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Abstract 

The era of the 4th industrial revolution is a complex environment in which the cyber world and the 

physical world are integrated and interacted. In order to successfully implement and be sustainable the 4th 

industrial revolution of hyper-connectivity, hyper-convergence, and hyper-intelligence, not only the 

technological aspects that implemented digitalization but also the social aspects must be recognized and 

dealt with as important. There are socio-technical systems and socio-technical systems theory as concepts 

that describe systems involving complex interactions between the environmental aspects of human, 

mechanical and tissue systems. This study confirmed how the Socio-technical System was applied in the 

research literature for the last 10 years through machine learning-based analysis. Eight clusters were 

derived by performing co-occurrence keywords network analysis, and 13 research topics were derived and 

analyzed by performing a structural topic model. This study provides consensus and insight on the social and 

technological perspectives necessary for the sustainability of the 4th industrial revolution. 
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1. Introduction 

The era of the 4th industrial revolution is the era of hyper-connection, hyper-convergence, and 

hyper-intelligence. In other words, it is a society where the cyber world and the physical world are integrated 

to realize automation and intelligence [1, 2]. Therefore, technology in the cyber world and objects, humans, 

and society in the physical world are integrated and interacted [3]. In order for the era of the Fourth 

Industrial Revolution to be successfully implement and sustainable, not only the technological aspects that 

implement digitalization but also the social aspects must be recognized and dealt with as important. Among 

the 4th industrial revolution, there was a general consensus that Industry 4.0, which focuses on the 

manufacturing sector, should consider both technological and social factors in order to be sustainable [4]. In 

the field of complexity science, the concept of socio-technical systems is introduced to solve the problem of 

complexity from a technical and social perspective [5]. Socio-technical systems describe systems that 

involve complex interactions between human, mechanical and environmental aspects of tissue systems. The 
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socio-technical systems theory is a method of optimizing system design that can cope with environmental 

complexity, dynamism, new technology and competition, taking into account the characteristics of open 

systems for various stakeholders [6]. Socio-technical systems theory has been successful in the design of 

new technologies and in design-driven change [7, 8]. 

Recognition and understanding of the Socio-technical System is essential for the successful 

implementation and sustainability of the 4th Industrial Revolution. However, there have been few such 

studies yet. Accordingly, this study attempted to confirm how the Socio-technical System was handled in the 

research literature for the last 10 years. To this end, we collected research literature from SCOPUS and 

analyzed keywords that appeared simultaneously with the Socio-technical System. And the research topics 

covered in the literature related to the Socio-technical System were analyzed by applying a machine 

learning-based text mining method. The results of this study provide consensus and insight on social and 

technological perspectives necessary for sustainability in the era of the 4th industrial revolution. 

 

2. Research methods 

In order to find out the Socio-technical System dealt with in the research literature, this study uses 

“Socio-technical System” as a search word for journal articles and conference papers, and 2,469 research 

documents written in English until October 25, 2020 were collected in Scopus. The purpose of this study is 

to identify the social and technological perspectives necessary for system design in the era of the 4th 

industrial revolution. Therefore, 1,890 items, filtered from 2010 onwards, were used as the research data. 
 

2.1. Co-occurrence keywords network analysis 

Co-occurrence keywords analysis was performed to identify keywords related to the socio-technical 

system perspective. First, create a keyword co-occurrence matrix. Next, a similarity matrix is obtained by 

normalizing the keyword co-occurrence matrix using the association strength [9]. Keywords clustering is 

performed based on the similarity matrix. This study used the VOSviewer tool as a tool to perform and 

visualize co-occurrence keywords network analysis [10]. We set the minimum number of occurrences of a 

keyword to 10 in the parameter setting of VOSviewer. The minimum cluster size was set to 5 [11]. 
 

2.2. Analysis of research topics related to socio-technical system 

In this study, topic modeling was performed among text mining based on machine learning in order to 

analyze studies on the Socio-technical System in terms of topics. This study used structural topic model 

(STM), the latest algorithm among topic modeling algorithms. STM is a modified and extended model of 

latent Dirichlet allocation (LDA), the most widely known topic modeling method [12]. As shown in Figure 1, 

the process of STM is conceptually composed of three components; (1) a topic prevalence model, which 

controls how words are allocated to topics as a function of covariates, (2) a topical content model, which 

controls the frequency of the terms  in each topic as a function of covariates, and (3) a core language model, 

which combines these two sources of variation to produce the actual words in each document. 

In this study, STM was performed after text preprocessing (converting to lower case, tokenization, 

removing punctuation, removing stopwords, removing numbers, stemming) for the abstract of collected 

research literature. R package was used to implement STM [13]. 



206    A Study on Socio-technical System for Sustainability of the 4th Industrial Revolution: Machine Learning-based Analysis 
 

 

Figure 1. Conceptual structure and process of the STM 

 

3. Results and discussion  

3.1. Results and discussion on co-occurrence keywords network analysis 

As shown in Figure 2, a co-occurrence network map and 5 clusters were derived. The co-occurrence 

network map was derived from 5,148 keywords. There were 61 keywords with at least 10 simultaneous 

occurrences, and 5 clusters were identified. Table 1 summarizes the top 5 keywords based on 5 clusters and 

weight of links. Cluster 1, shown by the red nodes in the lower right of Figure 2, consists of 14 keywords, 

including sustainability, governance, innovation, infrastructure, and transition. This cluster was summed up 

as 'Transition for sustainability'. Cluster 2, represented by green nodes in the upper left, has 13 keywords 

such as human factors, security, privacy, internet of things (IoT), and technology. This cluster was 

interpreted as being related to 'IoT'. Cluster 3, shown as blue nodes across the center and upper right area, 

consists of 13 keywords such as socio-technical systems, resilience, design, information systems, and 

knowledge management. This cluster was interpreted as 'Information systems design for resilience'. Cluster 4, 

shown as yellow nodes in the lower center, has 11 keywords such as systems engineering, requirements 

engineering, modeling, agent-based modeling, and simulation. This cluster was summarized as 'Systems 

engineering modeling'. Cluster 5, represented by purple nodes in the lower left corner, consists of 10 

keywords such as complex systems, complexity, risk, resilience engineering, and safety. This cluster was 

interpreted as 'Complex systems'.  

Through co-occurrence network analysis, it was confirmed that the STS concept was applied not only to 

the complex systems research area, but also to sustainability, IoT, information systems design for resilience, 

and systems engineering modeling. This demonstrates the use of the STS concept in system design for 

complexity, sustainability, and resilience in the Fourth Industrial Revolution represented by IoT.
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Figure 2. Keyword co-occurrence network map using VOSviewer 

 

Table 2. Keyword co-occurrence based cluster extraction and top keywords 

Cluster Top 5 keywords based on weight of links 

1. Transition for 

sustainability 
sustainability governance innovation infrastructure transition 

2. IoT  human factors security privacy  IoT technology 

3. Information systems 

design for resilience 

socio-technical 

systems 
resilience design 

information 

systems 

knowledge 

management 

4. Systems engineering 

modeling 

systems 

engineering 

requirements 

engineering 
modelling 

agent-based 

modelling 
simulation 

5. Complex systems 
complex 

systems 
complexity risk 

resilience 

engineering 
safety 

 

  Figure 3 is an overlay network showing the simultaneous occurrence keywords superimposed with the 

publication year. You can see the evolution of research in terms of co-occurring keywords over the last 10 

years. In early 2010, many keywords related to distributed systems such as information systems, situation 

awareness, communication, transition, and distributed awareness appeared. In the mid-2010s, keywords such 

as collaboration, crowdsourcing, participatory design, sustainability, complex systems, and safety increased. 
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This period can be inferred that there were many studies on sustainability in a complex systems with various 

participants. 

 
Figure 3. Keyword co-occurrence network map using VOSviewer 

3.2. Results and discussion on analysis of research topics related to socio-technical system 

To determine the optimal number of topics K to be used for STM, we gradually increased the number of 

topics from 5 to 20 and identified four indicators: held-out likelihood, residual, semantic coherence, and 

lower bound. As a result, the optimal number of topics was determined to be 13. Table1 summarizes the five 

high-level words for each topic derived from the performance of STM. The label of the topic was determined 

by analyzing the top words by topic and 5 documents with high weight. 

 

Table 2. STM based topic extraction and top words 

Topic Top words Topic label 

1 design technology value ethic practice Computing ethic 

2 energy water efficience resource consumption Energy saving 

3 data open ecosystem share decentration Computing evolution 

4 human society complex machine ann1 Complex systems 

                                                           
1 ANN : Artificial Neural Networks 
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5 work team cognition group rbps2 Innovation management 

6 safety risk system operation accident Safety engineering 

7 transition sustainability policy change climate Sustainability transitions 

8 social interact community network behavior Collective behavior 

9 require engine secure model software 
Security requirements 

engineering 

10 practice implement lean service paradigm Lean service 

11 complex resilience simulation fram3 functional Resilience quantification 

12 energy smart electron power grid Smart grid 

13 product innovation knowledge industry holacracy Co-evolution 

 

Topic 1 (Computing ethic) was a study to apply ethic to computing such as technology and design process. 

Computing should also have a sense of social responsibility, and these are studies that approached the social 

impact of computing from a socio-technical perspective. Topic 2 (Energy saving) was about applying the 

socio-technical system from a broad and systematic perspective to analyze the institutional, cultural, and 

behavioral reasons for the inconsistency of energy saving. Topic 3 (Computing evolution) is a study on 

evolution such as pervasive computing, open system, and cloud ecosystem, and introduced a socio-technical 

system for the interaction of all physical entities. Topic 4 (Complex system) was to apply the socio-technical 

system to the study of the characteristics and problem solving methods of complex systems of interconnected 

cyber physical systems. Topic 5 (Innovation management) was a study on responding to environmental 

changes and managing enterprise-wide innovation. Topic 6 (Safety Engineering) was a study on risk 

assessment and management in interconnected systems. Socio-technical system theory was applied to 

analyze deterministic and nondeterministic causal relationships for risk assessment. Topic 7 (Sustainability 

transitions) was a study on the transitions of sustainability due to the mixture and change of various policies. 

Topic 8 (Collective behavior) was about how people connected with each other interact through social media, 

social networks, and online communities, and what collective behavior patterns appear. Topic 9 (Security 

requirements engineering) was a study on how to derive, analyze, and manage requirements for security in 

an interaction network between actors. Topic 10 (Lean service) was a study on implementing lean and 

understanding lean as a paradigm of a Socio-technical system to establish correlations and impacts on 

organizational performance. In Topic 11 (Resilience quantification), securing and managing Resilience for 

socio-technical systems in complex systems can lead to system innovation. For this, it was a study on a 

method to quantify resilience. Topic 12 (Smart grid) was a study that applied a socio-technical perspective to 

investigate the expectations of actors and control uncertainty in the smart grid, one of the important complex 

systems. Finally, Topic 13 (co-evolution) was about co-evolution in a complex interconnected system. 

Adopted to respond to rapid change, the agile paradigm promotes knowledge management and collaboration, 

helping to develop product innovation and an organization's innovative culture. This was a study that 

introduced and used the socio-technical system as an analytical approach to co-evolution and co-creation of 

value due to changes in manpower and organization. 

 

                                                           
2 RBPS : Responsible Boundary Production System 
3 FRAM : Functional Resonance Analysis Method 
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3.3. STM based topic trend estimation  

  To estimate the trend of the topic, a regression where topic-proportions are the outcome variable was 

performed. As shown in Figure 4, the hot topics for which research is increasing recently were analyzed as 

Topic 5 (Innovation management) and Topic 8 (Collective behavior). 

 
Figure 4. Topic trend estimation over year 

 

4. Conclusion 

In order for the era of the 4th industrial revolution to be successfully realized and sustainable, not only the 

technological aspects that implemented digitalization, but also the social aspects must be recognized and 

dealt with as important. This study confirmed the necessity of a socio-technical system that should be 

introduced from a research perspective for the successful realization and sustainability of the 4th industrial 

revolution. In addition, research literature and research topics related to the socio-technical system over the 

past 10 years were checked.  

The results of this study are as follows. 

 Identification of the field of introduction of the STS concept: It was confirmed that the STS concept 

was applied not only to the complex systems research field, but also to sustainability, IoT, information 

systems design for resilience, and systems engineering modeling.  

 Checking the evolution of research involving STS: The evolution of research can be confirmed in 

terms of co-occurring keywords over the last 10 years.  

 Classification of research topics including STS: Research topics were derived and classified through 

STM-based topic analysis. 

 Research trend confirmation: Hot-topic and cold-topic were identified through topic trend estimation.  

This study was analyzed by performing machine learning-based text mining on research literature. The 

limitation of this study is that specific case studies on the research field derived from topic analysis were not 

conducted. This is a future study and is planned to be carried out as a multidisciplinary research method. 

Despite these limitations, the contribution of this study is as follows. 

 Consensus on the necessity of STS was sought in designing Internet broadcasting and communication 

services in the era of the 4th industrial revolution. 

 Research conducted by introducing STS was confirmed in terms of topics, and this will provide a 

reference that researchers can use in research design. 

 Research literature that introduced STS showed the evolution of keywords and research topics, which 

will help determine future research projects. 

 The work of deriving and classifying research keywords and research topics using the machine 

learning-based method performed in this study can be applied to other researches. 
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