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Considering the critical role of software in modern societies, we face an urgent need to educate
more competent software professionals. Software engineering competencies (SEC) are considered the
backbone of successfully developing software products. Consequently, SEC has become a hotspot for
software engineering research and practice. Although scientific literature on SEC is not lacking, to
our knowledge, a comprehensive overview of the current state of SEC research is missing. To that
end, we conducted an extensive and systematic review of the SEC literature. We provide an overview
of the current state of research on SEC, with a particular focus on common SEC research areas. In
addition to reporting the available SEC models and frameworks, we compile a list of 49 unique essential
competencies of software professionals. Finally, we highlight several gaps in the literature that deserve
further research. In particular, we call for a better understanding of how the essential competencies
of software professionals change over time, as well as fresh accounts of the essential competencies
of software professionals. Additionally, considering recent shifts toward Agile and DevOps methods,
future research must explore the competencies required for developing software products in modern
development environments.
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1. Introduction

Software drives or affects every device we use for any area
of our lives. Developing software products is a complex and
resource-intensive process that requires competent software pro-
fessionals (Casale et al., 2016). However, the software industry
faces an increasing demand for, and a significant shortage of
skilled software professionals (Calazans et al., 2017; Gimenes
et al, 2012). Considering this shortage and the critical role of
software in modern life, there is an urgent need to educate and
train more competent software professionals. Generally speaking,
competence is defined as “a collection of skills, abilities and
attitudes to solve a problem in a given context” (Holtkamp et al.,
2015, p. 137). In software engineering, competence covers the
entire development process and entails software professionals’
knowledge, skills, and attitudes to fulfill a task in a software
development project (IEEE, 2014).

Software engineering competencies (SEC) have become a
strategic research area for the software engineering discipline
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(Colomo-Palacios et al., 2013), and much literature has been pub-
lished in this area (Lenberg et al., 2015). However, to our knowl-
edge, the current literature lacks a comprehensive overview of
SEC research. Instead, previous studies only explored specific
areas in SEC, such as the role of personality in software engi-
neering (Cruz et al., 2015; Moustroufas et al., 2015; Vishnubhotla
et al,, 2018), measurement of software engineers’ capability and
competence (Vishnubhotla et al., 2018), and models for recruiting
software professionals (Moustroufas et al., 2015). Hence, a study
that comprehensively overviews the current state of the research
on SEC and identifies the gaps requiring future studies is needed.
Additionally, considering the emergence of various software de-
velopment approaches during the last three decades, it would
be beneficial to understand how essential SEC have changed and
evolved over the years. To that end, in this paper, we aim to
answer the following research question: “What can the current
literature inform us about the evolution of essential SEC?”

To answer this research question, we conducted a systematic
mapping study. A mapping study is suitable for comprehensively
overviewing the literature in a topic area where numerous papers
exist (Kitchenham & Charters, 2007; Li et al., 2015; Petersen
et al., 2008). Since we aimed at comprehensively overviewing
SEC topic areas and considering the richness of the literature on
this topic, a mapping study was conducted. Through an extensive
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search and rigorous evaluation process, 60 primary studies were
identified for this review. By analyzing these primary studies,
we overviewed the current state of research on SEC, focusing
on common SEC research areas, available SEC models or frame-
works, and the essential competencies of software professionals.
In particular, we show that previous literature on SEC focuses
on the two main areas of personnel and organizational SEC.
Additionally, we identified 14 models or frameworks that can be
used for identifying, assessing, and developing SEC. Furthermore,
we identified 49 essential competencies and classified them into
11 themes.

Our results indicate that despite a rich body of literature,
several areas of SEC need further scientific investigation. First, fu-
ture studies are needed to propose better models or frameworks
for providing theoretical accounts and practical implications on
different aspects of SEC, especially competence assessment in
various software engineering tasks and discerning different levels
of satisfaction. Additionally, future empirical research is needed
to better understand how software professionals’ competencies
change over time or as they move from one role to another.
Finally, further research is needed to assess and provide a fresh
account of the essential competencies of future software profes-
sionals, especially regarding modern development methods and
techniques, such as the agile approach (Abrahamsson et al., 2002)
and DevOps (Debois, 2011).

The rest of this paper is structured as follows: Section 2
describes the research background, Section 3 outlines the re-
search method used, Section 4 looks at the results, Section 5
discusses the results and research gaps, and Section 6 presents
the conclusions.

2. Research background

The words “competence” or “competency” are often used in-
terchangeably and sometimes have varied and ambiguous mean-
ings, depending mainly on the content or cultural contexts (Le
Deist and Winterton, 2005). To avoid such conceptual ambigui-
ties, we first need to define our key concepts and overview the
context in which this study can be viewed.

2.1. Concepts and definitions

In their study, Sedelmaier and Landes (2014b) state that “Com-
petence denotes a comprehensive capability to act appropriately in
complex situations. The capability to act includes technical knowl-
edge, also called factual knowledge. The capability to cope with
complex and new situations also presupposes additional skills, which
are often subdivided into social, personal and methodological com-
petence”. Adopting this definition, we define competence in soft-
ware engineering as “a complete set of abilities, skills, knowledge,
and capabilities needed to activity engage in a software development
effectively”.

As such, competencies are associated with both individuals
and enterprises. From the individual perspective, they are related
to education and human resource management (Le Deist and
Winterton, 2005). However, from the enterprise perspective, they
are concerned with the resource-based view of the firm (Wern-
erfelt, 1984). Additionally, competencies can be divided into two
main types: hard and soft competencies (Harzallah and Vernada,
2002; Havelka and Mermout, 2009; Rainsbury et al., 2002; Tah-
vanainen and Luoma, 2018). “Soft skills are personal individuality
that primarily impact the behavior of a person while interacting
with others in a working setup” (Ahmed et al, 2013, p. 172).
In contrast, hard competencies are teachable skills required for
job performance or assignment and are acquired mostly through
formal training and studies (Urs, 2013). Often, the trainee is
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required to be smart or possess a good IQ to acquire the required
skill (Andrews and Higson, 2008; Harzallah et al., 2002; Trivellas
and Reklitis, 2014).

Sedelmaier and Landes (2013) argued that teaching software
engineering is difficult and cookbooks to ease this difficulty are
lacking. Thus, the competencies needed in software engineer-
ing require identification. Given this, the authors set up an SEC
research agenda to identify the competencies needed by soft-
ware professionals using an experiential learning process by ob-
serving some students. Using the Software Engineering Body of
Knowledge (SWEBOK), Sedelmaier and Landes (2014b) identi-
fied competencies needed by developers and proposed the Soft-
ware Engineering Body of Skills (SWEBOS). The authors concluded
that technical skills (i.e., hard competencies) are well noted in
the literature, but the same is not true for non-technical skills
(i.e., soft competencies). Subsequently, they created a framework
for identifying the non-technical skills required from software
professionals (Sedelmaier and Landes, 2014a).

Using interviews with 23 managers and hiring personnel from
the USA and Europe, Studt et al. (2015) investigated what recent
graduates struggle with when they start to work and what de-
ters them from gaining employment. They reported that recent
graduates struggle with several soft and hard skills (e.g., effective
communication, using configuration management systems and
other tools, product unit testing). However, a lack of project expe-
rience and problem-solving abilities mostly prevents them from
getting employed (Radermacher et al., 2014). Thurner et al. (2016)
used their experiences in the SEC research area and identified
some reasons why students are struggling with their soft skills
and competencies during the initial stages of their studies: (i)
heterogeneity of the initial skill to study, (ii) lack of clues on how
to assess their own competencies, (iii) lack of clues on how to
expand their competencies, and (iv) lecturers mostly focus on
teaching technical skills and neglect soft skills. Therefore, they
designed a program to improve the situation of freshmen in an
integrated form (Thurner et al., 2016).

In organizational settings, competencies are linked to roles.
Hence, we consider the roles and tasks or responsibilities associ-
ated with software engineering. Depending on the organization,
different terms may be associated with certain roles (e.g., soft-
ware developer, software designer, software engineer). This
makes the study of the competencies of these roles difficult. To
avoid such confusion, in this study, we use the term “software
professional” to discuss individuals who employ the necessary
skills to design, construct, test, and maintain computer software
(Kalliamvakou et al., 2019; Kobata et al., 2013; Le6n-sigg et al.,
2018). Therefore, we used the roles defined in SWEBOK (Bourque
and Fairley, 2014) and the software engineering competency
model SWECOM (IEEE, 2014). Thus, we listed some of the dif-
ferent roles and their associated positions and tasks or responsi-
bilities for a typical software development project (Table 1).

SWECOM, inspired by SWEBOK, provides various knowledge
and skill sets for software engineering. These skill sets are grouped
into five areas: cognitive skills, behavioral attributes and skills,
requisite knowledge, related disciplines, and technical skills. SWE-
COM further divides technical skills into life cycle skill areas and
cross-cutting skill areas. While cross-cutting skill areas are skill
sets needed throughout the life cycle of developing software, life
cycle skill areas are those needed to perform a task in different
phases of software development. Thus, since this study aims to
identify competencies and tasks associated with them and relate
them to software development roles, we used the life cycle skill
(comprising skills and activities) and mapped it to the software
engineering roles in SWEBOK.

Table 1 shows that a role can be associated with different
positions, and it may have different tasks or responsibilities. Ad-
ditionally, different positions are given to software professionals
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Table 1
Roles, associated positions, and tasks of software professionals.
Roles Description Associated positions Tasks

Requirement analyst The role represents software
professional(s) responsible for
eliciting the functional and
non-functional attributes of a

software system to meet the goals of

System engineer, requirement
technical leader, requirement
engineer, requirement analyst, lead
requirement manager, requirement
technician, etc.

Identify stakeholders, perform
analysis on the requirement, use
appropriate means to describe the
requirements, construct, and analyze
prototypes, etc.

a customer.

Designer The role represents software Software designer, lead designer, Design technics for software design,
professional(s) responsible for technical designer, design technician, manage software design activities,
designing software architecture based etc. specify a common interface, and use
on the requirement. software design review, etc.

Programmer The role represents software Senior software engineer, lead Select the environment for

professional(s) responsible for
constructing the software and
converting the design specifications
into functional software.

developer, technical software leader,
software technician, etc.

developing the software, monitor the
software development process, create
code, and implement the design, and
document and comment on the code,
etc.

Software test & quality
engineer

The role represents software
professional(s) responsible for
overseeing the testing and quality
issues of software.

Senior test/quality engineer, lead
software test/quality engineer,
software test/quality engineer,
test/quality engineer, test technician,
etc.

Identify stakeholders and tools for
testing the software, develop a test
plan for testing the software, and
collect and report data resulting from
testing/demonstration, etc.

Configuration & maintenance
engineer

The role represents software
professional(s) responsible for
maintaining and sustaining the
software during its life cycle.

Senior maintenance/ configuration
engineer, lead maintenance/
configuration engineer, maintenance/
configuration engineer, maintenance
technician, etc.

Develop transition and identify
stakeholders for transition, maintain
software configuration, perform
problem identification and correction,
and monitor and analyze software

maintenance activities, etc.

depending on the organization’s size or the type of software
project to be undertaken (Saiedian and Dale, 2000). Similarly, the
tasks associated with these roles can be performed by a dedicated
person or shared and performed by all team members. The latter
especially applies to agile software development methodologies,
which rely on small and self-organized teams. In the past few
decades, software engineering has been undergoing a paradigm
shift with the agile approach (Abrahamsson et al., 2002); (Dyba
and Dingsoyr, 2008). Regarding the roles and responsibility areas,
we are aware of this change and new role definitions emerging
with it, such as “product owner” and “scrum master”. However,
as our study shows, even if agile methods are broadly adopted
in practice and are also present in software engineering research,
their specificity has not yet received much attention in SEC re-
search. Therefore, we rely on the traditional role definitions as
the basis for our competence study.

2.2. Related literature review studies

Three literature review studies on SEC were found from the
literature search. Cruz et al. (2015) used a systematic mapping
study to plot the current landscape of published empirical and
theoretical studies that explored the role of personality in soft-
ware engineering. The authors reviewed 90 papers published
from 1970 to 2010. The study identified the Myers-Briggs Type
Indicator as the regularly used test for accessing personality pro-
files in software engineering, and pair programming and educa-
tion were identified as the two popular topics being researched.
The breakdown of the topics is as follows: pair programming, ed-
ucation, team effectiveness, software process allocation, software
engineer personality characteristics, and individual performance,
comprising over 88% of the studies. Less frequently researched
topics include team process, behavior and preferences, and lead-
ership performance, and they comprise the rest of the studies. The
authors argued that although the number of published articles in
the personality research area in software engineering has grown
in recent years, the evidence found to support this growth was
inconclusive in their study. However, they suggested that the

research community could improve and extend the findings in
the field to include the practitioners’ characteristics (Cruz et al.,
2015).

Another study by Vishnubhotla et al. (2018) utilized a sys-
tematic literature review to present the state of the art relating
to the capability and competence measurement of software pro-
fessionals, including teamwork in agile software development.
For this study, 16 related articles were selected. Evidence of
attributes relevant and appropriate to measuring the capability
of software engineers and teams was reported. Furthermore, their
findings identified different instruments for measuring these at-
tributes. The findings further identified the effective categoriza-
tion of these attributes into groups for project managers to use
as a checklist when allocating software engineers into teams
(Vishnubhotla et al., 2018).

Finally, Moustroufas et al. (2015) employed a traditional lit-
erature review to evaluate the adequacy of software professional
competencies concerning a software competence profiling model
for recruiting software professionals. According to the authors,
the model review helps in the recruitment process of software
professionals for software development. Regarding the review,
they suggested a new customizable, three-level model designed
based on the standards of a generic framework developed by the
European project ComProFITS for recruiting software profession-
als (Moustroufas et al., 2015).

The articles by Cruz et al. (2015) and Vishnubhotla et al. (2018)
utilized a rigorous research methodology but focused on some
aspects of SEC research areas, such as personality in software en-
gineering and capability measurement of software professionals
in agile software development projects; therefore, they did not
comprehensively overview the SEC research area. Moustroufas
et al. (2015) created a profiling model to assist in recruiting
software professionals. However, they did not employ a system-
atic approach to extricate their model. Thus, their model lacks
scientific rigidity in its development. Despite these limitations,
the results present a productive theme for the SEC research
area. Given the aforementioned limitations in the three review
studies on SEC, this paper aims to propose a comprehensive
state-of-the-art overview of SEC research.
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Fig. 1. The research process followed in this study.

3. Research methodology

An extensive literature review was conducted following the
study objective. Fink (2010, p. 3) defined a literature review as
“a systematic, explicit and reproducible method for identifying,
evaluating and synthesizing the existing body of completed and
recorded work produced by researchers, scholars, and practition-
ers”. Two types of literature reviews were recognized, and one
was selected for the purpose of this study. A systematic literature
review is defined as “a form of secondary study that utilises a
well-defined methodology to identify, analyse and interpret all
available evidence related to a specific research question in a
way that is unbiased and (to a degree) repeatable” (Kitchenham
and Charters, 2007, p. vi). It is utilized to summarize an existing
concern and provide a background for positioning new research.
A systematic mapping study has the goal “to overview a research
area and identify the quantity and type of research and results
available within it” (Petersen et al., 2008, p. 2). Thus, since this
study primarily overviews the SEC research area, the authors
employed a systematic mapping study. Accordingly, the authors
are guided by the guidelines and principles of Petersen et al.
(2008, 2015). Fig. 1 depicts the four stages of the mapping study
adopted from Petersen et al. (2008, 2015).

Fig. 1 shows the four stages of the research process, which
include defining the research question, conducting the search,
screening papers and data extraction, and analyzing and reporting
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the results of the review. Each stage and its underlying steps are
explained in the following subsections.

3.1. Stage one—defining the research questions

This section presents Step 1, referred to in Fig. 1 as an initial
literature review. Although the initial review shows abundant
literature on SEC, it lacks a comprehensive overview of the re-
search area. Therefore, the authors set the objective of providing
a comprehensive overview of the current state of research on SEC
and identifying potential gaps for future studies. Thus, the authors
set the main research question as “What can the current literature
inform us about the evolution of essential SEC?”

To answer this research question, we tried to approach the
body of literature on SEC with a particular focus on different
research areas on SEC, the frameworks and models for studying
SEC, the essential competencies for software professionals, and
SEC evolution over time. Therefore, we formulated the following
sub-questions:

RQ1—What research areas are emerging in the body of litera-
ture about SEC?

RQ2—What SEC models or frameworks have been developed?

RQ3—What are the essential competencies of software profes-
sionals?

RQ4—How has SEC research evolved over the last three
decades?

3.2. Stage two—Conducting the search

This stage involves Steps 2 to 4 of Fig. 1. Step 2 is the search
strategy. In this step, the electronic databases for this study were
selected by all the authors. To ensure wider coverage of the
extant literature from software engineering and its neighboring
disciplines, including information systems and computer science,
we decided to search IEEE Xplore, ACM Digital Library, Scopus,
AIS eLibrary, and ScienceDirect databases.

After selecting these databases, search strings were developed
based on the population and intervention strategies suggested
by previous studies (Petersen et al.,, 2008, 2015; Kitchenham
and Charters, 2007). Considering the subject area—software en-
gineering competencies—the population of our study is software
engineering, and the intervention is competence, competency,
or competencies (i.e., competenc*). Regarding the population,
while the software engineering literature was our main target,
information systems (IS) and computer science (CS) were also
considered relevant fields. Since IS and CS studies often use terms
such as software development or systems development instead of
software engineering, we decided to consider all these variants in
our population. Regarding the intervention, the term competence
or competency can be denoted with terms such as skills, attitude,
abilities, knowledge, etcetera. Therefore, while developing and
testing our search strings, we considered these terms. However,
the search results showed that adding such general terms to the
string induced too many irrelevant studies. As such, since we
aimed to cohesively depict the literature on SEC, it is plausible to
assume that any previous study on the subject area at least men-
tions competenc* somewhere in the body of the paper. Therefore,
we made an informed decision to use the term competenc* to
define the scope of our study. Consequently, we formed the
following search string:

((“software develop* OR “system™ develop*” OR “software engi-
neer*”) AND (competenc*)).

It is important to note that, considering the differences be-
tween electronic databases, we made adjustments to the above
search string to fit each database. Before starting to search for
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Table 2
Inclusion and exclusion criteria.
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Inclusion criteria

Exclusion criteria

e Studies reported in the English language.

e The study must be peer-reviewed (journal, conference, or workshop).
e The study focuses on software development competencies.

e The study answers one of the research questions.

e Studies that do not fulfill every inclusion criterion.
e Studies in which access to the full text is not possible.
e Studies in which access to the digital version is not possible.

relevant studies, the authors also developed a set of inclusion and
exclusion criteria (Table 2).

In Step 3 of the process, a pilot search was conducted using the
Scopus database to test the search strings and also for validation.
The quality of the search string is essential for any systematic
review; therefore, it is important to ensure that steps are taken to
avoid retrieving too much information or too little information for
the study (Cruz et al., 2015). Following the guidelines of Kitchen-
ham and Charters (2007) and Petersen et al. (2008, 2015), steps
were taken to improve the search string to ensure that it retrieved
regulated information. Thus, different search strings were tested
using the Scopus database (see Appendix A). As argued by Cruz
et al. (2015), the search string quality can be viewed from two
indexes: the string sensitivity and precision. Sensitivity refers to
the ratio between the number of relevant studies retrieved and
the total number of existing relevant studies in the literature.
Precision is the ratio between the number of relevant studies
retrieved and the total number of studies retrieved. Following
Cruz et al. (2015), it would be ideal if both indexes could be
achieved. However, in practice, that may not be the case; there-
fore, in selecting a string for a review, there should be a trade-off.
Thus, the authors tested different search strings by considering
the sensitivity index, and the first 100 items were selected to
check with known literature in the area (e.g., Stepanenko and
Kashevnik, 2017; Vishnubhotla et al., 2018) to validate the search
term or terms to be used. After testing various search strings
shown in Appendix A, the authors agreed to use the string stated
above as appropriate for this study.

In Step 4, the authors ran the full search. In performing the
search, the authors did not set a lower bound date for the search
because they wanted to have wider coverage. However, the upper
bound date was on the day of the search. Here, the retrieval
of the meta-data for the study was February 15, 2019 for all
the databases. Table 3 shows the number of items or papers
retrieved using the automatic search done by adapting the search
strings to the search engine of each database. A total of 12,250
potentially relevant papers were retrieved from all five databases.
The authors stored the meta-data of the papers in a spreadsheet.

3.3. Stage three—Screening papers and data extraction

The third stage of the research process comprises screening
(i.e., Step 5) and data extraction (i.e., Step 6) (Fig. 1). In Step 5,
the authors combined all the potentially relevant papers from
the different databases into one spreadsheet. Duplicates, studies
without titles, studies without abstracts, research in progress, and
posters were eliminated to generate a clean list. Next, the first
author evaluated all the potentially relevant studies (n = 12,250)
and applied the inclusion/exclusion criteria stated in Section 3.2.
This was done by first reading the titles and abstracts and cat-
egorizing the studies as “relevant”,! “not relevant”,” “maybe
relevant”,?> or “cannot decide”.* However, in cases where the

1 Relevant—papers that the first author is 100% sure about their relevance

2 Not relevant—papers that the first author is 100% sure that they are not
relevant

3 Maybe relevant—papers that the first author considers relevant, but he is
not 100% sure about their relevance

4 Cannot decide—papers that the first author cannot decide if they are
relevant or not

relevance of a paper could not be evaluated based on its title
and abstract, the author read the introductions, contributions,
and conclusions of the paper. To avoid individual mistakes and
bias, after this round was completed, the second author randomly
picked 100 papers from the list of 346 papers that were in the
category of “relevant” to check if the inclusion/exclusion crite-
ria applied as stated. The second author further read through
all 51 papers that were in the categories of “maybe relevant”
and “cannot decide” and evaluated each paper following the
inclusion/exclusion criteria. Next, the authors discussed their in-
dividual evaluations of these 51 papers and agreed to catego-
rize four papers as relevant and exclude 47 papers. Next, the
first author read each of these 350 papers fully and applied the
inclusion/exclusion criteria.

As presented in Table 3, after cleaning the list and applying the
inclusion and exclusion criteria, 92 papers were left for the next
step in which the authors applied the quality assessment criteria.
Kitchenham and Charters (2007) specified that in addition to the
inclusion and exclusion criteria, quality assessment is needed to
assess the quality of the original papers selected for the study.
Authors such as Berg et al. (2018) and Molléri et al. (2018)
suggested that quality assessment is not necessarily required
for a systematic mapping study. However, it adds value to the
outcome of mapping studies. Thus, in this mapping study, the
authors adopted the 11-point quality criteria of Dyba and Ding-
soyr (2008), which relate to the rigor, credibility, and relevance
of research for the study (see Table 4). The authors used “yes =
1” or “no = 0” in response to each question regarding the quality
criteria. After applying the quality assessment criteria, 60 papers
qualified for the review, see Appendix B.> In Step 6 (i.e., data
extraction), the authors read the 60 primary studies in full detail
and coded the contents of the selected papers that are related to
our research questions into a spreadsheet.

It must be noted that the criteria proposed by Dyba and
Dingsoyr (2008) were originally designed to assess the quality
of empirical studies. However, Table 4 shows that eight criteria
apply to both empirical and conceptual papers, and only three
of them concentrate on empirical studies (i.e., Criteria 3, 5, and
6). Additionally, Criterion 5 is concerned with the rigor of the
sampling process. Therefore, in conceptual papers where the unit
of analysis can be a study (i.e., a case), sampling refers to the
process of selecting previously published studies. Therefore, nine
out of the eleven criteria suggested by Dyba and Dingsoyr (2008)
could be used to assess the quality of both empirical and con-
ceptual studies. Therefore, to ensure the reliability of the primary
studies, we decided to exclude those studies that failed to meet
at least four of the eleven criteria (i.e., a 33% threshold when
only considering the nine criteria that apply to both empirical and
conceptual studies).

3.4. Stage four—Analyzing and reporting

In Step 7, data analysis was performed on the extracted pri-
mary studies to answer the research questions. To analyze the

5 The full list of the 92 papers and the result of the assessment used in the
quality assessment can be found online on the link https://docs.google.com/spre
adsheets/d/1afF5sIMogZdlJEzq3ap3RPgpNR2e]5yjnak_YV79110/edit?usp=sharing.
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Table 3
Results of screening papers.
Database Automatic search result Apply inclusion/ Apply quality Final primary
(Step 1) exclusion criteria assessment papers
IEEE 2,596
ACM 1,226
ScienceDirect 3,986 350 92 60
AIS 2,725
Scopus 1,717
Total 12,250 350 92 60
Table 4
Quality assessment questions adapted from Dyba and Dingsoyr (2008).
No. Quality question Value in the criteria
1 Is this a research paper, or is it merely an experience report or expert opinion? Research
2 Is there or are there a clear statement(s) of the aims of the research? Aim
3 Is there an adequate description of the context in which the research was carried out? Context
4 Was the research design appropriate to address the aims of the research? Design
5 Was the sampling strategy appropriate to address the aims of the research? Sampling
6 Was there a control group with which to compare treatments? Control
7 Was the data collected in a way that addressed the research issue? Data collection
8 Was the data analysis sufficiently rigorous? Rigor
9 Has the relationship between the researcher and participants been considered to an adequate degree? Reflexivity
10 Is there a clear statement of the findings? Finding
11 Is the study of value for research or practice? Value

Table 5
Contribution types.
Source: Adapted from Shaw (2003) and Theisen et al. (2017).

Contribution type Description

Frameworks, methods, techniques
Guidelines
Lessons learned

A particular framework, method, or technique that can be used to identify, assess, and develop SEC
List of advice or recommendations based on the synthesis of the obtained research results
The set of outcomes directly based on the research results obtained from the data analysis

Model The representation of an observed reality in concepts or related concepts after a conceptualization process
Tools A technology, program, or application that is developed to support different aspects of software engineering

Advice/implications

A discursive and generic recommendation based on personal opinion

data extracted, we employed content analysis (Vaismoradi et al.,
2013). According to Vaismoradi et al. (2013), content analysis
is well suited for analyzing multifaceted data by labeling rel-
evant items (coding) in the text and interpreting the content.
The coding procedure also assists in quantifying the qualita-
tive analysis results (e.g., counting the frequency of occurrence),
which can indicate the significance of an issue. Content analysis
is defined as a “systematic coding and categorising approach
used for exploring large amounts of textural information unob-
trusively” (Vaismoradi et al., 2013, p. 400). Hsieh and Shannon
(2005) further discussed different approaches for conducting con-
tent analysis—conventional or open content analysis, directed
content analysis, and summative content analysis. To analyze
the extracted data, we combined these approaches. Conventional
content analysis aims at an open and data-driven approach to de-
scribe a phenomenon, with no prior theory or framework guiding
the analysis. For RQ1, aimed at identifying research areas in SEC
studies for future directions, this content analysis approach was
followed. The emerging topical areas were labeled and grouped
following the research foci and outcomes (i.e., research contri-
bution types). After the procedure, to classify the contributions
of the primary studies, the extracted data were coded using the
contribution types suggested by Shaw (2003) (Table 5).

RQ2 aimed to identify the available models and frameworks
for studying SEC. Hence, the directed content analysis was applied
to identify such items from the primary studies. The directed
content analysis was led by the concept of a ‘model’ or ‘frame-
work’ for SEC or some aspect of them to identify from prior
research. For RQ3, to help in structuring the essential SEC for
software development and training, the essential competencies of
software professionals were extracted from the primary studies
and tabulated to form categories. It was done without regarding

existing concepts, thereby following the conventional or open
content analysis approach, so that the categories emerged from
the data. The identified categories were then mapped to Rivera-
Ibarra et al.’s (2010) framework. This framework provides a sim-
plistic, granular overview of identifying different SEC as having
technical or non-technical competence.

Literature on software engineering competence frameworks
or models is not necessarily lacking. Specifically, frameworks or
models for classifying and observing software competence have
been studied and created (Acuila and Juristo, 2004; Acufia et al.,
2006; Broker, 2014; Rivera-lbarra et al.,, 2010; Thurner et al.,
2016; IEEE, 2014). In all these frameworks, observation and clas-
sification can be done from the traditional perspective (i.e., from
a behavioral and technical perspective). However, Rivera-Ibarra
et al. (2010) refined this granularity. That is, from a technical
perspective, they further used the roles in software engineering.
By far, those who try to extend it seem only to focus on the
granularity of the traditional perspective. Therefore, the Rivera-
Ibarra et al. (2010) framework is an obvious choice for our study
since we aimed to identify competencies regarding the roles of
software engineering.

Concerning RQ4, to identify trending changes in SEC research
over the past three decades, we followed the directed and sum-
mative content analysis modes, resulting first in an overview
(Section 4.1), presenting general facts about SEC studies pub-
lished. Further, an analysis of these studies in Section 4.2 and the
studies on essential competencies in Section 4.3 map the results
to emerging research areas. As a final step (Step 8), we synthe-
sized the answers to the research questions stated in Section 3.1.
Based on the answers found, we further identified gaps in the
existing knowledge and, accordingly, suggested future research.
Each step of the research process in this study was iterated
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Table 6
Publication channels of the primary studies.

Channels Total publications Percentage (%)
Conference 44 73

Journal 16 27

Total 60 100

several times. The first author handled the first round of each step
in the research process, and the second author independently
verified each step in the process. When there were disagreements
on the result, all authors resolved it through discussion.

4. Results

This section presents the results of the analysis of the 60
primary studies in this research. The results serve as a state-
of-the-art overview of the SEC research area to answer our
research questions. Section 4.1 explores the overview of the
primary studies, and Sections 4.2-4.5 involve the individual re-
search questions.

4.1. Overview of primary studies

As shown in Table 3 of Section 3.3, the automatic search of the
combined five databases resulted in 12,250 potentially relevant
papers. After applying the inclusion and exclusion criteria and
the quality assessment criteria, 60 primary studies were selected
for the data analysis. Table 6 presents the publication channels of
the primary SEC studies. Out of the 60 primary studies, 44 (73%)
were conference publications, and 16 studies (27%) were journal
publications.

Table 7 shows an overview of where the primary studies were
published. Regarding scientific journals, the Journal of Systems
and Software with three articles, followed by the Institution of
Engineering and Technology Software, and Information and Soft-
ware Technology, with two articles each, are at the top of the list.
The remaining journals had one article each.

Regarding the conferences publishing SEC studies, the full
details of all the channel outlets can be found in Appendix C.
There were 30 conferences in total. The IEEE Global Engineering
Education Conference published nine studies (P05, P13, P16, P23,
P24, P26, P39, P56, and P57), followed by Frontiers in Educa-
tion with three papers (P05, P25, and P35). Two papers each
were published by the ACM Conference on Innovation and Tech-
nology in Computer Science Education (P14 and P54), the IEEE
International Conference on Industrial Engineering and Engineer-
ing Management (P06 and P60), the International Conference on
Product-Focused Software Process Improvement (P04 and P51),
and the International Conference in Software Engineering Re-
search and Innovation (P27 and P30). The remaining outlets, as
presented in Appendix C, published one paper each.

Table 8 presents the types of research methods utilized by
each of the primary studies. Out of the 60 studies, 46.7% utilized
mixed methods, 35% employed a qualitative method, and 18.3%
utilized a quantitative method.

Fig. 2 presents the distribution of the research methodologies
used in the primary studies between 1992 and 2018. As can
be seen, before 2010, there were very few studies. However, in
recent years, there has been increasing interest in SEC research.

Table 9 presents an analysis of the contributions of the pri-
mary studies. In 42 out of the 60 primary studies (i.e., 70%),
the main contribution was a set of lessons learned. The sec-
ond highest contribution type was a model (13.3%), followed by
frameworks (10%) and guidelines (5%), whereas only one primary
study (1.7%) proposed a tool.
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4.2. RQ1—What research areas are emerging in the body of literature
about SEC?

RQ1 aimed at categorizing the SEC research areas. As stated in
Section 3.4, to extract the focus of each study, all the selected
primary studies were read in detail. Two main research areas
were identified: personnel competence and organizational compe-
tence. Table 10 below overviews the research areas, comprising
the abovementioned main research areas, their subareas with
descriptions, and the primary studies categorized under these.

The personnel competence area comprises research that fo-
cuses on software professional competencies, i.e., the skills, abil-
ities, and attitudes required for developing software products
or services. These are the catalyst for developing a software
product or service, and they include the soft and hard com-
petence areas (e.g., creative thinking and programming skills).
The organizational competence area focuses on tools or instru-
ments such as assessment and identification models and frame-
works, which are used for organizing, assessing, measuring, and
managing personnel competencies.

As shown in Table 10, half of the primary studies focused
on the personnel competence research area, and the other half
focused on the organizational competence research area. In the
areas emerging as subcategories of the main areas, the soft/hard
competence research area had the highest number of studies,
with 18 primary studies, followed by assessment/measurement,
with 15 studies. Competence management had the third-highest
number, with eight studies. Seven studies focused on compe-
tence identification. Six studies each focused on hard or soft
competence areas separately.

A major development observed in the recent past in the
software engineering area is transitioning to agile development
methods (Abrahamsson et al., 2002). Therefore, an essential as-
pect of investigating the competencies in software engineering
is to understand what this shift in the development paradigms
brings regarding the competencies of software organizations and
individuals in this profession. It must be noted that in our review,
only 12 primary studies (P10, P11, P13, P20, P32, P41, P43, P48,
P49, P52, P55, and P59) specify agile software development.

4.3. RQ2—What SEC models or frameworks have been developed?

In total, 14 different SEC models or frameworks were iden-
tified from the primary studies. A comprehensive study on SEC
without the foundations of this area—that is, what is required to
understand SEC—would mean an incomplete job. The models or
frameworks enable the software community to understand the
underlying logic of SEC regarding software development while
enabling further SEC research to build on them. Table 11 presents
the details of the models and frameworks found in the pri-
mary studies and their usage as stated in the study, presented
according to the research areas identified in Section 4.2.

Five of the models or frameworks are in the area of per-
sonnel competence relating to the competence of individuals,
overweighed by nine models or frameworks presented for the
organizational competence area. In the area of personnel compe-
tence research, three of the models or frameworks are for iden-
tifying the competencies of software professionals generically
(P01, P03, P07), one is for defining the roles and competencies of
software testers (P08), and one is for assessing the competencies
of software professionals (P14). The models or frameworks in
the organizational research area are for managing competence
research and learning (P5, P13), a competence process model—for
the design, development, and implementation of software (P12,
P15), human resource assignment (P10), competence evolution
(P04, P09), and competence stakeholder identification (P02, PO6).
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Table 7
Overview of the primary studies published in journals.
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No. Title of journal No. of studies Primary studies
1 Journal of Systems and Software 3 P22, P32, P49
2 The Institution of Engineering and Technology Software 2 P08, P12

3 Information and Software Technology 2 P10, P59

4 IEEE Transactions on Education 1 P28

5 Computers in Human Behavior 1 P33

6 International Journal of Human Capital and Information Technology Professionals 1 P37

7 International Journal of Information Management 1 P50

8 International Journal of Project Management 1 P09

9 Journal of Educational Computing Research 1 P44

10 Journal of Global Information Technology Management 1 P46

11 Economic and Industrial Democracy 1 P34

12 Scientia Iranica 1 P31
Table 8

Research methods of the primary studies.

Research method Number (percentage) Primary studies

Mixed-method 28 (46.7%)

P01, P02, P0G, PO7, P17, P18, P20, P22, P25, P26, P27, P29, P30, P32, P37, P39, P41, P42, P46,

P48, P49, P52, P53, P56, P57, P58, P59, P60

Qualitative 21 (35%) P03, P04, P05, P08, P09, P12, P13, P14, P15, P16, P19, P21, P24, P34, P35, P38, P43, P45, P47,
P51, P54
Quantitative 11 (18.3%) P10, P11, P23, P28, P31, P33, P36, P40, P44, P50, P55

Table 9

Main contributions of the primary studies* (adapted from (Shaw, 2003; Theisen et al., 2017).

Contribution type Total no.  Primary studies

Frameworks, methods, techniques 6

P01, P02, P07, P09, P13, P14

Guidelines 3 P28, P42, P54

Lessons learned 42 P11, P16, P17, P18, P19, P20, P21, P22, P23, P24, P25, P26, P27, P29, P30, P31, P32, P33, P34,
P35, P36, P37, P38, P39, P40, P41, P43, P44, P45, P46, P47, P48, P49, P50, P51, P52, P55, P56,
P57 P58, P59, P60

Model 8 P03, P04, P05, P06, P08, P10, P12, P15

Tools 1 P53

* The contribution types are what were specified by the authors of the primary studies.
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Fig. 2. Overview of the research methodologies used in the primary studies.

4.4. RQ3—What are the essential competencies of software profes-
sionals?

As defined by Turley and Bieman (1995), essential compe-
tencies of software engineering are the skills, knowledge, and
attitudes of software professionals necessary for excellent perfor-
mance in a software project. Thus, in RQ3, we sought to iden-
tify those competencies that induced excellent performance in
a software development project. That is competencies defined
in the literature as the “essential competencies”, “most rele-
vant competencies”, “most needed competencies”, and “most

valued competencies” for software development or similar ex-
pressions. The themes that emerged from the identified essential
competencies in the studies through the mapping study were
programming/coding skills, problem analyzer skills, project man-
agement skills, teamwork skills, leadership skills, communication
skills, customer-oriented skills, and creative skills. From our pri-
mary studies, P16, P17, P18, P19, P20, P21, P22, P23, and P24 are
studies that discuss essential competencies.

Table 12a shows 49 essential competencies identified in nine
primary studies. The coded items identified in the primary studies
were classified and 11 themes or meanings emerged from those
essential competencies. The themes were mapped to the top-level
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Table 10

The main research areas of the primary studies.
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Main area

Subcategory

Description

Primary studies No. of studies

Personnel competence

Soft competence

Hard competence

Both soft & hard competencies

Research that looks purely at
soft/behavioral competencies of
software professionals

Research that looks purely at
hard/technical competencies of
software professionals

Research that examines

soft/behavioral and
hard/technical competencies of

P16, P19, P39, P52, P56, 6
P60
P37, P38, P40, P41, P42, 6
P43
P17, P18, P20, P21, P22, 18

P23, P24, P31, P32, P33,
P34, P35, P36, P44, P45,

software professionals P50, P57, P59
Competence identification Research that investigates P01, P02, P07, P11, P53, 7
tools/instruments for P54, P58
identifying and developing
developers’ competencies
Organizational competence Competence Research that investigates P03, P04, P05, P06, POS, 15

assessment/measurement

tools/instruments for assessing
and measuring developers’
competencies

P09, P10, P12, P13, P14,
P15, P27, P28, P29, P30

Competence management Research that combines all the P25, P26, P46, P47, P48, 8
research areas listed above P49, P51, P55
TOTAL 60 60
Table 11

SEC models or frameworks proposed by the primary studies.

Research areas Primary Model/framework name Usage as stated in the primary study
studies
P01 Framework for software development Identifying soft competencies of software
engineers
P03 SECAT - A Software Engineering Competence For assessing software engineering competencies
Assessment Tool
Personnel competence P07 Competence framework for software engineers Identifying a set of knowledge, abilities, and
behavior of software engineers
P08 Competence model for testing teams Defining the roles and competencies of software
testers
P14 Competence Learning framework (CoLeaF) Identifying competence expected from graduates
P15 Process Assessment Model (PAM) Assessment model for technology and business
competence for software development
P02 SPI competence framework Identification of stakeholders of software process
improvement
P04 Relationship-based competence management Collaboration of competence resources
0 izational " P05 MoKoM competence model Informatics competence model and measuring
rganizational competence instrument for computer education
P06 Integrated competence model for entrepreneurs Entrepreneurship development in the software
in software industry
P09 Competence evolution framework The development of software competence over
time for contractual software development
P10 Model for assigning human resources Assigning human resources to a software project
P12 Process reference model (PRM) and assessment Assessing leadership and teams in global software
model development
P13 Framework for research and learning process Research and learning process for defining

competence in teamwork in computer education

themes of Rivera-Ibarra et al.’s (2010) framework for identifying
competencies. Out of the 49 essential competencies identified
from the literature, 18 represented technical knowledge or skills.
These are referred to as the essential hard competencies and
are defined as task-oriented competencies. Also, 10 out of the
49 represented interpersonal skills. These are competencies for
organizing cooperation and interpersonal relations in a software
development project. Additionally, 21 out of the 49 essential
competencies were personal knowledge or skills, which are per-
sonal attributes for working well in different spheres of life. Both
social and personal knowledge or skills count in the area of soft
competencies. Therefore, there appears to be a larger group of
essential soft competencies than essential hard competencies.

In Table 12b, we present the technical or hard essential com-
petencies reported by primary studies and map them to their
associated software engineering roles, which are presented in
Table 1. As such, Table 12b demonstrates the hard competencies
considered essential for holding a software engineering role and
performing its associated tasks.

Although Table 12b shows no essential technical competence
for the role of configuration and maintenance engineer, this does
not presuppose that we lack essential technical competence for
that role. Given this, we call for using broader empirical data to
extensively explore all the roles. The roles used in Table 12b are
from SWEBOK. As stated in Section 2.1, the role can be associated
with the position and different tasks. However, in this table, we
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Table 12a
Essential SEC as reported by the primary studies.
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Codes (essentials from the literature) Primary studies

Theme name for the essential competence and
description

Type of competence
(top-level theme of
Rivera-Ibarra et al.,
2010)

Writes/automates tests with code,
leverages/reuses code, uses code reading, uses
structured techniques for communication

P22, P18, P21

Programming/coding skills —essential hard
skills for performing the coding function in
software development

Technical knowledge

Skills/techniques for architecture design, use of
prototypes to assess design, possesses unique
domain knowledge, obtains necessary
training/learning, experience with a similar
project, technical know-how, uses methodical
problem solving, use of new methods and
tools, thinking—strong analytic skills, using
techniques and tools, methodological
competence, analytical thinking

P22, P20, P18, P17

Problem analyzer skills—essential hard skills
for performing requirements and problem
analyzing in software development

Technical knowledge

Schedules and estimates well, responds to P22, P18, P20 Project management skills—essential skills for Technical knowledge
schedule pressure by sacrificing parts of the managing schedules in software developments
design process, organizational skills
Team oriented, interpersonal relationship P22, P18, P20 Teamwork skills—essential soft social skills Interpersonal skills
needed for performing software developments
in teams
Proactive role with management, helps others, P22, P18, P20 Leadership skills—essential soft or social skills Interpersonal skills
information sharing, willingness to confront for performing a leadership role in software
others, scalability development
Good written communication, good verbal P20 Communication skills—an essential soft social Interpersonal skills
communication, reflection skill for performing communications in
software developments
Focus on users or customer needs P22, P18 Customer-oriented skills—essential soft social Interpersonal skills
skills for performing customer relationships in
software development
Creative thinking skills, being innovative, P19 Creative skills—essential soft personal skills Personality traits

attention to detail, desire to improve things,
design style

for innovation creation in software
development

Perseverance, the strength of convictions, P22, P18, P24, P16
proactive/initiator/driver, lack of ego, driven by

a desire to contribute, desire to do/bias for

action, sense of fun, driven by a sense of

mission, mixes personal and work goals,

thoroughness, seeks help

Self-esteem skills—essential soft personal
attribute of an individual for evaluating their
own worth in software development

Personality traits

Maintaining a “big picture” view, breadth of P22, P18 Essence skills—an essential soft personal Personality traits
view and influence, emphasizes elegant and attribute of an individual for performing

simple solutions abstraction in software development

Quality, pride in quality, and productivity P22, P18 Quality control skills—quality control skills, Personality traits

essential

Table 12b
Essential technical competence mapped with software professionals roles.

Roles

Essential technical competencies reported by the primary studies

Primary studies

Requirement analyst

Schedules and estimates well (estimating requirement workload), organizational skills

P22, P18, P22

Designer

Skills/techniques for architecture design, use of prototypes to assess the design, response to

P22, P20, P18, P17

schedule pressure by sacrificing parts of the design process, possesses unique domain
knowledge, obtains necessary training/learning, experience with a similar project, technical
know-how, uses methodical problem solving, use of new methods and tools, thinking—strong
analytic skills, using techniques and tools, methodological competence, analytical thinking

Programmer

Uses structured techniques for communication, leverages/reuses code, uses code reading

P18, P21, P22

Software test & quality engineer Writes/automates tests with code

P18, P22

Configuration & maintenance -
engineer

map these essential competencies to specific roles to indicate
how these tasks and roles can be matched.

4.5. RQ4—How has SEC research evolved over the last three decades?
This research question aims to identify changes in SEC re-

search over the past two and a half decades. Knowing these
changes may guide further research on how to tackle emerging

10

issues in the SEC research area. The first trend that we observed
from the primary studies is an increase in the total number of
primary studies that used quantitative research methods since
2011.

Regarding the contribution types, it seems that proposing a set
of lessons learned continues to be the focus of SEC research, as
the number of primary studies with this type of contribution re-
mained the highest over time. Regarding research areas, however,
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Fig. 3. The evolution of SEC research sub-areas (right) and the contribution of the primary studies (left) over time.

it seems that since 2012, soft competencies have been receiving
some attention from SEC research. Fig. 3 shows that, since 2012,
there have been six studies (P16, P19, P39, P52, P56, and P60)
focusing on soft skills and 11 studies (P17, P20, P21, P23, P31,
P32, P33, P35, P36, P44, and P57) focusing on both soft and hard
competencies.

Another trend observed in essential competence studies is the
number of competencies identified per study. An early study by
Turley and Bieman (1995) identified 38 essential competencies.
In the period from 1996 to 2009, no studies emerged on this
topic, and the subsequent publications date to 2010, 2012, 2016,
2017, and 2018. Four studies (P16, P17, P19, and P24) consid-
ered soft competencies, each focusing on only a single essential
competence. Study P20 considered both soft and hard compe-
tencies. Lastly, study P21 identified two hard competencies. We
can summarize that except for the 1995 paper by Turley and
Bieman (1995), that is, P22, the later studies dating in the 2010s
have been considering fewer essential competencies. In fact, the
highest number of essential competencies identified in one of the
later studies was only four. Again, most of the studies focused
on soft competencies. All the mentioned papers are conference
publications. The publication of initial research findings at a con-
ference, with a narrower focus, could explain why the number
of essential competencies mentioned in them is rather low. Thus,
it has been more than two decades since the introduction of the
topic and the initial identification of the essential competencies.
This highlights the need for a fresh understanding of the essential
competencies that particularly considers current software devel-
opment trends, such as using agile methods (Abrahamsson et al.,
2002) and DevOps (Debois, 2011).

5. Discussion

By conducting an extensive mapping study, we reviewed the
extant literature on SEC. Similar to previous review studies (Cruz
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et al,, 2015), our findings show that the number of publications
on SEC has been increasing in recent years. This indicates that
although SEC is a mature field of study (Lenberg et al., 2015),
it continues to be a strategic research area for the software
engineering discipline (Colomo-Palacios et al., 2013). Regarding
the use of research methods in primary studies, we observed
that quantitative methods have gained some prominence in SEC
studies in recent years. This could be another indication of the
maturity of the SEC research field, as the application of quan-
titative methods requires a consensus of theories and concepts
(Palvia et al., 2004). Regarding their contributions, our results
show that most primary studies provide a set of lessons learned.
Specifically, among the primary studies published before 2011,
almost all reported a set of lessons learned as their main contri-
bution. This observation could indicate a widespread utilization
of SEC knowledge in practice. However, it also highlights the
lack of relevant frameworks necessary for sustaining a consistent
body of knowledge on SEC, and facilitating the construction and
management of software (Shaw, 2003; Theisen et al., 2017).

5.1. Summary of findings

Our study has several implications for SEC research and prac-
tice. While previous review studies (Cruz et al., 2015; Moustro-
ufas et al.,, 2015; Vishnubhotla et al., 2018) have focused only on
specific areas of SEC, we provided a broader multi-perspective
overview of the state of SEC research. As such, we synthesized
the previous literature on SEC from different angles. First, our
results show that the identified primary studies focus on the
two main areas of personnel and organizational competencies.
The first area focuses on the soft and hard competencies of in-
dividual software professionals that are necessary for developing
software. This observation agrees with previous review studies
(Cruz et al., 2015; Stepanenko and Kashevnik, 2017; Vishnubhotla
et al., 2018), which have reported individual competencies as
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the main topic of interest for software engineering researchers.
The second area is mainly concerned with the instruments nec-
essary for identifying, evaluating, and managing the personnel
competencies for successful software development.

As mentioned by Mead and Shoemaker (2013), the SEC models
and frameworks are beneficial in organizing and observing the
understanding of SEC. Therefore, we set out to identify the in-
struments reported by the primary studies. In total, 14 models
or frameworks for observing and understanding SEC were pro-
posed by the primary studies. As claimed by the primary studies,
these models and frameworks can be used for three main pur-
poses: first, identifying competencies of software professionals
(Espinosa-curiel et al., 2011; Orsoni and Colaco, 2013; Papout-
soglou et al.,, 2018; Rivera-Ibarra et al., 2010; Saldafia-Ramos
et al., 2012; Seppanen, 2000); second, assessing the competencies
of software professionals (Salviano et al., 2012; Sedelmaier and
Landes, 2014a; Tuffley, 2012); and third, developing SEC (Frezza
et al,, 2018; Linck et al., 2013; Pérez et al,, 2017; Schulte et al.,
2017). According to Frezza et al. (2018) and IEEE (2014), com-
petence development is not the sole responsibility of software
professionals. It also requires the participation of other stakehold-
ers, including software companies and the software industry in
general, alongside educators who provide education and training
to software professionals. Therefore, we claim that the identi-
fication, assessment, and development of SEC are interrelated
functions, which must be considered as a whole and from the
perspective of these three groups of stakeholders. However, our
results show a lack of comprehensive models or frameworks that
could be used for this purpose. Additionally, we did not find
any model or framework for assessing the benefit of various SEC
for these stakeholders, such as determining satisfaction levels
derived from possessing or using a competence. Therefore, future
studies are needed to propose better models or frameworks for
providing theoretical accounts along with practical implications
for different aspects of SEC, especially for assessing the SEC stake-
holders’ satisfaction levels derived from possessing or using a
certain competence or set of competencies.

Another goal of our study was to identify the essential SEC
that are considered necessary for exceptional performance in a
software project (Turley and Bieman, 1995). To that end, we
identified 49 unique essential competencies reported by the pri-
mary studies and classified them into 11 themes. Of these 49
essential competencies, 18 were classified as hard and 31 as soft
competencies. Since hard competencies are considered necessary
to perform a job (Urs, 2013), they can be mapped to different
software engineering roles. Therefore, we mapped the essential
hard competencies to different roles. Surprisingly, however, we
did not find any essential hard competencies for the role of con-
figuration and maintenance engineer because, traditionally, this
role has been seen as a part of the operations function rather than
software development. However, considering recent shifts toward
the application of DevOps (Debois, 2011), this gap becomes con-
cerning. Therefore, future empirical research is needed to provide
a better understanding of how the essential competencies of
software professionals change over time or when they move from
one role to another.

Finally, our results show that in recent years a higher number
of primary studies have focused on studying soft competencies,
and concurrently, a higher number of essential soft competen-
cies have been reported. This observation could be because the
shift toward using agile methods (Feldt et al., 2010; Licorish
and Macdonell, 2013; Papoutsoglou et al., 2018)—which gener-
ally emphasize the role of individuals, their personality traits,
and attitudes—is more related to soft skills. However, since 12
more recent primary studies focus on competencies specifically
regarding agile development, it seems that this issue has started
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getting attention. The small number of primary studies focusing
on SEC regarding agile development may also indicate a slight
delay in incorporating agile methods into the software engi-
neering education curricula (Moreno et al.,, 2012). Such a delay
would be no surprise, as educational institutions, in planning
their curricula and defining the required learning outcomes for
their degrees, are generally very considerate in their response to
the employment market demand (Ghezzi and Mandrioli, 2005)
and base the curriculum changes on fundamental issues sup-
ported by research. Today, we can expect that the shift is already
occurring at educational institutions as well (Schulte et al., 2017).
Nevertheless, further research is needed to assess and provide
a fresh account of the essential competencies of future software
professionals, especially regarding modern development methods
and techniques.

Another observation is that, going over to agile software de-
velopment, the focus in competence development is no longer
solely within the organization and project teams developing soft-
ware, but importantly, this also sets requirements for the cus-
tomers (Kropp et al,, 2016; Robal et al.,, 2015). Agile software
development, in essence, involves intense communication and
collaboration with the customer throughout the development life
cycle. The counterpart on the customer side should also bring
into the project some essential competencies to transfer domain
knowledge and support in defining requirements or prioritizing
these. If this is not happening, the efforts to communicate and
interact on the part of the software professionals alone cannot
ensure the success of the software project. This point might be
neglected in software development generally, but in the agile
approach, this becomes a key issue.

5.2. Threats to validity

The common threats that affect mapping studies are biases
in the selection process and inaccuracies in data extraction. This
paper is no exception, and our results could have been influenced
by these limitations. Below, we discuss the threats to the validity
of our results based on the framework suggested by Wohlin et al.
(2012) and mention the steps taken to mitigate them.

Regarding construct validity, there is a concern about using
the right measure for studying SEC. To avoid potential misconcep-
tions, the definitions and keywords were carefully selected from
previous SEC studies and with the contribution of all members of
the research team. Additionally, to identify relevant literature, the
identified keywords were used to develop and test a search string.
Although we used known papers from some selected literature
reviews in the SEC area to validate the use of the term “com-
petence” in the string statement (as against terms such as skills,
knowledge, attitude, etc.), we acknowledge that we may have
missed some papers during the selection process. Nevertheless,
a thoughtful process was considered before the use of the term
competence. To avoid personal mistakes and misinterpretations,
although the first author took the lead in implementing the
protocol, each step of the iterative review process was evaluated
and verified by other authors. For instance, the inclusion and
exclusion criteria were applied by the first author, while in each
round, the second author randomly selected some studies and
verified the decisions made by the first author. Where there was
disagreement between the authors, all the authors engaged in
face-to-face discussions to reach a consensus about including or
excluding a study.

Concerning external validity, our results are based on an ex-
tensive review of previous literature. However, there could have
been limitations in the selection of primary studies. Consider-
ing the multidisciplinary nature of the topic, we tried to search
major databases that cover the software engineering literature
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Table A.1
No. Test string Number of
items retrieved

1 (software develop* OR system™ develop) AND (competenc* OR knowledge* OR skill* OR abilit* OR attitud*) AND (“research* area*” 8,820
OR framework* OR essential* OR evol*)

2 (software AND develop* OR system* AND develop) AND (competenc* OR knowledge™ OR skill* OR abilit* OR attitud*) AND 6,580
(“research*area™ OR framework* OR essential* OR evol*) AND (LIMIT-TO (SUBJAREA, “COMP”) OR LIMIT-TO (SUBJAREA, “ENGI"))

3 (software develop* OR system* develop) AND (competenc* OR knowledge* OR skill* OR abilit* OR attitud*) AND (“research* area™” 648
OR “research™ type™” OR scope OR anatom)

4 (software develop* OR system™ develop) AND (competenc® OR knowledge* OR skill* OR abilit* OR attitud*) AND (framework* OR 14,975
model* OR theor* OR structur®)

5 (software develop* OR system™ develop) AND (competenc* OR knowledge* OR skill* OR abilit* OR attitud*) AND (essential® OR 6,870
important* OR valu*)

6 (software develop* OR system* develop) AND (competenc* OR knowledge* OR skill* OR abilit* OR attitud*) AND (evol* OR time) 8,680

7 (software develop™ OR system™ develop) AND (competenc* OR knowledge* OR skill* OR abilit* OR attitud*) AND ((“research* area™” 340
OR “research™ type™” OR scope OR anatom*) AND (framework* OR model* OR theor” OR structur*) AND (essential* OR important*
OR valu*) AND (evol* OR time))

8 (software develop* OR system* develop) AND (competenc* OR knowledge* OR skill* OR abilit* OR attitud™) 149

9 (“software develop™ OR “system™ develop*”) AND (competenc* OR knowledge* OR skill* OR abilit* OR attitud*) 45,054

10 (“software develop*’ OR “system* develop*’) AND (competenc* OR knowledge* OR skill* OR abilit* OR attitud*) AND 29,112

(LIMIT-TO (SUBJAREA,“COMP”) OR LIMIT-TO (SUBJAREA,“ENGI"))

and its related areas, such as information systems and computer
science. Therefore, we decided to limit the scope of our search
to IEEE Xplore, ACM Digital Library, Scopus, AIS eLibrary, and
ScienceDirect databases, as they cover most software engineering
journals and conferences. However, the authors acknowledge that
the results of the mapping study are limited to only scientific
studies that are accessible through the selected databases. As
we discussed in Section 3.3, although nine out of the 11 criteria
proposed by Dyba and Dingsoyr (2008) could be used to assess
the quality of both empirical and conceptual studies, the use of
criteria could have led to a bias in selecting empirical studies. To
mitigate this threat, we decided to choose the exclusion threshold
(i.e., four) based on the number of criteria that apply to both
empirical and conceptual studies.

Internal validity, which is related to causal relationships of
SEC, was not the aim of the study. Hence, a statistical inference
was not applied in this study for causal relationships. Therefore,
internal validity as a threat did not affect this study.

Finally, conclusion validity is related to bias on the part of
the researchers in interpreting the data. It is important to note
that this threat cannot be totally eliminated; however, measures
were taken to mitigate it. First, we developed and tested a prede-
fined research protocol based on the well-established guidelines
proposed by previous research (Kitchenham and Charters, 2007;
Petersen et al., 2008, 2015). Three authors were involved in de-
veloping, testing, and improving the protocol. Next, although data
extraction was performed by the first author, the second author
verified the consistency and validity of the extracted data before
the data analysis was conducted by all the authors. Additionally,
all the authors were involved in the data analysis and synthesis
of the results. Finally, the results of the study were discussed and
reviewed by the whole research team to increase the reliability
of the results.

6. Conclusions

In this paper, we aimed to give a comprehensive overview
of the current state of research on SEC. To achieve this goal,
we conducted an extensive systematic mapping study and found
60 relevant primary studies for closer examination. By analyzing
these studies, we identified two main SEC research areas: the
personnel and organizational areas. Additionally, we identified
and presented several SEC models and frameworks produced in
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prior research that could be used by SEC research and practice.
Furthermore, we identified a set of competencies of software pro-
fessionals that are considered essential. Most of them deal with
social and personal skills and competencies (i.e., the so-called
soft skills). Based on this observation, we argue that separating
soft and hard competencies may soon be a thing of the past, and
future research and practice should consider them as two equally
critical pillars of SEC. Our results show that, among other things,
the human-intensive nature of software development requires
further attention from both research and practice. Therefore,
we argue that developing SEC cannot be conducted in isolation
but must consider the viewpoints of different SEC stakehold-
ers, including software professionals, educators, and the software
industry. Finally, future research should identify and provide a
better understanding of the essential SEC, contributing to de-
veloping high-quality software products and systems in modern
societies.
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