PUBLICATIONS OF \"
THE UNIVERSITY OF EASTERN FINLAND \’

UNIVERSITY OF

Dissertations in EASTERN FINLAND
Health Sciences

TEEMU SUOKKO

ERGONOMICS: THE DARK MATTER
OF WORK SYSTEM DESIGN

UNDERSTANDING SOCIO-TECHNICAL NAVIGATION CAPABILITIES
IN THE FINNISH MANUFACTURING INDUSTRY






ERGONOMICS: THE DARK MATTER OF WORK
SYSTEM DESIGN

UNDERSTANDING SOCIO-TECHNICAL NAVIGATION CAPABILITIES IN
THE FINNISH MANUFACTURING INDUSTRY






Teemu Suokko

ERGONOMICS: THE DARK MATTER OF WORK
SYSTEM DESIGN

UNDERSTANDING SOCIO-TECHNICAL NAVIGATION CAPABILITIES IN
THE FINNISH MANUFACTURING INDUSTRY

To be presented by permission of the Faculty of Health Sciences,
University of Eastern Finland for public examination in Canthia
Auditorium 100, Kuopio on August 21", 2026, at 12 o'clock noon

Publications of the University of Eastern Finland
Dissertations in Health Sciences
No 987

Institute of Public Health and Clinical Nutrition / School of Medicine
University of Eastern Finland, Kuopio
2026



Series Editors

Professor Jari Halonen, M.D., Ph.D., M.A. (education)
Institute of Clinical Medicine, Surgery
Faculty of Health Sciences

Professor Ville Mannisto, M.D., Ph.D.
Institute of Clinical Medicine, Internal Medicine
Faculty of Health Sciences

Research Director Toni Rikkonen, Ph.D.
Institute of Clinical Medicine
Faculty of Health Sciences

Professor Tarja Malm, Ph.D.
A.l. Virtanen Institute for Molecular Sciences
Faculty of Health Sciences

Lecturer Veli-Pekka Ranta, Ph.D.
School of Pharmacy
Faculty of Health Sciences

University lecturer, Docent Paivi Kankkunen
Department of Nursing Science
Faculty of Health Sciences

PunaMusta Oy
Joensuu, 2026
Distributor: University of Eastern Finland
Kuopio Campus Library
ISBN: 978-952-61-6085-6 (print/nid.)
ISBN: 978-952-61-6086-3 (PDF)
ISSNL: 1798-5706
ISSN: 1798-5706
ISSN: 1798-5714 (PDF)



Author's address:

Doctoral programme:

Supervisors:

Reviewers:

Institute of Public Health and Clinical Nutrition,
School of Medicine, Faculty of Health Sciences
University of Eastern Finland

KUOPIO

FINLAND

Doctoral Programme in Health Sciences

Professor Tuula Oksanen

Institute of Public Health and Clinical Nutrition,
School of Medicine, Faculty of Health Sciences
University of Eastern Finland

KUOPIO

FINLAND

Docent Arto Reiman

Industrial Engineering and Management Research
Unit, Faculty of Technology

University of Oulu

ouLu

FINLAND

Professor Riitta Luoto
Department of Public Health
University of Helsinki
HELSINKI

FINLAND



Associate Professor Denis Coelho
Department of Supply Chain and Operations
Management

University of Joénkdping

JONKOPING

SWEDEN

Opponent: Professor Jussi Kantola
Department of Mechanical and Materials
Engineering
University of Turku
TURKU
FINLAND

cc By

© 2026 Teemu Suokko. Unless otherwise stated, reuse is permitted under
the Creative Commons. Attribution 4.0 International (CC BY 4.0) license
(https://creativecommons.org/licenses/by/4.0/). Reuse is allowed provided
that the original author and source are properly credited and any
modifications are indicated. The use or reproduction of parts that are not
the property of the author(s) may require permission directly from the
respective rights holders.



Suokko, Teemu

Ergonomics: The dark matter of work system design. Understanding socio-
technical navigation capabilities in the Finnish manufacturing industry
Kuopio: University of Eastern Finland

Publications of the University of Eastern Finland

Dissertations in Health Sciences 987. 2026, 81 p.

ISBN: 978-952-61-6085-6 (print)

ISSNL: 1798-5706

ISSN: 1798-5706

ISBN: 978-952-61-6086-3 (PDF)

ISSN: 1798-5714 (PDF)

ABSTRACT

The manufacturing industry is under constant pressure to improve its
competitiveness. This requires continuous productivity growth; however,
Finland's productivity development has been weak during the last two
decades. At the same time, challenges have arisen in promoting well-being
at work in Finland. Ergonomics could address these productivity and well-
being challenges, but in the manufacturing industry, it is mainly associated
with activities aimed at improving occupational safety and health (OSH)
and well-being at work.

This dissertation examined how ergonomics contributes to the
productivity, well-being, and financial performance of manufacturing
companies. The research consists of three studies. Study |, a quantitative
survey (N =121, 42 companies), examined how Finnish manufacturing
companies understand and utilise ergonomics to promote well-being,
productivity, and workload management. Study I, a qualitative interview
study (33 participants), introduced a unique ergonomics video assessment
method and explored how the physical workload measurement data
acquired with it can be utilised at different organisational levels in a
manufacturing corporation. Supplementing Study Il with a retrospective



longitudinal case study approach (2018-2022), Study lll analysed the
effects of data-driven ergonomic work-development activities on
productivity, physical workload, musculoskeletal disorders (MSDs), and
financial performance in two departments of a manufacturing company.

Study | found that across Finnish manufacturing companies, ergonomics
is underutilised, and its broader integration into production processes
remains limited. Study Il showed how physical workload data can be used
differently at all organisational levels. Study Ill found that data-based
systematic ergonomic work development reduced physical workloads,
decreased MSD-related sick leave, increased productivity, and improved
financial performance, whereas limited ergonomic integration was
associated with declining productivity and higher rates of MSDs.

Overall, this dissertation finds that systematic utilisation of ergonomic
principles in practice enables high productivity while maintaining work
ability and better financial performance, whereas limited consideration of
ergonomics is associated with weaker outcomes.

Keywords: ergonomics, socio-technical system, productivity, physical
workload, manufacturing, musculoskeletal disorders, work development.
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THVISTELMA

Valmistava teollisuus on jatkuvassa markkinoiden paineessa
parantaakseen kilpailukykyaan. Tama edellyttaa jatkuvaa tuottavuuden
kasvua, mutta tuottavuuden kehitys on ollut Suomessa viimeiset kaksi
vuosikymmenta heikkoa. Samalla tydhyvinvoinnin edistamisessa on
ilmennyt haasteita. Ergonomia voi vastata naihin tuottavuuden ja
ty6hyvinvoinnin haasteisiin, mutta valmistavassa teollisuudessa se
tunnistetaan padasiassa terveyteen ja turvallisuuteen tai tydhyvinvointiin
liittyvana toimintana.

Tama vaitoskirja tarkasteli, miten ergonomia edistaa valmistavan
teollisuuden yritysten tuottavuutta, tydhyvinvointia ja taloudellista tulosta.
Tutkimus koostuu kolmesta osasta. Ensimmaisessa (osatutkimus 1)
kvantitatiivisessa kyselytutkimuksessa (N = 121, 42 yritysta) tutkittiin, miten
valmistavan teollisuuden yritykset hyodyntavat ja ymmartavat ergonomiaa
tydhyvinvoinnin, tuottavuuden ja tydkuormituksen hallinnan edistamiseksi.
Toisessa (osatutkimus II) kvalitatiivisessa haastattelututkimuksessa (N=33)
esiteltiin ainutlaatuinen videokuvaamiseen perustuva ergonomia-
menetelma ja tutkittiin, miten fyysisen tydkuormituksen mittausdataa
kaytettiin valmistavan teollisuuskonsernin eri organisaatiotasoilla.



Osatutkimusta Il tdydentavassa kolmannessa (osatutkimus Ill)
retrospektiivisessa pitkittaistutkimuksessa (2018-2022) tutkittiin dataan
perustuvan ergonomisten tyon kehittamistoimien vaikutuksia
tuottavuuteen, fyysiseen tydkuormitukseen, tuki- ja liikkuntaelinten
sairauksiin seka taloudelliseen tulokseen valmistavan teollisuuden
yrityksen kahdessa osastossa.

Osatutkimuksessa | havaittiin, ettd ergonomiaa hyddynnettiin
suomalaisissa valmistavissa teollisuuden yrityksissa vahan ja integrointi
tuotantoprosesseihin oli rajallista. Osatutkimuksessa Il havaittiin, etta
fyysisen tydkuormituksen tietoja kaytettiin eri tavoin organisaation eri
tasoilla. Osatutkimuksessa Il havaittiin, etta jarjestelmallinen dataan
perustuva ergonomian hyédyntaminen vahensi tydkuormitusta ja tuki- ja
liikuntaelin sairauspoissaoloja seka lisasi tuottavuutta ja paransi yrityksen
taloudellista tulosta. Sen sijaan ergonomian heikko hyddyntaminen vaikutti
tuottavuuden laskuun ja tuki- ja liikuntaelinten sairauksien lisaantymiseen.

Kokonaisuutena tulokset osoittavat, etta ergonomian jarjestelmallinen
hyodyntaminen mahdollistaa korkean tuottavuuden vaarantamatta
ty6hyvinvointia, parantaen siten taloudellista tulosta, kun taas ergonomian
rajallinen hyddyntaminen liittyy heikompiin tuloksiin.

Avainsanat: Ergonomia, sosiotekninen jarjestelma, tydhyvinvointi,

tuottavuus, fyysinen kuormitus, valmistava teollisuus, TULE-sairaudet, tyon
kehittaminen.

10



ACKNOWLEDGEMENTS

While writing my dissertation summary, | read about dark matter and
noticed parallels with ergonomics. Dark matter accounts for most of the
matter in the universe. Although it is invisible and not directly measurable,
its existence is inferred from the decisive gravitational effects that hold
galaxies together. Similarly, ergonomics shapes the coherence and
functioning of work systems, yet its influence is often insufficiently
recognised or systematically used in organisational development.

This doctoral dissertation is the result of a long and multifaceted
process combining academic research and practical work-life development.
| would like to express my sincere gratitude to all those who have
supported and contributed to this work in various ways.

First and foremost, | wish to thank my main supervisor, Professor Tuula
Oksanen, for her continuous support, encouragement, and trust
throughout the doctoral process. Her broad expertise in work-related
health research and ability to bridge theory and practice, together with her
exceptional skill in addressing complex scientific and methodological
challenges, were invaluable. | am also deeply grateful to my other
supervisor, Docent Arto Reiman, whose profound understanding of the
multidimensional nature of ergonomics, particularly in manufacturing,
significantly strengthened both the scientific depth and practical relevance
of this dissertation.

| would like to sincerely thank the pre-examiners, Professor Riitta Luoto
and Associate Professor Denis Coelho, for their careful and insightful
evaluation of this dissertation. | am grateful to Professor Jussi Kantola for
accepting the role of opponent and for the scholarly contribution he brings
to the public examination.

| gratefully acknowledge The Finnish Work Environment Fund for the
financial support that enabled me to devote focused time to this research,
especially in its final stages. | also thank the University of Eastern Finland
for the opportunity to participate in the shared doctoral researcher

11



position system, which provided an important framework for integrating
academic work with practical work-life development.

| wish to thank MSK Group for its long-term commitment and for
providing a unique environment in which academic research and practical
work-life development could be closely integrated. | express my special
gratitude to HR and Communication Director Tero Yliseld, who recognised
my enthusiasm for the research topic, allowed that enthusiasm to
progress, and provided the intellectual space and freedom to breathe that
made this scientific journey possible.

In addition, | would like to thank Reino Koski for first showing me,
already years ago, how systematic work development can support both
productivity and well-being, an insight that became an important
foundation for my later academic thinking. | also extend my sincere thanks
to Irene Vuoristo for our long-term collaboration in exploring work-related
physical workload, and for our countless hours of joint reflection and
analysis, which significantly shaped my understanding of the phenomenon
and the development of this research. Also, | warmly thank Jonna Patama,
my co-author and close writing partner, whose shared understanding of
ergonomics made our collaboration both efficient and intellectually
rewarding, and strengthened the work presented in this dissertation.

Finally, the journey from welder to PhD has been long. | wish to express
my deepest gratitude to my family, Annemari, Eeli and Aatu. Above all, |
thank my wife Annemari, whose continuous support and unshakeable
belief in me made this journey possible. The path to completing this
dissertation was far from easy, and it required perseverance through
uncertainty. Your faith in my ability to succeed gave me the strength to
continue and see this work through to the end.

Lapua, June 8, 2026
Teemu Suokko

12



LIST OF ORIGINAL PUBLICATIONS

This dissertation is based on the following original publications:

I Suokko, T., Oksanen, T. and Reiman, A. 'Ergonomics in practice: survey
evidence from Finnish manufacturing companies'. Submitted 2025.

Il Suokko, T.,* Patama, J.,* Oksanen, T. and Reiman, A. (2024) 'Integrating
HF/E knowledge into manufacturing process development: qualitative
study on utilising physical workload data', International Journal of
Human Factors and Ergonomics, 11(4), pp. 331-349.

Il Suokko, T., Oksanen, T. and Reiman, A. (2025) 'Productivity and
employee well-being in manufacturing process development -
comparison study of two departments', Applied Ergonomics, 25, article
104460.

*The authors contributed equally to this work.
The publications have been adapted with the permission of the copyright
owners.

13



14



CONTENTS

ABSTRACT .....tiitiittiitinneiiatictessessssesssesssesessessssesssssessessssssssesessessssssssase 7
THVISTELMA ......ooimiinnecnricnneensicnseensaesstcssaessassssasssassssasssstssssassnsascases 9
ACKNOWLEDGEMENTS ......ccoviiiiineiineercneeiesnensssneesssanesssssessssesssssesenes 11
1 INTRODUCTION .....uuueiiieeirieerineencsnesssnessssssssssssssssssssssssesssssesssssenes 19
2 REVIEW OF THE LITERATURE.........ccoovutrirerrireerirnersnnesennesssnessssnenes 23
2.7 ERGONOMICS IN COMPLEX WORK SYSTEM DESIGN .....c..ccceeueneee 23
2.1.1 Ergonomics in human-system interaction ........cc.ccceceenueenne. 23

2.1.2 Ergonomics dOMaAiNS ....ccceeueerieenieenieenieeniee e enee e 25

2.1.3 Participatory ergonomics interventions .........cccceceeerveennnen. 27

2.2 ERGONOMICS' RELATIONSHIP WITH SYSTEM PERFORMANCE AND
WELL-BEING ....cotiiieriieitciecieeeee ettt 30

2.2.1 Ergonomics' relationship with system performance........... 30

2.2.2 Ergonomics' relationship with well-being at work ............... 33

2.3 ERGONOMICS IN MANUFACTURING ...ccevviniiniieieieieieenieneeieaees 35
2.4 SUMMARY AND RESEARCH GAPS......ccceoinineninieieesieseneneeeieeaes 37

3 AIMS OF THE STUDY ...ccooveiriueiriretnsseesssnesssnesssssesssssesssssesssssesssssenes 39
4 MATERIAL AND METHODS.......ccooveiiieiriennsseesssnesesnesssssesssssessssnes 41
4.1 STUDY DESIGN.....coiiiiiiiiiiinienitenientesitete sttt s sre s e 41
417 SEUAY T e 41

412 STUAY 2 e 41

413 SEUAY 3t 42

4.2 DATA COLLECTION AND ANALYSIS ...coviiiiriiiieieieieieneneneseeieeaes 42
4.2.7 SEUAY T oot 42

4.2.2 SEUAY 2 .ot 43

4.2.3 StUAY 3 it 45

5 RESULTS ..coiiiittittccttnsetsntesaesssessssesssesssessssessssssssesssssssssssssesnns 47
5.1 UTILISING AND UNDERSTANDING ERGONOMICS (STUDY 1)....... 47
5.2 ERGONOMIC DATA UTILISING (STUDY 2) c..eeverienieienieniieneeneennees 48
5.3 UTILISING ERGONOMICS IN PRACTICE (STUDY 3) .ccccevverrerrenneenne. 50

15



5.3.1 Productivity and MSDS ........ccoceeriiriiiinienieenieeieesre e 50

5.3.2 FiNancial @nalysis ....coceereeeeenieeeeeeeeee e 52

6 DISCUSSION ......coooeeeeeeeeneeeeeeeeeeeeeeeeeeesssssssssssssssssssssssssssssssssssssssssnssnnnns 53
6.1 MAIN FINDINGS ....oviiiiittiie ettt 53
6.2 Scientific CONtrIDULIONS ...ccocuvviiiiiiiie e 54
6.2.1 First part (StUAY 1) ceeveeeerieeienieieeieseeee e 54

6.2.2 Second part (studies 2 and 3) ....cceeeverviinieneneeeeee 55

6.3 Practical CoONtribULIONS .....coovveiiiiiiiiic e 60
6.4 Strengths and [IMItations ........c.ccoceeverieniininicnceeee, 62
6.5 FULUIE STUAIES ...oiiiiiieeiiic ettt ettt saaaaaes 63

7 CONCLUSIONS ......eeeeceerrrrerrrrsssssssssssssssssssssssssssssssssssssssssssssssssssssnnes 65
REFERENCES....... .o eeeeeeiieeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeesesesessesesessssssessesssssssesesassans 67

16



ABBREVIATIONS

™M

MSD

OH

OSH

PE

SME

Corporation management
Musculoskeletal disorders
Occupational health care

Occupational safety and
health

Participatory ergonomics

Small and medium-sized enterprises

17



18



1 INTRODUCTION

The fundamental task of companies is to maintain productive and
financially profitable operations. This requires them to adopt responsible
actions and values that consider both short- and long-term profitability
(Zink, 2007; Zwetsloot, van Scheppingen and Dijkman, 2013; Stenborg et al.,
2021; Jain, Zwetsloot and Torres, 2024). Striving for short- and long-term
profitability also guides companies to prioritise the health, safety, and well-
being of their employees (ILO, 2019; European Commission, 2024). In a
broader context, companies must operate globally responsibly and
sustainably. This obligates them to extend their concern beyond
employees to the entire supply chain and the environmental issues (Hasle
and Jensen, 2012; Bolis et al., 2023; United Nations, 2023; Sigahi et al.,
2025). Based on these principles, companies' activities are regulated to
ensure that they act in a globally sustainable manner (ILO, 2019; European
Commission, 2024).

In addition to responsible and sustainable thinking, legislation requires
companies to consider safety and health issues. The EU's occupational
safety and health (OSH) framework is based on Directive 89/391 (1989),
which sets minimum requirements and obligations for companies to
promote their employees' OSH (EU-OSHA, 2025). Alongside developments
in responsibility and related legislation, working life has participated in
significant technological and digital advances, as reflected in the focus area
of this dissertation, the manufacturing industry. From a historical
perspective, this rapid development is a continuation of a series of
industrial revolutions, the latest manifestation of which is considered the
fourth industrial revolution, also referred to as Industry 4.0 (Groumpos,
2021; Klingerberg et al., 2022). Industry 4.0 emphasises and utilises
technological advancements to increase profits in the manufacturing
sector (Grosse et al., 2023). To broaden technology-oriented Industry 4.0
thinking, Industry 5.0 has been envisioned (European Commission, 2021;
2024). Industry 5.0 is increasingly the focus of ergonomic research because
it emphasises human-centred system design. The Industry 5.0 vision
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prioritises the outcomes of systems for people and aims to foster
environments that support the development of human-centred, flexible,
and sustainable systems (Grosse et al., 2023; Trstenjak et al., 2025).

A system consists of interconnected parts that work together to form a
coherent, organised whole (Mele, Pels and Polese, 2010). In this thesis,
systems are discussed from an ergonomics perspective. Ergonomics
literature has addressed them at many scales (Moray, 2000; Thatcher et al.,
2017; Thatcher et al., 2026). In ergonomics, a work system is a setup for
producing and managing work, involving people, processes, technology,
and resources to create a product or service. In ergonomics, work systems
can be viewed from an individual, microergonomics perspective, i.e. as an
individual's own work system, or from a broader, macroergonomics
perspective, as a socio-technical work system (Carayon, 2006). In this
thesis, work systems are examined at these two analytical levels: at the
micro level, focusing on the individual's interaction with work, and at the
macro level, where interconnected workstations, processes, technologies,
and organisational arrangements are considered together as a
socio-technical work system.

Ergonomics approaches work system development in a design-driven
manner and aims for two related outcomes: performance and well-being
(Dul et al., 2012). However, productivity growth in Finland has been weak
since 2008 and lagged behind that of key competitor countries (Calligaris et
al., 2023). Productivity growth has also been challenging in Finland's
manufacturing industry (Calligaris et al., 2023; Statistics Finland, 2025a). In
addition, well-being is closely linked to a company's financial success
(Schulte and Vainio, 2010; Bohman et al., 2025; Hamza and Farah, 2025). In
Finland, the trend in well-being at work has been declining for years,
although recent data indicate signs of improvement (Finnish Institute of
Occupational Health, 2025). Productivity and well-being can be examined
systematically together; in such cases, ergonomics, as a design-driven
discipline, can contribute. Research on the benefits of ergonomics has
reported improvements in local working conditions, but the effects on
musculoskeletal disorders (MSDs), productivity, or economic outcomes
have been limited or inconsistent. These varying results can be partly

20



attributed to differences in intervention scope and evaluation methods, as
well as limited attention paid to broader work system design (Haukka et al.,
2008; Rivilis et al., 2008; Driessen et al., 2010; Tompa, Dolinschi and Natale,
2013; Wurzelbacher et al., 2020).

The potential of ergonomics in the manufacturing industry is not fully
understood (Dul and Neumann, 2009; Greig et al., 2019; Greig et al., 2023;
Mulaomerovic and Wang, 2023). Ergonomics is often viewed as an activity
primarily focused on OSH and well-being outcomes, with less attention
devoted to performance analysis (Russ et al., 2013; Reiman et al., 2024).
Furthermore, the economic impact of ergonomic measures has rarely been
analysed (Tompa, Dolinschi and Laing, 2009; Neubert, Bruder and Toledo,
2012; Rose, Orrenius and Neumann, 2013). This dissertation therefore
examined how ergonomics contributes to the productivity, well-being, and
financial performance of manufacturing companies.
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2 REVIEW OF THE LITERATURE

2.1 ERGONOMICS IN COMPLEX WORK SYSTEM DESIGN

2.1.1 Ergonomics in human-system interaction

Ergonomics is the study of human-system interactions. It is a profession
that applies theory, principles, knowledge, and methods to design to
optimise human well-being and overall system performance (Karwovski et
al., 2025). As seen in Figure 1, ergonomics has three basic characteristics:
(1) itis based on a systemic approach, (2) it is design-driven, and (3) it
focuses on two interrelated outcomes: performance and well-being (Dul et
al., 2012).

Ergonomics
Designing and
managing the operating
system for humans

/\-

Performance < > Well-Being
Productivity Health
Effiency Safety
Quality Work ability

Figure 1. The ergonomic work design is adapted from Dul et al. (2012).

According to the international standard 'Ergonomics principles in the
design of work systems' (ISO 6385:2016), ergonomics is a field of science
that aims to understand the interaction between people and other parts of
a system, as well as an area of expertise that applies theory, principles,
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information, and methods to design for the optimisation of human well-
being and overall system performance.

Work, the work environment, and people interact constantly, and
disruptions among them can pose many kinds of challenges for the
organisation. Disruptions at work can be reflected among personnel
through various psychosocial and organisational processes (Neumann,
Ekman and Winkel, 2009; Wilson, 2014; Kadir, Broberg and da Conceicao,
2019). To prevent such negative effects, work should be designed to
correspond to human physical, psychological, and social characteristics
(Kadir et al., 2019; IEA and ILO, 2021). Ergonomics enables the development
of system solutions that contribute to the smooth operation of the
organisation, its productivity, and the well-being and health of its
personnel (Dul et al., 2012). Well-implemented, practical ergonomics
include an efficient, trouble-free operating system and a healthy, safe
working environment in which individuals can develop (IEA and ILO, 2021).
Developing and maintaining a smooth, uninterrupted work system
requires extensive knowledge of ergonomics. Ergonomics ensures that
work is suitable and smooth for everyone, resulting in a productive,
healthy, and innovative organisation and work community (Dul and
Neumann, 2009; Neumann et al., 2009; Dul et al., 2012).

Ergonomics measures aim to adapt work systems to human
characteristics and needs. In this regard, the work system can be
approached from micro and macro perspectives. When examined from a
micro perspective, the focus is on individual-level work systems, whereas
the macro perspective shifts attention to broader system complexities and
their design and management (Kleiner, 2006). In a broader context, where
multiple people interact with the work system, it is referred to as a socio-
technical system (Carayon, 2006). From a socio-technical perspective,
where technology and social factors are considered together, the
effectiveness of a system or a workers well-being depends not only on
technology (such as the work environment, tools, operating systems, and
processes) or people (including teams, culture, goals, and leadership) but
also on their interaction. Therefore, from a socio-technical viewpoint, work,
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technology, organisational structure, and human activity must be aligned
(Davis et al., 2014; Hughes et al., 2017; Abdous et al., 2023).

Work systems consist of people, the tasks they perform, the tools and
technologies they use, the ways work is organised, and the work
environment. Ergonomic principles and guidelines are applied in these
areas to design and manage work systems, enabling the development and
maintenance of high-quality, productive, and sustainable work systems
(Kleiner, 2006; IEA and ILO, 2021). System stakeholders are defined as
anyone who can influence achievement of the company's objectives or is
affected by its activities (Freeman, Wicks and Parmar, 2004). As shown in
Figure 2, in ergonomics system design, stakeholders (people) are divided
into four main categories (Dul et al., 2012). This dissertation focuses on
internal stakeholders (actors, experts, and decision-makers) rather than on
external stakeholders (influencers).

Stakeholders of
system design

I
| | | |

System
- System
System actors System experts decision- influencers
makers
] ' v v
Employees, Experts like engineers, Managers about the Media, governments,

product/service users,
who are part of the
system and who are
directly or
indirectly affected by
its design and who,
directly or indirectly,
affect its performance

psychologists, and HFE
specialists design
systems tailored to
human needs, aiming
to improve both
performance and well-
being through a
systems approach.

requirements for the
system design,

the purchasing of the
system, its
implementation and its
use

standardisation
organizations,
regulators, and citizens
who have

public interest in work
system and
product/service
system design.

Figure 2. Main stakeholder groups in ergonomic system design (Dul et al.,
2012).

2.1.2 Ergonomics domains

Ergonomics is traditionally divided into three domains (physical, cognitive,
and organisational), each with its own focus, topics, and objectives (e.g.
Karwowski et al., 2005; Wilson, 2014); see Table 1. Kadir et al. (2019) have

25



addressed these domains in the context of Industry 4.0. A well-designed

work system can be created only when all these three domains are

considered together. Well-designed work processes are not adequate if the

work is cognitively too demanding. Clear work instructions are not
adequate if the work is poorly organised. A work system is ergonomically
good when the work processes place a controlled workload, the work is

understandable and prevents errors, and the production system supports
cooperation and smoothness (Karwowski, 2005; Wilson, 2014; Kadir et al.,

2019).

Table 1: The three main domains of ergonomics compiled from
(Karwowski, 2005; Wilson, 2014; Kadir et al., 2019).

Primary
Ergonomics domains focus Key topics | Objectives
Work
— environment,
Designing the
work tools, Fit physical
. workstations, phy
environment work
work "
and the conditions
. . . methods,
Physical ergonomics physical work to human
interaction capabilities
movements,
between and
work o
people and limitations
work postures,
load/handlin
g
Perception,
memory,
. learning, Support
Adapting & PP
language, human
systems to L2 . .
thinking, information
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2.1.3 Participatory ergonomics interventions

For ergonomics, it is important to involve different stakeholders in work
system development (Van Eerd, 2015; Burgess-Limerick, 2018).
Participatory ergonomics (PE) is one approach to ergonomics that involves
relevant actors in problem-solving. PE is not limited to employee
participation or formal, representative participation. It covers all levels of
the organisation and involves those who have experience with or
knowledge of the problem at hand (Kuorinka, 1997; Broday, 2021). The
definition of PE encompasses both macro-level (organisational, systems)
and micro-level (individual) activities, and PE enables employees to apply
their knowledge to address challenges in their work tasks. Involving those
familiar with practical work and local conditions in the development and
collaboration processes is crucial (Hignett, Wilson and Morris, 2005; Van
Eerd et al., 2010). At its best, participation yields practical solutions to
problems as they arise (Hignett et al., 2005).

PE interventions often aim to reduce MSD-related sick leave (Van Eerd et
al., 2015). PE can target individuals, work communities, specific jobs, the
entire organisation (Broday, 2021), or more specific design workstations,
implement broader organisational reforms, reduce sickness rates, or
support ageing personnel (Neumann et al., 2009; Tompa et al., 2009). In PE
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interventions, the occupational health (OH) service has traditionally played
a significant role (Hignett et al., 2005). Additionally, clear communication
between stakeholders is necessary for effective oversight of the PE
development process (Koningsveld et al., 2005; Tompa et al., 2010; Van
Eerd et al., 2010).

A systematic review of randomised controlled trials examined the
effectiveness of ergonomic interventions for workers' low back and neck
pain. Ten studies found that physical and organisational ergonomic
measures were not effective in reducing the incidence rates or prevalence
of lower back and neck pain (Driessen et al., 2010a). A similar result was
observed in an intervention targeting kitchens, in which 402 work
development measures were implemented but had no effect on MSDs
(Haukka et al., 2008). Another study evaluated the cost-effectiveness of a
PE intervention compared to a control group over a 12-month period. PE
did not reduce lower back or neck pain, nor did it improve work ability or
lower sick leave rates. The costs were higher in the PE group, and, from the
company's perspective, PE resulted in financial losses, and the PE
intervention was neither cost-effective nor cost-beneficial (Driessen et al.,
2012). However, another study followed 33 employers and 535 workers for
five years to assess the effects of ergonomic interventions on material
handling. Among those highly exposed to heavy loads, workers who
regularly used ergonomic interventions reported less upper-extremity pain
than those who relied solely on body strength. The interventions showed
some effectiveness in reducing pain among workers with the heaviest
physical loads (Wurzelbacher et al., 2020).

There is also evidence that PE positively impacts employee health. A
systematic literature review analysed 12 studies on PE targeting various
sectors. Interventions provided ergonomics training and implemented
changes to the physical design of equipment and workplaces, and some
also changed work tasks. A review found partial-to-moderate evidence that
PE interventions can reduce MSDs, accidents, and sick days and absences
(Rivilis et al., 2008).

In a recent systematic review, 22 eligible studies examining ergonomic
interventions, including ergonomic training, PE, and workstation design,
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were identified. The findings showed that feedback, PE in short-term
follow-ups, job rotation, and ergonomic guidelines did not significantly
reduce psychosocial risk factors. However, workplace improvements were
associated with a significant reduction in upper-limb MSDs. One study
suggested that no single study design or intervention type consistently
improved ergonomic outcomes, and a multicomponent intervention could
be more effective for enhancing employee health and improving system
productivity (Heidarimoghadam et al., 2022). In addition, a review focusing
on health care nurses found that multicomponent ergonomic
interventions, especially those that include physical activity or exercise, are
more effective at reducing the risk of work-related MSDs than
single-component approaches. However, the long-term effects on MSD
reduction, sickness absence, and work performance remain uncertain
(Krishnanmoorthy et al., 2025).

It is important to recognise that changes at work may cause doubts
among workers or management (Rothmore, Aylward and Karnon, 2015;
Horvath and Szabo6 2019). A recent review suggested that successful PE
starts from worker needs, a positive implementation climate, clear roles
and responsibilities, sufficient resources, and strong managerial
commitment to OHS (Hansen et al., 2024). However, assessing the
effectiveness of ergonomic PE interventions has been difficult, and
research evidence of their usefulness in MSDs is rather weak (Haukka et al.,
2008; Rivilis et al., 2008; Driessen et al., 2010b; Wurzelbacher et al., 2020).
Furthermore, the effectiveness of interventions is mainly monitored in
studies from the perspective of well-being at work. The impact of the
interventions on performance is described only to a limited extent in the
articles, which focus on cost changes rather than productivity indicators
(Maki-Ullakko, Reiman and Kekkonen, 2026). The shortage of research
evidence might stem from the fact that, although researchers develop
scientifically valid interventions, these are often not adopted in the
workplace on their own terms (Takala, 2018). For example, there are high
expectations for PE, but research does not support that participation
would systematically lead to better health, fewer sick days, or cost savings
if participatory efforts are not accompanied by changes in work
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organisation, technologies, and production system design. Moreover, it has
been suggested that ergonomic measures have minimal effect on
industrial practices, which are primarily driven by regulatory compliance
and profit goals (de Winter and Eisma, 2024).

2.2 ERGONOMICS' RELATIONSHIP WITH SYSTEM PERFORMANCE
AND WELL-BEING

2.2.1 Ergonomics' relationship with system performance

Continuous improvement of work systems, productivity, and quality is part
of daily operations for manufacturers (lvarsson and Eek, 2015; Neumann,
Kolus and Wells, 2016). Performance is a broad concept that refers to how
well a system works as a whole (Hamza and Farah, 2025). In ergonomic
literature, productivity is part of performance (Dul et al., 2012). From a
productivity perspective, streamlining production involves maximising
financial performance with minimal resources (Falck, Ortengrena and
Hogberg, 2010; Tompa et al., 2013; Zare et al., 2016). Improvements are
commonly pursued through the implementation of new manufacturing
technologies and the digitalisation of production processes. However,
technological development also affects how individuals work by creating
new demands for skills and knowledge (Kadir et al., 2021; Reiman et al.,
2021).

Production quality is a central indicator of operational performance in
the manufacturing industry. Previous research has shown a consistent
association between poor ergonomic conditions and increased quality
defects, particularly in manufacturing contexts characterised by manual
and repetitive work, such as the automotive industry (Zare et al., 2016;
Kolus, Wells and Neumann, 2023). Systematic reviews suggest that
physically demanding tasks, awkward postures, and high workloads are
linked to higher error rates and reduced product quality. However, despite
this evidence, research has so far struggled to demonstrate how the
different domains of ergonomics (physical, cognitive, and organisational)
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interact and jointly influence product quality outcomes (Zare et al., 2016).
Empirical evidence from the automotive industry further illustrates the link
between ergonomics and quality. Large-scale observational studies have
reported that the risk of quality defects increases with the physical
demands of assembly tasks: quality defects were found to be 5-8 times
more common in tasks with a high ergonomic workload compared to those
with a low workload. These studies also demonstrated that early detection
of errors significantly reduces repair and intervention costs, emphasising
the importance of classifying tasks by physical demand when analysing
quality performance. Despite strong evidence at the task level, less is
known about how ergonomic risks are systematically integrated into
production planning and quality management systems (Falck et al., 2010;
Falck and Rosenqvist, 2014).

In addition to task-level evidence linking ergonomics to quality
outcomes, the literature indicates that ergonomics can be integrated more
broadly into work systems. Goggins, Spielholz and Nothstein (2008)
collected 250 case studies examining the effects of ergonomic
programmes and management measures. The results showed a reduction
in the number of work-related MSDs, as well as in lost and restricted
working days and employee compensation costs associated with them. In
addition, effects on productivity, quality, turnover, and absenteeism were
reported. The payback period for most work-development investments
was less than one year. The article provides strong empirical justification
for the use of ergonomics, but the reliability of cost-benefit models built
on this basis depends heavily on context and metric choice. For example,
the amount of the investment was not reported separately (Goggins et al.,
2008).

Some economic evaluations have demonstrated that ergonomic
interventions can be highly cost-effective in terms of health, even when
based on relatively low-cost and technically simple measures. In
manufacturing contexts such as the automotive components and garment
industries, reported benefit-cost ratios have ranged from 5.5 to over 10,
with substantial positive net present values. The economic benefits were
primarily driven by reductions in work disability days and compensation-
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related costs. Notably, these studies used follow-up periods long in
ergonomic intervention research, ranging from nearly two years to over
four years, thereby strengthening the credibility of the reported long-term
financial outcomes. However, a limitation of these studies is that potential
productivity effects were explicitly excluded from the analyses (Tompa et
al., 2009; Tompa et al., 2013).

From the perspective of promoting productivity, ergonomic benefit
gains remain limited. Only a small number of case studies have reported
direct productivity improvements following ergonomic interventions, such
as a 45% increase in furniture manufacturing (Guimaraes et al., 2015) or
more modest gains of around 4% in targeted interventions
(Dominguez-Alfaro et al., 2023), highlighting a notable gap in the literature
between demonstrated economic benefits and systematically measured
productivity effects.

Despite evidence of economic returns from ergonomic interventions,
the financial performance of ergonomics has rarely been systematically
analysed (Tompa, 2009; 2013). Determining the monetary impact of
interventions targeting system performance is particularly challenging, as
large-scale development measures often involve diverse, interconnected
factors, making productivity calculations difficult. Conversely, measures
aimed at reducing workload on the musculoskeletal system may show
effects only over an extended period (Hignett et al., 2005; Falck et al., 2010;
Tompa et al., 2010; Falck and Rosenqvist, 2014). Ergonomists must be
aware of the financial indicators that companies aim to influence in their
work environment development. Linking to business objectives does not
mean compromising personnel's OSH or well-being (Dul and Neumann,
2009). On the contrary, it has been suggested that, particularly in industry,
development measures implemented on economic grounds may be the
most effective means of promoting both economic performance and well-
being (van Rhee, 2025). Although the benefits of ergonomics in improving
system performance are recognised, the manufacturing industry does not
fully recognise its value to business (Greig et al., 2019; Neumann et al.,
2021).
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2.2.2 Ergonomics' relationship with well-being at work

Well-being at work is a comprehensive concept that describes the quality
of working life, including OHS aspects, and it may be a key factor
influencing productivity at individual, organisational, and societal levels
(Schulte and Vainio, 2010). This broad understanding of well-being
highlights its close connection to how work systems are designed and
managed.

According to socio-technical system theory, optimal system
performance is achieved when the technical and social aspects are
optimised together rather than separately (Carayon, 2006; Davis et al.,
2014; Karltun et al., 2017). Therefore, understanding personnel and their
work is essential to developing work systems. This is particularly true in the
manufacturing industry, where technology and digitalisation are constantly
evolving. Promoting personnel well-being is central to the development of
a socio-technical system. However, well-being is often treated broadly and
abstractly, with limited attention paid to how it is operationalised or
systematically linked to concrete design and management decisions in
production systems (Neumann et al., 2021; Reiman et al., 2021).

Poorly designed work systems expose workers to physical or cognitive
discomfort and harm. Such risks emerge from physical workload factors as
well as from organisational and cognitive conditions, such as interruptions
and information overload (Kalakoski et al., 2020; Slama et al., 2024).
Consequently, the risks reflect not only individual work tasks but also
broader system design choices, making their identification a prerequisite
for preventive and sustainable work system development (Village et al.,
2015; Brito et al., 2018; Papetti et al., 2020).

Research indicates that ergonomics and workplace risk management
are predominantly operationalised from an individual-centred perspective
rather than as part of work system design. Analyses of OSH practices show
that musculoskeletal and mental health risks are mainly managed using
individual-level measures, while structural and organisational sources of
risk remain largely unaddressed (Oakman et al., 2018). This orientation is
reinforced by commonly used risk assessment methods, which tend to
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guide interventions towards individual tasks or workers rather than
support system-level redesign (McCormack et al., 2021). Although
psychosocial stressors are widely recognised as important contributors to
MSDs, they are rarely integrated into system-level ergonomic decision-
making, as assessment frameworks continue to prioritise physical factors
despite their connection to organisational ergonomics and work system
design (Macdonald and Oakman, 2022). An intervention study aligned with
this perspective, suggesting that even well-implemented cluster
randomised controlled trial PE interventions addressing industrial workers'
physical and psychosocial factors have shown limited effects on work
ability, well-being, and productivity when underlying work system
structures remain unchanged (Gupta et al., 2018).

This individual-centred orientation is also evident in more recent
ergonomics research, including studies framed within the Industry 5.0
paradigm. A systematic review of physical and cognitive ergonomics
monitoring highlights advances in individual-level measurement
technologies, such as wearable sensors, camera-based systems, and
physiological indicators, with the primary focus on assessing employee
well-being (Antonaci et al., 2024). Similarly, a review of intervention studies
suggests that well-being and, in some cases, performance can be improved
with training, participatory approaches, and combinations of training and
work redesign, although evidence on the effectiveness of PE interventions
remains mixed and highly context-dependent (Daniels et al., 2017).

The literature on socio-technical system design suggest that the core
objective of ergonomics is to combine productivity and employee well-
being through the design and redesign of work systems. From this
perspective, system designers should address fundamental questions
related to system boundaries, stakeholder roles, information use, and the
integration of performance management, key performance indicators, and
managerial practices into work system design. While the information
required to support such integrative design already exists, its systematic
use in development processes remains limited (Edwards and Jensen, 2014).
This becomes particularly evident in the manufacturing industry, where
complex production systems, performance pressures, and organisational
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structures strongly influence how ergonomics is understood and applied
(Edwards and Jensen, 2014; Karltun et al., 2023; Reiman et al., 2024; Karltun
et al., 2025).

2.3 ERGONOMICS IN MANUFACTURING

To improve system performance and employee well-being, companies
need data on their operations (Dul et al., 2012). With advances in
technology and digitalisation, it is also possible to obtain more data on
working environments, working conditions, and related human work
(Machado et al., 2022; Fekrisari and Kantola, 2024). Collected data guide
companies' strategic decision-making aiming to produce better decisions
that promote performance and business objectives (Baskerville and
Dulipovici, 2006; Fteimi and Lehner, 2018; Machado et al., 2022). However,
when data on work and working conditions are not systematically linked to
organisational performance, managerial decision-making rests on a weak
foundation, limiting the potential of ergonomics to inform production
system design and development (Rose et al., 2013). Survey studies of
manufacturing managers have concluded that they view ergonomics
primarily as an OSH prevention tool rather than as a means of cost savings
and waste reduction. This reinforces its role as a support function rather
than a strategic component in production system design and performance
management (Zare, 2016).

Business data are considered the primary indicators for companies in
the manufacturing sector. They are utilised in managerial decision-making
and in executing plans to enhance work processes. Investments in work
development are typically grounded in business performance data and the
objectives that arise from that data (Greig et al., 2019; Greig et al., 2023;
Mulaomerovic and Wang, 2023). Managers usually support ergonomics
projects financially only when a reliable cost-benefit analysis is available. It
has been suggested that ergonomists typically have no training in
management or business administration. As a result, business-related
topics such as cost justification, cost-benefit analysis, or productivity gains
are often not included in the ergonomics toolkit (Hendrick et al., 2003;
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Theberge and Neumann, 2013). In the manufacturing context, ergonomics
data are frequently used for OSH purposes, but they appear somewhat
disconnected from the company's core business data. This separation
limits the role of ergonomics in production system development and
reinforces its perception as a support function rather than a strategic
design resource. Therefore, ergonomics becomes institutionally embedded
in OSH functions rather than in production system design, which
fundamentally influences how ergonomics expertise is developed and
applied in manufacturing companies (Greig et al., 2019; Greig et al., 2023;
Mulaomerovic and Wang, 2023).

Manufacturing companies often struggle to fully implement ergonomics
because expertise is primarily derived from OSH, which can lead to
overlooking the potential of system design (Russ et al., 2013; Reiman et al.,
2024). Ergonomics recognises the importance of systems design and the
use of ergonomics data by companies, but its methods do not yet
adequately capture the dynamics of complex work systems, which limits
the impact of ergonomics on truly system-level design and risk
management (Salmon et al., 2017). This leads to the application of
ergonomics in workplaces being often inconsistent and fragmented
(Karltun, 2017; Read et al., 2018; de Winter and Eisma, 2024; Salmon et al.,
2024; Endsley and Sasangohar, 2025; Karwowski et al., 2025).

Although many methods exist for assessing physical workloads, the
success of ergonomic work development relies less on measurement alone
than on how data are incorporated into organisational decision-making
(Takala et al., 2010; Pollard and Dempsey, 2015). Converting workload data
into practical actions requires cooperation among stakeholders, a shared
understanding of development needs, and adequate skills at all
organisational levels (Falck and Rosenqvist, 2014; Burgess-Limerick, 2018;
Machado et al., 2022). However, to secure managerial approval and
funding, ergonomic initiatives often need to be presented in business
terms, linking workload reduction to productivity, performance, and
economic outcomes. Without such integration, ergonomic data risk
remaining isolated at the operational level, which limits its influence on
work system development (Hendrick, 2003; Hendrick, 2008).
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2.4 SUMMARY AND RESEARCH GAPS

Ergonomics is a broad, multidisciplinary field that can be approached from
multiple perspectives, including physical, cognitive, and organisational
aspects. As a design-oriented discipline, ergonomics strives to optimise
both system performance and human well-being. However, in practice, it is
often understood and utilised in a more limited way, mainly concentrating
on individual tasks or specific working conditions. This narrow perspective
has also shaped the development and assessment of ergonomic
interventions, which have frequently targeted particular symptoms or
exposures rather than the entire work system. Studies that report
economic benefits are based on specific case settings where the scope of
investments, metrics, and comparison basis remains unclear. Research on
productivity effects is limited and varied, which restricts the generalisability
of its findings. Additionally, the long timeframes, complex cause-and-effect
relationships, and simultaneous development measures make it
challenging to evaluate the separate economic impact of ergonomics.

In the manufacturing industry, ergonomics is mainly seen as an OSH
activity. Research on the productivity and economic effects of ergonomics
is limited and inconsistent, which is why ergonomics may not become a
standard element of production system development. As a result, the
socio-technical potential of ergonomics remains largely unrealised in
manufacturing industry work and production systems. This justifies the
need for further research, particularly long-term, multidimensional, and
business-related studies. To address the above-mentioned knowledge gaps
in existing research, this study examined how ergonomics contributes to
the productivity, well-being, and financial performance of manufacturing
companies.
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3 AIMS OF THE STUDY

This doctoral thesis is focused on ergonomics in the Finnish manufacturing
industry. In Finland, there are over 28,000 manufacturing companies, of
which 97.5% are small or medium-sized companies (SMEs) (Statistics
Finland, 2025b). For Finland to succeed in international competition, it is
essential that manufacturing companies remain competitive while
supporting the health and well-being of their personnel. Therefore, the first
part (study 1) of this dissertation aimed to provide an overview of
ergonomics understanding among manufacturing companies. In the
second part (studies 2 and 3), which focused on one company, more
detailed analyses were conducted to determine what could be achieved
through ergonomics. The overall aim of this dissertation was to examine
how ergonomics contributes to the productivity, well-being, and financial
performance of manufacturing companies.

The specific study aims were as follows:
Study 1: How is ergonomics understood and utilised in manufacturing?

Study 2: How are physical workload data utilised at different
organisational levels in manufacturing?

Study 3: What can be achieved in terms of system performance and
well-being in manufacturing through systemic utilisation of ergonomics?
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4 MATERIAL AND METHODS

4.1 STUDY DESIGN

41.1 Study1

The first study sought to collect comprehensive insights into how
manufacturing companies perceive and apply ergonomics. The study was
conducted as a quantitative survey to investigate manufacturing
companies' perceptions and practical implementations of ergonomics. The
study was cross-sectional, with data collected in a single measurement
session to map companies' current status and views on ergonomics. A
structured questionnaire was sent electronically to a targeted group of
manufacturing companies. The questionnaire included closed-ended
questions to map their perceptions and practices regarding ergonomics. A
total of 121 individuals — 84 white-collar and 37 blue-collar workers —
from 42 manufacturing companies participated in the survey. Among the
companies, 27 were SMEs and 15 were large companies.

4.1.2 Study?2

A qualitative interview study was conducted to determine how data on
physical workload have been used to improve manufacturing processes at
different organisational levels of a manufacturing corporation. The article
also presents a unique video analysis method in detail, used to collect
physical workload data for the tasks. The research design employed semi-
structured focus group interviews to gain an in-depth understanding of the
views and experiences of different stakeholder groups regarding the
subject. The data were collected in nine focus group interviews with 33
participants from different organisational levels: company management,
white-collar, blue-collar, and OH. The data were examined using inductive
content analysis to identify recurring themes, perceptions, and
opportunities for development in the utilisation of physical workload data.
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Participants provided informed consent regarding the study's purpose and
data processing prior to the interviews. All responses were treated
confidentially, and no individuals can be identified from the report.

4.1.3 Study3

This retrospective longitudinal case study analysed the effects of work
development over five years (2018-2022) in a manufacturing company's
assembly line and welding unit. The target company was one of the
corporation's subsidiaries discussed in study 2. The goal was to assess the
impact of development activities on system performance and employee
well-being. Designed within a macroergonomics framework, the study
aimed to (1) evaluate how manufacturing process improvements affected
employee well-being, focusing on physical workload and sick leave rates
due to MSDs. Additionally, it sought to (2) measure system performance
improvements by tracking productivity gains.

4.2 DATA COLLECTION AND ANALYSIS

4.21 Study1

The data were collected through an online questionnaire distributed via an
open link to manufacturing companies, who themselves decided whether
they were eligible to respond. The questionnaire link was disseminated to
potential respondents via multiple channels. First, in February-March 2022,
the link was sent directly to 57 manufacturing companies; 18 responded.
Secondly, in October-November 2022, the link was sent to three pension
insurance companies, which then forwarded it to their client networks,
which collectively covered hundreds of manufacturing companies.

The questionnaire was developed by the authors based on scientific
literature on ergonomics. The full questionnaire is attached to the original
article. For the purposes of the study, the questionnaire aimed to provide
an overall picture of the understanding and utilisation of ergonomics in
manufacturing companies. Survey items had a Likert scale with the option
to select 1) Very little, 2) Quite a little, 3) Some, 4) Quite a lot, or 5) Very
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much or were open-ended, allowing for both quantitative analysis and
qualitative examination.

The study used six items: two on workload ('Does your company
systematically use ergonomics to reduce workload?' and 'To what extent
has personnel workload been considered in production?'), two on well-
being ('Does your company use ergonomics to improve well-being?' and
'Have targets been set for well-being in work development?'), and two on
productivity (‘Does your company use ergonomics to increase
productivity?' and 'Have targets been set for productivity in work
development?'). Responses were grouped as either 'a little' (very little, quite
little, some) or 'a lot' (quite a lot, very much). Companies were classified as
large (personnel over 250) or SMEs (1-249). Additionally, the data were
examined separately regarding where stakeholders receive ergonomics
instruction and advice and the types of tasks or situations they address.
Cross-tabulation and chi-square tests were used to analyse relationships
between categorical variables. A p-value below 0.05 indicated a statistically
significant association. Distributions were further described by observed
frequencies and percentages. Analyses were performed using IBM SPSS
Statistics 29.0.2.0.

4.2.2 Study?2

The study was conducted at a Finnish manufacturing corporation that
employs over 950 people globally. In Finland, the corporation has four
subsidiaries. The corporation conducted physical workload measurements,
carried out by the group's OSH manager and OH physiotherapist. A total of
237 work tasks were measured for physical workload between 2015 and
2021. The measurement method focused on the percentage of time spent
in harmful work postures, including raising the arms above shoulder level,
bending and twisting the back, standing, sitting, squatting, and handling
loads by hand. In the analysis, the percentage of harmful postures was
measured from video material using a stopwatch, and the results were
presented as a percentage of the task workload.
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In addition to harmful working postures, the load imposed by handling
was assessed using load-handling coefficients. There were six coefficients:
the lowest (1.0) applied to light and easily handled loads and minor load
handling in slightly harmful postures, while the highest coefficient (2.0)
referred to very heavy and difficult-to-handle loads and extensive load
handling in mainly harmful working postures. The relative proportion of
harmful working postures in the task and the load-handling coefficients
enabled an expert to determine the task's load level. There were five load
levels ranging from level O (optimal) to level 4 (significant burden on the
musculoskeletal system). A more detailed description of the load-handling
coefficients and workload factors is provided in the attachments to the
original article.

The study recruited participants from corporation management (CM),
OH, and white- and blue-collar workers from each subsidiary. The sample
consisted of 39 individuals. The corporation's OSH manager was
responsible for recruitment, which was done in October 2021. Recruitment
yielded 33 participants: 3 at the corporate level (representing CM, the OH
physician, and the OH physiotherapist) and 14 white-collar and 16 blue-
collar workers at the subsidiary level. Data collection involved nine semi-
structured focus group interviews at the subsidiary level. Larger
subsidiaries had two white-collar focus groups, while two smaller
subsidiaries with shared management formed a single group. Blue-collar
workers were divided into four focus groups. Basic demographic data from
participants included age, gender, and work experience in the industry and
corporation, collected via a short questionnaire. The average age was 44.7
years (range 28-56), with 81.8% (n = 27) male.

The semi-structured interview guide was based on two themes:
experiences of using physical workload data and collaboration in work
development. It aimed to explore how physical workload data influenced
the development of participatory work at different organisational levels. All
interviews were conducted in November 2021. The interview data were
examined using inductive content analysis (Elo and Kyngas, 2008). Two
researchers reviewed interviews to understand the data. The analysis
initially focused on the interview material from CM and OH, identifying
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meaning units related to the research question. These units from the CM
and OH interviews were compared. A similar comparison was made for
three white-collar and four blue-collar focus group interviews. The units
were grouped into three categories: combined CM and OH, white-collar
workers, and blue-collar workers. The process involved developing main
categories and concepts for each group. Two researchers conducted the
complete analysis collaboratively.

4.2.3 Study3

Data for the study were collected from four sources: 1) personnel
demographics, 2) work measurements, 3) physical workloads, and 4) costs
for development activities. Personnel demographics were retrieved from
the human resources databases. The number of workers on the assembly
line ranged from 27 to 31 during the monitoring period, and from 17 to 20
in the welding unit. All workers were men, and the mean age exceeded 40
years in both departments. On average, welding unit workers had slightly
more work experience at the company than those on the assembly line. In
addition, the annual accumulation of MSDs was used for both
departments.

Work measurements were performed on the assembly line (28 work
tasks) and on the welding unit (8 work tasks) using the Maynard Operation
Sequence Technique (MOST) (Zandin and Schmidt, 2021). The MOST is a
predefined motion time system primarily used in industrial settings to
determine the standard time for a worker to complete a task. From this
analysis, normal times are derived, which can be employed to design work
tasks and methods (Wells et al., 2007; Harari, Riemer and Bechar, 2018;
Zandin and Schmidt, 2021). Understanding the time required for specific
tasks helps achieve and sustain high utilisation rates of personnel,
materials, and equipment (Karim, Tuan and Kays, 2016; Harari et al., 2018;
Zandin and Schmidt, 2021). Work measurement data were used to
calculate annual productivity figures. The productivity rate was calculated
by dividing normal working time by actual working time. The actual time
taken to manufacture the products was obtained from the company's
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production management system. A productivity rate of 1 referred to the
normal work time for the products produced during the year. Productivity
rates above 1 referred to improved productivity.

Physical workload measurement used the same method described in
study 2. Accordingly, all work tasks in these two departments (28 on the
assembly line and 8 in the welding unit) were video-recorded and later
analysed. The measurements were conducted on the assembly line in 2015
and 2021 and in the welding unit in 2018 and 2022. Individual video
recordings ranged from 583 s (9.7 min) to 1603 s (26.7 min).

Regarding costs for the development activities, four company
representatives in development management positions were consulted to
identify departmental development measures. Development was based on
results from work measurement analyses and physical workload
measurements and was carried out by development engineers, the
assembly line supervisor, and the production manager. The production
development engineers were responsible for evaluating the investments;
investment in the 30 development activities for the assembly line was
estimated at €177,000. Two development measures were carried out in the
welding unit, totalling €35,000.

Productivity was calculated by comparing the wage costs of workers at
actual productivity levels to those at productivity level 1, which represents
a normal work pace. The cost of a sick leave day was estimated at €370
(Confederation of Finnish Industries, 2023). Employee wages were
calculated by multiplying the hourly wage by the number of employees and
the number of hours worked per day and dividing the result by
productivity and the number of working days per year.
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5 RESULTS

5.1 UTILISING AND UNDERSTANDING ERGONOMICS (STUDY 1)

The manufacturing companies made relatively little systematic use of
ergonomics, regardless of whether they were SMEs or large companies.
The promotion of productivity, workload, and well-being at work through
ergonomics was limited, and no statistically significant differences were
observed. However, the SMEs generally used ergonomics slightly more
than the large companies. Nevertheless, most companies' responses
indicated limited use of ergonomics for productivity (72%), well-being
(62%), or workload development (58%).

When respondents were asked about their sources of ergonomics
advice and guidance, OH professionals emerged as the predominant
providers. Physiotherapists were particularly prominent in the responses
of all the companies (76%). OH nurses (56%) and OH physicians (47%) also
provided ergonomic guidance to the companies, but there was no
statistically significant difference for company size. In addition, the
companies received a lot of ergonomic guidance from colleagues or their
representatives (53%), but again there was no statistically significant
difference according to company size. In addition, internal manufacturing
stakeholders, supervisors, production managers, and designers received
limited ergonomic guidance (20%, 9%, and 11% in SMEs; 18%, 9%, and 7%
in large companies). Guidance from ergonomists, well-being consultants,
and HR was also low, with a significant difference in HR input between
SMEs (11%) and large companies (30%; p = 0.01)

Ergonomics guidance was generally limited to workplace design and
development, with a focus more on office work at all companies regardless
of size. Large companies provided more advice on remote work than SMEs
(37% vs. 12%, p = 0.01), while SMEs provided more guidance on
workstation design (47% vs. 27%, p = 0.03) and technological systems (12%
vs. 0%, p = 0.01). Most ergonomic advice focused on office furniture,
display terminals, and working postures or manual handling, although
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differences across company sizes were not statistically significant. In
general, ergonomics played a minimal role in product design, work
processes, and the design of work environments. As seen in Figure 3, the
utilisation of ergonomics to promote productivity, workload, and well-being
was low in both SMEs and large manufacturing companies. Ergonomic
guidance was most frequently obtained from OH and colleagues and less
frequently from internal or external experts. The guidance focused on
office work, working postures, and manual lifting; ergonomics was used
very little in production processes and product design.

SME and Large manufacturing Utising and

understanding

companies ergonomics

2. Mainly occupational
health care experts
and colleagues in both

1. Productivity, 2. Ergonomic

1. Low use of 3. Low use of 4. SME utilised more,

guidance, 3, We”-bein& 4, ergonomics in both groups, and very litte ergonomics in both hulover‘aH usage is
Workload groups internal stakeholders groups ow
or outside experts
//
Mainly for office environments,
. . working postures and manual lifting
Focus on ergonomic gmdance and moving, Very low on
manufacturing processes and product
designin both groups
/
Summary Ergonomics is underutilised in manufacturing companies

Figure 3. How manufacturing companies utilise ergonomics.

5.2 ERGONOMIC DATA UTILISING (STUDY 2)

The manufacturing corporation had access to unique, extensive data on
physical workload measurements collected from various tasks within the
organisation. The data were available at different levels of the organisation
and to various OH professionals. CM made much more extensive use of
the data than other personnel groups, such as OH and blue-collar workers.
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These groups focused more on the micro level of maintaining and
promoting health than on improving business performance. Conversely,
the group's management and executives highlighted factors related to
employee work ability and business performance. Secondly, white-collar
workers and CM collaborated to view data as a means of justifying
investments in robots and new technologies to enhance manufacturing
processes.

By utilising the data, management sought to achieve results that would
improve competitiveness and the work ability of all personnel. In addition,
measuring workload was seen as a socially sustainable practice and a
meaningful way to show employees how valuable they are. On the other
hand, white-collar workers also saw the use of data as affecting the work
and productivity of their own subsidiary's personnel, as well as the
development of work processes. However, they felt they had to struggle to
find a balance between productivity and promoting work ability.

Blue-collar workers believed that combining their practical work
knowledge with workload measurement data could enhance and sustain
their own work ability. OH also made more individualised use of the data,
for example, in individual health negotiations, in planning alternative work,
and in modifying workstations. On the other hand, collaborative use of
data with blue-collar and white-collar workers was also seen as promoting
smaller investments, such as furniture and lifting aids. In addition,
collaboration enabled job rotation and layout changes. Job rotation was
viewed as a way to balance workload from both mental and physical
perspectives. Figure 4 shows how different personnel groups utilised
physical load measurement data.
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Figure 4. Summary of physical workload data usage in a manufacturing
corporation.

5.3 UTILISING ERGONOMICS IN PRACTICE (STUDY 3)

5.3.1 Productivity and MSDs

Thirty work development activities were carried out on the assembly line,
with a total cost of €177,000. In these development activities, assembly line
workers experienced reduced physical workload and harmful postures due
to improved ergonomics, reducing awkward postures such as leaning
forward and/or twisted body positions, as well as working with hands
above the shoulder level. Handling different loads also took less time. The
average total workload decreased from 2.6 to 1.7 across all assembly line
tasks. Conversely, the welding unit undertook two development activities
totalling €35,000, and the average workload remained stable, decreasing
slightly from 3.0 to 2.8 in 2022.
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Productivity consistently exceeded the normal work pace (1) on the

assembly line. In 2021, assembly line productivity declined as planned due

to the launch of new products. In addition, productivity increased to 1.2
during the most recent monitoring period. However, higher productivity
did not adversely affect employees' MSDs. MSD-related absences fell from
12.1 to 0.4 sick days per person during the follow-up period. Productivity in

the welding unit declined. Productivity declined towards the end of the

monitoring period, falling below the normal work pace of 0.97 during the
last year of monitoring. In addition, MSD sicknesses per person remained

at a high level, with 18.7 sick days per person in the last monitored year

(Figure 5).
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Figure 5. How work development activities affected productivity and MSDs
on the assembly line and in the welding unit in the follow-up period (2018-

2022).
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5.3.2 Financial analysis

On the assembly line, maintaining higher productivity and significantly
reducing MSD-related illnesses yielded substantial financial benefits for the
company. The annual benefit exceeded €200,000 after the first monitoring
year and reached €300,000 by the final year. In cumulative total,
productivity gains and cost savings yielded approximately €1.1 million in
profits for the company during 2018-2022. In the welding unit, declines in
productivity and increases in MSD-related illnesses negatively impacted
financial results. Although profit remained positive for four years, it was
significantly weaker than the assembly line's, and the trend was negative.
In the final year of monitoring, productivity declined below the normal
level, and MSD rates increased, resulting in higher costs for the company.
Over the 2018-2022 monitoring period, the company accrued
approximately €270,000 in financial benefits in the welding unit (Figure 6).
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Figure 6. Financial analysis of annual benefits on the assembly line and in
the welding unit.
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6 DISCUSSION

6.1 MAIN FINDINGS

Ergonomics in the manufacturing industry can be understood as both an
explicit and an implicit element of work system design. While certain
ergonomic aspects, such as physical workload or workstation design, are
recognisable, many effects remain embedded in the interaction between
social and technical components and are therefore not systematically
recognised or assessed. Overlooking implicit ergonomic factors in system
design can lead to long-term issues like decreased productivity, well-being,
and competitiveness, causing unrecognised economic losses from
suboptimal work systems, so-called phantom profits (Sgarbossa et al.,
2020; Grosse et al., 2023).

In this thesis, it was found that manufacturing companies have not
widely recognised the opportunities that ergonomics offers to increase
productivity, improve well-being, and reduce workloads. In addition,
ergonomic guidance, mainly from OH, focuses primarily on office
environments rather than production processes. It was also observed that
blue-collar and OH utilise ergonomic physical workload data at the micro
level, while management strives to utilise it to support macro-level
decision-making. Further, the findings suggest that incorporating
ergonomics into operations could yield significant benefits for both
personnel and the company. This requires diverse data on work and
personnel, including physical workload data, and processing them into a
form suitable for practical use. Investments in work development enables
increased productivity and reduced workloads and MSDs, thereby
improving financial performance. Increased productivity and reduced sick
leave contribute to the company's competitiveness and the well-being of its
personnel.
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6.2 SCIENTIFIC CONTRIBUTIONS

6.2.1 First part (study 1)

Study 1 showed that, in general, manufacturing companies do not
recognise the opportunities that ergonomics offers to promote
productivity and well-being. This aligns with previous research (Dul and
Neumann, 2009; Tompa et al., 2009; Neubert et al., 2012; Rose et al., 2013;
Greig et al., 2019; 2023). Surprisingly, it also found no major differences
between SMEs and large companies. In this regard, ergonomics is primarily
viewed as a tool for improving office work rather than as a driver of the
development of production processes and the work environment.
Companies should aim for a culture in which ergonomics is seen as added
value rather than a cost, and literature suggests that successfully
embedding ergonomics into a company's operations requires strong
management commitment (Hansen et al., 2024). However, strategic
ergonomics management shouldn't rely solely on individual measures or
advice for office environments; instead, it should be integrated into the
organisation's structures, processes, and culture.

Integrating ergonomics into an organisation’s operating practices can be
challenging, especially when the link between ergonomics and
performance is not clearly recognised (Neumann and Dul, 2010). Study 1
suggests that ergonomics' potential to support manufacturing process
development and productivity may therefore remain limited. This is not
unexpected, as ergonomic guidance is predominantly provided by OH
professionals rather than by stakeholders responsible for production
system design or managerial decision-making. When ergonomic input
originates mainly from stakeholders without formal authority over work
system design, its integration into manufacturing processes may remain
limited. In line with Reiman et al. (2021; 2024), this may reflect a lack of
maturity in strategic management processes, in which the scope and
potential of ergonomics in production system design are not yet fully
recognised.
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The findings of study 1 therefore support the need to shift the focus of
ergonomics from individual-level guidance onto systematic development of
work systems and processes, through stronger integration of ergonomic
expertise into management, production planning, and OH practices.
However, in the manufacturing industry, development priorities are
commonly guided by business metrics such as cost, speed, and production
volume. In addition, previous research suggests that this orientation
reflects managerial decision-making focused on short-term economic
outcomes, while the broader performance and system-level benefits of
ergonomics remain less visible or difficult to quantify (Hendrick, 2003;
Greig et al., 2019; da Silva et al., 2012; Mulaomerovic and Wang, 2023).
Study 1's findings suggest that ergonomics remains underutilised in
manufacturing not due to limited relevance but because it is not integrated
into production system design and, by extension, managerial decision-
making.

6.2.2 Second part (studies 2 and 3)

Study 2 presented a method for collecting measurement data on physical
workload and described how the data were used at different
organisational levels. In study 3, physical workload measurement data
were part of the company's other measurement data, which were utilised
as a whole in the company's work development. Interpreting diverse data
in practice requires collaboration. In the literature, PE is widely used, for
example, to reduce MSD prevalence and facilitate manual work (Haukka et
al., 2008; Rivilis et al., 2008; Driessen et al., 2010; Burgess-Limerick, 2018;
Wurzelbacher et al., 2020), and PE points out that organisational
stakeholder groups approach work development from different
viewpoints.

As demonstrated in study 2, while management and personnel
generally share broad goals such as safety, health, productivity, and
competitiveness, they interpret and implement these goals at different
system levels. Management adopts a macro-level perspective emphasising
system performance and long-term competitiveness, whereas workers
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tend to focus on micro-level aspects such as workload and their individual
work ability. This divergence does not indicate conflicting objectives but
instead highlights a coordination challenge within the socio-technical
system. Without a shared interpretive framework, development efforts
may become fragmented or limited to isolated improvements. Bridging
these perspectives involves integrating technical solutions, organisational
structures, and human experiences into cohesive development actions.
Previous research suggests that combining stakeholders' expertise
improves the application of technology and automation, supporting both
system performance and well-being (Carayon, 2006; Davis et al., 2014). In
this context, successful work system development depends on
management's socio-technical navigation capabilities, that is, the ability to
synthesise diverse stakeholder insights into aligned design choices that
enhance both productivity and well-being.

Furthermore, in study 3, productivity and cost savings were gained
through work development, which reduced the workload. OH expertise can
be utilised for work development, but, as study 2 shows, at the micro level.
However, micro-level insights become meaningful at the system level when
they are interpreted within the organisation’s socio-technical decision-
making. Under the Finnish Occupational Health Care Law (1383/2001), OH's
role is to anticipate challenges to work ability in cooperation with other
stakeholders. The law does not directly require OH professionals to
promote productivity or competitiveness and thus may leave another
ergonomic goal (performance) unexplained. Furthermore, they may lack
the technical and practical skills to develop a work environment
themselves. This emphasises the importance of cooperation between
different stakeholders in work development.

Supporting practical implementations of technology requires human-
centred work design (European Commission, 2024), and earlier studies
indicate that predictive methods are essential tools for long-term well-
being (Loch et al., 2010; Neumann and Dul, 2010; Mulaomerovic and Wang,
2023). Although the relationship between work and well-being is complex,
the findings of study 3 indicate that system-level data integration enables
proactive interventions that address this complexity in practice. In this
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context, the challenge is how to promote the well-being of all personnel
(Bohman et al., 2025; Hamza and Farah, 2025). In study 3, a manufacturing
company had analysed the work system and collected data on
performance and personnel in many ways. The data collected on the work
system were processed into knowledge, which was applied through work
development activities. Understanding work through diverse data provides
objective information to support the company's decision-making.
Management (or other system stakeholders) need not rely solely on
subjective impressions or individual feedback; instead, data enable
knowledge-based strategic solutions. Hence, work development grounded
in integrated system-level data enabled a proactive influence on
personnel’s work ability and well-being, rather than reactive responses to
emerging problems.

From the perspective of well-being or work ability, it is therefore not
irrelevant what conditions, tools, or methods are used. Previous research
suggests that development work requires careful design of products,
workstations, the work environment, and work processes, with people as
part of the system (Kadir et al., 2019). Without this understanding, work
interruptions, heavy workloads, system disruptions, or poorly designed
products, tools, and methods reduce productivity and harm personnel's
well-being (Kalakoski et al., 2020; Slama et al., 2024). Study 3 shows that
continuous development of companies' work systems appears to support a
high-quality working life in practice. Its findings suggest that work system
quality and employee well-being are not outcomes of isolated
interventions but of continuous, integrated system development.

Earlier studies have shown that there are countless ways to develop
work using ergonomic methods, and technological constraints, personnel
creativity, and the number of insights act as limiting factors (Davis et al.,
2014; Neumann et al., 2016; Hughes et al., 2017; Kadir et al., 2019; Abdous
et al., 2022). In study 3, the work was continuously developed over a five-
year monitoring period. It should therefore be noted that work
development is not always possible in the short term. For example,
reducing the workload may be technically challenging due to the nature of
the work, or the technology may not yet be sufficiently advanced to
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address the identified problem. For companies, it could be simpler and less
expensive to purchase lifting tables or other aids to reduce the workload,
for example, than to make changes that require a significant investment.
Larger changes to the work environment or processes may involve
adopting new technologies and automation and can be more challenging
to implement. In addition, the company will incur a substantial financial
risk in such cases. On the other hand, redesigning products to reduce
workload, for example, may be a long-term goal aimed at enhancing
personnel's work ability and productivity. Based on studies 2 and 3, work
development is not merely a technical or economic challenge but a socio-
technical navigation task requiring organisations to prioritise and sequence
interventions in ways that support both system performance and
employee well-being over time.

Companies need to be competitive and productive (Zare et al., 2016), yet
little research has examined the economic impacts of ergonomics (Tompa
et al., 2009; Neubert et al., 2012). In Finland, both in general and in
manufacturing, productivity development has long faced challenges
(Calligaris et al., 2023). In addition to productivity and business
development, companies seek to reduce costs by reducing work-related
sick leave. Study 2 showed that CM uses physical workload data to
enhance business performance and overall personnel health. As seen in
study 3, poor ergonomics negatively affected both productivity and the
incidence of MSDs. On the other hand, good ergonomics significantly
contributed to high productivity, low MSD levels, and the company's
improved financial performance. Based on study 3, it is possible that when
a work system is designed ergonomically, high productivity supports
personnel's work ability. This is also the strategic goal of ergonomics: to
improve productivity and well-being through work development (Dul et al.,
2012). The findings indicate that achieving both high productivity and
sustained work ability is not a trade-off but a socio-technical navigation
challenge requiring organisations to align ergonomic knowledge with
technological and economic decision-making.

Integrating productivity, technology, digitalisation, and well-being at the
system level often requires investment. However, the practical benefits of

58



ergonomics have long been discussed (Karltun, 2017; Read et al., 2018; de
Winter and Eisma, 2024; Salmon et al., 2024; Karwowski et al., 2025;
Endsley and Sasangohar, 2025). It seems that investments in work
development are necessary to make the usefulness and benefits of
ergonomics visible. Investment needs are often based on calculations of
factors such as investment payback time, production efficiency, or
productivity growth. Based on studies 2 and 3, it can be argued that
potential cost savings related to work ability and well-being should be
included in business calculations to support investment. Investments
necessary for work development are more likely to be secured through
financial calculations.

It has been suggested that many manufacturing tasks remain human-
centred (Katiraee et al., 2021). Therefore, it is vital to maintain personnel's
work ability. Work development plays a significant role in reducing
workloads and may be essential for maintaining employees' work ability.
Nevertheless, companies do not have unlimited resources and cannot
invest anywhere they want. Studies 2 and 3 indicate that an investment can
be justified by analysing the work and personnel. Areas for development
must be identified and investments made where the benefits to the
company and its personnel are most significant. In an open-market
economy, however, everyone can invest in similar technologies. A
competitive advantage can likely be achieved by applying data collected on
work systems and human resources and by collaborating to adapt
solutions to practical needs. In other words, the work must be understood
to target investments where the potential to improve productivity and well-
being is greatest. This underscores that competitive advantage in
manufacturing increasingly depends on socio-technical navigation
capability: the ability to understand work systems deeply and to align
human-centred insights with investment and development decisions.
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6.3 PRACTICAL CONTRIBUTIONS

There is a constant need for manufacturing development, and prioritising
measures can be difficult. The thesis suggests that work development can
be understood as based on systematic collection of diverse data and the
investment decisions derived from it, which contribute to improvements in
productivity, well-being, and work ability. This means better working
conditions for personnel and greater competitiveness for companies.
Companies that have the courage and ability to apply the latest technology
and utilise their personnel's expertise have a better chance of succeeding
in the global market. From this perspective, the challenge is not only how
development priorities are set but also how different stakeholders
contribute to addressing productivity, workload, and well-being in practice.

The results of the studies help identify common ground between OH
and companies operating in manufacturing. Resources can be effectively
targeted to maintain and support employees' work ability by developing
the work environment and work processes. Thus, investments in work
development can be seen not only as a means of increasing productivity
and competitiveness but also as an investment in personnel's work ability
and well-being. In addition, it is possible that system decision-makers'
approach to ergonomics reflects differences in how the concept is
understood and framed rather than a lack of engagement with it. From an
Industry 5.0 perspective, ergonomics can be operationalised as practical
activities implementing human-centric system design. The current situation
offers companies an opportunity to promote ergonomics, as the focus in
the EU and in international markets is shifting from technology-centric to
human-centric industries (European Commission, 2024).

This dissertation indicates that ergonomics in work development is not
just about responding to challenges in the work environment and work
community but also a process of continuous development. This requires
understanding and the capability to integrate the social system into the
technical system. To support this, this thesis presents a model of socio-
technical navigation capabilities, as described in Figure 7.
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Figure 7. Model of socio-technical navigation capabilities.

Socio-technical navigation capabilities describe an organisation's ability
to view the work system as a whole. The starting point for development is
participatory and systemic utilisation of ergonomics based on diverse data.
In this approach, the competitiveness and cost savings of manufacturing
companies are built within a system in which technical and social systems
interact continuously. Thus, productivity and well-being arise where
technological solutions, collaboration, competence, motivation, and work
organisation meet. It also involves the organisation's ability to integrate
knowledge about the interaction between work and health into decision-
making at all levels. Without this ability, a company could only develop
technology without understanding its impact on workload, well-being, and
work ability. Or, conversely, well-being could be promoted in isolation from
the work. Neither is sufficient on its own, so improving productivity and
well-being must not be separate goals but part of the same work system
development.

When a company takes care of the technological system (work), its
structures, workload, environment, processes, and workflow, in return,
take care of its personnel. This principle summarises the key message of
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socio-technical navigation capabilities: mind the work, and well-designed
work supports the personnel's well-being and work ability and enhances
productivity. This enables companies to achieve economic and social
success. Socio-technical navigation capabilities do not entail presenting a
perfect solution for working life. They offer a clearer map that enables
companies and their stakeholders to steer towards work systems in which
boosting financial performance and well-being are not conflicting goals but
rather the objectives of developing a collaborative work system.

Perhaps ergonomics is the dark matter of working life, invisible, but a
decisive force. Its effects are significant, even if they are not consistently
recognised. The challenge for ergonomics is to make this invisible force
visible. By implementing ergonomics in manufacturing, companies could
realise their full potential.

6.4 STRENGTHS AND LIMITATIONS

Limitations must be acknowledged. The survey response rate could not be
determined because the total number of manufacturing companies that
received the survey is unknown. Consequently, assessing the
representativeness of the respondent group is uncertain, which should be
considered when interpreting the generalizability of the findings. The
results primarily reflect respondents' views but still offer valuable insights
into the phenomenon under study. The dissemination of the questionnaire
within each company was managed by the company's contact person, and
it is unclear how effectively it was distributed. In addition, it is not known
what kind of ergonomic background the respondents generally had. Also,
the study had a small respondent pool of manufacturing companies (N =
42), and the higher proportion of white-collar workers might have biased
responses towards office work.

The studies also focused on a Finnish manufacturing corporation. The
results may not be directly generalizable to other national or
organisational contexts with different regulatory, cultural, or OH
frameworks. The author was employed at the corporation during the
studies. This presents both a strength and a limitation. Through this
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connection, he gained access to company-specific data for research.
However, this relationship also introduces the potential for bias, especially
regarding objectivity.

The physical workload data were analysed using a self-developed
method. Physical workload data on corporate work tasks were gathered
over seven years, and the corporation was committed to using this method
to obtain the data. Despite being self-developed, the method was applied
systematically over an extended period in real work environments, which
supports its ecological validity and suitability for analysing longitudinal
changes in physical workload associated with work system development. In
addition, an OH professional participated in data collection and analysis.
The ergonomist (the author) and the OH physiotherapist knew the work
and the workers well. This allowed for in-depth analysis of the ergonomics
data. This increases the credibility of the data. On the other hand, the
physical workload dataset was not the only one; the empirical data were
collected in part through established methods (MOST analysis,
demographic data, and other company figures) and with non-validated,
more practical tools.

The strength of the dissertation lies in its unique focus: no similar
research in Finland has examined the effects of ergonomics on
productivity, well-being, workload, and economic outcomes over a long
period. It offers detailed, multi-source data that highlight the significance of
ergonomics in manufacturing.

6.5 FUTURE STUDIES

This thesis combined ergonomics, well-being, and economic outcomes.
However, a more in-depth analysis of the economic impacts of ergonomics
is needed. It would be valuable to study how different types of
investments, such as automation (robots, cobots), workstation redesign,
and process reconfiguration, affect productivity, well-being, and economic
performance over time. It would also be valuable to explore where and
how companies could obtain the expertise in applying ergonomics
described in this dissertation. Is such support available through OH, or
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should OH's operations be further developed to meet the company's
system-level development needs? Or, on the other hand, should
manufacturing companies themselves increase their own ergonomics
expertise, for example, by enhancing engineers' knowledge of ergonomics?
Or should companies procure system-level ergonomics expertise as an
outsourced service, and, conversely, is such expertise available? If
ergonomic recommendations are disconnected from the broader context,
they may not translate into concrete actions, and outcomes such as
productivity, well-being and workability may be difficult to measure. These
issues can create a gap between research and practical ergonomics.
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7 CONCLUSIONS

Manufacturing companies have utilised ergonomics only to a limited extent
to enhance well-being at work, increase productivity, and improve
workload management. However, the underutilisation of ergonomics is not
due to a lack of willingness on the part of companies but rather to issues
related to expertise, cooperation structures, and data utilisation. When
ergonomic data are incorporated into design and the business data used
by management, ergonomics becomes an investment that builds
competitiveness and sustainable performance rather than a cost.
Ergonomics is perceived differently by different groups: employees and OH
mainly view it in terms of individual work arrangements (the micro level),
while management sees it as a tool for organisational development (the
macro level).

The use of diverse work and system data from different sources creates
the conditions for human-centred development of work and production
systems. Human-centred design and Industry 5.0 offer an opportunity to
strengthen ergonomics' strategic role in manufacturing. To support this,
companies need socio-technical navigation capabilities: the management
ability to reconcile technological solutions, personnel well-being, and
production targets in ways that support proactive decision-making.

Systematic utilisation of ergonomic principles in a socio-technical system
enables high productivity while maintaining personnel well-being.
Conversely, neglecting ergonomics weakens both the system's
performance and personnel well-being in the long term. Effective
integration of new technology, productivity, and workplace well-being
requires targeted investments, which may be encouraged by economic
policies such as tax incentives for socio-technical solutions that enhance
ergonomics.

65



66



REFERENCES

Abdous, M-A., Delorme, X., Battini, D. and Berger-Douce (2023) 'Multi-
objective collaborative assembly line design problem with the
optimisation of ergonomics and economics,' International Journal of
Production Research, 61, 7830-7845.
https://doi.org/10.1080/00207543.2022.2153185.

Antonaci, F., Olivetti, E., Marcolin, F., Jimenez, E., Eynard, B., Vezzetti, E. and
Moos, S. (2024) 'Workplace Well-Being in Industry 5.0: A Worker-
Centered Systematic Review', Sensors, 24, 5473.
https://doi.org/10.3390/s24175473.

Baskerville, R. and Dulipovici, A. (2006) 'The theoretical foundations of
knowledge management', Knowledge Management Research & Practice,
4(2), 83-105. https://doi.org/10.1057/palgrave.kmrp.8500090.

Bohman, B., Makowski, M., Wang, H., Menon, N., Shanafelt, T. and Trockel,
M. (2025) 'Empirical assessment of well-being: the Stanford model of
occupational well-being', Academic Medicine, 100(8), 960-967.
https://doi.org/10.1097/ACM.0000000000006025.

Bolis, I., Sigahi, T., Thatcher, T., Saltorato and Morioka, S. (2023)
'Contribution of ergonomics and human factors to sustainable
development: a systematic literature review', Ergonomics, 66(3), 303-332.
https://doi.org/10.1080/00140139.2022.2079729.

Broday, E.E. (2021). 'Participatory ergonomics in the context of industry 4.0:
a literature review', Theoretical Issues in Ergonomics Science, 22(2), 236-
249, https://doi.org/10.1080/1463922X.2020.1801886.

Brito, M., Ramos, A.L., Carneiro, P. and Goncalves, M.A. (2018) 'Integration

of lean manufacturing and ergonomics in a metallurgical industry’,
International Journal of Occupational and Environmental Safety, 2(2), 21-31.
https://doi.org/10.24840/2184-0954_002.002_0003.

Burgess-Limerick, R. (2018) 'Participatory ergonomics: evidence and
implementation lessons', Applied Ergonomics, 68, 289-293.
https://doi.org/10.1016/j.apergo.2017.12.009.

67


https://doi.org/10.3390/s24175473
https://doi.org/10.1097/ACM.0000000000006025
https://doi.org/10.1080/00140139.2022.2079729
https://doi.org/10.1080/1463922X.2020.1801886

Calligaris, S., Jurvanen, O., Lassi, A., Manaresi, F. and Verlhac, R. (2023) 'The
slowdown in Finnish productivity growth: causes and consequences’,
OECD Science, Technology and Industry Policy Papers, No. 139.
https://doi.org/10.1787/c1fad5b3-en.

Carayon, P. (2006) 'Human factors of complex sociotechnical systems',
Applied Ergonomics, 37, 525-535.
https://doi.org/10.1016/j.apergo.2006.04.011.

Confederation of Finnish Industries (2023) 'Paivan sairauspoissaolosta
aiheutuu tydnantajalle keskimaarin 370 euron kustannus' (The average
cost of a day's sick leave for an employer is 370 euros).

https://ek.fi/ajankohtaista/uutiset/paivan-sai rauspoissaolosta-aiheutuu-

tyonantajalle-keskimaarin-370-euron-kustannus/.

Daniels, K., Gedikli, C., Watson, D., Semkina, A. and Vaughn, O. (2017) Job
design, employment practices and well-being: a systematic review of
intervention studies', Ergonomics, 60(9), 1177-1196.
https://doi.org/10.1080/00140139.2017.1303085.

Davis, M., Challenger, R., Jayewardene, D. and Clegg, C. (2014) 'Advancing
socio-technical systems thinking: a call for bravery', Applied Ergonomics,
45, 171-180. https://doi.org/10.1016/j.apergo.2013.02.009.

da Silva, M.P., Pruffer, C. and Amaral, F.G. (2012) 'Is there enough
information to calculate the financial benefits of ergonomics projects?”,
Work, 41, 476-483. https://doi.org/10.3233/WOR-2012-0199-476.

De Winter, J.C.F. and Eisma, Y.B. (2024) 'Ergonomics & human factors: fade
of a discipline', Ergonomics.
https://doi.org/10.1080/00140139.2024.2416553.

Dominguez-Alfaro, D., Mendoza-Mufoz, |., Montoya-Reyes, M.I., Vargas-
Bernal, O.Y. and Jacobo-Galicia, G. (2023) 'Design and implementation of
integral ergo-value stream mapping in a metal-mechanical company to
improve ergonomic and productive conditions: a case study', Logistics, 7,
100. https://doi.org/10.3390/logistics7040100.

Driessen, M., Bosman, J., Proper, K., Anema, J., Bongers, P. and van der
Beek, A. (2012) 'The economic evaluation of a Participatory Ergonomics
programme to prevent low back and neck pain', Work, 41, 2315-2320.
https://doi.org/10.3233/WOR-2012-0458-2315.

68


https://doi.org/10.1787/c1fad5b3-en
https://doi.org/10.1016/j.apergo.2006.04.011
https://ek.fi/ajankohtaista/uutiset/paivan-sai%20rauspoissaolosta-aiheutuu-tyonantajalle-keskimaarin-370-euron-kustannus/
https://ek.fi/ajankohtaista/uutiset/paivan-sai%20rauspoissaolosta-aiheutuu-tyonantajalle-keskimaarin-370-euron-kustannus/
https://doi.org/10.1080/00140139.2017.1303085
https://doi.org/10.3233/WOR-2012-0458-2315

Driessen, M., Proper, K., van Tulder, M., Anema, J., Bongers, P. and van der
Beek, A. (2010a) 'The effectiveness of physical and organisational
ergonomic interventions on low back pain and neck pain: a systematic
review', Occupational Environmental Medicine, 67, 277-285.
https://doi.org/10.1136/0em.2009.047548.

Driessen, M., Proper, K., Anema, ., Bongers, P. and van Der Beek. (2010b)

'Process evaluation of a participatory ergonomics programme to
prevent low back pain and neck pain among workers', Implementation
Science, 5(65). https://doi.org/10.1186/1748-5908-5-65.

Dul, J. and Neumann, P. (2009) 'Ergonomics contributions to company

strategies', Applied Ergonomics, 40, 745-752.
https://doi.org/10.1016/j.apergo.2008.07.001.

Dul, J., Bruder, R., Buckle, P., Carayon, P., Falzon, P., Marras, W.S., Wilson,
J.R. and van der Doelen, B. (2012) 'A strategy for human
factors/ergonomics: developing the discipline and profession’,
Ergonomics, 55, 377-395.
https://doi.org/10.1080/00140139.2012.661087.

Edwards, K. and Jensen, P. (2014) 'Design of systems for productivity and
well being', Applied Ergonomics, 45, 26-32.
http://dx.doi.org/10.1016/j.apergo.2013.03.022.

Elo, S. and Kyngas, H. (2008) 'The qualitative content analysis process’,
Journal of Advanced Nursing, 62, 107-115. https://doi.org/10.1111/j.1365-
2648.2007.04569.x.

Endsley, M. and Sasangohar, F. (2025) 'Human factors and ergonomics: a

vital profession for today and the future', Ergonomics. 69, 401-405.
https://doi.org/10.1080/00140139.2025.2509347

EU-OSHA (2025) 'The OSH framework directive'. Available at:
https://osha.europa.eu/en/legislation/directives/the-osh-framework-

directive/the-osh-framework-directive-introduction (Accessed: 25
November 2025).

European Commission, Directorate-General for Research and Innovation
(2021) Industry 5.0, a transformative vision for Europe: governing systemic
transformations towards a sustainable industry. Publications Office of the
European Union. https://data.europa.eu/doi/10.2777/17322.

69


https://doi.org/10.1136/oem.2009.047548
https://doi.org/10.1186/1748-5908-5-65
http://dx.doi.org/10.1016/j.apergo.2013.03.022
https://doi.org/10.1111/j.1365-2648.2007.04569.x
https://doi.org/10.1111/j.1365-2648.2007.04569.x
https://doi.org/10.1080/00140139.2025.2509347
https://osha.europa.eu/en/legislation/directives/the-osh-framework-directive/the-osh-framework-directive-introduction
https://osha.europa.eu/en/legislation/directives/the-osh-framework-directive/the-osh-framework-directive-introduction
https://data.europa.eu/doi/10.2777/17322

European Commission, Directorate-General for Research and Innovation
(2024) ERA industrial technologies roadmap on human-centric research and
innovation for the manufacturing sector. Publications Office of the
European Union. https://data.europa.eu/doi/10.2777/0266.

Falck, A.-C., Ortengren, R. and Hégberg, D. (2010) 'The impact of poor
assembly ergonomics on product quality: a cost-benefit analysis in car

manufacturing', Human Factors and Ergonomics in Manufacturing, 20, 24-
41. https://doi.org/10.1002/hfm.20172.

Falck, A.-C. and Rosenqvist, M. (2014) 'A model for calculation of the costs
of poor assembly ergonomics', International Journal of Industrial
Ergonomics, 44, 140-147. https://doi.org/10.1016/j.ergon.2013.11.013.

Fekrisari, M. and Kantola, J. (2024) 'Integrating industry 4.0 in
manufacturing: overcoming challenges and optimizing processes (case
studies)', The TQM Journal, 36 (9), 347-370. https://doi.org/10.1108/TQM-
12-2023-0411.

Finnish Institute of Occupational Health (2025) 'How is Finland doing?'

Available at: https://www.ttl.fi/en/research/projects/how-is-finland-doing
(Accessed: 26 November 2025).

Finnish Occupational Health Care Law (1383/2001) (2001) Finlex. Ministry of
Justice. https://www.finlex.fi/en/legislation/2001/1383?language=fin.

Freeman, E., Wicks, A. and Parmar, B. (2004) 'Stakeholder theory and "the
corporate objective revisited", Organization Science, 15(3), 364-369.
https://doi.org/10.1287/0rsc.1040.0066.

Fteimi, N. and Lehner, F. (2018) 'Analysing and classifying knowledge

management publications - a proposed classification scheme', Journal of
Knowledge Management, 22, 1527-1554. https://doi.org/10.1108/|KM-07-
2017-0284.

Goggins, R., Spielholz, P. and Nothstein, G. (2008) 'Estimating the
effectiveness of ergonomics interventions through case studies:

implications for predictive cost-benefit analysis', Journal of Safety
Research, 39, 339-344. https://doi.org/10.1016/j.jsr.2007.12.006.

Greig, M.A,, Village, J., Dixon, S.M., Salustri, F.A. and Neumann, W.P. (2019)
'Assessing human factors and ergonomics capability in organisations -

70


https://data.europa.eu/doi/10.2777/0266
https://doi.org/10.1016/j.ergon.2013.11.013
https://doi.org/10.1108/TQM-12-2023-0411
https://doi.org/10.1108/TQM-12-2023-0411
https://www.ttl.fi/en/research/projects/how-is-finland-doing
https://www.finlex.fi/en/legislation/2001/1383?language=fin
https://doi.org/10.1287/orsc.1040.0066
https://doi.org/10.1108/JKM-07-2017-0284
https://doi.org/10.1108/JKM-07-2017-0284

the Human Factors Integration Toolset', Ergonomics, 62, 1254-1272.
https://doi.org./10.1080/00140139.2019.1572228.

Greig, M.A,, Village, J., Dixon, S.M., Salustri, F.A. and Neumann, W.P. (2023)
'Examining human factors and ergonomics aspects in a manufacturing
organisation’s metrics system: measuring up to stakeholder needs’,
Ergonomics, 66, 1868-1883.
https://doi.org/10.1080/00140139.2023.2168065.

Grosse, E.H., Sgarbossa, F., Berlin, C. and Neumann, W.P. (2023) 'Human-
centric production and logistics system design and management:
transitioning from Industry 4.0 to Industry 5.0', International Journal of
Production Research, 61(22), 7749-7759.
https://doi.org/10.1080/00207543.2023.2246783.

Groumpos, P. (2021) 'A critical historical and scientific overview of all
industrial revolutions', IFAC PapersOnline, 54(13), 464-471.
https://doi.org/10.1016/j.ifacol.2021.10.492.

Guimaraes, L., Anzanello, M., Ribeiro, J. and Saurin, T. (2015) 'Participatory
ergonomics intervention for improving human and production
outcomes of a Brazilian furniture company', International Journal of
Industrial Ergonomics, 49, 97-107.
https://doi.org/10.1016/j.ergon.2015.02.002.

Gupta, N., Wahlin-Jacobsen, CD., Abilgaard, JS., Henriksen, LN., Nielsen, K.
and Holterman, A. (2018) 'Effectiveness of a participatory physical and
psychosocial intervention to balance the demands and resources of
industrial workers: a cluster-randomized controlled trial', Scandinavian
Journal of Work Environment & Health, 44, 58-68.
https://doi.org/10.5271/sjweh.3689.

Hamza, A. and Farah, A. (2025) 'The relationship between well-being at

work and performance: a systematic literature review', Journal of
Management Development (Ahead of print, November 04 2025).
https://doi.org/10.1108/JMD-12-2024-0433.

Hansen, A., Haslec, P., Carolyd, S., Reinholde, K., Jarvis, M., Overgaard
Herrig, A., Heiberg, B., Segaard K., Punnett, L. and Stochkendahl, M.
(2024) 'Participatory ergonomics: what works for whom and why? A

71


https://doi.org/10.1016/j.ifacol.2021.10.492
https://doi.org/10.5271/sjweh.3689
https://doi.org/10.1108/JMD-12-2024-0433

realist review', Ergonomics, 67, 13-33.
https://doi.org/10.1080/00140139.2023.2202842.

Harari, Y., Riemer, R. and Bechar, A. (2018) 'Factors determining workers'
pace while conducting continuous sequential lifting, carrying, and
lowering tasks', Applied Ergonomics, 67, 61-70.
https://doi.org/10.1016/j.apergo.2017.09.003.

Haukka, E., Leino-Arjas, P., Viikari-Juntura, E., Takala, E-P., Malmivaara, A.,
Hopsu, L., Mutanen, P., Ketola, R., Virtanen, T., Pehkonen, I., Holtari-
Leino, M., Nykanen, J., Stenholm, S., Nykyri, E. and Riihimaki, H. (2008) 'A
randomised controlled trial on whether a participatory ergonomics
intervention could prevent musculoskeletal disorders', Occupational &
Environmental Medicine, 65, 849-856.
https://doi.org/10.1136/0em.2007.034579.

Heidarimoghadam, R., Mohammadfam, I., Babamiri, M., Soltanian, A.,
Khotanlou, H. and Sohrabi, M. (2022) 'What do the different ergonomic
interventions accomplish in the workplace? A systematic review',
International Journal of Occupational Safety and Ergonomics, 28, 600-624.
https://doi.org/10.1080/10803548.2020.1811521.

Hendrick, H.W. (2003) 'Determining the cost-benefits of ergonomics
projects and factors that lead to their success', Applied Ergonomics, 34,
419-427. https://doi.org/10.1016/S0003-6870.

Hendrick, H.W. (2008) 'Applying ergonomics to systems: some documented
"lessons learned™, Applied Ergonomics, 39, 418-426.
https://doi.org/10.1016/j.apergo.2008.02.006.

Hignett, S., Wilson, J. and Morris, W. (2005) 'Finding ergonomic solutions—
participatory approaches', Occupational Medicine, 55, 200-207.
https://doi.org/10.1093/occmed/kqi084.

Horvath, D., Szabo, R.Z. and Déra, D. (2019) 'Driving forces and barriers of
Industry 4.0: do multinational and small and medium-sized companies

have equal opportunities?', Technological Forecasting and Social Change,
146, 119-132. https://doi.org/10.1016/j.techfore.2019.05.021.

Hughes, H., Clegg, C., Bolton, L. and Machon, L. (2017) 'Systems scenarios: a
tool for facilitating the socio-technical design of work systems’,

72


https://doi.org/10.1136/oem.2007.034579
https://doi.org/10.1016/j.apergo.2008.02.006

Ergonomics, 60, 1319-1335.
https://doi.org/10.1080/00140139.2017.1288272.

ILO (2019) The rules of the game: an introduction to the standards-related
work of the International Labour Organization.
https://www.ilo.org/publications/rules-game-introduction-standards-
related-work-international-labour.

International Ergonomics Association (IEA) and International Labour
Organization (ILO) (2021) Principles and guidelines for human
factors/ergonomics (HF/E) design and management of work systems.
https://iea.cc/wp-content/uploads/2021/06/Principles-and-
Guidelines_jJune2021.pdf.

ISO 6385:2016 (2016) Ergonomics principles in the design of work systems.
International Organization for Standardization.
https://www.iso.org/standard/63785.html?browse=ics.

lvarsson, A. and Eek, F. (2016) 'The relationship between physical workload
and quality within line-based assembly', Ergonomics, 59(7), 913-923.
https://doi.org/10.1080/00140139.2015.1105303.

Jain, A., Zwetsloot, G. and Torres, L. (2024) 'Sustainability, business
responsibility and occupational health, safety and wellbeing in the
future of work', Safety Science, 174, Article 106463.
https://doi.org/10.1016/j.55¢i.2024.106463.

Kadir, B.A., Broberg, O. and da Conceicao, C.S. (2019) 'Current research and
future perspectives on human factors and ergonomics in Industry 4.0',
Computers & Industrial Engineering, 137, Article 106004.
https://doi.org/10.1016/j.cie.2019.106004.

Kadir, B.A. and Broberg, O. (2021) 'Human-centered design of work
systems in the transition to Industry 4.0', Applied Ergonomics, 92, Article
103334. https://doi.org/10.1016/j.apergo.2020.103334.

Kalakoski, V., Selinheimo, S., Valtonen, T., Tutunen, J., Kdpykangas, S.,
Ylisassi, H., Toivio, P., Jarnefelt, H., Hannonen, H., and Paajanen, T. (2020)
'Effects of a cognitive ergonomics workplace intervention (CogErg) on
cognitive strain and well-being: a cluster randomized controlled trial. A
study protocol', BMC Psychology, 8(1). https://doi.org/10.1186/s40359-
019-0349-1

73


https://www.ilo.org/publications/rules-game-introduction-standards-related-work-international-labour
https://www.ilo.org/publications/rules-game-introduction-standards-related-work-international-labour
https://www.iso.org/standard/63785.html?browse=ics
https://doi.org/10.1016/j.ssci.2024.106463
https://doi.org/10.1186/s40359-019-0349-1
https://doi.org/10.1186/s40359-019-0349-1

Karim, A.N.M., Tuan, S.T. and Kays, H.M.E. (2016) 'Assembly line
productivity improvement as re-engineered by MOST', International
Journal of Production Performance Management, 65, 977-994.
https://doi.org/10.1108/1)PPM-11-2015-0169.

Karltun, A., Karltun, J., Berglund, M. and Eklund, J. (2017) 'HTO - a
complementary ergonomics approach’, Applied Ergonomics, 59, 182-190.
https://doi.org/10.1016/j.apergo.2016.08.024.

Karltun, A., Karltun, J., Coelho, D., Havemose, K. and Kjellstrom, S. (2023)
'The work of first line managers - a key to resilience in manufacturing',
Applied Ergonomics, 110, Article 103993.
https://doi.org/10.1016/j.apergo.2023.103993.

Karltun, )., Havemose, K., Karltun, A., Kjellstrém, S. and Coelho, D. (2025)
'Disruption handling by first-line managers in manufacturing: the
situated active engineering of resilience', Journal of Manufacturing
Technology Management, 37(9), 1-18. https://doi.org/10.1108/]MTM-01-
2025-0075.

Karwowski, W. (2005) 'Ergonomics and human factors: the paradigms for
science, engineering, design, technology and management of human-
compatible systems', Ergonomics, 48, 436-463.
https://doi.org/10.1080/00140130400029167.

Karwowski, W., Salvendy, G., Endsley, M., Rouse, W., Salmon, P., Stanney, K.
and Stanton, N. (2025) 'Grand challenges for human factors and
ergonomics', Theoretical Issues in Ergonomics Science, 26(4), 361-456.
https://doi.org/10.1080/1463922X.2024.2431336.

Katiraee, N., Calzavara, M., Finco, S., Battini, D. and Battaia, O. (2021)
'Consideration of workers' differences in production systems modelling

and design: state of the art and directions for future research’,
International Journal of Production Research, 59(11), 3237-3268.
https://doi.org/10.1080/00207543.2021.1884766.

Kleiner, B.M. (2006) 'Macroergonomics: analysis and design of work

systems', Applied Ergonomics, 37, 81-89.
https://doi.org/10.1016/j.apergo.2005.07.006.
Krishnanmoorthy, G., Rampal, S., Karuthan, S., Baharudin, F. and Krishna, F.

(2025) 'Effectiveness of participatory ergonomic interventions on work-

74


https://doi.org/10.1016/j.apergo.2016.08.024
https://doi.org/10.1016/j.apergo.2023.103993
https://doi.org/10.1108/JMTM-01-2025-0075
https://doi.org/10.1108/JMTM-01-2025-0075
https://doi.org/10.1080/00140130400029167
https://doi.org/10.1080/00207543.2021.1884766
https://doi.org/10.1016/j.apergo.2005.07.006

related musculoskeletal disorders, sick absenteeism, and work
performance among nurses: systematic review', Journal of Medical
Internet Research, 12, Article e68522. https://doi.org/10.2196/68522.

Koningsveld E.A.P., Dul J, Van Rhijn G.W. and Vink P. (2005) 'Enhancing the
impact of ergonomic interventions', Ergonomics, 48, 559-580.
https://doi.org/10.1080/00140130400029136.

Kolus, A., Wells, R. and Neumann, P. (2023) 'Examining the relationship
between human factors related quality risk factors and work-related
musculoskeletal disorder risk factors in manufacturing', Ergonomics, 66,
954-975. https://doi.org/10.1080/00140139.2022.2119285.

Kuorinka, 1. (1997) 'Tools and means of implementing participatory

ergonomics', International Journal of Industrial Ergonomics, 19, 267-270.
https://doi.org/10.1016/50169-8141(96)00035-2.

Loch, C.H., Sting, F.J., Bauer, N. and Mauermann, H. (2010) 'How BMW is
defusing the demographic time bomb', Harvard Business Review, 88(3),
99-102.

Macdonald, W. and Oakman, J. (2022) 'The problem with “ergonomics
injuries”: What can ergonomists do?', Applied Ergonomics, 103, Article
103774. https://doi.org/10.1016/j.apergo.2022.103774.

Machado, A., Secinaro, S., Calandra, D. and Lanzalonga, F. (2022)

'Knowledge management and digital transformation for Industry 4.0: a
structured literature review', Knowledge Management Research & Practice,
20(2), 320-338. https://doi.org/10.1080/14778238.2021.2015261.

McCormack, P., Read, G., Goode, N. and Salmon, P. (2021) 'Do hazardous
manual handling task risk assessment methods align with systems
thinking?', Safety Science, 140, Article 105316.
https://doi.org/10.1016/j.5s¢i.2021.105316.

Mele, C., Pels, J. and Polese, F. (2010) 'A brief review of systems theories
and their managerial applications', Service Science, 2 (1-2), 126-135.
https://doi.org/10.1287/serv.2.1_2.126.

Moray, N. (2000) 'Culture, politics and ergonomics', Ergonomics, 43(7), 858-
868. https://doi.org/10.1080/001401300409062.

Mulaomerovic, E. and Wang, E. (2023) 'Challenges and opportunities for

human factors/ergonomics as a strategic partner for business

75


https://doi.org/10.2196/68522
https://doi.org/10.1080/00140130400029136
https://doi.org/10.1016/S0169-8141(96)00035-2
https://doi.org/10.1016/j.apergo.2022.103774
https://doi.org/10.1080/14778238.2021.2015261
https://doi.org/10.1016/j.ssci.2021.105316
https://doi.org/10.1287/serv.2.1_2.126
https://doi.org/10.1080/001401300409062

managers: in-depth research of experts' visions', Sustainability, 15(4),
3078. https://doi.org/10.3390/su15043078.

Maki-Ullakko, AM., Reiman, A. and Kekkonen, P. (2026)
'Ergonomiainterventiot ja muutosjohtaminen - systemaattinen
kirjallisuuskatsaus', Tyéelaman tutkimus (In press).

Neubert, N., Bruder, R. and Toledo, B. (2012) 'The charge of ergonomics - a
model according to the influence of ergonomic workplace design for
economical and efficient indicators of the automotive industry', Work,
41, 4389-4395. https://doi.org/10.3233/WOR-2012-0735-4389.

Neumann, P.W., Winkelhaus, S., Grosse, E. and Glock, C. (2021) 'Industry 4.0
and the human factor - a systems framework and analysis methodology

for successful development', International Journal of Production
Economics, 233, Article 107992.
https://doi.org/10.1016/j.ijpe.2020.107992.

Neumann, W.P. and Dul, J. (2010) 'Human factors: spanning the gap
between OM and HRM', International Journal of Operations & Production
Management, 30(9), 923-950.
https://doi.org/10.1108/01443571011075056.

Neumann, W.P., Ekman, M. and Winkel, J. (2009) 'Integrating ergonomics
into production system development - the Volvo powertrain case’,
Applied Ergonomics, 40, 527-537.
https://doi.org/10.1016/j.apergo.2008.09.010.

Neumann, W.P., Kolus, A. and Wells, R.W. (2016) 'Human factors in
production system design and quality performance - a systematic
review', IFAC-PapersOnLine, 49, 1721-1724.
https://doi.org/10.1016/j.ifacol.2016.07.830.

Oakman, J., Macdonald, W., Bartram, T., Keegel, T. and Kinsman, N. (2018)
'Workplace risk management practices to prevent musculoskeletal and
mental health disorders: what are the gaps?', Safety Science, 101, 220-
230. http://dx.doi.org/10.1016/j.ssci.2017.09.004.

Papetti, A., Ciccarelli, M., Brunzini, A. and Germani, M. (2021) 'Design of
ergonomic manufacturing equipment by a human-centered
methodology', International Journal of Interactive Design and

76


https://doi.org/10.3233/WOR-2012-0735-4389
http://dx.doi.org/10.1016/j.ssci.2017.09.004

Manufacturing, 15, 107-111. https://doi.org/10.1007/s12008-020-00734-
0.

Pollard, J. and Dempsey, P. (2015) 'Assessment of physical job demands’, in
Wilson, J. et al. (eds.), Evaluation of human work. 4th edn. CRC Press, pp.
447-486.

Read, G., Salmon, P., Goode, N. and Lenne, M. (2018) 'A sociotechnical
design toolkit for bridging the gap between systems-based analyses and
system design', Human Factors and Ergonomics in Manufacturing & Service
Industries, 28, 327-341. https://doi.org/10.1002/hfm.20769.

Reiman, A., Kaivo-oja, J., Parviainen, E., Takala, E-P. and Lauraeus, T. (2021)
'Human factors and ergonomics in manufacturing in the Industry 4.0
context - a scoping review', Technology and Society, 65, Article 101572.
https://doi.org/10.1016/j.techsoc.2021.101572.

Reiman, A., Kaivo-0ja, J., Parviainen, E., Lauraeus, T. and Takala, E-P. (2024)
'Human work in the shift to industry 4.0: a road map to the
management of technological changes in manufacturing', International
Journal of Production Research, 62, 5613-5630.
https://doi.org/10.1080/00207543.2023.2291814.

Rivilis, 1., Van Eerd, D., Cullen, K., Cole, D., Irvin, E., Tyson, J. and Mahood, Q.
(2008) 'Effectiveness of participatory ergonomic interventions on health
outcomes: a systematic review', Applied Ergonomics, 39, 342-358.
https://doi.org/10.1016/j.apergo.2007.08.006.

Rose, L.M., Orrenius, U.E. and Neumann, W.P. (2013) 'Work environment
and the bottom line: survey of tools relating work environment to

business results', Human Factors Management, 23, 368-381.
https://doi.org/10.1002/hfm.20324.
Rothmore, P., Aylward, P. and Karnon, J. (2015) 'The implementation of

ergonomics advice and the stage of change approach’, Applied
Ergonomics, 51, 370-376. http://dx.doi.org/10.1016/j.apergo.2015.06.013.

Russ, A.L., Fairbanks, R.J., Karsh, B., Militello, L.G., Saleem, J.J. and Wears,
R.L. (2013) 'The science of human factors: separating fact from fiction’,
BM| Quality & Safety, 22(10), 802-808. https://doi.org/10.1136/bmijgs-
2012-001450.

77


https://doi.org/10.1016/j.apergo.2007.08.006
https://doi.org/10.1002/hfm.20324
http://dx.doi.org/10.1016/j.apergo.2015.06.013

Salmon, P.M., Burns, C., Broadbent, S., Chari, S., Clay-Williams, R., Hancock,
P.A., Jenkins, D., Mills, A,, Parnell, K., Plant, K., Read, G., Sharples, S.,
Shorrock, S., Stanton, N., Walker, G., Williams, C., Waterson, P. and
Young, M.S. (2024) 'The Chartered Institute of Ergonomics and human
factors at 75: perspectives on contemporary challenges and future
directions for ergonomics and human factors', Ergonomics, 68(6), 759-
775. https://doi.org/10.1080/00140139.2024.2378355.

Salmon, P., Walker, G., Read, G., Goode, N. and Stanton, N. (2017) 'Fitting
methods to paradigms: are ergonomics methods fit for systems
thinking?', Ergonomics, 60(2), 194-205.
http://dx.doi.org/10.1080/00140139.2015.1103385.

Schulte, P., Vainio, H. (2010) 'Well-being at work - overview and
perspective', Scandinavian Journal Work Environment Health, 36(5), 422-
429, https://doi.org/10.5271/sjweh.3076.

Slama, R., Slama, I., Tlahig, H., Slangen, P. and Ben-Ammar, O. (2024) 'An
overview on human-centred technologies, measurements and

optimisation in assembly systems', International Journal of Production
Research, 62, 5336-5358.
https://doi.org/10.1080/00207543.2023.2286627.

Sgarbossa, F., Grosse, E.H., Neumann, W.P., Battini, D. and Glock, C.H.
(2020) 'Human factors in production and logistics systems of the future’,
Annual Reviews in Control, 49, 295-305.
https://doi.org/10.1016/j.arcontrol.2020.04.007.

Sigahi, T., Thatcher, A., Bolis, I., Rampasso, |., Saltorato, P. and Anholon, R.
(2025) 'Actionable insights for human factors and ergonomics to achieve
the Sustainable Development Goals: mapping past advancements and
proposing future strategic paths', Ergonomics, 68(9), 1436-1457.
https://doi.org/10.1080/00140139.2024.2414199.

Statistics Finland (2025a) Growth and productivity measures - components of
productivity change. https://pxdata.stat.fi/PxWeb/sq/982152c4-c2ca-
4d13-be24-aad8d4993141.

Statistics Finland (2025b) Enterprises financial statements (enterprise unit) by
industry (TOL 2008), information, size category of enterprise by EU definition

78


http://dx.doi.org/10.1080/00140139.2015.1103385
https://doi.org/10.5271/sjweh.3076
https://doi.org/10.1080/00140139.2024.2414199
https://pxdata.stat.fi/PxWeb/sq/982152c4-c2ca-4d13-be24-aad8d4993141
https://pxdata.stat.fi/PxWeb/sq/982152c4-c2ca-4d13-be24-aad8d4993141

and year. https://pxdata.stat.fi:443/PxWeb/sq/fcdea1b0-8127-4906-aacc-
ca056e645919.

Stenborg, M., Huovari, J., Kiema, I. and Maliranta, M. (2021) Productivity and
competitiveness in Finland. Which factors affect competitiveness? Why do we
need it? Publications of the Ministry of Finance.
http://urn.fi/URN:ISBN:978-952-367-485-1.

Takala, E-P. (2018) 'Ergonomic interventions and prevention - a need for
better understanding of implementation’, Scandinavian Journal of Work
Environment & Health, 44, 11-112. https://doi.org/10.5271/sjweh.3710.

Takala, E-P., Pehkonen, I., Forsman, M., Hansson, G-A., Mathiassen, S.E.,
Neumann, W.P., Sjggaard, G., Veiersted, K.B., Westgaard, R.H. and
Winkel, J. (2010) 'Systematic evaluation of observational methods
assessing biomechanical exposures at work', Scandinavian Journal of
Work, Environment & Health, 36(1), 3-24.
https://doi.org/10.5271/sjweh.2876.

Thatcher, A., Acquah, A., Aublet-Cuvelier, A., Becker, R., Bentley, T., Boatca,
M., Braatz, D., Cheng, H-I., Coutarel, F., Gangopadhyay, S., Green, N.,
Heaton, N., Hsiao, H., Ma, L., Mochimaru, M., Mrugalska, B., Nitsch, V.,
Oliveira, P., Park, T., Reiman, A., Rodriguez, Y., Roth, G., Salve, U., Seva, R.,
Tisch, A., Todd, A., Torres, Y., Yagi, Y., Yin, S. and Zhang, W. (2026)
'Ergonomics/human factors and the future of work: a global systems
perspective', Applied Ergonomics, 131, Article 104665.
https://doi.org/10.1016/j.apergo.2025.104665.

Thatcher, A., Waterson, P., Todd, A. and Moray, N. (2017) 'State of science:
ergonomics and global issues', Ergonomics, 61(2), 197-213.
https://doi.org/10.1080/00140139.2017.1398845.

Theberge, N. and Neumann, P. (2013) 'The relative role of safety and
productivity in Canadian ergonomists' professional practices', Relations
industrielles / Industrial Relations, 68(3), 387-408.
https://doi.org/10.7202/1018433ar.

Tompa, E., Dolinschi, R. and Laing, A. (2009) 'An economic evaluation of a
participatory ergonomics process in an auto parts manufacturer’,
Journal of Safety Research, 40, 41-47.
https://doi.org/10.1016/j.jsr.2008.12.003.

79


https://pxdata.stat.fi/PxWeb/sq/fcdea1b0-8127-4906-aacc-ca056e645919
https://pxdata.stat.fi/PxWeb/sq/fcdea1b0-8127-4906-aacc-ca056e645919
http://urn.fi/URN:ISBN:978-952-367-485-1
https://doi.org/10.5271/sjweh.3710
https://doi.org/10.1016/j.apergo.2025.104665
https://doi.org/10.1080/00140139.2017.1398845
https://doi.org/10.7202/1018433ar

Tompa, E., Dolinschi, R., De Oliveira, C., Amick I, C.B. and Irvin, E.A. (2010)
'Systematic review of workplace ergonomic interventions with economic
analyses', Journal of Occupational Rehabilitation, 20, 220-234.
https://doi.org/10.1007/s10926-009-9210-3.

Tompa, E., Dolinschi, R. and Natale, J. (2013) 'Economic evaluation of
participatory ergonomics in a textile plant', Applied Ergonomics, 44, 480-
487. https://doi.org/10.1016/j.apergo.2012.10.019.

Trstenjak, M., BeneSova, A., Opetuk, T. and Cajner, H. (2025) 'Human
factors and ergonomics in Industry 5.0—a systematic literature review',
Applied Sciences, 15, 2123. https://doi.org/10.3390/app15042123.

United Nations (2023) The Sustainable Development Goals report: special
edition. https://unstats.un.org/sdgs/report/2023/.

Van Eerd, D., Cole, D., Irvin, E., Mahood, Q., Keown, K., Theberge, N., Village,
J., StVincent, M. and Cullen, K. (2010) 'Process and implementation of
participatory ergonomic interventions: a systematic review', Ergonomics,
53(10), 1153-1166. https://doi.org/10.1080/00140139.2010.513452.

Van Eerd, D., King, T., Keown, K., Slack, T., Cole, D., Irvin, E., Amick IIl, B. and
Bigelow, P. (2015) 'Dissemination and use of a participatory ergonomics
guide for workplaces', Ergonomics, 59(6), 851-858.
https://doi.org/10.1080/00140139.2015.1088073.

van Rhee, H. (2025) Aligning economic and social performance: the role of
workplace measures and deregulation. Erasmus University Rotterdam.
https.//pure.eur.nl/ws/portalfiles/portal/203943824/dissertatie_henk va
n_rhee_-_689dccb967450.pdf.

Village, J., Searcy, C., Salustri, F. and Neumann, P. (2015) 'Design for human
factors (DfHF): a grounded theory for integrating human factors into

production design processes', Ergonomics, 58(9), 1529-1546.
http://dx.doi.org/10.1080/00140139.2015.1022232.

Wells, R., Mathiassen, E., Medbo, L. and Winkel, J. (2007) 'Time—a key issue
for musculoskeletal health and manufacturing', Applied Ergonomics, 38,
733-744. https://doi.org/10.1016/j.apergo.2006.12.003.

World Health Organization (2025) 'Absenteeism from work due to illness,
days per employee per year'. Available at:
https://gateway.euro.who.int/en/indicators/hfa 411-2700-absenteeism-

80


https://doi.org/10.3390/app15042123
https://unstats.un.org/sdgs/report/2023/
https://doi.org/10.1080/00140139.2010.513452
https://pure.eur.nl/ws/portalfiles/portal/203943824/dissertatie_henk_van_rhee_-_689dccb967450.pdf
https://pure.eur.nl/ws/portalfiles/portal/203943824/dissertatie_henk_van_rhee_-_689dccb967450.pdf
https://gateway.euro.who.int/en/indicators/hfa_411-2700-absenteeism-from-work-due-to-illness-days-per-employee-per-year/#id=19398

from-work-due-to-illness-days-per-employee-per-year/#id=19398
(Accessed: 26 November 2025).

Wilson, J. (2014) 'Fundamentals of system ergonomics/human factors',
Applied Ergonomics, 45, 5-13.
https://doi.org/10.1016/j.apergo.2013.03.021.

Wurzelbacher, S., Lampl, M., Bertk, S. and Tseng, C-Y. (2020) 'The
effectiveness of ergonomic interventions in material handling
operations', Applied Ergonomics, 87, Article 103139.
https://doi.org/10.1016/j.apergo.2020.103139.

Zink, K. (2007) 'From total quality management to corporate sustainability

based on a stakeholder management', Journal of Management History,
13(4), 394-401. https://doi.org/10.1108/17511340710819615.

Zandin, K.B. and Schmidt, T.M. (2021) MOST work measurement systems. 4th
ed. CRC Press.

Zare, M., Croq, M., Hossein-Arabi, F., Brunet, R. and Roquelaure, Y. (2016)
'Does ergonomics improve product quality and reduce costs? A review
article', Human Factors and Ergonomics Management, 26, 205-223.
https://doi.org/10.1002/hfm.20623.

Zwetsloot, I.J.M., van Scheppingen, A. and Dijkman, A. (2013) 'The core
values that support health, safety, and well-being at work', Safety and
Health at Work, 4, 187-196. http://dx.doi.org/10.1016/j.shaw.2013.10.001.

81


https://gateway.euro.who.int/en/indicators/hfa_411-2700-absenteeism-from-work-due-to-illness-days-per-employee-per-year/#id=19398
https://doi.org/10.1016/j.apergo.2020.103139
https://doi.org/10.1108/17511340710819615
https://doi.org/10.1002/hfm.20623
http://dx.doi.org/10.1016/j.shaw.2013.10.001

82



LIST OF ORIGINAL PUBLICATIONS

This dissertation is based on the following original publications:

I Suokko, T., Oksanen, T. and Reiman, A. 'Ergonomics in practice: survey
evidence from Finnish manufacturing companies'. Submitted 2025.

Il Suokko, T.,* Patama, J.,* Oksanen, T. and Reiman, A. (2024) 'Integrating
HF/E knowledge into manufacturing process development: qualitative
study on utilising physical workload data', International Journal of
Human Factors and Ergonomics, 11(4), pp. 331-349.

Il Suokko, T., Oksanen, T. and Reiman, A. (2025) 'Productivity and
employee well-being in manufacturing process development -
comparison study of two departments', Applied Ergonomics, 25, article
104460.

*The authors contributed equally to this work.
The publications have been adapted with the permission of the copyright
owners.

83






ORIGINAL PUBLICATIONS (I-III)






Ergonomics in Practice: Survey Evidence from Finnish Manufacturing
Companies

Suokko T, Oksanen T, Reiman A

Submitted 2025









Integrating HF/E knowledge into manufacturing process
development: qualitative study on utilising physical workload
data

Suokko T, Patama J, Oksanen T, Reiman A

Int. J. Human Factors and Ergonomics, Vol. 11, No. 4, 2024









Productivity and employee well-being in manufacturing process

development - Comparison study of two departments

Suokko T, Oksanen T, Reiman A

Applied Ergonomics, 125, 104460, 2025






Applied Ergonomics 125 (2025) 104460

Contents lists available at ScienceDirect
Applied Ergonomics

journal homepage: www.elsevier.com/locate/apergo

Applied
Ergonomics

Productivity and employee well-being in manufacturing process
development — Comparison study of two departments

Teemu Suokko *"

, Tuula Oksanen ®®, Arto Reiman”

2 Institute of Public Health and Clinical Nutrition, University of Eastern Finland, P.O. Box 1627, 70211 Kuopio, Finland
® Department of Industrial Engineering and Management, University of Oulu, P.O. Box 4610, 90014, Finland

ARTICLE INFO ABSTRACT
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Manufacturing companies constantly seek opportunities to improve operational efficiency without compromising
employee well-being. Ergonomics can contribute to both goals, but its role is often limited to well-being. This
longitudinal corporate case study followed retrospectively the effects of work development for five years in a
manufacturing company’s assembly line and welding unit. The aim was to analyse how these development ac-

tivities impacted employee well-being and productivity. In the assembly line, ergonomics-oriented development
processes led to a profit of EUR 1,130,810 and a reduced physical workload. In contrast, the welding unit
implemented only two development activities, resulting in a smaller profit of EUR 278,721, with no noticeable
decrease in physical workload. This study suggests that continuous activity in production development utilising
ergonomics data collected from the work leads to sustainable productivity and improvements in employee well-

being.

1. Introduction

Work and work processes are constantly being developed in the
manufacturing industry to ensure production performance and effi-
ciency. These development activities, often technology-dominated and
business-oriented, can provide a competitive edge for the company
through the introduction of new and advanced technologies and auto-
mation. There is, however, a threat to successful performance and
employee well-being if human-system and human-technology interfaces
are not designed with enough deep ergonomics expertise. The potential
benefits for ergonomics development in the manufacturing industry can
be significant when these challenges are handled with the right
approach (Boff, 2006; Carayon, 2006; Punnett et al., 2009; Gualtieri
et al., 2020; Reiman et al., 2021; Reiman et al., 2023; Abdous et al.,
2023; Slama et al., 2023).

If work, work environment, and personnel and their interactions are
not adequately considered, different disruptions between them can
arise, posing multifaceted challenges for the company. These disruptions
may adversely affect personnel through various psychosocial and
organizational processes (Neumann et al., 2009; Wilson, 2014; Caputo
et al., 2019; Sormunen et al., 2022; Hansen et al., 2024). As a scientific
discipline, ergonomics aims to understand, design and develop work

* Corresponding author.
E-mail address: teemu.suokko@uef.fi (T. Suokko).

https://doi.org/10.1016/j.apergo.2024.104460

from a socio-technical work systems’ perspective. In this regard, the
system can be approached from micro and macro perspectives. When
examined from the micro perspective, the focus is on individual level
work systems whereas the macro perspective on work systems shifts the
focus on broader system complexities and their design and management.
In the ergonomics literature, such systems are discussed under the
microergonomics and macroergonomics domains. As described by
Kleiner (2008) macroergonomics as a sociotechnical systems theory
focuses on organizational design aspects and the design configuration is
then carried down to the microlevel, i.e. to the workplace, or worksta-
tion level, i.e. to the level where the actual work is performed. At the
heart of such macroergonomics socio-technical system development is
that there is evidence-based microergonomics knowledge of the factors
that influence or disturb the smooth functioning of work and employees’
workload (Davis et al., 2014; Neumann et al., 2016; Kadir et al., 2019;
Hughes et al., 2017; Abdous et al., 2023).

With the advancement of manufacturing technologies, there has
been a growing need for more holistic work system design (Neubert
et al., 2012; Papetti et al., 2021; Dominguez-Alfaro et al., 2023). In this
regard, companies’ development processes should address a holistic
macroergonomics system perspective where employees, work processes,
methods, systems, environments, tools, machinery and equipment, and
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the output products and services are all simultaneously considered.
Usually this requires that microergonomics knowledge is systematically
applied with a macroergonomics holistic development approach (Hen-
drick, 2003).

Influencing companies’ business performance requires an awareness
of the economic metrics companies seek to influence (Dul and Neumann,
2009; Greig et al., 2019; Greig et al., 2023; Dominguez-Alfaro et al.,
2023). In that respect, in manufacturing, ergonomics is, however, often
considered too narrowly only from a health and safety development
perspective, and not for productivity development, hence neglecting the
potential it could have from a business performance development
perspective (Dul and Neumann, 2009; Greig et al., 2019; Greig et al.,
2023). Often, the need for ergonomics development arises only from the
need to reduce costs associated to occupational health and safety, for
instance, by minimizing the number of musculoskeletal disorders
(MSDs) (Falck et al., 2010; Halling et al., 2019; Kolus et al., 2023; Tompa
et al., 2009a; Tompa et al., 2009b; Tompa et al., 2013). However, it is
not always understood that these development activities may also
improve work productivity (Guimaraes et al., 2015; Papetti et al., 2021;
Niekurzak et al., 2023).

Isolating ergonomics development activities from other development
activities is often challenging, and the effects that can be direct or in-
direct may only become apparent in the long term (Hendrick, 2003;
Hignett et al., 2005; Tompa et al., 2009a; Tompa et al., 2009b; Tompa
et al., 2013; Falck et al., 2010; Rose et al., 2012; Falck and Rosenqvist,
2014; Burgess-Limerick, 2018; Heidarimoghadam et al., 2022). There-
fore, evaluating the effectiveness of ergonomic interventions is chal-
lenging, and epidemiological research evidence, for example, on
physical ergonomics, has been relatively scarce and sometimes even
contradictory (Haukka et al., 2008; Rivilis et al., 2008; Driessen et al.,
2010; Wurzelbacher et al., 2020). Also the need to examine the eco-
nomic benefits of ergonomics has been recognised for a long time
(Beevis and Slade, 2003; Hendrick, 2003; Goggins et al., 2008; Hen-
drick, 2008; Tompa et al., 2009a; Da Silva et al., 2014), yet ergonomics
research still lacks properly conducted economic analyses and calcula-
tion methods and tools that consider the variety of potential cost savings
and productivity improvements, as evidenced by different indicators
(Tompa et al., 2009a; Neubert et al., 2012; Rose et al., 2012).

This study aimed to investigate the effects of development activities
on system performance and employee well-being in one large interna-
tional manufacturing corporation based in Finland. The corporation
employs over 950 people globally and has subsidiaries in Finland, Ger-
many and Slovakia. The study focused on a Finland-located company
and its’ two departments: assembly line and a welding unit and their
development activities between 2018 and 2022. For both departments,
ergonomics data were collected through physical workload measure-
ments and work measurement analyses. In the first one, these data were
systematically applied to use when designing development activities,
whilst, in the latter one, development activities were more modest when
it came to their amount and the use of ergonomics. Within our macro-
ergonomics study setting, the aim was to (1) analyse how manufacturing
process development activities contributed to employee well-being
regarding the physical workload and the number of sick leaves from
MSDs. Further, this study aimed to study the (2) system performance
development perspective by following the productivity rate de-
velopments and calculating cost-benefit ratios for the development ac-
tivities conducted in these two departments.

2. Methodology
2.1. Study context

In both departments (assembly line and welding unit), various work
tasks were performed manually or with hand tools, and the employees

constantly handled parts of different sizes, weights, and shapes. The
assembly line had 13 work stages (see Table 1). In those 13 work stages,
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Table 1
Departments’ work stages and development activities.

Department Work stage Development activities (n)

Assembly 1 Dashboard 3 (2 x modifications of the lifting aid, new
line installation point)
2 Electrical 4 (3 x modifications of the lifting aid, new
switchboard assembly jig and sub-buffer)
3 Electrical wiring 3 (Buffer modification, product lifting table,
flow control wire installation jig)
4 (Modification of the lifting aid, new
buffer, additional space to streamline roof
handling, person working platforms)
1 (More suitable machinery for the work)
1 (Storage rack)

4 Exterior roof

5 Interior roof
6 Heating system

piping
7 Rear window/ 4 (Modification of the lifting aid, product
windscreen lifting table, buffer replacement, raiser for

pallets)
8 Control panel 3 (Modification of the mounting bracket,
wiring storage rack for jigs, product lifting table)
9 Interior Cladding 0
10 Headlights 2 (Parts to be assembled moved up on the
workstation, buffer for parts)
3 (2 x product lifting tables, tool trolley)
1 (More lighting)
1 (Lifting aid)

11 Hydraulic piping
12 Doors
13 mudguards

Welding 1 Part loading 2 (Parts collection trolley modification,
unit reversing of load racks)
2 Frame welding 0
3 Finishing welding 0
and grinding
Total 32

there were altogether ca. 800 parts to be assembled, weighing between
100 g and 80 kg. The final weight of the finished product was 800 kg. At
each work stage, the workers’ tasks involved assembling various product
parts to be manufactured using hand tools. The parts were transferred to
the product by hand or with the help of lifting aids. One or two workers
manned each work stage. The assembly line had balanced the same task
time requirements at all work stages. After a defined task time, the
product was automatically transferred to the next work stage. The as-
sembly line was developed with 30 activities in 2018-2022 (see
Table 1).

There were three work stages in the welding unit: part loading, frame
welding, and finishing welding and grinding (Table 1). In these work
stages workers handled 60 different parts, the weight of which varied
between 100 g and 55 kg. The final weight of the finished product was
300 kg. Part loading and frame welding stages employed three to five
workers. In the finishing stage, there were seven to ten workers. Part
loading requires using a lifting aid or moving metal parts of various
sizes, shapes, and weights into the welding jig by hand. The metal parts
were attached to the jig with jig clamps, closed by hand and then moved
automatically to the welding robots. In frame welding, workers used a
lifting aid to transfer the parts to an assembly welding robot, which
welded the product to its final shape. The last work stage was finishing
welding, where workers welded the product and manually grinded the
welded seams. Only two development activities were made in the
welding unit as can be observed from Table 1.

2.2. Methods and materials

This was a five-year longitudinal corporate case study that was
retrospectively designed. Four data types were collected for this study:
1) personnel demographics, 2) work measurements, 3) physical work-
loads, and 4) costs of the development activities. They were collected to
form a comprehensive analysis of the development activities and their
effects on the system performance and employee well-being.

2.2.1. Personnel demographics
Personnel demographic data was retrieved from the HR databases.
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Personnel at the two departments were considered reasonably compa-
rable regarding their annual number of personnel, mean age and
working experience, and worker turnover rate (see Table 2). By intro-
ducing a new eHealth system in 2018, the company could separate the
annual sick leave days from MSDs from other sick leave days. All
workers were male, with an average age of 40 throughout the follow-up
period. The number of workers ranged from 27 to 31 in the assembly line
and 17 to 20 in the welding unit.

2.2.2. Work measurement analysis

During the study period, work measurements were performed using
the Maynard Operation Sequence Technique (MOST) (Zandin and
Schmidt, 2021). The MOST is a predefined motion time system mainly
utilised in industrial environments to establish the standard time for a
worker to complete a work task. As a result of the MOST analysis,
so-called normal times are produced. These can be used to design work
tasks and methods (Wells et al., 2007; Harari et al., 2018; Zandin and
Schmidt, 2021). Normal time is required from a qualified worker,
working at a pace ordinarily used by the workers when capably super-
vised to complete a work task by following a prescribed method and
without interruptions (Zandin and Schmidt, 2021). Knowing the time to
complete specific work tasks can enable and maintain high utilisation
rates of personnel, material, and equipment (Karim et al., 2016; Harari
et al., 2018; Zandin and Schmidt, 2021).

All work tasks (28 in the assembly line and 8 in the welding unit)
were measured. Work measurement data were used to calculate annual
productivity figures. The productivity rate was calculated with the
following formula:

Normal time

Productivity rate=———F+————————
24 Actual working time

The actual time taken to manufacture the products was obtained
from the company’s production management system. In this study,
productivity rate 1 referred to the normal work time for the products
produced during the year. Productivity rates above 1 referred to
improved productivity.

2.2.3. Physical workload measurement

Physical workload measurements were conducted for the same tasks
as the MOST analysis using a method developed by the authors.
Accordingly, all work tasks at these two departments (28 in the assembly
line and 8 in the welding unit) were video recorded and later analysed.
The measurement process has been described earlier by the authors
(anonymised for blind review). The measurements were made in the as-
sembly line in 2015 and 2021. In the welding unit, the measurements

Table 2
Personnel demographics in 2018-2022 collected from the company’s human
resources databases.

Year 2018 2019 2020 2021 2022

Assembly line

Workers (n) 27 27 26 31 31

Mean age (years) 41.5 41.5 42.3 40.7 42.2

Years in the company 9.4 9.8 9.5 10.5 10.8
(mean ((range)) (1-21) (1-22) (2-23) (1-24) (2-25)

Worker turnover rate 0.0 12.9 3.7 0.0 8.8
(%)

MSD sick leave days 331 113 32 55 12
(n)

Welding unit

Workers (n) 17 18 18 18 20

Mean age (years) 42.5 44.3 45.1 46.7 43.5

Years in the company 14.3 14.5 14.2 15.2 14
(mean ((range)) (1-29) (1-30) (1-31) (2-32) (1-33)

Worker turnover rate 0.0 5.6 0.0 0.0 8.7
(%)

MSD sick leave days 249 394 210 210 373
(n)
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were made in 2018 and 2022. The video recordings were collected by
the authors supported with an occupational health physiotherapist. All
work tasks on an assembly line and welding unit were video recorded.
Individual video recordings lasted from 583 s (i.e. 9.7 min) to 1603 s
(26.7 min).

In the analysis of the video recordings, the aim was to identify
harmful working postures and to calculate their proportions of the
overall working time of the task being performed using a stopwatch. The
ergonomics expert (one of the authors) and the occupational physio-
therapist conducted the analyses. A simple checklist was used to support
the analysis. In the checklist, harmful working postures observed were
covered. These included: hands raised above shoulder level, bending,
twisting of the back, standing, sitting, squatting, and manual handling of
loads. As an example, in Fig. 1, a worker is manually performing a work
task on welding (at the final welding and grinding work stage), standing
and back leaning forward. For that work task, the proportion of those
harmful working postures was standing at 60.7 % and back leaning
forward at 28.8 % of the total working time.

The analysis was supplemented with subjective assessments of the
impact of load handling in a work task. This was assessed using load
handling coefficients (see Table 3). The proportions spent on harmful
working postures in a particular task and the load handling coefficient
assessed enabled an evaluation to determine the physical workload level
of the task. The scale for these workload levels was evaluated on a scale
from O to 4 (see Table 3).

2.2.4. Costs for the development activities

Four company representatives were consulted to identify the devel-
opment activities that had been conducted at the departments. These
informants worked in managerial positions at the production develop-
ment department and had access to documentation and cost calculations
for the activities.

Needs and ideas for the development activities had emerged through
the outputs acquired from the work measurement analyses and physical
workload measurements. The development was the responsibility of the
production development engineers, the assembly line supervisor and the
production manager. Formal and informal meetings were held between
different personnel groups to discuss alternatives for development ac-
tivities. As an example, Fig. 2 shows a part of the assembly line where
development activities had been conducted.

The calculations of investment in work development activities were
also the responsibility of the production development engineers. The
estimated total investment for developing the assembly line was EUR
177,000, including all 30 development activities (see Table 1). On
average, the cost of one development measure was EUR 5900. Only two
development activities comparable to those made in the assembly line
were made in the welding unit during the study period. First, in the part
loading stage, the parts collection trolley was modified to be more
suitable for parts handling in 2018, and second, in 2019, the orientation

Fig. 1. An illustration of a work task in the final welding and grinding work
stage highlighting the harmful work postures the employee has.
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Table 3
Load handling coefficients and workload levels utilised in the analysis.
Load handling Description
coefficients
1.0 The loads are light and easy to handle. There is little handling
of the loads and the working postures are somewhat harmful.
1.2 The loads are light and reasonably easy to handle. There is

little handling of the loads and there are some nuisances in
the working postures.

1.4 The loads are reasonably heavy and reasonably easy to
handle. There is some handling of the loads and there is some
nuisance in the working postures.

1.6 The loads are reasonably heavy and difficult to handle. There
is a lot of handling of the loads and there are some nuisances
in the working postures.

1.8 The loads are heavy and difficult to handle. There is a lot of
handling of the loads and the working postures are harmful.
2.0 The loads are very heavy and challenging to deal with. There

is a lot of handling of the loads and the working postures are
generally harmful.

Workload levels Description

0 The functionality of the work environment and work
performance is an optimal/somewhat burdensome for the
musculoskeletal system.

1 The functionality of the work environment and work
performance is a somewhat burdensome for the
musculoskeletal system.

2 The functionality of the work environment and work
performance is a burden for the musculoskeletal system.

3 The functionality of the work environment and work
performance is a major burden for the musculoskeletal
system.

4 The functionality of the work environment and work
performance is a significant burden for the musculoskeletal
system.

Fig. 2. Assembly line overview after development activities. In the figure,
development activities like the product lifting table can be identified.

of the load racks was reversed to provide additional space for parts. The
estimated investment cost for these two development activities was EUR
35,000.

A cost-benefit ratio for the activities was calculated with the
following formula:

total monetary benefit acquired
Total costs

Cost — benefit ratio =

A cost-benefit ratio of over 1 indicates financial benefit to the com-
pany (Verbeek et al., 2009; Ramos et al., 2017). Total costs included
monetary investments for the development activities, and the monetary
benefits were calculated from the productivity figures and MSD sick
leave days. Productivity was calculated using the wage costs of workers
at actual productivity levels compared to productivity level 1, which
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refers to a normal work pace. The costs per sick day was calculated using
national estimations by the Confederation of Finnish industries (2023),
which state that one sick leave day in industrial work in Finland costs
EUR 370. Employee wage costs were collected with the following
formula:

hoursworked, Workdays per year
Day Productivity

Costs=Hourlywage*Number of employees*

3. Results
3.1. Physical workload

In the assembly line, physical workload decreased, and the propor-
tion of harmful working postures reduced from 2015 to 2021. For
example, development activities contributed to better ergonomics, and
working at awkward working postures, i.e., leaning forward with and/or
twisted position and working with hands above shoulder level,
decreased. In addition, time spent on handling different loads decreased.
The total workload for all work tasks on average at the assembly line
decreased from 2.6 to 1.7, as shown in Table 4. In the welding unit, the
average physical load remained almost the same (3.0 in 2018 compared
to 2.8 in 2022) (Table 4).

Table 4

Results of the physical workload measurements, showing the mean average
value (%) for all individual work tasks and their development between the two
measurements.

Assembly line 2015 (% of the

working time, on

2021 (% of the
working time, on

Change
(2015-2022)

average) average)
Leaning forward 181 5.8 -12.3
and/or twisted
body position
Hands above 12.2 5.9 -6.3
shoulder level
Handling loads 65.2 55.1 —-10.1
Standing 73.6 76.8 +3.2
Moving 11 8.2 -2.8
Sitting 7.2 9.6 +2.4
Kneeling 3.5 3 —0.5
Squatting 4.8 1.8 -3
Lying down 0.0 0.5 +0.5
Load handling 1.2 1.2 0
coefficient
(1.0-2.0)
Workload level 2.6 1.7 -0.9
-4
Welding unit 2018 (% of the 2022 (% of the Change
working time, on working time, on (2018-2022)
average) average)
Leaning forward 15.2 12.4 -2.8
and/or twisted
body position
Hands above 13.1 13.1 0
shoulder level
Shoulders stretched 3.9 2.0 -1.9
forward
Handling loads 80.3 80.1 -0.2
Standing 62.4 60.5 -1.9
Moving 31.9 33.8 +1.9
Sitting 5.4 5.6 +0.2
Kneeling 0.2 0.2 0
Squatting 0.2 0 -0.2
Load handling 1.4 1.4 0
coefficient
(1.0-2.0)
Workload level 3 2.8 -0.2
(0-4)
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3.2. Productivity

As can be seen from Table 5, productivity remained higher than the
normal pace of work in the assembly line. As an exception, in 2021, the
productivity was purposefully lower due to planned model changes in
production. Still, the productivity exceeded the normal working pace by
10%. At the same time, the number of sick leave days resulting from
MSDs decreased. In 2022, only 12 MSD sick days were recorded in the
databases of assembly line workers; in 2018, there were 331 sick leave
days. In the welding unit, productivity showed a downward trend. In
2022, productivity had decreased below the normal level and was 0.97.
In addition, workers’ MSD sick days increased over the years and in
2022, workers had 373 MSD sick days (Table 5).

In the assembly line, maintaining high productivity meant a total of
EUR 896,370 lower wage costs over the five-year monitoring period
compared to the normal pace of work. In addition, the reduction in MSD-
related sick leave days resulted in cost savings for the company. During
the monitoring period (2018-2022), there were 543 sick days for MSD,
resulting in total costs of EUR 200,910. Compared to the level of sickness
absence in 2018, the total cost savings for the company amounted to
EUR 411,440 for the total period. Regarding productivity in the welding
unit, the company had EUR 384,391 fewer wage costs compared to the
normal pace of work. For MSDs, costs increased. In the welding unit, the
total number of MSD days was 1436, which resulted in total costs of
€531,320. Compared to the level of MSD in 2018, the company incurred
EUR 70,670 more in costs for the total monitoring period. In the welding
unit, a decrease in the highest achieved productivity level from 1.22 to
0.97 meant that about six more workers would have had to be hired to
achieve the same output.

Fig. 3 Summarises how work development activities have affected
workload, productivity, and MSD on the assembly line and welding unit.
Based on the estimations of the investment values, the cost-benefit ratio
for the assembly line was 7.4, but for the welding unit, it was even
higher, 9.0.

4. Discussion

Manufacturing companies operating in global markets must contin-
uously improve their performance to maintain and develop their
competitiveness. Advances in technology and automation may further
accelerate their development processes, however, ergonomics should
not be forgotten (Hendrick, 2003; Tompa et al., 2009b; Neubert et al.,
2012). In this study, we collected data from one major manufacturing
corporation and its two departments. These departments shared many
similarities when it comes to personnel demographics. Further, in both
these departments, employees performed physically demanding tasks,
even though the tasks differed to a certain extent. In the assembly line,
the corporation actively developed human work with microergonomics
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work stage level data collected through work measurement analyses and
physical workload measurements, with 30 development activities
identified throughout the five-year study period. In the welding unit,
development activities were rare, with only two activities conducted
comparable to those in the assembly line.

In our macroergonomics analysis, we examined these processes from
the perspectives of employee well-being and overall system perfor-
mance. Employee well-being was examined by comparing the de-
velopments in physical workload and MSD-related sick leave days. From
the system performance perspective, we focused on the developments in
productivity ratios, economic benefits and cost-benefit ratios between
these two departments. Our analysis showed that the physical workload
in the assembly line was reduced during the study period, whilst this
development was marginal in the welding unit. There are several pos-
sibilities for these results. First, we argue that this resulted from the
continuous development process where new development activities
were conducted yearly in the assembly line using ergonomic knowledge
acquired through work measurement analyses and physical workload
measurements. Second, we state that whilst this development was
identifiable, the levels of assessed physical workloads remained still
rather high (1.7 on average) compared to 0, which is considered optimal
in our evaluation scale. Hence, we speculate, that achieving an optimal
physical workload level with only minor level development activities
might still not be possible due to the nature of manual work in the case
company. A similar positive development trend can be identified when
looking at the developments in the number of sick leave days resulting
from MSDs and our productivity ratio calculations.

Interestingly, the investment cost-benefit ratios favoured the weld-
ing unit (9.0 compared to 7.4. In the assembly line). Looking merely at
these ratios might still be misleading, as the overall trends in all
examined areas (sick leave days, physical workload, productivity ratios)
all support active and continuous development (that was not the case in
the welding unit). Therefore, we conclude that continuous development
activity can simultaneously contribute to the system performance and
employee wellbeing (Dul et al., 2012).

4.1. Managerial contributions

In this study, development activities play a significant role in
reducing workload. Similar observations can be found also in the past
ergonomics literature (Falck et al., 2010; Tompa et al., 2013; Kolus et al.,
2023). There are numerous ways to develop work through ergonomic
methods, with technological constraints and personnel creativity and
insights acting as potentially limiting factors (Davis et al., 2014; Neu-
mann et al., 2016; Kadir et al., 2019; Hughes et al., 2017; Abdous et al.,
2023). Large-scale technological facelifts are often expensive, and ar-
guments on potential long-term savings that can be acquired through
improvements in the workload may be inadequate or too difficult to

Table 5

Annual data on work development, productivity and MSD.
Year 2018 2019 2020 2021 2022
Assembly line
Work development activities (n) 14 5 2 5 4
Productivity (1 = normal working pace) 1.16 1.19 1.19 1.10° 1.2
Effect on wage costs (EUR) —166,072 —192,239 —192,239 —118,975 —226,845
MSD sick leave days (n) 331 113 32 55 12
Costs on sick leave days (EUR) 122,470 41,810 11,840 20,350 4440
Accidents at work (n) 0 1 0 0 0
Welding unit
Work development activities (n) 1 1 0 0 0
Productivity (1 = normal working pace) 1.18 1.22 1.04 1.07 0.97
Effect on wage costs (EUR) —143,737 -169,919 —36241 —68494 34,000
MSD sick leave days (n) 249 394 210 210 373
Costs sick days (EUR) 92,130 145,780 77,700 77,700 138,010
Accidents at work (n) 0 0 1 0 5

# Productivity decline planned due to new models in production.
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30 work
development
activities

Assembly line
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Workload level
decrease 2.6 to
1.7
Productivity Total benefit
(mean) 1.17

EUR 1,130,810

MSD days total
543

—————
Workload level
decrease 3.0 to

278

2 work
development
activities

Welding unit

Total benefit
EUR 278,721

Productivity
{mean) 1.1

\ J
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MSD days total
1436
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Fig. 3. Summary of the development activities 2018-2022 and identified effects on physical workload, productivity ratios, number of sick leaves on MSDs and the

total benefits acquired.

justify from the business development perspective. In this regard, it is
likely considered more straightforward and cost-effective to invest in
smaller-scale investments like lifting tables or lighting devices, as was
the case in this study. This study shows that such investments can also be
highly profitable when the examination period is long enough.

Although the development activities in this study can be considered
low-cost (EUR 5900 on average in the assembly line and EUR 17,500 in
the welding unit) and to a certain extent as “low-hanging fruits” (see
Hendrick, 2008), they still seemed to contribute to employee well-being
and system performance in the assembly line. A key observation in this
regard was that these development activities were specifically tailored
to meet the microergonomics needs observed through physical workload
measurement and work measurements analyses systematically during
the inspection period. We interpret this as a practical use case how to
implement microergonomics in macroergonomics system level
development.

In manufacturing, optimising the macroergonomics socio-technical
system for economic performance requires an understanding of the
microergonomics capabilities and limitations of the workforce at hand
and their potential to use assigned technologies (Davis et al., 2014;
Neumann et al., 2016; Kadir et al., 2019; Abdous et al., 2023). In this
study, physical workload was measured using a unique method. It seems
that the workloads assessed and their development parallel the devel-
opment trends observed from the productivity perspective. Reducing the
workload in the assembly line helped to maintain and develop produc-
tivity. On the other hand, it is not possible to know with certainty at
what level of physical workload employees’ workability would start
deteriorating (Haukka et al., 2008; Rivilis et al., 2008; Driessen et al.,
2010; Wurzelbacher et al., 2020). In future studies, it would be worth
examining whether a certain physical workload level (measured in this
study on a self-made scale from 0 to 4) could predict potential challenges
to work ability and productivity. As another topic for future studies,
microergonomics considerations should be expanded to cognitive and
psychosocial perspectives when examining the overall employee
well-being perspective.

4.2. Limitations

We studied physical workload measurements, work developments
and MSD-related sick leaves in a manufacturing plant’s assembly line
and welding unit. In the welding unit, the workload measurements were
conducted in 2018 and 2021, whereas in the assembly line they were

conducted in 2015 and 2022. Because sick leave data was only available
from 2018 onwards, the study period was 2018-2022. A manufacturing
plant is a continuously evolving complex work system. Our study was
retrospective; thus, it is not possible to separate the effects of possible
other changes in the plant on productivity and employee well-being. It is
possible that some development activities were undertaken in the as-
sembly line before the start of the 2018 monitoring period. However,
their possible effect on MSDs cannot be verified, as they were only
identifiable from 2018 onwards. The main author worked in the cor-
poration. This is both a strength and a limitation. Through this
connection, the authors had access to company-specific data for research
purposes. On the other hand, this relationship includes the potential for
biases, especially concerning objectivity.

Empirical data were collected partially through established methods
(MOST analysis, demographics data and other company figures) and
with non-validated, more practical tools. The method of measuring the
physical workload was invented for work development purposes and not
scientifically validated. However, as a sign of its usability, the company
has been committed to using the data obtained from the method to
support work development. The physical workload data were collected
with a relatively long time between the measurements. On the other
hand, this data was not the only data in this study, and a professional
from an occupational health care service also participated in data
collection and analysis. The ergonomist and occupational physiothera-
pist know the work and the workers well. This allowed for an in-depth
analysis of the ergonomics data. This increases the credibility of the
data. Validating the physical workload measurement method is a topic
for future research.

This study was partially conducted during the COVID-19 pandemic.
In the company, COVID-19-induced rules and regulations concerning
social interactions, such as keeping distance, wearing PPE and not
coming to work when sick, were applied. The production and welding
personnel were still working as usual during the pandemic and the
production was not affected. In this study, we only followed sick leaves
due to MSD, not infections. Moreover, had the COVID-19 infection
spread around the personnel, it would have affected both assembly and
welding lines similarly.

5. Conclusions

This study showed how ergonomics improvements are potentially
connected with industrial gains. We also found that while work
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development positively effected the system performance, it also
enhanced employee well-being. In this regard, continuous ergonomics-
oriented work development is an opportunity to influence well-being
and productivity. It is possible to maintain a high level of productivity
without compromising work ability if work is developed using ergo-
nomic methods. On the other hand, if ergonomics is not used when
developing work, it can have a negative impact on both the system
performance and employee well-being. Future studies in diverse indus-
trial settings are needed to confirm our findings.
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TEEMU SUOKKO

This dissertation demonstrates that
ergonomics in manufacturing contributes
to well-being, productivity and financial
performance. The findings indicate that
ergonomics remains underutilised in Finnish
industry. However, systematic, data-driven
ergonomic development can reduce physical
workload and MSD-related sick leave while
improving productivity, organisational
performance, and longer-term business
competitiveness.

UNIVERSITY OF
EASTERN FINLAND

uef.fi

PUBLICATIONS OF
THE UNIVERSITY OF EASTERN FINLAND
Dissertations in Health Sciences

ISBN 978-952-61-6085-6
ISSN 1798-5706




	Blank Page
	Blank Page



