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ABSTRACT

Context: Corporate training plays a strategic role in the continuous
development of professionals in the software engineering industry.
However, there is a lack of systematized understanding of how train-
ing initiatives are designed, implemented, and evaluated within
this domain. Objective: This study aims to map the current state of
research on corporate training in software engineering in industry
settings, using Eduardo Salas’ training framework as an analytical
lens. Method: A systematic mapping study was conducted involv-
ing the selection and analysis of 26 primary studies published in the
field. Each study was categorized according to Salas’ four key areas:
Training Needs Analysis, Antecedent Training Conditions, Training
Methods and Instructional Strategies, and Post-Training Conditions.
Results: The findings show a predominance of studies focusing
on Training Methods and Instructional Strategies. Significant gaps
were identified in other areas, particularly regarding Job/Task Anal-
ysis and Simulation-based Training and Games. Most studies were
experience reports, lacking methodological rigor and longitudinal
assessment. Conclusions: The study offers a structured overview
of how corporate training is approached in software engineering,
revealing underexplored areas and proposing directions for future
research. It contributes to both academic and practical communities
by highlighting challenges, methodological trends, and opportuni-
ties for designing more effective training programs in industry.

KEYWORDS

Corporate training, Software engineering education, Systematic
mapping, Training methods, Instructional strategies, Salas’ frame-
work, Training evaluation, Learning technologies, Human capital
development

1 Introduction

The acquisition of knowledge, skills, and abilities (KSAs) for present
tasks is a key element in enabling individuals to contribute to their
organizations and succeed in their current roles [14].

Research on training consistently highlights two key findings:
(a) training is effective, and (b) the design, delivery, and implemen-
tation of training programs significantly influence their outcomes
[33]. In contemporary organizations, where rapid innovation is
crucial, continuous learning and skill development have become
important. Companies invest in training because they recognize
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that a qualified and constantly evolving workforce is a strategic
advantage [33].

This need is particularly pressing in the Information Technology
(IT) sector. IT firms face growing pressure to build and sustain high-
quality human capital, which is essential for maintaining innovation
and competitiveness [11]. However, a persistent mismatch between
the offerings of educational institutions and the demands of the
software industry has led to a global shortage of adequately trained
professionals [11]. This gap forces companies to invest heavily in
internal training programs to close the skill deficit [11].

Human capital is one of the most strategic assets for any software
organization. Decisions about how to develop this capital—whether
by upskilling existing staff, hiring new talent, outsourcing tasks, or
adopting a hybrid strategy—are central to sustaining performance
[6, 45]. Nonetheless, despite the strategic importance of training,
education and workforce development are often not core concerns
in software engineering companies [45]. The industry is not en-
thusiastic about reforming educational processes, since training
new hires is often seen as less costly than investing in long-term
improvements to education [26].

Although numerous studies discuss corporate training initia-
tives in the software engineering industry, the current body of
knowledge remains fragmented. There is no consolidated effort to
systematize the area as a whole, nor to provide a broad overview
that allows researchers and practitioners to understand its structure,
trends, and knowledge gaps. This fragmentation can lead to several
consequences: redundant or isolated efforts, low transferability of
findings, limited strategic alignment with organizational goals, and
missed opportunities to inform policy and theory-building.

To address this gap, this study presents a systematic mapping
study that investigates how training has been conducted, evalu-
ated, and reported within the software engineering industry. Using
Salas’ framework—which organizes training activities into four
categories: Training Needs Analysis, Antecedent Training Conditions,
Training Methods and Instructional Strategies, and Post-Training Con-
ditions—we analyzed 26 primary studies to identify trends, gaps,
and opportunities.

This study contributes by offering an organized perspective on
industrial training in software engineering and by highlighting
underexplored areas that may benefit from future investigation. It
provides researchers and practitioners with actionable insights to
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design training programs that are better aligned with organizational
strategy and professional development goals.

The remainder of this paper is structured as follows. Section 2
provides the background and related work. Section 3 describes the
methodology and procedures used in this study. Section 4 presents
the results, including answers to the research questions. Section 5
discusses the findings, their implications, and Section 6 the limita-
tions. Finally, Section 7 concludes the paper and suggests areas for
future research.

2 Background
2.1 Definitions

The terms training, education, development, and learning are
frequently used interchangeably, yet each has a distinct meaning
within the human resources domain. Clarifying these concepts is
essential for understanding their role in corporate training and
workforce development.

Training refers to practical, task-oriented instruction aimed at
improving performance in current roles. It is typically hands-on and
focuses on the transmission of knowledge, skills, and abilities (KSAs)
required for job-related tasks [22]. According to Fitzgerald, training
is “(a) the acquisition of knowledge and skill for present tasks, (b)
a tool to help individuals contribute to the organization and be
successful in their current positions, and (c) a means to an end”
[14]. Effective training must be linked to performance outcomes
and result in behavioral changes observable in the workplace [14].

Education, in contrast, is conceptually broader and more reflec-
tive. It emphasizes understanding, critical thinking, and theoretical
knowledge rather than direct application. Education often takes
place in formal academic settings and is influenced by lifelong so-
cial interactions that help individuals adapt to dominant norms and
values [12, 22].

Development encompasses both training and education and
adopts a long-term perspective. It aims to prepare individuals for
future roles by enhancing their KSAs through a continuous process
involving learning, reflection, and practical experience [14]. Devel-
opment initiatives often align with career progression strategies
and organizational sustainability goals.

Despite their differences, training, education, and development
share a central concern with learning [15]. According to the Cam-
bridge Dictionary, learning is the acquisition of knowledge through
study or experience and is characterized by behavioral change re-
sulting from external stimuli [15]. Clear distinctions among these
terms support more effective human resource strategies and orga-
nizational planning [22].

In this context, competencies refer to the integrated set of KSAs
required for effective job performance. Parry defines competencies
using three foundational components [27]: Knowledge: Concep-
tual and procedural understanding, the know-how. Skills: Practical
capabilities developed through experience, the can-do. Abilities:
Innate or developed traits enabling performance, the capable of
doing.

Understanding education and its underlying purpose requires
analyzing the broader sociocultural and organizational context in
which educational practices and discourses are situated [13].

Andrade et al.

Table 1: Salas’ Framework

Category Description
Training Needs This first step in training development focuses on the
Analysis process of deciding who and what should be trained.

Individual factors before training, such as cognitive abil-
ity, self-efficacy, and goal orientation, have been partic-
ularly influential in shaping behavior and outcomes.

Antecedent Training
Conditions

It incorporate a combination of tools, methods, and
content that together form a structured instructional
approach.

Training Methods and
Instructional Strategies

Events that occur to evaluate training, and on examining
the events that ensure transfer and application of newly
acquired knowledge, skills, and abilities (KSAs).

Post-Training
Conditions

Corporate education has emerged as a strategic response to
the growing mismatch between higher education outcomes and
industry demands. It addresses the rapid obsolescence of knowl-
edge and the need for continuous workforce qualification [23]. It is
defined as an internal training system aligned with organizational
goals, structured to support managers and specialists at all levels
[23].

In summary, training and development activities benefit both
employees, by improving career trajectories, and organizations, by
increasing operational efficiency and resilience [37].

Because training is a systemic process involving pre-training, de-
livery, and post-training phases, this study adopts Salas’ framework
to organize the literature review. This model offers a structured
approach for categorizing training practices and outcomes, help-
ing to align analysis with the realities of the software engineering
industry [28].

2.2 Salas’ Framework

The framework proposed by Salas offers a comprehensive perspec-
tive on organizational training, drawing from extensive research
conducted from the early 1990s to the early 2000s. It emphasizes
advances in training theory, instructional methods, and the critical
role of post-training activities. The model highlights the influence
of cognitive, motivational, and organizational factors, as well as the
growing integration of technological tools in training delivery [32].

Table 1 provides a brief overview of the four main components
of Salas’ framework. Each of these dimensions will be detailed in
the following subsections.

2.2.1 Training Needs Analysis. The first phase of training develop-
ment involves identifying the essential elements required for suc-
cessful intervention. This includes determining who needs training,
what should be taught, and how the training aligns with organiza-
tional goals [33]. Training Needs Analysis (TNA) plays a crucial
role in optimizing resource allocation and maximizing training
effectiveness.

Organizational Analysis. This dimension focuses on the align-
ment between training goals and broader organizational factors
such as strategic objectives, available resources, constraints, and
support for learning transfer [32].
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Job/Task Analysis. This analysis identifies the specific KSAs re-
quired to perform particular tasks effectively, considering the ex-
pected outcomes and role-specific demands [32].

2.2.2  Antecedent Training Conditions. Antecedent conditions refer
to the factors present before training that influence its success.
These include individual characteristics and contextual variables
that shape learners’ readiness and engagement. Such conditions
are as critical as the training itself in determining outcomes [32].

Individual Characteristics. Trainees bring to the learning envi-
ronment distinct traits such as cognitive ability, self-efficacy, and
goal orientation—all of which significantly influence training en-
gagement and learning outcomes [32].

Training Motivation. Motivation to learn is shaped by both indi-
vidual variables (e.g., age, personality) and organizational factors
(e.g., climate, support). Higher motivation leads to greater knowl-
edge retention and behavioral change [33].

Training Induction and Pretraining Environment. Pre-training
strategies, such as advanced organizers, structured preparation, and
cognitive scaffolding, are essential to optimize learning conditions
and ensure that trainees are equipped to absorb and apply new
information effectively [32].

2.2.3  Training Methods and Instructional Strategies. Instructional
strategies encompass the design and application of tools, content,
and delivery techniques to improve learning retention and job
performance[32].

Specific Learning Approaches. These include pedagogical tech-
niques such as feedback loops, distributed practice, and reinforce-
ment, which are used to increase the retention and transfer of
learning[32].

Learning Technologies and Distance Training. Training approaches
increasingly leverage digital technologies—such as video conferenc-
ing, e-learning platforms, and online courseware, to enable flexible
and scalable delivery [32].

Simulation-Based Training and Games. Simulations replicate real-
world environments and tasks, offering immersive learning experi-
ences that foster deep engagement, reduce error rates, and improve
performance [32].

Team Training. Team-based training focuses on building collab-
orative skills, fostering communication, and enhancing group per-
formance. It prepares individuals to apply learned skills in various
team contexts, improving both individual and collective effective-
ness.

2.24  Post-Training. Post-training conditions are vital to ensuring
that acquired KSAs are retained and applied in the workplace. The
long-term impact of training is strongly linked to the follow-up
and evaluation processes [32].

Training Evaluation. Evaluation involves measuring the effec-
tiveness of training through behavioral, cognitive, and affective
indicators. Well-defined objectives and assessment criteria ensure
alignment with performance goals [33].

SBES’25, September 22-26, 2025, Recife, PE

Transfer of Training. Training transfer refers to the application,
generalization, and maintenance of KSAs in the work context. It
is a core objective of any training initiative and directly impacts
organizational effectiveness [32].

2.3 Training in the Software Engineering
Industry

Technology companies face increasing pressure to develop and sus-
tain high-quality human capital in order to maintain innovation
and competitiveness [11]. Factors such as software quality, delivery
speed, and cost efficiency have become central to market differentia-
tion [31]. In this context, continuous training is a strategic necessity,
requiring dedicated structures aligned with ongoing organizational
learning efforts.

Software engineering as a discipline exhibits characteristics
that distinguish it from other engineering fields, particularly in the
context of workforce development:

(1) Software engineering is an experimental discipline:
Knowledge must be continuously refined through real-world
development experiences, which are then translated into
educational and training programs [31].

(2) Software is developed, not manufactured: Success de-
pends heavily on human expertise and creativity, making
education and training essential for adopting new technolo-
gies [31].

(3) Each software product is unique: Training programs must
be contextualized to reflect the specific challenges, goals, and
technological environments of the organization [31].

The integration of training, education, development, and learn-
ing is therefore particularly relevant in software engineering. The
human-centered, evolving, and context-specific nature of software
development demands tailored strategies for capacity building. As
organizations increasingly recognize the link between human cap-
ital strategies [11] and product outcomes [31], aligning training
approaches with strategic goals becomes critical for fostering inno-
vation and sustainable performance [14].

For the purposes of this study, we adopt the definition of corpo-
rate education as a long-term organizational strategy focused on
the continuous development of KSAs through a structured set of
training initiatives aligned with business goals. In this perspective,
training addresses operational competencies (what to do), training
programs define tactical approaches (how to do it), and corporate
education sets strategic direction (where to go). Together, they form
an integrated framework essential for building and sustaining a
competitive workforce. demonstrate

2.4 Related Work

This underscores the ongoing challenge of translating training into
workplace performance an issue similarly relevant in software engi-
neering, where collaboration and coordination are critical, yet the
impact of training remains insufficiently studied. Some research
highlights the importance of training in the software industry. The
relationship between professional training, human capital devel-
opment, and the challenges of the software industry has been ad-
dressed from different perspectives over the past years. Arora and
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Athreye[2] highlight the importance of the software industry in fos-
tering human capital and increasing productivity within the Indian
economy. According to the authors, the sector not only contributes
to job creation and exports but also drives innovative organizational
models and private investments in training, directly influencing
corporate governance and professional qualification.

Kulkarni et al. [21] provide an empirical perspective on the ini-
tial training offered by Indian technology companies to recent
graduates. The study reveals a misalignment between traditional
academic education and industry expectations, which leads compa-
nies to invest heavily in their own training programs. In addition
to technical skills, corporate training programs also address be-
havioral competencies and cultural aspects relevant to working in
distributed teams.

More recently, Chethana and Noronha [9] analyzed training
structures using diverse sources of gray literature—including Google
Scholar publications, symposium materials, financial reports, offi-
cial websites, news portals, and social media testimonials—focusing
on training programs in Indian companies from 2012 to 2021. Al-
though methodologically distinct from our systematic approach,
their proposed framework aligns closely with Salas’ foundational
training model [32], comprising:

(1) Needs assessment for training and development,

(2) Clear objective setting,

(3) Methodology selection and detailed planning,

(4) Program implementation,

(5) Results analysis, and

(6) Ongoing monitoring.

Salas et al. (2006) [34] reviewed 28 studies on Crew Resource
Management (CRM), a structured training model originally devel-
oped in aviation and later adopted in other high-risk domains such
as medicine, offshore oil, and nuclear power. CRM focuses on en-
hancing non-technical skills—including communication, teamwork,
and decision-making—to improve safety and performance. Using
Kirkpatrick’s evaluation framework Kirkpatrick et al. [20] found
that while trainees generally responded positively to CRM training,
the results regarding learning outcomes, behavioral changes, and
organizational impact were mixed

Complementing this study, systematic reviews by Garousi et al.
[16] and Cico et al. [10] establish the context for corporate training
by respectively identifying critical skill gaps and the adoption of
modern industry trends in academia. While these studies focus
on what is needed or taught, our work differs by investigating
how the industry itself structures and implements its own training
programs.

These related works form our "golden set", serving both as foun-
dational references for constructing our search strings and as pri-
mary sources for snowballing procedures.

3 Method

In this section, we present an adapted and applied systematic
mapping study in software engineering, based on the guideline
[28]. The study was carried out in five main steps: (1) Definition
of Research Questions, (2) conducting the Search, (3) Screening of
Papers, (4) Keywording using Abstracts, (5) Data Extraction and
Mapping Process.

Andrade et al.

3.1 Research Questions

The primary goal of this systematic mapping study is to provide
an overview of what the cientific literature are talking about the
Training in Industry Context in Software Engineering and iden-
tify research and results available of the approches and impacts
of training of competency in the professional for software engi-
neering research and results available. Additionally, the study aims
to identify with areas of Salas’ framework the article are located,
the main challenges of the area map publication frequencies over
time to observe trends and identify the forums where research in
the area has been published. These objectives are reflected in the
following research questions, which guide this study. The rationale
for each question is provided after they are listed below.

e RQ1 - What evidence does the scientific literature provide
about of training for software engineering professionals in
industry contexts?

- RQ1.1- How the articles were categorized according to
the research areas defined in Salas’ framework? (4.1)

— RQ1.2 - Which variables are the authors analyzing for the
development of the training?(4.2)

— RQ1.3 - What are the objectives of the trainings? (4.3)

ROQ1 is the primary goal of this systematic mapping study is
to identify evidence-based practices and critical gaps in corporate
training for software engineering professionals. This overarching
question guides our investigation of training approaches, their
impacts, and implementation challenges.

RQ1.1 aims to provide an overview by categorizing the arti-
cles according to their research areas. This helps to clarify the
distribution of studies, highlighting both well-explored and under-
represented areas within the literature.

RQ1.2 focuses on identifying the variables analyzed by the au-
thors during the development of training. Understanding these
variables is essential to grasp how training programs are structured
and what factors are considered critical for their success.

RQ1.3 investigates the main objectives of the training initiatives
described in the literature. This allows us to understand the intended
outcomes of such programs and how they align with industry needs.

3.2 Conduct Search for Primary Studies

Our primary studies were identified using search strings in auto-
matic databases or by manually searching [28] and also snowballing
our references. Our research was conducted using two authoritative
software engineering digital libraries: ACM and IEEE. We selected
them because ACM is widely used in the field of computer science,
IEEE is a leading applied engineering repository. Although Scopus
and Springer were initially considered, they were excluded from
the automated search due to institutional access constraints.

We acknowledge that this exclusion may have impacted our
coverage. To mitigate this potential limitation, we supplemented
our search with manual methods, including forward snowballing,
as described by Petersen et al. [28]. While this process did iden-
tify articles in Scopus and Springer, they were ultimately rejected
because they did not meet our inclusion criteria.

We used a "golden set" of articles as a reference to build our
search string. These articles, which we considered representative
of our topic, address corporate training in software engineering
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and helped us identify relevant keywords and synonyms. For in-
stance, terms such as “corporate training,” “in-house training,” and
“software engineering education” were extracted from this set. Ad-
ditionally, the golden set supported our snowballing phase, helping
to ensure that relevant studies not captured by the initial search
were also retrieved.

Our automated search strategy targets three core domains: train-
ing, software engineering, and industry applications. To ensure
comprehensive coverage, we applied the OR operator to include
synonyms of the key terms and the AND operator to ensure that
the concepts and context were combined effectively.

The search string was designed to query only the title and ab-
stract fields in two digital library services: IEEE Xplore Digital
Library and ACM Digital Library.

We used the following synonyms to build the query for train-
ing: corporate training, corporate education, on-the-job training,
in-house training, job training, professional training, training in
companies, employee education, professional development, training
program, educational program, IT training, personnel development,
institutional education, bootcamp, corporate university, and devel-
opment of human capital.

For software engineering, we included: software development,
IT, and software engineering.

For industry, we considered: industry, IT firms, IT industry,
corporate, organizations, and workplace.

This query is designed to include topics related to corporate
education, software engineering, and industry. These terms provide
a comprehensive coverage of key areas such as workforce training,
software development, and industrial applications, making sure that
the search results are relevant and aligned with these important
fields.

The process was conducted in four main stages: Automated
Search Strategy, Primary Study Selection, Full Read and Snow-
balling. The automated search yielded 574 articles from ACM and
1,571 from IEEE, totaling 2,145 articles. In all selection stages, two
researchers analyzed the articles individually and compared the
results at the end. A third researcher, with more experience in sys-
tematic reviews and education in Software Engineering, resolved
conflicts regarding the selected articles, ensuring a general agree-
ment between both researchers. In the first stage, the selection
was based on the title and abstract. In the next stage, the analy-
sis included the previous fields complemented by the conclusion,
reducing the number to 126 articles selected.

Full Read Snowbolling Full Read
full body content full body content
n=17 n=9

Snowballing Results
title and abstract total of papers

n=29 n=26

Automated Search Strategy
ACM n = 574
IEEE n = 1571
n = 2145

Primary Selection
title and abstract
n=126

Figure 1: Phases and study counts

In all selection stages, two researchers independently analyzed
the articles and compared results, with a third experienced re-
searcher resolving conflicts to ensure consensus. The first stage
filtered articles based on titles and abstracts. The second stage
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added conclusions to the evaluation criteria, reducing the set to 126
articles.

In the third phase, we performed a full-text reading and selected
12 articles that met all the criteria. In the fourth phase, the snow-
balling technique was applied, resulting in the selection of 5 addi-
tional relevant articles from the 12 analyzed. Additionally, 4 more
articles were included from our references, totaling 9 articles ob-
tained through snowballing.

After completing all stages, the systematic mapping resulted in
26 studies (12 from full-text analysis + 9 from snowballing), as
illustrated in Figure 1 and Figure 2.

W FirstPhase M Second Phase
80

80
40

20

ACM Digital Library |EEE Digital Library Snowballing

Source of Aricles

Figure 2: Conduct Search

3.3 Screening of Papers for Inclusion and
Exclusion

Inclusion and exclusion criteria were used to exclude studies that
were not relevant to answering the research questions [28].
Inclusion Criteria:

e Primary studies from the software engineering industry
focusing on corporate education, which propose analyses,
frameworks, methods, training approaches, or evaluations.

Exclusion Criteria:

e Articles not published in peer-reviewed venues.

e Articles in languages other than English or Portuguese.

o Articles related to IT support.

o Articles not containing relevant terms in the title and ab-
stract.

e Articles not directly related to corporate education applied
in the software engineering industry.

e Articles that were not implemented or applied in practice.

o Articles conducted exclusively with academic students.

o Articles involving both students and professionals in which
it is not possible to isolate the results related to professionals

o Articles that address the IT field in a generic way, alongside
other areas.

1

The inclusion and exclusion criteria were defined to ensure the
relevance and the quality of the selected sample. Only studies from

Portuguese is the mother language of the researchers.



SBES’25, September 22-26, 2025, Recife, PE

the software engineering industry with an explicit focus on training
were included, as the main goal of this research is to understand
how training is designed, implemented, and evaluated within the
specific context of the software engineering industry. These method-
ological decisions aimed to ensure that the final set of studies was
representative, coherent with the research objectives.

3.4 Data Extraction and Mapping of Studies

For the data extraction, we used a Google Sheet to document the pro-
cess. This spreadsheet contained two tabs with identical columns,
allowing each researcher to enter data from the selected papers
independently. A third tab, named ’Compilation, was then created
to merge the data from both researchers, incorporating resolved
conflicts and the consensus reached with an advisor acting as a
mediator. Our analysis followed a structured process combining de-
ductive coding (based on thematic analysis) and narrative synthesis.
When completing the extraction form for each paper, researchers
provided a brief rationale and evidence explaining its classification
under one of Salas’ areas. This process was guided by a data extrac-
tion form designed specifically to gather the necessary information
to answer our research questions..

4 Results

This section presents the findings of the systematic mapping study.
A total of 26 primary studies focused on corporate education
in software engineering, specifically those conducted and imple-
mented by industry, were selected and analyzed. The complete list
of selected articles and their identifiers is presented in Table 2.

To identify temporal trends in this research domain, the selected
articles were also organized by year of publication, as illustrated in
Figure 3. The earliest study dates back to 1984. A modest rise in
publication volume were observed in the years 2008, 2011, 2018,
2023 and 2024, while the other years showed low or no activity
in this topic area. Despite its relevance to industry, the topic has
received little systematic investigation in the academic literature.

To structure the analysis, each study was classified according
to the categories defined in Salas’ framework for corporate train-
ing: Training Needs Analysis, Antecedent Training Condi-
tions, Training Methods and Instructional Strategies, and
Post-Training Conditions. The distribution of studies these cate-
gories is shown in Figure 4.

4.1 ROQ1.1- How the articles were categorized
according to the research areas defined in
Salas’ framework?

To classify the selected studies within Salas’ framework, each train-
ing initiative was analyzed according to the specific subareas that
comprise the four main categories. This classification was based on
the evidence reported in each article—such as objectives, methods,
and implementation strategies—indicating alignment with one or
more subareas. Table 3 presents the mapping between the reviewed
studies and the corresponding areas of Salas’ framework.

4.1.1 Training Needs Analysis. Three studies were classified
under the subarea Organizational Analysis, as they emphasize

Andrade et al.

w

N

Number of Articles

Training Needs Analysis ~ Antecedent Training
Conditions Instructional Strategies

Training Methods and Post-Training Conditions

Salas' Area

Figure 4: Distribution of Training Research Across Salas’
Framework

strategic planning to either optimize existing training practices or
design new programs aligned with organizational needs:

Ruhe [31] applies an organizational analysis approach using the
Goal-Question-Metrics (GQM) method to assess the effectiveness
of training programs.

Prikladnicki and Pilatti [29] proposes a strategic plan for im-
plementing training initiatives that address the global needs of a
software company.

Ulema and Larsen [42] presents a corporate education plan fo-
cused on software engineering, highlighting the need to adapt
training content to organizational contexts.

4.1.2 Antecedent Training Conditions. We identified works
in three subareas: Individual Characteristics, Training Motiva-
tion and Training Inductions and Pretraining Environment.
In the Individual Characteristics.

Wingreen and Blanton [44] investigates behavioral and percep-
tual differences among IT professionals, particularly focusing on
the concept of Person-Organization (P-O) fit. The study argues
that even when professionals possess similar technical skills, ex-
perience, and compensation, their perception of alignment with
organizational values may vary significantly. These perceptions
play a central role in shaping training motivation and engagement,
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Table 2: Selected articles and their identifiers

Ref. | Title

[7] | A blended approach to course design and pedagogy to impart soft skills: An IT company’s
experiences from software engineering course

[43] | A Q-Methodological Study of IT Professionals’ Person-Organization Fit for Training and
Development

[24] | Aligning workforce development software process improvement strategy for accelerated adop-
tion of software engineering capability

[41] | Analysis of the Motivation of Learners in the In-House Training of Programming in Japanese
ICT Industries

[45] | Assessing the IT Training and Development Climate: An Application of the Q-methodology

[38] | Corporative Education Used to Attract and Qualify Workforce for the Software Industry

[18] | Deploying an online software engineering education program in a globally distributed organi-
zation

[47] | Design and Evaluation of an Agile Framework for Continuous Education in Software Engineer-
ing

[36] | Design using software engineering principles: overview of an educational program

[1] | Employees Perception towards Training in IT Sector

[19] | Employees’ training and development in IT sector: An essential instrument for effectiveness of
organizational productivity

[31] | Experience Factory-based professional education and training

[5] | Experience with Training a Remotely Located Performance Test Team in a Quasi-agile Global
Environment

[3] | Human Capital Investments and Employee Performance: An Analysis of IT Services Industry

[29] | Improving Contextual Skills in Global Software Engineering: A Corporate Training Experience

[48] | Integrating Cloud-Based Al in Software Engineers’ Professional Training and Development

[44] | IT professionals’ person-organization fit with IT training and development priorities

[17] | Nurturing Talent: The IT Academy Journey into Quality Development

[40] | Personalizes training for success implementation of advanced technologies in the IT industry

[42] | Planning for in-house software engineering education

[50] | Professional Development of IT Industry Specialists at the Workplace: Trends, Focus and
Prospects

[25] | Requirements Analysis Skills: How to Train Practitioners?

[39] | Role of leadership in enhancing the effectiveness of training practices: Case of Indian informa-
tion technology sector organizations

[35] | Synchronous training in distributed software development team

[4] | The Evaluation of a Requirements Engineering Training Program at Siemens

[30] | Understanding Self-Efficacy in Software Engineering Industry: An Interview Study

Table 3: Mapping between Salas’ Areas and Articles

Area Sub-Area Articles
Training Needs Organizational Analysis [29, 31, 42]
Analysis Job/Task Analysis -
Individual Characteristics [43, 44]
Antecedent Training Trainine Motivati m
Conditions r‘alAnmg 0 “fa ton (41]
Traln}ng InduCFlon and 39, 40, 45]
Pretraining Environment
17,24, 2
Specific Learning Approaches (7. 47, ’ 4 8? 36,
Training Methods and Learning Technologies and
Instructional Strategies Distance Training [5, 18, 35, 50]
Simulation-Based }
Training and Games
Team Training [7,38]
Post-Training Training Evaluation [1, 3,19, 30]
Conditions Transfer of Training [4]

underscoring the importance of individual characteristics in train-
ing outcomes.
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Wingreen and Blanton [43] The seven person-organization (P-O)
fit perspectives revealed by this study demonstrate that IT profes-
sionals hold personal beliefs about their alignment with IT training
and development programs that span multiple dimensions — across
areas such as content, venue, and resources — rather than repre-
senting a unitary and one-dimensional concept.

In the Training Motivation Tsukamoto et al. [41] investigates
with the motivational attitude was compared across different groups
based on criteria such as gender, academic background, and prior
programming experience.

In the Training Inductions and Pretraining Environment
Sinha and Sengupta [39] investigates how leadership styles, trans-
formational and transactional, influence the effectiveness of train-
ing practices in the IT sector in India.

Stanojeska [40] shows that personalized training programs sig-
nificantly increase employee engagement and the effectiveness
of new technology implementation, strengthening organizational
performance and competitiveness.

Wingreen et al. [45] investigates with the Q-methodology to de-
velop a tool for the assessment of the IT training and development
climate, identify and interpret natural groups of IT professionals
according to their own professional development priorities to be
used as a baseline for managerial decision making, and make rec-
ommendations for its use as a managerial decision tool.

4.1.3 Training Methods and Instructional Strategies. The se-
lected articles were classified into three subareas: Specific Learn-
ing Approaches, Learning Technologies and Distance Train-
ing, and Team Training. No articles were associated with the
Simulation-Based Training and Games subarea.

For Specific Learning Approaches, a variety of strategies
were identified. Wolfschwenger et al. [47] employed Problem-Based
Learning (PBL) to promote learning through real-world problem-
solving activities related to DevOps practices. Schaul [36] described
a workshop model focused on applying mathematical models for
functions and data abstractions in software programs. Wolfschwenger
et al. [48] adopted a hands-on approach using Artificial Intelligence
to deliver personalized feedback, interactivity, and adaptability
to individual learning styles. Morales-Ramirez and Alva-Martinez
[25] implemented a mentoring-based training plan in Requirements
Engineering to help professionals acquire practical knowledge in
the field. Goelzer et al. [17] emphasized hands-on learning within
software quality training, integrating practices like BDD and agile
methodologies. Mason [24] utilized a class combination to training
professionals in software engineering offering flexibility distance
training.

In the Learning Technologies and Distance Training sub-
area, the following approaches were observed Hudepohl et al. [18]
utilized video content, e-learning platforms, and webinars to train
globally distributed software teams. Bondi and Ros [5] conducted
remote training sessions for a performance testing team located
across different regions. Samuel et al. [35] explored both synchro-
nous and asynchronous training formats for distributed teams,
highlighting how communication strategies supported effective
knowledge acquisition. Zubareva et al. [50] explored Smart educa-
tional environment involves the integration of innovative concepts,
intelligent hardware and software, smart classrooms equipped with
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the latest technologies, and educational processes based on modern
and intelligent teaching and learning strategies.

In the Team Training subarea, Boyeena and Goteti [7] devel-
oped group-based training programs in which participants were
evaluated on both technical and soft skills. Silva et al. [38] provided
training as part of a recruitment and retention process for new
employees in software engineering roles.

4.1.4 Post-Training Conditions. This area includes two subar-
eas: Training Evaluation and Transfer of Training,.

In The Training Evaluation, focusing on individual develop-
ment and organizational outcomes. Bapna et al. [3] demonstrated
that corporate training programs can improve individual perfor-
mance. Agarwal et al. [1] The study shows that there are seven
major factors which affect the perception of employees towards
training in the IT sector. These factors include Training Duration,
Training Method, Training Impact, Training Outcome, Job Perfor-
mance, Training benefit and Training Effectiveness. Jan and Muthu-
velayutham [19] The research through Structural Equation Model-
ing (SEM) using AMOS infers that the good training programmes
will increase the productivity of the organization. Ribeiro et al. [30]
found that bootcamp-style training improved team self-efficacy,
enhanced deliverable quality, reduced lead times, and encouraged
knowledge sharing.

The Transfer of Training subarea was addressed by Beren-
bach and Rayment [4], which analyzed the practical application of
training content in the participants’ daily work activities.

4.2 RQ1.2 - Which variables are the authors
analyzing for the development of the
training?

Three main variables were identified across the studies: training

duration, subjects covered, and methods or tools used to support

the training.

Training Duration: The length of the training programs varied
significantly across studies. For example, Berenbach and Rayment
[4] reported a short-term course of three days, Boyeena and Goteti
[7] presented a five-day program, Schaul [36] described a two-week
training, and Silva et al. [38] reported a six-month program. This
variation may reflect differences in pedagogical goals, participant
profiles, and organizational contexts.

Subjects Covered: The content of the training programs often
focused on core software engineering areas. Requirements Engi-
neering appeared in Boyeena and Goteti [7], Hudepohl et al. [18],
and Berenbach and Rayment [4], while Software Testing was fea-
tured in Boyeena and Goteti [7], Hudepohl et al. [18], and Bondi
and Ros [5].

Methods and Tools: Various tools and approaches were re-
ported to support training. In the Training Needs Analysis cat-
egory, Ruhe [31] used the Goal-Question-Metrics (GQM) method,
and Prikladnicki and Pilatti [29], Ulema and Larsen [42] employed
structured interviews to capture stakeholder expectations. In the
Antecedent Training Conditions category, Wingreen and Blan-
ton [43, 44] used Q Methodology to explore person-organization
fit. In the Training Methods category, workshops Schaul [36],
PBL Wolfschwenger et al. [47], hands-on activities Bondi and Ros
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[5], Goelzer et al. [17], Wolfschwenger et al. [48], and e-learning
platforms Boyeena and Goteti [7], Hudepohl et al. [18], Morales-
Ramirez and Alva-Martinez [25], Samuel et al. [35], Silva et al. [38]
were frequently used. For Post-Training Evaluation, Berenbach
and Rayment [4] employed the Kirkpatrick Model, Bapna et al. [3]
used the PCMM method, and Ribeiro et al. [30] conducted inter-
views.

4.3 RQ1.3 - What are the objectives of the
trainings?

The analyzed papers reveal study groups with common themes,

although directed toward different goals faced by the industry.

Below are the objectives of the studies reviewed.

Software Engineering Practices: The paper Boyeena and Goteti
[7] aims to align corporate training with organizational demands,
focusing on the technical and behavioral development of new tal-
ents, based on the 5 main areas of the SWEBOK.

Distributed Training: The article Hudepohl et al. [18] address
to implement an effective online education program for software
engineers in a globally distributed organization. The article Bondi
and Ros [5] focuses on conducting a testing training program with
two distributed teams—one located in India and the other in New
Jersey, United States. The main challenges of this training were
cultural differences and time zone discrepancies. The article Prik-
ladnicki and Pilatti [29] reports on a training experience carried out
in a multinational company to develop the technical team’s skills
and highlights the same challenges mentioned in Bondi and Ros [5].
Finally, the article Samuel et al. [35] presents the use of synchro-
nous and asynchronous training formats to support geographically
distributed teams.

DevOps and Cloud: The article Wolfschwenger et al. [47] fo-
cuses to apply an agile, hands-on framework to promote the con-
tinuous education of software engineers, with a focus on DevOps
and cloud computing.

Use of Artificial Intelligence: The article Wolfschwenger
et al. [48] aims to apply generative Al to enhance productivity and
quality during training for software developers.

Requirements Engineering: The article Morales-Ramirez and
Alva-Martinez [25] goals to develop a training plan for educating
professionals in the discipline of Requirements Engineering.

Software Quality: The article Goelzer et al. [17] objectives
to develop a quality mindset in professionals participating in the
training, emphasizing the implementation of quality best practices
from the early stages of the software development process. In turn,
the article Schaul [36] focuses on the need to introduce software
engineering principles and the application of mathematical models
in the design of training programs to reduce defects and costs, while
improving software quality.

5 Discussion
5.1 General

The analysis reveals that studies in the software engineering in-
dustry address all four categories proposed by Eduardo Salas as
essential for corporate training. However, not all subareas within
each category are equally represented. This uneven distribution
highlights both the maturity of certain research directions—such
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as Training Methods and Instructional Strategies—and the
absence of empirical work in other foundational subareas.

Specifically, in the Training Needs Analysis category, only
the subarea Organizational Analysis was addressed [29, 31, 42],
while Job/Task Analysis was not explored in any of the selected
studies. The lack of focus on job/task-level needs may compromise
the relevance and precision of training initiatives, since identifying
specific competencies required for job performance is a key starting
point for effective program design.

In the Antecedent Training Conditions, it was observed that
some subareas were addressed by only a few studies. Individual
Characteristics were explored in two articles [43, 44], while Training
Motivation was examined in only two studies [41, 45]. The subarea
Pretraining Environment and Induction was covered in two other
studies [39, 40]. Despite the occasional presence of these investiga-
tions, the scarcity of research in these subareas is concerning, as
these factors directly influence learner readiness, engagement, and
learning effectiveness. Overlooking such conditions may result in
training programs that are misaligned with the participants’ actual
needs, thereby compromising knowledge transfer and the intended
organizational impact.

For Training Methods and Instructional Strategies, all sub-
areas except Simulation-Based Training and Games were addressed.
The use of simulations can provide realistic and controlled learning
environments that are especially useful for complex, high-stakes
contexts—yet no study in the review employed or evaluated this
method. This omission suggests an opportunity for future work to
investigate the applicability and impact of simulation-based train-
ing in software engineering contexts.

In the Post-Training Conditions category, both subareas were
covered, but to varying extents. Training Evaluation was addressed
by three studies [1, 3, 19, 30], while Transfer of Training appeared
in only one [4]. This limited attention to transfer raises concerns,
as the real value of training lies in its application to daily work.
Without examining how new knowledge and skills are transferred
to the job context, it is difficult to assess whether training achieves
its intended impact.

Compared to other domains—such as healthcare, manufactur-
ing, and Industry 4.0—where corporate training has been more
extensively studied and systematized [8], the field of software engi-
neering still lacks a cohesive body of literature on this topic. This
highlights the novelty and importance of the present study in of-
fering a first structured overview based on an established training
framework.

Moreover, the scarcity of longitudinal assessments is notable.
Most reviewed studies emphasize immediate outcomes rather than
long-term effects on performance, behavior, or retention. This ab-
sence reinforces the need for future research to adopt longitudinal
designs that can better capture training impact over time.

The lack of studies exploring training aligned with individual
learning needs and the reliance on anecdotal evidence also suggest
that the academic field is still in an early stage of development. It
may be premature to speak of a consolidated research tradition
on corporate training in software engineering. Therefore, future
studies might benefit from adapting or extending existing frame-
works—such as Salas’—to build context-specific models that reflect
the nuances of software development environments.

SBES’25, September 22-26, 2025, Recife, PE

A possible explanation for the limited number of studies found
in this mapping is the lack of publication of empirical research by
industry. Companies often develop and implement internal train-
ing programs but do not share these initiatives with the academic
community. This behavior may be driven by factors such as strate-
gic information protection, market competitiveness, or even the
absence of incentives or partnerships with research institutions.
As a result of this lack of publication, there is little contribution to
the consolidation of scientific knowledge on training in Software
Engineering. This limitation directly impacts the ability to general-
ize findings and hinders the advancement of the field, which lacks
more robust empirical studies connected to real-world industry
practices. Therefore, it is essential to strengthen the connection be-
tween academia and industry, fostering collaborations that enable
the documentation and critical analysis of training practices that
are already in use but remain invisible in the scientific literature.

Furthermore, since companies rarely disclose training outcomes
publicly, an alternative approach could involve extracting relevant
data from annual and financial reports to obtain more primary-level
insights - mirroring Chethana’s successful approach of analyzing
alternative sources [9] through diverse gray literature. This suggests
that exploring supplementary data channels may offer valuable
pathways to bridge the current research gap in corporate training
studies.

Another relevant point observed in the selected studies is the
absence of reports on negative experiences or failed training initia-
tives. This lack of critical reflection limits the field’s maturity, as
it prevents researchers and practitioners from learning from chal-
lenges, design flaws, or contextual mismatches that might under-
mine training effectiveness. Including such cases in future studies
would contribute to a more comprehensive understanding of what
works, what doesn’t, and under which conditions.

This mapping offers researchers an updated view of the state of
training initiatives in the software engineering industry. By iden-
tifying underexplored areas and patterns of instructional design,
this study also serves as a reference for professionals responsi-
ble for designing training programs. It encourages evidence-based
decision-making and highlights theoretical foundations that can
inform and enhance future corporate training efforts.

5.2 Implications for Industry, Society, and
Academia

For Industry: This Study presents a series of inputs for a practical
framework that organizations can use to evaluate and improve
their corporate training strategies. By highlighting underexplored
areas—such as job/task analysis and Simulation-Based Training
and Games can better align training programs with organizational
goals and employee needs. Additionally, the findings point to the
importance of structured evaluation methods and long-term follow-
up to ensure return on investment.

For Society: The quality of software development directly af-
fects the reliability and safety of digital systems used across all
sectors of society. Improving training for software engineers ulti-
mately supports the creation of better digital services, enhances
cybersecurity practices, and contributes to economic development.
Furthermore, by encouraging inclusive and context-aware training
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practices, this research promotes the development of more equitable
and accessible digital solutions.

For Academia: This work identifies critical research gaps and
proposes directions for future studies. It lays the groundwork for
a research agenda in corporate training for software engineering,
advocating for more rigorous methodologies, longitudinal designs,
and interdisciplinary approaches. Scholars can build on this map-
ping to explore the interaction between human factors, organi-
zational behavior, and training outcomes, as well as to develop
and validate training frameworks tailored to the software industry
context.

6 Threats to Validity and Limitations

As with any systematic mapping study, this research is subject
to a number of limitations and potential threats to validity. To
address these, we followed guidance from relevant methodological
literature [46, 49].

Search and Selection Bias: There is always a risk that rele-
vant studies were missed due to the use of specific keywords or
databases. To mitigate this, we built the search string based on Salas’
framework and existing reviews, and conducted both automatic
and manual searches.

Data Extraction Bias: The process of classifying studies and
extracting evidence may be influenced by the researchers’ inter-
pretations. To reduce this threat, data extraction was performed in
pairs, with a third researcher consulted in cases of disagreement.

Publication Bias: Our study only included published research,
which may favor positive findings and omit null or negative results.
This is a known issue in systematic reviews [49], and should be
considered when interpreting the frequency and distribution of
findings.

Generalizability: This mapping focused on the field of soft-
ware engineering. Although the use of Salas’ framework provides
a generalizable lens, findings may not reflect practices in other in-
dustries. Moreover, the use of Salas’ framework outside its original
organizational psychology context introduces potential limitations
in fit or interpretation.

Lack of Methodological Rigor in Primary Studies: Many of
the included papers are experience reports rather than empirical
evaluations. As such, the quality and reliability of the evidence
varies, which limits the strength of inferences about effectiveness
or impact.

Future studies should seek to replicate this mapping in other
domains, employ quality assessment checklists during selection,
and explore cross-sector comparisons to strengthen the field’s the-
oretical and practical base.

7 Conclusion

This study mapped the existing literature on corporate training in
software engineering applied to industry, organizing the selected
works according to Eduardo Salas’ training framework. Through the
analysis of 26 articles, the study identified prevailing themes, emerg-
ing patterns, and critical gaps in the development and evaluation
of training programs targeting software engineering professionals.

The findings reveal a predominant focus on the category of
Training Methods and Instructional Strategies, with a notable
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diversity in pedagogical approaches such as e-learning, hands-on
activities, workshops, and problem-based learning. However, signif-
icant gaps remain in other categories—particularly Training Needs
Analysis, Antecedent Training Conditions, and Post-Training
Conditions—highlighting the lack of studies on areas such as
Job/Tasks Analysis and Simulation-Based Training and Games

The study also observed that although some methods were em-
ployed to assess training needs, individual profiles, instructional
delivery, and outcomes, there is insufficient evidence on the effec-
tiveness and consistency of these methods across different organi-
zational contexts. Most contributions take the form of experience
reports, limiting generalizability and empirical robustness.

Additionally, authors considered practical aspects of training
design—such as duration, structure, and curriculum content—but
there is little standardization among the programs. This heterogene-
ity reflects the contextual nature of corporate education in the field
but also underscores the need for more systematic and comparative
research.

In doing so, this mapping contributes to the systematization of
knowledge in the field by offering a structured overview of current
practices and uncovering opportunities for future investigation. It
serves as a resource for both researchers and practitioners aiming to
design, implement, and evaluate more effective training initiatives
within software engineering environments.

As anext step, we recommend expanding the scope of the review
to include additional databases, gray literature, and potentially non-
English publications. Future studies may also benefit from incorpo-
rating quality assessment criteria, conducting meta-analyses where
applicable, and examining training initiatives through longitudi-
nal or experimental designs to better understand their long-term
impact on professional performance and organizational outcomes.

This research was originally developed in Portuguese. The au-
thors used OpenAI’s ChatGPT and DeepSeek Chat exclusively as
support tools for translating the content into English and improving
the cohesion and clarity of the text.
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