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Abstract

Felipe, Danilo Almeida; Kalinowski, Marcos (Advisor). On Psychome-
tric Instruments in Software Engineering Research Regarding
Personality. Rio de Janeiro, 2022. 66p. Dissertacao de Mestrado — De-
partamento de Informatica, Pontificia Universidade Catoélica do Rio de
Janeiro.

Context: Although software development is an inherently human activity,
research in Software Engineering (SE) has focused mostly on processes and
tools, thus failing to recall the human factors behind it. Even when explored,
researchers typically do not properly use the psychological background to un-
derstand better human factors in SE, such as the psychometric instruments,
which aim to measure human factors.

Objective: Our goal is to present an overview and reflections on psychometric
instruments in SE research regarding personality.

Method: We conducted a systematic mapping of the literature to generate a
catalog of the psychometric instruments used.

Results: This dissertation contributes with an update of an existing secondary
study to cover fifty years of SE research (1970 to 2020). We observed remaining
discrepancies between one of the most popular adoption instruments (MBTI)
and existing recommendations in the literature on the use of this instrument.
Conclusion: The findings lead us to conclude that the adoption of psycho-
metric instruments regarding personality in SE needs to be improved. Future
work directs us to analyze the mapped literature under the lens of social sci-

ence specialists and researchers.

Keywords
Behavioral Software Engineering; Personality; Mapping study.
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Resumo

Felipe, Danilo Almeida; Kalinowski, Marcos. Instrumentos Psicomé-
tricos na Pesquisa em Engenharia de Software Sobre Persona-
lidade. Rio de Janeiro, 2022. 66p. Dissertacao de Mestrado — Departa-
mento de Informatica, Pontificia Universidade Catélica do Rio de Janeiro.

Contexto: Embora o desenvolvimento de software seja uma atividade hu-
mana, a pesquisa em Engenharia de Software (ES) concentra-se principalmente
em processos e ferramentas, esquecendo-se dos fatores humanos por tras. Ainda
quando explorados, os pesquisadores nao tem adotado adequadamente referen-
cial da psicologia para entender melhor os fatores humanos em ES, bem como
dos instrumentos psicométricos, que visam medir algum tipo de fator humano.
Objetivo: Nosso objetivo é apresentar uma visao geral e reflexdes sobre o uso
dos instrumentos psicométricos na pesquisa da ES em relagao a personalidade.
Método: Foi realizado um mapeamento sistematico da literatura para gerar
um catalogo dos instrumentos psicométricos utilizados.

Resultados: Esta dissertacao contribui com a atualizacao de um estudo se-
cundério existente para cobrir cinquenta anos de pesquisa em ES (de 1970
a 2020). Observamos discrepancias remanescentes entre um dos instrumentos
mais popularmente adotado (MBTI) e as recomendagoes existentes na litera-
tura sobre o seu uso.

Conclusao: A adogao de instrumentos psicométricos relativos a personalidade
em ES precisa ser aprimorada. Trabalhos futuros nos direcionam a analisar a
literatura mapeada sob a Otica de especialistas e pesquisadores das ciéncias

sociais.

Palavras-chave
Engenharia de Software Comportamental; Personalidade; Mapemento

de literatura.
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I will be more than my survival,
Own these scars on my heart

Evanescence, Part of Me.
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1
Introduction

In this chapter, we provide the context of the work presented in this
dissertation, along with our motivation to tackle the problem herein described.
Next, we present the research goal and methodology followed in order to answer

our research question, followed by the contributions of the work.

1.1
Context and Motivation

Software Engineering (SE) activities are primarily performed by humans.
However, many empirical studies have only focused on proposing new methods
and technologies to support SE activities leaving human and social factors
behind them underexplored (FELDT et al., 2008), impeding a more holistic
view of the area.

Behavioral Software Engineering (BSE), proposed by Lenberg et al.
(2015), is the body of knowledge of SE research that attempts to understand
human aspects related to the activities of software engineers, software develop-
ers, and other stakeholders. The topic has been the subject of recent research
in the SE domain. Nevertheless, because it is relatively immature, some ap-
proaches adopted misled researchers mainly by not properly combining SE
research with social sciences backgrounds, such as psychology, to address hu-
man factors (GRAZIOTIN et al., 2015b). Graziotin et al. (2018) enlighten a set
of existing research on relating developer happiness to productivity, software
quality, and social interactions.

Furthermore, in SE research, it is inherent to note that measurement
activities are an essential part. In empirical studies the researcher(s) must
be sure when adopting ways of measuring the study’s resources in question.
These resources can be personnel, hardware, or software for an activity or
process (WOHLIN et al., 2012)

BSE research has encouraged the use of psychometric instruments as
support to the understanding of human factors in a more systematic way
(FELDT et al., 2008; LENBERG et al., 2015). In its turn, the Psychoempirical
Software Engineering proposed in Graziotin et al. (2015b) deals with “denoting
research in Software Engineering with proper theory and measurements from
psychology”. A problem addressed by the authors is the misuse of theoretical
backgrounds of psychology, such as assuming a certain theory as the only

truth in the research foundation; and also the improper use of psychometric
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instruments, some not validated from psychology or used to evaluate wrong
human factors.

However, information about how psychometric instruments are adopted
in SE research remains vague and dispersed in many studies. As far as we
know, one study has partially synthesized this knowledge concerning a specific
construct, personality’: a period of forty years (1970 to 2010) about personality
in SE research is mapped by Cruz et al. (2015). Still, there is only a brief
discussion and characterization of the instruments and their use in the software
engineering context (e.g., education and pair programming), missing a critical
assessment. This status quo remains unchanged more than ten years later and
deserves to be challenged.

There is also a need to find out whether SE research over the years
has been adopting these instruments coherently with well-known recommen-
dations. Although some authors have outlined this on a smaller scale (MC-
DONALD; EDWARDS, 2007; USMAN; MINHAS, 2019), a large-scale study

has not been done to get a big picture.

1.2
Research Goal

In order to synthesize this knowledge in a structured manner, our
objective is to present an overview and reflections on the use of
psychometric instruments in SE research on personality?.

We intend to consolidate findings on the use of psychometric instruments
in SE research in a catalog. Therefore, we updated a systematic mapping study
(secondary study) on personality-related SE research. It is noteworthy that
our study focuses on the use of psychometric instruments. More specifically,
we classify and discuss the objective of the studies, reported limitations on
their use, SE constructs related to the psychometric instruments, the type of
research, and empirical evaluations. Additionally, we discuss aspects of the use

of the most used instrument under the lens of literature guidelines.

1.3
Contributions

The main contribution of this dissertation concerns updating a systematic
mapping study on personality-related SE research to cover fifty years of

research, with a particular focus on psychometric instruments. We carefully

! Personality is one of the most studied concepts in BSE research as pointed by Lenberg
et al. (2015)

2Hereafter we refer to psychometric instruments related to personality simply as “psy-
chometric instrument(s)”.
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assessed the need for an update (MENDES et al., 2020) and followed guidelines
on the search strategy to update systematic literature studies (WOHLIN et
al., 2020). The previous mapping study covered forty years of research and
identified 90 research papers (CRUZ et al., 2015). Applying the search strategy
led us to identify 106 additional papers published within the ten subsequent
years (2011 to 2020). More specific contributions related to the psychometric

instruments include:

— Observing remaining discrepancies between the application of the psy-
chometric instruments within recent SE research and existing recommen-
dations in the literature. We also identified the most common objectives

of studies employing these instruments and reported limitations.

— Relating the use of psychometric instruments within recent SE research
to theoretical SE constructs, aiming at providing a better understanding
on how such instruments are used within the context of actors applying

technologies /interventions to perform activities on software systems.

— Summarizing the type of research and the empirical evaluations in SE

research employing psychometric instruments.

1.4
Organization

The remainder of this dissertation is organized as follows.

Chapter 2 provides a basic background on Behavioral Software Engineer-
ing, common personality models, and secondary studies which treat personality
in SE, focusing on psychometric instruments.

Chapter 3 presents in detail the systematic mapping protocol, derived
research questions, update strategy for an existing mapping study, and docu-
mented execution of the protocol.

Chapter 4 presents the results from executed protocol organized by
defined research questions and added by a review based on guidelines existing
in the literature and identified threats to validity.

Finally, Chapter 5 presents the concluding remarks, limitations, and

future work of this dissertation.
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2
Background and Related Work

This chapter introduces the theoretical foundation and related work to
this dissertation. To approach the theoretical foundation, we describe the
broader context of this dissertation (Behavioral Software Engineering), provide
a definition of personality, and describe frequently used personality models in
SE. Regarding related work, we focus on personality studies in SE, emphasizing

existing secondary studies.

2.1
Behavioral Software Engineering (BSE)

BSE is defined as “the study of cognitive, behavioral and social aspects
of software engineering performed by individuals, groups or organizations”
(LENBERG et al., 2015). It involves dealing with existing relationships be-
tween SE and disciplines from social sciences, such as work and organizational
psychology, the psychology of programming, and behavioral economics to get a
broader understanding of SE practices.

Although software is developed by humans, for a long-time, SE research
has focused intensively on the technical aspects (such as processes and tools)
and less on human and social aspects (FELDT et al., 2008). A summarization
conducted in Graziotin et al. (2017) points out existing research, in the scope
of BSE, on relating developer happiness to productivity, software quality, and
also social interactions.

BSE defines several constructs called BSE concepts. When operational-
ized in empirical research, they could provide insights to researchers and prac-
titioners. Also, with adequate knowledge adopted from other disciplines, such
as social sciences, it is possible to better understand the software engineer’s
practices, as a human, in the execution of their activities. It is worth men-
tioning that BSE is restricted to software engineers and aggregates, and not
human aspects related to the use of the software (LENBERG et al., 2015).

Still in the context of BSE, the authors present a definition for the
body of knowledge research described earlier and also conducted a systematic
literature review based on the definition. The findings report lack of research
in some SE knowledge areas (e.g., requirements, design, and maintenance)
and rare collaboration between SE and social science researchers. A list of 55
BSE concepts and respective units of analysis is raised and detailed. Concepts

such as cognitive style, job satisfaction, communication, and personality are
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seen as more frequently studied, while concepts such as intentions to leave are

underexplored.

2.2
Personality: Adopted Definition and Common Models

In the present study, we focused on mapping the literature on BSE with
a restricted scope in personality, observed as one of the most studied con-
cepts and the one with the most significant relationship with other concepts
(LENBERG et al., 2015). Despite being a human factor with different defini-
tions, we need to adopt a consistent one with the consolidated literature in
SE. A deeper review and discussion are not our scope and goal. However, we
need to adopt definitions to support our decisions. For personality, we rely on
the following definition used in Cruz et al. (2015):

Personality is generally viewed as a dynamic organization, in-
side the person, of psychophysical systems that create the person’s
characteristic patterns of behavior, thoughts, and feelings. Ryck-
man (2012) defined personality as “the dynamic and organized set
of characteristics possessed by a person that uniquely influences
his or her cognitions, motivations, and behaviors in various situa-
tions”. We use these definitions because they are general enough to
allow the inclusion of studies covering a wide range of personality
theories and research methods. [...] The dispositional perspective
encompasses the traits and types theory, which is one of the most
used theories in organizational psychology (ANDERSON et al.,

2001) and in studies on personality in software engineering.

Complementarily, Barroso et al. (2017) summarize personality models
commonly used to identify personality traits in SE in dispositional perspective.
Those models are the Myers-Briggs Type Indicator, the Big Five Model,
and the Five Factor Model.

The Myers-Briggs Type Indicator (MBTI) is a model based on Jung’s
theory of personality types adapted by Isabel Myers and Katharine Briggs in
a personality inventory, with the purpose of identifying dominant individual

preferences over four dichotomous dimensions (MYERS, 1998):

— I-E dimension: refers to the way that an individual directs their energy
towards the world. Introversion (I) directs to the inner world of experi-
ences, ideas, and internal experiences (imaginative world). Extraversion

(E) to the outer world of people and objects (the real world).
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— S-N dimension: refers to functions or the way of an individual’s percep-
tion work. Sensing (S) people tends to rely on what can be perceived by
the five senses; on the other side, iNtuitive (N) people rely on patterns

and relationships.

— T-F dimension: refers to the processes of judging and make conclusions.
Thinking (T) people tend to perform logical and objective impartial
analysis. Feeling (F) people highlight personal or social values, in a

harmonic way.

— J-P dimension: is an extended dimension based on Jung’s theory, this
refers to the way that an individual prefers to deal with the outside world.
Judging (J) people prefer to be decisive using the judging processes (T-F
dimension). Perceiving (P) people prefer to be more spontaneous using

perception processes (S-N dimension).

Given the dimensions described earlier, an individual can be placed in
one of 16 possible combinations of personality (INTP, ESFJ, ISFJ, and so on).

Following, we have the Big Five Model and the Five Factor Model. Often
the mentioned models are treated in the literature as being the same. However,
Barroso et al. (2017) points out a distinction in theoretical basis, causality, and
measurement between the two models, distinguishing the Five Factor Model as
a derivation of the Big Five Model, in which the latter assumes that personality
traits are important for social interaction. At the same time, the former is a
model that provides causes and contexts. In Table 2.1, we can compare the

descriptions of the models according to Barroso et al. (2017) synthesis.

Table 2.1: Description of the Big Five and Five Factor Models

Big Five Model

Five Factor Model

Refers to the orientation of an individual
in relation to others. Individuals with

Refers to a person involved with the out-
side world. Extroverts feel comfortable

this trait tend to not let emotion interfere
with their work.

Insurgenc; . . . Extraversion . . X L. .
gency insurgency traits tend to be talkative, bold, in social relations, are enthusiastic, frien-
assertive and sociable. dly and active.
Refers to the sympathy and social
interaction of a person. They are nice guys, Refers to cooperation ability of an indi-
Agreeableness - Agreeableness .
get along well with others, they vidual.
are reliable and useful.
Refers to the organization. Conscientious
e individuals are suitable for hard working; s Refers to how individuals manage, regu-
Conscientiousness . Conscientiousness . i
they are organized and able to complete late and direct their impulses.
tasks in the proposed time.
Refers to stress, anxiety, fear, and the Refers to how an individual experiences
.. volatility of a person. Individuals with . negative feelings. Those who have low
Neuroticism Neuroticism

neuroticism are emotionally stable, calm,
confident and secure.

Openness to
experience

Refers to imagination, curiosity and wit of
an individual. Individuals with this trait
tend to be curious, open-minded and arts
connoisseur

Openness to
experience

Refers to an individual’s imaginative and
creative traits.

To achieve our goal, we treat these two last models together in our
analysis of the psychometric instruments, given their similarity. We emphasize

that a deeper review of personality models is beyond our scope.


DBD
PUC-Rio - Certificação Digital Nº 1921194/CA


PUC-RIo- CertificagaoDigital N° 1921194/CA

Chapter 2. Background and Related Work 19

Given the definition of personality and an overview of common personal-
ity models, in the next section we highlight secondary studies on the disposi-
tional perspective of personality. Some of them were captured by our secondary

study protocol described in Chapter 3.

2.3
Personality and Psychometrics in Software Engineering

According to Michell (1999), “psychometrics is concerned with theory and
techniques for quantitative measurement in psychology and social sciences”
(Michell, 1999 apud Feldt et al., 2008). In addition, Feldt et al. (2008) state
that “[...] in practice, this often means the measurement of knowledge, abilities,
attitudes, emotions, personality, and motivation”. The use of psychometric
instruments in SE is encouraged, especially in empirical research, as a way
to emphasize hitherto unexplored human factors and to help understand how
they affect the research landscape (FELDT et al., 2008). This is our focus in
this dissertation, given the importance of measurement activities in empirical
research.

In Barroso et al. (2017), personality models utilized in 21 papers are
mapped onto three main ones: Myers-Briggs Type Indicator (MBTI), Big Five
Personality Dimensions, and Five-Factor Model (a variation of the Big-Five
Model). The study covers the period of 2003 to 2016 and includes peer-
reviewed publications in the IEEE, ACM, and Elsevier digital libraries. In
addition to the personality models used, inconclusive findings are also identified
on the influence of software engineers’ personalities on professional activities.
However, there is no mapped information about the psychometric instruments
that operationalize these models.

As far as we know, McDonald & Edwards (2007) is the first study that
brings to attention on the use of psychometric instruments in SE research,
beyond providing guidelines for the use of two of them (MBTI and 16PF). In
addition, is highlighted that one of the authors is from social sciences and a
certified professional regarding these instruments.

Cruz et al. (2015) performed a systematic mapping on personality in SE
research using the dispositional perspective. In addition to reporting on the
most common SE topics addressed, such as education and extreme program-
ming, they reported which personality tests (a.k.a psychometric instruments)
were most commonly used, which resembles this study. However, the authors
only reported brief information on personality-related psychometric instru-
ments without deep discussion about them regarding their use in SE. They

provide a valuable list of instruments and relate them to some SE topics, but
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lack a critical review involving the use of these instruments.

In its turn, Usman & Minhas (2019) investigate ethical topics raised
by McDonald & Edwards (2007) on the adoption of MBTI-based tests in a
sample of 8 studies obtained in the final set compiled by Cruz et al. (2015)
published after 2007, and complemented with 7 studies returned in string-
based search on Scopus! in the years of 2016 and 2017, totaling a sample of
15 studies. Their results indicate that the use of psychometric instruments in
SE is inadequate. The authors found problems in all of the analyzed studies,
including the reliability and validity of MBTI (there are different versions
of this instrument). The authors also highlight possible causes, such as not
exploring literature guidelines and lack of collaboration with social science
researchers. However, the study reported is initial and limited to analyzing
only the use of MBTT in a small sample of studies.

Still, Graziotin et al. (2015a) claims that the use of psychometric instru-
ments should be cautious, in addition to the proper theoretical background
used. The authors then propose the Psychoempirical Software Engineering that
aims “to denote research in SE with proper theory and measurement from psy-
chology”. In the same study, the authors provide broader steps when adopting
psychometric instruments in SE research and exemplify scenarios using the

affect construct. Nonetheless, the steps initially do not cover personality.

2.4
Concluding Remarks

In this chapter we presented BSE and related work on personality in SE.
Although we are researchers without formal qualifications in social sciences, we
rely on consolidated methodological tools of SE to present an overview on the
use of psychometric instruments in SE research. Our reflections are narrowed to
SE literature guidelines and limitations reported within the analyzed studies.

The next chapter presents our systematic mapping study protocol.

Thttps://www.scopus.com/
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3
Systematic Mapping Protocol

Systematic mapping is a method to build a classification scheme of an
area providing a visual summary of the state of research in a structured way
(PETERSEN et al., 2008). It aims at providing an auditable and replicable
process with minimal bias.

This chapter describes each step of our research method based on
guidelines in the literature. Section 3.1 introduces the mapping goal and
research questions. Section 3.2 describes the search strategy for collecting
new evidence. Section 3.3 presents the study selection criteria and discusses
quality assessment, and Section 3.4 presents the Data Extraction Form and
our classification scheme. Concluding, Section 3.5 documents how the mapping

protocol was started.

3.1
Mapping Goal and Research Questions

Our systematic mapping aims at providing an overview of the use of
psychometric instruments in SE research. To guide our investigation, and to
obtain an overview of the state-of-the-art, trends and gaps, we describe the

main Research Question (RQ) as follows:

RQ1: Which psychometric instruments have been applied in SE research

regarding personality?

Based on the main RQ, we derived five secondary RQ)s in order to further

characterize the field as follows.

— RQ1la: What are the objectives of the studies?
— RQ1b: What are the limitations faced by the use of psychometric

instruments reported in the studies?

— RQ1c: To which SE constructs are those psychometric instruments
related?

— RQ1d: Which types of research do the studies reference?

— RQ1le: Which types of empirical studies have been conducted?

In the following section, the search strategy is presented. It was developed

by this dissertation author and reviewed by the advisor.
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3.2
Search Strategy

3.2.1
Existing Mapping Study and the Need to Update

This mapping started in a traditional way of conducting secondary stud-
ies (string-based search in digital libraries with snowballing steps), according
to consolidated literature (PETERSEN et al., 2008; PETERSEN et al., 2015;
KITCHENHAM, 2007; MOURAO et al., 2017). Later, new guidelines emerged,
and we noticed that they could help conduct our study (MENDES et al., 2020;
WOHLIN et al., 2020), given the awareness we had about comprehensive sec-
ondary studies on human factors in SE that could be updated (CRUZ et al.,
2015; LENBERG et al., 2015).

We defined Cruz et al. (2015) as a candidate for the update as we wanted
to start our immersion into BSE using a narrower scope, focused on personality,
to allow a comprehensive overview and a focused critical assessment. Cruz et
al. (2015) identified 90 studies published within a time range of forty years,
whereas Lenberg et al. (2015) defined 55 BSE concepts (e.g.: personality, job
satisfaction, communication, etc.) in a large scale study that considered 250
papers. The narrower focus by Cruz et al. (2015) would also allow us to apply
our update search strategy (discussed in Section 3.2.2) with reasonable efforts.

We also argue that personality is a BSE concept presented in Lenberg et
al. (2015) as one of the most studied together with others (such as group
composition, communication, and organizational culture). We believe that
updating Cruz et al. (2015) yields significant results regarding our objective
described in Chapter 1, which is also within BSE’s scope. Thus, we decided to
update the mapping study by Cruz et al. (2015).

To evaluate the need for updating the mapping study of Cruz et al.
(2015), we used the 3PDF framework recommended by guidelines to evaluate
the possibility of updating secondary studies in SE (MENDES et al., 2020)!.
We conducted the evaluation process by answering the same seven RQs used
in Mendes et al. (2020), listed and answered hereafter (Steps l.a. to 3.b.) and
ilustrated in Figure 3.1.

Step 1.a.: Does the published SLR still address a current question? Yes.
Human factors, such as personality, have been the subject of SE research de-
spite being historically poorly explored (GRAZIOTIN et al., 2018). A list of

arguments follows: recent efforts to consolidate a body of knowledge in SE as

!This study proposes guidelines for updating Systematic Literature Reviews (SLR).
Despite this, we believe that our mapping goal is comprehensive enough to apply it in
the context of systematic mappings.
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a. Does the published SLR still address a current No
Step 1: S— question? b. Has the SLR had good access or use? |
Assess currency c. Has the SLR used valid methods and was well
conducted?

Update not needed

AllYes
Step 2:

Identify relevant
new methods, —
studies and other
information

No

a. Are there any new relevant methods? b.Are
Y —

5 - % SLR up to date
there any new studies, or new information? P

At least one Yes l

Step 3: a. Willthe adoption of new methods change the No

Assess the effect | findings/conclusions or credibility? b. Will the

of updating the inclusion of new studies/information/data change SLR upto date
review findings/conclusions or credibility?

At least one Yes/Maybe l

Prepare update

Figure 3.1: Framework recommended by Mendes et al. (2020), adapted from
Garner et al. (2016)

proposed by Lenberg et al. (2015) defining BSE; existing conferences such as
CHASE (Workshop on Cooperative and Human Aspects of Software Engineer-
ing), subsidized by ICSE (International Conference on Software Engineering)?,
the largest conference in SE; award-winning papers on the topic in main soft-
ware engineering related venues, such as (GRAZIOTIN et al., 2018), awarded
in the Journal of Systems and Software®. All these arguments show the impor-
tance of human factors as a relevant research topic in SE.

Step 1.b.: Has the SLR had good access or use?

Yes. Like Mendes et al. (2020), we used in the cut-off point the same
yearly average citation value of 6.82 documented by Garousi & Fernandes
(2016) to consider a paper for good access or use. In August of 2020, Cruz et
al. (2015) had a yearly average citation value of 30.8 in Google Scholar.

Step 1.c.: Has the SLR used valid methods and was it well-conducted?

Yes. Regarding the methods, Cruz et al. (2015) present an extension of
preliminary results published previously in Cruz et al. (2011) with improve-
ments, such as a refined search string increasing the sensitivity and coverage;
adding backward snowballing steps; review of RQs and extended presentation
of results. Finally, the authors present clear steps in their mapping protocol
and are based on well-recognized guidelines for conduct secondary studies in
SE (KITCHENHAM, 2007).

Step 2.a.: Are there any new relevant methods?

Yes. Concerning new methods about our mapping protocol, we adopted

guidelines presented as the best way to search for evidence to update secondary

2http://www.icse-conferences.org/
3https:/ /www.journals.elsevier.com /journal-of-systems-and-software
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studies in SE (MENDES et al., 2020). We believe that we used good literature
references to help answer our RQs and, consequently, reflect on the results’
presentation. However, different from Cruz et al. (2015) mapping study, our
focus is totally on the psychometric instruments within SE research, not a
characterization of an aspect (personality) in general.

Step 2.b.: Are there any new studies or new information?

Yes. The papers included in the original study had each a considerable
number of citations in a preliminary verification in Google Scholar. In addition
to having a five-year time interval since the publication of the mapping and the
started conduction of the update in this present study (2015 to 2020), beyond
the period of ten years (2011 to 2020), not incorporated by Cruz et al. (2015).

Step 3.a.: Will the adoption of new methods change the findings,
conclusions or credibility?

Yes, potentially. We adopted a new method concerning the mapping pro-
tocol and addressed different RQs to get a big picture of psychometric instru-
ments in SE research, which we believe generates new and important findings.
Cruz et al. (2015) has a relevant R(Q) on the psychometric instruments/person-
ality tests used, but there is little discussion of its results beyond listing and
counting frequencies.

Step 3.b.: Will the inclusion of new studies/information/data change
findings, conclusions or credibility?

Yes. Regarding new potential findings, we had prior knowledge of a series
of studies (GRAZIOTIN et al., 2015b; GRAZIOTIN et al., 2017; GRAZIOTIN
et al., 2018) used as control papers as a strategy to ensure good literature
coverage in our protocol. These studies are not covered by Cruz et al. (2015)
because they were published later. They discuss the use of psychometric
instruments in SE, and on theoretical basis of other areas (such as social
sciences and psychology), which can support SE research in general.

Next, we describe the search strategy to collect new evidence from a

secondary study update in SE.

3.2.2
Strategy to Collect New Evidence

We adopted the guidelines proposed in Wohlin et al. (2020) as a strategy
to search for new evidence from a secondary study update. They are the

following;:

— Use a seed set containing the original secondary study and its
included primary studies: Cruz et al. (2015) included 90 papers in

their final set. However, one of them was excluded (S86) because it is a
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book chapter, and we did not find evidence of publication in a scientific
journal or conference to be approved in IC1 (see Table 3.1). As suggested,

the secondary study itself was included, obtaining a seed set of 90 studies.

— Use Google Scholar to search for papers and apply Forward
Snowballing (FS), without iteration: We used the Publish or Perish
7 tool (HARZING, 2020) to assist this step. The tool has features
related to bibliometric analysis, in which one is to retrieve citations from
publications using Google Scholar (a F'S feature). Thus, we conducted the
FS in the seed set using the tool in August 2020 and exported the results
for treatment in JabRef?*, a bibliographic reference manager. Also, a new
FS step was conducted in January 2021 to ensure full 2020 indexation.

All screening steps were conducted using JabRef.

— Include more than one researcher in the initial screening to
minimize the risk of removing studies that should be included
(false negatives): One researcher was included to assist in the initial

screening of studies and discussions were held with a third researcher.

3.3
Study Selection

Petersen et al. (2015) argue that only studies that are relevant to answer
the RQs must be considered. Our inclusion criteria consists of primary
studies published in journals, conferences, and workshops reporting
SE research using psychometric instruments regarding personality
that were published after 2010°. The exclusion criteria applied to filter
the raw set of studies from FS are presented in Table 3.1.

This mapping study aims to provide an overview of the use of psychome-
tric instruments in SE research published in peer-reviewed venues. Therefore,
we focus on classifying the type of contribution by discovering objectives, the
use of psychometric instruments, and the type of research to understand the
overall publication landscape without applying a formal quality assessment.
The procedure involved reading titles and abstracts and looking for evidence
of psychometric instruments. If it was not enough for clarification, the paper’s
introduction and the conclusion were read. Still, if not sufficient, the full text
of the study was read.

As shown in Table 3.1, we only included papers written in English (EC1),
peer-reviewed (EC2), and complete (EC3). Due to the volume of papers, it

was necessary to adopt an objective and impartial filter strategy based on

“https: //www.jabref.org/
5Cruz et al. (2015) already had mapped 1970 to 2010.
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Table 3.1: Exclusion criteria

Criteria Description
EC1 Papers that are not written in English.
EC2 Grey literature. Such as books, theses (bachelor’s degree,

MSc or PhD), technical reports, occasional papers, and
manuscripts without peer-review evidence.

EC3 Papers that are only available in the form of abstracts,
posters, short versions, and presentations. First, we check
whether the paper’s information is a short version according
to the venue. If not available, we excluded papers with less
than six pages.

EC4 Papers that did not include in their title or abstract terms
defined by Cruz et al. (2015) as regarding personality. There
are: “personality”, “psychological typology”, “psychological
types”, “temperament type”, and “traits”.

EC5 Papers addressing uniquely other psychometric constructs
(e.g., behavior, cognition, abilities, roles, etc.)

EC6 Papers that do not meet the inclusion criteria, i.e., papers
that do not contribute to SE.

ECT Papers that use secondary personality data (available

datasets, reused data collected in previous studies, etc).

keywords in the title and abstract (EC4). Focusing on the scope of the study
itself, papers that did not deal with personality or related concepts (EC5) in SE
studies (EC6) were also eliminated. Papers that used simulated or secondary
personality data without applying a psychometric instrument (EC7) were also

not considered.

34
Data Extraction and Classification Scheme

The data extracted from each paper of the final set is shown in Table

3.2.

3.5
Applying the Systematic Mapping Protocol

The first step to execute the mapping protocol was to conduct FS in the
seed set as described in the Section 3.2.2, which generated an entire of 6702
entries (step 1 of Figure 3.2). Between September and October of 2020 we
conducted an initial screening of duplicates and of studies with year less than
or equal to 2010, given that Cruz et al. (2015) cover a range from 1970 to 2010.

Many entries were provided by Google Scholar/Publish or Perish 7 export
feature with incomplete or incorrect data (e.g., journal studies categorized in
the entry as books or miscellaneous, and truncated title or abstracts). After
removing duplicate entries and when possible, the data for each publicated

study were complemented and registered in JabRef to perform a more reliable
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Table 3.2: Data Extraction Form

Information Description
Study Metadata Paper title, author’s information, venue, psychometric in-
strument (name, version, and application process), and year
of publication.

Objective (RQla) Study objective: we employed open coding (STOL et al.,
2016) to extract information.
Limitations (RQ1b) Limitations on the use of psychometric instruments (if ex-

ists), such as what were the difficulties of adoption/appli-
cation and data interpretation. We employed open coding
(STOL et al., 2016) to extract data.

Purpose of the psycho- | What constructs represent the purpose of the psychometric
metric instrument in the | instrument in the study. In SE, constructs are derived
study (RQlc) from one of the classes: people, organizations, technologies,
activities, or software systems (SJoBERG et al., 2008). We
employed open coding (STOL et al., 2016) to extract data.
Research Type (RQ1d) For research type facets we used the taxonomy proposed by
Wieringa et al. (2005), containing the following categories:
evaluation research, solution proposal, validation research,
philosophical paper, opinion paper, or experience paper.
Petersen et al. (2015) recommendations were followed in
this categorization.

Empirical Evaluation Classification of the empirical study in the following cate-
(RQle) gories of Wohlin et al. (2012): experiment/quasi-experiment,
case study, or survey.

exclusion per year. The result of this initial screening resulted in 2974 entries
(step 2 of Figure 3.2).

Thereafter, another screening was conducted regarding the exclusion
criteria. EC1 and EC2. The removal was performed based on the metadata
provided in the title, abstract, and journal /booktitle field entries. When it was
not possible to easily identify, a verification was made through the URL of the
entry or by searching the source on the internet. This exclusion was conducted
between October and November of 2020 (step 3 of Figure 3.2). Each entry was
analyzed individually; these exclusion steps reduced the set to 1718 entries.

Thereafter we removed entries from 2020 and applied EC4, which resulted
in 369 entries of 2011 to 2019, step 4 of Figure 3.2). The removal was conducted
in order to assure a full ten-year index coverage by replacing them with a new
FS conducted in January 2021 to cover the entire year of 2020. In this new
FS we considered only papers from 2020 and applied the same previous ECs,
which resulted in a candidate set of 403 entries (step 5 of Figure 3.2).

In 2021, we applied the other exclusion criteria (EC3, EC5, EC6, and
ECT7) by reading the remaining studies in the candidate set and extracting
data from the selected ones (step 6 of Figure 3.2). Two additional researchers
assisted in this step covering two years each (2017 to 2018 and 2019 to
2020), using a prepared web form with detailed advice for data extraction. All

exclusions/inclusions and extracted data were carefully reviewed. As a result,
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106 studies were included and had their data extracted. The list of papers
and the extracted data can be found packaged online in Felipe & Kalinowski
(2022).

2. Initial screening:

1. Conduct forward duplicates and year < 3. Apply EC1 and EC2
snowballing 2010
October/2020 -
August/2020 September/2020 - November/2020
October/2020
hl
Y Y \ 4
Results = 6702 o Results = 2974 Results = 1718
\1
4. Apply EC4

6. Apply other EC and

(2011 - 2019) 5. New FS and select primary studies
screening 2020 January/2021 -
November/2020 - January/2021 Ja:uay /2022
January/2021 ry
\ 4 \ 4 \ 4
Results = ~403 Results = 106 papers
Results = 369 . X .
esults candidate set (2011 - 2020)

Figure 3.2: Steps of mapping execution

In the next chapter we present the results extracted and organized by our
RQs. We mapped the years from 2011 to 2020. All the steps mentioned above
involved the guidance and agreement of the advisor. Bibliographic references

of the selected studies are presented in Appendix A.

3.6
Concluding Remarks

In this chapter we detailed the systematic mapping protocol and its

application. The next chapter presents the systematic mapping study results.
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4
Systematic Mapping Study Results

This chapter presents the results of the mapping study. First, we provide
an overview of the included studies, followed by sections answering the defined
RQs based on the information extracted from the included studies (Sections 4.1
to 4.7). We complement this chapter by discussing aspects of the employment
of the most used psychometric instrument in SE research based on existing
guidelines (Section 4.8), followed by threats to the validity of the mapping
(Section 4.9).

4.1
Overview

We identified 106 additional primary studies that employ psychometric
instruments in SE research, ranging from 2011 to 2020'. The temporal distri-
bution of the studies is depicted in Figure 4.1. We can observe that the time
range of 2014 to 2016 holds the highest frequency of studies. Indeed, when
screening and extracting data process, this period required more effort due to
also having a larger volume of papers to be analyzed. The main related work
in this dissertation has also been published in the same period (CRUZ et al.,
2015; LENBERG et al., 2015).

Temporal distribution of selected primary studies
20

17
15

15
13

10 11 11
10 10

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 4.1: Temporal distribution of selected primary studies

We refer to the identification of studies from our protocol as S(NUMBER), where
(NUMBER) begins to account from 91, given that Cruz et al. (2015) has 90 mapped studies.
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Nevertheless, it is possible to observe that the topic is still consistently
being researched. In fact, while we found 106 studies in our investigated ten-
year range (2011 to 2020), Cruz et al. (2015) found 90 studies in the previous
40-year range (1970 to 2010).

Figure 4.2 shows that most of the studies (62 out of 106) were published in
journals, which reinforces our effort in data extraction due to fewer restrictions
on document size generally required. Followed by conference (39 out of 106)
and workshop (5 out of 106) publications. The latter could have a low number
due to more restrictions in document size, hence not approved by our ECs, as

we were looking for complete research papers.

Distribution of venues
80

60
40

20

Conference Journal Workshop

B Frequency

Figure 4.2: Distribution of venues

4.2
RQ1. Which psychometric instruments have been applied in SE research
regarding personality?

The frequency of instruments is illustrated in Figure 4.3. The most used
ones were versions of the Myers-Briggs Type Indicator (MBTTI), a finding also
reported in Cruz et al. (2015). For illustration purposes, instruments used in
only one study are not shown in the chart. An overview of the complete list
can be found in Table 4.1.

To facilitate the instruments’ categorization, we compared details of the
versions reported through bibliographic references and specific information
available to understand if they were referring to the same instrument. In these
cases, we kept the details on the version in our repository but consolidated

them for analysis purposes (e.g., MBTI, mapped across multiple versions).
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It is also noteworthy that a variety of instruments (e.g., IPIP, BFI, and
NEO-FFTI) that operationalize the Big Five/Five-Factor Models of personality
are used. Together with the MBTI, these models stand out as the main
theoretical backgrounds for instruments applied in SE research, as pointed out
by Barroso et al. (2017). Although the instruments based on the Big Five/Five
Factor Model are the majority in sum, we consider each one of the instruments

shown in Table 4.1 as an individual instrument in our analysis.

Frequency of psychometric instruments

MBTI

IPIP

Big Five Inventory
(BFI)

Keirsey
Temperament Sorter

NEO-FFI

Linguistic Inquiry and
Word Count (LIWC)

IBM Watson
Personality Insights

Other (Five-Factor
Model)

DISC Model

mini-IPIP

NEO-PI-R

Developed by author

(s)
MBTI adapted

NEO Five-Factor
Inventory-3

35

Figure 4.3: Frequency of used psychometric instruments

4.3
RQ1a. What are the objectives of the studies?

During the data extraction, it was possible to observe the following major
objectives with open and axial coding procedures (STOL et al., 2016).

Investigate the effect of personality: data on personality is used as an in-
tervention to investigate phenomena. We identified this objective with several
specificities illustrated, as shown in Figure 4.4. Studies such as [S92, S96, S103,
S106, S113, S115, S193, S196] investigate the effect of personality in pair pro-
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Table 4.1: Psychometric instruments mapped organized by studies

Pyschometric instrument Studies Count

S91, S93, S99, S101, S110, S111, 5112, S119, S120,
BT S122, S123, S126, S127, S129, S130, S137, S138, .

S151, S155, S158, S162, S163, S165, S167, S168,

S169, S172, S173, S177, S179, S181, S196

S92, S106, S113, S124, S128, S132, S135, S136,
IPIP S139, S146, S150, S161, S164, S171, S174, S178, 19

5182, S186, S195
Big Five Inventory (BFI) S100, S104, S114, S125, S141, S175, S183, S189 8
Keirsey Temperament Sorter (KTS) S96, S103, S108, S131, S147 5
NEO-FFI S117, S133, S140, S153, S174 5
Linguistic Inquiry and Word Count (LIWC) | S116, S134, S149, S194 4
IBM Watson Personality Insights S152, S176, S180, S188 4
Other (Five-Factor Model) 5107, S143, S145, S192 4
DISC Model 5109, S148, S157 3
mini-IPIP S118, S142, S156 3
NEO-PI-R S95, S102, S110 3
Developed by author(s) S121, 5184 2
MBTTI adapted 594, S154 2
NEO Five-Factor Inventory-3 S97, S98 2
NEO-PI3 S105 1
IPIP based S115 1
Five-Factor Stress S144 1
Other (Unspecified) 5159 1
Student Styles Questionnaire 5166 1
EPQ-R S170 1
IPI 5185 1
16 Personality Factors (16PF) S187 1
HEXACO Model S191 1
Quick Big Five (QBF) 5193 1

gramming teams compositions; in the quality of software developed [S95, S123,
S133, S140, S164, S173, S177, S182] and perceived satisfaction [S95, S133];
regarding influence on project management activities [S100, S130], including
communication [S134] and collaboration [S177]; in academic contexts, such
as analyzing achievements [S102, S120, S122, S125, S169], resilience [S141] or
learning outcomes [S144, S175] of students; in development preferences [S104,
S110, S114]; on the influence on project success [S108, S117, S157]; in perfor-
mance of software teams [S136, S153, S160, S165, S169, S172, S187]; finally, in
activities on distributed software development [S149, S152, S180].
Furthermore, the effect of personality has also been investigated in other
topics, such as the use of CASE [S101, S170] and static analysis tools [S143],
implementing a new technology [S109], performance of software engineer
[S127, S146], programming styles [S135, S150], software testing performance
[S105], team climate and productivity [S139, S195], requirements engineering
activities [S142], knowledge management activities [S159, S162], software
engineer burnout tendencies [S179], collaboration [S176], creativity [S189], and

on the use of software repositories [S194].
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Pair programming
compositions
[S92, $96, S103, S106, S113,
S115, $193, S196]

Quality of software
developed

[S123, S140, S164, S173,
S$177,$182]

Software Perceived
development tisfaction
preferences [595, 5133]

[S104, $110, S114]

Collaboration
[s177]
Communication
[S134]

Achievements
[S102, 8120, S122,
$125, $169]

Resilience
[S141]

Learning
outcomes
[S144, S175]

Project
management
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[S100, S130]

Investigate the
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personality On influence on

project success
[S108, S117, $157]
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contexts

In performance of
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[S136, S153, S160, S165,
$169, $172, S18]

Activities on
distributed
software
development
[S149, S152, S180]

Figure 4.4: Tree structure of Investigate the effect of personality major code

Characterize software engineer personality: as shown in Figure 4.5, some
studies aimed to discover patterns in personality of software engineering
professionals [S93, S119] and more specifically to mapping these patterns
to roles and required skills [S99, S107, S111, S129, S132, S138, S158, S161,
S179, S184, S185, S188, S190, S191, S192] or preferences in software aspects
[S112, S126, S166]. Characteristics of software engineering personality are
also explored in distributed software development [S116]; considering common
profiles of personality by region or organization-context [S131, S137]; to relate
them with other psychometric constructs over time [S118]; and with respect
to distinguishing profiles within different computer major courses [S147].

Predict performance or preferences: four studies used information on
personality to perform predictions (see Figure 4.6). This objective involves
development team’s performance algorithms and tools in order to optimize

resources [S91, S97, S98] and predict preferred roles of software engineering
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Characterize
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Distributed software
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[S123, $140, S164, S173,
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Figure 4.5: Tree structure of characterize software engineer personality major
code

professionals [S181].

Predict
performance or
preferences

Predict
preferred

roles
[S181]

Algorithms to
improve team

performance
[S91, S97, $98]

Figure 4.6: Tree structure of predict performance or preferences major code

Propose an approach: in this objective, some proposal is given to support
research or practical activities in SE (Figure 4.7). For instance, proposing ap-
proaches to measure personality [S121, S148, S154, S175, S186] and to interpret
statistically data in domain of SE [S156]; to personalize SE activities [S124]; to
create links between human factors (like personality) with software diversity
[S128]; to investigate turnover intentions [S145]; to relate individual character-
istics to development performance [S183]; to perform team compositions [S151,
S173]; and to conduct task assignments [S167, S168].
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[S145]

[8151, 8173] [5167, $168]

Measure personality in
SE context
[S121, $148, S154, S175, S186]

Interpret statistical
personality data
[S156]

‘ Compose J Conduct task

Figure 4.7: Tree structure of propose an approach major code

Investigate the relation of personality: this objective is related to check
whether personality has any relationship with a research object (see the struc-
ture in Figure 4.8). Personality relationships are investigated with learning
outcomes [S144], burnout tendency [S178], choices in major degree in comput-
ing [S155], class grades considering gender [S163], learning effectiveness [S174],
project success [S157], and task selections [S162].

Investigate the

relation of
personality

i Choices in -
c:-lii?:ss Burnout computing major Class grades Project Task

[S144] iendency degree with gender success selections
oy [S155] [5163] [5157] [$162]

Figure 4.8: Tree structure of investigate the relationship of personality major
code

We can compare our mapped objectives with the most frequent research
topics mapped by Cruz et al. (2015). Listing them (highlighted): pair pro-
gramming, in investigate the effect of personality; education, during the
data extraction, we identified studies that contributed to educational purposes
or used an academic scenario to reach the research goal in all major codes
described earlier; team effectiveness, in predicting team performance; soft-
ware process allocation, software engineer personality characteris-
tics, individual performance, and team process in all of our major codes.

It can show us that these topics are still being researched.
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4.4
RQ1b. What are the limitations faced by the use of psychometric instru-
ments reported in the studies?

Less than half of the primary studies (43 out of 106) reported limitations
related to the adoption of psychometric instruments in SE research. An
overview of these coded limitations (STOL et al., 2016) is described in the
following.

Possible misuse of psychometric instrument: the authors of [S95, S132,
S152, S157, S187] declare that adopting the psychometric instrument to the
objectives of research could affect the validity of the study, but this limitation
is mitigated by relying on the literature. Other threats concern not involving
psychologists in the research design [S130, S148, S187], use of non-intuitive
platforms, and poor instructions on instruments’ application [S178]. The lack
of a data set for performing benchmarks is also reported [S180].

Choice of short version of psychometric instrument: the statistical power
of personality data in the studies may be compromised by the adoption of
shorter versions of the instruments, so they could result in less accurate results
[S118, S156, S191], hence compromising the research goal.

Personality may not be a representative construct: the use of personality
as investigated human factor may not be a good choice for the research design
[S128] and encountered correlations may not assure causality [S135, S150].

Bias on subjects responses: the authors indicate that subjects’ adminis-
tration of psychometric instruments can become a threat in cases of factors
like lack of honesty or loss of concentration of the subjects [S96, S97, S110,
S113, S143, S146, S149, S164, S172, S177, S178, S184, S190, S195] sometimes
caused by the absence of control of researcher employing certain empirical ap-
proaches (like surveys). This limitation is generally mitigated by ensuring they
made aware that the response data obtained is anonymized and used only for
research purposes.

Statistical power of psychometric instrument: the dichotomous approach
of MBTI based instruments could affect results in scenarios when a person is in
a center of a scale due to instruments’ statistical structure [S96, S103, S182].
Others report that personality traits data should be measured by adopting
other psychometric instruments in order to achieve better results [S100, S104,
S111, S158, S163, S173] but without suggesting any other instrument; in case
of identification of personality traits from textual analysis, the amount of
chunk text may not be sufficient [S176]. Moreover, the one scale/trait of the
psychometric instrument showed low internal validity, being excluded from the
study [S170].
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Paid subjects: participants were paid to participate in the study, which
may have influenced them somehow [S105].

Issues with dictionary to measure personality from text: adequacy of lan-
guage dictionaries to measure personality from textual analysis may be a
threat. Also, the data extracted to measure personality may not be repre-
sentative of a person [S116, S134, S194].

Construction issues on proposed psychometric instrument: the adequacy
of psychometric instrument to SE context may deal with validity issues.
These issues were mitigate using expert judgments and a series of incremental
refinements [S160].

4.5
RQ1lc. To which SE constructs are those psychometric instruments re-
lated?

Regarding SE constructs, we used the framework to describe theories
(SJoBERG et al., 2008) and its archetypal classes as support for open coding
(STOL et al., 2016) constructs. This framework is largely used in SE research to
present theories. In it, the archetypal classes interact together in the following
way: an actor applies a technology (we believe that intervention is more
appropriate in the context of psychometric instruments) to perform certain
activities on a software system. In Tables B.1 to B.4 (Appendix B) we list and
describe the coded SE constructs to which the psychometric instruments are
related within the identified studies, organized by archetypal class.

Figure 4.9 depicts the relationship network between the constructs de-
scribed in the aforementioned tables. We can observe that constructs of class
Actor researcher and academic setting are the majority, indicating the appli-
cation of studies in an academic setting due to scope limitations of the research
design or for purely investigative purposes by researchers. In the Intervention
class, personality traits data represents the most common coded construct and
is typically measured by some psychometric instrument and used to investigate

its influence on SE activities.
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Figure 4.9: SE constructs related to the psychometric instruments

Regarding the Activity class, the constructs software engineer charac-
terization, team building, assessment of activities execution, pair programming,
and mapping of suitable roles have a higher frequency. All of them are related
to the previously mentioned constructs in classes Actor (academic setting and
researcher) and Intervention (personality traits data). These connections be-
tween Actor and Activity are shown more clearly in the matrix representation
in Figure C.2 available in the Appendix C.

Still, the activities described earlier are also strongly related to the con-
structs of the Software System class. It is possible to observe that software
engineer characterization is typically not related to any specific software sys-
tem (code none), indicating no direct reference or use to software systems in
these studies. The code tool indicates the use of some technique using soft-
ware/algorithms/games/logic rules to support the studies. Moreover, class as-
stgnments were specially related to team building and pair programmaing, where
SE teams were built based in academic contexts based on personality data. It
is noteworthy to mention the use of a software repository, in which software
artifacts of different kinds are stored.

Please note that RQ1lc aims at answering what parts of SE theory the
psychometric instruments are related to. There may be similarities with the
overall objectives of the mapped studies (RQla), but RQlc is specifically
focused on the context of used instruments in the primary studies and their

relations to SE theory elements.
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For a better understanding of the relationships between the coded
constructs, we invite the reader to check the matrices relating the frequencies
of the coded constructs two by two, provided in Figures C.1 to C.6 (Appendix
C). These figures allow observing, for instance, the relationship between the
constructs of the classes Actor and Software System: academic setting
is largely related to class assignments (what is an expected connection)
and researcher with none software, which denotes more investigations in SE

research without using software artifacts.

4.6
RQ1d. Which types of research do the studies reference?

Figure 4.10 depicts the distribution of research types facets by year. It
is possible to note that validation research over-represented the set of mapped
studies either in distribution per year and in total (85 out of 106). This facet
includes empirical studies, as well as the less frequent evaluation research (11
out of 106). The difference between them indicates that most empirical research
has been conducted in academic scenarios for initial validation purposes and
does not propose and measure new proposals in industrial scenarios. This is
somehow expected due to possible difficulties in using industrial practitioner
subjects as part of research designs.

Few solution proposals have also been mapped (10 out of 106), which typ-
ically represent new research proposals with some limited evaluation required
for publication or no presentation of empirical evaluation, therefore they were

not classified as either evaluation or validation research.

Frequency of research type per year

20

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

B Evaluation research [l Solution proposal [l Validation research

Figure 4.10: Frequency of research type per year
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4.7
RQ1le. Which types of empirical studies have been conducted?

Frequency of empirical evaluation types per year

20

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

B Quasi-experiment Experiment [ Casestudy [ Survey

Figure 4.11: Frequency of empirical evaluation types per year

Figure 4.11 depicts the frequency of empirical evaluations adopted by
year, with 96 out of 106 studies. When analyzing the figure, it is possible to
observe that survey and case study strategies have been frequently adopted
through the years. In the case of surveys, studies generally use this empirical
strategy to apply psychometric instruments.

It is noteworthy that case studies represent a high frequency of empirical
approaches. Many studies document the research design as experiments (which
we see in figure less frequent), but in an inconsistent way with the definition
of experimental /quasi-experimental design (WOHLIN et al., 2012). In these
cases, we classified the empirical evaluation type as case studies. Experiments
and quasi-experiments are shown less frequently. This may be explained due to

the complexity of handling personality as a variable in controlled experiments.

4.8
Discussion and Review of the Results

The findings resulting from two large systematic literature studies (the
one herein reported and the one by Cruz et al. (2015)) show that MBTI is still
the most used psychometric instrument to measure personality in SE research.
Nonetheless, there is no consensus in literature regarding the validity of this
instrument (WYRICH et al., 2019; CALEFATO et al., 2019).

However, the focus in this section is not to provide a deep and critical psy-

chometric assessment of the mapped instruments, but to discuss an overview
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of how the use of MBTT based instruments in SE research relates to the guide-
lines reported by McDonald & Edwards (2007). Therefore, we extracted ad-
ditional details of instruments (actual name, version/bibliographic references)
and how they were employed (covering from administration to data interpreta-
tion), whenever possible. Not following recommendations of these guidelines,
most studies did not report any bibliographic references and explicit versions
of the instrument.

Furthermore, most studies also did not report anything different from

7

“we use x to measure personality” regarding instruments application or “x is
widely used in SE research to measure personality” to support the choice of
the instrument.

Following the guidelines, we extracted data from a reader’s perspective
looking for “explicit details of types of test used, administration process, the
qualifications of the testers” (MCDONALD; EDWARDS, 2007) by answering
the following derived questions:

Has the study documented participation of a qualified tester?
Only one study claims the participation of an MBTI certified practitioner
to process data [S138]; however by using survey as empirical approach more
refinements in data interpretation were limited.

Are there details to justify the choice of MBTI? No, the choice
is primarily justified by the widely use and acceptance of this instrument by
previous SE studies [S151, S163, S167, S168, S169, S172, S173] or by brief
claims about the validity of the instrument and professional widespread use
[S155].

Are there details about versions of MBTI? One study claims
the use of Form M or Form G, but no references to specific versions were
documented [S112, S138, S181]. Others document the use of some free test
[S129] in an unspecified version [S126]. Also, some applied the psychometric
instrument through a website [S169, S172, S177] or in a printed version [S155].
Most studies document Myers (1998) as bibliographic reference when they refer
to MBTI, but this reference is about the model and its theoretical foundation,
not the specific psychometric instrument.

How was MBTIT administered? One study mentions having provided
a participation consent form [S165]. Other studies document that instruments
were self-administered by subjects through a survey empirical strategy [S130,
S137, S138, S181] or in a range of time without further details (longitudinal
study) [S122]. One study did not measure personality by means of MBTI,
but proposes a solution mapping its dimensions against adequate soft skills in

requirements elicitation techniques [S179].
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How were the results of MBTI interpreted? In general, the
identified studies did not report on the result interpretation. In one study,
an interview followed the administration of the psychometric instrument to
obtain refinements of the resulting personality traits [S112]. Additionally, one
study reported the algorithm to interpret the results [S137].

In sum, we can see that despite existing literature, there is a lack of
concern about how to handle personality and psychometric instruments in SE,
especially the MBTI. McDonald & Edwards’ guidelines date from 2007. More
recently, we had a critical review by Usman & Minhas (2019) including a
sample of Cruz et al. (2015) studies (see our background and related works in
Section 2.3). The results of their review are consistent with our observations,
leading us to the same conclusion that there was no progress in improving the
adoption of the MBTT in SE research over the years.

We understand that researchers are usually restricted by document size
in research papers. However, given the majority of studies mapped in journals,
which are generally more extensive and detailed in terms of text, we believe
that more details on how a relevant human factor as personality is handled

could be provided (or at least be made available in open science repositories).

4.9
Threats to Validity

In this section, we discuss the findings of the updated mapping study
regarding its threats to validity. We list the possible threats and procedures
we took to mitigate those issues hereafter according to Petersen et al. (2015).

Theoretical validity: with respect to our search strategy, we relied on
empirically assessed guidelines to search for new evidence to update secondary
studies in SE. Based on the set of 90 studies covering forty years of personality
research in SE, we identified 6702 new studies to be analyzed in a single forward
snowballing iteration using Google Scholar and included 106 additional studies
of them. We believe that as a result, we had a good coverage of the literature
within the last fifty years.

Regarding study selection, the exclusion of short papers and grey liter-
ature can threaten the representativeness of the sample of selected studies.
However, we adopted this strategy to prioritize complete and peer-reviewed
studies. We noticed that short papers frequently did not provide the necessary
information to answer our research questions during initial data extraction
efforts.

Furthermore, given the huge quantity of papers to be analyzed (6702)

we filtered out papers that did not include terms related to personality in the
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title and abstract. This decision was taken to make the study selection effort
viable. We included synonyms and believe that this did not lead to relevant
studies being excluded.

Finally, concerning the data extraction process, a threat can be the main
control of one researcher in the mapping study execution, which can bring
some bias to results in different ways. This threat was mitigated by exhausting
reviewing extracted data and consensus meetings with the dissertation advisor.
We had support from two additional researchers in the extraction process
to cover years 2017 to 2020, but the researcher that extracted data for the
remaining years (2011 to 2016) reviewed their extraction. Still, the data
extraction process is error-prone. To improve the reliability in this process,
all extracted data is auditable and openly available to the community.

Descriptive validity: our protocol is based on solid guidelines and an up-
date of a comprehensive mapping study. The open coding method for answer-
ing our research questions may not help to provide an easily understandable
overview. We incorporated some axial coding procedures when answering re-
search questions that primarily use open coding accordingly to Table 3.2 (RQla
and RQ1b).

Regarding transparency, we documented the entire process and packaged
all generated artifacts organized by the followed steps (see Figure 3.2) in
order to turn it available to the community. They allow further analyses and
replication of our protocol. Studies that were not included are flagged with
their respective exclusion criteria.

Generalizability: The present mapping study is restricted to the dispo-
sitional personality perspective in SE research. More perspectives that could
interest some target audiences may have been adopted in the SE literature.
However, they were not captured by this protocol, and it is not our focus.

Further, we do not have any formal psychology or social sciences qual-
ifications. We relied on literature guidelines to conduct this study and help
consolidate a body of knowledge. Consequently, our view of personality and

psychometric instruments may not be comprehensive enough.
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Conclusions

This dissertation aimed to provide a comprehensive literature mapping
concerning psychometric instruments used in SE research regarding personal-
ity, updating a broad existing secondary study (CRUZ et al., 2015). We pro-
vided a detailed protocol based on specific guidelines that met the need for an
update and a search strategy for new evidence. While the updated secondary
study included 90 studies covering 1970 to 2010, we identified 106 studies cov-
ering 2011 to 2020. In the following, we discuss the contributions, limitations,

and future work.

5.1
Contributions

By answering our protocol’s established research questions (Chapter 3),
we contribute to the Behavioral Software Engineering (LENBERG et al., 2015)
body of knowledge on the following topics with respect to personality:

— Common objectives: we observed common objectives of mapped studies
that use personality, employing coding procedures to provide an overview
of the most studied topics. Investigate the effect of personality in some
SE activity contexts had the highest frequency, followed by characterize
software engineer personality, which aims to discover and distinguish the
personality of software engineering professionals and systematizing it,

mostly for mapping roles and skills.

— Limitations: the limitations regarding the adoption of psychometric
instruments are poorly reported in the mapped research. In fact, less
than half of the primary studies in our set reported some limitations on

the adoption of psychometric instruments.

— Theoretical constructs: we mapped the use of psychometric instruments
within recent SE research related to archetypal classes of constructs. We
observed that the instruments are mainly used within the context of
actors academic setting and researcher who applied the intervention
personality traits data to perform activities such as software engineer
characterization, team building, assessment of activities execution, pair
programming, and mapping of suitable roles, mostly without considering
a software system (none) and sometimes related to class assignments

and varied tools.
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— A summary of the type of research and the empirical evaluations employ-
ing psychometric instruments. Validation research is the most common
type of the mapped studies. It depicts research conducted in academic
scenarios or not proposing something new and measuring in practice.
With respect to the empirical evaluations, surveys and case studies are

generally adopted.

— Finally, we observed remaining discrepancies between the application
process of MBTI based instruments within recent SE research and
existing recommendations in the literature. Even with long time existing

guidelines on this instrument, we can not see any improvements so far.

5.2
Limitations

Although we performed an update of the secondary study by Cruz et
al. (2015), we did not triangulate our data with their study since our goal
and research questions differ. The authors of the updated study focused on
characterizing the SE research on personality more broadly. In our turn, we
focused on psychometric instruments. Although their study also mapped the
instruments by answering the research question “What personality tests are
administered in the studies, and to what type of participants (professionals or
students)?”, they did not openly provide the detailed spreadsheet of extracted
data. This limited us to work only with the information reported in their study
paper.

We did not have psychology background, limiting our overall understand-
ing. Even with the variety of instruments mapped among the personality mod-
els presented (especially the ones from the Big-Five/Five-Factor Model), we
only conducted a partial review involving the use of the MBTI based on the
guidelines of the SE literature that fit a personality perspective (dispositional).
Although we defined this focus, we believe that the review is still valuable due
to the findings presented on the MBTI, which is the most used psychometric

instrument.

5.3
Future Work

Future work includes extending the synthesis presented by involving
experts, collecting the point of view of social science researchers on the use
of psychometric instruments in SE regarding personality, also covering other
psychometric instruments. In particular, we propose the extended work to

investigate the following additional research question:
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RQ2: How do social sciences researchers perceive the adoption of

psychometric instruments regarding personality in SE research?

This could, for instance, involve applying a survey-based approach or
conducting focus group sessions to gather further insights, producing guidelines
that could be steering future SE research regarding personality in more
promising directions.
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Dictionary of coded constructs related to SE

Table B.1: Coded constructs in class Actor

Actor coded construct Description Studies Count
S91, S92, S95, S96, S99, S101,
5102, S103, S105, S106, S107, S110,
The study has an educational purpose S111, 8113, S115, 8120, 8122, 8125,
academic setting or is appl};ed in én académic sert)tinlzg due 5126, S133, S135, S136, S140, 8141, 47
e ) R ’ 143, S144, S146, S147, S148, S150,
to scope limitations S rj' S e S146, 5 )7' S ,8’ S 0,0'
S151, S155, S158, S162, S163, S165,
5166, S169, S171, S172, S173, S174,
S176, S177, S182, S193, S196
593, S104, S108, S112, S114, S116,
S117, S118, S119, S121, S123, S124,
S128, S129, S131, S132, S134, S137,
researcher The study author(s) act primarily for S138, S139, S145, S149, S152, S156, 43
se investigative purposes S159, S161, S167, S168, S170, S175,
S178, S179, S180, S181, S183, S185,
S186, S187, S188, S189, S191, S192,
S194
industrial settine The study is applied in a industrial S109, S130, S142, S153, S157, S160, 10
& setting S164, S184, $190, S195
The scope of the study is not clear
oo (where does the study data come
organization from?). The code was adopted to 597, 598, 5100, S127 4
be comprehensive.
practitioner The study is clearly applied and focu- 9154 1
sed on practioners
A software devel t te as th
software development team intse?'vg;it)cr ir?\jcchgpsiﬂdvcmn was the 594 1
Table B.2: Coded constructs in class Intervention
Intervention coded construct Description Studies Count
S91, 592, S93, S04, 595, 596,
S97, 898, S99, S100, S101, S102,
S103, S104, S105, S107, S108, S109,
S110, S111, S112, S113, S114, S115,
S116, S117, S118, S119, S120, S122,
S123, S124, S125, S126, S127, S128,
S129, S130, S131, S132, S133, S134,
S135, S136, S137, S138, S139, S140
" e The study has data on personality traits e g .
personality traits data measured by some psychometric instrument 23,17 21;11525 gijg ;}éé S};i gigg 102
S153, S155, S156, S157, S158, S159,
S160, S161, S162, S163, S164, S165,
S166, S167, S168, S169, S170, S171,
S172, S173, S174, S176, S177, S178,
S179, S180, S181, S182, S183, S184,
S185, S186, S187, S188, S189, S190,
S191, S192, S193, S194, S195, S196
. . The study adopted pai ¢ ing t .
pair programming asii:, lsl(rnilea;r?lg;:t Palr programming to 5106 1
psychometric instrument ;l;h;) zzlil(}:ptd:(llo/}it;l:ld: tIC)Z'Whommric instrument S121 1
social media personality traits data E:ﬁ;?;ﬁ:;}h ?;ej?:ad:i:}iri(:‘lgiy measure S175 1
. . . The study used an virtual enviroment to mea- _
virtual environment to measure personality sure personality as intervention S154 1
software development team fntqsrftl\:;a;ed:;jéip ent team was the interv- 594 1
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Table B.3: Coded constructs in class Activity

62

Activity coded construct Description Studies Count
The study characterizes, in some extent, S93, S108, S112, S116, S118, S119,
the software engineering professional. S127, 5129, S131, S132, S134, S137,
characterization of software engineer | It means: comparison of SE and other S138, 5147, S148, S149, S152, S155, 27
professionals, discover (and/or compare) S156, S160, S165, S179, S180, S184,
personalities for some purpose. 5191, 5194, S195
The main activity of the study is to build | S91, S94, S95, S97, S98, S99,
team building software development teams with more S102, S111, S124, S133, S144, S153, 16
than two members S158, S171, S172, S174
Tk ain activity of the s 7 is to assess
assessment of activities execution sofltex\j?::nv;j?l‘cltt: ‘1(1)1dt li(:(";cus‘(if‘slisntz j:);f% S101, 5117, 5120, 8122, 8125, 5126, 10
ac s execut E are artifacts and processes in a s S143. $159, S160. 182
ware activity
The main activity of the study is to build
pair programming 1€ Mall activity of the study 18 to bulld [ 99 996 5103, S113, S115, S193, S196 7
§ pair programming teams
The main activity of the study is to map-
mapping of suitable roles ping software engineer roles (developer, 5107, S161, S175, S185, S192 5
tester, project manager, etc.)
. The main activity of study is inves-
investigate team performance . 1€ main activity of study 1 inves S136, S139, S173, S176, S190 5
i tigate performance of a software team
T ain activity is assess am-
inquiry on programmer performance 16 mai dbmlt}. 15 AS5ESS pro(gr‘d%nr 5123, 5128, S146, S163 4
! mer performance in coding activities
project management activities The am activity is related t? ?OAfti 5100, S130, S188 3
ware project management activities
task selection The main activity is related to selection $162, S167, S168 3
of tasks to development
Table B.4: Coded constructs in class Software System
Software system coded construct Description Studies Count
592, 595, S96, S99, S102, S103,
. . . .| S106, S113, S115, S117, S120, S123,
Tj(l‘ey:tuizv 3:?(%1& b?;tg:‘:ri):'ftélll\ )Iitl)elr‘acardel!:l‘c(ie‘ttmgb. S125. S126, S133, S135, S136, S140,
class assignments {) t\ ((;ub [ t’“” Zp('(> 0 ;l '(i bpté dL pu pl(i N . (a S141, S144, S146, S147, S150, S151, 37
o o e e T s opac i The COMAT 1 8158, S163, 8169, S170, S171, S172,
e s sndy by students S173, S174, S176, S177, S182, 193,
S196
S93, S104, S110, S112, S114, S118,
S119, S121, S122, S127, S129, S131,
. S132, S137, S138, S139, S145, S153, .
none No software system was used in the study S154. S155. S159. S160. S161. S165. 33
5166, S178, S179, S181, S186, S187,
5189, S191, S195
The study used a machine learning/computational 591, 894, S97, S98, S100, S101, S107,
tool intelligence, some kind of algorithm, gamecard, S111, S124, S143, S148, S156, S175, 15
or CASE tools S185, S192
) The gtudy used a softWére repository that stores so- S116, S134, 149, S152, S164, S180,
software repository me kind of software artifacts, (e.g. code, documents, o 8
3 S188, S194
or tasks)
) ) The study uses software (or 1‘equy‘ements q[ it) that S105, $108, S142, S157, S183, S184,
given software project has not yet been developed, but it was during the 7
; . ) S190
conduction of the study
crowdsourcing projects The study has crowdsourcing projects as a soft- S162. S167. S168 3
ware system
implementation of a dataware The study used data from implementation of a S109 1
house system dataware house system S
programming contest T}}(\ gudy used what is developed in a program- 9198 1
ming contest
industry projects The study used data regarding industrial projects S130 1
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Relation two by two of coded constructs related to SE

Actor Frequency

B software |
academic industrial

Intervention . ) organization practitioner  researcher development 1 46
setting setting N
eam

pair programming 1

personality traits
data

psychometric
instrument

social media
personality traits 1
data

virtual environment

to measure 1
personality traits

Figure C.1: Matrix representation of the coded archetypal classes Actor x
Intervention

Actor Frequency
. : : software
academic industrial N L
Software System ~ N organization practitioner  researcher development 1 34
setting setting
team
class assignments 34 3
crowdsourcing projects 1 2
given software project 1 4 2
implementation of a dataware house 1
system
industry projects 1
none 5 = 1 1 23
programming contest 1
software repository 1 7
tool 6 3 5 1

Figure C.3: Matrix representation of the coded archetypal classes Actor x
Software System
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Figure C.2: Matrix
Activity

academic
setting

Activity

academic resilience 1

assessment of activities
execution

assessment of impact 1

boosting on personality traits 1

characterization of software
engineer

check software engineer
wellbeing

develop software design 1

inquiry on programmer
performance

inguiry on project success

intention to use a technique

investigate programmer
creativity

investigate programming
performance

investigate programming styles 2

investigate quality of sotware 1

investigate team performance 3

investigate the quality of
software

investigate turnover intention

mapping of suitable roles 1

measure User experience

pair programming

perform the validity of a
measure

prediction of preferences 1

project management activities

propose a pyschometric
instrument

requiments elicitation activities

software engineer
characterization

software engineer preferences 1

software testing activities 1

task selection 1

team building 11

industrial
setting

Actor

organization practitioner  researcher

software
development
‘team

two by two of coded constructs related to SE

Frequency

1

64

representation of the coded archetypal classes Actor
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Intervention Frequency
N N N N 17
. . . social media virtual environment
. B . personality traits psychometric N .
Activity pair programming personality traits to measure
data instrument ) .
data personality traits
software engineer
characterization
team building
characterization of
software engineer
assessment of activities
execution
pair programming
investigate team 5
performance
prediction of preferences 4
mapping of suitable roles 4 1
inquiry on programmer 4
performance
task selection 3
project management 3
activities
investigate programming o
styles
check software engineer >
wellbeing
assessment of impact 2
software testing activities 1
software engineer il
preferences
requiments elicitation 1
activities
propose a pyschometric 1
instrument
investigate turnover a
intention
investigate the quality of a
software
investigate quality of 1
sotware
investigate programming 1
performance
investigate programmer 1
creativity
intention to use a 1
technigue
inquiry on project success 1
develop software design 1
academic resilience 1
perform the validity of a 1
measure
measure user experience 1

boosting on personality
traits

Figure C.4: Matrix representation of the coded archetypal classes Interven-
tion x Activity
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Intervention Frequency

virtual
. . . social media .
Software R . personality traits psychometric N . environment to 1 36
pair programming ) personality traits
System data instrument data measure
personality traits

class

assignments

crowdsourcing
projects

given software
project

implementation
of a dataware
house system

industry

-
2
7
1
projects 1
programming 1
8
.

contest

software
repository

tool

Figure C.5: Matrix representation of the coded archetypal classes Interven-
tion x Software System

Intervention Frequency

virtual
. . . social media .
Software R . personality traits psychometric N . environment to 1 36
pair programming ) personality traits
System data instrument data measure
personality traits

class
assignments

crowdsourcing
projects

given software
project

i -
2
7
implementation
of a dataware 1
house system
industry 1
projects
o ’ :
programming 1
contest

8

software
repository

tool

Figure C.6: Matrix representation of the coded archetypal classes Activity x
Software System
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