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ABSTRACT

This study explores digital shifts in human resource management (HRM) through content
co-occurrence analysis, examining trends and the role of mobile technologies. A bibliomet-
ric content co-occurrence analysis was conducted on 28 papers from 2014 to 2024, sourced
from the Scopus database. Cite space software visualized the scientific landscape and themes.
The findings reveal that advanced technologies—including artificial intelligence (Al), big data
analytics, cloud computing, Internet of Things (IoT), blockchain, and mobile computing—are
increasingly integrated into HRM practices. These advancements have reinforced HRM’s
centrality in digital transformation, focusing on data-driven decision-making, employee
engagement, and strategic alignment with business goals. However, challenges remain,
such as data privacy concerns, skill gaps, and balancing technology with human-centric
approaches. Mobile technology is growing, particularly in M-learning applications, mobile
web and video conferencing, remote laboratories, and wireless networks, in reshaping HRM
processes. Integrating mobile computing and smart agent technologies enhances adaptive
environments for HR professionals and employees. This study emphasizes the need for
research to navigate these complexities and improve HRM outcomes. Future research should
focus on mobile architectures integration, cost-effectiveness, applications, and the social
impact of next-generation mobile technologies on human resource management.
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1  INTRODUCTION

In the digital epoch, HR has emerged as a strategic driver of organizational suc-
cess, spearheading efforts to attract and retain top talent [1] top talent [2], [3]. Digital-
driven solutions are needed to achieve human resource management (HRM) goals
focused on talent identification and development [3]. The evolution of HRM software
and shifts in HRM practices have reshaped thelandscape for HR managers [3], [4]. The
HR function now leads innovation, utilizing technology, data analytics, and under-
standing of human behavior to create efficient, inclusive workplaces [1], [2], [5]. HR
digital transformation uses technology, data, IoT, and digital resources to improve
HR activities [4]. This approach embraces software, automation, analytics [2], [6],
and artificial intelligence (AI) [7] to streamline operations from recruitment to work-
force planning [8]. The goal is to create a more agile, data-driven HR division [9], [10].
Digital technologies help firms make informed decisions and improve employee
experiences in today’s business landscape [11], [12]. The deployment of new HR
strategies requires digital skills development among HR staff [12].

Maintaining the human element amid technological innovations in HRM remains
vital [1], [13]. New HRM technology implementation should prioritize employees’ needs
[14], recognizing its direct impact on individuals [15]. Organizations must modernize
infrastructure to align with advancing technology, fostering productivity and task opti-
mization. Most existing SLRs use traditional descriptive and content analysis approaches,
classifying research based on predefined schemes [16]. These reviews focus on early
HRM research and haven’t unified fragmented studies on digital transformation in
HRWM, failing to assess whether recent research addresses criticisms about digital HRM
understanding [2], [11]. Several works have addressed aspects of digital transforma-
tion in HRM, but comprehensive reviews of this domain are limited [2], [17]. Literature
indicates the need for systematic reviews synthesizing findings from diverse sources
[17]. While studies have explored the consequences of digital transformation in HRM,
including employee performance [18], operational efficacy [19], and innovation [15],
research gaps exist in linking digital HRM strategies to measurable outcomes [20]. This
study addresses this gap through two aims: investigating trends in digital transfor-
mation in HRM literature and providing insights for firms and academia regarding
digital technologies in HRM. To analyze trends in digital HRM literature, we combine
systematic literature review (SLR) [21] with cite space co-occurrence analysis [22].

2  MATERIALS AND METHODS
2.1 Bibliometric analysis

Consolidating previousresearch findingsis paramount for progressingin research.
Researchers have traditionally used two methods: the qualitative structured liter-
ature review (SLR) and quantitative meta-analysis [23]. Bibliometric analysis has
emerged as a widely used approach for analyzing scientific datasets [24], helping
unravel evolutionary patterns and emerging trends within research domains.

2.2 Co-occurrence analysis

Akeyword co-occurrence analysis was used to map the study area. Analytical tech-
niques based on mathematical principles and statistics can transform co-occurrence
data into a spatial configuration map [24]. Each data point’s position is determined
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by its relationship with other dataset elements. Co-occurrence analysis examines
content interactions within publications’ titles, abstracts, and keywords. Through
reviewing literature content, researchers can uncover insights and contributions.
This analysis enables identification of theories, methodologies, contexts, trending
themes, cited concepts, and other relevant data that support research.

2.3 Selection of database and search criteria

The Scopus database was used as the source of bibliometric data for the research
sampling process. Scopus is one of the most extensive repositories of peer-reviewed
literature, encompassing journals, books, and conference proceedings. The follow-
ing query was applied: Searched for Topic (TITLE-ABSKEY ((‘Digital HRM OR’ ‘Digital
human resource management’ OR ‘HR technologies’) AND (LIMIT TO (DOCTYPE,
“article”)) AND (LIMIT TO (SUBJAREA, “business”)) AND (LIMIT-TO (LANGUAGE,
“English”)). Time span: 2015-2023.

2.4 Analysis and reporting procedure

Researchers can generate maps based on term co-occurrence within data-
sets using software like cite space, which operates on mapping algorithms. These
maps visually represent interdisciplinary research, highlighting clusters within
the selected topic and dataset. The preliminary search yielded 89 articles. Applying
inclusion and exclusion, we narrowed the sample to publications between 2015 and
2023, resulting in 44 articles. This selection ensured consistency and transferability
of findings, bolstering reliability.

The study followed PRISMA methodology, renowned for transparency in conduct-
ing systematic literature reviews and meta-analyses [25]. By adhering to PRISMA
guidelines and sourcing articles from the Scopus database, this study upheld rigorous
standards for inclusion criteria and academic research (see Figure 1).

Database: Scopus

Total: 64 articles

Search term: “Digital human I Duplicates removed

resource management” OR

“Digital HRM" Selected for further analysis: 57 Inclusion criteria:
articles Business,
management and

accounting area

Articles only
Published in English

Final sample: 28 articles

Co-occurrence analysis ————

Findings & discussions

Fig. 1. PRISMA framework adopted form Moher et al. in 2009 [25]

3 ANALYSIS AND SYNTHESIS OF FINDINGS
3.1 Co-occurrence analysis

Co-occurrence analysis observes trends by showing relationships between key-
words in published articles. The co-occurrence map visualizes keyword relationships
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in digital HRM research. Nodes represent keywords, with node size indicating
frequency. Lines between nodes show co-occurrence, with thicker lines indicating
stronger relationships.

There is a strong connection between “Industry 4.0” and terms like “cloud com-
puting” and “information technology”, indicating their centrality to Industry 4.0
implementation. Big data analytics and HRM connections emphasize data-driven
approaches in managing human resources. HR analytics supports decision-making
and performance evaluation, highlighting the strategic importance of data-
driven HR practices. The analysis focused on “HR analytics” and “evidence-based
management,” showing data analytics’ crucial role in HR practices.

Themes like “ambidexterity,” “competence management,” and “dynamic capa-
bility” show organizations balancing current resources while exploring Industry
4.0 opportunities. Ambidexterity represents the balance between exploration and
exploitation, while dynamic capability research examines maintaining compet-
itiveness in dynamic environments. The prominence of “IT personnel training”
and “employment” indicates a focus on workforce transformation for Industry
4.0. Smaller keyword groups indicate specialized research areas, with terms like
“numerical model” and “virtual experimentation” representing specific subfields.
Implementation challenges are evident through terms like “data quality” and
“HR analytics implementation,” showing concern for practical application.

Table 1. Top 20 Keywords with the strongest citation bursts

Keywords Year Strength Begin End 2019 - 2022
Big data 2021 4.5 2021 2020 —_—
HR analytics 2021 3.27 2021 2020 —
big data technology 2021 245 2021 2020 ———
Internet of things (IoT) 2021 1.63 2021 2020 —
Adoption of HR analytics 2021 1.63 2021 2020 —
economic and social effects 2021 1.63 2021 2020 —
Dynamic capability 2021 1.63 2021 2020 —
Cloud computing 2021 1.63 2021 2020 —
Human capital analytics 2021 1.63 2021 2020 —
Ambidexterity 2021 1.63 2021 2020 —
employee training 2021 1.63 2021 2020 —_—
learning systems 2019 4.39 2020 2022 ——m——
Talent analytics 2019 2.19 2020 2022 ————
Industry 4.0 2019 1.64 2020 2022 —m—
Big data analytics 2019 1.64 2020 2022 ———
Software 2019 1.64 2020 2022 —s——
Information management systems | 2019 1.64 2020 2022 ——
Performance measurement 2019 1.64 2020 2022 —m——
Human resource development 2019 1.64 2020 2022 —t———
Business modelling 2019 1.64 2020 2022 ———

2025)
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3.2 Artificial intelligence and HRM

Al and intelligent applications enable firms to achieve optimal business out-
comes through improved service quality, productivity, cost-effectiveness, ROI, oper-
ational efficiency, customer loyalty [26], employee service quality [27], and reduced
expenses [28]. Firms increasingly incorporate Al into their HRM strategies [29], [30],
leading to extensive research on Al integration in HRM practices [31]. Studies exam-
ine AT’s impact on workplace social dynamics [32], performance [33], and Al-driven
HRM methods [31], [34], focusing on AI’s influence across HRM functions. Malik
et al. (2023) noted AT’s significant impact on HRM, transforming work, workers, and
workplaces [35]. While Al-assisted HRM improves organizational productivity, liter-
ature lacks a strategic framework for its adoption. Al and automation enhance HRM
by attracting talent, improving training, identifying skill gaps, facilitating payroll,
aiding personnel decisions, and reducing costs while minimizing cognitive biases
[36], [37], [38]. These technologies strengthen overall HRM operations.

3.3 Bigdata, predictive analytics, and HRM

Big data (BD) has become pivotal for firms seeking to revolutionize their busi-
ness processes in today’s business landscape. Firms use Big Data for enhanced
decision-making [39], [40]. Information technology (IT) advancement has enabled
big data use [40]. Datasets require classification for utilization [41]. New technol-
ogy is needed for Big Data initiatives [42]. The use of “data” in HRM has evolved
[40], [43]. HR analysis traditionally focused on past events [44]. Big data enables
predictive analytics through processing data from various sources [45], [46]. HR
data lacks diversity, and managers often lack analysis qualifications [42], [47], [48].
HR departments must analyze data to assess employee performance. Big data ana-
lytics addresses human capital strategy. HR analytics can identify top performers
and develop retention programs. Analytics should extend beyond administrative
efficiency [43]. HR’s use of big data should focus on connecting human capital and
profitability [49]. HR should provide evidence that big data impacts company prof-
itability. Senior HR personnel should understand the firm’s business model [44]. HR
professionals must demonstrate how analytics enhance organizational competen-
cies [50]. Big Data enables unbiased decisions but raises discrimination concerns.
Its core attributes include vast information sources and analysis. Through data
processing, big data can enhance HR frameworks.

3.4 Advantages of adopting big data in HRM

To transition from conventional HR management to a more effective methodology,
organizations must conduct assessments, implement screening for top-tier employ-
ees, and incorporate data analytics into HR management. The evolution of HR meth-
ods through data entails using data-driven insights to enhance decision-making,
recruitment, and organizational progress. The use of big data enables methodical
classification analysis and processing, optimizing HR resource utilization. Big data
technology provides diverse information sources and analytical processes, empow-
ering HR divisions to formulate strategies based on data analysis [43]. Incorporating
big data into HR methods improves effectiveness, introduces screening for top
employees, and advances HR management.
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3.5 Algorithmic HRM and Learning algorithms in HRM

Algorithmic HRM applies algorithmic technologies to oversee work within HRM
functions [15], [51], [52]. This strategy uses algorithms to assign tasks, manage per-
formance, and align employee actions with firms’ objectives, establishing a control
mechanism that impacts HRM performance [15]. Algorithmic management improves
efficiency through task distribution and performance evaluation but pressures work-
ers to maintain constant availability, affecting work-life balance. Machine learning
models forecast employee turnover by analyzing survey data, demonstrating AI’s
role in personnel evaluation [52]. Algorithmic HRM influences work dynamics, per-
formance assessment, and employee retention strategies [15], [52], [53]. Algorithms
enhance HRM decision-making by utilizing Al and machine learning. Al tools enable
computational systems to derive outcomes by incorporating new data, improving
HR decisions [54]. Algorithmic models in HRM, such as the Naive Bayes model,
streamline candidate evaluation and recruitment processes [53]. Al-driven tools and
ML algorithms enhance HRM functions, including employee engagement and per-
formance assessment, optimizing strategic approaches. [15], [52]. Using algorithms
and Al, HRM departments can predict employee requirements, analyze attrition,
and foster growth while maintaining ethical considerations. [53].

3.6 HRtechnologies

HR chatbots. Artificial intelligence has been successfully applied in domains
like computer vision, natural language processing, speech recognition, and senti-
ment analysis [55]. The integration of HR services with IT has manifested through
human resource information systems (HRIS), enterprise resource planning (ERP),
and HR analytics [55], [56]. The emergence of Al has significantly impacted
technological advancements in business operations. A chatbot, a computer pro-
gram simulating human conversation online, is revolutionizing industries from
marketing to customer engagement [57]. Acting as a digital assistant interact-
ing with employees via text messages or apps, chatbots are reshaping human
resource (HR) departments [58]. Chatbots serve as communication tools used by
employees and customers for various tasks [58]. Through Al-driven technology,
complex problems become simple solutions. Chatbots influence organizational
decision-making and enhance employees’ understanding of artificial intelligence.
[56], [57], [58].

Cloud computing. Technology has enhanced business operations and provided
competitive advantages. With evolving processing and storage technologies, com-
puting resources have become cost-effective and accessible [59]. Cloud computing
enables users to rent resources as services through the Internet. Cloud frameworks
allow enterprises to store data on cloud infrastructures, enhancing systems and
reducing expenses [60]. Firms rely on data for HR operations. HR departments need
effective data management [61]. Cloud infrastructure enables managers to improve
efficiency; firms must promote cloud-based HRM and ensure training. However,
cloud-based HRIS faces challenges: apps require setup effort, firms need time to
adjust, and third-party integration can be complex. Deloitte’s 2011 survey showed
68% of workers endorsed cloud computing for HRM [62]. Laurano (2014) reported
11% of organizations use SaaS-based HR systems [63]. Rader (2012) noted this tech-
nology reduces process duration, overcomes limitations, cuts costs, and offers global
communication [64].
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Blockchain. Blockchain technology’s transformative potential stems from its
benefits in fraud prevention, decentralization, security, and data ownership. [65].
The impact of blockchain on future industry frameworks is recognized, integrat-
ing digital ledger technology with innovative industry elements to create a secure
system [66]. Industries face pressure to maintain sustainable HRM frameworks.
Blockchain provides HR departments a platform to simplify operations, enabling
efficient issue resolution and stakeholder communication [67]. The technology
enhances information gathering by detecting hazards in resource-intensive tasks.
Research shows blockchain’s positive impact on HR recruitment through improved
credential verification and fraud mitigation. Integrating blockchain creates an orga-
nized entity, enabling a hybrid approach combining legacy systems with distributed
ledger frameworks. HR functions like payroll and talent acquisition often require
significant resources and external providers [68]. Blockchain could enhance can-
didate search efficiency with privacy measures ensuring unbiased interaction [69].
Blockchain will revolutionize HRM operations and facilitate secure information shar-
ing between workers and companies. Digital validation of qualifications provides
certainty to employers. This technology enables recruitment, verification, smart con-
tracts, and compliance [70]. Firms use blockchain for HR solutions, including payroll
and personnel operations [71]. However, blockchain’s integration in HRM remains
limited in organizations today.

Machinelearning. The trend towards utilizing deeplearning models and machine
learning solutions for managing HR operations is gaining momentum [72], [73].
Organizations operate within a competitive landscape where leveraging machine
learning or Al applications improves decision-making accuracy and operational effi-
ciency [74]. During initial development phases, Management Information Systems
(MIS) were employed for employee data management, payroll processing, and HR
services [75]. With the progression of IT systems, the range has expanded to inte-
grated systems for managing human resources [73]. The focus is on integrating Al
and machine learning solutions into HRM. Real-time analytics and sentiment analy-
sis using machine learning algorithms are highly viable [75]. Machine learning solu-
tions are paramount in overseeing business operations. Although integration was
postponed in HR management solutions, their advantages are becoming evident.
Using bots for HR queries and nonhuman support systems has proven successful in
trials. Organizations are shifting from email-based timetabling to collective messag-
ing solutions for scheduling and communication. Machine learning-driven solutions
for repetitive duties may offer a pragmatic approach.

3.7 Cluster analysis

Keywords were grouped into clusters based on their co-occurrence, revealing
how often they appeared in the same research papers. The color and proximity of
the nodes indicate the strength of their relationships. The colors represent different
clusters, highlighting distinct thematic areas within the broader research landscape.
Bibliometric cluster visualization analysis was performed in cite space to identify
relevant clusters in digital transformation in HRM. Clusters are typically formed
based on keyword co-occurrences and thematic similarities.

Industry 4.0 and HRM (orange cluster). Keywords: Industry 4.0, HRM, cloud
computing, industrial revolutions, business modelling, employment, industrial
revolutions, personnel training. This cluster revolves around integrating Industry
4.0 technologies into HRM practices. It explores the implications of technological
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advancements, such as IoT, cloud computing, and business modelling, on HR
functions and personnel training.

Industry 4.0 integrates cyber-physical systems, [oT, cloud computing, and cogni-
tive computing to achieve smart manufacturing. It represents the fourth industrial
revolution, characterized by smart factories and digitalization. Key technologies
include 10T, cloud computing, and big data analytics, collectively driving efficiency,
customization, and new business models. The role of HRM is evolving to meet the
demands of Industry 4.0. This includes managing digital transformation, reskilling
employees, and leveraging data-driven decision-making.

Big data and data analytics (red cluster). Keywords: big data, data analytics,
HR analytics, advanced analytics, data set, ambidexterity, dynamic capability, agility.
This cluster focuses on the utilization of big data and analytics in HRM. It includes
studying HR analytics, adopting and implementing data-driven decision-making,
and the impact of advanced analytics techniques on HR practices. Big data ana-
lytics is integral to Industry 4.0, providing insights that drive operational effi-
clency and innovations. HRM supports evidence-based management and strategic
decision-making. The implementation of big data analytics faces challenges such as
data quality, integration issues, and the need for analytical skills. However, it also
offers opportunities for a significant competitive advantage.

Human resource development and management information systems
(purple cluster). Keywords: human resource development, MIS, information
management systems, empirical analysis, talent needs, industry transformation,
evidence-based management, organizational strategy. This cluster focuses on
the role of MIS and IT in HR. It investigates how HRM systems can be lever-
aged to enhance organizational capabilities and drive empirical research on HR
practices.

Adoption and implementation of HR analytics (light red cluster). Keywords:
implementation of HR analytics, workforce analytics, mediation analysis, perfor-
mance measurement, synthesis, human capital analytics, data quality, adoption of
HR analytics, competence management. This cluster is concerned with the practi-
cal aspects of implementing HR analytics in organizations. This study examines the
methodologies for adopting HR analytics, measuring performance, and ensuring
data quality in HR practices.

Digital technology management and virtual adaptation and collaboration (yellow
cluster).

Keywords: virtual experimentation and simulation, virtual collaboration, research
platforms, customer initialization, life cycle, product life cycle, digitalization, man-
agement quality, customer intimacy.

This cluster deals with virtual and digital tools for experimentation and collab-
oration in HRM. It examines the impact of virtual collaboration platforms on HR
processes, customer interaction, and the overall lifecycle of HR products and services
and highlights the strategic management of technology in HRM, including the adap-
tation and integration of new technologies. It also explores the managerial ratio-
nale for technology adoption and the development of industry-specific HR practices.
Additionally, this cluster reports that studies often employ empirical methods to
investigate the impact of Industry 4.0 technologies on HRM and organizational per-
formance. This includes surveys, case studies, and analyses. Researchers have used
inductive approaches to develop theories and frameworks based on observed data
patterns, particularly to understand the nuances of technology adoption in human
resource management.
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4  DISCUSSION

Despite burgeoning scholarly interest, research on Al-driven HRM functions
remains sparse and disjointed [76]. There is an urgent need to examine Al-assisted
applications in HRM functions and human-Al interactions, particularly in large mul-
tinationals adopting such innovations. The co-occurrence map shows HRM’s cen-
tral role in incorporating digital technologies, big data for HR analytics, and related
methodologies. As firms face pressure to adopt digital HRM practices, their strategies
must enhance competitive edge and performance. Incorporating these technologies
creates opportunities for employee engagement and optimizes resource allocation,
decision-making, and problem-solving processes.

Studies highlight bots and intelligent digital assistants as co-workers in HRM
strategy to achieve organizational outcomes [35], [52]. Organizations must manage
HRM digitalization to respond to environmental threats during the Fourth Industrial
Revolution. Al-assisted HRM is becoming a strategic imperative for company survival
and growth. BD is crucial for improving operational excellence. HRM has advanced
in data application, with HR analytics essential for informed personnel decisions.
Despite challenges, BD in HRM enables advanced decision-making by analyzing
datasets to forecast employee performance and organizational innovation.

Big data analytics uses charts, graphs, heat maps, and dashboards to show data pat-
terns. Training analytics software requires representative data samples for machine
learning [77]. Machine learning algorithms such as decision trees, logistic regres-
sion, random forests, k-nearest neighbors, XG boost classifier, and neural networks
predict employee turnover, training needs, and performance. These algorithms help
HR managers identify key variables for staff retention and organizational efficiency:.
Through Al technologies and data-centric forecasting, HRM improves decision
quality, predicts employee needs, and supports revenue growth while addressing
business and technological changes.

Algorithms play a pivotal role in augmenting recruitment procedures within
HRM through task automation, efficiency enhancement, and bias mitigation [78].
Al systems and algorithms are deployed across HRM functions such as candidate
screening [79], performance appraisals [51], and selection processes based on orga-
nizational preferences [53]. These algorithms process candidate information and
identify promising candidates. Algorithms can analyze candidates’ online pres-
ence, assess interpersonal skills, and propose matches using machine learning and
NLP techniques, creating a swift, precise recruitment process. Algorithms optimize
candidate acquisition in HRM by automating HR processes. Al-driven recruitment
software elevates efficiency by processing candidate information and facilitating
candidate identification. The Naive Bayes model focuses on initial screening to
identify eligible candidates, refining HRM operations [35], [80]. Algorithms lever-
age recruiter feedback to construct training datasets and establish ranking metrics
based on past performance. Multiple criteria decision-making (MCDM) methodolo-
gies, such as AHP and TOPSIS, prioritize variables to streamline candidate selection,
reducing manual labor and partiality [35]. HRM algorithms enhance recruitment
performance through improved efficiency and impartiality.

5 CONCLUSION

The present study covers key themes and interrelationships shown in the
co-occurrence thematic cluster map, evaluating literature in HRM, Industry 4.0, big
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data analytics, and digital technologies in HRM. The convergence of Industry 4.0,
HRM, and big data analytics is a developing topic. Firms that want to capitalize on
technological breakthroughs for innovation and competitive advantage must under-
stand synergies and challenges across fields. However, our examination shows this
research topic is still in the early stages and requires further investigation through
conceptual and empirical research that is aligned with technological advancements
and HRM transformations. The data patterns indicate that inductive methodol-
ogies can develop creative theories for integrating technology into HRM. Despite
the emphasis on Al and cloud computing, technologies such as blockchain and vir-
tual reality remain unexplored in HRM. Extending the subject focus enables better
understanding of digital transformation consequences.
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