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ABSTRACT

Introduction: Despite rapid integration of converging technologies into
organizational practices, limited systematic research exists on their
strategic implications for onboarding and human resource development
(HRD). Organizations struggle to transform traditional induction into
strategic interventions enhancing employee adaptability, commitment,
and retention.

Methodology: This bibliometric study analyzes 1,091 Scopus articles
(2004—March 2025) using Bibliometrix, VOSviewer, and SciMAT to
map technology-enhanced onboarding developments.

Findings: Results reveal transitions from traditional models toward
digital, immersive, personalized approaches, identifying key themes:
workplace learning, e-learning, digital skills, artificial intelligence, virtual
reality, and learning analytics. HRD professionals, organizational leaders,
and researchers benefit from understanding how converging technologies
redefine onboarding as a critical talent management strategy.
Conclusions: This research contributes to HRD theory by demonstrating
that technology-enhanced onboarding strengthens learning experiences
and connects technological innovation with sustainable employee
development, providing actionable insights for practitioners implementing

digital transformation initiatives.
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RESUMEN

Introduccion: A pesar de la rapida integraciéon de las tecnologias
convergentes en las practicas organizacionales, existe escasa investigacion
sistematica sobre sus implicaciones estratégicas para la incorporacién
de nuevos empleados y el desarrollo de recursos humanos (DRH). Las
organizaciones se enfrentan al reto de transformar la induccién tradicional
en intervenciones estratégicas que mejoren la adaptabilidad, el compromiso
y la retencién de los empleados.

Metodologia: Este estudio bibliométrico analiza 1091 articulos de Scopus
(2004-marzo de 2025) utilizando Bibliometrix, VOSviewer y SciMAT para
mapear los avances en la incorporacién de nuevos empleados potenciada
por la tecnologia.

Resultados: Los resultados revelan transiciones de modelos tradicionales
hacia enfoques digitales, inmersivos y personalizados, identificando temas
clave: aprendizaje en el lugar de trabajo, e-learning, habilidades digitales,
inteligencia artificial, realidad virtual y analitica del aprendizaje. Los
profesionales de DRH, los lideres organizacionales y los investigadores se
benefician al comprender céomo las tecnologias convergentes redefinen la
incorporacién de nuevos empleados como una estrategia fundamental de
gestion del talento.

Conclusiones: Esta investigacion contribuye a la teoria de DRH al demostrar
que la incorporacién potenciada por la tecnologia fortalece las experiencias
de aprendizaje y conecta la innovacién tecnoldégica con el desarrollo
sostenible de los empleados, proporcionando informacién practica para los

profesionales que implementan iniciativas de transformacion digital.
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Converging technologies in organizational onboarding: Mapping and bibliometric analysis of their strategic implications for
human talent development

INTRODUCTION

In the context of digital transformation, organizations are faced with the need to optimize their methods for
integrating new staff, commonly known as onboarding processes. This concept ranges from the formal incorporation
of new employees to their functional and cultural adaptation within the organization, and in recent years it has
gained strategic importance in the business environment (Bauer, 2010). This is because onboarding is not just
a process of adaptation to the new company; it is a strategic intervention within human talent management that
directly impacts Employee retention, commitment, and productivity (Ahakwa et al, 2021; Klein et al., 2015; Malik
et al., 2024).

In this way, onboarding, as a strategic process of organizational integration, constitutes a fundamental
intervention within the field of human resource development (HRD). Beyond its initial function of administrative
orientation, onboarding represents the critical entry point for continuous talent development and organizational
capacity building (Klein et al, 2015). In this way, onboarding transcends its traditional conception as an isolated
process to become an integral component of strategic talent management, where the organization's ability to
facilitate an effective and enriching transition determines not only the new employee’s immediate adaptation, but
also their potential for future development and contribution to organizational performance (Ahakwa et al.,, 2021).
This strategic perspective recognizes that human resource development begins from the moment the employee
first comes into contact with the organization, and that onboarding experiences shape patterns of learning,
interprofessional relationships, and commitment that last well beyond the initial induction period.

In onboarding processes, the integration of converging technologies offers an opportunity for HR professionals to
redesign and improve their usefulness and effectiveness as a strategic talent development intervention. Converging
technologies, understood as the synergy between different technological disciplines such as artificial intelligence
(AI), systems that simulate human cognitive abilities; the Internet of Things (IoT), which Interconnects physical
devices via the internet; augmented reality (AR), which superimposes digital information onto the real world to
enrich the user experience; virtual reality (VR), which creates immersive computer-generated environments for
interactive simulations; big data, in which large volumes of data are processed to extract meaningful patterns;
machine learning, in which algorithms are developed that automatically learn from data to improve predictions; and
cloud computing, which provides remotely distributed computing services. Together with other technologies, they
are proving to have a positive impact on the transformation of knowledge management and new employee training
models (Schwab, 2016).

These technologies enable HRD professionals to create more immersive, personalized, and flexible experiences,
which facilitate learning, the integration of new employees into the organization, and reduce their adaptation time to
the position (Ahakwa et al., 2021). These aspects, among others, will enable the expected levels of labor productivity
to be achieved more quickly. According to recent studies, through the use of simulated environments, intelligent
mentoring systems, and collaborative digital platforms, human resource management achieves a more effective
adaptation of new employees to their roles (Hauptmann et al, 2019). Despite their potential, and perhaps due to
the novel nature of these technologies, the academic literature on their integration into onboarding processes from
an HRD perspective is still scarce, and a systematization is pending that will allow us to understand how these
technologies interact with each other during staff training processes, what the predominant research trends are,
and what practical implications arise for the strategic management of human talent (Pinco et al,, 2025).

Given this situation, this article aims to conduct a scientific mapping exercise, together with a bibliometric
analysis, to identify the evolution, dynamics, and trends in research on the integration of converging technologies
in organizational onboarding processes. To this end, the Bibliometrix and SciMAT tools were used, based on a
database extracted from Scopus between 2004 and 2025.

Rather than limiting the analysis to descriptive bibliometric indicators, this study examines the structural and
thematic evolution of the field, identifying how converging technologies are progressively reconfiguring onboarding

from a procedural activity into a strategic, technology-enabled learning process within human resource development
(HRD).

The study aims to answer the following research questions:

(RQ1) What are the central and emerging themes in the literature on onboarding using converging technologies?
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(RQ2) What are the main quantitative characteristics of publications regarding converging technologies used
in onboarding processes?

(RQ3) What are the main structural and evolutionary aspects of the use of converging technologies in onboarding
processes?

With this approach, we hope to contribute to the existing body of theory by offering a scientific map that can
serve as a basis for future research, as well as for the design of organizational strategies focused on leveraging
technology to improve the work integration experience, achieve onboarding learning objectives within the expected
time frame, and positively impact productivity and employee commitment to the organization.

METHOD

In line with previous research, this study adopted a structured five-step methodological approach: (1) definition
of the research objective and protocol design, (2) construction of the search strategy, (3) data cleansing and
normalization, (4) bibliometric analysis using Bibliometrix and VOSviewer, and (5) scientific mapping analysis
using SciMAT (Chen et al,, 2023; Marzi et al,, 2025; Ullah & Asghar, 2023). These steps were grouped into two
phases (see Figure 1). Phase 1 focused on identifying relevant contributions, while Phase 2 involved developing the
bibliometric analysis.

The bibliometric analysis was divided into two stages: performance analysis and scientific mapping (Donthu
et al, 2021; Noyons et al, 1999). The objective of the first stage is to evaluate the quantitative characteristics
of publications from a descriptive perspective, using bibliometric indicators such as document type, journal,
number of citations, country, and authors, following the approach of Narin and Hamilton (1996). On the other
hand, mapping, or scientific cartography, aims to identify the structural and evolutionary aspects of research areas
through content analysis, generating bibliometric maps that spatially represent the relationships between different
topics or technologies in this case, and facilitates understanding how they are connected to each other so that it
is possible to determine which ones are consolidated within the field of study, or which ones are totally emerging

(Cobo et al,, 2011; Small, 1999).

Figure 1.
Methodological design

Definition of the research
objective and protocol
design

1. Identification

of re_levgnt Construction of the search
contributions strategy

Data cleaning and
normalization

Methodology

(phases )

Use bibliometric

Performance indicators
analysis

Bibliometrix

2. Bibliometric
analysis Identify structural and
Scientific < evolutionary aspects

mapping VosViewer
Scimat

Source: Adapted from Chen et al., 2023; Donthu et al., 2021; Marzi et al., 2025; Noyons et al,, 1999; Ullah & Asghar,
2023.

Data collection

Relevant contributions were extracted from Scopus, a platform recognized for its multidisciplinary coverage and

hitps://doi.org/10.58763 /rc2026607 3 Region Cientifica. 2026; 5(2)



Converging technologies in organizational onboarding: Mapping and bibliometric analysis of their strategic implications for
human talent development

suitability for bibliometric studies. The search was conducted within the fields “title,” “abstract,” and “keywords,”
combining terms associated with converging technologies and organizational onboarding processes. The inclusion
criteria were defined as peer-reviewed scientific articles published between January 2004 and March 2025, written
in English. This time frame was selected to ensure both representativeness and relevance, considering the recent
and rapidly evolving nature of converging technologies. The records were exported in BibTeX format for processing
in Bibliometrix and in CSV format for analysis in SciMAT.

In defining the search strategy, it is important to recognize that onboarding is not consistently represented
under a single term in academic literature. Rather than being a bounded administrative activity, onboarding is
conceptualized as a multidimensional process of organizational integration that encompasses learning, adaptation,
and socialization (Bauer, 2010; Bauer & Erdogan, 2011). In their widely cited 4 Cs framework, Bauer & Erdogan
(2011) describe onboarding as comprising four core dimensions: Compliance, Clarification, Culture, and Connection.

Each of these dimensions is operationalized in practice through activities that are indexed in the literature
under different terminologies. The Compliance dimension, which involves the transmission of organizational rules,
safety protocols, and regulatory requirements, is frequently addressed under the terms “industrial training” and
“corporate training” (Noe et al,, 2019). The Clarification dimension, focused on role understanding and performance
expectations, is commonly associated with “employee training” and “employee orientation” programs (Klein et
al, 2015). The Culture dimension, referring to the assimilation of organizational values and informal norms, is
extensively studied within the “workplace learning” literature, particularly in relation to informal and experiential
learning processes (Illeris, 2011; Marsick & Watkins, 2001). Finally, the Connection dimension, which involves the
development of interpersonal relationships and professional networks, is addressed through research on mentoring,
communities of practice, and social learning (Lave & Wenger, 1991; Wenger, 1998).

From this perspective, onboarding can be understood as a learning ecology that extends across multiple
organizational practices and conceptual domains. As such, studies examining the integration and development of
new employees are not always explicitly labeled under the term “onboarding,” but are frequently published under
broader descriptors such as “workplace learning,” “corporate training,” or “employee training,” particularly in fields
such as engineering, healthcare, and vocational education (Billett, 2011; Fuller & Unwin, 2004).

This terminological diversity also reflects the way in which the HRD and organizational behavior literature
conceptualizes onboarding as the initial phase of a continuous workplace learning trajectory rather than a discrete
event (Bauer, 2010; Chao et al, 1994). Consequently, restricting the search strategy to the terms “onboarding” or
“organizational socialization” alone would risk excluding a substantial body of relevant literature that addresses the
same underlying processes through different disciplinary lenses.

Accordingly, the search strategy incorporated both explicit onboarding-related terms and broader organizational
learning terms, allowing for a more comprehensive representation of the phenomenon under study. This approach
is consistent with established bibliometric guidelines, which recommend balancing conceptual precision with
sufficient terminological coverage to avoid corpus truncation and ensure a representative dataset (Donthu et al,,

2021; Paul & Criado, 2020).
Tools

The Bibliometrix package in Rstudio and its Biblioshiny graphical interface were used to generate indicators
of scientific productivity, collaboration, most relevant sources, and co-occurrence networks (Aria & Cuccurullo,
2017). VOSviewer was used to visualize maps of co-occurrence networks, density, and overlap. SciMAT was used
for scientific mapping, with the latter being used to perform a longitudinal analysis divided into four periods:
2004-2010, 2011-2015, 2016-2020, and 2021-March 2025. To better observe the thematic evolution over time,
in accordance with Cobo et al. (2011), this tool used the equivalence index for normalization, the simple centers
algorithm for cluster aggregation, and the inclusion and Jaccard indices to evaluate the connection and evolution
between themes.

RESULTS
Identification of relevant contributions

The SCOPUS searchyielded 1,114 records. Equation 1 shows the combination of terms related to onboarding and
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training in organizational environments, together with concepts linked to converging technologies. The results were
limited to scientific articles written in English. After a process of refinement and standardization with Bibliometrix,
1,091 documents were retained, as duplicates were eliminated, author and institution names were homogenized,
and keywords were standardized to ensure data quality and consistency.

Equation 1: TITLE-ABS-KEY (“employee onboarding” OR “employee training” OR “workplace learning” OR
“corporate training” OR “employee orientation” OR “industrial training”) AND (TITLE-ABS-KEY (technolog* OR
converg® OR nbic OR emerg®)

Table 1 summarizes the main bibliometric indicators derived from the analyzed corpus. It shows that the average
number of citations per document is 16.69, which reflects the academic relevance of the topic. The number of
publications on this topic is growing at a rate of 3.15% per year, indicating continued interest in the integration of
converging technologies into onboarding processes. In this regard, some analyses of scientific literature on the topic
of onboarding and technology have also reported similar growth rates (Donthu et al., 2021).

Table 1.

Summary of bibliometric entities
Description Results
General information about the data
Sources (journals, books, etc.) 647
Documents 1091
Annual growth rate (%) 3.15
Average age of documents 778
Average number of citations per document 16.69
Document content
Key words plus (id) 2484
Authors’ keywords (de) 3310
Authors
Total number of authors 3022
Authors of individually authored documents 213
Collaboration between authors
Documents with individual authorship 231
Average number of co-authors per document 3.03
Percentage of international co-authorships (%) 22.09

Source: own elaboration.

The results from Bibliometrix, based on the search conducted in SCOPUS, also reveal a diversity of scientific
publication spaces related to this topic, as evidenced by the fact that 647 different sources were identified where
these publications have been published. The search also lays the groundwork for identifying thematic connections
between all these publications, as 2,484 different keywords were identified across the entire set of registered
manuscripts. This is a significant number that will allow for more in-depth analysis in the second phase of this
study. Another particularly relevant aspect is the high level of cooperation between authors, particularly those
from different countries. As shown in Table 1, each manuscript was written by an average of more than three
authors (3.03), and 22.09% of the publications identified were co-authored internationally. These results provide a
preliminary reading of the state of the use of onboarding technologies as a relevant and cross-cutting field of study,
driven by technological advances and the need for organizational adaptation (Donthu et al,, 2021; Tranfield et al,,
2003).

Bibliometric analysis

Performance analysis

Scientific output peaked significantly in 2024, when more than 140 articles were published (see Figure 2). As
of March 2025, more than 40 publications have already been recorded, suggesting that the upward trend could
continue throughout the year. These are indicators of a growing recognition of the value of technologies such as
artificial intelligence, the Internet of Things, and virtual reality in transforming the processes of labor incorporation,
as these technologies are being used as tools to improve the onboarding experience for new employees, optimize the
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efficiency of processes once onboarding is complete, and improve talent retention by creating a sense of belonging
within the organization (Donthu et al,, 2021).

Figure 2.
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Influence of sources

As shown in Figure 3, the Journal of Workplace Learning leads the group with 96 published manuscripts, making
it the most influential and specialized channel in this field. This is logical considering that the nature of the journal
is associated with learning in the workplace, and recently its link with converging technologies has become more
evident. It is followed by journals such as Studies in Continuing Education (17), Vocations and Learning (15), and
the British Journal of Educational Technology (13). Furthermore, it is confirmed that research on onboarding has
transcended the exclusive realm of human resources to reach sectors such as health, sustainability, and technological
innovation, as a significant number of publications have been made in journals with a multidisciplinary focus, such
as Sustainability (13) and BMC Medical Education (10).

Figure 3.
Top 10 journals with the greatest impact
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Source: own elaboration.
Main countries

Nearly 50% of research on this topic has been produced in ten countries (see Table 2). The United States (the
country with the highest scientific productivity) accounts for 11.0% of all published documents, followed by the United
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Kingdom (7.2%), Australia (6.3%), India (4.4%), and China (3.9%). This analysis adds to the consistent prominence
of the United States in scientific production in multiple areas of knowledge, which can be attributed to various
structural factors, such as the high number of active researchers, the strength of its scientific and technological
infrastructure, and significant investment in research from both the public and private sectors, including universities
and innovation centers. In particular, the development of human talent (including onboarding), organizational
training, and the incorporation of emerging technologies have been strategic priorities in the academic and business
spheres in this country. Likewise, countries such as the United Kingdom, Australia, and India are beginning to
emerge as relevant players in research on this topic. The prominent presence of nations such as China, Malaysia,
the Netherlands, Sweden, and Finland indicates geographical diversification, which gives this line of research an
international, multidisciplinary, and strategic character and makes it important to associate many of these studies
with the design of innovative practices for human capital management in organizational environments.

Table 2.

Top 10 Countries with Most Publications
Country Articles % Articles
USA 120 11.0
United Kingdom 79 7.2
Australia 69 6.3
India 48 44
China 43 3.9
Canada 35 3.2
Sweden 35 3.2
Malaysia 26 2.4
Netherlands 25 2.3
Finland 24 2.2

Source: own elaboration.

Most influential contributions

The most cited article (see Table 3) is Lee et al. (2011), a study that seeks to investigate the factors that influence
employees’ intention to use e-learning systems, combining the Diffusion of Innovation Theory with the Technology
Acceptance Model (TAM). It aims to help decision-makers in organizations plan, evaluate, and implement the use
of these systems. Technology is the central object of study in terms of its acceptance and use by employees. The
findings suggest that organizations should provide the benefits of well-designed e-learning in onboarding. Mann
(2011) presents a literature review on learning theories in medical education. It provides a theoretical lens for
understanding the learning aspects of onboarding and continuing professional development, highlighting that
learning is not only individual but also a social and collective process.

Al-Gahtani’s study (2016) validates TAM3 in Arab university contexts, demonstrating that perceptions
of usefulness and ease of use influence the adoption of e-learning platforms. It proposes designing onboarding
supported by educational technologies. Webel et al. (2013) develop an augmented reality (AR) platform for training
in maintenance tasks. Its application is directly related to technical onboarding and training in specific operational
skills in industrial environments, improving learning through this convergent technology.

Ottenbacher and Gnoth (2005) identify human factors (training, empowerment) as key to innovation in the
hotel sector. The research highlights the role of onboarding as a mechanism for preparing for innovative change,
employee engagement, and strategic human resource management. Ketata et al. (2015) show that staff training has a
greater impact on sustainable innovation than spending on research and development (R&D) to promote sustainable
innovation. This supports the use of training technologies as part of onboarding in innovative organizations to adapt
to new challenges.

Delmas and Pekovic (2013) study the direct relationship between the adoption of environmental standards and
labor productivity, and two key mediating mechanisms: employee training and improved interpersonal contacts
within the company. Although they do not explore a specific technology, they argue for the use of technological tools
in the initial training process. Kamphuis et al. (2014) explore the potential of convergent technology such as AR
in medical education for complex learning and skills transfer. The technology enables advanced visualization and
simulation, useful for clinical onboarding and learning complex tasks.
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Bok et al. (2013) propose a continuous assessment model for competency-based learning, workplace assessment,
and training in veterinary medical education. It involves technologies such as digital portfolios and easy-to-use
assessment tools on mobile devices that are an integral part of the onboarding process. Finally, Cheng (2012)
demonstrates that the quality of the system, service, and instructor affects employee acceptance of e-learning
platforms for knowledge acquisition in organizations. Designing student-centered programs, providing technical
support, user-friendly interfaces, and a positive attitude on the part of instructors are important to ensure the
successful adoption and continued use of these systems for training, observing a continuous form of onboarding to

new knowledge or tools.

Table 3.
Top 10 Most Cited Documents

Title Authors Journal Year of No. Of citations  Average nter
Publication citations

Adding innovation diffusion theory Lee et al. (2011) Educational 2011 466 31.07
to the technology acceptance model: Technology and
Supporting employees’ intentions to Society
use e-learning systems
Theoretical perspectives in medical ~Mann (2011) Medical 2011 358 23.87
education: Past experience and future Education
possibilities
Empirical investigation of e-learning  Al-Gahtani Applied 2016 356 35.60
acceptance and assimilation: A (2016) Computing and
structural equation model Informatics
An augmented reality training platform ~ Webel et al. Robotics and 2013 353 2715
for assembly and maintenance skills (2013) Autonomous

Systems
How to develop successful hospitality Ottenbacher &  Cornell Hotel 2005 314 14.95
innovation Gnoth (2005)  and Restaurant

Administration

Quarterly
The role of internal capabilities and  Ketata et al. Rand D 2015 239 21.73
firms’ environment for sustainable (2015) Management
innovation: Evidence for Germany
Environmental standards and labor Delmas & Journal of 2013 234 18.00
productivity: ~ Understanding  the Pekovic (2013)  Organizational
mechanisms that sustain sustainability Behavior
Augmented reality in  medical Kamphuis et al. Perspectives 2014 232 19.33
education? (2014) on Medical

Education
Programmatic assessment of Bok et al., BMC Medical 2013 211 16.23
competency-based workplace learning: (2013) Education
When theory meets practice
Effects of quality antecedents on Cheng (2012) Internet 2012 202 14.43
e-learning acceptance Research

Source: own elaboration.

Concurrence of terms

An analysis focused on the author keywords of the 1,091 selected articles allowed the research team to get a
little closer to the thematic intentions and identify key areas and conceptual patterns. Of the total of 3,310 author
keywords, the 50 most frequent were selected, applying a minimum threshold of six occurrences. In total, eight
clusters were identified, the details of which are presented in Table 4.

Table 4.

Cluster analysis by VOSviewer grouping

Cluster / Terms included Main focus of cluster

Color

1 Red artificial intelligence; e-learning; employee Technology plus human talent management. Represents the

training; human resource development; human
resource management; innovation; online
learning; organizational performance; teachers;
training and development; workplace training.

modern corporate training ecosystem in which Al and e-learning
are integrated with traditional practices. It focuses on how these
technological innovations improve organizational performance
through new training methods. It still recognizes the role of the
human trainer within these technological systems.
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2 Green Digitalization;  education; industry 4.0;
information technology; knowledge; learning;

motivation; skills; training; virtual reality

3 Blue Learning methods; learning organizations;
mentoring; mobile learning; organizational
learning; vocational education and training;
work-based learning; workplace; workplace
learning

4 Yellow Development; experiential learning; feedback;
lifelong learning; professional development;
qualitative research, reflection, situated
learning

Communication  technologies;  continuing
professional development; corporate training;
higher education; informal learning; knowledge
management

Employee development; learning analytics;
self-regulated learning

5 Violet

6 Light Blue

Digital educational transformation in Industry 4.0. Connects
knowledge and skills with technologies such as virtual reality.
Focus on human factors. Represents organizations that are
adapting to prepare workers for an increasingly digitized work
environment.

Learning methodologies in the organizational context. Mobile
learning and work-based learning. Importance of integrating
education with real work practice. Systemic approach in which
the organization participates in a continuous cycle of learning and
improvement. The cluster represents conceptual frameworks for
implementing learning in work environments.

Learning methodologies focused on practice and critical self-
reflection. Continuous lifelong learning. The cluster focuses on
the human aspect of learning: reflection and feedback for effective
professional development.

Higher education, corporate training and continuing professional
development. Focuses on how ICT facilitates informal learning
and knowledge management within organizations.

Importance of data analytics in employee development. More
personalized and data-driven methodologies for professional
development. The cluster represents the trend toward nterproe
learning in which data informs.

Transformative impact of the pandemic on educational technology
in workplace settings. How COVID-19 has acted as a catalyst
for accelerated adoption of technology solutions for remote and
virtual learning in organizations.

Professional learning as a stand-alone concept. It acts in a cross-
cutting manner, with the capacity to impact multiple dimensions
of learning in the work context.

Source: own elaboration.

7 Orange Covid-19; technology
8 Brown Professional learning
Figure 4.

Network map of co-occurrences of author keywords
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I'igures 4 and 5 show the network map and density map, respectively, which reflect consistent findings. In
Figure 5, the areas with warmer colors (yellow and light green) denote a higher concentration and frequency
of terms, while cooler tones (blue and violet) indicate a lower frequency. The most prominent central term is
workplace learning. Surrounding it are closely related concepts such as learning, e-learning, organizational learning,
informal learning, and education. Other topics that are more relevant to this research also emerge, such as artificial
intelligence, industry 4.0, digitalization, and learning analytics, which reflect an emerging interest in the application
of converging technologies to personalize, automate, and optimize job training processes.

Likewise, terms such as employee development, mentoring, and skills once again highlight the importance that
authors have placed on these concepts in their research. On the other hand, the presence of concepts such as
COVID-19 and remote learning (to a lesser extent) suggests that the pandemic acted as a catalyst for the digital
transformation of onboarding and training processes. These findings also coincide with the clusters identified by
the algorithm and presented in Table 4.

Figure 5.
Density map of author keyword co-occurrences

6% VOSviewer

Source: own elaboration.

To complement the analysis, an overlay map is added, shown in Figure 6. The nodes colored in shades of yellow
and light green, such as artificial intelligence, digitalization, industry 4.0, and COVID-19, are more recent terms
that have gained prominence since 2018. Their location on the periphery, but connected, indicates that they
are emerging topics, aligned with post-pandemic organizational transformations and the advance of the fourth
industrial revolution. This pattern coincides with the growing literature addressing artificial intelligence in the
personalization of learning and the use of simulators or augmented reality in labor integration processes (Kamphuis
et al,, 2014; Webel et al.,, 2013).

On the other hand, older terms such as organizational performance, teachers, and workplace training, identified
with dark blue tones and in areas further from the center, are evidence of a thematic shift in the literature from
more traditional approaches to perspectives focused on digital, flexible, and adaptive learning. It is worth noting the
dense connection between nodes such as informal learning, lifelong learning, reflection, and experiential learning,
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which reinforce the idea that onboarding processes are no longer conceived as isolated induction activities, but
as continuous, reflective experiences connected to the employee’s professional trajectory (Bok et al.,, 2013; Mann,
2011). Figure 6 shows that terms such as learning analytics and communication technologies are gradually becoming
integrated.

Figure 6.
Overlay map of author keyword co-occurrences
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Scientific mapping

In accordance with previous studies addressing co-occurrence analysis in longitudinal scenarios, four time
segments were defined, taking into account the growth patterns identified in scientific production: (a) 2004—
2010, (b) 2011-2015, (c) 2016-2020, and (d) 2021-March 2025 (Cobo et al,, 2012; Martinez et al., 2015). This
segmentation captures how the research field has evolved and the changes in research on technologies applied to
onboarding processes. Segment (a) allows us to trace the conceptual and theoretical roots; (b) shows progressive
growth around emerging technological approaches; (c) reflects a maturing field; and (d) shows a set of publications
associated with digital transformations accelerated by global phenomena such as the COVID-19 pandemic and the
massive adoption of technologies such as Al, machine learning, and automation. Table 5 shows the methodological
approach used to identify consolidated thematic cores, emerging themes, and key conceptual transitions.

Table 5.
Criteria for thematic and evolutionary analysis
Criterion Reference/method
Normalisation Callon equivalence index (Callon et al.,, 1991)
Clusters Simple centre algorithm
Thematic relevance Hirsch’s H index (2005)
Thematic evolution Inclusion index and Jaccard index (Peters & Van Raan, 1993)

between periods

Source: own elaboration.
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Evolution analysis

Figure 7 shows four columns corresponding to the four time segments identified. In these columns, each node
represents a topic, and its size represents the number of publications associated with the respective segment. There
is a clear upward trend in thematic diversity and research volume. In the 2004-2010 segment, the conceptual
foundations of the field were established, with a predominant focus on traditional corporate training within the
health sector. The terms healthcare and professional competence emerged as fundamental nodes, reflecting an
initial concern for the development of specific technical skills in health professionals.

Figure 7.
Map of the evolution of thematic clusters over four periods (2004-2010, 2011-2015, 2016-2020, 2021-March 2025)
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The following period (2011-2015) marked a turning point characterized by the emergence of e-learning, and
the concept of informal learning gained notoriety. Workplace learning, a crucial area, provided value to the work
environment as a privileged space for professional development. A curious aspect is the appearance of the relevant
term: training program, referring to organizational processes aimed at teaching skills, knowledge, or competencies
to employees. Although this term has been in scientific literature since the 1940s, in the search conducted for this
research, it is only relevant from segment (b) onwards, especially after 2010, when this term is recontextualized in
studies on converging technologies, digital onboarding, and e-learning.
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The following segment (2016-2020) shows the adoption of technologies in training processes and a growing
concern for quality, interdisciplinary collaboration, and continuous learning, with concepts such as technology-
enhanced learning, digital skill development, total quality management (TQM), curriculum, skills, continuous
learning, knowledge and skill, and interprofessional relations. Terms from previous periods such as e-learning,
training program, personal experience, and human remain, suggesting a conceptual and functional evolution of
these topics. Words such as decision-making and psychology demonstrate an interest in human, cognitive, and
strategic factors.

Finally, in the most recent time frame (2021-March 2025), organizational onboarding is consolidated as a
strategic practice, integrated with the digital transformation driven by Industry 4.0. Terms such as Technology
Enhanced Learning, Virtual Reality, and Digital Skill Development reflect the use of converging technologies and
digital platforms to personalize and optimize the onboarding experience. Key themes such as E-learning, Knowledge
and Skill, and Professional Competence persist, framed within a talent development-focused approach. Clusters
such as Competition Strategy, Decision Making, Business, and Organization are emerging, showing how onboarding
directly impacts competitiveness and corporate culture. The human dimension remains fundamental, evidenced
by terms such as Human, Motivation, and Teachers, while the emergence of Sustainable Development, Health, and
Developing Country signals a shift toward more inclusive, ethical, and global models.

Figure 8 presents a thematic overlap map that allows us to analyze the evolution of scientific knowledge related
to onboarding and the use of converging technologies in this context. Each circle represents the number of unique
keywords used in articles published during each time interval, allowing us to observe the growth of the field: from
143 terms in the period 2004-2010 to 224 in the period 2021-March 2025. The arrows indicate the degree of
thematic inheritance, i.e., how many key terms remain or are reused between one period and the next. For example,
of the 143 terms in the first period, 120 remain in the second, which is represented by the arrow connecting the
two circles. The values 120, 148, and 179 reflect this degree of conceptual continuity between the different time
periods, and their progressive increase suggests a cumulative process of consolidation in the field. The numbers in
parentheses at the bottom of each arrow (e.g,, (83.9%) between the first and second periods) indicate the percentage
of thematic overlap between consecutive periods. This percentage expresses what proportion of the terms from the
previous period are still present in the next, reinforcing the idea of sustained thematic evolution. Taken together,
this map reveals that the field of research is not only growing in volume, but also enriching itself and maintaining a
common conceptual basis over time. This analysis is complemented by the cluster map (Figure 7), which visualizes
how certain terms are maintained, emerge, or disappear over time. For example, the terms “training program”
and “e-learning” appear for the first time in the second period (2011-2015) as part of a cluster linked to informal
learning, and they manage to persist into the following periods, consolidating themselves in relation to terms such
as “technology-enhanced learning” and “knowledge and skill.” The two maps, analyzed together, show a process of
thematic maturation, in which onboarding and training become key fields of research within organizational digital
transformation.

Figure 8.
Thematic overlap map

120 (D.84) 148 (0.9) 179 (0.94)

Source: own elaboration.

Strategic mapping and cluster networks

Strategic analysis segments topics into four quadrants according to their centrality and density, so that their
structural importance and degree of internal development can be assessed (Aria & Cuccurullo, 2017; Cobo et al,,
2011). Each node in the diagram (Figure 9. A,b,c,d) represents a topic, and the size of the sphere is related to the
number of documents that comprise it.

The upper right quadrant (Quadrant I) corresponds to driving themes, which are topics with high centrality and

density that are well developed and play a key role in structuring knowledge. The lower right quadrant (Quadrant
II) groups together basic and cross-cutting themes that are essential due to their high level of connection with
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other topics, although they are still in the process of theoretical development. The upper left quadrant (Quadrant 3)
contains specialized or isolated topics, characterized by high density but low centrality; although mature, they have
less connection with the rest of the field. Finally, the lower left quadrant (Quadrant IV) groups together emerging
or declining topics, which have low levels of development and thematic articulation and could represent nascent
areas with growth potential or lines that have lost research relevance (Cobo et al,, 2011; Xie et al, 2020). Table 6
summarizes the findings obtained from the visual analysis shown in Figure 9. The numbers in parentheses in Table

6 represent the total number of documents found associated with each topic.

Table 6.

Summary of strategic mapping

Segment Themes CoreandCross- Developed Emerging or Trend/Explanation
Drivers cutting Themes but Isolated Declining
Themes Themes
20042010 -Professional -Workplac -Healthcare (5) -Innovation (4) Training stage focused on professional
(a) Competence (11) Learning (32) -Corporate competencies and contextualized
-Performance Training (12) learning. Digital technologies have
Analytic (7) not yet emerged as a central axis,
with traditional corporate training
approaches predominating.
2011-2015  -Workplac Learning There are no There are no -E-learning (8) Consolidation of situated learning
(b) (72) topics  clearly topics  clearly - Infor m al with exponential growth of Workplace-
-Human (32) positioned  in positioned  in Learning (6) Learning. Evident anthropocentric
-Adult (20) this quadrant  this quadrant -Practice (6) shift with Human as the second
-Standards (8) -Training dominant theme. FEmergence of
-Personal Experience Program (10) e-learning and informal learning as
(23) digital concepts, but still peripheral.
Healthcare loses position on the border
between quadrants. Emphasis on
personal experience and andragogical
approach (Adult).
20162020 -Learning (73) -Technology -Labor (9) -E-learning (9)  Significant thematic diversification
© -Human (46) Enhanced -Total Quality -Trainin g with integration of psychological and
-Interprofessional Learning (9) Management (2) program (8) cognitive perspectives. Technology-
relations (11) -Continuous -Digital Skill -Knowledge and enhanced learning (TEL) emerges as
-Personal experience learning (5) Development Skill (9) an integrative concept, Surpassing
(16) -Curriculum (4) (3) -Skills (8) traditional ~ e-learning.  Increased
-Psychology (14) emphasis on nterprofesional
-Decision Making (7) relationships and decisional processes
2021-March -Human (40) -Digital skill -Business (9) -Motivation (4) Consolidation of the anthropocentric
2025 -Health (14) development -Decision -Technology approach with strong integration of
(d) -Physician (25) (27) Making (10) Enhanced immersive technologies (VR) and
-Virtual Reality (17) -Organization -Industry 4.0 (9) Learning (8) sustainability concerns. Emergence
-Competition (14) -E-learning (16) of Industry 4.0 as a conceptual
Strategy (11) -Teachers (9) -Professional framework, but not

-Sustainable
development (17)

Competence (11)

yet fully integrated. Development
of digital skills is positioned as a
fundamental pillar while traditional
e-learning loses relevance in the face
of more integrative models.

Central and emerging themes
The strategic analysis reveals an evolution in conceptual approaches and in the degree of technological integration.

Source: own elaboration.

During the first period (2004-2010), the field was structured mainly around traditional organizational categories,
such as workplace learning, professional competence, and performance analytics. These themes, located in the high
centrality quadrants, mark a stage dominated by face-to-face models and functional approaches to training, with
little presence of technological innovations. This pattern can be interpreted, in part, as a manifestation of what
Rogers (2003) describes as the group of laggards, who adopt technology only when it has already been widely
disseminated. However, it is also important to consider that many of the technologies currently associated with
onboarding, such as virtual reality, standardized e-learning platforms, or intelligent solutions, were not yet fully
available or accessible in the organizational environment of that period.
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Figure 9.
Strategic mapping periods: 2004-2010 (a); 2011-2015 (b); 2016-2020 (c); 2021-March 2025 (d)
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Starting in the second period (2011-2015), there was a shift toward a more individual-centered approach to
learning, with human, adult, and personal experience becoming key themes. At the same time, concepts such as
e-learning, informal learning, and, for the first time, training programs began to emerge, albeit still from peripheral
positions. This transition marks the beginning of technological adoption in the field of training in organizations,
in line with the early stages of TAM (Davis, 1989), where users begin to perceive the usefulness and ease of use of
technologies, but still require contextual reinforcements to fully integrate them. In the period 2016-2020, learning
consolidated as the structural axis of the field, and more defined technological components such as technology-
enhanced learning and digital skill development were integrated. However, it is significant that terms such as
training program, e-learning, and skills remained in quadrant IV, suggesting that, despite their growing use, these
concepts have not yet achieved a solid theoretical articulation within academic discourse. From the perspective of
the Technology Readiness Index, this could be explained by a mixed state of organizational disposition, in which
attitudes such as optimism and innovation coexist with barriers such as insecurity or dissatisfaction with the
digitization of learning (Parasuraman, 2000).

Finally, the most recent period (2021-March 2025) shows a thematic reconfiguration where advanced
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technologies such as virtual reality and a focus on health and sustainability (health, physician, sustainable
development) become driving themes. In contrast, technology-enhanced learning falls into the quadrant of emerging
or declining themes, and training programs disappear from the strategic map. This change could be interpreted as a
progressive specialization of the field, in which generalist terms are displaced by more applied and specific concepts.
It may also reflect a change in the perception of usefulness, where organizations prioritize more immersive tools or
those with immediate impact in critical environments (such as the healthcare sector), as predicted by TAM when
perceived usefulness exceeds the adoption barrier (Davis, 1989). Therefore, the thematic evolution paints a picture
of a structural transformation of the field: from a focus on organizational processes and general competencies to a
more technological, immersive, and contextualized learning ecosystem.

Quantitative characteristics of publications

Quantitative analysis revealed significant patterns in the evolution of publications on onboarding and converging
technologies. With annual growth of 3.15%, the field shows sustained development, more moderate than other
converging technological domains that have reported rates above 10% (Aria & Cuccurullo, 2017). This notable
growth began in 2016 and peaked at an unprecedented level in 2024 (more than 140 articles). This growth pattern
reflects rising academic and practical interest, likely due to factors such as the accelerated digitization of work
environments, the COVID-19 pandemic, and the consolidation of the Industry 4.0 paradigm.

The average of 16.69 citations per document indicates a moderate-high level of impact, comparable to other
fields of research in organizational knowledge management (Donthu et al, 2021). However, the distribution of
these citations is asymmetrical, with a clear concentration on pioneering works such as Lee et al. (2011) with
466 citations, which established fundamental theoretical frameworks for the acceptance of e-learning systems.
This concentration reflects what Merton (1968) described as the “Matthew effect” in science, where early works
accumulate significant citation advantages.

The diversity of publication sources (647 different journals) highlights the multidisciplinary nature of the
field, which transcends the traditional boundaries of human resource management to integrate perspectives from
education, technology, psychology, and health sciences. This dispersion can be interpreted as a strength according
to Tranfield et al. (2003), who argue that emerging fields require cross-fertilization between disciplines to achieve
theoretical maturity.

The high level of international collaboration (22.09%) and the average of 3.03 co-authors per document reflect
the global and collaborative nature of research in this field. The geographical concentration, with the United States
leading (11.0%), followed by the United Kingdom (7.2%) and Australia (6.3%), reflects the structural advantages of
these countries in terms of research infrastructure and early adoption of educational technologies (OECD, 2019).

Structural and evolutionary aspects

Structural analysis reveals a significant transformation in the conceptual architecture of the field during
the period analyzed. The transition from an approach focused on specific professional competencies to a more
complex and integrated ecosystem of converging technologies suggests a process of “creative destruction,” in the
Schumpeterian sense, where traditional paradigms are replaced by more adaptive and technologically sophisticated
conceptual frameworks (Schumpeter, 1942).

During the period 2021-March 2025, emerging clusters associated with advanced technologies such as virtual
reality, artificial intelligence, and learning analytics are identified, indicating a phase of technical specialization. This
evolution marks the transition toward organizational onboarding that is more immersed in digital transformation, in
which employee experience, data analysis, and automation take center stage.

The thematic overlap map reflects a pattern of progressive accumulation of knowledge, with a high degree of
conceptual continuity between the periods analyzed, for example, an 83.9% thematic overlap between 2004-2010
and 2011-2015. This finding suggests that the field has evolved gradually rather than disruptively, building on
consolidated foundations rather than undergoing complete paradigm shifts (Kuhn, 1962).

The persistence of terms such as workplace learning and human throughout all the periods analyzed, remaining
as driving or basic themes, reveals the existence of stable conceptual nuclei that act as axes for new lines of
research. This thematic stability shows that, despite technological innovations, the fundamentals centered on
human experience and organizational learning remain pillars of the field (Nonaka & Takeuchi, 1995). Likewise, the
analysis of co-occurrence networks shows an evolution from relatively simple and centralized thematic structures

hitps://doi.org/10.58763 /rc2026607 16 Region Cientifica. 2026; 5(2)



Torres-Barreto, M. L. et al.
toward denser, more distributed, and complex configurations.

Finally, the emergence of terms such as Industry 4.0 and sustainable development in strategic positions during
the last period suggests a reorientation towards macro-structural frameworks, in which organizational onboarding
is linked to larger-scale socio-technical dynamics. This evolution is consistent with Schwab’s (2016) vision of
the Fourth Industrial Revolution, where converging technologies redefine the way organizations learn, adapt, and
transform.

DISCUSSION

The findings of this study have direct implications for human resource development and strategic management.
The evolution identified from traditional onboarding models to technology-mediated learning ecosystems reflects
a gradual improvement of existing practices and a deeper structural transformation in how onboarding is
conceptualized within organizations.

In this regard, onboarding is no longer a discrete, short-term administrative process, but increasingly emerges
as a continuous, technology-enabled learning ecosystem that shapes how employees acquire knowledge, develop
skills, and integrate into organizational contexts. The emergence of themes such as digital skill development,
learning analytics, and technology-enhanced learning indicates that onboarding has evolved into a strategic HRD
intervention that influences the entire employee lifecycle. This aligns with strategic HRD frameworks that position
onboarding as a critical lever for building organizational capacity and competitive advantage (Bauer, 2010; Klein et
al,, 2015; Malik et al., 2024).

Importantly, the persistence of themes such as workplace learning and human across all the periods analyzed
suggests that this transformation is not purely technological. Rather, it reflects a hybrid configuration in which
technological capabilities and human-centered learning processes coexist and reinforce each other. This challenges
purely technocentric approaches and supports the interpretation of onboarding as a socio-technical system, where
effective HRD practice depends on balancing technological sophistication with humanistic principles that prioritize
employee experience and social integration (Ahakwa et al,, 2021; Mann, 2011).

Likewise, the progressive integration of converging technologies—from basic e-learning (2011-2015) to immersive
environments and Al-driven analytics (2021-2025)—implies that HRD professionals must assume a more strategic
and technically informed role. This includes developing capabilities to evaluate and select technologies based
on learning science principles, designing experiences that leverage technological affordances while preserving
meaningful human interaction, and using learning analytics to continuously optimize onboarding effectiveness.
The transition patterns observed provide insight into current organizational challenges related to technological
readiness (Parasuraman, 2000), positioning HRD professionals as key change agents responsible for ensuring that
technological adoption enhances learning outcomes rather than merely digitizing existing processes.

In line with the above, the thematic convergence identified—particularly between employee development,
organizational performance, sustainable development, and Industry 4.0—points toward an emerging paradigm in
which onboarding serves as the foundation for long-term talent strategy. In this paradigm, onboarding is no longer
limited to the transfer of procedural knowledge, but constitutes a transformational learning experience that fosters
adaptability, continuous learning, and organizational commitment. Organizations that invest in onboarding powered
by converging technologies signal a strategic orientation toward innovation and learning, with positive implications
for talent retention, engagement, and the attraction of highly qualified professionals (Ahakwa et al., 2021; Malik et
al, 2024).

Furthermore, the diversity of publication sources (647 journals) and the multidisciplinary nature of the field
indicate that HRD professionals must act as integrators of knowledge, capable of synthesizing insights from education,
information systems, psychology, and organizational sciences to design effective onboarding interventions. The level
of international collaboration identified (22.09% co-authorship) reinforces the idea that onboarding practices are
increasingly embedded in a global knowledge ecosystem, enabling cross-cultural learning while simultaneously
requiring context-sensitive and culturally adaptive implementations.

Finally, the emergence of sustainable development as a driving theme in the most recent period suggests
that onboarding must be evaluated not only in terms of efficiency and immediate learning outcomes, but also
in relation to its long-term ethical, social, and organizational impact. This opens a new line of inquiry for HRD,
where onboarding is understood as a mechanism for promoting inclusive, accessible, and sustainable organizational
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practices, reinforcing its role as a strategic and systemic component of contemporary organizations.

Taken together, these findings reinforce the contribution of this study beyond descriptive bibliometric reporting.
At a conceptual level, they support the reframing of onboarding as a socio-technical learning ecosystem embedded
within HRD. At a structural level, the mapping of thematic evolution and longitudinal patterns reveals how the field
is reorganizing around emerging paradigms such as technology-enhanced learning, immersive environments, and
data-driven decision-making. At a practical level, the results provide actionable insights for organizations seeking
to redesign onboarding as a strategic, technology-enabled process aligned with digital transformation. In this sense,
the study contributes not only by describing the field, but by explaining its trajectory and clarifying its implications
for theory and practice. Ultimately, this study demonstrates that onboarding can no longer be understood as a
merely administrative or descriptive organizational practice, but must be reframed as a dynamic, technology-
enabled learning ecosystem whose conceptual, structural, and practical dimensions redefine its role as a strategic
capability within contemporary organizations.

CONCLUSIONS

This research provided a comprehensive overview of scientific developments in the application of converging
technologies in organizational onboarding processes, with a particular focus on their implications for HRD. The
findings satisfactorily answer the research questions posed and validate the overall purpose of the study, providing
a theoretical basis for academics and HRD professionals.

First, central and emerging themes (RQ1) were identified that reflect a fundamental transformation in how
HRD conceptualizes organizational onboarding. The transition from approaches focused on face-to-face training
and professional competence to digital, personalized models mediated by immersive technologies represents more
than a technological update; it signals a paradigm shift in HRD philosophy. Terms such as e-learning, digital skill
development, and technology-enhanced learning have emerged strongly in recent years, revealing that effective HRD
practice now requires integrating technological literacy with established principles of learning sciences. For HRD
professionals, this evolution suggests that onboarding must be reimagined as a strategic intervention that extends
beyond initial orientation. The persistence of themes such as informal learning, lifelong learning, and workplace
learning indicates that effective onboarding creates the foundation for continuous development throughout the
employment relationship, supporting the conceptualization of onboarding as an entry point to a continuous HRD
journey rather than a discrete event.

Regarding the quantitative characteristics of publications (RQ2), the sustained growth of the field at an
annual rate of 3.15% and a significant impact measured by the average number of citations (16.69 per document)
demonstrate the maturity and global relevance of the topic. The diversity of sources (647 journals), authors (3,022),
and international collaboration (22.09%) confirms that research on technologically mediated onboarding transcends
the traditional disciplinary boundaries of human resource management to integrate perspectives from education,
technology, psychology, and health sciences. For HRD professionals, these patterns indicate the importance of
learning from international best practices while adapting approaches to local contexts. The multidisciplinary nature
of the publication landscape reinforces that effective HRD practice requires integrative thinking that transcends
traditional human resource boundaries. The geographic concentration in technologically advanced economies
(US 11.0%, UK 7.2%, Australia 6.3%) suggests that successful implementation requires not only technological
infrastructure but also mature HRD systems and research capabilities.

From a structural and evolutionary perspective (RQ3), the SciMAT analysis revealed high thematic continuity
between periods (more than 80%) along with disruptive innovations. This pattern suggests that HRD professionals
must simultaneously honor foundational principles such as the centrality of human experience, social learning, and
reflective practice while embracing technological innovations that improve learning effectiveness. The emergence
of Industry 4.0 and sustainable development as strategic themes indicates that HRD is increasingly positioned at
the intersection of organizational learning, technological transformation, and social responsibility. The persistence
of human and workplace learning as central themes throughout all periods provides comforting validation that
technology serves to augment rather than replace the human elements that make onboarding effective. This finding
validates HRD approaches that use technology to improve personalization, accessibility, and engagement while
maintaining an emphasis on relationships, mentoring, and cultural integration.

With all the above in mind, this study demonstrates that onboarding powered by converging technologies
represents a critical frontier for human resource development. For organizations, investing in technology-mediated
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onboarding offers opportunities to accelerate new employee productivity, improve talent retention through
superior learning experiences, build organizational agility through adaptive learning infrastructures, and generate
competitive advantage through more effective workforce integration. For HRD scholars, the findings point to
research opportunities in understanding how specific technologies influence learning outcomes, how technology-
mediated onboarding affects long-term employee development trajectories, and how organizational culture
mediates technology adoption in learning contexts. The field would benefit from longitudinal studies examining
the relationship between investments in onboarding technology and outcomes such as employee performance,
engagement, and retention.
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