
Foresight

Table 2.12: Capability predictors for an individual engineer

Entity S.ID Predictors

Individual engineers P16

Work experience
Knowledge of technology
The level learning and work habits
Ability to work autonomously
Work complexity
Attitude towards work
Concentration
Skill of performing of work types
Knowledge of project
Knowledge of product
Responsibility and influence on decision making
Communication
Agility
Producing bugs
Knowledge of area
Testing during development
Experience in similar tasks
Need for supervision

Study [P5] used a satisfaction questionnaire together with personality
and cognitive psychometric tests. In [P10], the data collection methods
considered were semi-structured interviews, observations, discussions with
project leaders and retrospective analysis.

RQ.4a. If applicable, what type of software applications are being devel-
oped by agile teams?

Only 4 primary studies reported information about the types of software
applications developed by agile teams. We noticed a wide range of appli-
cations developed by industrial agile teams [P11], [P10] as well as student
teams in a software house [P12] and product- focused, customer-centric
environment [P6]. Table 2.14 presents the applications developed by both
types of agile teams, where more than 70 percent of the applications were
developed by students who had relevant work experience.

RQ.4b. If applicable, which software engineering domains are being
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focused in studies?

Inspecting domains helps in examining which attributes are significant
within a domain. Moreover, the set of attributes that are commonly con-
sidered across different domains can be identified. The domain focused by
a study was primarily determined by the industrial context considered in
the study. Besides that, the type of applications developed (from RQ.4a,
Table 2.14) were also taken into consideration to identify a domain. Ta-
ble 2.15 presents a list of software engineering domains considered in various
studies. Among the 6 studies that presented information on domains, 4 were
executed in industries [P1], [P10], [P11], [P13] and the domains focused were
e-commerce, financial and infrastructure services, embedded systems and
ICT.

Infrastructure services, financial services and e-commerce domains were
considered in both [P10] and [P13]. However, [P10] focused on individuals
and [P13] addressed teams. With respect to individuals, personality, knowl-
edge levels and full-time allocation attributes were listed. Whereas for teams,
customer experience, domain knowledge, generational experience, program-
ming language experience, experience with tools, levels of knowledges and
full-time allocation attributes were listed. Overall, full time allocation and
knowledge levels were the commonly discussed attributes for both teams
and individuals. In relation to ICT domain, [P1] and [P10] discussed at-
tributes concerning personalities of individuals. Within embedded systems
domain, [P11] listed team level attributes related to business and operational
excellence, growth and innovation.

We observed that attributes indicating professional and social skills,
personality and knowledge of individuals were commonly discussed within
these domains. Whereas for teams, customer experience and responsiveness
to customer, experience gained by active learning and improvement were
commonly discussed.

2.5 Discussion

Our SLR identified a wide range of attributes that were grouped across
three categories. These attributes collaborate in the quantification of an in-
dividual’s capabilities, which in turn help in differentiating precise personnel
[P16]. Further, in ASD projects, awareness of team capabilities facilitate
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Table 2.13: Data collection mechanisms

Entity S.ID Data collection mechanism

Individual engineers

P1, P2, P3, P4, P5, P6, P7, P8 Questionnaire
P9 Interviews
P8, P10 Semi structured interviews
P6 Curriculum vitae
P5 Psychometric tests
P10 Retrospective documentation
P10 Observations
P10 Discussion with project leaders

Teams

P11, P12, P14, P15 Questionnaire
P6 Interviews
P15 Unstructured interviews
P13 Semi structured interviews
P6 Reports

Table 2.14: List of software applications

S.ID Application
P6 Auto-marking system for online tests
P6 Research paper tracker
P6 Online music forum
P6 Music site manager
P6 Train timetable information system
P6 Banking system
P11 Integrated system components
P10 System for financial market
P10 E-commerce service
P10 Recommendation system for products from virtual stores
P12 Business applications for mobile devices.
P12 Data-driven websites with document management and scheduling-type features
P12 Ecommerce websites, with stock control
P12 Desktop data-driven business software
P12 Online and desktop-based eLearning tools

Table 2.15: List of software engineering domains

Study ID Domains
P10, P12, P13 E-commerce
P1, P10 Information and communication technology (ICT)
P6, P10, P13 Financial services
P10, P13 Infrastructure services
P12 Mobile applications
P6, P12 Web applications
P12 E-learning
P11 Embedded systems
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managers in allocating various teams to tasks, based on varying needs [P13],
[P11].

In some primary studies included in this SLR, we encountered generic
attributes (e.g. attitude and responsibility), which can be grouped under
both professional and personal categories. However, such attributes were
categorized only after scrutinizing the context in which they were mentioned
in the study.

Some of the attributes were grouped under multiple categories based on
the context in the primary study. For instance, planning skills presented
in [P7] correspond to professional category (see Table 2.7). Whereas, the
planning skills in [P9] relates to the social category (see Table 2.8). Further
in Table 2.8, [P2] and [P3] presented attributes pertaining to work ethics.
However, work ethics was listed under affective sub-category in [P1]. Al-
though the terms collaborate and cooperate are synonyms, they were listed
under different categories in Tables 2.9 and 2.11. For an individual, [P1]
listed the attribute collaborating under innovative category (see Table 2.9).
Whereas, cooperation discussed in [P12] and [P15] from team’s perspective,
corresponds to social category (see Table 2.11).

The attributes from various categories in Table 2.7, Table 2.8, Table 2.9,
Table 2.10 and Table 2.11 can complement each other and are not mutually
exclusive [P1]. For example, from Table 2.8, commitment and responsibility
listed under work ethics can complement customer orientation expressed
under interpersonal sub-category.

Our study shows a clear gap with regard to capability prediction models
for ASD, analogous to the prevailing personality prediction models. There-
fore, one of our recommendation and focus of our future work is that more
focus be directed towards individual and team capability prediction models
for ASD. Such prediction models can be used to manage projects more
effectively, and perhaps to estimate software quality and effort.

Threats to validity

We selected four electronic databases for our SLR. But, there may be
relevant studies published by other sources. We minimized this threat by
selecting a database – Scopus, which presents aggregate studies from diverse
publishers and we considered other popular databases mentioned in the
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guidelines for performing SLR [34].

The threat related to search string being very specific and omitting
potential studies was addressed by elaborating the search using PICOC
elements, terms from known set of papers and Boolean terminology. Further,
the primary search process retrieved the known set of papers and this way
our search string was validated.

Another validity threat to our SLR is whether all primary studies have
been included into the final comprehensive set. We addressed this issue by
adopting an inclusion strategy, such that even when the abstract was poorly
written, if there was an indication of inclusion (and none of the exclusion
criteria), we qualified the study for the next phase and the full text of the
study was reviewed to decide its relevance to our SLR.

The data extraction was carried out by one researcher, during which,
there is a chance for judgmental errors to creep in while selecting the
attributes. To overcome this, the second author randomly selected 20% of
the primary studies and scrutinized the extracted data for these studies. A
meeting was organized to discuss any discrepancies until a consensus was
attained.

Although our SLR included the studies that discussed factors affecting
productivity, performance and success in ASD, we did not re-update the
search string with these terms as it would involve another tedious iteration
of search and data collection processes. Moreover, it is important to note
that appending the search string with the terms productivity, performance
and success would correspond to a very broad search.

2.6 Conclusions

This study details a systematic literature review that contributes to the
knowledge of capability and competence measurement in agile software de-
velopment. The results collected from 16 studies focus on the attributes
for measuring and predicting capabilities of software engineers and teams.
The capability measurement attributes herein target at the qualities, fea-
tures, abilities and skills for personal and professional development. Our
results provide detailed capability measurement attribute catalogues for
both software engineers and agile teams.
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Further, our investigation on models for predicting capabilities found
only a single study, thus showing a clear research gap. The catalogues of
attributes that evolved from our review may serve as a basis for further
studies. Our study can further help software organizations in human resource
management like identifying personnel with precise capabilities for varying
needs. Future work includes aggregating and comparing the results from
our review with those based on data gathered from interviews with software
companies on individual and team capability measurement.
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Understanding the Perceived Relevance of

Capability Measures: A Survey of Agile
Software Development Practitioners

Sai Datta Vishnubhotla, Emilia Mendes, Lars Lundberg

Abstract

Context: A significant number of studies discussed various human-
aspects of software engineers over the past years. However, in light
of the swift, incremental and iterative nature of Agile Software Devel-
opment (ASD) practices, establishing deeper insights into capability
measurement is crucial, as both individual and team capability can
affect software development team performance and project success.

Objective: Our study investigates how agile practitioners per-
ceive the relevance of individual and team level measures, pertaining
to professional, social and innovative aspects, for characterizing the
capability of an agile team and its members.

Method: We undertook a Web-based survey using as instrument
a questionnaire built based on the capability measures identified from
a previously conducted Systematic Literature Review (SLR). This
questionnaire sought information about agile practitioners’ perceptions
of individual and team capability measures.

Results: We received 60 usable responses, corresponding to a
response rate of 17% from the original sampling frame. Our results
indicate that 127 individual and 28 team capability measures were
considered as relevant by the majority of the practitioners. Our survey
also identified seven individual and one team capability measure that
have not been previously characterized by our SLR. The surveyed
practitioners suggested that, an agile team member’s state of being
answerable or accountable for things within one’s control (responsibility)
and the ability to feel or express doubt and raise objections (questioning
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skills), are the two measures that significantly represent the member’s
capability.

Conclusion: Results from our survey align with the findings from
our SLR, where, measures associated with social aspects were observed
to be dominant compared to technical and innovative aspects. Overall,
the findings from our study shed light on the sparsely explored field of
capability measurement in ASD. Our results can be helpful to support
practitioners in their team composition decisions.

3.1 Introduction

Human aspects in the field of software development are considered as fun-
damental constituents that ultimately give a project team its soul [1]. A
recent study investigating human aspects within software engineering [2]
reported that a major portion of previous research and practice have focused
on exploring technological or process related aspects, thereby leaving behind
the social and psychological aspects sparsely explored. With the rapid rate
of adoption of Agile Software Development (ASD) methods across various
organizations over the past decades (e.g. [3], [4], [5], [6]), the necessity for
collaborative work requiring multidisciplinary skills and interpersonal skills
has increased [7].

Within ASD, a failure in assigning a suitable person to a team can
ultimately lead to a decline in service quality and unattainable project
deadlines [8], [9]. In order to provide adequate mechanisms for reacting to
changing markets and reducing lead time, ASD methodologies are largely
reliant on the capabilities of professionals [10].

To examine the state of the art in relation to capability measurement
within the context of ASD, we conducted a Systematic Literature Review
(SLR) in our previous study [11]. This SLR identified individual and team
capability measures by taking into account the criteria for team building
[12],[13] and the factors affecting the performance [14] and productivity [15]
of agile teams. Due to its focus on fully refereed empirical research, our SLR
did not include findings from any non-peer-reviewed studies, white papers,
technical reports and practitioners’ opinions in the form of articles, forums
and blogs.

Investigating whether, and to what extent, the capability measures
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gathered by our SLR apply to practice, would not only provide insights
to software organizations for making decisions regarding human resource
management [16], but also adds value to the findings of our SLR and helps
in better realizing the area of capability measurement in ASD.

In this regard, this study aims to investigate how agile practitioners
perceive the relevance of various capability measures. A survey was conducted
by recruiting professionals from diverse domains, where they rated the
relevance of individual and team capability measures. The survey responses
were analyzed to find dominant capability measures and also to study
the differences in the perceptions of practitioners. Further, the additional
capability measures indicated by some of the respondents complement our
SLR findings.

The remaining of this paper is structured as follows: Section 3.2 de-
scribes related work on capability measurement in ASD, Section 3.3 presents
the methodological details of the study and Section 3.4 summarizes the
demographic details of respondents and also reports the results of statistical
analyses. The threats to validity of this study are presented in Section 3.5
and the key findings from our results, along with the implications for theory
and practice, are discussed in in Section 3.6. Finally, Section 3.7 states the
conclusions from our study and comments on future work.

3.2 Related work

Former literature in Software Engineering (SE) includes a significant number
of studies that investigated a variety of human aspects like competencies of
team members (e.g. [9], [17], [18], [19]), as well as, soft skills, social skills and
personalities (e.g. [20], [21], [22]). Due to the prevalence of ASD methods
and the need for personal and interpersonal skills while working in teams
[11],[23], within ASD, there has been an appreciable progress in the research
involving human aspects [24], [25].

ASD methods are largely reliant on the capabilities of professionals
in order to provide adequate mechanisms for swiftly reacting to changing
markets [10]. Within SE, capability relates to the qualities, features and
abilities that can be used or developed by individuals and teams for personal
and professional development [11],[26]. Additionally, the definitions of
capability reported in various studies [27], [28] convey that capability also
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pertains to the factors influencing software productivity and performance.

Within SE, the findings from the studies where the voices of practitioners
are acknowledged, would make a significant contribution to both research and
practice. In this regard, we identified the following studies which explored
different capability aspects within industrial agile contexts by gathering and
analyzing practitioners’ opinions:

Lacher et al. [29], [30] developed a non-technical skills taxonomy to
construct a behavior marker system tool. Agile specific non-technical skills
like communication initiative, leadership, taking responsibility, etc. were
identified by reviewing the literature and subsequently a focus survey was
executed using 20 industry professionals. However, it was not explicitly
mentioned whether the subjects recruited for the survey consisted of agile
practitioners.

Matturro et al. [31] examined the ‘insider’ voices of Scrum practitioners
about the soft skills they consider most valued to have by Scrum master
and product owner roles. The authors interviewed 25 experienced Scrum
practitioners from eight companies and identified communication skills and
teamwork to be most valued by both the roles. Besides them, customer
orientation was identified to be valuable for program managers and commit-
ment, responsibility, interpersonal and planning skills were considered to be
important for scrum masters.

Melo et al. [32] determined the factors that impact an agile team’s
productivity by gathering the opinions of software engineers who were
part of teams that used agile methods (XP or Scrum) for at least two
years. By means of semi-structured interviews (19 professionals), followed
by observations, face-to-face discussions and retrospective documentation
review, the authors identified personnel factors like personality, full-time
allocation and knowledge levels as key factors to be considered while aligning
agile teams.

Takpuie and Tanner [33] examined the factors impacting tacit knowl-
edge transfer in Scrum teams. The authors organized 12 semi-structured
interviews with Scrum team members at two companies. Using thematic
analysis, the authors identified the characteristics that interviewees opined
to be crucial among the team members who were able to successfully transfer
knowledge. This study reported personnel factors like motivation, credibility,
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empathy and communication skills as key for knowledge transfer in Scrum
teams.

In one of our previous studies [34], we used interviews and grounded
theory to investigate the capabilities and criteria used by managers (two
senior professionals) while assembling agile teams in a small sized software
organization. Apart from project specific factors and organizational factors,
our study identified individual capability measures such as developer’s do-
main knowledge, developer’s own interest, previous deliverables’ quality, etc.
to be crucial while building teams.

Melo et al. [35] investigated team level factors influencing an agile teams’
productivity. The authors interviewed 13 agile team members and performed
thematic analysis to determine the factors influencing productivity. The
factors like team experience, competencies, motivation and communication
were among the list of various factors identified to be impacting an agile
team’s productivity.

Ryan and O’Connor [36] developed and validated a team tacit knowledge
measure for managing agile teams. The authors initially conducted unstruc-
tured interviews with 13 experts to identify the factors influencing team
performance. Subsequently, in order to ascertain which of the constructs
were true, they analyzed the opinions of novices and experts (18 profession-
als). Finally, the tacit knowledge measure was validated using 48 teams.
This study identified team level factors like high motivation, cooperation,
experience, morale, competition and clear goals as key factors.

Chow and Cao [37] conducted a survey for identifying the critical success
factors of ASD projects. The authors gathered opinions of agile practitioners
from 25 countries. They identified 12 possible success factors by analyzing
the details of 109 projects reported by the respondents and consolidated the
factors into five categories. In terms of the impact of the five categories on
agile project success, the people dimension (motivation and expertise) was
reported to be most important.

Fatema and Sakib [38] explored agile team members’ perception of
productivity influencing factors. They used a system dynamics approach and
employed interviews (12 professionals) and survey (17 professionals) to gather
the perceptions of agile practitioners in the context of Bangladesh software
Industry. The four most perceived factors identified in this study were
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Table 3.1: Studies discussing capability aspects within industrial agile con-
texts based on gathering practitioners’ opinions

Target
entity

Study Research method(s) and
data collection mechanism(s) Research topic

Individual
engineers

[29],
[30]

Literature review and focus survey
Developing and validating:
non-technical skills taxonomy;
and behavior marker tool

[31] Field- study: interviews Identifying soft skills valued
by Scrum practitioners

[32]
Case-study: interviews, observations,
face-to-face discussions and
retrospective documentation review

Identifying personnel factors
influencing agile team’s productivity

[33] Interpretivist epistemology: inter-
views

Identifying factors impacting tacit
knowledge transfer in Scrum teams

[34] Case study: interviews Investigating criteria used for
team building

Teams
[35] Case-study: interviews Identifying team level factors

influencing agile team’s productivity

[36] Mixed-method: interviews and survey Developing and validating: team
tacit knowledge measure

[37] Survey Investigating critical success
factors in ASD projects

[38] Mixed-method: literature review,
interviews and survey

Identifying team level factors
influencing agile team’s productivity

Individual
engineers
and teams

[39] Case study: interviews Investigating criteria used for
team building

team effectiveness, team management, motivation and customer satisfaction.
The details of the studies which explored capability aspects by gathering
practitioners’ opinions are presented in Table 3.1.

We observed that almost all of the previous studies listed in Table 3.1(ex-
cept for [39] ) examined only specific capability aspects in relation to either
individual professionals or teams, but not both. While some studies exclu-
sively focused on social aspects (for example: [29], [30]), there were studies
that also investigated professional aspects (for example: [40], [31], [32]).
One of our previous studies [39] was the only one that examined capability
aspects from the perspective of both individuals and teams.

In [39], we executed a case-study in a large size software company that
practiced agile methods. We investigated the capabilities and criteria used
by senior professionals (14 professionals) while allocating people to tasks and
also inquired about the factors affecting team performance. By means of
interviews and grounded theory procedures, the study identified 10 individual
and five team capability measures.

Further, looking into the details of all the studies listed in Table 3.1,
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we did not encounter any comprehensive multi-aspect study that focused
exclusively on reporting the views of agile practitioners from various orga-
nizations, regarding the qualities, features, skills and abilities concerning
individuals and teams associated with ASD.

Unlike the aforementioned studies, our study herein investigates multiple
dimensions of capabilities (professional, social and innovative dimensions)
by gathering the perceptions of professionals associated with agile teams
from diverse domains. We have identified only one previous study [16] that
seems close to ours, as elaborated next.

Moustroufas et al. [16] reviewed the SE literature and presented a
competency profiling model. This model listed competencies of a software
engineer in relation to professional, social and innovative aspects. This model
was not developed exclusively for supporting agile methodologies. However,
it was tested within a telecom company that practiced ASD methods. The
authors reported that professionals from the company perceived their model
to be detailed and informative. However, no details were specified regarding
the procedure used for gathering the perceptions of professionals.

In the wake of the significance of team members’ capabilities in bringing
agility to a development process [32] and the pressing need for assigning
capable professionals to teams and projects [27], [28], identifying which
capability measures are highly regarded by practitioners is a crucial topic
for investigation.

To the best of our knowledge, ours is the first study that investigated
which individual and team level measures would be appropriate for char-
acterizing the capability of an agile team and its members. In addition,
since some studies conducted in other contexts reported that perceptions of
software professionals differ based on their role [31], work experience [41] and
work environment (ASD methodology [42] and team size [43]), our survey
responses were further used to see if there were any differences in the way
different sub-groups perceived the capability measures.

3.3 Research method

By means of an SLR [11], we already gathered evidence on the state of the art
pertaining to capability measurement within ASD. Consequently, for the sake
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of exploring the state of the practice, (i.e. to understand which capability
measures pertain to software professionals’ practice), a methodology that
elicits the knowledge of agile practitioners has to be employed. Therefore, we
adopted survey methodology for this study as it provides a well-established
means for gathering information regarding the experience and expertise
affiliated with a reasonably well-defined community [44].

In this study, our interest lies in understanding what is practitioners’
perceived relevance of various capability measures, rather than exploring
why. So, we chose to conduct a descriptive survey as opposed to: a) explana-
tory survey, which is used for investigating the reasons for occurrence of a
phenomenon and b) exploratory survey, which is used as a pre-study to look
for patterns and ideas before testing any hypotheses [45], [46].

We acknowledge that organizing interviews would have given us two-fold
benefits, firstly, interviews would have given us the flexibility of posing
targeted questions to interviewees, which help in gaining an in-depth opinion.
Secondly, interviews would have permitted us to explain any misunderstand-
ings in questions [46]. However, as we planned to execute a descriptive
survey and were interested in collecting information from a large sample, we
decided to use a questionnaire as data collection mechanism. One advantage
of using questionnaire is that, our team of researchers and respondents need
not synchronize time and place for data collection and this point enables us
to recruit participants across the world [46].

Planning a survey involves tackling multiple challenges pertaining to its
design. The event of a faulty survey design not only poses a threat to the
validity of the results but also limits the scope for its replication [44]. So, in
order to reduce researcher bias while conducting our survey and to ensure
its rigor and repeatability, we initiated this investigation by preparing a
protocol.

The discussions by Kitchenham and Pfleeger [47], [45], [48], [49], [50],
[51] on how surveys can be used to address SE topics and their suggestions
and recommendations on the issues that need to be considered while using a
survey, were incorporated in the design of our study. The key aspects of the
protocol together with the details of how those aspects were executed will
be discussed in the rest of this section.
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3.3.1 Research questions

The main goal of our survey is to investigate how ASD practitioners perceive
the relevance of various individual as well as team capability measures.
Additionally, the demographic dimensions asked in the questionnaire were
used to create different sub-groups (sub-groups henceforth), which were
employed for investigating RQ.3 and RQ.4. The main goal is decomposed
into multiple research questions, as follows:

RQ.1) What is the perceived relevance of individual capability measures for
software professionals working in an ASD team?

RQ.2) What is the perceived relevance of team capability measures in ASD?

RQ.3) What (if any) are the differences in the relevance levels of capability
measures indicated by various sub-groups?

RQ.3.1) Grouping criterion 1: Respondents’ organizational domain
RQ.3.2) Grouping criterion 2: ASD method adopted by respondents’ team.
RQ.3.3) Grouping criterion 3: Respondents’ primary role
RQ.3.4) Grouping criterion 4: Respondents’ work experience
RQ.3.5) Grouping criterion 5: Respondents’ team size

RQ.4) Which individual and team capability measures are perceived as more
relevant among various sub-groups?

RQ.4.1) Grouping criterion 1: Respondents’ organizational domain
RQ.4.2) Grouping criterion 2: ASD method adopted by respondents’ team
RQ.4.3) Grouping criterion 3: Respondents’ primary role
RQ.4.4) Grouping criterion 4: Respondents’ work experience
RQ.4.5) Grouping criterion 5: Respondents’ team size

RQ.5) In addition to the list of capability measures specified in the question-
naire, what are the other additional measures that agile practitioners
think are relevant for characterizing individual and/or team capability?

Responses to these research questions provide the empirical foundation for
identifying crucial capability measures within the context of ASD. This
enables researchers and agile practitioners to understand which capability
measures are deemed relevant for individuals, teams and also for a particular
role and ASD methodology.
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Table 3.2: An excerpt from the list of individual capability measures

Primary category Sub category Capability measures

Professional

Software requirements
Elicitation
Analysis
Specification
Verification

Software design
Fundamentals
Strategies and methods
Software architectural design
Quality analysis and evaluation

3.3.2 Survey design

The comprehensive catalogues of capability measures that evolved from
our former SLR [11] were instrumental in driving our survey. The results
from our SLR illustrate both individual and team capability measures by
primarily grouping them into professional, social and innovative categories.
Then, under each of these three categories, the measures were further
classified into pertinent sub categories. Table 3.2 presents an excerpt from
the SLR’s capability measures pertaining to an individual. Here, the sample
of attributes can be seen to be primarily classified under professional category
and then subsequently classified into multiple sub categories.

The catalogues of capability measures along with the descriptions and
categorizations that have been used in our survey can be found in Appendix
A.

3.3.2.1 Population and sampling technique

Determining population is a key element in survey design and in our case, the
target population was global community of software professionals possessing
experience of working in ASD teams. In general, the sampling methods
associated with survey based data collection are broadly classified into prob-
abilistic and non-probabilistic sampling [50], [52]. Although conducting
probabilistic sampling [50] would be ideal for the phase of finding subjects,
in our case, due to the difficulty associated with finding an obvious forum
for identifying and approaching a large number of professionals from dif-
ferent organizations(Although we identified some relevant LinkedIn groups,
they explicitly stated that their space emphasizes on promoting discussions
among members and put forth restrictions on using the space for advertising
surveys.), such a sampling was not practically possible. Thus, we chose to
adopt a non-probabilistic sampling method, which has been reported as an
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acceptable approach [53].

The process of collecting non-probabilistic sampled data and then per-
forming a systematic sampling [50] (in order to mimic the probabilistic
sampling), i.e. pooling data from members belonging to various organiza-
tions and then selecting the data so that every member of the population
has seen a statistically equal chance of being selected, would not be feasible
in our case as we chose to record completely anonymous responses. This is
because, in cases where organization names or any revealing information
are recorded, participants might be hesitant towards sharing their honest
opinions, which, consequently has been reported to have serious impact on
the quality of data reported by participants [52],[54].

In cases where systematic sampling is not possible, the techniques as-
sociated with non-systematic sampling can be applied [53]. Convenience
sampling is one such technique that is employed under the circumstances
where it would be practically difficult to approach and include individuals
from a large population. Thereby, in convenience sampling, participants are
selected based on researcher’s accessibility and for this reason, the method
is considered to be the most common technique among all the sampling
techniques [52].

Although there exists a criticism that this technique introduces bias to the
sample, a highly cited survey in SE [55] reported that convenience sampling
is the dominant survey and experimental approach in SE. This sampling
technique is also popularly used in other disciplines such as medicine research
(for example: [56], [57], [58]) and social sciences (for example: [59], [60], [61]).
So, despite the limitations and bias involved, reasons like limited access to
ASD practitioners and maintaining anonymity among survey responses lead
us to the selection of convenience sampling for this study.

Additionally, we also used snowball sampling [50] for recruiting subjects.
This technique has been observed to be particularly useful in hard-to-reach
populations, where the researcher tries to contact a network of qualified
study subjects with the support of first point contacts [62]. In our study,
the people recruited and contacted during the convenience sampling phase
were asked to nominate any other people they believe to be suitable as well
as willing to take part in our survey.
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3.3.2.2 Recruitment of subjects

Subjects for the survey were recruited in two phases. In the first phase,
people from personal contacts and those recommended by colleagues were ap-
proached. The personal contacts of the three authors of this study consisted
of software practitioners having different levels of experience. Especially, the
second and third authors’ active engagement in multiple industry-academia
research collaborations helped us in, both, identifying software organizations
practicing agile methodologies and approaching practitioners from those
organizations. Further, some of our former research studies executed in
association with agile teams situated at our industrial collaborator’s site,
opened doors for us for contacting practitioners who were already aware of
our research area.

Murphy et al. [63] mentioned that, by definition, survey research is a
social interaction between researchers and potential respondents, in short,
‘a conversation with a purpose’. They opined that the methods employed
by individuals to carry out such conversations have changed overtime and
for the sake of survey research, they suggested that a researcher should
employ the tools that the targeted population currently use to carry out
conversations.

LinkedIn has been listed as the most popular cross-industry professional
network, which provides researchers a great opportunity for collecting data
from experienced personnel [64]. The prime advantage of using it is the ability
to apply filters, which permit a researcher to target prospective participants
[65]. Although there are currently no widely established standards for using
LinkedIn in identifying subjects [64], [65], and social-media in general, a
representative sample can still be acquired when a researcher makes an
initial contact and request for participation with appropriate individuals
belonging to the population of interest [64].

In the second phase of recruiting subjects, we used LinkedIn for searching
and contacting potential subjects. On LinkedIn, subjects relevant to our
study were identified by means of the self-listed skills that an individual’s
profile specifies to be proficient in. In order to identify people who were
well-versed in agile methodologies, we executed a search on LinkedIn by
means of a Boolean string that included multiple ASD methodology names
along with the keyword ‘agile’ (for example: skills = scrum OR dynamic
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systems development OR feature driven development OR agile) and then
filtered out the first (immediate) and second degree connections from the
search results. People among the second degree connections were approached
with the help of mutual connections.

Our sampling frame acquired from the aforementioned two phases (prior
to snowball sampling) consisted of a list of 350 people and it is important to
note that we did not restrict the sampling frame with respect to the number
of years of practical experience. Instead, we included individuals as long as
they had experience with working in real-world projects.

The effectiveness of using personal network for recruiting software prac-
titioners has been reported to depend upon the quality and quantity of the
network [66]. We believe the process of consolidating social media connec-
tions, professionals associated with our industrial collaborator and the ones
recommended by our colleagues, make our personal network diverse and
prodigious.

3.3.2.3 Survey execution

The means of administering a survey influences the organization of items
in the survey questionnaire [44]. So, herein, we initially focus on describing
the details of survey implementation. The survey was administered through
formsite, a commercial website which provides secure access, tools for man-
aging the survey and options for analyzing the responses. Besides these, the
biggest benefit of this platform is the feasibility for building custom forms
using HTML and CSS, an option which is not available over major survey
development/hosting websites.

Exploring the range of graphical options available on the formsite plat-
form helped us in determining the options that could be employed for
recording responses to the survey questions. For example, we decided to
provide radio buttons for the question inquiring one’s primary role within
a company and for the question regarding ASD method(s) currently being
implemented in one’s team, we chose to display a list and provide a checkbox
beside each methodology name. For both the questions, in case a respondent
could not find any relevant answer, with a click on ‘other’ option, a text
field was provided for entering the other response. Further, we decided to
display the description of each capability measure by means of tooltips.
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3.3.3 Data preparation and collection

We developed a Web-based self-administered semi-structured questionnaire,
which comprised a mix of structured and unstructured questions that were
intended to gain deeper insights into the subjects’ responses. While the ques-
tionnaire majorly used closed questions, making the survey faster and easier
to complete, some of the questions in the last section of the questionnaire
used an open format in order to seek explanatory information. The closed
questions could be answered using Likert item or pre-defined set of answers
[48]. Whereas, open format allowed for numeric answers or free text. The
complete questionnaire can be found in Appendix B.

The questionnaire’s start page included a brief paragraph that stated
the aim of the study and described the types of questions present in each
section. It was further stated that the description of a capability measure
could be seen upon hovering the mouse pointer over the measure. Further,
it was explicitly mentioned that there were no right or wrong answers and
the respondents were asked to provide their immediate impressions.

Next, the details of how the survey responses will be stored and processed
were presented. Here, it was mentioned that the survey responses would
be kept anonymous and soon after the survey, all the responses would be
downloaded and securely stored on a system which would not be accessible
to any person except members from our research team. For the sake of
maintaining anonymity of subjects, we decided not to include any questions
seeking the subject’s name, email ID or organization name.

One of the most important ethical principles concerning human subject
research is in relation to receiving a subject’s full informed consent to
participate in a research study [67]. So, the questionnaire’s start page hosted
an informed consent form to comply with ethical principles. This form stated
that participation in the survey was voluntary. Access to the rest of the
questionnaire was blocked until consent was given.

The first section of our questionnaire consisted of demographic questions
for gathering information about respondents’ work profile. These demo-
graphic questions were important not only in terms of survey documentation
and ensuring reliability[46] but, they were beneficial for filtering and group-
ing subjects, which was essential for answering RQ.3 and RQ.4. The details
of demographic questions are presented in Table 3.3.
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Table 3.3: Demographic questions used in the survey questionnaire

Question Graphical
option

Pre-defined responses

1
In which domain(s) does
your organization function
(Please tick all applicable)?

Check-box

• Finance/Banking/Insurance
• Information and communication
technology (ICT)/ Telecommunication
• Infrastructure services
• Mobile applications
• Web applications
• E-learning
• Embedded systems
• Logistics/Shipping
• Automotive
• Entertainment/Recreation
• Government/Military
• Internet
• E-commerce
• I can’t say
• Other - Write In (Required)

2

Which agile software
development methodology/
methodologies is/are
currently implemented
in your team?
(Please tick all applicable)

Check-box

• Scrum
• Dynamic Systems Development Method – DSDM
• Adaptive Software Development – AdSD
• Crystal family
• Feature Driven Development – FDD
• Extreme Programming – XP
• Other - Write In (Required)

3
Which of the following best
describes your primary role
in your organization?

Radio-
button

• Product Manager
• Program manager
• Functional manager
• Product Owner
• Team leader
• Internal coach/mentor
• Technical expert/lead
• User experience lead
• Domain expert
• Continuous integration engineer
• Scrum master
• Developer
• Tester
• User experience designer
• Architect
• Other - Write In (Required)

4
How many years of total
experience do you have in
the software industry?

Text-box

5

How many years of
experience do you
have in the current
organization?

Text-box

6
How many members work
with you in your current
team?

Text-box

7 Where is your organization
located (country)? Text-box

In light of the fact that we did not have control over the survey referrals
done by our colleagues, some of the above mentioned questions (questions
2, 3 and 6 in Table 3.3) were built into the survey design so as to confirm
whether respondents belonged to the targeted population.
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The second and third sections of the questionnaire consisted of closed
questions pertaining to individual and team capability measures, respec-
tively. In order to help respondents interpret the notion of capabilities,
the definitions of individual and team capability [11] were presented at the
start of their respective sections. Then, the research questions presented
in the Section 3.3.1 determined the structure for collecting data in the two
above-mentioned sections.

Within the second and third sections, each question was formulated in
relation to a sub-category (for example, see Table 3.2) highlighted in the
catalogues of capability measures; and the question was presented as a matrix
of measures and rating options i.e., for each of the capability measures falling
under a sub-category, the respondents were asked to rate the relevance over
a four-point Likert item ( with categories: Highly Relevant (HR), Relevant
(R), Somewhat Relevant (SR) and Irrelevant (IR)) or to select the ‘I Don’t
Know’ (IDK) option in case they were unaware of the capability measure.

The categories of the four-point Likert item were formerly used in the
context of studying perceptions of subjects [68],[69]. We intended to record
the impressions of the respondents by means of encouraging them to indi-
cate positive or negative perspective over each measure and this was the
reason behind using a four-point Likert item without any neutral category.
Considering the fact that not all participants understand all technologies,
the last option (IDK) was included to deal with the diverse background of
participants [70].

In order to offer a better picture of how questions were formulated in the
second and third sections of the questionnaire, we hereby present sample
questions. Figure 3.1 presents a sample question from the second section,
where the question can be seen to be in relation to the ‘software requirements’
sub-category presented in Table 3.2. Similarly, a sample question from the
third section is presented in Figure 3.2. The format for the rest of the
questions in these sections was similar to sample questions displayed in
Figure 3.1 and Figure 3.2. Appendix B presents the complete details of
the questionnaire’s second (questions ranging from eight to 30) and third
sections (questions ranging from 31 to 38).

While the subjects were given an opportunity to rate the measures
in any order, all the questions in sections two and three were marked as
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Figure 3.1: A sample question displaying a matrix of individual capability
measures and Likert item

Figure 3.2: A sample question displaying a matrix of team capability mea-
sures and Likert item

mandatory. This was done as a precautionary measure to avoid the incidence
of unanswered questions, which has been reported to be, unfortunately, a
common phenomenon in online SE surveys [52],[53], [71]. Finally, the last
section of the questionnaire included open-ended questions in order to collect
any other additional measures that respondents thought would be relevant
and also provided space for entering feedback on the survey.

In a study discussing the best practices and guidelines for online data
collection, King et al. [65] recommended that online studies should be brief
in order to minimize participant burden and maximize data collection. They
reported 200 questions, requiring no more than 40-45 minutes, as a ceiling
for online questionnaires. Beyond that, subjects were observed to be giving
up without answering all the questions. Based on these insights, in our
questionnaire, we limited the total number of questions to 42, of which,
31 questions focused on gathering the relevance levels of 161 capability
measures.

In order to make sure that the terminology in our survey questions
was coherent and consistent, we consulted two software professionals and
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sought their advice on the descriptions of capability measures. Further, their
feedback was collected on the initial draft of survey questions. Receiving
practitioners’ feedback during the design phase of a survey has been observed
to be a common practice among survey studies (for example: [52], [71], [72])
and in our case, the two professionals acknowledged that the terminology
used in the questionnaire was familiar.

Next, the initial version of the questionnaire was hosted on formsite
platform. Before we began the actual data collection process, two external
researchers who were a part of a different research project and who had
prior experience of working in ASD teams, piloted our survey. This step
was important for receiving further feedback on the presentation and clarity
of our questionnaire. The researchers completed the entire questionnaire
in a single session, taking an average time of 40 minutes; they used the
free-text space provided in the last section of the questionnaire for providing
feedback. The researchers’ suggestions, such as highlighting the capability
category name in questions and presenting a progress bar on the Webpage for
indicating how many questions were left to be answered, were incorporated
into the final version of the questionnaire.

However, our questionnaire did not include any follow-up questions
requesting subjects to elaborate the reasons why they perceived a capability
measure as irrelevant. This can be seen as a limitation, however an elaborate
explanation for such questions would require a significant time commitment
by the subjects [70] and this could affect the number of participants. Further,
as we wanted to adhere to the aforementioned best practices suggested by
King et al. [65], on examining the duration of our pilot session, we decided
not to include any other questions.

Once the survey questionnaire was ready for circulation, an email was
composed with a brief text explaining the overall aim of the survey, and
attaching the Web-link to the survey. This email further requested people
to share the survey with others who might be interested. The email was
then sent to invite each of the potential subjects identified among personal
network. In the case of individuals identified over LinkedIn, the email
contents were sent as a direct message, using InMail feature.

An approach for improving the response rate of surveys is to send follow-
up messages to non-respondents after a suitable interval [44]. In our case, the
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non-respondents could not be traced as we chose to conduct an anonymous
survey. So, we decided to send only one follow-up email to all recruits
approximately 2 weeks after sending the initial invitation.

3.3.4 Data analysis

We received 87 responses in total, of which 60 (69%) were complete. Among
the 87 responses, in 21 cases, only demographic questions were answered
and in four cases, the questionnaire was partly completed. The rest were
responses from the pilot session.

In all the four cases of partly completed questionnaires, the respondents
quit the survey after answering some questions from the second section. Upon
inspecting the partly filled questionnaires, we observed that the few answered
questions contribute very little to our study and therefore decided to exclude
all of them from our analysis. The two responses from the pilot session
were also not included in the data analysis as they were used for validation
purposes. This resulted in considering a total of 60 completed questionnaires
for the data analysis phase. These 60 usable responses corresponded to a
response rate of 17% from the original sampling frame.

In order to analyze the survey data, we used descriptive statistics as well
as tests for studying the differences among sub-groups. Data from all the
questionnaire items was used for answering the research questions, especially,
the ordinal data from the second and third questionnaire sections was used
for data analysis associated with RQ.1 through RQ.4.

The demographic details from the first section of the questionnaire
were further used to filter responses into various sub-groups, which were
important for answering RQ.3 and RQ.4. For example, in the case of RQ3.4,
the information about years of experience of a person was used to segregate
the respondents into multiple sub-groups. Subsequently, the Kruskal-Wallis
H test was applied to investigate whether there were any differences in
ratings among these sub-groups (details are given in Section 3.4.2.3).

Finally, the attributes indicated via the free-text space provided in the
last section of the questionnaire were used to answer RQ.5. Table 3.4 shows
the mapping between research questions in Section 3.3.1 and the questions
in the questionnaire.
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Table 3.4: Mapping of research questions to questions in the questionnaire

Research question Questions in questionnaire
RQ.1 Q8 to Q30
RQ.2 Q31 to Q38
RQ.3.1 Q1, Q8 to Q38
RQ.3.2 Q2, Q8 to Q38
RQ.3.3 Q3, Q8 to Q38
RQ.3.4 Q4, Q8 to Q38
RQ.3.5 Q6, Q8 to Q38
RQ.4.1 Q1, Q8 to Q38
RQ.4.2 Q2, Q8 to Q38
RQ.4.3 Q3, Q8 to Q38
RQ.4.4 Q4, Q8 to Q38
RQ.4.5 Q6, Q8 to Q38
RQ.5 Q39 and Q40

3.4 Results

This section details the results based on the questionnaire responses. First,
we present demographic information about the 60 subjects. Then, the
demographic details together with the relevance levels indicated for various
capability measures are analyzed to answer the research questions.

3.4.1 Subjects’ profile

When the subjects were asked to indicate the geographical location of their
organization, a major portion of the subjects indicated their organization
to be located in Sweden (85%), followed by India and Germany (5% each),
Brazil, Finland and the United States (1.6% each).

Upon analyzing all responses, we observed that the subjects were as-
sociated with diverse software engineering domains. In specific, 21 (35%)
subjects indicated their current organization to be affiliated with multiple
domains and the rest expressed to be associated with only one domain.
Table 3.5 presents the frequency of respondents associated with various
domains. Among the 21 subjects associated with multiple domains, we
observed 11 subjects to be linked with more than two domains and four
subjects were associated with at least five domains. From Table 3.5, we
can further notice that a majority of the respondents (51.6%) indicated
to be associated with information and communication technology (ICT)/
telecommunication domain (DC13), followed by, five respondents (8.3%)
associated with Web applications (DC17) domain.

Further, by examining the ASD methodologies employed in the subjects’
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Table 3.5: Frequency of respondents associated with various software engi-
neering domains

Domains’
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DC1 X X X X X X X X 1
DC2 X X X X X 1
DC3 X X X 1
DC4 X X X X 1
DC5 X X X X 1
DC6 X X 2
DC7 X X X 2
DC8 X X X X X 1
DC9 X X X X 1
DC10 X X 1
DC11 X X X 1
DC12 X X X X X X X 1
DC13 X 31
DC14 X X 1
DC15 X X 1
DC16 X 2
DC17 X 5
DC18 X 2
DC19 X 2
DC20 X 1
DC21 X 1

work environment, we observed that 85% of the subjects adhered to one ASD
methodology (see Table 3.6). In the cases where subjects exclusively adhered
to a single ASD methodology, we noticed that the majority (68.3%) practiced
Scrum methodology (MC4), followed by Kanban (MC7: 13.3%), AdSD (MC5:
1.6%) and FDD (MC6: 1.6%). Interestingly, Scrum was also seen to be
practiced among all the nine subjects who reported practicing multiple
ASD methodologies (MC1, MC2 and MC3). Scrum in combination with
Kanban (MC3: Scrumban) was reported to be practiced by 8.3% subjects
and a combination of Scrum and FDD practices (MC2) were reported to be
practiced by 5% subjects.

The information on number of members working in a team, alongside
the subjects, has been displayed in Figure 3.3. It shows that more than 80%
of the subjects reported to be working in teams whose size was less than
10. While 55% of the subjects worked in teams having six to 10 members, a
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Table 3.6: Software development methodologies practiced at subjects’ work
environment

Methods’
combination ID

ASD methodology FrequencyScrum DSDM AdSD FDD Kanban
MC1 X X X 1
MC2 X X 3
MC3 X X 5
MC4 X 41
MC5 X 1
MC6 X 1
MC7 X 8

little more than a quarter of the subjects (26.7%) worked in teams having
less than or equal to five members. The reason for these team sizes could be
attributed to the ASD methodologies practiced at subjects’ workplace. From
Table 3.6, we can observe that a large proportion of the subjects practiced
Scrum in their teams and in general, a standard Scrum team consists of five
to nine members [73], [74]. On the other hand, around 18.3% of the subjects
worked in teams with more than 10 members and a major portion of these
subjects were part of 11 to 15 member teams. Further, two subjects (3.3%)
reported to be a part of large team having 21 to 25 members.

It is worth noting that all the subjects indicated the number of members
working in their teams. Thus, with the experience of working in teams, we
believe that each subject would have developed certain level of consciousness
and knowledge that enables them to reflect upon the relevance of team
capability measures.

 

16 (26.7%)

33 (55%)

8 (13.3%)

1(1.7%) 2 (3.3%)

[1, 5] members [6, 10] members [11, 15] members

[16, 20] members [21, 25] members

Figure 3.3: Distribution of members in subjects’ teams
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Table 3.7: Roles of subjects

Role Frequency
Team leader 1
Technical expert/lead 1
Continuous Integration (CI) engineer 5
Scrum master 5
Developer 41
Tester 5
Architect 1
DevOps engineer 1

The majority of respondents (68.3%) undertook the primary role of a
developer, followed by continuous integration engineer (8.3%), Scrum master
(8.3%) and tester (8.3%). Among these top three roles, two roles (developer
and scrum master) were noticed to be scrum team specific [73]. Besides
these, the variety of roles bore by the subjects are presented in Table 3.7.
All the roles presented in Table 3.7 pertain to software development and this
affirms that the subjects were currently working in a software organization.

Looking at the distribution of subjects’ work experience, as shown in
Figure 3.4, we noticed that our sample consisted of a mix of professionals
with different levels of experience. While only one of the subjects had less
than three years of experience, the total work experience of 10% of the
subjects was under the range of three to less than four years. The proportion
of respondents whose work experience was under the range of four to less
than five years was the same (35%) as the case where the respondents had
five to less than six years of experience. Around 8% of the subjects had six to
less than seven years of experience. On the other hand, 10% of the subjects
had more than seven years of experience. Among this 10%, two subjects
had the highest work experience ranging from 13 to 15 years. The median
overall industrial experience of all the recruited subjects in our study was of
five years and we can ascertain that, on the whole, it was an experienced
sample consisting of midlevel to senior level professionals [75].

All the subjects also stated the number of years spent in their current
company, indicating that they were currently employed and that they were
currently working in industry. The distribution of responses with respect to
experience in the current organization are presented in Figure 3.5. From the
figure, we can clearly observe that 50% of the subjects had worked at their
current organization for less than three years. Whereas, the other half of
the respondents were associated with their current organization for three or
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1 (2%)

6 (10%)

21 (35%)
21 (35%)

5 (8%)

6 (10%)

2 ≤ experience < 3 years 3 ≤ experience < 4 years 4 ≤ experience < 5 years

5 ≤ experience < 6 years 6 ≤ experience < 7 years experience ≥ 7 years

Figure 3.4: Total work experience of subjects (in years)

more years. It is important to note that all the subjects had an experience
of working in their current organization for at least one year.

 

 15 (25%)

15 (25%)
9 (15%)

13 (22%)

6 (10%)

2 (3%)

1 ≤ experience < 2 years 2 ≤ experience < 3 years 3 ≤ experience < 4 years

4 ≤ experience < 5 years 5 ≤ experience < 6 years experience ≥ 6 years

Figure 3.5: Experience in current organization (in years)

Overall, an inspection of the profiles in the sample of respondents indicate
that it was an experienced sample, where respondents were associated with
diverse domains. The majority of respondents bore a developer role and
practiced Scrum.
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3.4.2 Response to research questions

3.4.2.1 RQ.1) What is the perceived relevance of individual capability
measures for software professionals working in an ASD team?

In order to answer this research question, we examine the survey responses
and present how the individual capability measures were rated across the
whole sample. The perceived relevance of capability measures spanning
across professional, social and innovative categories is presented in Table 3.8,
Table 3.9 and Table 3.10, respectively. Each of these tables displays the list
of capability measures in the order of their appearance in our questionnaire
and also present the percentage of responses received for each Likert item.
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Table 3.8: Heatmap of response frequencies for individual capability measures; Primary 
category: Professional 

Sub-category ID Capability measure Percentage (n=60) FSC-1 FSC-2 

HR R SR IR IDK Rank Rank

Software 
requirements

IC.P.1.1 Elicitation 30 46.67 20 1.67 1.67 22 

IC.P.1.2 Analysis 38.33 48.33 10 3.33 0 9 

IC.P.1.3 Specification 35 53.33 8.33 3.33 0 14 

IC.P.1.4 Verification 30 50 16.67 3.33 0 19 

Software design

IC.P.2.1 Fundamentals 30 48.33 16.67 3.33 1.67 20 

IC.P.2.2 Strategies and methods 25 51.67 21.67 1.67 0 30 

IC.P.2.3 Software architectural design 28.33 50 15 5 1.67 23 

IC.P.2.4 Quality analysis and evaluation 31.67 43.33 16.67 8.33 0 16 

Software 
system 
engineering 

IC.P.3.1 Concept definition 28.33 38.33 26.67 6.67 0 27 

IC.P.3.2 System development life cycle 
modeling 23.33 40 26.67 8.33 1.67 37 

IC.P.3.3 Software-intensive systems 
engineering 15 35 36.67 8.33 5 44 

IC.P.3.4 System design 25 48.33 20 6.67 0 31 

IC.P.3.5 Requirements allocation and 
flow-down 26.67 43.33 20 6.67 3.33 29 

IC.P.3.6 Component engineering 23.33 40 23.33 6.67 6.67 

Software 
construction

IC.P.4.1 System integration and 
verification 43.33 38.33 13.33 3.33 1.67 5 

IC.P.4.2 System validation and 
deployment 41.67 38.33 16.67 3.33 0 7 

IC.P.4.3 System sustainment planning 18.33 35 41.67 3.33 1.67 42 

IC.P.4.4 Software construction planning 23.33 48.33 18.33 6.67 3.33 34 

IC.P.4.5 Managing software 
construction 21.67 45 18.33 13.33 1.67 38 

IC.P.4.6 Detailed design and coding 43.33 38.33 16.67 1.67 0 22 6 

IC.P.4.7 Debugging and testing 48.33 41.67 6.67 3.33 0 18 1 

IC.P.4.8 Integrating and collaborating 46.67 46.67 5 0 1.67 2 

Software 
process model 
and life cycle 
model

IC.P.5.1 Software development life 
cycle models 23.33 43.33 21.67 3.33 8.33 

IC.P.5.2 Process definition and tailoring 13.33 45 25 8.33 8.33 

IC.P.5.3 Process implementation and 
management 23.33 48.33 20 3.33 5 36 

IC.P.5.4 Process assessment and 
improvement 21.67 40 28.33 3.33 6.67 

Human-
computer 
interaction

IC.P.6.1 Requirements 28.33 46.67 8.33 13.33 3.33 24 

IC.P.6.2 Interaction style design 11.67 50 23.33 10 5 45 

IC.P.6.3 Visual design 11.67 40 28.33 11.67 8.33 

IC.P.6.4 Usability testing 28.33 43.33 11.67 13.33 3.33 25 

IC.P.6.5 Accessibility 28.33 43.33 11.67 8.33 8.33 

IC.P.7.1 Techniques 36.67 46.67 10 5 1.67 12 
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Software 
testing

IC.P.7.2 Planning 26.67 48.33 18.33 6.67 0 28 

IC.P.7.3 Infrastructure 25 43.33 26.67 3.33 1.67 33 

IC.P.7.4 Measurement and defect 
tracking 40 36.67 13.33 6.67 3.33 8 

Software 
quality

IC.P.8.1 Independent process and 
product audits 11.67 45 25 8.33 10 

IC.P.8.2 Statistical control 20 38.33 25 11.67 5 40 

IC.P.8.3 Management 15 46.67 23.33 11.67 3.33 43 

IC.P.8.4 Reviews, walkthroughs and 
inspections 38.33 38.33 16.67 6.67 0 10 

Software 
sustainment

IC.P.9.1 Software transition 13.33 43.33 30 3.33 10 

IC.P.9.2 Software support 18.33 45 23.33 5 8.33 

IC.P.9.3 Software maintenance 23.33 43.33 18.33 6.67 8.33 

Software 
security and 
safety

IC.P.10.1 Design 36.67 41.67 16.67 3.33 1.67 13 

IC.P.10.2 Construction 23.33 48.33 18.33 6.67 3.33 35 

IC.P.10.3 Quality 45 40 11.67 3.33 0 21 4 

IC.P.10.4 Requirements 33.33 43.33 15 8.33 0 15 

IC.P.10.5 Testing 46.67 30 15 6.67 1.67 3 

IC.P.10.6 Process 31.67 36.67 18.33 10 3.33 18 

Software 
configuration 
management

IC.P.11.1 Plan software configuration 
management 31.67 43.33 18.33 1.67 5 17 

IC.P.11.2 Conduct software 
configuration management 25 45 21.67 3.33 5 32 

IC.P.11.3 Manage software releases 28.33 41.67 23.33 3.33 3.33 26 

Software 
measurement 

IC.P.12.1 Plan software measurement 
process 25 38.33 25 3.33 8.33 

IC.P.12.2 Perform software measurement 
process 21.67 41.67 23.33 1.67 11.67 

Miscellaneous

IC.P.13.1 Prior work experience 20 38.33 25 15 1.67 41 

IC.P.13.2 Years in company 11.67 30 33.33 25 0 

IC.P.13.3 Programming experience 30 46.67 16.67 5 1.67 21 

IC.P.13.4 Allocated full-time 21.67 36.67 25 16.67 0 39 

IC.P.13.5 Planning skills 38.33 36.67 18.33 3.33 3.33 11 

Table 3.9: Heatmap of response frequencies for individual capability measures; Primary 
category: Social

Sub-category ID Capability measure Percentage FSC-1 FSC-2
HR R SR IR IDK Rank Rank

Affective

IC.S.1.1 Aptitude 28.33 45 20 5 1.67 36 

IC.S.1.2 Initiative 45 46.67 6.67 1.67 0 22 

IC.S.1.3 Enthusiasm 46.67 41.67 10 1.67 0 20 21 

IC.S.1.4 Work ethic 51.67 40 8.33 0 0 13 16 

IC.S.1.5 Willingness 55 38.33 5 1.67 0 10 11 

IC.S.1.6 Planning skills 38.33 38.33 20 1.67 1.67 28 
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IC.S.1.7 Trustworthiness 40 53.33 5 0 1.67 24 

IC.S.1.8 Non-technical leadership skills 11.67 43.33 35 5 5 46 

IC.S.1.9 Team participation skills 63.33 35 1.67 0 0 4 5 

IC.S.1.10 Technical leadership skills 38.33 40 16.67 5 0 27 

Communication

IC.S.2.1 Oral communication 53.33 35 10 0 1.67 15 

IC.S.2.2 Listening skills 71.67 23.33 5 0 0 2 2 

IC.S.2.3 Questioning skills 63.33 36.67 0 0 0 3 4 

Interpersonal

IC.S.3.1 Seeks help 48.33 41.67 8.33 1.67 0 17 18 

IC.S.3.2 Helps others 48.33 43.33 6.67 1.67 0 16 17 

IC.S.3.3 Customer orientation 23.33 43.33 30 3.33 0 41 

IC.S.3.4 Attitude 58.33 31.67 6.67 1.67 1.67 9 

IC.S.3.5 Teamwork oriented 63.33 31.67 5 0 0 5 6 

IC.S.3.6 Willingness to confront 40 40 10 3.33 6.67 

Personal

IC.S.4.1 Driven by desire to contribute 55 35 8.33 0 1.67 12 

IC.S.4.2 Introversion 1.67 25 33.33 35 5 

IC.S.4.3 Extroversion 11.67 35 26.67 20 6.67 

IC.S.4.4 Sensing 18.33 45 26.67 5 5 44 

IC.S.4.5 Intuitive 21.67 53.33 20 1.67 3.33 42 

IC.S.4.6 Thinking 40 48.33 10 1.67 0 25 

IC.S.4.7 Feeling 13.33 35 38.33 11.67 1.67 

IC.S.4.8 Judging 16.67 46.67 16.67 18.33 1.67 45 

IC.S.4.9 Perceiving 20 50 26.67 3.33 0 43 

IC.S.4.10 Openness 36.67 51.67 8.33 3.33 0 32 

IC.S.4.11 Conscientiousness 28.33 53.33 15 0 3.33 35 

IC.S.4.12 Agreeableness 25 53.33 13.33 6.67 1.67 39 

IC.S.4.13 Charisma 8.33 41.67 30 16.67 3.33 47 

IC.S.4.14 Tenacity 15 50 21.67 5 8.33 

IC.S.4.15 Behavior 43.33 35 16.67 3.33 1.67 23 

IC.S.4.16 Knowledge 53.33 36.67 8.33 1.67 0 11 13 

IC.S.4.17 Education 38.33 35 18.33 8.33 0 29 

IC.S.4.18 Pride in quality and 
productivity 40 33.33 20 6.67 0 26 

IC.S.4.19 Perseverance 38.33 35 21.67 0 5 30 

IC.S.4.20 Desire to improve things 58.33 33.33 6.67 1.67 0 9 8 

IC.S.4.21 Pro-active/ initiator/ driver 46.67 46.67 6.67 0 0 19 

IC.S.4.22 Maintaining “big picture” view 46.67 43.33 6.67 1.67 1.67 20 

IC.S.4.23 Desire to do/bias for  action 33.33 30 28.33 3.33 5 34 
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Table 3.10: Heatmap of response frequencies for individual capability measures; Primary 
category: Innovative

Sub-category ID Capability measure Percentage FSC-1 FSC-2
HR R SR IR IDK Rank Rank

Creativity

IC.I.1.1 Generating ideas 38.33 48.33 10 1.67 1.67 11 

IC.I.1.2 Critical thinking 41.67 48.33 8.33 1.67 0 8 

IC.I.1.3 Synthesis/ reorganization 16.67 51.67 21.67 8.33 1.67 18 

IC.I.1.4 Creative problem solving 48.33 38.33 10 3.33 0 19 6 

IC.I.1.5 Attention to detail 43.33 36.67 18.33 0 1.67 7 

Enterprising

IC.I.2.1 Identifying problem 58.33 36.67 3.33 1.67 0 8 2 

IC.I.2.2 Seeking improvement 51.67 36.67 10 0 1.67 3 

IC.I.2.3 Gathering and evaluating 
information 51.67 35 13.33 0 0 14 4 

IC.I.2.4 Independent thinking 40 43.33 16.67 0 0 10 

IC.I.2.5 Technological savvy 25 40 33.33 0 1.67 16 

Integrating 
perspectives

IC.I.3.1 Openness to ideas 60 31.67 8.33 0 0 7 1 

IC.I.3.2 Research orientation 41.67 41.67 13.33 3.33 0 9 

IC.I.3.3 Collaborating 50 45 5 0 0 15 5 

IC.I.3.4 Engaging in non-work related 
interests 18.33 38.33 26.67 13.3

3 3.33 17 

Forecasting

IC.I.4.1 Evaluating long-term 
consequences 36.67 38.33 21.67 0 3.33 12 

IC.I.4.2 Visioning 31.67 48.33 13.33 1.67 5 13 

IC.I.4.3 Managing the future 26.67 41.67 23.33 3.33 5 15 

IC.I.4.4 Sensitivity to Situations 25 35 20 13.3
3 6.67 

Managing 
change

IC.I.5.1 Challenging the status quo 21.67 51.67 18.33 1.67 6.67 

IC.I.5.2 Intelligent risk-taking 28.33 48.33 21.67 0 1.67 14 

IC.I.5.3 Reinforcing change 21.67 46.67 20 3.33 8.33 

IC.S.4.24 Thoroughness 35 43.33 15 3.33 3.33 33 

IC.S.4.25 Sense of mission 25 60 11.67 1.67 1.67 38 

IC.S.4.26 Strength of convictions 25 45 23.33 5 1.67 40 

IC.S.4.27 Mixes personal and work goals 21.67 26.67 15 31.67 5 48 

IC.S.4.28 Pro-active role with 
management 28.33 43.33 20 5 3.33 37 

Work ethics

IC.S.5.1 Flexibility 36.67 51.67 6.67 3.33 1.67 31 

IC.S.5.2 Time management 53.33 36.67 8.33 1.67 0 12 14 

IC.S.5.3 Motivation to work 68.33 23.33 6.67 0 1.67 3 

IC.S.5.4 Commitment 60 38.33 0 1.67 0 6 7 

IC.S.5.5 Responsibility 75 25 0 0 0 1 1 

IC.S.5.6 Integrity/ honesty/ ethics 56.67 36.67 3.33 1.67 1.67 10 
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The multi-dimensional Likert data associated with capability measures
in Table 3.8, Table 3.9 and Table 3.10, is displayed in the form of a heatmap
[76]. Heatmap facilitates visualizing the Likert data and highlights the
predominant cells in each table. This helps in identifying which capability
measures were perceived as highly relevant and irrelevant; and also aids in
segregating the rows of capability measures with similar response frequency.
In order to generate a heatmap, we used a color gradient function that sets
the lowest possible value (0%) to white, the highest possible value (100%)
to dark blue, and mid-range values to a corresponding transition between
the extremes.

A bird’s-eye view of the heatmaps, clearly indicate that a major portion
of the capability measures were perceived as relevant for characterizing the
capability of a software professional. However, this becomes even more
evident when the capability measures (from Table 3.8, Table 3.9 and Table
3.10) are collated and the percentages (p) presented in the HR and R columns
are aggregated (percentage of subjects perceiving a capability measure as
relevant). We found that 127 out of 132 individual capability measures were
indicated as HR or R (HR/R) by more than 50% of the respondents (p(HR
+ R) > p(SR + IR)).

All the 21 measures classified under innovative category were indicated
as HR/R by at least 60% of the respondents (see Table 3.10). Whereas, in
the case of the capability measures classified under professional category, all
except for ‘years in company’ (IC.P.13.2), i.e. 57 measures, were indicated as
HR/R by more than half of the respondents (see Table 3.9) and under social
category, all except for ‘introversion’ (IC.S.4.2), ‘extroversion’ (IC.S.4.3),
‘feeling’ (IC.S.4.7) and ‘mixes personal and work goals’ (IC.S.4.27), i.e.
49 measures were also perceived to be HR/R by more than 50% of the
respondents (see Table 3.9).

Upon a closer inspection, we observed that two capability measures were
not only unanimously indicated to be relevant (p(SR), p(IR) and p(IDK) =
0%), but also were perceived to be HR by most respondents. These measures
were ‘responsibility’ (IC.S.5.5) and ‘questioning skills’ (IC.S.2.3). While
75% of the subjects opined ‘responsibility’ to be HR, ‘questioning skills’ was
perceived as HR by 63% of the subjects.

For the sake of collectively analyzing measures from the three primary
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categories (professional, social and innovative categories), we employed
Filtering and Sorting and Criteria (FSC) which first filters measures that
were widely known (p(IDK) = 0%) as well as perceived as HR by the
majority of the respondents. Next, the filtered measures were ranked by
sorting in terms of HR response frequency (descending) followed by IR
response frequency (ascending). We will refer to these criteria as FSC-
1 hence forth and it resulted in identifying 22 measures across the three
primary categories. The ranks of these measures are presented in Table
3.8, Table 3.9 and Table 3.10 under the column FSC-1 and the IDs of these
measures are highlighted in bold. These 22 measures were perceived as
highly relevant for characterizing the capability of an individual, by at least
43% of the respondents. We can notice that almost two-thirds of these 22
measures correspond to the social category, followed by five measures from
the innovative category and three measures from the professional category.

In fact, the top five ranked capability measures among the FSC-1 re-
sults belonged to social category, where at least 63% of the respondents
consider them (‘responsibility’, ‘listening skills’, ‘questioning skills’, ‘team
participation skills’ and ‘being team work oriented’) as very crucial. This
clearly indicates that non-technical abilities associated with emotions, work
ethics, communication and interpersonal skills, were highly regarded by
agile practitioners as capabilities that are relevant for agile team members.
Next to social category, the measures from innovative category pertaining
to enterprising (‘identifying problem’ and ‘gathering and evaluating informa-
tion’), integrating perspectives (‘openness to ideas’ and ‘collaborating’) and
creativity (‘creative problem solving’) were also highly regarded. Within
the professional category, measures associated with software construction
(‘detailed design and coding’ and ‘debugging and testing’) and ‘software
security and safety quality’ were opined to be crucial in representing the
capability of an agile team member.

In order to figure out which measures were perceived as HR/R within
each primary category, we first filtered the measures which were familiar
to at least 95% of the respondents (p(IDK) ≤ 5%) and then subsequently
filtered the ones recognized by majority of the members as relevant (p(HR
+R) > p(SR + IR)). The resultant measures were then ranked by sorting in
terms of HR response frequency (descending), followed by R (descending),
SR (ascending), IR (ascending) and IDK (ascending) response frequencies.
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We will refer to these criteria as FSC-2. The ranks of the resultant measures
within each primary category are presented in the respective table (Table
3.8, Table 3.9 and Table 3.10) under the column FSC-2. Please note that
the measures which were recognized by majority respondents as trivial are
marked in red color under the column FSC-2.

Based on the ranks and response frequencies within each primary category,
we examined which capability measures were rated as most (and least)
relevant. Besides this, we also inspected the perceptions of agile practitioners
with respect to the ASD-specific capability measures that were widely
discussed in the SE literature. This was facilitated by segregating measures
from our SLR [11] that were emphasized by multiple primary studies. The
details of these analyses are presented as follows.

Insights from professional category:

• The top five measures which were indicated as HR by at least 43% of
the respondents:

◦ Software construction (‘debugging and testing’ (IC.P.4.7), ‘inte-
grating and collaborating’ (IC.P.4.8) and ‘system integration and
verification’ (IC.P.4.1))

◦ Software security and safety( ‘testing’ (IC.P.10.5) and ‘quality’
(IC.P.10.3))

• The measures which were perceived by most respondents as not relevant
(p(HR + R) < p(SR + IR)):

◦ Around 58% of the respondents considered the number of years
spent by a person in an organization (‘years in company’ (IC.P.13.2))
to be trivial ((p(SR)+p(IR)) for representing the capability of an
agile team member.

• The list of measures that were not familiar to more than 5% of the
respondents:

◦ All the measures associated with software sustainment sub-category

◦ All the measures associated with software measurement sub-
category
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◦ Software process model and life cycle model (‘software develop-
ment life cycle models’ (IC.P.5.1), ‘process definition and tailoring’
(IC.P.5.2) and ‘process assessment and improvement’ (IC.P.5.4))

• Details of how agile practitioners perceived the relevance of measures
which were widely discussed in the SE literature [11]:

◦ The measure concerning experience of working in different roles
over past years (‘prior work experience’ (IC.P.13.1)) was discussed
by three studies [28], [77], [78] and it was considered as relevant
(p(HR)+p(R)) by around 58% of the respondents, among whom,
20% regarded it as HR.

◦ In relation to software process model and life cycle model, the ‘pro-
cess implementation and management’ (IC.P.5.3) proficiency was
discussed by two studies [77],[78]. This measure was considered
as relevant by around 71% of the respondents (HR=23%).

◦ ‘Programming experience’ (IC.P.13.3) of a person which was
discussed by two studies [77],[78], was considered as relevant by
around 76% of the respondents (HR=30%).

◦ The measure concerning the ability to think and organize activities
for achieving goals (‘planning skills’ (IC.P.13.5)) was discussed by
two studies [31],[78] from our SLR. It was considered as relevant
by around 75% of the respondents (HR=38%).

Insights from social category:

• The top five measures which were indicated as HR by at least 63% of
respondents:

◦ Work ethics (‘responsibility’ (IC.S.5.5) and ‘motivation to work’
(IC.S.5.3))

◦ Communication (‘listening skills’ (IC.S.2.2) and ‘questioning skills’
(IC.S.2.3))

◦ Affective (‘team participation skills’ (IC.S.1.9))

• The measures which were perceived by most respondents as trivial:
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◦ Without much surprise, the characteristic of directing one’s in-
terest inwards towards one’s own thoughts and not being social
(‘introversion’ (IC.S.4.2)) was considered by 68% of the respon-
dents as not relevant in relation to representing an agile team
member’s capability.

◦ Around 50% of the respondents considered a person’s quality of
deciding based on social considerations (‘feeling’ (IC.S.4.7)) to
be trivial.

• The list of measures that were not familiar to more than 5% of the
respondents:

◦ Interpersonal (‘willingness to confront’ (IC.S.3.6) )

◦ Personal (‘extroversion’ (IC.S.4.3) and ‘tenacity’(IC.S.4.14))

• Details of how agile practitioners perceived the relevance of measures
which were widely discussed in the SE literature [11]:

◦ In relation to communication skills of a person, proficiency in
‘oral communication’ (IC.S.2.1), ‘listening skills’ (IC.S.2.2) and
‘questioning skills’ (IC.S.2.3) were discussed by four studies [28],
[29], [30], [78]. The dominant measure among them was ‘listening
skills’. It was considered as relevant by around 95% of the respon-
dents, among whom, 71% regarded it as HR. Next to ‘listening
skills’, we observed that the ‘questioning skills’ measure was con-
sidered as relevant by all the respondents, where 63% of them
considered it as HR. Next, ‘oral communication’ was considered
as relevant by around 88% of the respondents (HR=53%).

◦ In relation to interpersonal skills of a person, the measure con-
cerning ‘attitude’ of professionals (IC.S.3.4) was discussed by four
studies [28], [30], [77], [78] and this measure was considered as
relevant by around 90% of the respondents (HR=58%). Further,
a person’s state of being prepared to work collaboratively with a
group, towards achieving a common goal (‘team work oriented’
(IC.S.3.5)) was discussed by three studies [29], [30], [78]. This mea-
sure was considered as relevant by around 95% of the respondents
(HR=63%).
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◦ The measure concerning a person’s quality of being outgoing (‘ex-
troversion’ (IC.S.4.3)) was discussed by three studies [32], [79],[80].
We have noticed mixed opinions with respect to this measure.
The proportion of respondents that considered extroversion to be
relevant was the same as the proportion that considered it trivial.
Around 11% of the respondents indicated extroversion to be HR
for characterizing the capability of an agile team member.

Insights from innovative category:

• The top five measures which were indicated as HR by at least 50% of
the respondents:

◦ Enterprising (‘identifying problem’ (IC.I.2.1), ‘seeking improve-
ment’ (IC.I.2.2) and ‘gathering and evaluating information’ (IC.I.2.3))

◦ Integrating perspectives (‘openness to ideas’ (IC.I.3.1) and ‘col-
laborating’ (IC.I.3.3))

• The list of measures that were not familiar to more than 5% of the
respondents:

◦ Forecasting (‘sensitivity to situations’ (IC.I.4.4))

◦ Managing change (‘challenging the status quo’ (IC.I.5.1) and
‘reinforcing change’ (IC.I.5.3))

• Details of how agile practitioners perceived the relevance of measures
which were widely discussed in SE literature [11]:

◦ In relation to creativity of a person, the measures concerning
the ability to think carefully about an idea (‘critical thinking’
(IC.I.1.2)) and the ability to find a solution to a problem using
imagination (‘creative problem solving’ (IC.I.1.4)) were discussed
by two studies [29], [30]. The dominant measure among them
was ‘creative problem solving’. It was considered as relevant by
around 86% of the respondents, among whom, 48% considered it
to be HR. Whereas, ‘critical thinking’ was considered as relevant
by around 90% of the respondents (HR= 41%).
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In order to present a summary of how agile practitioners perceived the
relevance of individual capability measures, especially with regard to the
ones that were widely discussed in the SE literature, a Venn diagram is
presented in Figure 3.6. Besides portraying measures from each primary
category, the Venn diagram also presents the measures that were overlapping
between the primary categories. Former studies [11] discussed ‘planning
skills’ within professional and social contexts ((IC.P.13.5) and (IC.S.1.6)).
Whereas, ‘team work oriented’ (IC.S.3.5) and ‘collaborating’ (IC.I.3.3) were
discussed in social and innovative contexts, respectively. However, in both
the cases, we observed that the response frequencies for overlapping measures
were almost the same. From Figure 3.6, we can clearly see that at least 70%
of the respondents regarded the dominant measures from state of the art
(except IC.P.13.1 and IC.S.4.3) to be relevant for representing the capability
of an agile team member.

On the whole, there were only three individual capability measures
(‘independent process and product audits’ (IC.P.8.1), ‘software transition’
(IC.P.9.1) and ‘perform software measurement process’ (IC.P.12.2)) that were
unfamiliar to at least 10% of the subjects and all of them were associated
with professional category. In the case of these three measures, we also
noticed a corresponding low response frequency for HR, suggesting that even
respondents who were familiar with those found them to be less relevant.

3.4.2.2 RQ.2) What is the perceived relevance of team capability
measures in ASD?

Here, we examine the survey responses and present how the team capability
measures were rated across the whole sample. The perceived relevance
of professional capability measures is presented in the form of a heatmap
in Table 3.11 and that of social and innovative categories is presented in
Table 3.12. Upon collating the capability measures from these tables and
aggregating the percentages presented in the HR and R columns, we observed
that all the 28 team capability measures were indicated as relevant by more
than half of the respondents.
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Table 3.11: Heatmap of response frequencies for team capability measures; Primary 
category: Innovative

Table 3.12: Heatmap of response frequencies for team capability measures; Primary 
category: Social and innovative

Sub-category ID Capability Percentage FSC-1 FSC-2
HR R SR IR IDK Rank Rank

Team experience

TC.P.1.1 Customer experience 16.67 40 33.33 8.33 1.67 15 

TC.P.1.2 Domain knowledge 
experience 35 43.33 18.33 0 3.33 8 

TC.P.1.3 Generational 
experience 10 53.33 28.33 3.33 5 16 

TC.P.1.4 Programming language 
experience 43.33 33.33 21.67 1.67 0 4 5 

TC.P.1.5 Experience with tools 38.33 38.33 18.33 3.33 1.67 6 

Agile capability

TC.P.2.1 Conscious sensitivity 20 50 18.33 3.33 8.33 

TC.P.2.2 Responsiveness to 
customer 33.33 41.67 21.67 1.67 1.67 10 

TC.P.2.3 Environment needs and 
changes 33.33 40 18.33 3.33 5 11 

Business 
excellence

TC.P.3.1 Effectiveness 43.33 45 3.33 1.67 6.67 

TC.P.3.2 Result-orientation 55 33.33 8.33 0 3.33 2 

TC.P.3.3 Systemic benefits 30 51.67 13.33 0 5 12 

Operational 
excellence

TC.P.4.1 Sustainable efficiency 33.33 46.67 15 0 5 9 

TC.P.4.2 Consistent 
predictability 20 61.67 10 3.33 5 14 

Growth TC.P.5.1 Active learning and 
improvement 60 35 3.33 1.67 0 2 1 

TC.P.5.2 Advancement 50 36.67 10 0 3.33 3

Miscellaneous

TC.P.6.1 Clear goals 50 36.67 11.67 0 1.67 4

TC.P.6.2 Full-time allocation 25 38.33 30 5 1.67 13 

TC.P.6.3 Team buy-in 16.67 46.67 20 6.67 10
TC.P.6.4 Expertise 36.67 40 18.33 3.33 1.67 7

Primary category ID Capability
Percentage FSC-1 FSC-2 

HR R SR IR IDK Rank Rank

Social

TC.S.1.1 Morale 43.33 51.67 3.33 0 1.67 4 

TC.S.1.2 High motivation 50 40 6.67 1.67 1.67 2 

TC.S.1.3 Value diversity 38.33 45 8.33 5 3.33 5 

TC.S.1.4 Internal competition 15 41.67 26.67 15 1.67 6 

TC.S.1.5 Communication skills 48.33 36.67 11.67 3.33 0 3 3 

TC.S.1.6 Cooperation 60 35 5 0 0 1 1 

TC.S.1.7 Cohesion 31.67 50 11.67 0 6.67 

Innovative
TC.I.1.1 Creative exploration 

and exploitation 31.67 53.33 11.67 3.33 0 5 2 

TC.I.1.2 Foresight 35 51.67 11.67 0 1.67 1
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IC.P.5.3 
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88% 10%
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IC.S.1. 6
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Trivial

IC.S.3. 5

95% 5%

Figure 3.6: Practitioners’ perception of individual capability measures that
were widely discussed in SE literature

In order to explore which team capability measures were widely known
as well as perceived as HR by majority of the respondents, we collectively
analyzed the measures from the three primary categories by employing FSC-
1. This resulted in identifying five measures, the ranks of which are presented
under FSC-1 and the IDs are highlighted in bold. These five measures were
perceived as highly relevant for characterizing the capability of an agile team,
by at least 31% of the respondents. Respondents considered the following
five measures as highly appropriate for characterizing the capability of an
agile team:
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• The ability to work together (‘cooperation’)

• The ability to engage in reading, writing, talking, listening and re-
flecting, with an intention of getting better (‘active learning and
improvement’)

• The ability to convey or share ideas and feelings effectively (‘commu-
nication skills’)

• Proficiency in working with different programming languages (‘pro-
gramming language experience’)

• The ability to use a creative process to explore feelings, ideas and
questions, together with making use of and benefiting from resources
(‘creative exploration and exploitation’)

Further, within each primary category, we ranked and identified dominant
capability measures by using FSC-2. These ranks are presented under FSC-2
in Table 3.11 and Table 3.12. The details pertaining to which capability
measures were rated more relevant and how agile practitioners perceived the
relevance of team level measures from SE literature, are discussed as follows:

Insights from professional category:

• The top five measures which were indicated as HR by at least 43% of
the respondents:

◦ Growth (‘active learning and improvement’(TC.P.5.1) and ‘ad-
vancement’ (TC.P.5.2))

◦ Business excellence (‘result-orientation’ (TC.P.3.2))
◦ Team experience (‘programming language experience’ (TC.P.1.4))
◦ ‘Clear goals’ (TC.P.6.1)

• The list of measures that were not familiar to more than 5% of the
respondents:

◦ Agile capability (‘conscious sensitivity’ (TC.P.2.1))
◦ Business excellence (‘effectiveness’ (TC.P.3.1))
◦ ‘Team buy-in’ (TC.P.6.3)
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• Details of how agile practitioners perceived the relevance of measures
which were widely discussed in SE literature [11] :

◦ In relation to the experience of a team, ‘customer experience’
(TC.P.1.1), ‘domain knowledge experience’ (TC.P.1.2), ‘genera-
tional experience’ (TC.P.1.3), ‘programming language experience’
(TC.P.1.4) and ‘experience with tools’ (TC.P.1.5) were discussed
by two studies [35],[36]. The dominant measure among them was
the ‘programming language experience’ of a team. It was consid-
ered as relevant by 76% of the respondents, among whom, 43%
regarded it as HR. Next, a team’s skill in working with various
software tools and project management tools (‘experience with
tools’) was regarded as relevant by around 76% of the respondents
(HR=38%), followed by, the ‘domain knowledge experience’ of
a team, which was considered as relevant by around 78% of the
respondents (HR=35%). A team’s skill in seeing customer’s per-
spective and acting accordingly (‘customer experience’) was con-
sidered as relevant by around 56% of the respondents (HR=16%)
and a team’s experience with various phases of development of
a software product (‘generational experience’) was considered as
relevant by around 63% of the respondents (HR=10%).

◦ The measure concerning expert skills or knowledge in a particular
field possessed by a team (‘expertise’ (TC.P.6.4)) was discussed
by two studies [35],[37]. This measure was considered as relevant
by around 76% of the respondents (HR=36%).

Insights from social category:

• The top five measures which were indicated as HR by at least 38% of
the respondents:

◦ ‘Cooperation’ (TC.S.1.6)

◦ ‘High motivation’ (TC.S.1.2)

◦ ‘Communication skills’ (TC.S.1.5)

◦ ‘Morale’ (TC.S.1.1)

◦ ‘Value diversity’ (TC.S.1.3)
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• ‘Cohesion’ (TC.S.1.7), the degree to which team members want to
contribute to the group in order to continue as a functioning work
unit, was the only measure that was not familiar to more than 5% of
the respondents.

• Details of how agile practitioners perceived the relevance of measures
which were widely discussed in SE literature [11]:

◦ The measure concerning the desire and energy in a team to be
continually interested and committed towards attaining a goal
(‘high motivation’ (TC.S.1.2)) was discussed by three studies [30],
[36], [37]. It was considered as relevant by 90% of the respondents,
among whom, 50% considered it to be HR.

◦ The measure concerning a team’s ability to work together (‘Co-
operation’ (TC.S.1.6)) was discussed by two studies [36], [81]. It
was considered as relevant by 95% of the respondents, among
whom, 60% regarded it as HR.

Insights from innovative category:

• The measures ‘creative exploration and exploitation’ (TC.I.1.1) and
‘foresight’ (TC.I.1.2) were discussed by one study [27]. The dominant
measure among them was ‘foresight’, which was considered as relevant
by 86% of the respondents (HR=35%), followed by, creative explo-
ration and exploitation, which was regarded as relevant by 85% of the
respondents.

A Venn diagram (see Figure 3.7) presents a summary of how agile
practitioners perceived the relevance of team capability measures, especially
the ones that were widely discussed in SE literature. From Figure 3.7, we can
clearly see that more than 75% of the respondents regarded the dominant
measures from state of the art (except TC.P.1.1 and TC.P.1.3) to be relevant
for representing the capability of an agile team.

3.4.2.3 RQ.3) What (if any) are the differences in the relevance levels
of capability measures indicated by various sub-groups?

Differences in the ratings of the capability measures across different sub-
groups were analyzed by means of the Kruskal–Wallis test (K-W test), a
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Figure 3.7: Practitioners’ perception of team capability measures that were
widely discussed in SE literature

non-parametric statistical method that compares independent groups of
sample data. To facilitate the analysis, respondents’ demographic data was
used to segregate the survey responses into sub-groups. Since the K-W test
requires the sample size of each group to be at least five [82], the sub-groups
with too few observations (less than five) were omitted from this test.

Our null hypothesis for K-W test is, there will not be a difference between
the perceptions of groups of respondents in relation to capability measures
assessment. In cases where the null-hypothesis was rejected and a significant
difference was noticed, the Dunn’s test of multiple comparisons based on
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using rank sums with Bonferroni correction [83] was used to examine which
of the sub-groups significantly (significance level was set to 0.05) differed
from the rest.

We further computed epsilon square (ε2) to report the effect size [84]
whenever the grouping variable has an effect on the ordinal-scale variable
under observation. According to Rea and Parker [85], the following are the
interpretations for ε2 value: weak effect (0.01 < ε2 < 0.04), moderate (0.04
< ε2 < 0.16), relatively strong (0.16 < ε2 < 0.36), strong (0.36 < ε2 < 0.36)
and very strong (0.64 < ε2 < 1).

RQ.3.1) Grouping criterion 1: Respondents’ organizational domain

On the basis of the details of respondents’ organizational domain(s) from
Table 3.5, we identified two domains (ICT and Web applications) with at
least five observations. The rest of the observations from Table 3.5 were
grouped under ‘other’ category, thus, effectively leading to three sub-groups:
ICT (n= 31), Web applications (n= 5) and other (n= 24).

By employing a series of K-W tests, we identified two individual capabil-
ity measures where the organizational domain of the respondents had a
significant (p < .05) moderate effect on their perceptions (see Table 3.13.
Note: Individual Capability (IC) measures can be distinguished from the
Team Capability (TC) measures by ID). Post-hoc tests using Dunn’s test
with Bonferroni correction showed significant differences between ICT group
and other group (p < .05). Respondents associated with ICT domain per-
ceived ‘feeling’ (IC.S.4.7) to be significantly more relevant than other group.
Whereas, in the case of ‘intelligent risk taking’ (IC.I.5.2), respondents from
‘other’ group perceived the measure to be more relevant than ICT group.

Next, K-W tests in relation to team capability measures showed that orga-
nizational domain had a significant moderate effect on how practitioners
perceived operational excellence measures (see Table 3.13). Post-hoc tests
showed that members from Web applications group considered ‘sustainable
efficiency’ (TC.P.4.1) to be significantly more relevant than ICT group mem-
bers. Whereas, in the case of ‘consistent predictability’ (TC.P.4.2), Web
applications group perceived the measure to be more relevant than the other
group.

RQ.3.2) Grouping criterion 2: ASD method adopted by respondents’
team
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Table 3.13: Results of K-W test: cases where organizational domain had a
significant effect on responses

ID Sub-
category

Capability
measure

p – value
(K-W
test)

Epsilon
square
(ε2)

Groups that
significantly
differ

p - value
(Dunn’s
test)

IC.S.4.7 Personal Feeling 0.019 0.134 ICT - Other 0.015

IC.I.5.2 Managing
change

Intelligent
risk-taking 0.02 0.131 ICT - Other 0.018

TC.P.4.1 Operational
excellence

Sustainable
efficiency 0.02 0.132 ICT - Web

applications 0.017

TC.P.4.2 Operational
excellence

Consistent
predictability 0.02 0.133

Web
applications
- Other

0.015

We inspected the details of the ASD methodologies used at respondents’
organizations (see Table 3.6) and segregated their responses into three
sub-groups: Scrum (n=41), Kanban (n=8) and Scrumban (n=5). Upon
performing a sequence of K-W tests, in the case of eight individual capability
measures, we observed that the ASD methodology employed by respondents
had a significant moderate effect on their perceptions (see Table 3.14). More
importantly, we observed that ASD methodology had a relatively strong
effect on how respondents perceived the measure concerning proficiency in
developing software release plan (‘manage software releases’ (IC.P.11.3)).
Post-hoc tests conducted in relation to the nine measures (including IC.P.11.3)
showed that the respondents adhering to Scrumban perceived the measure
‘feeling’ (IC.S.4.7) to be significantly more relevant than the Scrum group
and the respondents adhering to Kanban perceived the rest of the eight
measures to be significantly more relevant than the Scrum group.

Subsequently, a series of K-W tests with respect to team capability mea-
sures showed that ASD methodology had a relatively strong effect on how
practitioners perceived the relevance of team level ‘communication skills’
(TC.S.1.5). A post-hoc test showed that the Kanban group members re-
garded ‘communication skills’ as significantly more relevant than the Scrum
group.

RQ.3.3) Grouping criterion 3: Respondents’ primary role

Looking into the details of the respondents’ primary role (see Table 3.7), we
segregated their responses into four sub-groups: CI engineer (n=5), Scrum
master (n=5), developer (n=41) and tester (n=5). A series of K-W tests
indicated that the respondents’ primary role had a significant relatively strong
effect (see Table 3.15) on how they regarded the ‘collaborating’ (IC.I.3.3)
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Table 3.14: Results of K-W test: cases where ASD methodology had a
significant effect on responses

ID Sub-
category

Capability
measure

p-value
(K-W
test)

Epsilon
square
(ε2)

Groups that
significantly
differ

p-value
(Dunn’s
test)

IC.P.10.3
Software
security
and safety

Quality 0.044 0.118 Scrum - Kanban 0.037

IC.P.11.3
Software
configuration
management

Manage
software
releases

0.002 0.227 Scrum - Kanban 0.002

IC.P.13.1 Miscellaneous Prior work
experience 0.017 0.153 Scrum - Kanban 0.036

IC.P.13.5 Miscellaneous Planning
skills 0.047 0.115 Scrum - Kanban 0.046

IC.S.4.7 Personal Feeling 0.037 0.124 Scrum – Scrumban 0.034

IC.S.4.20 Personal
Desire to
improve
things

0.019 0.15 Scrum - Kanban 0.026

IC.I.1.1 Creativity Generating
ideas 0.026 0.137 Scrum - Kanban 0.026

IC.I.2.3 Enterprising
Gathering and
evaluating
information

0.022 0.143 Scrum - Kanban 0.018

IC.I.3.4 Integrating
perspectives

Engaging in
non-work
related interests

0.049 0.114 Scrum - Kanban 0.049

TC.S.1.5 Social Communication
skills 0.009 0.18 Scrum - Kanban 0.008

measure. Interestingly, all the CI engineers regarded the collaborating
measure to be relevant and all the Scrum masters perceived it to be highly
relevant. Whereas, in the case of responses for ‘managing the future’ (IC.I.4.3)
measure, the primary role of the respondents had a significant moderate
effect. The Scrum masters regarded it as significantly more relevant than the
CI engineers. Further, we observed that the respondents’ primary role had
a relatively strong effect on how they perceived a team’s ‘experience with
programming languages’ (TC.P.1.4). A post-hoc test showed that Scrum
masters regarded the ‘programming language experience’ as significantly
more relevant than CI engineers.

RQ.3.4) Grouping criterion 4: Respondents’ work experience

We inspected the details of work experience reported by the respondents
(see Figure 3.4) and segregated their responses into five sub-groups: three or
less than four [3, 4) years (n=6), four or less than five [4, 5) years (n=21),
five or less than six [5, 6) years (n=21), six or less than seven [6, 7) years
(n=5) and more than 7 years (n=6). By employing a series of K-W tests,
we identified four individual capability measures where respondents’ work
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Table 3.15: Results of K-W test: cases where primary role had a significant
effect on responses

ID Sub-
category

Capability
measure

p-value
(K-W
test)

Epsilon
square
(ε2)

Groups that
significantly
differ

p-value
(Dunn’s
test)

IC.I.3.3 Integrating
perspectives Collaborating 0.016 0.194 CI engineer

- Scrum master 0.03

IC.I.4.3 Forecasting Managing the
future 0.039 0.158 CI engineer

- Scrum master 0.044

TC.P.1.4 Team expe-
rience

Programming
language
experience

0.032 0.166 CI engineer
- Scrum master 0.04

experience had a significant relatively strong effect on their perceptions (see
Table 3.16).

Post-hoc tests conducted in relation to the human-computer interaction
measures showed that the respondents who had six or less than seven
years of experience perceived the ‘interaction style design’ (IC.P.6.2) and
‘visual design’ (IC.P.6.3) measures to be significantly more relevant than
respondents who had [3, 4) years of experience. Post-hoc tests conducted in
relation to personal sub-category measures showed that the respondents who
had [5, 6) years of experience considered the measure ‘thinking’ (IC.S.4.6)
to be significantly more relevant than respondents who had [3, 4) years of
experience. Similarly, in the case of maintaining ‘big picture’ view (IC.S.4.22),
respondents who had [5, 6) years of experience considered the measure to
be significantly more relevant than respondents who had [4, 5) years of
experience. With respect to the aforementioned measures, among the sub-
groups where significant differences were noticed, we observed that the
perceived relevance was directly proportional to the experience of the group.

Additionally, we observed that the respondents’ work experience had a
relatively strong effect on how they perceived a team’s ability to judge future
events (‘foresight’ (TC.I.1.2)). A post-hoc test showed that respondents
who had [6, 7) years of experience considered the measure ‘foresight’ to be
significantly more relevant than respondents who had more than seven years
of experience.

RQ.3.5) Grouping criteria 5: Respondents’ team size

We used the details of respondents’ team size, reported in Figure 3.3, to
segregate the responses into three sub-groups: less than or equal to five [1,
5] members (n=16), six to 10 [6, 10] members (n=33) and 11 to 15 [11, 15]
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Table 3.16: Results of K-W test: cases where work experience had a signifi-
cant effect on responses

ID Sub-category Capability
measure

p-value
(K-W
test)

Epsilon
square
(ε2)

Groups that
significantly
differ

p-value
(Dunn’s
test)

IC.P.6.2 Human-computer
interaction

Interaction
style design 0.022 0.2 [3, 4) – [6, 7) 0.011

IC.P.6.3 Human-computer
interaction Visual

design
0.008 0.241 [3, 4) – [6, 7) 0.006

IC.S.4.6 Personal Thinking 0.011 0.228 [3, 4) – [5, 6) 0.028

IC.S.4.22 Personal
Maintaining
‘big picture’
view

0.021 0.203 [4, 5) – [5, 6) 0.017

TC.I.1.2 Innovative Foresight 0.033 0.183 [6, 7) – > 7 0.042

members (n=8). Upon performing a sequence of K-W tests, in the case of
four individual capability measures, we observed that respondents’ team size
had a significant moderate effect on their perceptions (see Table 3.17).

A post-hoc test conducted in relation to the ‘software requirements spec-
ification’ proficiency (IC.P.1.3) showed that the respondents whose teams
consisted [10, 15] members perceived the measure to be significantly more
relevant than respondents whose team had [1, 5] members. Further, in rela-
tion to the other three individual capability measures (IC.P.3.3, IC.S.1.4 and
IC.S.2.3), the respondents whose teams consisted [6, 10] members perceived
the measures to be significantly more relevant than respondents whose team
size was less than five.

Further, we observed that the respondents’ team size had a significant
moderate effect on how they perceived the team level capability measures:
‘conscious sensitivity’ (TC.P.2.1) and ‘value diversity’ (TC.S.1.3). A post-
hoc test showed that respondents whose teams consisted of [6, 10] members
perceived the ‘value diversity’ measure to be significantly more relevant than
the respondents whose teams had [1, 5] members. Similarly, the respondents
whose teams consisted [10, 15] members perceived the measure ‘conscious
sensitivity’ to be significantly more relevant than respondents whose team
size was less than five.

3.4.2.4 RQ.4) Which individual and team capability measures are
perceived as more relevant among various sub-groups?

Here, we examine the perceptions within sub-groups for figuring out which
measures were widely indicated as relevant for characterizing the capability
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Table 3.17: Results of K-W test: cases where team size had a significant
effect on responses

ID Sub-
category

Capability
measure

p-value
(K-W
test)

Epsilon
square
(ε2)

Groups that
significantly
differ

p-value
(Dunn’s
test)

IC.P.1.3 Software
requirements Specification 0.047 0.109 [1,5] - [10,15] 0.049

IC.P.3.3 Software system
engineering

Software-intensive
systems engineering 0.034 0.12 [1, 5] - [6, 10] 0.028

IC.S.1.4 Affective Work ethic 0.032 0.122 [1, 5] - [6, 10] 0.027

IC.S.2.3 Communication Questioning
skills 0.03 0.125 [1, 5] - [6, 10] 0.032

TC.P.2.1 Agile capabil-
ity

Conscious
sensitivity 0.048 0.108 [1,5] - [10,15] 0.041

TC.S.1.3 Social Value diversity 0.048 0.108 [1, 5] - [6, 10] 0.048

of an individual or a team. We resorted to the same sub-groups listed in
Section 3.4.2.3 (RQ.3) for answering this question. In order to facilitate
our analysis within sub-groups, for each capability measure, we calculate
the proportion of responses that were indicated as highly relevant (best
response), relevant (positive response), trivial (negative response) and highly
trivial (worst response).

More formally, let n(H), n(R), n(SR) and n(IR) denote the number of
HR, R, SR and IR responses received for a capability measure within a group.
We calculated the below-mentioned statistics [70] for different sub-groups
and determined the highest rated measures within each group by sorting all
the capability measures in terms of their HR-scores (descending), followed
by, R-scores (descending), T-scores (ascending) and HT-scores (ascending):

HR-score: The percentage of ratings (all ratings excluding IDK) that
were ‘highly relevant’

HR − score = n(H)
n(H)+n(R)+n(SR)+n(IR)

R-score: The percentage of ratings that were ‘relevant’

R − score = n(H)+n(R)
n(H)+n(R)+n(SR)+n(IR)

T-score: The percentage of ratings that were ‘trivial’

T − score = n(SR)+n(IR)
n(H)+n(R)+n(SR)+n(IR)
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HT-score: The percentage of ratings that were ‘highly trivial’

HT − score = n(IR)
n(H)+n(R)+n(SR)+n(IR)

RQ.4.1) Grouping criterion 1: Respondents’ organizational domain

Within the three sub-groups created based on respondents’ organizational
domain, the scores of capability measures in each sub-group were sorted
and a list of top measures (both individual and team level) was prepared.
However, due to space constraints, for RQ.4, we only present and discuss
the top five capability measures from each sub-group. These measures are
presented in Table 3.18, where, the ones that were common across all the
sub-groups are highlighted in bold. The key observations from Table 3.18
are presented as follows:

• The HR-score for ‘responsibility’ (IC.S.5.5) across the three sub-groups
was observed to be at least 0.70. This means, within each of the three
sub-groups, at least 70% of the ratings received for the measure indicate
it to be highly relevant for representing individual capability.

• At least 64% of the ratings from members of ICT group and other group
indicate the following social context measures to be highly relevant for
representing individual capability:

◦ Communication (‘listening skills’ (IC.S.2.2))
◦ Work ethics (‘motivation to work’ (IC.S.5.3))

• In relation to individual capability measures, members from the ICT
group and Web applications group commonly regarded ‘commitment’
(IC.S.5.4) to be highly relevant. Whereas, members from the Web
applications group and other group commonly considered the measure
‘team work oriented’ (IC.S.3.5) to be highly relevant.

• In relation to the team capability measures, the top five measures
identified from the Web applications group differed from the other two
sub-groups.

• Members from ICT group and other group commonly considered the
following measures to be highly relevant for representing team capability:

◦ Growth (‘active learning and improvement’ (TC.P.5.1))
◦ ‘Cooperation’ (TC.S.1.6) and ‘high motivation’ (TC.S.1.2)
◦ Business excellence (‘result-orientation’ (TC.P.3.2))
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Table 3.18: Top five rated individual and team capability measures; Grouping
criteria: Organizational domain

ICT Web applications Other

ID

H
R
-s
co
re

R
-s
co
re

ID

H
R
-s
co
re

R
-s
co
re

ID

H
R
-s
co
re

R
-s
co
re

IC.S.2.2 0.74 0.93 IC.S.3.4 1 1 IC.S.5.5 0.78 1
IC.S.5.5 0.7 1 IC.S.1.4 0.83 1 IC.S.5.3 0.77 0.95
IC.S.2.3 0.64 1 IC.S.3.5 0.83 1 IC.S.1.9 0.69 1
IC.S.5.4 0.64 1 IC.S.5.4 0.83 1 IC.S.2.2 0.69 0.95
IC.S.5.3 0.64 0.93 IC.S.5.5 0.83 1 IC.S.3.5 0.69 0.86

TC.P.5.1 0.58 0.93 TC.P.4.1 0.83 1 TC.P.5.1 0.65 0.95
TC.S.1.6 0.58 0.93 TC.S.1.5 0.83 1 TC.P.3.2 0.63 0.86
TC.P.6.1 0.54 0.9 TC.P.1.4 0.83 0.83 TC.S.1.6 0.6 0.95
TC.S.1.2 0.51 0.93 TC.P.2.2 0.66 1 TC.P.5.2 0.54 0.9
TC.P.3.2 0.5 0.93 TC.P.3.1 0.66 1 TC.S.1.2 0.54 0.9

RQ.4.2) Grouping criterion 2: ASD method adopted by respondents’
team

Within the three groups created based on the ASD methodology adopted
at respondents’ organization, the list of top measures from each sub-group
is presented in Table 3.19 and the key observations from the table are as
follows:

• Within each of the three sub-groups, at least 68% of the ratings re-
ceived for ‘listening skills’ (IC.S.2.2) indicate it to be highly relevant for
representing individual capability.

• Members adhering to Scrum and Kanban practices commonly considered
‘responsibility’ (IC.S.5.5) to be highly relevant for representing individual
capability.

• Within each of the three sub-groups, at least 58% of the ratings re-
ceived for ‘cooperation’ (TC.S.1.6) and ‘active learning and improvement’
(TC.P.5.1) indicate the measures to be highly relevant for representing
team capability.

• Members adhering to Scrum and Scrumban practices commonly con-
sidered the measure ‘advancement’ (TC.P.5.2) to be highly relevant for
representing team capability.

RQ.4.3) Grouping criterion 3: Respondents’ primary role

Within the four groups created based on the primary role of the respondents,
the list of top measures from each sub-group is presented in Table 3.20 and
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Table 3.19: Top five rated individual and team capability measures; Grouping
criteria: ASD methodology

Scrum Kanban Scrumban
ID

H
R
-s
co
re

R
-s
co
re

ID

H
R
-s
co
re

R
-s
co
re

ID

H
R
-s
co
re

R
-s
co
re

IC.S.5.5 0.68 1 IC.S.4.20 1 1 IC.S.2.2 0.8 1
IC.S.2.2 0.68 0.92 IC.S.5.5 1 1 IC.S.3.1 0.8 1
IC.S.3.5 0.65 0.97 IC.I.2.3 1 1 IC.S.4.1 0.8 1
IC.S.5.3 0.65 0.9 IC.P.10.3 0.87 1 IC.S.4.6 0.8 1
IC.S.2.3 0.63 1 IC.S.2.2 0.87 1 IC.S.4.15 0.8 1

TC.P.5.1 0.6 0.92 TC.S.1.5 1 1 TC.P.4.2 0.6 1
TC.S.1.6 0.58 0.95 TC.S.1.6 0.87 1 TC.P.5.1 0.6 1
TC.P.6.1 0.57 0.92 TC.I.1.2 0.85 1 TC.P.5.2 0.6 1
TC.P.3.2 0.56 0.97 TC.P.5.1 0.75 1 TC.P.6.4 0.6 1
TC.P.5.2 0.53 0.92 TC.P.3.1 0.75 0.87 TC.S.1.6 0.6 1

the key aspects from the table are as follows:

• At least 67% of the ratings from CI engineer group and developer group
indicate the following measures to be highly relevant for representing
individual capability:

◦ Work ethics (‘motivation to work’ (IC.S.5.3))
◦ Enterprising (‘seeking improvement’ (IC.I.2.2))

• Among CI engineers, Scrum masters and developers, at least 70% of the
ratings received for ‘responsibility’ (IC.S.5.5) indicate it to be highly
relevant for representing individual capability.

• In relation to individual capability measures, members from CI engineer
group and Scrum master group commonly regarded ‘team participation
skills’ (IC.S.1.9) to be highly relevant. Whereas, members from developer
and tester sub-groups commonly considered the measure ‘questioning
skills’ (IC.S.2.3) to be highly relevant.

• At least 50% of the ratings from Scrum master group and tester group
indicate the following measures to be highly relevant for representing
team capability:

◦ Business excellence (‘effectiveness’ (TC.P.3.1))
◦ Growth (‘advancement’ (TC.P.5.2))

• Among the top five ranked measures from CI engineers and developers,
the measure ‘cooperation’ (TC.S.1.6) was observed to be common, where
at least 60% of the ratings received for the measure regarded it to be
highly relevant. Whereas, among CI engineers and testers, at least 50%
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Table 3.20: Top five rated individual and team capability measures; Grouping
criteria: Primary role

CI engineer Scrum master Developer Tester

ID

H
R
-s
co
re

R
-s
co
re

ID

H
R
-s
co
re

R
-s
co
re

ID

H
R
-s
co
re

R
-s
co
re

ID

H
R
-s
co
re

R
-s
co
re

IC.S.1.9 0.8 1 IC.S.1.9 1 1 IC.S.2.2 0.73 0.95 IC.P.4.7 0.75 1
IC.S.5.3 0.8 1 IC.S.3.4 1 1 IC.S.5.5 0.7 1 IC.P.4.8 0.75 1
IC.S.5.5 0.8 1 IC.S.4.16 1 1 IC.S.3.5 0.68 0.95 IC.S.1.5 0.75 1
IC.I.2.2 0.8 1 IC.S.5.4 1 1 IC.S.5.3 0.67 0.95 IC.S.2.3 0.75 1
IC.P.1.2 0.6 1 IC.S.5.5 1 1 IC.S.2.3 0.65 1 IC.S.4.1 0.75 1

TC.S.1.3 0.8 1 TC.P.1.4 1 1 TC.S.1.6 0.63 0.97 TC.I.1.2 0.75 1
TC.P.3.3 0.6 1 TC.P.3.1 1 1 TC.P.5.1 0.63 0.97 TC.P.5.2 0.75 0.75
TC.S.1.1 0.6 1 TC.P.3.2 1 1 TC.P.6.1 0.6 0.87 TC.P.3.1 0.5 1
TC.S.1.2 0.6 1 TC.P.5.2 1 1 TC.P.3.2 0.58 0.94 TC.P.6.1 0.5 1
TC.S.1.6 0.6 1 TC.P.1.5 0.75 1 TC.S.1.5 0.51 0.87 TC.S.1.1 0.5 1

of the ratings received for the measure ‘morale’ (TC.S.1.1) indicate it to
be highly relevant for representing team capability.

• Among the top five ranked measures from developers and testers, the
measure ‘clear goals’ (TC.P.6.1) was observed to be common, where at
least 50% of the ratings received for the measure indicate it to be highly
relevant. Whereas, among developers and Scrum masters, at least 58%
of the ratings received for the measure ‘result-orientation’ (TC.P.3.2)
indicate it to be highly relevant for representing team capability.

RQ.4.4) Grouping criterion 4: Respondents’ work experience

Among the five sub-groups created based on the respondents’ work experience,
the list of top measures from each sub-group is presented in Table 3.21 and
the key aspects from the table are discussed as follows:

• Within each of the five sub-groups, at least 66% of the ratings received for
‘responsibility’ (IC.S.5.5) indicate it to be highly relevant for representing
individual capability.

• At least 61% of the ratings from [3, 4) years and [4, 5) years sub-groups
indicate the following measures to be highly relevant for representing
individual capability:

◦ Work ethics (‘motivation to work’ (IC.S.5.3))
◦ Communication (‘listening skills’ (IC.S.2.2))
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• Within each of the five sub-groups, at least 52% of the ratings received for
‘cooperation’ (TC.S.1.6) indicate it to be highly relevant for representing
team capability.

RQ.4.5) Grouping criterion 5: Respondents’ team size

Among the three sub-groups created based on the team size of respondents,
the list of top measures from each group is presented in Table 3.22 and the
key aspects from the table are discussed as follows:

• Within each of the three sub-groups, at least 68% of the ratings re-
ceived for ‘responsibility’ (IC.S.5.5) indicate it to be highly relevant for
representing individual capability.

• In relation to individual capability measures, teams with [1, 5] members
and [6, 10] members commonly regarded ‘desire to improve things’
(IC.S.4.20) to be highly relevant. Whereas, teams with [6, 10] members
and [11, 15] members commonly considered the measure ‘listening skills’
(IC.S.2.2) to be highly relevant.

• Among the three sub-groups, at least 50% of the ratings received for
‘result-orientation’ (TC.P.3.2) indicate it to be highly relevant for repre-
senting individual capability.

• At least 56% of the ratings from teams with [1, 5] members and [6,
10] members indicate the following measures to be highly relevant for
representing team capability:

◦ Growth (‘active learning and improvement’ (TC.P.5.1))
◦ ‘Cooperation’ (TC.S.1.6)

• Teams with [6, 10] members and [11, 15] members commonly considered
‘advancement’ (TC.P.5.2) to be highly relevant for representing team
capability.

3.4.2.5 RQ.5) In addition to the list of capability measures specified
in the questionnaire, what are the other additional measures
that agile practitioners think are relevant for characterizing
individual and/or team capability?

In total, 10 respondents answered the open-ended questions from the last
section of the questionnaire and among them, eight respondents indicated
additional measures in relation to individual capability and three respondents
indicated measures in relation to team capability. Due to the small number
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Table
3.21:
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ID

HR-score
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1
1
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1
1
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1
1
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Table 3.22: Top five rated individual and team capability measures; Grouping
criteria: Team size

[1, 5] members [6, 10] members [11, 15] members
ID

H
R
-s
co
re

R
-s
co
re

ID

H
R
-s
co
re

R
-s
co
re

ID

H
R
-s
co
re

R
-s
co
re

IC.S.5.5 0.68 1 IC.S.2.2 0.81 0.96 IC.S.3.4 0.87 1
IC.S.3.5 0.68 0.93 IC.S.5.3 0.78 0.96 IC.S.4.20 0.75 1
IC.S.4.20 0.68 0.87 IC.S.2.3 0.75 1 IC.S.4.21 0.75 1
IC.S.1.9 0.62 1 IC.S.5.5 0.75 1 IC.S.5.5 0.75 1
IC.I.2.1 0.62 0.93 IC.S.5.4 0.69 1 IC.I.2.2 0.75 1

TC.P.5.1 0.62 0.87 TC.S.1.6 0.63 0.93 TC.P.5.2 0.75 1
TC.S.1.6 0.56 0.93 TC.P.5.1 0.57 0.96 TC.P.3.2 0.75 0.87
TC.P.6.1 0.56 0.81 TC.S.1.2 0.57 0.93 TC.P.2.2 0.62 0.87
TC.S.1.5 0.56 0.75 TC.P.3.2 0.54 0.93 TC.I.1.2 0.62 0.87
TC.P.3.2 0.5 0.93 TC.P.5.2 0.54 0.9 TC.I.1.1 0.62 0.75

of responses received for the open-ended questions, there was no need to
perform coding or qualitative analysis for these responses.

We observed that the context of some of the measures indicated by the
respondents corresponded to the measures already existing in the question-
naire. In light of our questionnaire presenting more than 160 capability
measures, we believe it would be difficult for respondents to retain all the
measures in short-term memory. Upon comparing the responses of open-
ended questions with existing measures from our SLR, we identified seven
additional individual capability measures and one team capability measure
(see Table 3.23).

In relation to individual capability measures, the following measures
were indicated by no more than one respondent: the quality of relying on
one’s resources without needing support from other people (‘self-reliance’),
proficiency in local language to engage in informal conversations with others,
the ability to prioritize when multiple tasks are allocated, proficiency in
reviewing code written by others and the pace at which a person works.

Additionally, two respondents indicated the quality of being able to
adjust to new or changing technologies as a measure of individual capability.
Although this measure appears to be identical to ‘flexibility’ (IC.S.5.1), we
believe being able to adapt is associated with long-term changes, as opposed
to being flexible, which is associated with more short-term alterations. Fur-
ther, a person’s ability to optimize existing solutions/systems was indicated
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Table 3.23: Additional capability measures identified from open-ended ques-
tions

Individual capability measures
Self-reliance
Proficiency in local language for communication
Task prioritization
Proficiency in code reviewing
Work pace
Ability to optimize existing solutions/systems
Ability to adapt to changing technologies

Team capability measures
Ability to make decisions

by two respondents. This seemed to be a professional capability measure that
is analogue to the measure ‘desire to improve things’ (IC.S.4.20). Finally, in
relation to team capability measures, two respondents indicated a team’s
ability to make decisions as a measure relevant for representing the team’s
capability.

3.5 Threats to validity

This section discusses some of the threats that could affect the validity of
our results.

Construct validity: This threat relates to the issues that might arise
because of improper design of the survey instrument. In order to ensure
that the instrument properly measures what it is supposed to measure, we
requested two experienced external reviewers who had experience with ASD
to assess our questionnaire. Their suggestions regarding presentation and
clarity were duly addressed. We were unable to identify any survey similar
to ours that could have been employed to help assess our instrument for
criterion validity [49]. We believe the threat related to construct validity
has been mitigated as our instrument was iteratively designed and updated
based on the results from our SLR [11].

Internal validity: This threat relates to the issues with confounding
factors or irrelevant respondents that could potentially introduce a system-
atic error or bias in the study results. The following steps were taken to
mitigate this threat: (1) The survey homepage as well as invitation explicitly
mentioned that the survey was intended for seeking the opinions of prac-
titioners with actual experience of working in agile teams. Besides asking
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respondents about their experience, we also inquired about their team size
and ASD methods practiced in their team. All the 60 respondents answered
these questions. (2) In order to minimize the evaluation apprehension of
respondents, they were explicitly informed that there were no right or wrong
answers and were also assured of their anonymity.

External validity: This threat relates to the generalizability of the
study findings. Since we recruited subjects based on convenience sampling,
our results would only be applicable to those agile teams and organizational
domains that share similar characteristics to our sample of respondents.
However, steps such as employing social-media and a snowball approach
were adopted to acquire a broader representative sample. We believe these
steps aided in obtaining a sample that was quite heterogeneous in terms of
experience and job role.

Further, as some grouping criteria were observed to have a medium
effect size on the perceptions of respondents, there is an indication that the
differences observed in our findings would not occur in some agile teams
under similar context. However, expanding this research by recruiting a
bigger sample could help in uncovering differences that can be representative
for agile teams.

Conclusion validity: This threat relates to the possibility of arriving
at incorrect conclusions due to errors emanating from inadequate statistical
tests. In order to point out potential areas for future research, in this
study, we majorly used frequencies and percentages to analyze respondents’
perceptions. Moreover, as K-W test requires each group under consideration
to have at least five observations [82], while studying the differences between
sub-groups in our study, only the groups whose size was greater than or
equal to five were considered for our analysis.

3.6 Discussion

In this section, we discuss the main findings from our research questions
together with the implications of our findings for research and industrial
practice.

In our study, the response rate obtained for the original sampling frame
(17%) was observed to be in line with other surveys that targeted at gathering
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agile practitioners’ perceptions (for example: [6], [37], [86]). In a field such as
SE, where the sampling frame is likely to be small [44], we believe the response
rate of 17% is fair, especially in light of the length of our questionnaire
and the relatively small sampling frame employed. The respondents in our
study were not only experienced professionals, but also were associated with
diverse roles and domains. This makes our results applicable to a wider
audience.

Upon analyzing the perceptions among the sample of respondents, for the
majority of the capability measures from Table 3.8 through Table 3.12, we
observed the lowest percentage of ratings in the ‘irrelevant’ column. However,
we should probably not infer much from those small numbers because doing
so presents a very strong statement [44].

By inspecting other columns from the aforementioned tables, we noticed
that, except for five measures, every other individual and team capability
measure was indicated as relevant by more than 50% of the respondents.
Thus, we observed the capability measures to be prevalent among agile
practitioners and the results from our survey bestows greater confidence in
the pertinence of our SLR findings to the area of capability measurement in
ASD. We further believe that using multiple sources of information (literature
and agile practitioners) and multiple research methods (SLR and survey) to
understand a phenomena (capability measurement) leads to more accurate
results and conclusions.

Four individual capability measures that failed to earn the ‘approval’
of more than 50% of the respondents were: years in company, mixes per-
sonal and work goals, introversion and feeling. Colomo-Palacios et al. [78]
considered years in a company and total work experience of a person as
factors that contribute towards forming the most suitable team for a work
package. However, our results indicate that practitioners perceived the
number of years spent in a company as trivial in relation to an agile team
member’s capability. For this reason, we have not categorized the sample of
respondents on the basis of years in a company while answering RQ.3 and
RQ.4.

Besides ‘years in a company’, the majority of the respondents also
regarded the measure ‘mixes personal and work goals’ as trivial. Although
a person’s quality of associating personal goals and work goals was reported
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in a competency model as a measure of individual capability [16], we think
that, in our study, some of the respondents might have perhaps foreseen the
risk of neglecting work goals under the circumstances where the motive of
personal gain overrides the achievement of work objectives.

The other two measures considered trivial pertain to an individual’s
personality. We observed that practitioners’ impression about ‘feeling’ per-
sonality dimension was in line with the findings from former SE studies. A
study that investigated the differences in personality types among software
developers who used agile and non-agile methodologies, reported ‘feeling’
personality dimension to be more dominant among developers practicing
non-agile methodologies [79]. Additionally, another study reported that
people with ‘thinking’ personality type can write more efficient code than
people with ‘feeling’ personality type [87]. The view of respondents regarding
‘introversion’ does not come as a surprise as introverts tend to communicate
within smaller groups and often respond to conversation rather than staring
it [88]. Such characteristics would obviously be less favored within agile
teams which require more social interactions [89].

Interestingly, in the case of extraversion, we observed an equal split of
responses within the sample. Upon reviewing former SE literature, we noticed
that while extroverted professionals were credited for being communicative,
making extroversion a preferable personality type for agile teams, extrovert
professionals on the other hand, were also reported to be relatively impatient
on complex software development tasks where they expressed themselves
to be intolerant to slow project velocities [89]. This could perhaps be a
plausible explanation for the differences among practitioners’ perceptions on
extraversion dimension.

Among all the capability measures, responsibility and questioning skills
were indicated by the whole sample to be relevant for representing individual
capability. The reason for this could be attributed to the principles of agility,
which promote shared responsibility and self-management among team
members. Agile practices encourage voluntary and proactive participation
of all team members [90],[91]. In specific, self-management is a defining
characteristic for Scrum methodology where a team is accorded full authority
for deciding about ways to achieve goals [78], [92]. Since the majority (68%)
of the respondents in our study adopted Scrum practices in their work,
the significant authority and responsibility delegated to them would have
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perhaps influenced their perception of responsibility and questioning skills.

On the other hand, the team level aspects: ‘cooperation’, ‘active learning
and improvement’, ‘communication skills’, ‘programming language experi-
ence’ and ‘creative exploration and exploitation’, were observed to be top
rated measures for representing team capability. These findings were in
accordance with former SE studies where researchers emphasized on the
importance of team level ‘cooperation’ [38],[81] and ‘programming language
experience’ [35],[36]. Besides that, the aforementioned five factors have been
reported to affect the performance [27], [81] and productivity [35], [38] of
an agile team and this could perhaps be the reason why the measures were
perceived to be highly crucial for determining team capability.

By grouping respondents based on demographics, we explored whether
there were significant differences between the perceptions of sub-groups. In
cases where we observed a difference, effect size was calculated to determine
how likely such differences can be observed in other studies. Criteria such
as ASD methodology, primary role and work experience had a relatively
strong effect on how respondents perceived some capability measures. On
comparing the results among the aforementioned three criteria, we noticed
that work experience of respondents had a significant relatively strong effect
on the perceptions of the majority of the capability measures (four individual
capability measures and one team capability measure). However, since some
sub-groups in our study comprised a small sample, we cannot generalize our
findings without further investigation. With respect to the contribution of
our findings to research, the strong effect sizes observed in our study indicate
that the differences between sub-groups are highly likely to be observed in
other investigations that will be executed within an ASD context.

We inspected and compared the tables in Section 3.4.2.4 to find highly
regarded capability measures that were common across sub-groups. We
observed the individual capability measure ‘responsibility’ to be common
among the sub-groups created based on organizational domain, work experi-
ence and team size. Whereas among team capability measures, we observed
‘cooperation’ to be common among all the sub-groups created based on ASD
method and work experience. These findings were observed to be in line with
the aforementioned highly regarded capability measures from the overall
sample.
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Theoretical and practical implications: In relation to recruiting 
subjects for surveys, attention has to be devoted for searching and contacting 
potential subjects. The issue would be more critical for studies where the 
target population is limited or restricted. Although social-media usage has 
become ubiquitous, currently there are no clear and established standards for 
identifying survey subjects [64], [65]. In this regard, the details of our second 
phase of recruiting subjects could stand as a good reference to researchers 
who intend to recruit people possessing a specific set of skills or competencies. 
We recommend the interested parties to team up with senior researchers and 
experienced practitioners who have diverse connections over social media in 
order to perform a robust search.

The strong effect of criteria such as organizational domain, ASD method-
ology, primary role and work experience of agile practitioners observed in 
our analysis, create venues for further research so to help generalize our 
findings to a  wider context where development is carried out by teams using 
agile techniques. In order to facilitate this, the capability measures that 
were perceived differently across sub-groups (see Section 3.4.2.3) can be used to 
formulate hypotheses that can be tested by recruiting a sample whose size is 
larger than the one in our current study.

In practice, we think our study could be useful to managers while 
forming teams and assigning tasks to a team. In light of capability measures 
vetted by agile practitioners, we suggest software organizations to maintain 
a competence repository of their employees and to vividly incorporate 
individual and team capability measures while assigning professionals to a 
team and while selecting a team to address project requirements. This could 
perhaps be facilitated by employing a capability-centric agile support tool 
[34]. Adopting such a tool coordinates assessment of capability measures, 
team composition and task allocation.

Given the validity threats to our study, we think it would be worthwhile 
for practitioners to investigate whether the differences between the percep-
tions of sub-groups uncovered in our analysis are valid in their organization. 
We believe the scores computed in Section 3.4.2.4 could perhaps be used 
in an organization for identifying the skills valued by different sub-groups. 
Doing so could be beneficial during recruitment of a  new professional to a 
role.
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The capabilities of software professionals influence team performance
[14], [93], [94] and also affect software quality [95], [96]. So, a promising
and relevant research direction for future work would be to see how the
individual and team capability measures could be used as predictors for
forecasting team performance and product quality. Such an investigation
not only aid in gathering empirical evidence but also help in exploring the
causal relations with respect to the impact of capability measures on product
quality and team performance.

3.7 Conclusion

This paper presents the results of an empirical study that was executed to
understand which individual and team level measures would be appropriate
for characterizing the capability of an agile team and its members. The
study employed a survey procedure and used an online questionnaire as
instrument for collecting responses from agile practitioners across different
organizations and countries.

Upon analyzing the survey responses, non-technical skills such as ‘re-
sponsibility’, ‘listening skills’ and ‘questioning skills’ emerged as the top
capability measures, which were indicated by at least 63% of respondents as
highly relevant for characterizing the capability of an agile team member.
Whereas, on team level, ‘cooperation’, ‘active learning and improvement’
and ‘communication skills’ were observed to be the top capability measures
which were indicated by at least 48% of the respondents as highly relevant
for characterizing the capability of an agile team. Among all the capabil-
ity measures, respondents unanimously indicated ‘questioning skills’ and
‘responsibility’ to be relevant for representing the capability of an individual.

We observed that respondents’ ‘work experience’ had a significant rela-
tively strong effect on how they perceived five capability measures. Similarly,
criteria like the agile software development methodology used at respondents’
organization and respondents’ primary role, also had a significant relatively
strong effect on their views of capability measures.

Upon comparing the top ranked capability measures across different
sub-groups, we observed that the majority of the sub-groups considered ‘re-
sponsibility’ to be a highly relevant measure for characterizing the capability
of an agile team member. On the other hand, ‘cooperation’ was regarded by
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majority of the sub-groups as a highly relevant measure for characterizing
the capability of an agile team.

We believe exploring practitioners perceptions on individual and team
capability measures, enables the use of the measures towards improving team
formation in ASD. Some of the capability measures additionally recognized
from this survey differ from those identified by our previous systematic
literature review. This suggests that the use of different research methods
and contexts may lead us to a better realization of a given phenomenon of
interest.
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Appendix 

The first part of this document (Appendix A) presents the descriptions for the list of capability 
measures used in our survey, followed by (Appendix B) the complete questionnaire employed 
for the survey.  

Appendix A: Descriptions for capability measures 

1) List of individual capability measures

Table A.1: List of individual capability measures; Primary category: Professional 
Sub-category ID Capability 

measure 
Description 

Software 
requirements 

IC.P.1.1 Elicitation Proficiency in gathering or collecting requirements of 
a system from users, customers and other stakeholders 

IC.P.1.2 Analysis Proficiency in determining the needs or conditions to 
meet for a new or altered product or project 

IC.P.1.3 Specification Skill in comprehensively describing the intended purpose 
and environment for software under development 

IC.P.1.4 Verification Skill in checking whether a product, service or system 
meets requirements and specifications, to make sure that 
it fulfills its intended purpose 

Software 
design 

IC.P.2.1 Fundamentals Proficiency in design concepts like abstraction, 
refinement, modularity, control hierarchy, etc. 

IC.P.2.2 Strategies and 
methods 

Proficiency in design strategies like structured design, 
function-oriented design, object-oriented design and 
approaches like bottom up design and top down design 

IC.P.2.3 Software 
architectural design 

Broad knowledge of issues, techniques and processes 
involved in architecture design 

IC.P.2.4 Quality analysis 
and evaluation 

Proficiency in analyzing the conformance of a 
software design to some predefined set of functional 
requirements and evaluating the level of quality 

Software 
system 
engineering 

IC.P.3.1 Concept definition Proficiency in precisely specifying the system 
structure and behavior, and the implementation of 
these specifications 

IC.P.3.2 System 
development life 
cycle modeling 

Proficiency in planning, creating, testing, and 
deploying a system 

IC.P.3.3 Software-intensive 
systems engineering 

Proficiency in documentation, databases, model and 
architecture repositories, analysis, training, testing, 
data synthesis, hardware and software standards 

IC.P.3.4 System design Proficiency in choosing strategy for solving problem, 
organizing the system and building solution 

IC.P.3.5 Requirements 
allocation and flow-
down 

Skill in making sure that all system requirements are 
fulfilled by a subsystem or collaborating subsystems 

IC.P.3.6 Component 
engineering 

Proficiency in selection, maintenance, design and 
construction of smaller parts for large systems 

Software 
construction 

IC.P.4.1 System integration 
and verification 

Skill in ensuring product quality, securing test method 
and test environment to fulfill all the assigned test 
activities within approved cost, time and quality frame 
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IC.P.4.2 System validation 
and deployment 

Skill in understanding the validation scope in terms of 
all the policies and procedures, and skill in simulated 
and live system tests together with system acceptance 
testing. 

IC.P.4.3 System sustainment 
planning 

Proficiency in in planning for system and software 
sustainment, and operational support 

IC.P.4.4 Software 
construction 
planning 

Skill in selecting appropriate processes and models, 
languages and tools, frameworks, platforms, and 
environments for constructing software 

IC.P.4.5 Managing software 
construction 

Skill in establishing and following project standards 
for version control and configuration management, 
collecting and monitoring standard measures of code 
quality and size 

IC.P.4.6 Detailed design and 
coding 

Proficiency in creating detailed designs that minimize 
complexity and enhance quality, creating code to 
implement detailed designs 

IC.P.4.7 Debugging and 
testing 

Proficiency in creating and executing unit tests for all 
delivered code, and using appropriate tools and 
techniques for debugging 

IC.P.4.8 Integrating and 
collaborating 

Proficiency in establishing and following integration 
strategy and processes, performing integration testing 
as part of the integration process, collaborating with 
other team members in development activities (such as 
pair programming, informal reviews) 

Software 
process 
model and 
life cycle 
model 

IC.P.5.1 Software 
development life 
cycle models 

Proficiency in determining one or more organization-
wide life cycle models and leading a small team in 
execution of some portion of a life cycle process model 

IC.P.5.2 Process definition 
and tailoring 

Skill in defining software processes for a project team 
or for a software engineering activity and tailoring a 
defined software process to the needs of a project team 
or software engineering activity 

IC.P.5.3 Process 
implementation and 
management 

Skill in implementing and executing software 
processes and providing guidance and advice to 
software teams on how to implement and manage 
software processes 

IC.P.5.4 Process assessment 
and improvement 

Skill in collecting data for assessment of a software 
process, analyzing process assessment data and 
implementing improvement of team software 
processes 

Human-
computer 
interaction 

IC.P.6.1 Requirements Proficiency in developing user interface requirements, 
identifying constraints on user interface 
implementation and preparing a prototype to elicit 
requirements 

IC.P.6.2 Interaction style 
design 

Skill in developing models and prototypes for 
interaction flow and designing technical interfaces 
between the user interface and other system 
components 

IC.P.6.3 Visual design Skill in designing page/screen layout, developing 
mock-ups and sketches of screens 

IC.P.6.4 Usability testing Skill in testing user interface with a usability checklist, 
conducting heuristic or expert evaluations and 
designing usability tests 

IC.P.6.5 Accessibility Skill in determining and testing the accessibility needs 
of special needs users (such as color-blindness, 
physical disabilities or vision loss) 
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Software 
testing 

IC.P.7.1 Techniques Proficiency in identifying test objectives, selecting 
appropriate testing/demonstration techniques, 
designing, implementing, and executing test cases 

IC.P.7.2 Planning Skill in identifying success and failure criteria, 
identifying test completion criteria, designing and 
implementing the software test plan 

IC.P.7.3 Infrastructure Skill in identifying tools to be used throughout testing 
activities, identifying appropriate documentation to be 
generated and archived, designing/selecting and 
implementing the test environment 

IC.P.7.4 Measurement & 
defect tracking 

Skill in identifying, collecting, and storing appropriate 
data resulting from testing/demonstration, reporting 
test results to appropriate stakeholders, analyzing test 
data for test coverage, test effectiveness, and process 
improvement 

Software 
quality 

IC.P.8.1 Independent 
process and product 
audits 

Skill in planning, organizing and conducting 
independent audits, establishing and implementing 
appropriate resolutions for identified problems 

IC.P.8.2 Statistical control Proficiency in identifying and collecting a set of 
quality data under statistical control, identifying a set 
of subjective and objective variances for the data 

IC.P.8.3 Management Skill in identifying, establishing, following, and 
verifying appropriate processes, standards, and quality 
models that facilitate achieving quality goals and 
attributes 

IC.P.8.4 Reviews, 
walkthroughs and 
inspections 

Proficiency in planning, organizing and conducting 
appropriate review meetings, collecting and analyzing 
appropriate data resulting from the review 

Software 
sustainment 

IC.P.9.1 Software transition Skill in identifying system and software constraints, 
identifying applicable systems and software 
operational standards 

IC.P.9.2 Software support Skill in diagnosing and responding to reported 
software defects, anomalies, and operational incidents 
and events, maintaining current software 
configurations 

IC.P.9.3 Software 
maintenance 

Proficiency in establishing software maintenance 
processes and plans, obtaining and maintaining 
baseline software artifacts 

Software 
security and 
safety 

IC.P.10.1 Design Proficiency in design principles to create secure 
systems 

IC.P.10.2 Construction Proficiency in following recommended secure coding 
principles to avoid security vulnerabilities 

IC.P.10.3 Quality Proficiency in performing code reviews to identify 
security vulnerabilities 

IC.P.10.4 Requirements Skill in identifying security risks and creating 
requirements that capture security issues 

IC.P.10.5 Testing Skill in revealing loopholes and weaknesses in the 
security mechanism of applications and systems 

IC.P.10.6 Process Skill in collecting and monitoring metrics for security 
assessment processes 

Software 
configuration 
management 

IC.P.11.1 Plan software 
configuration 
management 

Skill in identifying software components to be 
controlled by software configuration management and 
skill in designing data and code repositories 
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IC.P.11.2 Conduct software 
configuration 
management 

Skill in following and using software configuration 
management plan and skill in generating, classifying, 
and managing problem reports 

IC.P.11.3 Manage software 
releases 

Proficiency in developing software release plan, 
identifying, procuring and using software release tools 

Software 
measurement 

IC.P.12.1 Plan software 
measurement 
process 

Skill in identifying measurement needs, defining and 
selecting measures, and establishing data collection 
and analysis methods. 

IC.P.12.2 Perform software 
measurement 
process 

Skill in using measurement tools and manual 
procedures to collect data, and validating collected 
data 

Miscellaneou
s 

IC.P.13.1 Prior work 
experience 

The total number of years worked in a company 

IC.P.13.2 Years in company Proficiency in working with different programming 
languages 

IC.P.13.3 Programming 
experience 

Devoting complete work time to a task or role 

IC.P.13.4 Allocated full-time Ability to think about and organize the activities 
required to achieve a desired goal 

IC.P.13.5 Planning skills The total number of years worked in a company 

Table A.2: List of individual capability measures; Primary category: Social 
Sub- category ID Capability 

measure 
Description 

Affective IC.S.1.1 Aptitude Acquired or natural ability for learning 

IC.S.1.2 Initiative The ability to assess and initiate things independently 

IC.S.1.3 Enthusiasm Interest in a particular subject or activity and an 
eagerness to be involved in it 

IC.S.1.4 Work ethic System of values in which central importance is ascribed 
to work and to qualities of character believed to be 
promoted by work 

IC.S.1.5 Willingness The quality or state of being prepared to do something 

IC.S.1.6 Planning skills The ability to look ahead and accomplish goals 

IC.S.1.7 Trustworthiness The ability to be relied on as honest or truthful 

IC.S.1.8 Non-technical 
leadership skills 

The ability to influence, motivate and enable others to 
contribute towards the success of a task 

IC.S.1.9 Team participation 
skills 

The ability to work cohesively with group of people, 
towards a common goal 

IC.S.1.10 Technical 
leadership skills 

The ability to drive the project forward by making 
strong technical decisions with confidence 

Communicati
on 

IC.S.2.1 Oral 
communication 

The ability to express information or ideas by word of 
mouth 

IC.S.2.2 Listening skills The ability to accurately receive and interpret messages 
while communicating 

IC.S.2.3 Questioning skills The ability to feel or express doubt and raise objections 
towards something 

Interpersonal IC.S.3.1 Seeks help The quality of seeking help or advice or assistance 
when necessary 

IC.S.3.2 Helps others The ability to offer services or resources to someone to 
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do something 

IC.S.3.3 Customer 
orientation 

The ability to focus on helping customers to meet their 
changing wants and needs 

IC.S.3.4 Attitude A settled way of thinking or feeling about something 

IC.S.3.5 Team work 
oriented 

The ability to work collaboratively with a group of people 

IC.S.3.6 Willingness to 
confront 

The state of being prepared to face, meet or deal with a 
difficult situation or person 

Personal IC.S.4.1 Driven by desire to 
contribute 

The strong feeling to help achieve or bring about 
something 

IC.S.4.2 Introversion Directing of interest inwards towards one's own 
thoughts and feelings rather than making social 
contacts 

IC.S.4.3 Extroversion The quality of being outgoing and directing attention to 
things other than oneself 

IC.S.4.4 Sensing The quality of creating meaning from conscious 
thought, rather than trusting subconscious 

IC.S.4.5 Intuitive The quality of processing data more deeply than 
sensors and trust one’s subconscious. Insight is valued 
higher than careful observation 

IC.S.4.6 Thinking The quality of deciding based on objective truth and 
logical principles 

IC.S.4.7 Feeling The quality of deciding based on social considerations, 
self-understanding and feelings of others 

IC.S.4.8 Judging The quality of living in a structured way, creating plans 
and organizing world to achieve one’s goals and 
desired results in a predictable way 

IC.S.4.9 Perceiving The quality of perceiving structure as being more 
limiting than enabling. Keeping one’s choices open in 
order to cope with problems 

IC.S.4.10 Openness The quality of expressing one’s true feelings and 
opinions 

IC.S.4.11 Conscientiousness The quality of being controlled by one's inner sense of 
what is right 

IC.S.4.12 Agreeableness The quality of exhibiting pro-social behavior. Aiming 
to please other people and willing to help those in need 

IC.S.4.13 Charisma The ability to attract, charm, and influence other people 

IC.S.4.14 Tenacity The quality of being very determined 

IC.S.4.15 Behavior The way one behaves in a particular situation or under 
particular conditions 

IC.S.4.16 Knowledge The condition of knowing something with familiarity 
gained through experience or association 

IC.S.4.17 Education The educational background related to prior schooling, 
diplomas and degrees 

IC.S.4.18 Pride in quality 
and productivity 

The feeling of pleasure and satisfaction derived from 
one’s output 

IC.S.4.19 Perseverance Continued effort to do or achieve something despite 
difficulties 

IC.S.4.20 Desire to improve 
things 

The strong feeling towards achieving or producing 
something better 
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IC.S.4.21 Pro-
active/initiator/driv
er 

The quality of tending to initiate change rather than 
reacting to events 

IC.S.4.22 Maintaining “big 
picture” view 

The quality of focusing on most important facts about 
a situation and the effects of that situation on other 
things 

IC.S.4.23 Desire to do/bias 
for action 

The ability or propensity to act or decide without 
customary analysis to make decisions quickly and to 
act upon them 

IC.S.4.24 Thoroughness The quality of giving great attention to detail and taking 
care to do something completely 

IC.S.4.25 Sense of mission The quality of believing any work as one’s duty to do 

IC.S.4.26 Strength of 
convictions 

The quality of having a strong opinion or belief on 
something 

IC.S.4.27 Mixes personal and 
work goals 

The quality of associating personal goals and work 
goals 

IC.S.4.28 Pro-active role 
with management 

The quality of taking an active role in dealing with 
management 

Work ethics IC.S.5.1 Flexibility The extent to which a person can cope with changes in 
circumstances and think about problems and tasks in 
novel, creative ways. 

IC.S.5.2 Time management The ability to use one's time effectively or productively 

IC.S.5.3 Motivation to work Desire or willingness to work 

IC.S.5.4 Commitment Willingness to give one’s time and energy to something 
that one believes 

IC.S.5.5 Responsibility The state of being responsible, answerable or 
accountable for something within one's control 

IC.S.5.6 Integrity/honesty/et
hics 

The quality of being honest and having strong moral 
principles 

Table A.3:. List of individual capability measures; Primary category: Innovative 
Sub- category ID Capability 

measure 
Description 

Creativity IC.I.1.1 Generating ideas The ability to create ideas 

IC.I.1.2 Critical thinking The ability to think carefully about a subject or idea, 
without allowing feelings or opinions to affect the 
individual 

IC.I.1.3 Synthesis/reorganiz
ation 

The ability to combine a number of different parts or 
ideas to come up with a new idea or theory 

IC.I.1.4 Creative problem 
solving 

The ability to find a solution to a problem by using 
imagination or original and unusual ideas 

IC.I.1.5 Attention to detail The quality of achieving thoroughness and accuracy 
when accomplishing a task through concern for all the 
areas involved. 

Enterprising IC.I.2.1 Identifying 
problem 

The ability to recognize a problem 

IC.I.2.2 Seeking 
improvement 

The quality of trying to acquire, gain or achieve 
improvement 
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IC.I.2.3 Gathering and 
evaluating 
information 

The ability to gather and evaluate relevant information 

IC.I.2.4 Independent 
thinking 

The ability to make sense of things based on one’s own 
experiences and observations. Trust one’s own ability 
to make judgements 

IC.I.2.5 Technological 
savvy 

Well informed about or proficient in the use of modern 
technology 

Integrating 
perspectives 

IC.I.3.1 Openness to ideas The tendency to accept new ideas, methods or changes 

IC.I.3.2 Research 
orientation 

The quality of being inquisitive, problem-oriented 
along with critical thinking and creative working 

IC.I.3.3 Collaborating The ability to work jointly with others or together 
especially in an intellectual endeavor 

IC.I.3.4 Engaging in non-
work-related 
interests 

The ability to engage with others in non-work-related 
interests 

Forecasting IC.I.4.1 Evaluating long-
term consequences 

The ability to evaluate long-term consequences of a 
task or problem 

IC.I.4.2 Visioning The act or the power of imagination 

IC.I.4.3 Managing the 
future 

To exert control over or regulate the events likely to 
happen at a later time 

IC.I.4.4 Sensitivity to 
Situations 

The quality of understanding the situations and being 
careful not to do anything that harms or damages it 

Managing 
change 

IC.I.5.1 Challenging the 
status quo 

To behave or do something in a way contrary to that 
which is generally accepted or expected 

IC.I.5.2 Intelligent risk-
taking 

Acting under conditions where key variables and 
potential outcomes are unknown and could be negative, 
but where risk is required to achieve superior outcomes 

IC.I.5.3 Reinforcing change The ability to strengthen or support change  

2) List of team capability measures

Table A.4:. List of team capability measures; Primary category: Professional 
Sub-category ID Capability 

measure 
Description 

Team 
experience 

TC.P.1.1 Customer 
experience 

Skill in seeing the customer’s perspective and acting 
accordingly 

TC.P.1.2 Domain knowledge 
experience 

Skills acquired through experience or education in a 
particular area of work 

TC.P.1.3 Generational 
experience 

Experience with various phases/stages of development of a 
software product 

TC.P.1.4 Programming 
language 
experience 

Proficiency in working with different programming 
languages 

TC.P.1.5 Experience with 
tools 

Skill in working with various software tools and project 
management tools 
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Agile 
capability 

TC.P.2.1 Conscious 
sensitivity 

Skill in detecting change, being aware of the reasons for 
change and responding back 

TC.P.2.2 Responsiveness to 
customer 

The ability of a team to recognize and respond to changing 
customer needs 

TC.P.2.3 Environment needs 
and changes 

Skill in detecting and adjusting according to the work 
environment needs and changes 

Business 
excellence 

TC.P.3.1 Effectiveness The degree to which a team is successful in producing a 
desired result 

TC.P.3.2 Result-orientation Skill in knowing what results are important, and focusing 
resources to achieve them 

TC.P.3.3 Systemic benefits The business mindset incorporated within a team, to create 
and capture value  

Operational 
excellence 

TC.P.4.1 Sustainable 
efficiency 

Ability of a team to maintain the performance at a certain 
rate or level 

TC.P.4.2 Consistent 
predictability 

Ability to predict the position of software development in 
the total value stream and implement its role in the flow 

Growth TC.P.5.1 Active learning and 
improvement 

Engaging in reading, writing, talking, listening and 
reflecting, with the intention of getting better 

TC.P.5.2 Advancement Ability to develop or improve something 
Miscellaneous TC.P.6.1 Clear goals Clarity on what needs to be accomplished 

TC.P.6.2 Full-time allocation Devoting complete work time to a project 

TC.P.6.3 Team buy-in Willingness of a project team to adapt core practices of a 
software development methodology, to their environment 
in order to make the methodology work for them 

TC.P.6.4 Expertise Expert skill or knowledge in a particular field 

Table A.5:. List of team capability measures; Primary category: Social and Innovative 
Primary 
category 

ID Capability 
measure 

Description 

Social TC.S.1.1 Morale The confidence, enthusiasm, and discipline of a team at a 
particular time 

TC.S.1.2 High motivation Desire and energy in team to be continually interested and 
committed towards attaining a goal 

TC.S.1.3 Value diversity Ability to recognize differences between people and 
acknowledges that these differences are a valued asset 

TC.S.1.4 Internal 
competition 

Ability of the team members to compete with each other in 
various activities  

TC.S.1.5 Communication 
skills 

The ability to convey or share ideas and feelings effectively 

TC.S.1.6 Cooperation Ability to work together with others to accomplish 
something 

TC.S.1.7 Cohesion The degree to which team members want to contribute to 
the group's ability to continue as a functioning work unit 

Innovative TC.I.1.1 Creative 
exploration and 
exploitation 

Ability to use a creative process to explore feelings, ideas 
and questions, together with making use of and benefiting 
from resources 

TC.I.1.2 Foresight Knowledge or sound judgment into a future event that may 
or may not occur 
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Appendix B: Questionnaire employed for survey 

The goal of this questionnaire is to obtain your informed opinion about which attributes are 
important to characterize/ represent the capability of an individual person and also teams, 
when working in agile software development projects. There are also demographics questions 
about your work experience and environment.  

There are no right or wrong answers, please provide your immediate impressions. It takes 
about 40 minutes to answer the questionnaire. Please read the description before you answer 
the questions. You can find the description by hovering over a capability measure. 

Section 1: Demographic questions 
Q.1) In which domain(s) does your organization function?
Q.2) Which agile software development methodology/methodologies is/are currently

implemented in your team? 
Q.3) Which of the following best describes your primary role in your organization?
Q.4) How many years of total experience do you have in the software industry?

Q.5) How many years of experience do you have in the current organization?

Q.6) How many members work with you in your current team?

Q.7) Where is your organization located (country)?

Section 2: Individual capability measures 

Definition: 
Capability of an individual: Information about each individual, which 
greatly affect his/her level of ability to perform project tasks. 

Q.8) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the 
context of software requirements? 

Q.9) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the 
context of software design? 

Q.10) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the
context of software system engineering? 

Q.11) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the
context of software construction? 

Q.12) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the
context of software process model and lifecycle model? 

Q.13) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the
context of human-computer interaction? 
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Q.14) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the
context of software testing? 

Q.15) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the
context of software quality? 

Q.16) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the
context of software sustainment? 

Q.17) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the
context of software security and safety? 

Q.18) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the
context of software configuration management? 

Q.19) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team, within the
context of software measurement? 

Q.20) What is the relevance of the following attributes to characterize/represent the capability
of a software professional working in an agile software development team?

Q.21) What is the relevance of the following affective attributes to characterize/represent the
capability of a software professional working in an agile software development team?

Q.22) What is the relevance of the following communication attributes to
characterize/represent the capability of a software professional working in an agile
software development team? 

Q.23) What is the relevance of the following interpersonal attributes to
characterize/represent the capability of a software professional working in an agile
software development team? 

Q.24) What is the relevance of the following personal attributes to characterize/represent the
capability of a software professional working in an agile software development team?

Q.25) What is the relevance of the following work ethics attributes to characterize/represent
the capability of a software professional working in an agile software development team?

Q.26) What is the relevance of the following creativity attributes to characterize/represent the
capability of a software professional working in an agile software development team?

Q.27) What is the relevance of the following enterprising attributes to characterize/represent
the capability of a software professional working in an agile software development team?

Q.28) What is the relevance of the following integrating perspectives attributes to
characterize/represent the capability of a software professional working in an agile
software development team? 

Q.29) What is the relevance of the following forecasting attributes to characterize/represent
the capability of a software professional working in an agile software development team?

Q.30) What is the relevance of the following managing change attributes to
characterize/represent the capability of a software professional working in an agile
software development team? 
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Section 3: Team capability measures 

Definition: 
Capability of a team: The skills and abilities, aptitudes and attitudes needed 
by a team to achieve high performance 

Q.31) What is the relevance of the following team experience attributes to
characterize/represent the capability of a software team working within agile software
development? 

Q.32) What is the relevance of the following agility attributes to characterize/represent the
capability of a software team working within agile software development?

Q.33) What is the relevance of the following business excellence attributes to
characterize/represent the capability of a software team working within agile software
development? 

Q.34) What is the relevance of the following operational excellence attributes to
characterize/represent the capability of a software team working within agile software
development? 

Q.35) What is the relevance of the following growth attributes to characterize/represent the
capability of a software team working within agile software development?

Q.36) What is the relevance of the following attributes to characterize/represent the capability
of a software team working within agile software development?

Q.37) What is the relevance of the following social attributes to characterize/represent the
capability of a software team working within agile software development?

Q.38) What is the relevance of the following innovation attributes to characterize/represent
the capability of a software team working within agile software development?

Section 4: Feedback 
Q.39) Would you have any additional suggestions about any other attributes that are

characteristic of individual capability of a software professional?
Q.40) Would you have any additional suggestions about any other attributes that are

characteristic of an agile team’s capability?
Q.41) What else would you like us to know? Any other information you would like to share?

We would be happy to hear from you.
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4
Designing a Capability-Centric Web Tool to
Support Agile Team Composition and Task

Allocation: A Work in Progress
Sai Datta Vishnubhotla, Emilia Mendes, Lars Lundberg

Abstract

A significant number of studies reported models for competence
profiling, measuring capabilities of professionals and recommendation
systems for roles within agile software development (ASD). These mod-
els coordinated in human resource management within ASD. However,
in the light of swift, incremental and iterative nature of ASD practices,
designing solutions that easily integrate capability measurements with
ongoing project management routines, is an important area for inves-
tigation. With the support of interviews, grounded theory procedure
and workshops, we identified the aspects valued by our industrial col-
laborator while allocating professionals to tasks. This information was
further utilized towards devising a framework for capability-centric
Web tool. This tool provides a one-stop solution for project managers
to create projects, keep track of capabilities and execute allocation
routines.

4.1 Introduction

The complexity of software systems and the need for organizations to stay
competitive makes it imperative for people to work in teams. The fit of a
person’s profile to a team and the ability to perform brings about diversity
of thought and different problem-solving approaches, which substantially
affect the outcomes of a project [1].

The rapid adoption of agile methodologies across various organizations
[2], [3] enhances the need for individual and interpersonal skills [4]. Within
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the context of agile software development (ASD), workforce is considered as
a key source of agility [5]. The capabilities of software professionals influence
the outcomes of a team [6], [7] and a team’s capability is crucial for leading
the path to a project’s success [8], [9]. Thus, considering capabilities while
allocating professionals to various roles is crucial for establishing successful
ASD teams [4].

In the light of fluid and transitional team structures in agile projects
that involves great diversity of professionals with less rigid nature of their
involvement [10], managers need to be careful while selecting individuals
and assigning project tasks. A failure in suitable assignment would lead to
unattainable project deadlines and decrease in service quality [11], [12].

Use of management tools in ASD is acknowledged as adding value in terms
of improving traceability and tracking of decisions [13]. Although numerous
organizations have been adopting such tools for improving efficiency and
productivity [13], these tools majorly fall short in considering the capabilities
of people while catering project tasks [14].

Ease-of-use is an important aspect while developing tool support for ASD
projects. The operations of a tool should not hinder the software development
routines or cause additional overheads during the swift development process.
Moreover, a tool built to support an agile development methodology should
take into account the underlying values of the method itself. Otherwise, the
tool is likely to work against the nature of the method [15].

Acknowledging the needs of our industrial collaborator and bearing the
aforementioned points in mind, developing a systematic tool that helps in
assessing the capabilities of professionals and assigning capable professionals
to teams and projects, would be beneficial to managers.

Towards accomplishing this, in this paper, we described the systematic
methodology adopted for designing a capabilitycentric Web tool that can
assist project managers in assembling teams. Further, we presented the
details of the tool’s framework that was devised in close collaboration with
an ASD organization. Finally, we discussed our upcoming research work in
this domain.
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4.2. Background and related Work

4.2 Background and related Work

Capabilities correspond to the qualities, features, abilities and skills that
can be used and developed [16]. Competence is another closely related
term and the European qualifications framework defines it as the proven
ability to use knowledge, social abilities and skills towards personal and
professional development [17]. Capabilities of an individual not only pertain
to professional skills but also relate to social and innovative skills [18].

An insight into the widely used project management tools across various
ASD organizations (Atlassian JIRA, Taiga, Version One, Assembla and
Asana) [19] reveals that staff planning, which deals with the requirements
concerning personnel and their skills, is often overlooked by these automated
tools [14]. Moreover, our review of these tools indicated that none of them
have a functionality that takes into account the capabilities of professionals
while assembling teams or allocating tasks.

In recent times, there has been an appreciable progress in research
concerning capability measurement and personnel selection in ASD. Studies
[18] and [20] proposed non-automated models for competency profiling and
capability assessment of individuals respectively. On the other hand, Colomo-
Palacios et al. presented a hybrid recommender system that facilitates
formation of the most suitable scrum teams for different work packages. This
model requires a project manager to set the competence level specification for
a work package. The recommender system then selects appropriate people,
based on their competences, to match the competence level specification of
the work package [21]. Unlike their model, in our tool, we focus on finding a
match between capabilities of people and requirements of sprint.

Although the aforementioned works [18], [20], [21] were evaluated in
industrial context, a major shortcoming of these studies is that they primarily
lack discussion on strategies for structuring their models in a way that
can comply with the development process adopted by the organization
in consideration. Secondly, we noticed that there has been no relevant
discussion on how these models can be integrated with daily work routines
of agile teams.

To the best of our knowledge, we have not come across any Webbased
capability-centric tool that coordinates assessment of capabilities, team
composition and allocation of project tasks within ASD. However, the tool
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presented in [10] seems close to ours, as elaborated next.

Sherlock et al. [10] discussed the prototype of a Web-based tool that
support personnel management in ASD organizations. They mainly targeted
at personality aspects of individuals, where all the participants in agile
teams were supposed to answer a set of questions as a part of personality
self-assessment. Their tool was intended for assisting managers in balancing
a team with the right mix of personalities. Unlike, their prototype, our tool
considers the perception of managers regarding the overall capabilities of
their employees. In addition, our tool provides a functionality for assigning
capable people for critical project tasks that demand specific expertise.
Further, on the suggestion of our industrial collaborator, our tool will serve
as an extension for their current project management platform.

4.3 Systematic approach towards designing the tool

The tool’s design was driven by the need of our industrial collaborator, a
software company located in Sweden that offers services and products in
mobile data services. It is a small sized organization that adheres to agile
(scrum) practices for software development. The company management
indicated that a tool that assists them in assigning people with precise skills
to some of their security-critical sprint tasks, would be beneficial.

In order to figure out what criteria they look into while allocating
personnel to sprints and to understand their project management process,
we organized interviews with two senior professionals (chief technical officer
and project manager). We have adopted the following sequence of steps in
our research:

• We conducted semi-structured interviews with practitioners using open-
ended questions. These questions mainly targeted at extracting the
tacit knowledge of practitioners. Audio was recorded during both the
interviews and was later transcribed.

• A grounded theory (GT) based procedure (open coding) was adopted
for identifying codes relating to the criteria used for selecting personnel.
This procedure further involved analysis of relationship between the
codes and identification of categories, under which the codes can be
grouped.
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• All the categories and codes identified were then synthesized into a list
of categories. This list was further supplemented with excerpts from
interviews relating to the code’s context.

• A follow-up session was organized with both the practitioners, where
the resulting codes and categories were presented to check the codes’
credibility and conformity to their opinion.

• Further, on practitioners’ recommendation, we investigated and pro-
posed possible measures for each of the identified codes. The measures
were later approved by both the practitioners.

• An initial interface design (mock-up) for the tool was developed by
taking into account the project management details shared by the
practitioners in the interviews. This first version of the design consisted
provisions for creating a new project, new sprint, profile of a person
with a facility for assessing his/her capabilities (based on the measures
proposed for each code).

• A preliminary workshop was organized with both the professionals
to brain-storm and collect feedback on the initial designs. The prac-
titioners suggested that, for the tool be lucrative in long run, it is
desirable to build the tool as an extension to their currently used
project management tool (Redmine).

• After the preliminary workshop, seven successive workshops were
organized aimed at a) refining the tool’s design such that it complies
with the ongoing development process at the company and b) making
sure that the design allows the project to remain ‘agile’ and ‘light
weight’. During these workshops, both the practitioners suggested
additional features that they thought would be beneficial for decision
making at later stages (e.g. sprint retrospective questionnaire page,
registering sprint requirements, assigning critical tasks to capable
professionals, etc.). After incorporating all the suggestions, eventually,
the fourth version of the design was approved by both of them.

• A prototype was developed by adopting the software tool chain rec-
ommended by the practitioners. We developed a Web application
powered by a Java based RESTful API on the backend. For the client-
side application, we used AngularJS and HTML. The backend API
was designed to interact with PostgreSQL database and the API of
Redmine.

• A follow-up workshop was organized to demonstrate the prototype to
the practitioners. After receiving their approval, plans for packaging
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and deploying the tool were discussed.

4.4 A synopsis of the tool’s framework

From the categories identified using GT, it was evident that the senior
professionals looked at three different facets (see categories listed under
Table 4.1) while allocating personnel to sprints. After a closer look at
the categories, designing a tool oriented towards the practices of managers
seemed pragmatic.

A series of workshops were organized with both the practitioners to
devise a framework for the tool such that capability assessments are inte-
grated with their regular project management routines. In our prototype,
the integration was accomplished by utilizing the RESTful API services
of Redmine and encapsulating its functionalities. Such integration gives
flexibility to managers for creating projects and keeping track of capabilities,
sprint requirements and allocation routines, all from one tool while rest of
the team members interact with Redmine and devote their complete focus
towards accomplishing sprint goals.

The following details present an overview of the framework:

• Projects, sprints, issues and people: Projects and people are
two independent entities within the framework. Whereas, sprints and
issues are dependent entities and their existence is linked to a project.
Further, the terminology of issues is adopted from Redmine. The
issues herein correspond to user stories in scrum and they form the
building blocks of a sprint and project.

• Managing people: As our tool’s design is inclined towards scrum
practices, each professional can have the possibility to work in multiple
projects and sprints. Details related to different roles (multiple) a
person can undertake in general will be recorded while registering a
person (roles indicated in Figure 4.1).
Besides that, the capabilities identified from GT analysis (codes under
‘team building strategy’ category of Table 4.1) are also associated with
each person’s profile, as shown in the Figure 4.1. This gives a manager
the flexibility to make a preliminary assessment of capabilities while
registering a person. These capabilities can however be reassessed as
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Table 4.1: Categories and codes identified using GT

Category Codes

Sprint classification Application domain, kind of assets the solution is handling, security risk analysis,
security requirements and security level

Company driven
factors

Coaching potential, different development environments and technology awareness,
management group’s decision about project leader and team knowledge diversity

Team building
strategy

Developer’s commitment, developer’s domain knowledge, developer’s own interest,
individual availability, previous deliverables’ quality, previous projects
performance, previous formal education, programming experience, programming
language knowledge and understanding of software security

projects progress and new skills can be added to the list of capabilities.
For registering evaluative information (e.g. skills, work experience,
etc.) of a person, we have taken ethical aspects into consideration. On
the recommendations from the Swedish data inspection board [22], we
focused on restricting the access to capability data with a system of
privileges, so that only people who need access to the data (managers
and research team) can gain access. Further, we focused on preserving
data anonymity to certain degree by employing aliases instead of names
of people (see Figure 4.1). A key was used to link the actual names to
aliases and it was securely stored apart from rest of the data.

• Managing projects: Besides the project attributes on Redmine,
additional attributes like the time frame of a project and estimated
effort for completing the project are also associated with each project.
Further, the role of a person in a project is decided based on project
requirements. This means a person’s role can vary between different
projects (e.g. although person A works as a developer in project A,
he/she can work as a tester in project B). However, within a project,
a person bears the same role for all sprints (so, person A participates
solely as a developer in all the sprints of project A). Towards the end
of each project, manager will be notified with a message on the tool’s
interface, to assess the capabilities of each of the project’s participants.

• Managing sprints: The tool herein characterizes a sprint by the list
of codes that relates to ‘sprint classification’ category (see Table 4.1).
In addition, other attributes like sprint timeframe and estimated effort
for the sprint are also associated. Further,
for each sprint, multiple expectations can be associated based on
the perception of managers (e.g. high security level of deliverables)
and towards the end of the sprint, a comment will be attached to
each of the expectations. Besides expectations, a sprint retrospective
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Figure 4.1: Screenshot from prototype displaying the interface to add new
person

questionnaire will also be answered on the completion of a sprint and
manager will be notified to assess the capabilities of the team members
that participated in that sprint. Moreover, roles needed for a sprint
will be decided based on the requirements of the sprint. On the basis
of high level view of the sprint requirements, a manager selects number
of roles. Then, professionals are assigned to these roles as elaborated
next.

• Assigning people to sprint: Professionals will be assigned to the
roles selected in the preceding step on the basis of their capabilities.
Firstly, people will be shortlisted based on their role in the correspond-
ing project and for each sprint role, the capabilities of multiple people
will be compared before assigning a person to a sprint. The group of
people thus assigned to various roles constitute a team for the sprint.

• Assigning people to issues: Issues can be created by any project
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participant using Redmine. However, managers tag critical issues and
select a list of issues that will be addressed during a sprint. Among
these issues, our tool exclusively facilitates managers in assigning
people to critical issues. Rest of the issues will be picked based on the
choice of team participants, using Redmine.

4.5 Research roadmap

After the full scale development and deployment of our tool, our next
steps in this research will be directed towards 1) periodically gathering
capabilities of various team participants. Further, collecting the details of
sprint participation, issue allocation, sprint expectations and retrospective
questionnaire. 2) Organizing interviews with our collaborators to figure out
which project/sprint outcomes (e.g. increased quality, improved security
level) are highly valued by them. 3) Utilizing the dataset acquired from step
1 towards developing a prediction model, using machine learning techniques.
This model can be trained to assist in assembling teams for achieving the
outcomes identified in step 2.

4.6 Conclusions

This study focuses on how a tool support for assessing capabilities can be
directed such that it complies with the development methodology being
adopted at an organization. Our investigation into widely adopted project
management tools across agile software development organizations, revealed
that none of the existing tools consider the capabilities of professionals while
composing teams or allocating project tasks. Therefore, in our study, we
adopted a systematic approach towards designing a Web tool that coordinates
capability assessments, team composition and task allocation. Further, in
close collaboration with an organization that follows agile practices, we
devised a framework for the tool such that capability assessments can be
integrated with their regular project management routines.

Our next steps in this research domain will be directed towards deploying
the tool in the live work environment of our collaborator and then developing
prediction models that can assist them in assembling teams.
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Investigating the relationship between

personalities and team climate of software
professionals in a telecom company

Sai Datta Vishnubhotla, Emilia Mendes, Lars Lundberg

Abstract

Context: Previous research found that the performance of a team
not only depends on the team personality composition, but also on
the interactive effects of team climate. Although investigation on
personalities associated with software development has been an active
research area over the past decades, there has been very limited research
in relation to team climate.

Objective: Our study investigates the association between the
five factor model personality traits (openness to experience, conscien-
tiousness, extraversion, agreeableness and neuroticism) and the factors
related to team climate (team vision, participative safety, support for
innovation and task orientation) within the context of agile teams
working in a telecom company.

Method: A survey was used to gather data on personality char-
acteristics and team climate perceptions of 43 members from eight
agile teams. The data was initially used for correlation analysis; then,
regression models were developed for predicting the personality traits
related to team climate perception.

Results: We observed a statistically significant positive correlation
between agreeableness and participative safety (r = 0.37), and also
between openness to experience and support for innovation (r = 0.31).
Additionally, agreeableness was observed to be positively correlated
with overall team climate (r = 0.35). Further, from regression models,
we observed that personality traits accounted to less than 15% of the
variance in team climate.
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Conclusion: A person’s ability to easily get along with team
members (agreeableness) has a significant positive influence on the
perceived level of team climate. Results from our regression analysis
suggest that further data may be needed, and/or there are other human
factors, in addition to personality traits, that should also be investigated
with regard to their relationship with team climate. Overall, the
relationships identified in our study are likely to be applicable to
organizations within the telecommunications domain that use scrum
methodology for software development.

5.1 Introduction

Large scale software development is an intricate problem-solving activity
requiring cooperation and coordination of several people with diverse back-
grounds [1]. With organizations developing complex software-intensive
systems, it has become imperative for individuals to work in teams. Col-
laborative teams have been observed to outperform individual members by
contributing to quick problem solving [2]. However, simply assembling teams
by bringing people together does not ensure that they will function as an
effective team [3]. Therefore, the success of a project depends not only on
technical aspects but also on the fit of a person to a team [4].

While working in teams, people are expected to demonstrate method-
ological, social and creative skills for executing project related tasks. Some
of the skills like solving problems, interacting with team mates and making
decisions are influenced by a compendium of several components like attitude,
abilities, habits and practices of an individual [5]. Personality is also one
possible factor deemed important for explaining the judgments and decisions
taken by people associated with software development activities [6].

Within Software Engineering (SE), the effects of personality on teamwork
has been a widely researched area since the last forty years [7], [8], [9], [10].
Ever since the agile manifesto was published in 2001, there has been a growth
in the number of articles investigating software engineers’ personalities and
their influences. This is evident from the trends in personality research,
where more than 70% of the studies in the last four decades were published
after 2002 [11]. Within the context of Agile Software Development (ASD),
workforce is considered as a key source of agility [12] and the rapid adoption
of agile methodologies across various organizations [13], [14] enhances the
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need for individual and interpersonal skills [15].

Research in team building within the field of social psychology indicates
that a series of factors affect a team’s performance. Personality factors were
traditionally analyzed as a part of investigating the relationship between
team members’ personalities and task characteristics [16], [17]. However,
later it was revealed that the team performance cannot be reliably predicted
from team personality composition and task characteristics alone, but it
rather depends on the interactive effects of team climate characteristics [18],
[19].

Team climate is a topic that is sparsely researched in SE [20], [21]. It
emphasizes on the shared perception across members of a team regarding
organizational policies and practices [22]. In comparison to work groups in
other domains, the nature of tasks and activities in software development
teams are different. So, the team climate for software teams might substan-
tially differ from that of other work groups [21]. The shared perception
within a software team not only affects the personal relationships within
the team, but also influences the organizational performance, quality of the
software developed and satisfaction of members within the team [20], [23],
[24].

The limited research in exploring the relationship between personality
characteristics and team climate within the context of software development
[21], coupled with our industrial collaborator’s need for investigating the
factors that can contribute to better climate within their teams, motivated
us to carry out this study.

Therefore, this study aims to investigate the association between Five
Factor Model (FFM) personality traits and the perception of climate within
software teams. A survey was conducted with the support of our industrial
collaborator, a large telecom company located in Sweden. Members from
eight agile teams participated in this survey and the acquired data was used
for a correlation analysis in order to investigate the relationships between
personality traits and team climate factors; the data was further used for
developing regression models to predict team climate factors.

Such an investigation opens up the possibility for managers to understand
the personality profiles of professionals, the climate perception of members
from various teams and how these factors relate to each other. Such knowl-
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edge can not only support them in making decisions while allocating people
to teams but also help them in strengthening teams by developing strategies
for configuring teams. Moreover, it would be possible to initiate counter
measures for improving the climate within teams.

With regard to the contribution of our findings to research, the results
from our correlation analysis shed some light on the relationships between
personalities and team climate of members adopting agile practices within
the telecommunications domain. Further, results and discussion from our
regression analysis could help in bringing insights regarding which additional
factors can possibly influence team climate. Essentially, the findings from
this work can serve as a starting point towards the means to predict team
climate and can also be useful for decision-making when allocating people
to teams.

The remaining of this paper is structured as follows: Section 5.2 describes
related work on personalities and team climate in SE, Section 5.3 presents
the methodological details of the study, Section 5.4 summarizes the results
of correlation and regression analysis. In Section 5.5, we present the threats
to validity of this study and in Section 5.6, we discuss the key findings from
our results and the implications for theory and practice. Finally, Section 5.7
states the conclusions of this research.

5.2 Related work

5.2.1 Personality research in software engineering

Previous personality related studies indicate that an individual’s personality
characteristics significantly affect one’s behavior [25]. Although majority
of people opine that the types of behaviors vary across different situations,
there seems to be a noticeable pattern of consistency in their behaviors [26].
Performing psychometric tests with the support of personality questionnaires
can be helpful in capturing the non-context dependent behavior of an
individual. For example, within SE, questionnaires were used to explore the
soft skills of personnel and to assign them to the right job. Questionnaires
were also used to explore the personality traits of project managers to study
how these traits affect the leadership behavior and team’s satisfaction [27].

A mapping study that looked at forty years of research on personality in
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SE [11] revealed that Myers-Brigg Type Indicator (MBTI), Jung’s personality
types theory and tests based on the Big Five (BF) theory and FFM stand
at top among the widely used tests.

However, since late 1980’s, MBTI, which was developed based on Jung’s
theory of psychological types, has been called into question by research
within the field of psychology [9]. The judging/perceiving dimension seemed
weak and there were concerns in relation to qualitatively measuring distinct
types [28]. Further, MBTI was criticized for having multiple limitations that
include construct validity and test-retest reliability, which can potentially
induce bias while interpreting the results [29], [30].

Conversely, with its clear construct structure and reliability [31], the
perspective of FFM was suggested as a more reliable alternative [9]. The
FFM was reported as a very useful taxonomy for classifying personality
scales and the model is considered to adequately represent major differences
across individuals [32], [33]. There is also evidence from psychologists and
researchers within academia, among whom FFM is regarded as valid and
reliable [34],[35], and is widely accepted, assessed and used [36], [33], [37],
[38]. The popularity of FFM is further evident from the growing consensus
among personality researchers that FFM consists of a robust personality
taxonomy [33], [39], [40].

5.2.2 Five factor model and associated instruments

The FFM provides a structure that categorizes dimensions of differences in
human personalities. It characterizes five broad personality traits:

1. Openness to experience represents individuals’ characteristics like
enjoying adventures and new experiences. Individuals who are high on
openness to experience tend to be intellectual and creative, and people
low on openness to experience tend to be practical and conservative
[26], [41], [42], [43].

2. Conscientiousness is concerned with a person’s achievement orientation.
Individuals who are high on conscientiousness tend to be well-organized,
hardworking and complete tasks thoroughly; on the other hand, low
conscientiousness relates to negative traits such as being impulsive and
disordered [26], [41], [42], [43].
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3. Extraversion relates to an individual’s social energy levels and active-
ness. Individuals who are highly extraverted tend to be sociable and
outgoing. Whereas, people who are less extraverted tend to be reserved
and quiet [26], [41], [42], [43].

4. Agreeableness is a measure of a person’s gentleness, cooperativeness
and warmth. Individuals who are high on agreeableness tend to be
sympathetic and cooperative. Whereas, individuals who are low on
agreeableness tend to be uncompromising and less concerned with
others’ needs [26], [41], [42], [43].

5. Neuroticism is related to the state of emotional stability of a person.
A person who is less neurotic tends to appear confident and calm.
Whereas, a highly neurotic person is likely to be anxious and insecure
[26], [41], [42], [43].

Among the numerous instruments that were developed to operationalize
FFM, NEO Five-Factor Inventory (NEO-FFI) is a well-known instrument
[37], [40], [44], [45]. Costa and McCrae [46] developed another famous
instrument named the Revised NEO Personality Inventory (NEO-PI-R) for
measuring 30 personality facets. However, both NEO-FFI and NEO-PI-R
are proprietary instruments [38] requiring training as well as a license to be
used [47].

5.2.3 Predominance of IPIP in personality research

The International Personality Item Pool (IPIP) is a freely available set of
items and scales for psychometrics based on the FFM framework [48]. The
IPIP scales have several benefits, such as, they provide numerical scores for
each factor, thus facilitating detailed statistical analysis. Further, they do
not require licensed assessors [28].

One of the initial personality measures to be created from the IPIP
was Goldberg’s 300-item inventory [49], which was designed to measure
constructs similar to those assessed by NEO PI-R [50]. In order to easily
administer Goldberg’s inventory on the Web, Johnson created a version of
the inventory and began referring to Goldberg’s inventory as IPIP-NEO
[51]. Such an automated instrument is much more efficient compared to any
paper-based instruments [48].

In a comparative validity study [51], it was observed that IPIP-NEO
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predicted health-related behaviors better than the NEO PI-R. However,
since the length of IPIP-NEO inventory (300 items) was more than that
of the original NEO PI-R (240 items), it was not very convenient for inte-
grating this inventory with other psychological measures [51]. Later, the
inventory was simplified and multiple smaller variants were created, that
were psychometrically acceptable and practically useful [52].

Multiple variants of IPIP were used in research pertaining to various
topics in SE such as, pair programming [38],[41],[53], team effectiveness
[54],[55], software process allocation [56], software engineer’s personality
characteristics [57], behavior and preferences [6],[47],[58],[59],[60],[61],[62]
and individual performance [63].

Feldt et al. [6] conducted a study to investigate whether views and
attitudes of software engineers can be linked to their personalities. In total,
47 professionals from ten different Swedish software development companies
responded to the Web survey, where personalities of professionals were also
evaluated using the 50-item IPIP personality test. The authors identified
that higher levels of extraversion were linked to performing more efficiently
when working according to a project plan, and higher levels of openness to
experience were linked to the preference of taking responsibility for a whole
project.

Chao and Atli [53] opined that the partners in pair programming should
be chosen based on these personality traits. In their study, they first sur-
veyed the programmers from industry to identify the perceived important
personality traits for pair programming, and based on these traits, they
carefully selected questions from IPIP that were relevant. These questions
were further used in experiments involving undergraduate students, aim-
ing at determining the significance of personality traits in successful pair
programming. The authors reported that matching programmers based on
their level of open-mindedness could result in higher quality code.

Çelikten and Çetin [56] put forward that it is important to assign the
right person to a right position to create productive software teams. They
used the Turkish translation of the 50-item IPIP to investigate how product
development roles can be assigned based on personalities and role skills. The
survey was administered to professionals working in a medium sized software
company. In total, there were 88 respondents, 51 were software developers
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and 37 were system analysts. By matching personality types and project
roles, the authors observed openness to experience to be the most dominant
personality type for all project roles.

Kanij et al. [57] used 50 item IPIP test to investigate personality profiles
of 200 practitioners, which includes a large group of software testers along
with a group of people involved in other roles. A survey was administered
on social media and responses were later sampled by handpicking based on
knowledge and relevance. The authors compared the personality profiles
of aforementioned groups to determine significant commonalities and dif-
ferences. They found a significant difference between software testers and
other developers in terms of the conscientiousness trait. Software testers
scored significantly higher than other developers.

In an exploratory study on work practices, beliefs and personality traits,
Smith et al. [58] administered an electronic survey to 3,000 Microsoft
employees of which 797 responded. In this survey, they used the 50 item
IPIP inventory to assess the personality traits of engineers. Further, they
explored the relationship between personality traits and their work practices
and beliefs. The authors found no significant personality differences between
developers and testers; and managers were observed to be conscientious and
extraverted.

Murukannaiah et al. [61] investigated how personality and creative
potential of an individual influence a requirement acquisition task. Authors
used the 20-item mini version of IPIP questionnaire to investigate the influ-
ence of an individual’s personality traits on creativity of their ideas and the
influence of other people on their ideas. They found that creative potential
and two personality traits: openness to experience and conscientiousness
have significant positive influence on the novelty of individual’s ideas. Fur-
ther, with respect to the usefulness of an individual’s ideas, the personality
traits agreeableness and conscientiousness were identified to have significant
positive influence. Whereas, extraversion was observed to have significant
negative influence.

In a follow-up study, the same authors discussed a crowd-acquired dataset
that contains requirements and their ratings, and outlined key challenges
involved in automating Crowd RE, an avenue for engaging the general public
in a variety of requirements engineering tasks. Authors used the 20-item
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Table 5.1: Details of studies where IPIP was employed

Study Type of subjects Instrument variant Research topic
[6] Software practitioners IPIP (50 items) Behavior and preferences
[38] Students IPIP (120 items) Pair programming
[41] Students IPIP (120 items) Pair programming
[53] Software practitioners

and students IPIP Pair programming
[54] Students IPIP (50 items) Personality convergence
[55] Students IPIP Team performance and learning
[56] Software practitioners IPIP (50 items) Software process allocation

[57] Software practitioners IPIP (50 items) Software engineer personality
characteristics

[58] Software practitioners IPIP (50 items) Software engineer beliefs and
personality characteristics

[59] Students IPIP (50 items) Learning effectiveness of teams
[61] Software practitioners IPIP (20 items) Influence of personality on creativity

[62] Students IPIP (20 items) Influence of personality on error
reporting decisions

[63] Students IPIP (50 items) Individual performance

[65] Students IPIP (50 items)
Influence of personality on
programming styles
and individual performance

[64] Software practitioners IPIP (20 items) Influence of personality on creativity

mini IPIP for assessing workers’ personality traits, whose information within
the dataset was crucial for understanding the novelty and usefulness of the
requirements [64].

The details of IPIP variants employed across various studies along with
the recruited subjects and investigated research topics are presented in
Table 5.1.

A wide range of studies used IPIP for investigating personality char-
acteristics among students within SE/computer science learning contexts.
Some of these studies include, understanding the influence of personality
on programming styles [65], investigating the relationship between perfor-
mance, temperament and personality [63], exploring changes in self and peer
evaluations of personality [54], investigating the relationship between person-
ality characteristics and learning effectiveness [59], examining how different
moods and conscientiousness can influence error reporting decisions [62],
investigating the effect of team personality composition on both individual
learning and team effectiveness [55] and investigating whether differences in
personality profiles during pairing activities impact academic performance
[38], [41].

Although the initial version of IPIP [49] was designed to measure con-
structs similar to those assessed by the 30 facet scales in the NEO PI-R,

163



5. Investigating the relationship between personalities and team
climate of software professionals in a telecom company

none of the shorter versions of IPIP inventories that contained 20, 50 and
100 items, were robust in terms of covering a wide range of facets. That is,
these shorter versions cannot measure the six facets associated with each of
the five broad domains [51]. Thus, another version of IPIP-NEO which can
validly and reliably represent five broad domains with the help of 120 items
was developed.

5.2.4 Team climate research in software engineering

Teams are usually assembled considering different roles and social interaction
aspects. Team climate can be defined as a shared perception within a
team with respect to the team’s work procedures, practices and members’
behaviors [22]. Previous research within the field of social psychology
suggested that climate perceptions are associated with a variety of outcomes
at individual, group and organizational levels like job satisfaction, individual
job performance and team performance [24].

Although there exists multiple standard tests such as the organizational
climate questionnaire, Schneider’s service climate instrument, Team Selection
Inventory (TSI) and Team Climate Inventory (TCI) which examine team
climate dimensions, only the TSI and TCI instruments are psychometric
inventories that take into consideration the personality, mental ability and
opinions of a person for assessing team climate preferences and team climate
perceptions, respectively [24].

In this study, our target was towards exploring the actual climate of work
teams i.e. to investigate what members from different teams think about the
way things are handled within their respective teams. Recent works in SE
have widely employed a four factor model for team climate [21]. Although
there exists a TCI version with five factors, an exploratory factor analysis
conducted by Chatzi and Nikolaou [66] showed that the four factor solution
should be adopted, instead of the five factor one. So, for the current study,
we chose to proceed with the TCI instrument as opposed to TSI, which is
applicable in a different context of what would be one’s preferred or ideal
teamworking climate [18].

The TCI instrument designed to inspect the four- factor theory of climate
[22] has shown consistent psychometric properties on repeated validations
[67],[68]. This theory emphasizes on four different factors that are regarded
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Table 5.2: Details of studies where TCI was employed

Study Type of subjects Instrument Research topic

[19] Software practitioners TCI (14 items) Factors influencing the successful
performance of cross-cultural teams

[20] Students TCI (38 items) Influence of personality and team
climate on product quality and satisfaction

[24] Students TCI (36 items) Influence of team climate on
software product quality

[69] Software practitioners TCI (38 items) Influence of task interdependence
and procedural justice on team climate

[70] Software practitioners TCI (38 items) Influence of personality traits on
team climate and team performance

[71] Software practitioners TCI (38 items) Effect of virtualness on team climate
and extra-role performance of team

as essential for effective team functioning and propensity to innovation [22].
They are, team vision, participative safety, task orientation and support for
innovation.

Team vision embraces the idea of a valued outcome and is a measure
of how clearly a team defines its goals. Participative safety factor is a
psychological factor that makes people more motivated when they are made
part of decision making process. It targets at what an individual team
member feels with regard to the level of trust within the team while expressing
their opinions and ideas. Task orientation factor is connected to the level of
effort a team exerts by means of sharing and evaluating ideas, in order to
achieve excellence. Support for innovation factor inspects to what extent
individuals in a team share their ideas regarding new ways of doing tasks that
could bring improvement in work environment [22],[69]. Within SE, the TCI
inventory has been employed in contexts that focused on software quality
[24], [20], team members’ satisfaction [20] and team performance [70],[19].
The details of TCI variants employed across various studies along with the
type of subjects recruited and research topics investigated are presented in
Table 5.2.

Looking at the range of research topics investigated by previous studies
(see Table 5.2), we can notice that there have been studies that investigated
team climate but did not focus on personality and others that also considered
personality. The details of these studies are presented as follows:
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5.2.4.1 Studies investigating team climate without focus on
personalities

In order to determine the factors influencing successful performance of cross-
cultural teams, Sumner and Molka-Danielsen [19] conducted a Web survey
mainly targeting at professionals who had prior experience in working with
global IT teams. Authors used the 14 item short-version of TCI and collected
responses from 47 respondents belonging to different nations. By observing
the relationship between team climate factors (independent variable) and
team performance (dependent variable), the study reported that the team
climate factors could distinguish high-performing teams from low-performing
teams.

Ganesh et al. [69] investigated the role of task interdependence and
procedural justice in influencing climate within software development teams.
Data was collected from 33 software development teams which were spread
across 5 different organizations. Authors observed a positive impact of task
interdependence on team climate and procedural justice had a positive effect
on participatory safety and support for innovation.

In another study Ganesh et al. [71] investigated the effect of virtualness
on team climate with the support of 125 team members belonging to 25
software development teams. Authors administered the TCI instrument along
with other instruments for measuring virtualness index, task interdependence
and organizational citizenship behavior. Results showed that virtualness
negatively affected team vision and participatory safety traits. However, task
interdependence was observed to be a crucial determinant of team climate.

Acuña et al [24] examined the work climate among 35 students working in
software development teams. They investigated whether the team climate has
any relation to software product quality and observed that high participative
safety perceptions of the team were significantly related to better software.

5.2.4.2 Studies investigating team climate with focus on personalities

In relation to the studies that investigated team climate and also personalities,
there were 3 studies that looked into this topic, as described next.

Shameem et al. [72] discussed a framework for relating FFM personality
dimensions with TCI traits for achieving effective team performance. In this
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study, they attempted to associate personality dimensions to team climate
factors merely by theoretical assumptions without any supporting evidence
from the literature or data. Although part of their future work states that
they would validate their model, without any supporting empirical evidence
they asserted that conscientious and extrovert team members constitute the
best personality-climate composition.

Next, Acuña et al. [20] analyzed the relationships between personality,
team climate, product quality and satisfaction within teams formed among
undergraduate students. Personalities were investigated using NEO-FFI
and team climate data was gathered using TCI instrument. However, the
big five personality traits and the team climate factors from the four-factor
model were considered as independent variables and the quality of the
developed software and mean satisfaction of team members were considered
as dependent variables. Therefore, they did not investigate whether there
was a relationship between team climate and individual personality.

Soomro et al. [70] investigated the relationship between personality
traits, team climate and team performance. Personality traits were mea-
sured using 120-item IPIP-NEO personality test and TCI instrument was
employed for measuring team climate. Authors gathered responses from
36 professionals by administering questionnaires to employees working in
IT related companies. Upon analysis, the authors observed a significant
positive relationship between extraversion personality trait and team climate.
However, some of the professionals’ experience being less than a year was
reported as a threat to the validity of their results. They further explicitly
mentioned about the need for hearing voices of experienced professionals.

With regard to Soomro et al.’s study [70], authors gathered personality
and team climate information from completely disengaged people i.e. re-
spondents not belonging to the same teams, and from different organizations.
In this context, collective analysis of personality and team climate scores of
different people does not make concrete coherence either at team level or at
organizational level.

Finally, a recent systematic literature review that looked into the effect
of personalities on team climate and performance stated that there has been
very limited research pertaining to identifying what personality compositions
lead to better team climate [21]. Moreover, in the light of significance of
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Table 5.3: Independent and dependent variables for this empirical study

Independent variables (Personality) Dependent variables (Team climate)
Neuroticism Participative safety
Extraversion Support for innovation
Openness to experience Team vision
Agreeableness Task orientation
Conscientiousness IPTC

team members’ personalities and other capabilities in bringing agility to a
development process [4], [73], exploring the relationship between personality
traits and team climate factors by hearing the voice of team members
would be helpful in reforming management activities, such as task allocation
routines and team selection strategies.

The need to understand in detail the relationship between personality
traits and team climate, and the lack of research in this area motivated us to
carry this study. The details of our study are presented next, in Section 5.3.

5.3 Methodology

This study focuses on investigating the relationship between personality
and team climate of professionals working in agile teams of a software
development organization. For this, the personality traits from FFM were
used as independent variables and the traits belonging to TCI as dependent
variables. In addition to the four dependent variables, a variable that
aggregates Individual’s Perceived Team Climate (IPTC) was also employed
and its details are presented in Section 5.4.1.1. The independent and
dependent variables in this study are summarized in Table 5.3.

5.3.1 Research context

This study was driven by the need of our industrial collaborator, a large
telecom company located in Sweden which provides global telecom services
and multimedia solutions. Our current study was executed in association
with a division that develops software-intensive charging and billing systems
for mobile networks. This division hosts multiple agile teams that adhere
to scrum practices for software development. Our sources of contact in
this organization were two senior professionals in the role of product owner,
a strategic decision making role, where one of the responsibilities is the
recruitment of members to teams.
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5.3.2 Data collection instruments

In order to look into the personality characteristics of individual team
members and understand their perception of team climate, we needed a
data collection mechanism that gathers first hand opinions and perceptions
of several team members. Therefore, for this study, we chose to gather
quantitative data by means of a survey using questionnaires as our data
collection instruments.

Feldt.et.al [6] recommended that psychometric tests that have real-valued,
continuous outcome variables should be preferred as they enable nuanced
statistical analysis [65]. So, for gathering personality characteristics, we
used IPIP-NEO personality test. This questionnaire hosts a total of 120
items that cover five different aspects of personality and each item was
answered over a five point Likert scale ranging from “very inaccurate” to
“very accurate”.

To understand the perception of team climate, we used the TCI ques-
tionnaire. The total number of items in TCI is 38 and they encompass four
different team climate factors. Each item in the TCI was rated on a scale
from 1 (strongly disagree/to a very little extent) through 3 (neutral/ to a
moderate extent) to 5 (strongly agree/to a very great extent).

In addition to the two questionnaires, we have also included an informed
consent form to comply with ethical principles. Therefore, participating
in the research was voluntary and signing a consent form represented a
verification of a person’s willingness to participate in this research study.
The form contained information about the overall study, which includes the
study’s objective, potential benefits, storage and processing of data, the
rights of a participant and the responsibilities of our research team. Besides
these, we have also asked questions for characterizing a subject like email,
age, gender, country, role and team ID.

5.3.3 Data collection technique

After the product owners indicated the necessity for investigating the factors
influencing team climate, a subsequent meeting was organized with them,
where the overall goal of the study together with what type of information
would be collected was presented. Later, the product owners issued a formal
approval for executing the survey at their organization and then selected
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subjects based on their availability and work load. In total, the product
owners contacted eight different agile teams working with them and invited
each team member to participate in the survey.

When the product owners were enquired about the nature of the teams,
it was indicated that all the eight teams were static i.e. the same members
from a team worked together on multiple sprints. Thus, with the experience
of working within the same team, we believe that each subject would have
developed certain level of consciousness that enables them to reflect upon
their perceived level of team climate.

We have organized a series of four sessions for interacting with the eight
teams. In order to inform the overall goal of this study to the subjects and
to elucidate how the outcomes of this study could be helpful, each session
was initiated with a presentation. During this presentation, subjects were
informed about the objectives of the study, and what type of information
would be gathered.

Besides information on questionnaires, the subjects were further notified
that all the data collected from the questionnaires will be anonymized and
were assured that the data will not be accessible to any person from their
organization, including the two collaborating product owners. The subjects
were also notified that participation in this survey was voluntary. After
disclosing complete information about the study, the next phase of each
session focused on handing over a copy of the informed consent form.

The pair of questionnaires were handed over to the subjects who agreed to
participate in our survey. To address the non-response problem, we chose to
distribute the questionnaires in printed form. Since time limitation imposed
on surveys could limit the response rate [74], all the subjects were informed
to fill in the responses at their own pace and at least two members from
our research team were present during each session to answer any questions
regarding the questionnaires and overall study. For example, as English was
not the mother tongue of the majority of subjects, and both questionnaires
were in English, we had to sometimes explain the meaning of words.

Each pair of IPIP-NEO and TCI questionnaires handed over to the
subjects were tagged with a unique participant identifier (P1, P2, etc.).
These identifiers were further used in consent forms that hosted demographic
questions. After collecting the responses from each subject, the consent
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Table 5.4: Distribution of respondents’ age

Age group Number of professionals
21 - 25 years 8 (18.60%)
26 - 30 years 7 (16.28%)
31 - 35 years 7 (16.28%)
36 - 40 years 5 (11.63%)
41 - 45 years 13 (30.23%)
46 - 50 years 1 (2.33%)
51 - 55 years 2 (4.65%)

forms were isolated from other questionnaires and stored separately. For the
sake of digital storage of the collected data, separate data entry forms were
created to hold demographic information and survey responses. An excerpt
from these forms can be found in Table A (demographics), Table B (survey
responses: IPIP-NEO) and Table C (survey responses: TCI), in Appendix.

Answers to the questionnaire items were considered valid only if all the
fields in IPIP-NEO and TCI questionnaires were answered. Whenever an
unanswered item in a questionnaire was noticed, the item(s) were sent as an
email to the subjects and they were requested to indicate their response.

5.3.4 Subjects

A total of 43 software professionals agreed to participate in this survey. It is
worth noting that these are the total number of members from eight agile
teams that were invited to participate. Among the 43 respondents, 37 were
male (86.05%) and the remaining six were female (13.95%). With regard
to respondents’ age, we observed that there were professionals belonging to
various age groups ranging from 20 to 55 years. The majority of respondents
were 41-45 years old (30.23%), followed by a relatively young group of
professionals falling under the age group of 21- 25 years (18.60%). Table 5.4
displays the distribution of age across the sample of respondents.

Looking at the roles taken up by the sample of respondents, it was
observed that more than half of the subjects played the role of software
developer (67.44%). Besides software developers, the rest of the professionals
held a range of diverse roles within the organization. Table 5.5 showcases
the number of respondents in each role.

When the respondents were asked to indicate the country they felt
mostly belonging to, the majority (31 out of 43) of respondents felt that they
belonged to Sweden (68.88%), followed by India (4.65%), Ukraine (4.65%),
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Table 5.5: Roles of software professionals

Role Number of professionals
Designer 2 (4.65%)
Design Lead 3 (6.98%)
Test Lead 3 (6.98%)
Product Owner 6 (13.95%)
Software Developer 29 (67.44%)

Lithuania (2.32%), Ethiopia (2.32%), Scotland (2.32%), Romania (2.32%),
England (2.32%), Turkey (2.32%), Russia (2.32%) and Iran (2.32%). This
diversity brings in the perspectives of different cultures to our study.

5.3.5 Data analysis

Each subject’s responses (from Table B in Appendix) were entered into an
online version of IPIP-NEO instrument, which compares the responses with
Reference Personality Data (RPD) and generates an individual narrative
report with numerical scores for each personality trait. The guidelines for
interpreting IPIP-NEO scores [75] specifies that these numerical scores are in
the form of percentile estimates and are generated after adjusting for age and
gender. In recent times, the percentile estimates from IPIP-NEO instrument
have also been employed for various analyses (individual differences [76],
correlation [77], regression [78]) within the fields of Psychology [77], [76] and
E-learning [78].

The scores for each personality trait range from 0 to 99, where 0 represents
the lowest and 99 represents the highest scores. So, for example, a score
of "60" for a trait means that a person’s level on that trait is estimated to
be higher than 60% of people from similar age and sex. The IPIP-NEO
narrative report further classifies an individual as low, average, or high in a
trait according to whether one’s score is approximately in the lowest 30%,
middle 40%, or highest 30% of scores obtained by people in RPD of similar
sex and age. The same categorization will further be used in in Section 5.4.1
for analyzing personality scores.

On the other hand, the TCI has a five point response scale, where higher
scores indicate more desirable or better team climate [22],[79]. The scores for
each of the four team climate factors were calculated by averaging the scores
awarded to all the questions associated with a trait [20],[79]. For example,
consider the case where a person assigned scores to all the 11 questions
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related to team vision. Here, the person’s perceived level of team vision was
calculated by averaging the scores of the 11 questions. Such a calculation,
as reported in the former studies, maintains the original five-point scale
even when the number of items varies from trait to trait [79]. Table D and
Table E in Appendix respectively illustrate how the personality and team
climate scores were organized for this study.

The following statistical techniques were used in this study for analyzing
the collected data [80]:

1. Descriptive analysis: This analysis summarizes the personality and
team climate characteristics observed across the eight teams.

2. Correlation analysis: This analysis presents the relationships among
personality traits as well as team climate factors (inter-correlations).
Besides that, the analysis also focuses on the relationship between
personality traits and team climate factors.

3. Regression analysis: This analysis focuses on estimating the rela-
tionship between variables by examining which variables are significant
predictors of the dependent variable.

5.4 Results

This section presents the results of our statistical analysis. In this study, we
used R programming language and statistical software environment for our
analysis.

5.4.1 Descriptive analysis

The distribution of subjects’ percentile estimates for each personality trait,
generated from the online analysis of IPIP-NEO test, are presented in
Table 5.6. The variations in subjects’ scores can also be seen in the box-and-
whisker plots shown in Figure 5.1, where the scores are also categorized as
low, average and high (with respect to RPD), as presented in the IPIP-NEO
narrative report.

Looking at the distribution of scores across the five traits, from Figure 5.1,
we can notice the levels of openness to experience and neuroticism to be low
in the case of more than 25% of the subjects (quartile group 1 and a portion
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Table 5.6: Distribution of personality traits’ scores

Personality trait Mean Median Standard deviation
Extraversion 52.116 54 24.18
Agreeableness 57.744 58 23.838
Conscientiousness 62.697 67 26.228
Neuroticism 39.279 38 24.68
Openness to Experience 39.116 41 20.067

of quartile group 2). Whereas, the levels of extraversion, conscientiousness
and agreeableness were observed to be low in less than 25% of the subjects
(a portion of quartile group 1). We can also see the level of extraversion to
be average for almost 50% of the subjects (interquartile range). Further, the
plots in Figure 5.1 clearly indicate the levels of extraversion, conscientiousness
and agreeableness to be high in more than 25% of the subjects (a portion of
quartile group 3 and quartile group 4). More importantly, we can see high
levels of conscientiousness within in close to 50% of the subjects (quartile
group 3 and quartile group 4).

Looking at the measures of central tendency, as shown in Table 5.6
and in Figure 5.1, we can see that, on the whole, the sample of subjects
possess average levels of each of the five personality traits, when compared
to people of similar sex and age. So, we can understand that the sample of
professionals not only enjoy spending time with others but also take pleasure
in spending time alone (average extraversion). They are concerned about the
needs of others but are generally unwilling to sacrifice one’s responsibility
(average agreeableness).

We can further understand that the professionals are good at planning
and organizing, and pursue their goals with determination (average consci-
entiousness). The professionals’ level of emotional reactivity seems to be
typical of the general population (as in RPD) and they can, in general, cope
with frustrating situations (average neuroticism). The data indicates that
although the professionals enjoy routine work, they are still inclined towards
trying new things (average openness to experience) [43].

On the other hand, our sample’s team climate scores (see Table 5.7 and
Figure 5.2) indicate that the mean and the median of participative safety were
relatively high and that of support for innovation were relatively low. Overall,
these observations indicate that the sample of professionals perceived that
their team atmosphere provided them a safe forum for generation of ideas
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Figure 5.1: Personality traits’ scores

Table 5.7: Distribution of team climate factors’ scores

Team climate factor Mean Median Standard deviation
Vision 4.004 4 0.485
Task orientation 4.098 4.142 0.607
Support for innovation 3.858 3.875 0.586
Participative safety 4.298 4.5 0.536

where every team member’s view was likely acknowledged (high participative
safety).

Figure 5.2: Team climate factors’ scores
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5.4.1.1 Aggregation of data

Since the conceptual basis of TCI emphasizes on “shared perception” within
work units, aggregating the scores of individual subjects to team level is
necessary for representing the overall team view. The data collected from
members of the same team gives the feasibility for analysing team level char-
acteristics. Such team level characteristics enables the comparison of traits
across different teams. For the sake of observing team level characteristics,
traits have to be aggregated on team level. However, agreement among
subjects from the same team must be demonstrated before aggregating
individual level scores [81].

In such a case, Intra-class Correlation Coefficient (ICC) is crucial for
making decisions regarding aggregation. The ICC(1) index compares the
variances among inter-group and intra-group [20]. Higher the ICC(1) index ,
greater will be the variance at individual level attributable to the relevant
team [20],[82]. For example, an ICC(1) index of 0.40 for a trait implies that
40% of the variance in a subject’s rating of the trait can be explained on the
basis of team membership. In general, an ICC(1) index over 0.20 justifies
aggregation [24], [20], [83].

In our current sample, the ICC(1) indices of all personality traits were
observed to be falling below the 0.20 threshold. So, personality scores could
not be aggregated to team level.Whereas, for team climate, except in relation
to the support for innovation trait, the indices related to the rest of the
traits were observed to be above the threshold (team vision (0.21), task
orientation (0.43) and participative safety (0.54)). So, for each of those three
traits, the aggregation was done by taking the average of team participants’
scores.

Some of the former studies that investigated relationships between team
climate and other aspects not only looked at the four team climate factors,
but also took into account the total TCI score, which was calculated by
aggregating scores of all the items in the TCI questionnaire [70],[84],[85]. On
the other hand, a mean score was also calculated based on the scores of the
four team climate factors in order to maintain the original five-point scale
of TCI questionnaire [86]. Although both of these approaches aim towards
calculating a score to represent overall team climate perception, the latter
approach facilitates comparison between overall team climate perception
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scores and the scores of team climate factors ( three traits in our study).
Thus, for each subject in our study, we calculated an average score (we
will refer to it as Individual’s Perceived Team Climate (IPTC) here forth)
based on the scores of each of the four team climate factors (see Table E in
Appendix).

It is however noteworthy that the set of scores acquired from either of
the aforementioned two approaches would have the same association with
the scores of personality traits i.e. the correlation and regression coefficients
remains unchanged while investigating the relationship between personality
traits’ scores and total TCI scores/IPTC scores.

The distribution of IPTC scores for the eight teams is presented in
Figure 5.3, where Tx (x ranges from 1 to 8) corresponds to team x. The
small size of boxes and whiskers in the case of teams T4 and T7 (see
Figure 5.3) indicates high level of conformity among team members’ IPTC
scores (where, the number of members in a team is indicated by ‘n’ in
Figure 5.3).

Further, from Figure 5.3, we can notice the IPTC scores of almost all
the members across the eight teams (except one member from team T5)
to be above 3. Since higher scores recorded on TCI indicates a better or
more desirable team climate [79], we can understand that the majority of
the members felt the climate within their team was very good.

In the case of teams T5 and T6 (see Figure 5.3), the data points falling
outside the box-and-whiskers plot indicates data points numerically distant
from the rest of the data. However, these outliers were not excluded as they
were legitimate and affect the climate score computed at team level.

The ICC(1) index for IPTC scores was 0.39 and the F-test for the ICC(1)
was statistically significant (p<.001), thus supporting the aggregation. So,
ultimately, a team climate score was computed for each team based on
averaging the team participants’ IPTC scores. Figure 5.4 presents the team
climate scores along with the average scores of the three traits for the eight
teams. Upon inspecting the team level characteristics (see Figure 5.4), we
can notice the team climate scores to be falling within the range of 3.5 to
4.5, thus indicating the perceived team climate among the eight teams to be
ranging between positive to highly positive.
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Figure 5.3: Trends in IPTC scores across eight teams

Figure 5.4: Team climate trends across eight teams

5.4.2 Correlation analysis

Both IPIP-NEO and TCI instruments contain different sets of five Likert-
type items that are combined into single composite scores while analyzing
the responses from subjects (as explained in Section 5.3.5). Each of these
composite scores provides a quantitative measure of a personality trait or a
team climate factor, which is of interest for the current study. Therefore,
as suggested by Boone Jr and Boone [87], the composite scores for Likert
scales in our context (Likert scales measuring personality traits and team
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climate factors) should be analyzed at interval measurement scale.

In order to measure the strength of association between the study vari-
ables, Pearson’s product moment correlation, a data analysis procedure
appropriate for interval scale items, was employed in two cases. The first
case focuses on identifying the relationship between variables belonging
to the same entity (i.e. inter-correlations) and the second case targets at
identifying the relationship between personality and team climate variables.
The findings from these cases are presented in the following subsections.

However, in each case, prior to the correlation analysis, it is important
to ensure that the assumptions and requirements for computing Pearson’s
product-moment correlation hold true for the data being considered. So,
we performed correlation analysis only after: a) Checking the linearity of
the relationship between each pair of variables by means of preliminary
scatter plots and b) Checking whether the variables under consideration
were normally distributed by means of Q-Q plots.

The resulting correlation coefficients were further compared against
Cohen’s rules [88] to determine the strength of the relationship. According
to those rules, an effect size is small if correlation coefficient value (r) is
around 0.10, medium if r value is around 0.30 and large if r value is around
0.50. A large effect size means that the associations observed within the
study are highly likely to be observed in other investigations conducted
within the same context. Whereas, a medium effect size indicates that the
associations are likely to be observed in other cases.

5.4.2.1 Relationship between personality traits

Most of the former studies that either employed FFM or investigated the
Big Five personality traits did not report the inter-correlations among the
traits [89]. So, our initial phase of correlation analysis focused on it, and
this is one of the research contributions of this paper. The scores of the five
personality variables acquired from each subject’s response were analyzed
using Pearson’s correlation. In order to facilitate comparison with future
studies, the scores of the variables were not normalized to fit the total mean
values in the present sample [77]. The value of correlation coefficient (r)
observed for each pair of variables is presented in Table 5.8, where ‘p’ value
helps in determining whether the correlation between variables is significant.
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Table 5.8: Pearson correlation matrix for personality traits

Extraversion Agreeableness Conscientiousness Neuroticism
Agreeableness 0.15
Conscientiousness 0.43** 0.39**
Neuroticism -0.52*** -0.23 -0.70****
Openness 0.40** 0.41** 0.1 -0.2

p <.0001 ‘****’, p <.001 ‘***’, p <.01 ‘**’

We observed a medium size positive effect between conscientiousness
and extraversion variables (r = 0.43); and also among conscientiousness and
agreeableness variables (r = 0.39). Both the correlations were significant
at the level of 0.01. From the positive correlations we can interpret that,
within the sample of 43 professionals, an increase in a person’s ability to
plan and organize effectively (conscientiousness) not only corresponded to
an increase in the ability to socialize and express (extraversion), but also
corresponded to a rise in the ability to easily get along with other team
members (agreeableness) [43].

A similar medium size positive effect was observed between openness to
experience and two other variables (extraversion (r=0.40) and agreeableness
(r=0.41)). Openness to experience is linked to a person’s willingness to try
new things and the ability to be imaginative. From the positive correlations
we can understand that, a rise in openness to experience score corresponded
to an increase in the ability for social interactions (extraversion) and more
positive peer relationships (agreeableness).

Besides positive associations, we observed a large size negative effect
between neuroticism and extraversion variables (r = -0.52). We also noticed
a very large size negative effect between neuroticism and conscientiousness
variables (r = -0.70). Among the five personality variables, neuroticism is
the only variable associated with negative characteristics like being nervous,
unconfident, anxious, etc. A person with high neuroticism is often not
motivated by the desire to fulfill social obligations. Thus, from the large size
negative effects, we can interpret that the rise in the level of neuroticism
in a subject corresponded to a decline in the ability for social interaction
(extraversion) and a sharp fall in the level of confidence (conscientiousness).
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Table 5.9: Pearson correlation matrix for team climate factors

Vision Task Orientation Support for innovation
Task Orientation 0.47**
Support for innovation 0.43** 0.62****
Participative safety 0.58**** 0.69**** 0.51***

p <.0001 ‘****’, p <.001 ‘***’, p <.01 ‘**’

5.4.2.2 Relationship between team climate factors

The scores for the four team climate variables acquired from each subject’s
response were also analyzed using Pearson’s correlation [70], [90] and the
resulting r values are presented in Table 9. The results show a positive
relationship between all the team climate variables and the correlation
between all the variables was significant at the level of 0.01.

A very large size positive effect was observed between task orientation
and two other variables (participative safety (r = 0.69 and p < 0.0001) and
support for innovation (r = 0.62 and p < 0.0001)). Task orientation deals with
an individual’s perception about the effort put by team members towards
achieving excellence. The positive correlation between task orientation
and other two variables conveys that, within the sample, an increase in an
individual’s perceived level of task orientation not only corresponded to
an increase in the individual’s perceived level of trust within his/her team
(participative safety), but also corresponded to a rise in the perceived level
of idea sharing within team (support for innovation).

Further, a large size positive effect was also observed between team vision
and participative safety variables (r = 0.58 and p < 0.0001). This positive
correlation indicates that an increase in an individual’s perceived level of
participative safety corresponded to a rise in the individual’s perception
level regarding the clarity of goals set within his/her team.

5.4.2.3 Relationship between personality traits and team climate
factors

In order to further explore the relationships between personality and team
climate variables, Pearson’s correlation analysis was conducted by consider-
ing the scores of all variables. Additionally, the IPTC scores of each subject
were also included in the analysis for the sake of identifying any existent re-
lationships between personality variables and overall team climate perceived
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Table 5.10: Pearson Correlation matrix for personality traits and team
climate factors

Vision Task Orientation Support for
innovation

Participative
safety IPTC

Extraversion 0.17 0.19 0.23 -0.01 0.16
Agreeableness 0.27 0.22 0.25 0.37* 0.35*
Conscientiousness 0.11 0.11 0.13 0.14 0.15
Neuroticism -0.09 -0.04 -0.17 0.06 -0.06
Openness 0.26 0.15 0.31* 0.08 0.23

p <.05 ‘*’

by individuals. The results of this correlation analysis are presented in the
Table 5.10.

The r values in Table 5.10 indicates a significant positive correlation
between agreeableness and participative safety variables (r = 0.37 and p <
.05). Similar relationship was also observed between openness to experience
and support for innovation variables (r = 0.31 and p < .05). The remaining
personality variables like extraversion, conscientiousness and neuroticism
were not significantly related to any of the team climate variables.

The positive correlations from Table 5.10 imply that a rise in an indi-
vidual’s ability to get along with fellow team mates (agreeableness) corre-
sponded to a definite rise in the individual’s perceived level of information
sharing within team (participative safety). Further, a rise in an individual’s
willingness to try new things (Openness to experience) corresponded to a
significant rise in the individual’s perception related to sharing ideas within
team (support for innovation).

Moreover, from Table 5.10, the medium size positive effect (r = 0.35 and
p < .05) between the scores of agreeableness and IPTC variables implies
that a rise in a person’s perceived level of overall team climate is associated
with the rise in the person’s level of agreeableness. Within the sample of
data herein, agreeableness was observed to be the only personality factor
that was associated with overall team climate.

Overall, the results of correlation analysis showed that the agreeableness
has a medium effect size on participative safety and IPTC variables. Similarly,
openness to experience also has a medium effect size on support for innovation
variable. Thus, because of the medium effect size, these three associations
are likely to be observed in other studies that will be executed within the
same context as ours.
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Table 5.11: Summary of the regression model for predicting participative
safety

Estimate Stand. Error t value p value
(Intercept) 3.809 0.207 18.364 Signif level 0.00
Agreeableness 0.008 0.003 2.584 Signif level 0.01
Residual standard error: 0.514 on 41 degrees of freedom
R-squared: 0.140
F-statistic: 6.679 on 1 and 41
degrees of freedom

p value: Signif level 0.05

5.4.3 Regression analysis

In extension to the correlation analysis, a regression analysis was also
conducted in an attempt to investigate whether the values of dependent
variables (team climate factors) can be predicted based on the values of
independent variables (personality traits).

Since the results of the correlation analysis (see Table 5.10) show that
three dependent variables (participative safety, support for innovation and
IPTC) were significantly associated with a corresponding single independent
variable (agreeableness, openness to experience and agreeableness, respec-
tively), a linear regression model was used to further investigate the nature of
relationship between each pair of these independent and dependent variables.

Prior to establishing a regression model, preliminary tests were performed
to ensure that the assumptions and requirements for regression analysis hold
true for the data being considered. So, in addition to the tests for normality
and linearity (as explained in Section 5.4.2), residual scatter plots were used
to make sure there are no violations to the assumption of homoscedasticity.

5.4.3.1 Building a model to predict participative safety

The first linear regression model was built using agreeableness as independent
variable and participative safety as dependent variable. The summary of this
simple linear regression model is presented in Table 5.11 and the direction
of regression line in Figure 5.5 indicates the positive relationship between
the two variables.

The estimate in Table 5.11 contains two rows that represent the inter-
cept and slope terms in the linear model. The intercept is essentially the
expected value of participative safety variable when we consider the average
agreeableness score among all the subjects. Further, the slope term indicates
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Figure 5.5: Plot between participative safety and agreeableness variables

that for every one point increase in the score of agreeableness variable, the
participative safety score goes up by 0.008 points.

However, the residual standard error value indicates that, on average, the
actual participative safety score can deviate from the true regression line by
approximately 0.514 points. Considering the intercept value of 3.809 and the
residual standard error, which is 0.514, we can say that the percentage error
is (i.e. any prediction from this model would still be off by) 13.49%. More
importantly, the coefficient of determination (R-squared value) indicates that
14% of the variance found in participative safety scores can be explained by
agreeableness variable.

5.4.3.2 Building a model to predict support for innovation

Among all the independent variables, openness to experience was the only
independent variable that was significantly correlated with support for
innovation (see Table 5.10). So, openness to experience variable was used for
constructing a regression model to predict support for innovation. Table 5.12
presents the summary of this linear regression model and the direction of
regression line in Figure 5.6 indicates the positive relationship between those
variables.
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Table 5.12: Summary of the regression model for predicting support for
innovation

Estimate Stand. Error t value p value
(Intercept) 3.52 0.191 18.423 Signif level 0.00
Openness 0.009 0.004 2.098 Signif level 0.01
Residual standard error: 0.566 on 41 degrees of freedom
R-squared: 0.097
F-statistic: 4.401 on 1 and 41
degrees of freedom

p value: Signif level 0.05

Figure 5.6: Plot between support for innovation and openness to experience
variables

The summary of the current regression model from Table 5.12 indicates
that for every one point increase in the score of openness to experience
variable, the support for innovation score goes up by 0.009 points. However,
on average, the actual support for innovation score can deviate from the
true regression line by approximately 0.566 points and the percentage error
is 16.07%. The coefficient of determination in this case shows that 9.7%
of the variance found in support for innovation scores can be explained by
openness to experience variable.
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Table 5.13: Summary of the regression model for predicting overall team
climate

Estimate Stand. Error t value p value
(Intercept) 3.708 0.171 21.649 Signif level 0.00
Agreeableness 0.006 0.002 2.409 Signif level :0.01
Residual standard error: 0.424 on 41 degrees of freedom
R-squared: 0.124
F-statistic: 5.801 on 1 and 41 de-
grees of freedom

p value: Signif level 0.05

5.4.3.3 Building a model to predict overall team climate perception

The score acquired by averaging all the team climate factors’ scores indicated
by each subject (IPTC) gives us an impression of the overall team climate
perceived by the subject. From the results of correlation analysis (see
Table 5.10), agreeableness was observed to be the only independent variable
that can be used for building a model to predict IPTC scores. So, a single
variable regression equation was constructed using IPTC as dependent
variable and agreeableness as independent variable. Table 5.13 presents the
summary of this simple linear regression model and the regression line in
Figure 5.7 indicates the positive relationship between those variables.

Figure 5.7: Plot between IPTC and agreeableness variables

The summary of the current regression model from Table 5.13 indicates
that for every one point increase in the score of agreeableness variable, the
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team climate score goes up by 0.006 points. However, on an average, the
actual IPTC score can deviate from the true regression line by approximately
0.424 points and the percentage error in this case is 11.44%. The coefficient
of determination in this case shows that 12.4% of the variance found in
IPTC scores can be explained by agreeableness variable.

Overall, from the summaries of each of the three prediction models (see
Tables 11, 12 and 13), the close to zero p-values (p < 0.01) observed for
both intercept and slope, and the value of the F-statistic (greater than 1)
indicates a real relationship between independent and dependent variables;
and allows us to ascertain that the addition of independent variable to
the corresponding model was significant. Additionally, the p-value for the
F-statistic was observed to be less than 0.05 in each model, which implies
that the coefficient of determination was significantly (significance level of
0.05) different from zero.

In spite of noticeably small value of coefficient of determination in
all the three models, the statistically significant independent variable in
each model enables us to draw important conclusions pertaining to how
the changes in that variable are associated with changes in the dependent
variable. From the regression lines plotted in Figures 5, 6 and 7, we can see
that the dependent variable in each model is positively associated with the
corresponding independent variable.

Moreover, the smaller values of coefficient of determination across the
three models implies that the independent variable alone could not account
for majority of the variance in the dependent variable. The independent
variable in each model could explain less than 15% of the variance in
dependent variable, suggesting that the dependent variable is highly likely
to be influenced by some other factors apart from personality traits.

5.5 Discussion

5.5.1 Insights from the results of descriptive analysis

Upon comparing the measures of central tendency of the five personality
traits within our sample (see Table 5.6), we can observe the level of con-
scientiousness to be relatively higher within the sample of professionals.
Conscientiousness was followed by the scores of agreeableness, extraversion,
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openness to experience and neuroticism.

Former literature reveals that higher level of conscientiousness would
certainly have a positive impact on the stress-health behavior of individuals
[91] and also contribute to perceiving work satisfaction [43]. On the other
hand, neurotic people tend to persevere negative emotional reactions for
unusually long time, which indicates that they are often prone to be in a bad
mood [43]. In contrast, lower levels of neuroticism reveals the emotionally
stable nature of individuals [43].

Historically, Sweden has been emphasizing on the importance of estab-
lishing participative work groups and democratic leadership in organizations
[92]. The results from our study were observed to be in line with this practice.
The higher levels of participative safety observed across all the participating
teams indicates that the members seem to present higher tendencies for
avoiding cognitive conflicts that might arise during discussions [93]. Feeling
safe within a team can persuade team members to be more expressive and
consequently lead to proposing novel ideas that can contribute towards
developing better quality of software [20].

A previous study reported that the perception of participative safety
was related to the production of a better quality software product [24]. So,
given the essentiality of interactions among team members for developing
software following an agile methodology [20], it is worth noting that team
participative safety, as observed in our study, would be highly beneficial to
agile teams working in any domain of software development.

In an investigation on the factors influencing the performance of cross-
cultural teams, a previous study has identified participative safety together
with team vision and task orientation as influential traits. These traits
distinguished high performing teams from low-performing ones [19]. In
the light of our subjects belonging to more than 10 different countries (see
Section 5.3.4), these findings are particularly insightful to cases like ours and
we assert that the highly positive scores for participative safety, team vision
and task orientation traits as observed in our results would correspond to a
definite positive impact on the performance of the software teams.
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5.5.2 Insights from the results of correlation analysis

We believe that the positive relation between agreeableness and participate
safety seems plausible. This is because, agreeable individuals value getting
along with others and the teams with agreeable members would correspond
to a collaborative and synergetic environment that can reinforce trust within
a team and can further implicitly motivate members by making them a part
of the decision making process.

Similarly, the positive relation between openness to experience and sup-
port for innovation seems coherent. This is because, openness to experience
is associated with the extent to which individuals are intellectually curious
[43]. So team members who are willing to come up with new ideas for
improving their work environment will most probably be the ones to be
more enthusiastic about sharing their ideas regarding new ways of doing
tasks, thus, in turn, lending higher support for innovative ideas.

It was however surprising to see other factors, particularly extraversion
(as extroverts are expected to be more interactive and subsequently open
more room for discussion) not being related to participative safety and
conscientiousness (as conscientious people set clear goals and apparently put
more effort for achieving them) not being related to either team vision or
task orientation.

Interestingly, out of all the personality traits, agreeableness was the only
personality trait that was positively correlated with IPTC scores (r = 0.35
and p < .05). This indicates that the perceived level of climate was higher
in teams with more agreeable people. The reason for this could be because
of the importance of agreeableness trait for team cohesion in any software
development environment [20]. The optimistic nature of agreeable people
promotes cooperation and social harmony within a team, thus, possibly
contributing to a better climate.

Upon analyzing personalities and team climate perceptions by recruiting
subjects from different work places, Soomro et al. [70] observed a positive
correlation between extraversion and TCI scores. Whereas, in our study,
where all the subjects belonged to the same workplace, a positive correlation
was observed between agreeableness and IPTC scores. Unlike our study, in
their case, the majority of subjects were female (67%) and a major portion
of their subjects belonged to Malaysia (83%). Further, almost 80% of their
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subjects were aged below 30 years. By this, we can understand that the
differences in samples like gender, culture, sample size and age can influence
the results. In addition to the differences in sample, there are other clear
methodological differences pertaining to how subjects were recruited for
study, which can potentially be the reason for the differences in the findings
of the two studies. The methodological differences are presented as follows:

Firstly, regarding recruitment of subjects to study, Soomro et al. just
mentioned about receiving responses from 36 people after distributing ques-
tionnaires to 60 people. However, they did not report any information either
about selection criteria or regarding the criteria employed for filtering the
subjects. Thereby, there certainly lies the possibility of recruiting subjects
who did not have any experience of working in teams and the team climate
perceptions in such cases would be utterly illogical, which turns out to be a
major threat to the external validity of their results.

Secondly, while recruiting subjects from different work places, Soomro et
al. did not plan to confine their study by recruiting subjects associated with
a specific domain or software development methodology. Even the discussion
on demographics of their subjects did not provide any details about domain
or software development methodology adopted by subjects at their work
places. So, we think the design of their study was not rigorous in terms of
recruiting a specific set of subjects. As a result, the relationships identified
in their study are just confined to the sample of 36 subjects and their results
do not contribute to practice as they cannot be readily applicable to any
particular domain or software development methodology.

Unlike their study, in our case, all the recruited subjects were active
members in eight different teams of a single organization and all the eight
teams adhered to scrum practices. Thus, the findings from our study would
be applicable to other organizations in telecom domain that adopt scrum
methodology for developing software.

5.5.3 Insights from the results of regression analysis

Agreeableness turned out to be the statistically significant independent vari-
able in the regression models that were constructed to predict participative
safety and IPTC scores; and openness to experience turned out to be the
statistically significant independent variable in the regression model that
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was constructed to predict support for innovation.

Each of the independent variables in each of the three regression models
could explain at most 14% of the variance in the dependent variable. It
is however hard to define which level of coefficient of determination is
appropriate for claiming that the model fits well. Essentially, that will vary
with the application and domain being investigated. In many psychology
studies the coefficient of determination is usually less than 50% since people
are harder to predict [94]. In such studies, even a small value of the coefficient
of determination could have important implications.

Looking at the coefficients of determination from the three models in
our study, we strongly believe that the inclusion of additional independent
variables can possibly increase the explanatory power of the models. Role
allocation to a team member is reported as a key factor in software team
climate composition and it is dependent on the capabilities of the member
[21]. So, perhaps, the capabilities of professionals can be considered as
additional independent variables for the regression models. Overall, the
findings from our study contribute to the discussion on the validity of
personality traits in predicting work-related variables [10] and also sheds
light upon the not widely explored area of team climate in SE [21].

5.5.4 Validation of the results

We organized a seminar with the product owners from the collaborating
company in order to discuss the results for validation and feedback. During
this session, we explained how the scores of personality traits and team
climate factors should be interpreted and further discussed the characteristics
associated with low, medium and high levels of each personality trait. Then,
we presented the findings from the correlation and regression analysis. The
product owners also inquired about the trends in scores across the eight
participating teams and, by closely comparing the climate scores among the
teams, they pondered upon the possible reasons for variations and brought
them to our notice. Therefore, we have confidence in the validity of our
findings.

Overall, the findings from this study received a very positive feedback
from our industrial collaborator and these findings were further used in a
dissemination for a wider audience within the organization.
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5.5.5 Theoretical and practical implications

First and foremost, attention has to be given to the ethical concerns asso-
ciated with studies investigating human aspects of SE like personality and
team climate. Although the issue is less critical for the studies driven by
researchers, where, data will often be anonymized, it is important when
recruiting subjects to ensure that they are aware about how their data will
be treated. Otherwise, there is a risk of not hearing the genuine voices of
practitioners as they might be reluctant to answer truthfully [6]. Given
the ubiquity of employing personality tests for evaluating employees during
recruitment process, over time the aforementioned problem becomes trivial
[10]. However, as accomplished in our study, we recommend the interested
parties to team up with external parties that can guarantee higher level
of anonymity and secure the data gathered from the professionals. This
would be a wonderful opportunity for collaboration between researchers and
software practitioners.

TCI is sensitive to differences in climate within teams in different set-
tings (for example: the mean scores of TCI traits would be different for
hospital management teams and social services teams) [19]. So, the team
climate results observed in this study would particularly be relevant for
software development organizations associated with the telecommunications
domain adopting scrum methodology for software development. However,
the relationships detected in our study might still be applicable to the wider
software industry and, in principle, the relationships identified in our study
can be used to formulate hypotheses that can be tested in other software
organizations.

In practice, we think our study could be useful to managers while forming
teams. In the light of the associations we have uncovered, we suggest software
organizations to maintain a personality and team climate repository of their
employees and vividly incorporate both personality and team climate factors
in their decision making process. Such a measure would not only benefit an
organization in diagnosing other than project planning problems, but would
also benefit its employees by contributing to a better climate. Consequently
the employees are more likely to be satisfied with their work environment
[6], [20].

However, given the validity threats to our study, a manager has to inspect
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whether the associations uncovered in this current study are valid (and to
what degree) in their organization. Long-term inspection of personalities and
team climate characteristics can help in acquiring more detailed knowledge
that would be necessary to establish robust prediction models.

The results obtained herein for the correlation and regression analysis
create venues for future research so to help generalize our findings to a wider
context where development is carried out by teams using agile techniques.
Since human aspects play a crucial role in the software process productivity
[20], [95], perhaps a relevant research direction for future research would be
to see how work experience and capabilities of software professionals would
relate to team climate [21] and further investigate the association between
personalities, team climate and productivity of teams. The advantage
with such an investigation is twofold. Firstly, we can endeavor towards
understanding the causal relations such as what impact personalities and
team climate have on productivity and secondly, the investigation opens up
possibilities for forecasting team climate and productivity of teams.

5.6 Threats to validity

This section discusses some of the threats that could affect the validity of
our results.

Sample size: This threat relates to the number of subjects who partici-
pated in our study. Since the number of subjects in our sample were only
43, we can tentatively generalize the results to other agile teams within the
same division where the data was gathered from, but we cannot generalize
the results to all other divisions of this company or even to other telecom
companies. So, it is necessary to expand this research by recruiting a larger
number of subjects and also including additional telecom companies.

Evaluation apprehension: This threat relates to the subjects’ ten-
dency of trying to portray themselves as better when asked to indicate their
opinions and perceptions for personality and team climate questionnaires.
However, this threat was mitigated by explicitly informing the subjects
that there were no right or wrong answers for both questionnaires. Ad-
ditionally, the subjects were also informed that the responses will not be
available to anyone from their organization, which includes their managers
and colleagues.
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Task complexity: The threat related to comparison of team members
working on different problems or problems of different complexity was
mitigated by recruiting teams that developed equally complex tasks of
the same project. The program managers were instrumental in making this
selection.

Medium effect size: Since some personality variables were observed
to have a medium effect size on team climate, there is an indication that
the associations observed in this study would not occur in some agile teams
under same context. However, expanding this research to other telecom
companies could help in uncovering associations that can be representative
for agile teams.

Variability in results: The scatter plots for all the three regression
models showed that the data points were widely dispersed. This could be
due to the limited size of the sample. Recruiting a larger number of subjects
could help in decreasing the variability in results and presents results at a
higher confidence level.

Affiliated country of subjects: The fact that majority of our subjects
indicated as belonging to Sweden might pose a threat to the generalizability
of our results. However, former studies investigating personalities have
shown no significant differences based on nationality [6].

5.7 Conclusions

This study explores the relationship between personality traits and team
climate perceptions of software professionals working in agile teams. With
the support of our industrial collaborator, we surveyed members from eight
teams and gathered their personality profiles and team climate perceptions.
Correlation and regression analyses were performed on this data to uncover
associations and to investigate which personality variables in particular are
significant predictors of team climate variables.

Our correlation analysis showed that agreeableness personality trait has a
medium effect size on participative safety and overall team climate perceived
by individuals. Similarly, openness to experience trait also has a medium
effect size on support for innovation. In these three cases, correlations were
positive and were significant at 0.05 level.
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Additionally, three regression models were developed in relation to the
aforementioned significant correlations and we observed that agreeableness
could explain only 14% of variance in participative safety and 12.4% of
variance in perceived team climate. Whereas, openness to experience could
explain only 9.7% of variance in support for innovation. Possible strategies
that can be adopted to improve the explanatory power of these models are:
1) considering additional variables that can be significant predictors of team
climate 2) recruiting a sample whose size is much larger than the one in our
current study.
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Appendix

Please note the participant name and team ID information in Table A have
been anonymized to maintain confidentiality.

Table A: Excerpt from the form holding demographics of subjects

Participant ID Participant Name Role Team ID Gender Age Country
P1 Person A Design Lead T2 Male 45 Sweden
P2 Person B Software developer T2 Male 33 Sweden
P3 Person C Software developer T2 Male 29 Sweden
P4 Person D Product owner T2 Male 22 Sweden

An excerpt from the responses received from four subjects for the first
five items of the IPIP-NEO instrument is presented in Table B. For each item
in IPIP-NEO instrument, although the subjects mark their response over five
Likert-type items, for convenience, we assigned numbers to each Likert-type
item. Thus, the numbers associated with the items serve only as labels,
where 1 corresponds to very inaccurate, 2-moderately inaccurate, 3-neither
accurate nor inaccurate, 4-moderately accurate and 5-very accurate.

Table B: Excerpt from the form holding survey responses for IPIP-NEO
instrument

IPIP-NEO item Participant response
P1 P2 P3 P2

Worry about things. 5 2 3 2
Make friends easily. 3 2 4 4

Have a vivid imagination. 4 2 4 3
Trust others. 2 4 3 5

Complete tasks successfully. 4 4 5 4

An excerpt from the responses received from four subjects for the first
five questions of the TCI instrument is presented in Table C.

Table C: Excerpt from the form holding survey responses for TCI instrument

TCI item Participant response
P1 P2 P3 P4

Q1 5 4 4 3
Q2 4 4 3 4
Q3 4 4 5 5
Q4 5 4 4 4
Q5 4 3 4 3

Table D presents an excerpt from the scores of personality traits and
Table E presents an excerpt from the scores of team climate factors.
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Table D: Excerpt from the form holding the scores of personality traits

Personality trait Participant score
P1 P2 P3 P4

Extraversion 8 21 54 52
Agreeableness 44 75 68 86
Conscientiousness 19 70 86 13
Neuroticism 87 62 52 15
Openness to experience 24 33 65 26

Table E: Excerpt from the form holding the scores of team climate factors

Team climate factor Participant score
P1 P2 P3 P4

Vision 4 4 4.81 4.81
Task orientation 5 4.42 5 4.85

Support for innovation 4.75 4 5 3.87
Participative safety 4.83 4.58 5 5

IPTC 4.6 4.26 4.94 4.68
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Background: Over the past decades, advance-
ments in the software industry and the prevalence 
of Agile Software Development (ASD) practices 
have increased the prominence of individual and 
interpersonal skills. The human-centric nature of 
ASD practices makes it imperative to identify and 
to assign a capable professional to a team. While 
capabilities of professionals influence team perfor-
mance and lead the path to a project’s success, the 
area of capability measurement in ASD remains 
largely unexplored.

Objectives: This thesis aims to aggregate evi-
dence from both the state of the art and practice 
to understand capability measurement in ASD. 
Further, to support research and practice towards 
composing agile teams, this thesis also investigates 
the effects of capability measures on team-level as-
pects (team performance and team climate) within 
industrial contexts.

Method: A mixed-methods approach was em-
ployed to address the thesis’ objectives. A Sys-
tematic Literature Review (SLR) and an industrial 
survey were conducted to identify and gather evi-
dence in relation to individual and team capability 
measures, which are pertinent to ASD context. 
A case study and another industrial survey were 
carried out to provide insights and extend support 
towards agile team composition.

Results: Our SLR results showed that a major 
portion of former studies discussed capability 
measures in relation to affective, communication, 

interpersonal and personal aspects. Results from 
our survey also aligned with these findings, where, 
measures associated with the aforementioned 
aspects were observed to be widely known to 
practitioners and were also perceived by them as 
highly relevant in ASD contexts. Our case study 
conducted at a small-sized organization revealed 
multiple professional capability measures to be af-
fecting team performance. Whereas, our survey 
conducted at a large-sized organization identified 
an individual’s ability to easily get along with other 
team members (agreeableness personality trait) to 
have a significant positive influence on the person’s 
perceived level of team climate.

Conclusion: In this thesis, the empirical evidence 
gathered by employing mixed-methods and exam-
ining diverse organizational contexts, contributed 
towards better realization of capability measure-
ment in ASD. In order to extend support towards 
team composition in ASD, this thesis presents two 
approaches. The first approach is based on devel-
oping an agile support tool that coordinates capa-
bility assessments and team composition. The sec-
ond approach is based on establishing team climate 
forecasting models that can provide insights about 
how the perceived level of climate within a team 
would vary based on its members’ personalities. 
However, in order to improve both approaches, 
it is certainly necessary to examine the effects of 
diverse capability measures.
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