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ABSTRACT 

This study conducts a bibliometric analysis to explore the intellectual landscape of research on the 

transformation of man, machine, and the future. Drawing on data from the Scopus database, the 
analysis examines 1,105 publications between 2000 and 2024 using VOSviewer for co-authorship, 

keyword co-occurrence, and citation mapping. The results identify "man machine systems" as the 

conceptual core of the field, linking major themes such as artificial intelligence, robotics, Industry 

4.0, and human-robot interaction. Temporal mapping shows a shift from early focus on mechanical 

integration toward recent interest in algorithmic decision-making, automation, and socio-economic 
implications, including employment. Author and country collaboration networks reveal strong 

contributions from China and the United States, while emerging research gaps are observed in the 

areas of ethical governance, labor transformation, and interdisciplinary integration. This study 

provides a data-driven synthesis of how the discourse on human-machine transformation is 

evolving and offers strategic insights for future research directions. 

Keywords: Man-Machine Systems, Artificial Intelligence, Robotics, Industry 4.0, Human-Robot 
Interaction, Bibliometric Analysis. 

INTRODUCTION 

 The relationship between humans and machines has undergone profound transformations 

since the advent of the Industrial Revolution. Initially, machines were considered mere tools created 

to enhance human productivity and reduce physical labor. However, with each successive wave of 

technological advancement—from steam engines and electricity to computers and artificial 

intelligence—the boundary between man and machine has gradually blurred. Today, machines not 

only execute commands but also learn, adapt, and make autonomous decisions, fundamentally 

altering how humans work, communicate, and live [1], [2]. These developments raise critical 

questions about human identity, agency, and the future of societal organization in an increasingly 

automated world [3]. 

 In the 21st century, the rise of technologies such as artificial intelligence (AI), robotics, 

machine learning, and the Internet of Things (IoT) has led to a paradigm shift in how we 

conceptualize the human-machine interface [4]. Scholars, futurists, and technologists have debated 

whether these developments signify a new evolutionary stage—where man and machine coalesce 

into hybrid intelligences. Concepts such as transhumanism, cyborg anthropology, and 

posthumanism have gained academic traction, suggesting that the future may witness not merely 

coexistence but convergence of human cognitive and physical capacities with technological 

augmentations [5]. This intellectual discourse signals a growing need to systematically examine the 

trajectory of literature on human-machine transformation to understand its academic scope, 

historical development, and emerging frontiers. 

 A bibliometric perspective offers a comprehensive way to trace the intellectual landscape of 

this evolving discourse. Bibliometric analysis allows scholars to map research trends, influential 

publications, citation networks, and thematic clusters that have shaped scholarly thinking on the 
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subject. While numerous qualitative studies have examined the philosophical and ethical 

implications of human-machine integration, a structured, data-driven bibliometric approach 

provides objective insight into how this field has evolved over time and which thematic and 

disciplinary axes dominate the conversation [6]. By quantifying scholarly outputs, a bibliometric 

study can highlight research gaps, prolific authors, and institutional contributions, offering a macro-

level understanding of the knowledge architecture surrounding this domain. 

 The transformation of man and machine is not confined to academic theorizing; it has real-

world implications across diverse sectors. In healthcare, AI-powered diagnostic systems now assist 

or even outperform human physicians. In the workplace, automation and robotics challenge 

traditional employment structures and necessitate new skills. In social interaction, digital avatars 

and virtual reality environments redefine communication norms. In governance and ethics, concerns 

over data privacy, algorithmic bias, and technological determinism loom large [7]. The intersection 

of these developments necessitates a multidisciplinary approach—spanning engineering, sociology, 

philosophy, and economics—to understand the transformation's broader implications. 

Consequently, mapping the scholarly landscape on this subject becomes essential for identifying 

how different disciplines contribute to, or diverge in, understanding these transformations. 

 Despite growing interest in the subject, there remains a fragmented understanding of how 

the literature on the man-machine transformation has developed over time. Some studies focus on 

the technological aspects of machine learning and automation, while others dwell on ethical or 

ontological considerations. There is a lack of unified synthesis that connects disparate strands of 

knowledge into a coherent whole. Furthermore, the sheer volume and diversity of publications—

spanning journals in technology, humanities, social sciences, and medicine—make it difficult for 

scholars to keep abreast of key contributions and trends. A bibliometric analysis fills this gap by 

providing a structured overview of the field, identifying citation patterns, emerging themes, and 

underexplored areas that merit further investigation. 

 While the scholarly discourse on the transformation of humans and machines has expanded 

rapidly in the past two decades, there is limited understanding of the field’s bibliometric structure. 

Previous research tends to be siloed within specific domains such as AI ethics, robotics, or 

posthuman studies, without cross-disciplinary synthesis. As a result, there is a lack of systematic 

mapping that can reveal the intellectual evolution, thematic clusters, and collaborative networks that 

have shaped this conversation. Without such analysis, policymakers, technologists, and academics 

risk drawing from an incomplete or biased understanding of how the man-machine relationship is 

conceptualized and projected into the future. This study aims to conduct a bibliometric analysis to 

map the transformation of man, machine, and the future, drawing upon data from peer-reviewed 

literature indexed in Scopus. 

METHOD 

 This study employed a bibliometric analysis approach to systematically map and evaluate 

the academic literature related to the transformation of man and machine, with a specific focus on 

how this evolving relationship is being theorized and documented across disciplines. Bibliometric 

analysis is a quantitative method that enables researchers to evaluate patterns of publication, 

citation, and collaboration within a specific domain of knowledge [6]. Through the use of 

bibliometric tools and visualization software, this study identifies research trends, influential 

authors and journals, thematic clusters, and intellectual structures underlying the discourse. 

Data Source and Retrieval Strategy 

 The primary data source for this bibliometric study was the Scopus database, which is 

known for its extensive coverage of peer-reviewed scientific, technical, social science, and 

humanities literature. Scopus was chosen due to its reliability, inclusion of citation data, and 

suitability for generating bibliometric maps. A comprehensive search was conducted using a 
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combination of keywords that reflect the key concepts of the study: “human-machine interaction”, 

“cyborg”, “transhumanism”, “man and machine”, “AI and human transformation”, and “future of 

humanity and technology”. Boolean operators (AND, OR) and truncation symbols (*) were used to 

expand the search and ensure comprehensive results. The inclusion criteria were: (1) articles, 

reviews, and conference papers published in peer-reviewed journals, (2) articles, reviews, and 

conference papers published in peer-reviewed journals, (3) documents published between 2000 and 

2024, to capture recent developments in the field, (4) papers that explicitly address the interaction, 

integration, or transformation of humans and machines in any context (technological, philosophical, 

ethical, societal). The initial query yielded 1,276 documents. After filtering out duplicates, non-

relevant records, and inaccessible full-text entries, 1,105 documents remained for bibliometric 

processing. 

Data Processing and Analysis Tools 

 The data extracted from Scopus were exported in CSV format, including metadata such as 

authors, titles, abstracts, keywords, journal names, affiliations, and citation counts. The bibliometric 

analysis was conducted using VOSviewer (version 1.6.20), a specialized software for constructing 

and visualizing bibliometric networks [8]. Thresholds were applied for minimum occurrences of 

keywords (≥5), citations (≥20), and co-authorships (≥2) to focus on the most impactful and 

interconnected elements within the dataset. These thresholds were selected to balance 

comprehensiveness and interpretability of the visualized networks. 

RESULT 

Keyword Co-Occurrence Network Analysis 

 
Figure 1. Network Visualization 

Source: Data Analysis 

 The Figure 1 presents a co-occurrence map of keywords extracted from publications related 

to the transformation of man, machine, and the future. The visualization clusters related terms into 

thematic groupings, where each color represents a distinct research theme or knowledge domain. 

The size of each node corresponds to the frequency of keyword usage, while the thickness of 

connecting lines (edges) represents the strength of co-occurrence between terms. At the center of the 
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map is the term “man machine systems,” indicating its role as the conceptual core or central hub of 

this research domain. The blue cluster, radiating from "man machine systems," includes terms like 

"human robot interaction" and "robotics." This suggests a strong research focus on how humans 

interact with intelligent machines in practical and applied contexts, particularly through robotics. 

This cluster likely reflects contributions from engineering, ergonomics, and human-computer 

interaction fields, where the design and functionality of systems enabling collaboration between 

humans and robots are analyzed. The presence of "electromyography" and "computer simulation" 

within this cluster also hints at the integration of biological signals and computational models to 

study and improve man-machine coordination. 

 To the left, the red cluster comprises terms such as “automation,” “digital technologies,” 

“Industry 4.0,” “data mining,” “big data,” “machine learning,” and “decision making.” This cluster 

represents the technological and data-driven aspects of the man-machine transformation. The 

research here focuses on how machines process vast datasets to inform decisions, optimize industrial 

operations, and drive digital transformation in workplaces. The proximity of this cluster to the core 

term implies that data-centric technologies are critical enablers of man-machine systems and 

influence how decisions are increasingly outsourced to intelligent algorithms. The yellow cluster, 

anchored by “artificial intelligence,” bridges the red and blue clusters and includes the keyword 

“employment.” This linkage reveals that AI is not only central to the technical advancement of man-

machine systems but also deeply entwined with socio-economic concerns. The presence of 

“employment” indicates ongoing scholarly debates surrounding the impact of AI and automation 

on the labor market. This aligns with discussions in labor economics, public policy, and sociology, 

suggesting a multidisciplinary examination of how intelligent systems disrupt traditional work 

paradigms and redefine human roles in the economy. On the far right, the green cluster—containing 

“robotics,” “computer simulation,” and “electromyography”—appears more specialized and 

application-focused. It reflects research into the physical interface between humans and machines, 

particularly in areas like biomedical engineering, prosthetics, and assistive technologies. The 

inclusion of “electromyography” (a technique for evaluating muscle activity) suggests studies aimed 

at developing responsive robotic systems that mimic or respond to human physiological signals, 

further advancing the fusion between biological and mechanical systems. 

 

 
Figure 2. Overlay Visualization 

Source: Data Analysis 
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 The overlay visualization presents a temporal evolution of keywords related to the 

transformation of man and machine. The color gradient ranging from purple (earlier years) to yellow 

(more recent years) illustrates the average publication year associated with each keyword. At the 

center of the network, “man machine systems” emerges as a longstanding and consistently relevant 

concept, connecting multiple thematic clusters over time. Notably, keywords like “robotics,” 

“human robot interaction,” and “electromyography” appear in darker shades (purple-blue), 

indicating that they were more prominent in earlier phases of research, particularly before 2018. 

These terms reflect the earlier focus on mechanical integration and physical-human interface in the 

context of biomedical and robotic systems. 

 In contrast, terms like “Industry 4.0,” “digital technologies,” “big data,” “data mining,” and 

“automation” are colored in green to yellow, suggesting a more recent surge of interest, especially 

around 2020–2022. These keywords signify the shift in focus from hardware-based machine systems 

to data-centric and algorithmic paradigms. The integration of artificial intelligence and machine 

learning into industrial contexts has fueled scholarly attention toward decision-making systems, 

smart automation, and digitally connected infrastructures. The close clustering of these keywords 

with “artificial intelligence” indicates that this domain is evolving rapidly with the aid of 

computational intelligence, reflecting broader technological trends like the digital transformation 

and cyber-physical systems. 

 The presence of the keyword “employment” also highlights contemporary socio-economic 

concerns regarding the impact of intelligent systems on the workforce. Positioned in a green hue, its 

temporal placement aligns with growing discourse in recent years about the displacement or 

transformation of labor due to AI and automation. Collectively, the visualization reveals a temporal 

shift in scholarly focus: from early foundational research on robotics and human-machine interaction 

to more recent explorations of systemic, societal, and cognitive transformations driven by data 

science and digital technologies. This trend suggests that the field is moving toward a more 

integrated, interdisciplinary understanding of human-machine evolution in the context of future 

societal needs. 

 
Figure 3. Density Visualization 

Source: Data Analysis 
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 Figure 3 illustrates the density of keyword occurrences within the scholarly literature on the 

transformation of man and machine. The central and most intensely illuminated node is “man 

machine systems,” signifying its dominant presence and centrality in the research domain. Closely 

surrounding it are “artificial intelligence,” “human robot interaction,” and “robotics,” all of which 

display moderate to high keyword densities. These keywords form the conceptual and thematic core 

of the discourse, indicating that the majority of academic focus has revolved around the 

development and integration of intelligent systems into human contexts, particularly in terms of 

interaction and cooperation. Peripheral yet still active areas include “big data,” “machine learning,” 

“data mining,” “industry 4.0,” and “digital technologies,” forming a distinct subdomain linked to 

computational infrastructure and digital transformation. The relatively cooler (less dense) areas such 

as “employment,” “computer simulation,” and “electromyography” suggest these topics are less 

frequent but still relevant within the literature. 

Co-Authorship Network Analysis 

 
Figure 4. Author Visualization 

Source: Data Analysis 

 Figure 4 displays a co-authorship network among the most prolific authors in the research 

domain concerning man-machine systems and related technologies. The nodes represent individual 

authors, and the size of each node reflects their total number of publications or contributions, while 

the lines indicate the strength of collaborative links. The central cluster (in red) includes several 

authors with the surname Wang and Zhang, indicating a dense web of intra-collaboration among 

Chinese researchers, particularly those working in AI, robotics, and human-machine integration. The 

presence of Billinghurst M. and Wang P. in the green cluster suggests a parallel research community, 

possibly working more on augmented/virtual reality or HCI (Human-Computer Interaction). On the 

periphery, Feringa B.L. and Li Y. appear in smaller clusters, possibly indicating specialized or 

foundational contributions with fewer co-authors. The visualization reflects a strong East Asian 

presence in this field, with interconnected yet distinct research clusters based on geographic or 

disciplinary alignment. 
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Figure 5. Country Visualization 

Source: Data Analysis 

 This map illustrates the country-level collaboration network in the field of man-machine 

transformation research. Each node represents a country, with the size indicating its publication 

volume, and the connecting lines showing the strength of international co-authorship. China and the 

United States emerge as the two dominant research hubs, with China showing strong connections 

with Japan, Hong Kong, and the United Kingdom, while the United States has notable links with 

India, Canada, and Italy. European countries like Germany, Netherlands, and Italy form a connected 

regional cluster, indicating collaborative tendencies within the EU. The map reveals a clear East-

West collaboration pattern, where China anchors the Asian network and the U.S. leads the Western 

hemisphere, both bridging global knowledge production in the domain of man-machine systems. 

Citation Analysis 

Table 1. Most Cited Article 

Citations Author and Year Title 

1083 [9] Myoelectric control systems-A survey 

767 [10] Toward automatic simulation of aging effects on face images 

593 [11] Communications in the 6G Era 

186 [12] Functionalized Fiber-Based Strain Sensors: Pathway to Next-Generation 

Wearable Electronics 

148 [13] ELIZA—A Computer Program For the Study of Natural Language 

Communication Between Man And Machine 

104 [14] Toward robotic musicianship 

58 [15] Blockchain-based internet of vehicles (IoV): An efficient secure ad hoc 

vehicular networking architecture 

37 [16] Overview of traffic management of urban air mobility (UAM) with eVTOL 

aircraft 

33 [17] Advanced informatic technologies for intelligent construction: A review 

Source: Scopus, 2025 
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DISCUSSION 

Central Themes and Core Concepts 

 The term “man machine systems” emerges as the most central and frequently co-occurring 

keyword, confirming its conceptual dominance and integrative role within the literature. It serves as 

a nexus that links various subfields—from robotics and AI to human-robot interaction and decision-

making systems. This centrality suggests that the transformation of man and machine is not merely 

a theoretical construct but a systems-level concept that bridges engineering, behavioral science, and 

cybernetics. Surrounding this core are three major thematic pillars: technological systems and 

Industry 4.0 (represented by keywords like big data, automation, data mining, and digital 

technologies), intelligent decision-making and learning systems (centered on artificial intelligence 

and machine learning), and interactive robotics and physiological interface systems (reflected in 

terms such as robotics, human-robot interaction, and electromyography). These clusters reveal that 

the transformation is being examined both in terms of machine functionality and human adaptation. 

The bibliometric maps reinforce that the field is shifting from machine augmentation to machine 

integration, where humans and machines function as collaborative, learning agents. 

Temporal Evolution and Emerging Topics 

 The overlay visualization offers valuable insight into the temporal dynamics of the field. 

Early research (pre-2015) was more concentrated on physical and mechanical aspects, such as 

robotics, computer simulation, and electromyography. These represent foundational studies into 

how machines can mimic or interact with human physiology—important precursors to modern 

assistive technologies and wearable systems. By contrast, more recent years (2019–2022) show an 

explosion of interest in data-driven and algorithmic systems, evidenced by the prominence of 

keywords such as Industry 4.0, digital technologies, and big data. This temporal shift reflects the 

global trend toward cyber-physical systems and digital transformation, in which the emphasis is not 

just on the machine as a physical object, but as a cognitive, data-interpreting entity. The emergence 

of terms like decision making and employment in the same cluster as “artificial intelligence” 

suggests a critical turn in the literature toward addressing ethical, economic, and social implications 

of autonomous systems. As AI continues to evolve, new concerns about labor displacement, 

algorithmic bias, and machine autonomy are reshaping the research agenda, pushing scholars to 

address the human consequences of technological sophistication. 

Knowledge Density and Research Gaps 

 The heatmap visualization highlights areas of high research density, notably around “man 

machine systems” and “artificial intelligence,” indicating the saturation and maturity of these topics 

in the literature. Conversely, less intense areas—such as “employment,” “electromyography,” and 

“human-robot interaction”—signal either niche topics or emerging subdomains that may warrant 

further exploration. The relatively lower density of employment-related research suggests a 

literature gap in socio-economic impact analysis, particularly regarding how the human workforce 

is adapting to intelligent automation. Moreover, the interface between biological signals and 

machine control, indicated by electromyography, appears underexplored relative to AI and robotics. 

This gap presents an opportunity for future interdisciplinary research integrating biomedical 

engineering, neuroscience, and machine learning to develop more advanced human-machine 

symbiosis. Likewise, although Industry 4.0 features prominently, there is a lack of substantial 

engagement with ethical frameworks and policy responses, suggesting the need for contributions 

from legal scholars, ethicists, and policymakers. 

Author Collaboration and Intellectual Networks 

 The co-authorship analysis reveals dense collaborative networks primarily centered around 

researchers with the surnames Wang, Zhang, and Li. This reflects a dominant scholarly presence 

from Chinese institutions, where research in AI and robotics has been a national priority. Scholars 

such as Billinghurst M., based in other regions, represent a parallel stream of research focused on 
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augmented reality and user experience, indicating the coexistence of application-focused and 

systems-level research. Interestingly, the co-authorship map shows tight intra-group collaboration 

but relatively limited inter-group integration across clusters. This fragmentation could imply 

disciplinary silos or limited cross-cultural collaboration. While collaborative density within clusters 

is high, the lack of interconnection between them could lead to knowledge fragmentation. Bridging 

these silos through interdisciplinary initiatives and international consortia could foster a more 

holistic understanding of the man-machine transformation. 

Global Research Distribution and Collaborations 

 The country-level collaboration map provides a geographic overview of the research 

landscape. China and the United States dominate both in volume and in centrality, serving as key 

hubs in global collaboration networks. China's strong ties with Japan, Hong Kong, and the United 

Kingdom suggest regional and Commonwealth collaborations, while the United States connects 

robustly with India, Canada, and several European nations. European countries, including 

Germany, Italy, and the Netherlands, form a secondary cluster of cooperation, characterized by 

steady but more regionally focused collaboration. This distribution mirrors global technological 

investment patterns, with China’s rapid expansion in AI and robotics research being reflected in its 

bibliometric dominance. However, the collaboration map also reveals underrepresented regions 

such as Africa, Latin America, and the Middle East. These gaps highlight a potential disparity in 

knowledge production, which could have implications for how equitable and inclusive the future of 

man-machine interaction will be. Encouraging contributions from the Global South would not only 

diversify the research but also contextualize it for a broader range of socio-economic environments. 

Theoretical and Practical Implications 

 The findings carry significant theoretical implications for understanding the evolving man-

machine relationship. The clustering of AI, machine learning, and decision-making around “man 

machine systems” suggests an emergent paradigm where machines are no longer passive tools but 

autonomous agents. The literature is moving toward conceptualizations of symbiosis, co-agency, 

and co-evolution, challenging traditional boundaries between operator and tool. From a practical 

perspective, this knowledge has direct applications in the design of intelligent interfaces, 

automation systems, and assistive technologies. For policymakers, the findings underscore the 

urgency of anticipating labor market shifts and developing frameworks for ethical AI deployment. 

For educators and institutions, the increasing interdisciplinarity of the field signals the need for 

curricula that integrate engineering, cognitive science, ethics, and data analysis. 

CONCLUSION 

 This bibliometric analysis provides a comprehensive overview of the evolving academic 

landscape surrounding the transformation of man, machine, and the future. The findings reveal that 

“man machine systems” serves as the conceptual nucleus of the field, connecting diverse research 

clusters such as artificial intelligence, robotics, Industry 4.0, and human-robot interaction. Over time, 

scholarly focus has shifted from foundational mechanical systems to data-driven intelligence and 

socio-ethical implications, reflecting the field’s dynamic and interdisciplinary nature. High-density 

research themes center on AI and automation, while emerging areas like employment impact and 

physiological interfaces remain underexplored. Collaboration patterns show strong regional clusters 

led by China and the United States, though greater global inclusivity is needed. Overall, the study 

highlights a maturing domain that is increasingly concerned with not only technological capabilities 

but also human values, ethics, and the societal consequences of machine integration—pointing 

toward a future where man and machine co-evolve as collaborative agents in shaping human 

progress. 
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