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SUMMATIVE STATEMENT 

Leading manufacturing companies were interviewed about their experiences implementing new 

technologies in the production. Based on a qualitative analysis, we constructed a roadmap that will help 

companies to include ergonomics while making renovations. 
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PROBLEM STATEMENT 

Industry 4.0 brings numerous new technologies into the modern work. However, new technologies also 

induce changes in human work, which may bring new threats to the workers’ well-being. Changing to 

Industry 4.0 systems requires investment to technology but also new skills and competences are needed 

for the design of efficient manufacturing processes (Neumann et al. 2021). These requirements may be 

demanding especially for the small to medium-sized enterprises (SMEs). 

 

RESEARCH OBJECTIVE 

Our aim is to study the competences needed to develop the production processes into the Industry 4.0 

systems and how the human factors and ergonomics (HFE) should be included within this change. The final 

output will be a roadmap and management guidelines aimed to help SMEs to include human factors in their 

development of new processes. 

 

METHODOLOGY 

Our framework is a combination of the Industry 4.0 concept and HFE. For the analysis of SMEs’ 

competences, we adopted DJ Teece’s model of dynamic capabilities (sensing, seizing, shifting) (Teece 

2018). We interviewed representatives of 15 leading manufacturing companies that have applied new 

technologies in their production. The systematic interview covered following themes: What kind of Industry 

4.0 technologies they have adopted? How have they detected new technologies (sensing)? How have they 

evaluated the potential and requirements of the new technologies (seizing), and how they have designed 

and handled the local adoption of technologies in their production processes (shifting)? How have they 

considered the human factors while designing and adopting the technology? What kind of experiences they 

have about the points in the production processes where the human and the new technology are 

integrated? 

The documented interviews were analyzed with respect to the selected framework in iterating 

hermeneutic circles. The first draft of the roadmap with the preliminary results of analyses was presented 

to the participants in a webinar and will be further developed by the feedback of the participants. 



RESULTS 

The technologically most advanced companies had documented processes and procedures for the most 

actions in manufacturing. Strategies for the sensing and detecting of new technological ideas varied from 

yearly defined strategic goals and roadmaps to ad hoc needs for the local problems in the factory. In most 

companies further development of innovative ideas were organized as projects. Participation of workers 

who will be the users of the new technologies was stressed. In big organizations the technical know-how 

was often available but the small and medium size companies stressed the importance of local networks to 

buy the know-how and support needed for reformations. Analysis of the effects of the new technologies 

was often limited to the physical locations close to the current change in the whole production line. Effects 

on the whole system were simulated less. One reason was the fact that even though the new machines give 

huge amount of numeric output, the systems and software integrating all data and especially HFE were 

usually missing. The decisions for the execution of the planned renovations was mostly based on 

calculations of cost-effectiveness and productivity. Human factors were usually seen as physical 

performance of the workers (e.g. postures, manual material handling, repetitive actions, etc.). Data on 

ergonomics is mainly descriptive and qualitative, and therefore it is difficult to be included into the financial 

evaluation. The participants acknowledged that the engineering specialists have lack of knowledge on HFE. 

 

DISCUSSION 

Based on our findings, we can describe in the roadmap items that the manufacturing companies can use 

while tailoring their own roadmaps. It is obvious that the first step of SMEs to make transformation to 

Industry 4.0 is to clarify and document the production processes and procedures. Next there is a need for 

unifying data management system that will integrate the whole system. In order to make detailed 

ergonomic evaluation, the documentation should identify in the work processes all steps where the 

technology and the human worker meet. 

The understanding of ergonomics in the manufacturing companies seemed to be very limited and scanty. 

To help the designers of new working systems, the new technologies offer means to develop knowledge 

management tools for automatic detection, analysis, and decisions in the situations where the human 

worker and the technology will interact. We will add relevant examples of general ergonomic principles and 

links to further information into our roadmap and guidelines. 

 

CONCLUSIONS 

The experiences of companies using most advanced technology can be used to help others while making 

renovations in the production. New technologies will allow integrating of HFE into the knowledge 

management systems to help in the designing and implementation of new work systems. 
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