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Abstract
Globally recognised trends, such as changes in demographic structures and work organisations,
the globalisation of economies and social activities, digitisation of work and climate change, are
also affecting the Nordic countries. To address the wide range of changes and demands in working
life, the length of working careers needs to be prolonged, and employees’ ability to stay at work
needs to be improved. Promoting well-being at work and occupational safety are fundamental
ways to do so. Undesired factors that hinder well-being at work need to be recognised in order to
address them properly in both paid and informal work and to achieve an optimal load.
The main objective of this doctoral thesis is to recognise present and future undesired
psychosocial and physical load factors in different professions and working conditions. A further
objective is to provide information on how to address the recognised problematic issues at work.
This knowledge can be applied to the societal challenges of prolonging working careers and
improving well-being at work and occupational safety. The identified undesired load factors and
how to eliminate and decrease them are discussed at both the micro- and macro-levels and through
a work system framework. The four cases studied in this thesis present work in different forms:
diverse paid work in a multi-professional company, paid work in a work environment that was not
easily controlled, informal work as unpaid domestic work and work that does not yet exist but is
being designed.
The results show that inadequate management actions, difficulties in organising work, clientrelated difficulties, the demanding state of physical working conditions and physical discomfort
were common undesired load factors. These views compared well with occupational safety and
health professionals’ perceptions and future challenges.
The knowledge provided can be applied at multiple levels in order to ensure decent work for
all. For example, it is vital for companies and organisations to take their personnel into
consideration, to develop well-being at work using a participatory and design-oriented process and
to improve productivity. At the educational level, students need to be provided with the required
information to ensure their and their co-workers’ well-being. At the societal and governmental
level, guidance and policies are needed to improve education, and policies, and updated
regulations are needed for the development of paid and informal work.

Keywords: decent work, human factors and ergonomics, informal work,
macroergonomics, microergonomics, paid work, physical load factor, psychosocial load
factor, well-being at work, work system
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Tiivistelmä
Työ muuttuu muun muassa väestörakenteiden ja organisaatioiden muutosten, talouden ja lähiyhteisöjen globalisoitumisen, työn digitalisoinnin sekä ilmastonmuutoksen takia niin globaalisti
kuin Pohjoismaissa. Jotta lukuisiin työelämän muutoksiin ja tarpeisiin voidaan vastata, tulee työuria pidentää ja työntekijöiden kykyä pysyä työelämässä parantaa. Tämä edellyttää työhyvinvoinnin ja työturvallisuuden edistämistä. Työperäiset työhyvinvointia heikentävät tekijät tulee
tunnistaa optimaalisen kuormituksen saavuttamiseksi sekä palkkatyössä että epävirallisessa työssä.
Tämän väitöskirjan päätavoitteena on tunnistaa nykyisiä ja tulevia ei-toivottuja psykososiaalisia ja fyysisiä kuormitustekijöitä eri ammateissa ja työympäristöissä. Toisena tavoitteena on
pohtia keinoja, joilla tunnistettuihin kuormitustekijöihin voidaan vaikuttaa. Näin väitöskirja tuottaa tietoa edellä kuvattuun yhteiskunnalliseen haasteeseen työurien pidentämisestä sekä edistää
työhyvinvointia ja -turvallisuutta. Tunnistetuista ei-toivotuista kuormitustekijöistä ja niiden poistamisesta ja torjunnasta keskustellaan mikro- ja makroergonomian sekä työjärjestelmän näkökulmasta. Neljässä esimerkissä tarkastellaan palkkatyötä moniammatillisessa yhtiössä, palkkatyötä
vaikeasti kontrolloitavassa työympäristössä, palkatonta kotityötä sekä vasta suunnitteluvaiheessa olevaa työtä.
Tulosten mukaan yleisiä ja toimialariippumattomia ei-toivottuja kuormitustekijöitä ovat tarve parantaa työnantajien ja johdon toimintaa, vaikeudet työn organisoimisessa, asiakkaiden aiheuttama kuormitus, fyysisen työympäristön haastava tila sekä työtehtävien fyysinen kuormitus.
Nämä näkemykset ovat yhteneväiset työturvallisuuden ja terveyden ammattilaisilta kerättyjen
arvioiden ja tunnistettujen tulevien haasteiden kanssa.
Tuotettua tietoa voidaan soveltaa useilla tasoilla ihmisarvoisen työn takaamiseksi. Tulokset
auttavat yrityksiä ja organisaatioita ottamaan henkilökunnan huomioon, kehittämään työhyvinvointia ja parantamaan tuottavuutta. Oppilaitosten tulee tarjota opiskelijoille tarvittavat tiedot
oman sekä työtovereiden työhyvinvoinnin varmistamiseksi. Yhteiskunnallisella ja päättävällä
tasolla tarvitaan linjauksia ja oppilaitosten toimintaperiaatteiden määrittelyä koulutuksen parantamiseksi sekä linjauksia ja lainsäädännön päivittämistä palkallisen ja epävirallisen työn kehittämiseksi.

Asiasanat: epävirallinen työ, fyysinen kuormitustekijä, ihmisarvoinen työ, inhimilliset
tekijät ja ergonomia, makroergonomia, mikroergonomia, palkkatyö, psykososiaalinen
kuormitustekijä, työhyvinvointi, työjärjestelmä
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Abbreviations and key definitions
AI
BCE
CSR
EU-OSHA
e.g.
GDP
HF/E
ICT
IEA
i.e.
ILO
ISO
IT
IVR
MSD
OECD
PRISMA
RQ
WHO
Human factors and ergonomics

Informal caregiver

artificial intelligence
before the Common Era
corporate social responsibility
European Agency for Safety and Health at
Work
exempli gratia
gross domestic product each year
human factors and ergonomics
information and communication technology
International Ergonomics Association
id est
International Labour Organization
International Organization for
Standardization
information technology
immersive virtual reality
musculoskeletal disorders
Organisation for Economic Co-operation
and Development
preferred reporting items for systematic
reviews and meta-analyses
research question
World Health Organization
“The scientific discipline concerned with the
understanding of interactions among humans
and other elements. It is the profession that
applies theory, principles, data and methods to
design in order to optimize human well-being
and overall system performance.”
(International Ergonomics Association [IEA],
2020, para. 1)
An individual, such as a family member, who
is providing unpaid care for a child or
dependent adult that has a chronic illness,
11

Informal work

Macroergonomics

Microergonomics

Paid work

Physical load factors
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disability, or other long-lasting health or care
need outside a professional framework
(International Alliance of Carer Organizations,
2018)
Activities by employees and economic units
that are not covered or are inadequately
covered by formal arrangements (Organisation
for Economic Co-operation and Development/
International Labour Organization [OECD &
ILO], 2019)
Considers structures, processes and policies in
wider sociotechnical systems as the task
design involves one or more of the following:
design of work organisation (combining small
systems into larger systems), design of
jobs/system functions, optimal choice of
technology (regarding the needs of the system
and the individual) and work roles,
communication and feedback (information
flow) (Bridger, 2018; Hendrick, 2002; Zink,
2000)
Focuses on distinct components and solutions
in certain workplaces as the task design
involves one or more of the following: design
of the procedures (how the task is performed),
design of the context (workspace and
surroundings) and design of the selection of
the task objects (equipment and tools)
(Bridger, 2018; Hendrick, 2002; Larson &
Wick, 2012; Zink, 2000)
‘Formal employment’, in other words, paid
work registered with the state for tax, social
security and labour law purposes (Williams &
Nadin, 2012)
Physical labour or effort involved in activity,
for example, lifting and carrying, force,
repetition, working posture, mechanical

Psychosocial load factors

Sustainability

Well-being at work

Working conditions

Work system

compression and vibration (Bridger, 2018;
Stramler, 1993)
Includes, for example, the content of work,
work demands, organisation of work,
autonomy and control, workplace culture and
team and social interactions (IEA & ILO,
2020; Smedley, Dick, & Sadhra, 2013)
In addition to profit or short-term goals, the
focus is on the planet and people to ensure that
development and actions taken today do not
compromise the ability of future generations
to fulfil their needs (Delios, 2010; Dul et al.,
2012; Pfeffer, 2010)
“Well-being at work means safe, healthy, and
productive work in a well-led organisation by
competent workers and work communities
who see their job as meaningful and
rewarding, and see work as a factor that
supports their life management” (Anttonen &
Räsänen, 2009, p. 17)
Includes the physical, physiological, social
and psychological environment where an
employee performs his/her tasks (ILO, 2020b;
Stramler, 1993)
An entity that is formed when an individual
performs his/her work tasks with various tools
and technologies in a certain work
environment (International Organization for
Standardization [ISO], 2016; Smith &
Carayon-Sainfort, 1989)
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1

Introduction

1.1

Background and research problem

Wide-ranging changes in working life, society and the environment present a
challenge for occupational safety and health practices, processes and structures.
The globalisation of economies and social activities, climate change, changes in
demographic structures and work organisations, and the downsizing and
restructuring of many enterprises, among others, are affecting work (Gagliardi,
Marinaccio, Valenti, & Iavicoli, 2012; Siemieniuch, Sinclair, & Henshaw, 2015;
Thatcher & Yeow, 2016). Furthermore, global supply chains and the digitisation of
work affect work systems worldwide, posing challenges to working conditions
(Fostervold, Koren, & Nilsen, 2018; Zink & Fischer, 2018).
These globally recognised trends are also affecting the Nordic countries
(Dølvik & Røed Steen, 2018). Despite the changes in working life, employees in
the Nordic countries declare high satisfaction with their working hours and worklife balance (Matilla-Santander et al., 2019). Even though there are differences
among the individual Nordic countries, they have retained their distinctive position
as welfare states having comparatively high living standards, relatively equal
distributions of income, and high job quality (Andersen & Roine, 2016; Oinas,
Anttila, Mustosmäki, & Nätti, 2012). In the Nordic welfare states, all citizens have
the same rights to welfare benefits regardless of income or occupation (Koren,
2017). For example, the emphasis is on full employment, economic and gender
equality, extensive and good quality public services from children to the elderly
and relatively generous family benefits (Earles, 2011; Kuitto, Salonen, & Helmdag,
2019). The Nordic welfare states are often regarded as women-friendly because of
their social policies and services that enable women’s participation in the labour
market. However, at the same time, in the Finnish welfare state, women have an
extensive role in the provision of low-cost labour, and hence, this contributes to the
formation of a secondary female-dominated labour market (Koskinen Sandberg,
2018; Kuitto et al., 2019). A question has also been raised whether contracting out
elderly care and primary health care services potentially endangers the affordability
of these services to citizens and will lead to undermining some principles of the
Nordic welfare state (Tynkkynen, Lehto, & Miettinen, 2012).
From a wider viewpoint, the goals and principles in the Nordic welfare states,
such as equal opportunities in life despite family background, the eradication of
21

poverty, gender equality, the lowering of income inequality, individually based
rights to health care and education and a well-organised labour market, have
remained largely stable even though the policies and instruments to achieve them
have changed across time and countries. The pursuit of strong policies of employee
welfare and a high degree of institutionalisation of joint regulation both at the
national level and in the workplace are among others that support this continuity
(Andersen & Roine, 2016; Oinas et al., 2012). In Finland and Sweden, employment
protection legislation and active labour market programs have similar
characteristics. The employment regimes combine flexibility and security. Job
insecurity is compensated for by employment and income security (Vulkan,
Saloniemi, Svalund, & Väisänen, 2015). However, Finland has, alarmingly, lagged
behind the other Nordic countries in productivity growth (Stenborg, Ahola, Palmén,
& Pääkkönen, 2021).
In order to answer the wide range of changes and demands in working life, the
employment rate of the working age (15 to 64 years of age) population needs to
grow considerably, the length of the working career needs to be prolonged and
employees’ ability to stay at work needs to be improved. This challenge has been
recognised by both researchers and decision-makers (Aura, Ahonen, Hussi, &
Ilmarinen, 2016; Hvid et al., 2011; Sauni, 2019; Shemeikka et al., 2017). Promoting
well-being at work is one fundamental way to do so, as it is associated with better
work ability, better work quality, fewer absences or leaves due to disease and
productivity (Dollard & Neser, 2013; Dul et al., 2012; Karasek & Theorell, 1990;
Schulte & Vainio, 2010). Well-being at work is defined as a holistic entity that
includes occupational safety and health and is related to organisational conditions,
competence and personal components and to productivity at the individual,
organisational and societal levels (Anttonen & Räsänen, 2009; Reiman & Väyrynen,
2018).
Work-related factors may either hinder or enhance well-being at work (Reiman
& Väyrynen, 2018). Even though there is a rise in psychosocial challenges, the
more traditional load factors, such as noise, poor ergonomics, asbestos (as asbestosrelated diseases are still notified yearly) and so on, should not be forgotten (Nynäs,
Pukkala, Vainio, & Oksa, 2017; Pääkkönen & Koponen, 2018). Related to reported
work-related diseases in Sweden, over one third of them have been connected to
physical ergonomic factors, such as monotonous or unusually strenuous
movements or postures, while organisational or social factors were the cause of
four out of 10 work-related diseases (Arbetsmiljöverket, 2020). In Finland, mental
and behavioural disorders and musculoskeletal diseases (MSD) are the two most
22

common reasons for retirement on disability pension (Finnish Centre for Pensions,
2020). Furthermore, the share of young employees with physical and psychosocial
challenges has increased, and the number of young people claiming disability
pensions due to mental health problems has grown since the turn of the century
(OECD, 2010; Rantala, Hietaniemi, Nyman, Laaksonen, & Kuivalainen, 2017).
In 2019 in Finland, the frequency of occupational accidents suffered by
employees was 29 compensated accidents for each one million hours of work
(Tapaturmavakuutuskeskus [TVK], 2019). Standardised incidence rates (the
number of accidents in relation to the number of persons employed) for non-fatal
accidents per 100,000 persons employed in 2017 were 1,906.22 in Finland and
774.31 in Sweden. In the same year, the number of fatal accidents per 100,000
employed persons was less than 1.00 in both Finland and Sweden (Eurostat, 2019a).
The trends in both the frequency of occupational accidents and the fatal accident
rate have been downward during the last few decades in Finland (Statistics Finland,
2007, 2020).
According to the International Labour Organization’s (ILO) (2020a) estimation,
the economic burden of poor occupational safety and health practices is estimated
to be 3.94 per cent of the global gross domestic product (GDP) each year. The
World Health Organization (WHO) (2017) assessed that the economic loss of workrelated health problems was 4–6% of GDP for most countries. Other estimates with
different approaches place the costs of occupational injury and disease at 1.4% of
GDP at a minimum and 27.7% of GDP at maximum, depending on the country
(Tompa et al., 2019). Rissanen and Kaseva (2014) claimed that the costs of lost
labour input because of sickness absences, presenteeism, incapacity for work,
occupational accidents and diseases and health care costs were around 24 billion
euros in 2012 in Finland. The GDP in Finland was 258.3 billion euros the same
year, resulting in the costs of lost labour as 9.3% of the GDP (World Bank, 2020).
The previously described examples are related to a traditional way of
presenting and evaluating safety: the focus is on incidents, accidents, errors and
violations. Knowledge gained from hindsight has been an important underlying
objective; in other words, something went wrong that caused adverse effects.
Instead of focusing only on hindsight knowledge, attention should also be paid to
positive and proactive safety approaches: what went right when a performance is
successful and ways to support and encourage these successes (Braithwaite, Wears,
& Hollnagel, 2015; Hollnagel, 2014; Huber, van Wijgerden, de Witt, & Dekker,
2009). Authors like Hollnagel (2014) and Carayon et al. (2015) encourage utilising
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proactive and design-oriented occupational safety and health approaches that pay
attention to holistic and human-centric asset management.
A key framework for improving human safety, health, well-being and
sustainability is human factors and ergonomics (HF/E) (IEA & ILO, 2020). HF/E
is a scientific discipline that aims to understand interactions among humans and
other elements of a system in which an individual performs his/her work tasks with
different tools and technologies in a certain work environment or an individual is a
product user or receiving services (Dul et al., 2012; IEA, 2020; ISO, 2016; Smith
& Carayon-Sainfort, 1989; Väyrynen, Jounila, Latva-Ranta, Pikkarainen, & von
Weissenberg, 2016). HF/E applies theory, principles, data and methods to design in
order to optimise human well-being and overall system performance (IEA, 2020).
Microergonomics focuses on definite components and solutions in certain
workplaces, while macroergonomics considers structures, processes and policies in
larger-scale sociotechnical systems (Bridger, 2018; Hendrick, 2002; Zink, 2000).
1.2

Scope and objectives

Regardless of the field, the length of the working career needs to be prolonged, and
the employees’ ability to stay at work needs to be improved to answer the increasing
demands of working life. The factors that hinder well-being at work need to be
recognised in order to address them properly, both in paid and informal work, in
order to achieve an optimal load. To understand the diverse needs of working life,
a multi-professional viewpoint is required.
The main objective of this thesis is to recognise present and future undesired
psychosocial and physical load factors (from now on referred to as undesired load
factors) in different professions and working conditions. A further objective is to
provide information on how to address the recognised problematic issues at work.
This knowledge can be applied to the societal challenges of prolonging working
careers and improving well-being at work and occupational safety.
HF/E is a key framework for simultaneously promoting well-being at work and
productivity. In the research problem of this study, the recognised undesired load
factors and how to address them are considered at both the micro- and macro-levels,
as micro- and macroergonomics are often used for classifications in HF/E.
Four research questions (RQ) were formulated in order to define the research
problem. The first and second RQs are discussed with Articles I–IV, as they present
examples of the encountered undesired load factors under different working
conditions. The third RQ is discussed with Articles I–V, as the results of RQs 1 and
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2 are compared with occupational safety and health professionals’ perceptions of
important occupational safety and health themes at work. The fourth RQ is
discussed with Articles I–IV and VI as the results of RQ1 and RQ2 are compared
with the views of possible undesired load factors in the future presented in Article
VI. The RQs are:
–
–
–
–

RQ1. What common undesired psychosocial load factors can be identified in
different working conditions?
RQ2. What common undesired physical load factors can be identified in
different working conditions?
RQ3. How do the common undesired load factors compare with occupational
safety and health professionals’ perceptions?
RQ4. How do the current undesired load factors compare with possible
undesired load factors in the future?

The relations of the research questions to each other are presented in Figure 1. This
thesis contains microergonomics aspects, as the material consists of individuals’
experienced undesired load factors in specific circumstances. However, the nature
of some identified undesired load factors and the discussed developmental
measures can be viewed as macroergonomics.
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Fig. 1. Relations of the research questions to each other.

1.3

Research approach

The theoretical framework of this thesis is based on the foundations of human
factors and ergonomics (HF/E) which is a human-centric discipline that focuses on
human well-being and performance. HF/E facilitates discomfort factors, risk
identification and design-oriented solution-seeking processes (Dul et al., 2012;
Karwowski, 2005). Aside from a theoretical framework, a researcher has to define
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a research approach from epistemological and ontological and from deductive and
inductive points of view as well as in methodological choices.
Ontology is about reality and existence and can be divided into objectivism and
subjectivism, while epistemology is about acceptable knowledge and can be
divided into positivism and interpretivism (Bryman & Bell, 2015; Eriksson &
Kovalainen, 2008). In epistemology, positivists believe that only if phenomena and
knowledge are verified by the senses can they be considered as knowledge and that
the researcher should be a distant observer, while interpretivists aim to understand
human behaviour and believe that the researcher is an active part of the research
(Bryman & Bell, 2015; Farquhar, 2012; Saunders, Lewis, & Thornhill, 2009). This
research is closer to interpretivism than positivism.
In ontology, objectivists see research as based on facts, not subjective analysis.
For example, the functions of an organisation are based on standards, guidelines,
rules and legislation, while people are operators who realise processes and values,
and reality is independent of these people (Bryman & Bell, 2015). In subjectivism,
reality is a subjective perception based on an individual’s perceptions and
experiences, and it may change over time and context (Eriksson & Kovalainen,
2008). This study is closer to subjectivism than objectivism.
In deductive research, theories or hypotheses are developed based on existing
theory and then tested through empirical observation, while in inductive research,
theories or hypotheses are developed to explain empirical observations in the real
world and to make generalisations based on those observations and analyses
(Bryman & Bell, 2003; Lancaster, 2005). This dissertation is closer to inductive in
nature, as the researcher started to study the individuals’ experiences with undesired
load factors and moved from there forward to generalisations.
Methodologically, this study combines qualitative and quantitative approaches
in order to enhance the accuracy and confidence in the findings (Bryman, 2001).
Combining qualitative and quantitative approaches is often called mixed methods
(Flick, 2020b). In mixed methods, the elements (i.e., the use of qualitative and
quantitative viewpoints, data collection, analysis and inference techniques) are
combined (Johnson, Onwuegbuzie, & Turner, 2007). Following these premises,
this thesis uses several sources and analyses to provide descriptive results from
different HF/E aspects. Open-ended responses from the personnel of a multiprofessional company, occupational safety and health professionals’ perceptions
and a risk assessment conducted by employees from different fields were analysed
qualitatively and quantitatively, while home care personnel’s responses to a
questionnaire were analysed quantitatively and informal caregivers’ interviews
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were analysed qualitatively. A systematic literature review supported the gathered
data.
In addition, this study has elements from case study research. In a case study,
the focus is on an instance, institution or phenomenon itself, rather than on a
representative of a broader population (Lee & Saunders, 2017). Yin (2014) suggests
that a case study as a research strategy contains a number of data collection methods
and multiple sources of evidence. The phenomenon is investigated in depth and
within its real-world context (Lee & Saunders, 2017; Yin, 2014). In individual case
studies, the case is often either a typical or intense case. In multiple case studies,
the focus is on questions of how the cases relate to each other (Schreier, 2018; Yin,
2014). Case study research seeks detailed and holistic knowledge, makes room for
diversity and complexity and avoids overly simplistic research designs (Eriksson
& Kovalainen, 2008).
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2

Theoretical framework

This study focuses on HF/E in the context of paid and informal work, specifically
on the undesired load factors of individuals. In this thesis, HF/E is covered from
micro- and macroergonomic views. In addition, sustainability is a consistent theme
throughout the review. The key theoretical concepts are presented in Figure 2. Paid
and informal work are described in sections 2.1 and 2.2. The principles of HE/E,
along with the characteristics of micro- and macroergonomics, are presented in
section 2.3.

Fig. 2. Key theoretical concepts of this study.

2.1

Paid work

Throughout history and in various societies, work has meant activities done
manually that require physical exertion and strength. The wide range of activities
throughout the centuries that have characterised work include simple tasks to fulfil
the basic human needs (acquiring food, caring for children and finding or creating
shelter) at the beginning of human civilisation to the activities of slaves and the
engagement of elites in art, philosophy and politics, serving God, and other
activities that create value (Ehmer, 2015; Kranzberg & Hannan, 2017). In paid work,
the focus is on employment in the formal labour force, and not on “work” as defined
by physics, gender-related questions or defining which activities should be
considered work. With this in mind, Stramler (1993) defined work as “any task or
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activity which is considered occupational, —which occurs at an appropriate
workplace, has at least somewhat structured environment, and for which one hopes
to be or is typically compensated, either monetarily or through trade” (p. 383 para.
3). Merriam-Webster (n.d.) defines the verb as “to perform work or fulfil duties
regularly for wages or salary; to perform or carry through a task requiring sustained
effort or continuous repeated operations; or, to exert oneself physically or mentally
especially in sustained effort for a purpose or under compulsion or necessity”
(Definition 1). The Cambridge University Press (n.d.) states that work is “an
activity, such as a job, that a person uses physical or mental effort to do, usually for
money” (Definition A1), and finally, the Oxford University Press (n.d.)
characterises it as “mental or physical activity as a means of earning income;
employment” (Definition 1.1). The narrow definition of work as paid work has
received criticism in that it focuses on three forms of capital: financial, man-made
and basic resources. It has also been seen as diminishing women’s contributions to
the economy and excluding “women’s work” in the informal sector (Hilfinger
Messias et al., 1997; Meleis & Lindgren, 2002).
Paid work is a cornerstone in societies, as it provides subsistence and
opportunities for social bonding and learning and affects social identity and
personal core values, social cohesion, feelings of meaningfulness and the
functioning of organisations and communities (Fostervold et al., 2018). In the
ILO’s (2017) agenda for decent work, the four pillars are promoting jobs and
enterprise, guaranteeing rights at work, extending social protection and promoting
social dialogue. It aims for work that is productive, delivers a fair income, offers
security and social protection, safeguards basic rights, has safe and secure working
conditions, offers equality of opportunity and treatment, enables personal
development and provides the chance for recognition and to have your voice heard
(ILO, 2017; Zink & Fischer, 2018). Working conditions are shaped by actions, rules
and regulations originating from legal, judiciary, administrative and collective
bargaining spheres, personnel policies and informal social norms. Working
conditions include the physical, physiological, social and psychological
environments, and, for example, the following elements: terms of the employment
relationship, access to employment, the workplace, wage level, time at work and
away from work, the supervisory structure and mechanism, health and safety
conditions at the workplace, the employees’ voice at work, social protection and
social insurance benefits (Carré, 2015; ILO, 2020b; Stramler, 1993).
Work science has its origins and began development thousands of years ago,
although different terms have been used in comparison with the current
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understanding. The first known descriptions related to occupational safety and
health were about miners and their occupational diseases when Hippocrates
described the occurrence of lead poisoning among miners. He also formulated
ergonomic guidelines for surgical work around 400 before the Common Era (BCE)
(Kuorinka, 2000; Salminen, 2015). During the four industrial revolutions,
workplaces and occupational safety and health have changed and evolved
considerably (Henshaw, Gaffney, Madl, & Paustenbach, 2007). During the
nineteenth century, the first legislative actions were taken, as the Health and Morals
of Apprentices Act was confirmed in England in 1802. Legislation on worker
health and safety originated from the first Industrial Revolution and addressed
working conditions for children in 1833 and women in 1844 (Hofmann, Burke, &
Zohar, 2017; Salminen, 2015). In the United States, Massachusetts became the first
state to pass a factory safety and health law in 1877, while the first compulsory
social security system for wage earners was set up in Germany in 1883 with the
Workmen's Compensation Act in Britain following in 1897 (Henshaw et al., 2007;
Salminen, 2015).
During the late 1800s, European researchers demonstrated that reduced
working hours increased productivity, and they also developed an understanding of
the relationship between fatigue and the occurrence of accidents. Monotonous work,
accident-prone individuals and working conditions’ contributions to the occurrence
of accidents, injuries, illnesses and deaths were addressed in studies in the early to
mid-1900s. In the United States, the foundations for industrial hygiene,
occupational medicine and toxicology were established. Each US state had
comparable worker compensation protections for workplace injuries by 1947
(Henshaw et al., 2007; Hofmann et al., 2017). At the same time, the discipline of
ergonomics and human factors began to emerge (Brewer & Hsiang, 2002). As a
result, enhancements in equipment design, personal protective equipment design,
accident prevention, accident and injury analyses, system ergonomics, system
reliability, safety training and behaviour analysis were implemented (Hofmann et
al., 2017). In addition to the continued emphasis on physical ergonomics, cognitive
ergonomics matured in the 1990s (Thatcher, Waterson, Todd, & Moray, 2018).
More multilevel, systems views of safety emerged as the team (of which the
individual worker is a part), leaders and the broader organisation received more
attention in the late 1900s (Hofmann et al., 2017). The Vision Zero concept
originated from traffic research in Sweden: in this concept, accidents are not
accepted and are considered preventable (Salminen, 2015). From 1975 to 2009, the
fatality rate decreased from 7.2 to 1.2 deaths per 100,000 employees in Finland,
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mostly due to technical solutions, prevention and improved safety inspections.
Furthermore, a national strategy for sustainable development was adopted in 2006,
and the focus has shifted from treating the sick to proactive improvement of wellbeing and working conditions through joint efforts by management and personnel
(Niskanen, 2015; Salminen, 2015).
Thus, it can be seen that safety and health at workplaces have developed
considerably during the past 100 years. However, even now, more than 2.78 million
employees die every year due to occupational accidents and work-related diseases
(ILO, 2019b). The ongoing Fourth Industrial Revolution affects the workplaces by,
among others, bringing the convergence of a set of disruptive technologies that
include autonomous robots, additive manufacturing and the industrial Internet of
Things (Badri, Boudreau-Trudel, & Souissi, 2018; Chia, Lim, Sng, Hwang, & Chia,
2019). Despite around 78% of employees in the European Union reporting being
in good or very good health, there are significant differences between occupations,
and employees at lower-level occupations or with lower-level education report a
greater incidence of poor health. Physical risks at work, MSD and exposure to
psychosocial risks remain a concern (Eurofound, 2017; Eurofound and
International Labour Organization, 2019). In addition, the rise of non-standard
forms of employment is associated with greater insecurity for employees when
compared with standard employment. This includes challenges because of changes
in the structure of economies from agriculture and manufacturing to services,
increased pressure from globalisation, technological developments and shifting
organisational strategies (ILO, 2016).
2.2

Informal work

Informal work is work that is not regulated or linked to standard social insurance
systems (Lee, Swider, & Tilly, 2020). Since the early 1970s, the term ‘informal’
has been used for a segment of the labour market, a set of activities, a nonregulatory
status, a form of insertion in the labour market, a type or size of firm, selfconstructed housing, and a general characterisation of the economy (Hansen, 2015).
According to the Organisation for Economic Co-operation and Development
(OECD) and ILO (OECD & ILO, 2019), the informal economy includes all
economic activities by employees and economic units that are not covered or are
inadequately covered by formal arrangements. The informal sector consists of a
subset of household enterprises that are not officially registered, do not maintain a
complete set of accounts and are not constituted as separate legal entities
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independent of their owners. The ILO (2018) uses the following criteria to define
informal employment:
–

Employment status. Contributing family employees are considered as being
in informal employment; owning an informal economic unit (informal
sector) is classified as having an informal job; because producing only for
final use in households is classified as having an informal job
– Contributions to social security. Making no contributions to social security
is considered as being in informal employment.
– Entitlement to and benefit from paid annual leave, and entitlement to and
benefit (when needed) from paid sick leave. If the employee considerably
benefits from paid annual and sick leave, he/she is considered as being in
formal employment, otherwise considered as being in informal
employment.
Informal work has been previously seen as a ‘leftover’ from a pre-capitalist era and
as a manifestation of ‘backwardness’ and ‘underdevelopment’ (e.g., Geertz, 1963).
Recently, scholarship has recognised constitutions of informal work as an integral
component of contemporary forms of global capitalism. Two dominant
explanations for the growth of informal work see it as a survival practice (a
structuralist approach view) or as a voluntary rational economic strategy (a
neoliberal approach) (Rodgers, Shahid, & Williams, 2019; Williams & Schneider,
2016). For minorities, the less educated, those experiencing financial hardship,
those who work part-time involuntarily, independent contractors and the
unemployed, informal work may play an important role in helping households
financially. However, informal work is not supposed to compensate for the lack of
benefits of typical, paid work (Abraham & Houseman, 2019).
According to the OECD and ILO (2019), around 18% of all employment is
informal in developed countries, compared with 70% in developing and emerging
countries. Worldwide, the agriculture sector has the highest level of informality,
industry sector the second and service sector the third highest (OECD & ILO, 2019).
The most common sectors in the informal economy in many low- and middleincome countries are street vending, domestic work, waste picking, home-based
work (such as producing garments or handcrafts) and construction (Bhan et al.,
2020). Women do the most unpaid working hours compared with men in Europe
(Eurofound, 2017). Williams and Nadin (2012) present three forms of informal
work commonly distinguished as unpaid domestic work, unpaid community and
voluntary work and undeclared work. While unpaid domestic work and unpaid
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community and voluntary work are conducted by household members for
themselves, other members of their household or for the extended family, social or
neighbourhood networks and more formal voluntary and community groups, the
undeclared work is monetised exchange unregistered or hidden from the state for
tax, social security or labour law purposes (Williams & Nadin, 2012).
Unpaid domestic work has persistent gender presumptions, as women are still
responsible for the vast amount of unpaid domestic work. Maintaining households,
homes and relationships, caring for children and elders, and establishing,
supporting and expanding intra- and inter-family networks have been seen as
“women’s work” (Meleis & Lindgren, 2002; Williams & Nadin, 2012). Whittle
(2019) presents the idea that housework and care work for family members could
be defined as subsistence services. In unpaid community and voluntary work,
willingness is often linked to volunteering (Overgaard, 2019). However, unpaid
community and voluntary work can mean unpaid internships, and the voluntary
work of paid employees includes aspects of obligatoriness and ‘coercion’ (Baines,
2004; Williams & Nadin, 2012). Undeclared work can occur due to necessitydriven situations, such as young homeless employees or due to corruption and
bribes (Williams & Nadin, 2012).
As formal and informal work sometimes overlap, defining the form of work
may be difficult. Taylor (2004) demonstrated a continuum of labour practices based
on their degree of formality and whether the labour was paid or unpaid. Taylor used
care work as an example: paid employment (paid care assistant), formal voluntary
work (formal unpaid work in the private, public or voluntary sector), informal
unpaid work (unpaid care for a sick neighbour), paid informal work (paid to
babysit), paid labour within the family (paid to babysit within the family) and
unpaid domestic work (unpaid care for a sick relative). Similarly, Overgaard (2019)
suggests that instead of labelling volunteering as unpaid work, we should
investigate the boundaries with a simple matrix according to formal-informal and
paid-unpaid distinctions of the same kind of domain.
Employees in the informal economy face a high risk of poverty, occupational
risks and inferior working conditions, and a lack of access to appropriate risk
management instruments (OECD & ILO, 2019). In developing countries, small
informal settings, where industrial activities usually take place, lack enforcement
of health exposure limits (Ahasan, Ahmad, & Khan, 2000). As the informal
economy has a diverse range of informal workplaces, the exposure to health and
safety risks is tied to the specific physical and social environments of the informal
workplaces (Ko Ko et al., 2020). Informal work may cause adverse health effects
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to physical, psychosocial and mental health (Ballesteros, Arango, & Urrego, 2012;
Ludermir & Lewis, 2003, 2005). Informal work may also result in lower subjective
well-being than with workers in the formal economy (Giatti, Barreto, & Comini
César, 2008; Hurtado, Hessel, & Avendano, 2017; Karabchuk & Soboleva, 2020).
Also, informal work-related injuries often occur at home (Driscoll, 2018; Duric,
Diaconu, O’May, Rybovic, & Stevenson, 2018).
2.3

Human factors and ergonomics

In 1857, Polish scientist Wojciech Jastrezebowski proposed the term ‘ergonomics’
to represent the science of human work (Hassall, Xiao, Sanderson, & Neal, 2015).
‘Ergonomics’ comes from the Greek words ergon (work) and nomos (laws).
According to IEA (2020), HF/E is “the scientific discipline concerned with the
understanding of interactions among humans and other elements. It is the
profession that applies theory, principles, data and methods to design in order to
optimize human well-being and overall system performance” (para. 1). It is
recognised in the HF/E literature that people who are not employed still perform
work, as the term ‘work’ basically “refer[s] to any form of human effort or activity,
including recreation and leisure pursuits” (Hendrick, 2002, p. 1). Because of this,
HF/E can be and is utilised in this thesis for both the paid and informal work
concepts.
The principles of HF/E (IEA & ILO, 2020; Read, Salmon, Goode, & Lenn,
2018) can be summarised as follows:
–
–
–
–
–

Human beings are assets
Technology is a tool to assist humans
Promotion of the quality of life
Respect for individual differences
Responsibility to all stakeholders

HF/E can also be described as having three fundamental characteristics: it takes a
systems approach, is design driven and focuses on two related outcomes—
performance and well-being (Dul et al., 2012; IEA, 2020). In the IEA and ILO
guidelines (2020), sustainability is mentioned along with performance and wellbeing, as the management of high-quality HF/E to maximise “performance and
sustainability through balancing organizational functions and the well-being of its
workers” (p. 3) is a way to have a successful organisation. Wilson (2014) has listed
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six defining features for HF/E, which are systems focus, context, interactions,
holism, mergence and embedding.
Human factors should be integrated into various organisation and safety
management actions (Teperi & Leppänen, 2011). HF/E takes into account different
aspects of the person and the environment, such as the physical, physiological,
psychological (affective and cognitive), social, sociotechnical and organisational
aspects (Bridger, 2018; Dul et al., 2012). The interactions between various subsystems can be of a physical, cognitive and psychosocial nature and at different
levels, from microergonomics to macroergonomics issues (Carayon, 2006). In
physical ergonomics, the focus is on designing jobs, tools, equipment and
workspaces to fit the physical attributes of a human being. The aim is to minimise
adverse safety and health effects, such as fatigue, discomfort, musculoskeletal
damage, and repetitive strain injuries. In cognitive ergonomics, the focus is on
human mental processing abilities and limitations. The aim is to improve human
situation awareness, problem solving, and decision-making capabilities or even on
human impressions and feelings for certain design solutions (Dahlgaard &
Nagamachi, 2008; Hassall et al., 2015; Schütte, Eklund, Axelsson, & Nagamachi,
2004). Psychosocial factors include the content of work, work demands, the
organisation of work, autonomy and control, workplace culture, and team and
social interactions. The aim is to ensure optimal workload and avoid conflicting
demands (IEA & ILO, 2020; Smedley et al., 2013).
2.3.1 Micro- and macroergonomics
At the macro-level, a human being is a part of networks of organisations; at the
meso-level, a human being is a part of a process or organisation; and at the microlevel, the human being is using tools or performing single tasks (Dul et al., 2012).
Starting from the top and working down Figure 2, macroergonomics has a largersystems, organisational perspective, and it is applied in the design and redesign of
large-scale work systems (Kleiner, 2006, 2008). Macroergonomics considers
structures, processes and policies in wider sociotechnical systems as task design
involves one or more of the following: the design of a work organisation
(combining small systems into larger systems); the design of jobs/system functions);
an optimal choice of technology (regarding the needs of the system and the
individual); and work roles, communication and feedback (information flow)
(Bridger, 2018; Hendrick, 2002; Zink, 2000). In other words, macroergonomics is
a top-down sociotechnical holistic system for studying the work system and how
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the components, functions and subsystems work together. The subsystems of the
work system include the organisation, task, human, tools and technology and
environment (Kalteh, Salesi, Cousins, & Mokarami, 2020; Smith & CarayonSainfort, 1989). Macroergonomics typically leads to large-scale results in
organisations and communities (Kleiner & Drury, 1999; Kleiner, 2008).
Macroergonomics aims to design work systems in such a way that they are
compatible with the sociotechnical system characteristics of an organisation and
that the microergonomic elements support the entity (Hendrick, 2002; Murphy,
Robertson, & Carayon, 2014). Microergonomics provides solutions to individual
problems locally; it focuses on distinct components and solutions in certain
workplaces, as the task design involves one or more of the following: design of the
procedures (how the task is performed), design of the context (workspace and
surroundings) and design of the selection of the task objects (equipment and tools)
(Bridger, 2018; Hendrick, 2002; Larson & Wick, 2012; Zink, 2000). For example,
physical and cognitive ergonomics are seen as microergonomics (Karsh, Waterson,
& Holden, 2014). In design processes, human needs and requirements need to be
taken into account (Bergquist & Abeysekera, 1996).
2.3.2 Work system
Czaja and Nair (2006) state that the focus on HF/E is on studying performance
within the context of tasks and environments. Supporting this, a traditional
approach presented in the HF/E literature is a work system theory that is used, for
example, in macroergonomics (e.g., Dul et al., 2012; Kleiner, 2006; Smith &
Carayon-Sainfort, 1989), which provides a holistic framework for identifying and
understanding individual-level success factors, challenges, discomfort and load
factors as conditions that affect performance and risk for accidents in work contexts.
When simplified, a human-centric work system can be described as an entity that
is formed when an individual performs his/her work tasks with different tools and
technologies in a certain work environment. A work system is a system that
produces different outputs from material, energy and know-how inputs (Väyrynen
et al., 2016). Work systems can also be used when describing non-work contexts,
such as the individual as a product user or person receiving services, in which case
the environment is where the person uses the product or receives the service (Dul
et al., 2012). In the IEA and ILO guidelines (2020), a work system is described as
a system that “involves one or more humans interacting with some form of (a) tools
and technologies, (b) internal physical and psychosocial organisational
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environment, (c) external environment, and (d) organisational conditions” (p. 31).
Work systems evolve over time and space, which causes their sociotechnical
attributes to be under constant change (Carayon et al., 2015).
As described by various authors (Dul et al., 2012; Reiman & Väyrynen, 2018;
Smith & Carayon-Sainfort, 1989), work systems should be balanced by increasing
the positive aspects of other elements if it is not possible to improve or eliminate
negative aspects to increase employees’ well-being and productivity. Unbalanced
work systems may result in different adverse safety and health outputs like physical,
cognitive and psychological stress, accidents and injuries and quality errors and
losses that may inhibit and decrease work performance (Carayon, 2009; Kleiner,
2008; Reiman & Väyrynen, 2018). Such challenges should be managed in a
participatory and design-oriented process in which the needs of all the relevant
stakeholders and work system users are considered (Carayon, 2006; Carayon et al.,
2015; Dul et al., 2012). In participatory ergonomics, the recipients of ergonomic
interventions are active participants in the design and evaluation process (Thatcher
et al., 2018). If the facilitators and barriers (i.e., resources, programme support,
ergonomic training, organisational training and communication) are addressed,
participatory ergonomics can enhance well-being, maintain safety and health,
reduce injuries, improve productivity and affect the working atmosphere and
employees’ satisfaction (Burgess-Limerick, 2018; Cervai & Polo, 2018; Hignett,
Wilson, & Morris, 2005; Reijula, Ruohomäki, Lahtinen, & Reijula, 2017; Rivilis
et al., 2008; van Eerd et al., 2010).
2.3.3 Work system design
To facilitate task performance and to safeguard and enhance the safety, health and
well-being of the employee or product user, all the designable parts of a system,
product or service are fitted to the human being instead of selecting, adapting and
training individuals to fit the system, product or service (Dul et al., 2012; ISO,
2011). The work system design aims at optimising load and work strain, avoiding
impairing effects, promoting facilitating effects and improving system
effectiveness and efficiency. The principle is in prevention and proactivity rather
than solving issues after the work system is complete. However, HF/E can also be
used reactively to solve a problem and generatively to integrate HF/E into a larger
organisational plan and in the design and implementation of organisational and
technological changes (Bridger, 2018; Carayon, 2006; ISO, 2016). The hierarchy
of measures to minimise exposure to hazards is elimination, substitution, risk
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transfer, engineering controls, administrative controls and personal protective
equipment (IEA & ILO, 2020). In evaluating and monitoring the work system, the
following subareas need to be included in the criteria: health and well-being, safety,
system performance, usability and cost-benefit (ISO, 2016).
The IEA and ILO’s (2020) foundational principles for the design and
management of HF/E work systems are:
1.
2.
3.
4.
5.

Employee’s safety, health and well-being in the optimization of work systems
is a top priority;
Ensure organisational and employee alignment, continuous evaluation and
learning and sustainability;
Create a safe, healthy, and sustainable work environment from a holistic
perspective, understanding and providing for human needs;
Account for individual differences and organisational contingencies;
Make use of collective, trans-disciplinary knowledge and full participation of
employees (p. 4).

In a systems approach, system boundaries and the focus of HF/E are set. The focus
can be on certain aspects of the people, environment or level. However, the
interactions among humans within their environment are always taken into account.
A systems approach usually involves the use of a structured, step-by-step, iterative
process model (Dul et al., 2012; IEA & ILO, 2020). In design, physical and
cognitive capabilities and all relevant human characteristics are considered. After
analyses and assessments, the design recommendations, requirements,
specifications (related to the performance, safety, health and well-being of the
employees and technical performance of the system) and actions are defined.
Decisions made at any stage of planning, design, realisation and implementation,
utilisation, evaluation, maintenance, redesign and continuous improvement affect
or are affected by decisions made in the other stages. Likewise, decisions made
regarding any of the elements, whether they are people, environment or equipment,
all interact at some level, making it necessary to evaluate the end results and
alternatives throughout the process (Dul et al., 2012; ISO, 2016).
Four main stakeholder groups in system design are the system actors
(individuals who are a part of the system and who are affected by its design and
affect its performance), system experts (professionals who contribute to the design
of the system based on their specific professional backgrounds), system decisionmakers (decision-makers regarding the system design, purchasing, implementation
and use of the system) and system influencers (media, government, standardisation
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organisations, regulators and citizens who have a general public interest) (Dul et
al., 2012; IEA & ILO, 2020).
2.3.4 Benefits of HF/E
In general, the benefits of a systems approach are in taking multiple perspectives
into account, ensuring appropriate trade-offs, addressing the functioning of the
system as a whole, maximising buy-in from stakeholders and avoiding placing too
much weight on a single system component (IEA & ILO, 2020). Regarding
employees, the HF/E design of work systems; optimisation of work environments;
freedom and room to act, grow and learn; and intrinsic or extrinsic rewards improve
health and safety, ensure motivation, growth and job satisfaction, improve
performance and reduce injuries. The benefits for decision-makers through the
optimisation of work equipment, workflow, worker qualifications, operating
instructions and working conditions are improved performance; productivity; the
quality and reliability of processes, products and services; reduced scrap rate; lower
operating costs; and enhanced organisational effectiveness. Furthermore, increased
employee creativity produces more innovation and positive associations with
employees, customers and the firm, which leads to a reputation of an attractive
workplace (Dul et al., 2012; IEA & ILO, 2020).
Despite the presented benefits stemming from HF/E, it is difficult to predict
exactly how many unnecessary costs have been avoided. However, for example, an
employee’s injury can lead to sick leave, rehabilitation, costs for new recruitment,
quality deficiencies and so on, which are known to be costly. Alongside money, the
cost on an individual can include pain and suffering, adverse effects on family
relationships, the lost sense of self-worth and identity, adverse effects on social and
community relationships and adverse effects on recreational activities. At the
company level, the costs can be categorised into presenteeism, sick leave, employee
turnover, production losses, quality and business losses and legal costs. The
medical and indirect costs of occupational injuries also burden society (Berlin &
Adams, 2017). Different estimates indicate that indirect costs, such as quality
deficiencies, absenteeism, employee turnover, rehiring, retraining, production
losses, increases in employees’ compensation rates and facility changes, are three
to ten times the direct costs of caring for injured employees (Berlin & Adams, 2017;
IEA & ILO, 2020). Disability pensions cause a considerable amount of lost personyears at work (Karttunen, Rautiainen, & Leppälä, 2015). For instance, Reiman and
colleagues (Reiman, Ahonen, et al., 2017; Reiman, Räisänen, Väyrynen, & Autio,
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2019) have provided specific organisational calculations from a Finnish context
that show economic benefits, which can be achieved through strategic investments
in HF/E and occupational safety and health. In general, the benefits of HF/E
investments can be estimated by determining the costs of losses and inefficiencies;
the costs of implementing the improvement; gains from the improvement, breakeven point; and the gains after the break-even point. The investments are least
costly in the early production and design phases (Berlin & Adams, 2017). It has
been estimated that the costs of lost labour input were around 24 billion euros in
2012 in Finland, while the investments in well-being at work were around 1.8
billion euros in 2012 (Aura, Ahonen, & Ilmarinen, 2012; Rissanen & Kaseva, 2014).
2.3.5 HF/E and sustainability
Decent work is highlighted in ILO’s (2017) agenda as one of the main goals to
“promote sustained, inclusive and sustainable economic growth, full and
productive employment and decent work for all” (para. 2). Sustainability implies
that the focus is not just on financial performance. Aside from profit, the focus is
on the planet and people to ensure that the development and actions taken today do
not compromise the ability of future generations to fulfil their needs (Delios, 2010;
Dul et al., 2012; Pfeffer, 2010). Corporate social responsibility (CSR) means
fulfilling not just the minimum standards regarding the planet and people but going
beyond them. Fulfilling only the minimum legal expectations may hurt a
company’s or organisation’s reputation (Dul et al., 2012; Pfeffer, 2010; Zink, 2006).
In the ISO standards of social responsibility (ISO, 2010), it is defined as the
“responsibility of an organisation for the impacts of its decisions and activities on
society and the environment, through transparent and ethical behaviour that
contributes to sustainable development, including health and the welfare of society;
takes into account the expectations of stakeholders; is in compliance with
applicable law and consistent with international norms of behaviour; and is
integrated throughout the organisation and practised in its relationships” (p. 12).
The United Nations Research Institute for Social Development (2014) defines
that in social sustainability, the “development must deliver material well-being,
including good health, education, and access to the goods and services necessary
for decent living; and social, cultural and political achievements, such as a sense of
security, dignity, and the ability to be part of a community through recognition and
representation” (p. 1). Rogers et al. (2012) simply states that social sustainability is
meeting the needs for human well-being. This means healthy, satisfying living in
41

families and communities, by providing for material, social and emotional needs,
and ensuring, among others, human rights, equity, labour rights, social
responsibility and justice, community development and resilience, cultural values,
human diversity and product responsibility. HF/E contributes to decent work,
sustainability and CSR by fitting the environment to human beings and optimising
both performance and well-being. Well-being and performance should be
understood as connected, as they interact and influence each other (Dul et al., 2012;
Pfeffer, 2010; Zink, 2006).
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3

Methods and material

This doctoral thesis is mixed-method research based on six articles in which
undesired load factors have been studied from different perspectives, from different
sources and with different data gathering and analysis methods. Thus, the thesis
adheres to the principle of triangulation (Flick, 2020a). Both qualitative and
quantitative methods have been used in the articles. However, in this compilation,
the analysis is based on a qualitative and interpretative research approach. The
focus throughout this thesis is on the results of the individuals’ perceptions of
encountered undesired load factors in different work contexts and how they
compare with occupational safety and health professionals’ perceptions and
possible future undesired load factors. Finally, this compilation discusses the
findings from a sustainability perspective to place this complexity within a broader
macro-level context. Figure 3 presents a graphic summary of the study approach.

Fig. 3. Summary of the study approach.

RQ1 and RQ2 were answered with a qualitative thematic comparison (Guest,
MacQueen, & Namey, 2014). The comparison was performed by the author using
material from Articles I–IV. In the analysis, undesired load factors common across
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the different work contexts and working conditions were studied. To ensure that the
undesired load factors were indeed common, the original open-ended responses
from Article I and the transcripts from Article III were re-examined.
RQ3 was answered with material from Articles I–V. Article V is used to
compare the common undesired load factors with the professionals’ perceptions of
the important occupational safety and health themes in working life. RQ4 was
answered with material from Articles I–IV and VI. Article VI is used to compare
future occupational safety and health challenges with the current undesired
psychosocial and physical load factors.
The study focused on different work contexts, as the four cases presented paid
and informal work that was performed in various working conditions, from trains
to the home environment. This discussion is complemented with more general
information about occupational safety and health professionals’ perceptions and a
systematic literature review of future challenges. The first case represents diverse
paid work, as the rail transport company had various tasks from constructing,
driving and maintenance to concrete customer service activities, such as ticketing
and catering, which were performed in wide-ranging environments (trains, control
rooms, terminals, maintenance halls and outdoors) with different actors involved
(drivers, station and on-train staff, passengers and the public in general) (European
Agency for Safety and Health at Work [EU-OSHA], 2011; Wilson, 2014). A wide
variety of accidents and stressor factors, such as organisational changes and
outsourcing, solitary work, working time issues, long-distance transport,
deficiencies in ergonomics and workplace design, and climatic conditions, occur,
which indicate the need to understand various technical, organisational, economic
and human components of the work, as well as their interactions, in order to
succeed in developing railway work (Chau et al., 2007; EU-OSHA, 2011; Wilson,
2013).
The second case, home care, represents an example of paid work that was
performed in a work environment not easily controlled by the employer.
Furthermore, home care is an increasing form of work because of demographic
developments in Europe and the need for cost-effective social and health solutions
to provide care outside hospitals and nursing homes (Eurostat, 2019b; Tarricone &
Tsouros, 2008). Home care services include a wide variety of tasks, from personal
care (e.g., personal hygiene) to cleaning, cooking and basic medical tasks
performed in a care recipient’s home (Szebehely & Trydegård, 2012; Tarricone &
Tsouros, 2008). As home care personnel work in care recipients’ home
environments, different actors are encountered. The care recipients, their families
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and caregivers may also co-produce care in collaboration with healthcare providers
(Carayon, 2006). In the home care sector in high-income Western countries,
adverse health effects, such as MSD and sleep problems, are constantly identified
among care personnel (Smart & Wilson, 2013; Swedish Work Environment
Authority, 2007). Home care personnel commonly encounter verbal and physical
abuse, such as home care recipients’ inappropriate use of language, hitting with
objects and sexual harassment (Denton, Zeytinoğlu, & Davies, 2002). Furthermore,
they have feelings of being rushed or hurried, encounter aggressive animals, have
problems with access to beds or toilets and encounter forceful exertions and
awkward postures (Galinsky, Waters, & Malit, 2001; Merryweather et al., 2018).
The third case, informal caregivers of children with special needs, represents
an example of informal work as unpaid domestic work. An informal caregiver of a
child with special needs is usually a parent who provides informal care for her/his
child. Children with special needs are a group with different diagnoses, functional
limitations and an elevated need for continuous medical, nursing and therapeutic
services (Caicedo, 2014; Strickland et al., 2011). In Finland, informal caregivers
are entitled to a dependent care allowance and support services, such as respite care,
if the care is time-consuming and demanding and they have signed an informal care
agreement with the care recipient’s municipality of residence (Hoffmann &
Rodrigues, 2010; Huber, Rodrigues, Hoffmann, Gasior, & Marin, 2009; Official
Statistics of Finland, 2017). Even though informal caregiving is not considered
work in Finland, the municipality has to insure the informal caregiver with accident
insurance as presented in the Workers’ Compensation Act. In workers’
compensation insurance, what is prescribed of an employee applies to the informal
caregiver and what is prescribed of an employer applies to the municipality even
though there is no employment relationship (Family Care Support Act 937/2005;
Workers’ Compensation Act 459/2015). Informal caregivers have more physical
and psychosocial health issues than non-caregivers, and informal caregivers of
children with special needs have greater odds of health problems than parents of
healthy children (Berglund, Lytsy, & Westerling, 2015; Brehaut et al., 2009; Care
Alliance Ireland, 2008).
The fourth case represents work that does not yet exist but is being planned,
(i.e., a manufacturing factory at the design stage). As presented earlier, the focus in
work system design should be on prevention and proactivity rather than solving
issues after the work system is complete (Bridger, 2018; ISO, 2016). To envisage
the details of production processes, for example, immersive virtual reality (IVR) is
used to analyse risks at the design stage. IVR enables the simulation of
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manufacturing equipment, the environment, robotic manipulations, products and
production processes (Nedel et al., 2016; Yuen, Choi, & Yang, 2010). Table 1
summarises the materials and methods used in this thesis.
Table 1. Summary of the materials and methods.
Article Materials

Participants

Method

Contribution to research
question1

I

Case: Large multi- Personnel

Open-ended questions.

RQ1–RQ4: Undesired

professional

Thematic categorisation.

psychosocial and physical load

(n = 1,087)

company
II

factors

Case: Work at not Personnel

Questionnaire. Prevalence

RQ1–RQ4: Undesired

easily controlled

proportion ratios with IBM

psychosocial and physical load

SPSS.

factors

(n = 665)

environment
III

Case: Unpaid

Informal

Interviews. Interviews

RQ1–RQ4: Undesired

domestic work

caregivers

analysed using NVivo by

psychosocial and physical load

(n = 25)

applying an open-coding

factors

analysis approach.
IV

Case: Work

Participants

Simulated risk assessment,

environment at

(n = 19)

open-ended semi-structured load factors

design stage

RQ2–RQ4: Undesired physical

questions. Analysed with
IBM SPSS and NVivo.

V

RQ3: Most important

Occupational

Group I

Paired comparison

safety and health

(n = 40)

questionnaire. Analysed with occupational safety and health

professionals’

IBM SPSS.

themes at work ranked by
professionals

perceptions of
important themes
VI

Future

Articles

occupational

(n = 31)

safety and health

Systematic literature review

RQ4: Possible undesired
psychosocial and physical load
factors in the future

challenges
1

RQ1: What common undesired psychosocial load factors can be identified in different working

conditions?
RQ2: What common undesired physical load factors can be identified in different working conditions?
RQ3: How do the common undesired load factors compare with occupational safety and health
professionals’ perceptions?
RQ4: How do the current undesired load factors compare with possible undesired load factors in the
future?
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3.1

Large multi-professional company—personnel’s perceptions

The case company in Article I was a government-owned Finnish railway group that
had around 9,400 employees in 2014. The case company presented a wide variety
of fields since its five business sectors were passenger services (2,750 employees),
logistics (1,650), infrastructure engineering (1,900), maintenance (1,250) and train
operations (1,400) (VR Group, 2015).
To address the company’s need to obtain new knowledge about the personnel’s
perceptions of HF/E, a questionnaire of 71 quantitative questions and one
qualitative question was tailored based on the research team’s experience, the case
company’s past personnel questionnaires and the research literature. The
questionnaire was distributed (n = 9,404) via email and mail in early 2014.
Reminders were sent to those who received the questionnaire via email. In total,
3,042 employees responded to the questionnaire, for a response rate of 32.3%
(Väyrynen et al., 2015). In this study, the focus is on the analyses and further usage
of the responses to the open-ended question ‘Tell us your own ideas on how to
improve occupational safety in your company (e.g. related to instructions, training,
communication or work methods)’, which received 1,087 responses.
The detailed background information about the respondents and the data
analyses are presented in Article I. Article I is qualitative and interpretative in
nature because it was based on open-ended responses and their thematic
categorisation. In this doctoral thesis, the results are interpreted from the HF/E
framework to highlight the undesired load factors.
3.2

Not easily controlled work environment—home care
personnel’s perceptions

Article II presented companies from the home care sector in Sweden. The study
was carried out in Stockholm County (now Stockholm Region), where the
questionnaire was distributed between 2017 and 2019 to 19 workplaces, from the
municipal sector (13) and private sector (6), through the managers at each
workplace. In Sweden, municipalities have the overall responsibility for the health
and social care of elderly and disabled persons. With about 135,300 employees, the
home care service is one of the largest occupational sectors in Sweden, and it
provides services to approximately 225,000 people over 65 years of age ( Statistiska
centralbyrån [SCB], 2020; Swedish Institute, 2019; Szebehely & Trydegård, 2012).
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The questionnaire was constructed based on a previous one that was applied to
home care personnel in Sweden (Målqvist, 2015; Petterson, Donnersvärd,
Lagerström, & Toomingas, 2006), and it consisted of 85 questions and considered
a wide range of HF/E factors from psychosocial and physical viewpoints. In order
to analyse the results, eight indexes were created: Quantitative Demands,
Qualitative Demands, Leadership, Contentment, Client-Related Burnout, Physical
Burden of Care, Mental and Emotional Burden of Care, and Sleep Quality. The
indexes are described in Article II. As an example, the Quantitative Demands
consisted of the following questions:
–
–
–
–
–
–

Do you usually have enough time to give the granted help?
Do you have opportunities yourself to determine the pace of work at the
home of the care recipients?
Do you have enough time to move between the care recipients without
feeling stress?
Can you complete the work tasks within the time without feeling stress?
In my work, there is time to calm down between the visits to care recipients.
I feel that I have time to calm down during my lunch break.

Detailed background information about the respondents (n = 665) and the data
analyses are presented in Article II. Article II is quantitative in nature because it
was based on quantitative analyses of the questionnaire. In this doctoral thesis, the
results are interpreted from the HF/E framework to highlight the undesired load
factors.
3.3

Unpaid domestic work—informal caregivers’ perceptions

Article III presented an example of informal, unpaid domestic work and focused
on the informal caregivers of children with special needs. In Finland, there are
approximately 60,000 informal caregivers, of which around 8,400 are informal
caregivers of children (Central Association of Carers in Finland, 2018; Terveyden
ja hyvinvoinnin laitos [THL], 2020).
To identify informal caregivers’ safety and health issues, semi-structured
interviews were conducted with 25 informal caregivers. Prepared topics focused on
HF/E and the undesired load factors encountered. The request to participate in the
interviews was sent through two voluntary organisations: the Informal Caregivers
of the Oulu region, which is an association that supports informal caregivers and
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has about 1,200 followers on Facebook, and Lioness Mothers, which is a national
association that supports the parents of children with special needs and has about
7,100 followers in Facebook. The willing informal caregivers contacted the
researcher, and the following inclusion criteria were used: (1) parents over 18 years
of age, (2) able to communicate in Finnish and (3) having at least one child with
special needs. The diagnosis of the child was not decisive. The interviews were
executed in autumn 2017 and winter 2018 in Northern, Western and Southern
Finland in the participants’ homes or in offices. Each of the participants signed an
informed consent form. The interviews were recorded and transcribed by the author.
The detailed background information about the respondents and the data
analyses are presented in Article III. Article III is qualitative and interpretative in
nature, because it was based on interviews and the thematic categorisation of the
transcriptions. In this doctoral thesis, the results are interpreted from the HF/E
framework to highlight the undesired load factors.
3.4

Work environment at the design stage

Article IV presented a work environment that does not yet exist. A risk assessment
with a questionnaire was conducted in IVR by employees from different fields. For
this, a 3-D simulation of a lithium-ion battery manufacturing factory was
constructed. The choice of the factory was due to the growing concerns of global
warming and the interest in green energy as lithium-ion batteries power, for
example, electric vehicles. The simulation processes consisted of the raw material
offloading stages through anode and cathode mixing, coating, calendaring and
slitting. Other stages and tasks were cell winding, electrolyte filling, cell welding,
formation cycling and packing into modules, and palletizing and shipment.
The study involved 19 participants from different fields who performed the risk
assessment. The questionnaire consisted of 45 quantitative questions and three
open-ended questions. The detailed background information about the respondents
and the data analyses are presented in Article IV. Article IV has both quantitative
and qualitative aspects because it was based on a questionnaire and its quantitative
analyses and the thematic categorisation of the open-ended questions. In this
doctoral thesis, the results are interpreted from the HF/E framework to highlight
the undesired load factors.
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3.5

Occupational safety and health professionals’ perceptions

Article V presented occupational safety and health professionals’ perceptions,
which are used in this thesis to compare them with individuals’ perceptions of
undesired load factors from articles I–IV. In Article V, a paired comparison
questionnaire was used to find out which occupational safety and health themes
were considered more important to working life. The questionnaire was tailored by
a work group involving five occupational safety and health professionals (three
men and two women). In no particular order, the themes addressed in the paired
comparison questionnaire were occupational safety and health management,
occupational safety and health law and directives, developing and managing work
in the future, sustainable development, responsibilities in different positions,
working conditions and work environment, recognising risk factors and risk
assessment, measuring occupational safety and health, work ability management
and benefits of occupational safety and health. With these themes, Schulte,
Stephenson, Okun, Palassis, and Biddle’s (2005) suggestions that occupational
safety and health themes should be general but tailored to fit group needs were
followed.
The paired comparison questionnaire was sent by email to 200 Northern
Finnish occupational safety and health professionals in early 2017. Of those, 40
completed the questionnaire, yielding a response rate of approximately 20%. The
detailed background information about the respondents and the data analyses are
presented in Article V. Article V was quantitative in nature since it was based on
quantitative analyses of the questionnaire. In this doctoral thesis, the results are
interpreted from the HF/E framework.
3.6

Occupational safety and health challenges in the future

Article VI focused on occupational safety and health challenges in the future, which
are used in this thesis to compare them with the individuals’ perceptions of current
undesired load factors. To examine the undesired load factors in the future, a
systematic literature review that followed the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) guidelines was conducted
(Moher, Liberati, Tetzlaff, Altman, & the PRISMA Group, 2009). The phases of the
systematic review are presented in detail in Article VI. In this doctoral thesis, the
results are interpreted from the HF/E framework.
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4

Results

The results presented in this chapter are based on the findings in Articles I–VI. The
findings chosen from each article for this thesis support a holistic view of HF/E.
4.1

Common undesired psychosocial load factors identified in
different working conditions (RQ1)

RQ1 is answered by Articles I–III. Each article provided material from different
working conditions. It was not possible to consider undesired psychosocial load
factors from Article IV because of the nature of its research.
Article I presented material from a large multi-professional company. Both the
management’s and employee’s skills and attitudes toward occupational safety and
each other and the ability to act were highlighted in various responses, alongside
the need to have more high-quality training regarding occupational safety. Related
to how work was organised, feelings of hurrying were common and connected to
an increased risk of accidents. Furthermore, the personnel commented on how
important it is to be provided enough time to carry out work tasks and that the shift
system ensures that they have enough rest between shifts. The personnel hoped to
discuss occupational safety, to be heard by management and to see visible changes
when defects were noticed. They also hoped for clarity in many aspects, such as in
communication, information and instructions and systematic responses to risky
situations. In some responses, a threat of violence from customers occurred, which
was also one of the reasons behind requesting more personnel for the work. Overall,
organisational factors (i.e., macroergonomics) received a majority of the comments
(working time, education and guidance, actions of management, instructions,
employee incentive system, amount of personnel and working methods).
Article II presented material from home care personnel. Of the respondents,
58.2% were less satisfied with the leadership, while 47.7% and 42.0% reported
higher qualitative and quantitative demands, respectively. Furthermore, 46.0% of
the respondents perceived a higher mental and emotional burden of care, and 45.0%
of the respondents reported not getting enough rest between the workdays, while
43.5% stated being close to client-related burnout (for example, how exhausting,
frustrating and energy-taking working with the clients was). These themes suggest
macroergonomics more than microergonomics.
Article III presented a case of informal work in the example of informal
caregivers of children with special needs. The recognised themes include macro51

level contexts like the organisation and management of caregiving, as well as
micro-level problems situated in home environments where caregiving is
performed and related to actual processes in practice. The main psychosocial and
organisational load factors were services and bureaucracy, financial situation,
balancing between informal care, work, leisure time and social life, informal care
tasks, worries about or because of the child, indiscreet behaviour and tiredness.
Challenges related to bureaucracy and services were highlighted in every interview.
Information flow, receiving decisions, making appeals, unsuitable or insufficient
services, bureaucratic processes and lack of support were recurring themes. The
financial situation was often difficult at the time but also causing worries of the
poor situation in the future because of the low dependent care allowance and low
pension accrual. Balancing informal caregiving with other aspects of their lives was
difficult, and the informal caregivers had described having to give up many parts
of their lives. Informal caregiving tasks were a burden regarding the workload and
psychosocial load, as the child’s requirements needed to be managed and the child
required constant attention all the time. Worrying about the health of the child was
one of the main load factors, as well as the child’s possible aggressive behaviour.
Furthermore, the interviewees had experienced mistreatment and impolite
behaviour from authorities, teachers, service providers, doctors and relatives. Onehalf of the informal caregivers described that they had felt extreme exhaustion and
one-third had needed lengthy sick leaves. At times, the tiredness had impaired the
informal caregivers and caused problems in everyday life.
Three explicit common undesired psychosocial load factors affecting
individuals in the studied work conditions were identified from Articles I–III. These
concepts were related to (1) inadequate management actions, (2) difficulties in
organising work and (3) client-related difficulties (Figure 4).
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Fig. 4. Common undesired psychosocial load factors identified in the studied work
conditions (Articles I–III).

Regarding the concept of inadequate management actions, in Article I, the
personnel hoped for improvements in the management’s attitudes and actions,
changes in management practices, to be heard by the management, and that the
management would visit at the work sites more often. In Article II, personnel
experienced being less satisfied with leadership and being less content with work.
In Article III, the informal caregivers highlighted challenges related to bureaucracy
and services, such as issues with bureaucratic processes and receiving decisions,
making appeals, unsuitable or insufficient services and a lack of support. They also
encountered indiscreet behaviour while applying for the services.
The concept of difficulties in organising work provides a convenient category
for the various employees’ struggles to meet the given requirements due to lack of
resources and high demands. In Article I, feelings of hurrying were common and
connected with an increased risk of accidents. Related to the planning of work, the
personnel commented on how important it is that they have enough time to perform
their work tasks and have enough rest between shifts. Furthermore, a lack of
personnel received attention, as some employees hoped that there would be more
personnel overall and on trains specifically. In Article II, the respondents perceived
a higher mental and emotional burden of care and higher qualitative and
quantitative demands, and reported not getting enough rest between the workdays.
Regarding informal caregivers in Article III, challenges with services and
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bureaucracy, financial difficulties, difficulties in balancing informal care with other
aspects of life and burdening informal care tasks regarding workload and
psychosocial load were related to how the informal care was organised. In addition,
the extreme tiredness they felt revealed how the informal care and everything
related to it took most of the time, if not all of it, and caused problems in everyday
life. The informal caregivers had no time to take care of themselves. These issues
indicated a lack of proper organising of the informal care.
Regarding the concept of client-related difficulties, in Article I, the threat of
violence from customers was expressed in some responses. In Article III,
aggressive and violent behaviour and the threat of it from the children receiving
care were described. Finally, in Article II, being close to client-related burnout was
recognised.
4.2

Common undesired physical load factors identified in different
working conditions (RQ2)

RQ2 is answered with Articles I–IV. Each article provided material from different
working conditions.
Article I presented material from a large multi-professional company. Working
tools, the use and usability of personal protective equipment, communication tools
and IT systems gained negative comments, as well as the work environment and its
upkeep. Working tools received many comments from their overall state and
maintenance. Comments related to the work environment covered, for example,
tidiness and order and conditions of dust, ice and snow. They were directed to the
work environment overall or related to specific sectors. Some responses regarding
working methods and tools revealed examples of accidents and physical health
issues, such as back problems because of lifting heavy subjects alone or without
proper tools. The identified themes were related to microergonomics.
Article II presented material from home care personnel. Of the respondents,
38.5% reported a higher physical burden of care. The highest proportion of a 7day-period prevalence of pain was reported for the lower back (40.6%), shoulders
(37.1%) and neck (35.6%), while 33.1% reported having had lower back pain,
30.8% had shoulder pain and 29.9% had neck pain, often or very often in the
previous 12-month period. Furthermore, of the respondents, 24.2%, 25.9% and
26.2% described their neck, shoulder and lower back pain as strong, respectively.
The experienced pain was related to microergonomics.
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Article III presented a case of informal work in the example of informal
caregivers of children with special needs. The main undesired physical load factors
among informal caregivers were informal care tasks, back and neck pain and
injuries caused by the child. Informal caregiving tasks were a burden regarding
workload and physical care, especially if the child needed round-the-clock physical
care and the care required constant wakening during the night. The tasks were
difficult to perform, and the working positions were non-ergonomic because the
caregivers did not have proper care equipment and the home environment was not
designed for the care they had to provide. The interviewees felt that the broad
spectrum of the challenges they confronted in informal caregiving affected their
vitality, including physical injuries they experienced and extreme stress. They felt
that they were in poor physical shape. Almost two-thirds of the informal caregivers
had been injured by the child’s behaviour. Bruises were ordinary occurrences, and
a few had experienced broken bones, such as a nose or fingers. One-half of the
informal caregivers had experienced back and neck pain, which had been caused
by lifting and carrying the child, the child’s abrupt movements, non-ergonomic
working positions or the constant tension they felt in their body. The identified
undesired physical load factors were related to microergonomics.
Article IV presented a risk assessment conducted with IVR. Using a checklist,
the participants recognised that passageways were not clearly marked (32%); the
stairways were not clear of boxes, equipment and other obstructions (32%); the
personnel would be working above where others may pass (63%); the personnel
would be working below others (53%); the warnings were not appropriate for any
hazardous areas (32%); there were no signs and arrows indicating the direction to
exits (32%) and there were not enough extinguishers present (37%). Furthermore,
the participants identified different hazards presented in the factory in the openended questions. As the main hazard, four participants mentioned gas leakage and
another four indicated the hazard of fast-moving robots and machinery, while two
observed the potential for falling. In addition, there were nine hazardous issues that
were reported once, such as poor location of emergency buttons. The most probable
accidents recognised were related to machinery and falling. The results of the risk
assessment were related to microergonomics.
Two explicit common undesired physical load factors affecting individuals in
the studied work conditions were identified from Articles I–IV. These concepts
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were related to (1) the demanding state of physical working conditions and (2)
physical discomfort (Figure 5).

Fig. 5. Common undesired physical load factors identified in the studied work
conditions (Articles I–IV).

Regarding the demanding state of physical working conditions, even though the
workplaces were different, the themes had similar undertones. In Article I, work
tools received negative attention with comments about their overall state and need
for maintenance and a need for certain tools; there were also comments on specific
tools and their use and usability. The work environment received comments from a
lack of tidiness and order to immoderate amounts of dust, ice and snow. In Article
III, it was recognised that informal caregivers did not have proper equipment and
that the home environment was not designed for care tasks. In Article IV, a lack of
tidiness and order was identified in the risk assessment. In addition, faulty design
of the work environment was recognised as an issue. Based on the risk assessment,
work would be performed above or below other employees or close to fast-moving
robots and machinery, increasing accident risks.
Related to the concept of physical discomfort, in Article I, the themes about
work tools, the work environment and working alone included comments of heavy
lifting and physical strain alongside mentions of discomfort and pain. In Article II,
the respondents reported experiencing a higher physical burden of care and pain,
especially in the lower back, shoulders and neck. Likewise, in Article III, the
informal caregivers described the physical burden of informal care, which included
both back and neck pain, as well as injuries caused by the child. Bruises were
ordinary occurrences, and a few had suffered broken bones. In both Articles II and
III, the physical burden of care included, among others, carrying and lifting heavy
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objects; helping, for example, with shower or toilet visits; difficult working
positions; and sudden unexpected strains. Because of Article IV’s focus, it was not
possible to consider the physical discomfort of the work tasks in that context.
4.3

Individuals’ perceptions compared with occupational safety
and health professionals’ perceptions (RQ3)

RQ3 is answered by comparing results from RQ1 and RQ2 (i.e., individuals’
experienced undesired load factors) with material from Article V. In descending
order, the four most important themes to consider, as ranked by the occupational
safety and health professionals, were (1) recognising risk factors and risk
assessment, (2) working conditions and the work environment, (3) work ability
management, and (4) occupational safety and health responsibilities in different
positions. The undesired load factors from RQ1 and RQ2 can be included in or be
affected by these themes, as presented in Figure 6.
Regardless of the work studied, with risk assessment, the demanding physical
working conditions and physical discomfort can be controlled as the risks would
be recognised, analysed and treated, which in turn would decrease the excessive
physical burden and experienced discomfort. In addition, the different groups of
people affecting the work need to be identified and addressed, as client-related
difficulties arose. Conducting risk assessment at the design stage and even before
the work environment exists adheres to the principles of work system design.
Related to working conditions and the work environment, they need to be
designed and maintained to uphold an optimal load by enhancing positive load and
decreasing undesired load. In work ability management, work should be organised
in a way that individual employees are taken into consideration and their
experienced undesired load factors are diminished. Furthermore, the cause of
undesired load needs to be recognised and managed as early as possible so that it
will not affect an employee’s work ability negatively.
Regarding responsibilities in different positions, employers and management
at all levels need to be aware of their role and responsibilities regarding
occupational safety and health; they need to organise the work and enable it in such
a way that promotes well-being in the work environment. Related to informal work
(in this case, informal caregivers), the decision-makers, such as municipalities and
government, need to ensure that informal caregivers have the ability to perform
their work safely in practice.
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Fig. 6. Four themes chosen by occupational safety and health professionals (on top)
compared with the RQ1 and RQ2 results (grey boxes) (Articles I–V).

4.4

Insights into future load factors (RQ4)

RQ4 is answered by comparing material from Articles I–IV (RQ1 and RQ2) to
Article VI.
Article VI presented a literature review. Technological, social and
organisational changes cause psychosocial load and work-related stress.
Information and communication technology (ICT) and technologies using ICT,
such as robotics and artificial intelligence (AI), will likely have great influence on
the nature of work in the coming years. Because of the changes in work content,
management and organisation, the emphasis will be on psychosocial risks. An
accelerated work pace, constant learning, need for broad know-how and constant
self-development are causing increasing psychosocial pressure and stress.
Possibilities to work where and whenever and a 24/7 work culture create difficulties
for individuals in balancing work and leisure time. Altogether, employees’ roles
will include more tasks that require additional decision-making, more
responsibility taking, carrying out planning tasks and being involved in complex
human–machine interactions. Furthermore, constant monitoring with wearable
devices and digitised management systems can lead to stress, decreased
productivity and increased absences if employees feel that they lack control. In
addition, violence in the workplace is a major cause of psychosocial risks to those
who are in contact with customers or the public at large. Finally, because of climate
change, extreme weather conditions are increasing and becoming more serious,
causing post-traumatic stress symptoms, for example, to become more common
with disaster and rescue workers, firefighters and cleaning and restoration workers.
58

Psychosocial challenges caused by climate change also include mental health
effects, such as suicides because of the loss of one’s livelihood, like a failed harvest.
Related to undesired physical load factors, Article VI points out that new
materials, technology and robotisation pose challenges, as recognising and
preventing risks are often insufficient. The complexity of technologies and
processes involved in complicated human–machine interactions is an emerging risk
at the individual employee level. Likewise, the proliferation of ICT has given rise
to human–machine interaction issues. Musculoskeletal problems are caused by
decreased physical activity, increased static positions and mistakes in device use.
Furthermore, because of inadequate or poor instructions, new technologies can
increase accidents in both maintenance and production. Mechanical engineering,
machines’ mobility and flexibility, errors in programming, and mistakes by people
or intelligent machines can cause unexpected dangers and injuries to those working
with or near devices. Finally, climate change has direct effects, such as heatstroke,
and indirect effects, such as work environment changes, that negatively affect
employees. The risk of accidents and physical injury is increased due to fatigue and
concentration lapses caused by heat. Heat also causes discomfort that can lead to
employees using less personal protection equipment. Employees can be exposed to
burns by accidently touching hot materials.
Table 2 presents how Article VI complements the results of RQ1 and RQ2.
Regarding the concept of improving employers’ and management’s actions, Article
VI supports the theme by questioning whether management is ready for the changes
in working life in the future and has the necessary skills and capabilities. In addition,
constant monitoring may affect individuals. The concept of difficulties in
organising work supported by Article VI highlights that the organisation of work
will also be changing in the future. An accelerated work pace, constant learning,
needs for broad know-how and constant self-development and possibilities to work
wherever and whenever are among other organisational changes affecting
individuals. Likewise, the concept of client-related difficulties is supported by
Article VI, as violence and harassment in the workplace are a major cause of
psychosocial risks to those who are in contact with customers or members of the
public. Furthermore, conditions brought about by climate change can cause, for
example, post-traumatic stress symptoms and other mental health effects. New
technologies and materials, changes in organisations and work culture and untested
processes contain unknown risks.
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Table 2. Common current undesired load factors complemented by Article VI (Articles
I–IV and VI).
Identified undesired load factors today

Identified undesired load factors in the future

Psychosocial
1. Inadequate management

-

actions (RQ1)

-

Management’s skills and capabilities

2. Difficulties in organising

-

Changes in the nature of work and in organising

work (RQ1)

Constant monitoring

work
-

Need for constant learning, broad know-how and
constant self-development

-

Possibilities to work wherever and whenever

3. Client-related difficulties (RQ1)

-

Increase in violence and harassment

In addition to RQ1

-

Negative mental health effects caused by climate
change and other megatrends

-

Not yet recognised or existing

Physical
1. Demanding state of physical

-

working conditions (RQ2)
2. Physical discomfort (RQ2)

Physical working conditions affected by climate
change and other megatrends

-

Increased risk of injuries and accidents because
of climate change and human-machine
interaction

In addition to RQ2

-

MSD is still an issue in many fields

-

Not yet recognised or existing

Concerning the demanding state of physical working conditions, Article VI
indicated that working conditions will be affected, for example, due to climate
change. Individual employees need to adapt to new and different kinds of working
conditions, for example, in sustainable development and renewable energy
production. Furthermore, as described in Article IV, Article VI identified that
human–machine interaction can cause unexpected dangers to those working with
or near devices. Related to the physical discomfort, in Article VI, it was
acknowledged that new technology reduces some tasks that cause MSD. However,
they may simultaneously cause unexpected issues because all the risks may not be
recognised. In addition, musculoskeletal problems are caused by decreased
physical activity, increased static positions and mistakes in device use. Finally, in
Article VI, it was predicted that MSD is still going to be an issue in many fields.
Mechanical engineering, the mobility and flexibility of machines, errors in
programming, and mistakes by people or intelligent machines can cause injuries to
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those working with or near devices. In addition, climate change causes an increased
risk of accidents and physical injuries.
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5

Discussion

Prolonging working careers and improving well-being at work are global
challenges. In order to contribute to this issue, this thesis shows that there are
common characteristics at work that cause undesired psychosocial and physical
load factors irrespective of the working conditions where the work is performed.
Even the very concept of work is challenged as new forms of work are becoming
more common.
As this thesis considered HF/E at different working conditions in paid and
informal work, it is close to decent work, CSR and social sustainability as their
goals are promoting inclusive and sustainable economic growth, employment and
decent work for all, going beyond the minimum standards regarding the planet and
people and meeting the need for human well-being (ILO, 2017; Pfeffer, 2010;
Rogers et al., 2012; Zink, 2006). With fitting the environment to human beings and
optimising performance and well-being, HF/E’s principles and measures inherently
contribute to sustainable development. Based on these points, this thesis contributes
to the current discussion of well-being at work and productivity in Finland
(Stenborg et al., 2021).
As different stakeholders have different responsibilities, Figure 7 presents the
contributing levels on the right-hand side and their contributions to an individual’s
well-being at work and to reducing undesired load factors on the three top ovals.
As HF/E is concerned with the understanding of interactions among individuals
and other elements, the starting point to develop HF/E is to identify and understand
individual-level factors. This thesis provides knowledge to this first step, as the
results described current and future individuals’ undesired load factors in varying
circumstances and related to different elements of the work system. From these
individual experiences, the focus moves to organisation management and work
system design. After the undesired load factors are identified, system decisionmakers need to optimise work systems with individual differences in mind. HF/E
provides tools for them to solve emergent issues. Finally, system influencers can
promote the well-being of individuals at work with various measures (Dul et al.,
2012; IEA & ILO, 2020). The well-being of individuals at work, the contributors
and possible contributions are discussed in the following sections.
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Fig. 7. Contributors and their contributions to the well-being of individuals at work
(Articles I–VI; Dul et al., 2012; IEA & ILO, 2020).

5.1

Well-being of the individual at work

The individuals encountered difficulties in their work regardless of whether it was
paid or informal. Individuals’ viewpoints on undesired load factors (Figure 8)
presented microergonomic aspects even though some undesired load factors were
related to macroergonomics. In particular, the undesired physical load factors
related to, for example, work tools and equipment, work environment, physical
burden, discomfort and pain, are considered in microergonomics. The undesired
psychosocial load factors can likewise be considered in microergonomics, as they
reflect how an individual performed locally. However, they are also related to
macroergonomics, as the identified factors reflect inefficiencies in management,
processes and organising work. As an example of the multi-layered undesired load
factors, informal caregivers had difficulties with their financial situations and no
time, energy or money to take care of themselves, which caused difficulties at the
individual level but also reflected poor organisation of work and a lack of support
from the management level (i.e., the municipalities).
From a psychosocial point of view, three common themes were inadequate
management actions, difficulties in organising work and client-related difficulties,
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especially the threat of violence. In the future, in addition to these three, climate
change and other megatrends can cause negative mental health effects. From a
physical point of view, two general themes were the demanding state of physical
working conditions and physical discomfort. Finally, not all undesired load factors
in the future are yet recognised or exist. Challenges to occupational safety and
health may emerge unexpectedly, such as the COVID-19 pandemic, which at the
time of this writing (the years 2020 and 2021) is affecting work worldwide and
causing direct and undirect effects on individuals’ health (Dennerlein et al., 2020).

Fig. 8. Common undesired psychosocial and physical load factors identified (Articles I–
IV and VI).

The responses as part of the main undesired load factors covered the aspects of the
work system (human, work task, tools and technologies, work environment, and
organisation) widely (Dul et al., 2012; Smith & Carayon-Sainfort, 1989). Related
to the work task, the responses revealed, among others, that the individuals did not
always have the possibility to work safely and had issues with workloads and
demands. Considering tools and technologies, the individuals were not completely
satisfied with the tools they had, or they did not have proper equipment overall.
The physical work environment itself was in need of more attention. Related to the
organisation, inadequate management actions were identified as one of the largest
parts of undesired psychosocial load factors. When considering the human in the
centre of the work system, the individuals indicated that they had difficulties with
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their physical and mental health and with balancing work and other aspects of life.
It could be argued that the individuals’ experiences presented in the results
indicated that their work systems were not balanced, regardless of the specific work,
work environment or profession studied. The reported injuries, pain, worries and
extreme stress are examples of adverse effects of unbalanced work systems and
indicated excessive psychosocial and physical load (Carayon, 2009; Kleiner, 2008;
Reiman & Väyrynen, 2018). Such work systems should be balanced by increasing
the positive aspects of other elements if it is not possible to improve or eliminate
negative aspects to increase employee well-being and productivity (Reiman &
Väyrynen, 2018; Smith & Carayon-Sainfort, 1989).
The recognised undesired load factors in the studied work conditions were
consistent with the perceptions of occupational safety and health professionals. The
results also reflected the literature well. The physical risks at work, ergonomic
factors, such as monotonous or unusually strenuous movements or postures, and
MSD were reported by various authors and institutions. Because MSD remains the
most common work-related health problem in Europe, EU-OSHA’s new campaign
focuses the next two years on preventing and managing MSD (Arbetsmiljöverket,
2020; EU-OSHA, 2020; Eurofound and International Labour Organization, 2019).
In this thesis, physical discomfort included responses regarding strenuous
movements and postures, while MSD was related to the experienced discomfort
and pain, for example, in the back and neck.
Psychosocial risks are a concern, as organisational or social factors can cause
work-related disease and the number of young people claiming disability pensions
due to mental health problems has grown (Arbetsmiljöverket, 2020; Eurofound and
International Labour Organization, 2019; OECD, 2010; Rantala et al., 2017).
Regarding the concept of inadequate management actions, it is acknowledged that
management’s leadership style is associated with employees’ perceptions, attitudes
and behaviour, which for its part impacts, for example, occupational safety
(Glendon & Clarke, 2016). Working time and qualitative and quantitative demands
were, among others, included in the difficulties in organising work. Workload, work
pace and social and organisational support can be seen as workplace stressors, and
exposure to short- and long-term stressors may lead to lower performance,
increased error likelihood and injuries, as well as presenting a risk to employee
health and well-being (Glendon & Clarke, 2016). As in this thesis, the threat of
violence has been recognised in the literature. Alongside aggressive behaviour,
employees may encounter verbal, physical or sexual harassment from customers or
the public at large (Brocal & Sebastián, 2015; Moraru, Bǎbuţ, & Popescu Stelea,
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2014). Violence and harassment are expected to increase as the service sector grows.
In a European-wide survey, the most frequently identified risk factors were having
to deal with difficult customers, patients or pupils (EU-OSHA, 2016).
5.2

HF/E and its management

Individuals as employees and the work communities they form have their own
obligations, such as complying the safety instructions and using correct work tools,
but organisation have the responsibility to provide appropriate information,
equipment and training (IEA & ILO, 2020). At workplaces, according to the
Finnish Occupational Safety and Health Act 738/2002 (2002), employers are
responsible for the safety and health of their employees. They shall, for example,
design measures for improving working conditions, monitor the working
conditions, conduct risk assessment systemically and provide personal protective
equipment.
When considering the HF/E management of identified undesired load factors,
for example, Article VI contemplated how prepared workplaces are for the wide
range of risks in the future and whether risk management is up to date to face these
challenges. The focus should be on prevention; integrating prevention into
technology, product and process design is recommended over identifying hazards
at later stage. Risk assessment should run through the lifespan of new technologies,
products and processes, from planning, manufacturing, transport, installation and
operation to maintenance, demolition and disposal. Related to risk assessment,
Article IV presented an alternative and innovative way to conduct a risk assessment
at the design stage.
As an example of informal work, Article III provided insight with the example
of informal caregivers of children with special needs. When adapting the work
system framework, the home should be considered as a main work environment
and the tools and technologies required to perform informal care are those located
at home. The informal caregivers sign an informal care agreement with the care
recipient’s municipality of residence; in the accident insurance, the municipality is
viewed as an employer and the informal caregiver as an employee, even though
there is no employment relationship. Thus, the municipality is the main
organisation for informal caregivers in Finland, and the municipality must ensure
that it is realistically possible for the informal caregivers to perform their work
safely. Suggestions to balance informal caregiving from a work system perspective
are transparent organisational support from the municipalities, clear responsibilities
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on risk identification and management processes, enabling the development of the
work environment and tools, focused training and support to utilise the acquired
skills and knowledge in practice, focused services depending on the informal care
type and situation, fluent health service processes for informal caregivers and
adequate dependent care allowance.
These few examples from Articles III, IV and VI align well with the principles
of HF/E in which the focus is on prevention and proactivity (Bridger, 2018; ISO,
2016). When any issues or defects are recognised, for example, with risk
assessment (which is one approach to the evaluation of safety in a work system),
they should be dealt with as soon as possible according to the hierarchy of measures
to minimise exposure to hazards (IEA & ILO, 2020). The more complex the work
system is, the more advantage is acquired with participatory and design-oriented
process (Carayon et al., 2015; Dul et al., 2012; ISO, 2016). Participatory
ergonomics involves the use of participative techniques and different forms of
participation. It can be used in interventions at both the macro- and micro-levels
(Hignett et al., 2005). With participatory HF/E, a single point of view on the work
system can be avoided, safety and health risks reduced and employee engagement,
commitment to change and productivity improved (IEA & ILO, 2020). With
reducing injuries and employees’ compensation claims, decreasing lost days from
work or sickness absence and improving working conditions, participatory
ergonomic interventions impact positively on MSD (Guo, Liu, & Yao, 2016; Rivilis
et al., 2008). Correctly planned and conducted interventions can have positive
impacts and be cost beneficial. However, evaluating the outcomes of intervention
is often complicated which is why all the effects may not be described precisely
(Burgess-Limerick, 2018; Tompa, Dolinschi, & Natale, 2013).
5.3

Training, teaching and education of HF/E

One way to promote HF/E is training and education to raise awareness of it and to
strengthen the application of high quality HF/E (Dul et al., 2012). An important
part of prevention is that both the employees and those who are in management
positions are aware of their responsibilities and how HF/E is related to their field
in order to secure their own and their co-workers’ safety, health and well-being
(Gambatese, 2003). Training programs in this context are needed for both personnel
and management (Teperi & Leppänen, 2011).
Even though, for example, MSD among young employees is less serious and
less frequent than among older employees, any kind of early exposure is likely to
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become more serious in their later working career (Laberge & Ledoux, 2011).
However, the amount and quality of occupational safety and health training varies
considerably in the first year of a new job, which highlights the importance of
teaching HF/E matters in education (Holte & Kjestveit, 2012; Smith & Mustard,
2007).
Article V indicated that occupational safety and health professionals focused
more on how occupational safety and health was taught, as there were similarities
between the factors that might increase students’ interest and how universities
might develop occupational safety and health teaching. The results align with the
success factors presented in the European Agency for Safety and Health at Work’s
(EU-OSHA) reports on mainstreaming occupational safety and health into teaching,
such as providing suitable material, using real-life examples and promoting and
facilitating a whole-school approach to occupational safety and health (EU-OSHA,
2009, 2010, 2013).
Related to the use of diverse teaching and learning materials and practical and
active methods, in nursing education, various teaching simulations are used to
facilitate practical hands-on learning (Fay-Hillier, Regan, & Gordon, 2012; Sanford,
2010). Similarly, in the teaching of HF/E, the use of physical learning environments
(Reiman, Pedersen, et al., 2017), student-centred peer-learning methods (Nykänen,
2020), gamification (such as escape rooms) (Backhouse & Malik, 2019; Lindholm,
Väyrynen, Kiviniemi, Rajakangas, & Myllylä, 2020), simulations (such as the risk
assessment presented in Article IV) and virtualisation and digitalisation are
recommended (Jeelani, Han, & Albert, 2020; Tolks, Dadaczynski, & Horstmann,
2018).
5.4

Guidelines and the social and legal framework

In addition to the efforts from educational institutions, national and international
guidelines and regulations are required to improve the well-being of individuals at
work and to improve HF/E and its management. The problem of young employees
aged between 15 and 24 years of age being at higher risk for occupational accidents
and nonfatal injuries (Breslin & Smith, 2013; Gyekye & Salminen, 2009; Laberge
& Ledoux, 2011; Salminen, 2004) was addressed a decade ago at the European
Union level when the EU OSHA recommended that occupational safety and health
teaching should be strengthened and deepened at all educational levels (EU-OSHA,
2009, 2010, 2013). However, integrating occupational safety and health in
education has not been a primary concern for member states, even though there has
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been progress in some respects (COWI, 2013). Based on these points, there is a
need to include HF/E, which is a larger framework that includes occupational safety
and health, in the curriculum at all educational levels. To succeed in this,
educational institutions need more guidance from, for example, the EU-OSHA and
national committees.
Regarding informal work, society has an important role in developing working
conditions. As informal and paid work are sometimes overlapping or otherwise
difficult to define, public guidelines are needed. As an example, informal caregivers
were discussed in this thesis. It is extremely complex to determine when a parent
as an informal caregiver performs the same tasks that a paid caregiver would do
when tending a child at the child’s home. In the Finnish Supreme Court’s decisions,
the municipality is obligated to organise the care and support accommodation at
home if the parent is not an informal caregiver (Korkein hallinto-oikeus [KHO],
2005, 2007). In other words, the municipality organises a paid employee to perform
the same tasks that the parent would have done as an informal caregiver. Finally, in
Finland, informal caregivers have signed an informal care agreement with the care
recipient’s municipality of residence, which in turn entitles them to workers’
compensation insurance where employee and employer status are applied to the
informal caregiver and to the municipality (Family Care Support Act 937/2005;
Workers’ Compensation Act 459/2015). These circumstances advocate the need for
public guidelines for informal work. Even though the Nordic welfare states are
often considered good examples because of their social structures and policies
(Leitner & Wroblewski, 2006), the results in this thesis suggested that Finland has
not been able to fully address the challenges regarding the informal care of children.
Non-standard forms of employment (i.e., temporary employment, part-time
work, temporary agency work and other multi-party employment relationships, and
disguised employment relationships and dependent self-employment) are rising. In
addition, online platforms have elevated the “sharing” or “gig” economy (i.e.,
delivering services or products through online marketplaces or mobile apps). These
forms of work are associated with greater insecurity for employees when compared
with standard employment (ILO, 2016; Wright et al., 2019). The laws regulating
employment tend to focus on standard employment. Furthermore, employees in
non-standard forms of employment often have inadequate social security coverage
and may be deprived of their freedom of association and collective bargaining
rights (ILO, 2016). In order to protect employees and consumers, policies and
labour market legislation need to be revised (Goldkind & McNutt, 2019; Panikkar,
Brugge, Gute, & Hyatt, 2015). Frenken et al. (2020) discussed that new regulations
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or deregulation seem to be more promising policy options than tolerating peer-topeer activities via online platforms or strict enforcement of all existing regulations.
In Finland, in addition to labour rights, the funding of the welfare state needs to be
considered, as the social security system is funded by employers and employees
through taxation. Hence, enforcing the status of platform employees is crucial
(Mattila, 2019). Recently, the Labour Council in Finland stated that the
characteristics of an employment relationship were fulfilled in the work of food
couriers. However, this statement is not binding, but it will be taken into account
in preparation for legislative changes (Ministry of Economic Affairs and
Employment, 2020). In order to secure decent work for informal work, nonstandard forms of employment and platform employees, effective up-to-date
policies are clearly needed.
5.5

Scientific contribution of the study

This thesis provides HF/E knowledge of current and future undesired psychosocial
and physical load factors for the societal discussion about prolonging working
careers and improving work ability and well-being at work. The thesis considered
both micro- and macroergonomics in doing so. Some developmental measures
needed can be implemented at workplaces, such as preventive actions, participatory
development and risk assessment. However, guidelines, policies and regulations
are needed in HF/E teaching and to develop informal work, non-standard forms of
employment and for the “gig” economy. The changes and need in working life
should be discussed at the government level.
Four cases provided information about common undesired load factors in
different working conditions using mixed methods (Flick, 2020b). Interviews and
various questionnaires were analysed in the original articles with both quantitative
and qualitative methods and were further analysed qualitatively in this thesis. The
cases were enriched with more general perceptions of occupational safety and
health professionals and a systematic literature review of future challenges. The
material provided by the articles parallels previous studies but also contributes
valuable in-depth information on common undesired load factors.
5.6

Societal and practical contributions

In Table 3, the contributor levels and their contributions are summarised.
Contributors that may improve the common undesired load factors are employers
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and management, educational levels and community and society. At work,
employers and management are responsible for the safety and health of the
employees, preferably in participatory ways, for integrating prevention into
technology, product and process design and for running risk assessment through
the lifespan of technologies, products and processes. To be prepared for working
life, it is recommended that students have HF/E instruction in order to start their
working life safely and to be able to secure their future co-workers’ safety, health
and well-being.
There is a need to revise current policies and regulations in order to ensure that
the principles of sustainability, CSR and decent work are fulfilled. In order to
include HF/E in the curriculum at all educational levels, educational institutions
need more guidance from, for example, EU-OSHA and national committees.
Furthermore, special attention must be given to informal work, non-standard forms
of employment and the “gig” economy. Related to informal work, informal
caregiving is a cost-efficient part of the social and health services, and, hence,
support from the government level is necessary. In Finland, municipalities are
obligated to support informal caregivers. There needs to be clear responsibilities on
risk identification and management processes; the municipality should enable the
development of the work environment (home) and tools, provide training, support
and services and admit adequate dependent care allowance. To help municipalities
succeed at this, guidance from the government is needed.
Related to non-standard forms of employment and the “gig” economy,
discussion is needed at the government level. At the EU level, the next steps have
already been taken, as EU ministers have approved minimum rights for those in
casual or short-term, on-demand, domestic, voucher-based (i.e., performing
activities, such as cleaning, gardening, child-minding or assisting older people) or
platform employment, as well as paid trainees and apprentices, as long as they meet
the criteria and work three hours per week and 12 hours per four weeks on average.
The member states of the EU have three years to set these rules into practice
(European Parliament, 2019a, 2019b). The European Commission has also
presented policy implications for addressing platform employees’ working
conditions (Kilhoffer et al., 2020).

72

Table 3. Summary of the contributions.
Contributor

Contribution

Employers and

-

Use participatory development and discussions

-

Integrate prevention into technology, product and process design

management

-

Run risk assessment through the lifespan of new technologies, products and
processes

-

Educational levels

-

Train personnel, for example, with simulations of risk assessment
Develop HF/E teaching and provide it for students in order to ensure a safe
beginning for working life

-

Educate students with diverse material and methods, such as with
simulations of risk assessment

Community and

-

Guidance from the EU-OSHA and national committees to include HF/E in the
curriculum at all educational levels

society
-

From government and municipalities for informal caregivers:
Transparent organisational support
Clear responsibilities on risk identification and management processes
Enable the development of the work environment and tools
Focus on training, support and services
Adequate dependent care allowance

-

Guidance, regulations and laws from the government and EU levels to
address informal work, non-standard employment and platform employment

Sources: (Articles I–VI; IEA & ILO, 2020; Bridger, 2018; ISO, 2016; Carayon et al., 2015; COWI, 2013; Dul
et al., 2012; EU-OSHA, 2009, 2010, 2013; European Parliament, 2019a, 2019b; Fay-Hillier, Regan, &
Gordon, 2012; Frenken et al., 2020; Goldkind & McNutt, 2019; Guo, Liu, & Yao, 2016; Hignett et al., 2005;
ILO, 2016; Ministry of Economic Affairs and Employment, 2020; Rivilis et al., 2008; Sanford, 2010; Teperi
& Leppänen, 2011)

5.7

Reliability and validity

This study used mixed-method research (Flick, 2020b). The material was obtained
from different sources under different working conditions in Finland and Sweden
utilising different data gathering and analysis methods, adhering to the principle of
triangulation (Flick, 2020a). Hence, the results add to the general HF/E knowledge,
with specific relevance in the Nordic countries. According to Bryman and Bell
(2003), the reliability and validity of qualitative research can be assessed by the
trustworthiness of the results, validity of the results in different environments,
repeatability of the observations and influence of the researcher’s own experience
and values over the results. Similarly, Lincoln and Guba (1985) presented four
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criteria to assess the trustworthiness of qualitative research: credibility,
transferability, dependability and confirmability.
The limitations of each individual article are presented in Table 4. The criteria
according to Bryman and Bell (2003) and Lincoln and Guba (1985) are discussed
based on them. Regarding trustworthiness and credibility, in this research, the
connection to the real world was ensured with rich empirical data from various
sectors. The data was collected via questionnaires and interviews and
complemented with a systematic literature review. The sample sizes were large for
Articles I and II, and Article III provided an in-depth analysis of the informal
caregivers of children with special needs. To further widen the analysis in this thesis,
Article IV provided an alternative way of identifying the risk factors. Furthermore,
the individuals’ perceptions were compared with occupational safety and health
professionals’ perceptions (Article V) and potential future risks (Article VI).
Regarding validity in different environments and transferability, the data
gathered was from different fields. In the cases, the physical working conditions
where the tasks were performed varied (from trains to the homes of care recipients
and those of informal caregivers), as well as the services provided (from
maintaining trains and serving food in them to providing care tasks). Hence, the
types of environments and tasks were suitably varied, supporting transferability.
Related to repeatability and dependability, the research processes and methods
are documented in detail in the articles. The words used in a questionnaire or the
context of a question can affect the results. However, the questionnaires used in the
articles were tested before using them in the studies (Article I), were based on
validated questionnaires (Article II), were based on workplace safety checklists
(Article IV) or were tailored with a multidimensional work group of occupational
safety and health professionals (Article V). Regarding Article III, the interviews
were recorded and transcribed with descriptions of non-verbal behaviours (e.g.,
crying) and action (e.g., looking at an object in the interview context) in order to
ensure a reliable analysis. However, the researcher’s experience may affect the
results, especially in interviews as the researcher’s actions can have an effect on the
interviewee, and poorly formulated questions can guide the participant’s responses.
In this study, the researcher ensured with semi-structured interviews that the
important themes were discussed but room was left for spontaneous discussion. To
retain objectivity, the results of the questionnaires, interviews, and literature review
were discussed with other researchers, mainly the other authors of the articles.
Furthermore, as this thesis studied undesired load factors, the object was dependent
on the trends in working life, which will likely cause variation in the responses
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depending on the time and the state of society. Based on these points, the results
are repeatable by other researchers within reason.
When considering the influence of the researcher and confirmability, the
researcher’s interest, experience and competence may have an effect on the conduct
of the study and analysis of the results. The author of this thesis did not have any
relations to the companies studied or the informal caregivers interviewed. The
author did her best to maintain objectivity even when the interviewees talked about
sensitive issues, such as hate, anger or the violence they experienced from their
own children.
Table 4. Limitations of each individual article.
Article

Limitations

I

-

Due to the large number of personnel, a questionnaire was chosen as the data collection
method. The respondents were asked to share their ideas with open-ended questions about
‘how to improve occupational safety in your company’. This provided an opportunity for
various kinds of responses, but the interpretation of the responses could be challenging.

II

-

Sleep problems and MSD were assessed with validated self-administrative questions. Fair to
good agreement has been reported between self-reports and physical examinations.

-

As the questionnaire was 20 pages in length, it may have resulted in respondent fatigue.
However, the completion rate for the questions studied was between 88.7–99.3%. Only for
the 7-day pain point prevalence did the completion rate vary between 69.6-77.0%.

III

-

A limited number of respondents, an overly homogeneous study sample and selection bias in
the respondents chosen can affect the results. In this study, it cannot be determined how well
the participants represented the informal caregivers of children because the participation
required volunteers that met specific criteria. However, the interviewees had different
sociodemographic backgrounds, they came from different geographic areas, they had been
informal caregivers for different lengths of time and they cared for children with different
kinds of special needs. Saturation was reached as the same themes started to appear during
the interviews, indicating that a sufficient sample size was reached.

IV

-

The specific results from the study need to be compared and validated by conducting the
simulation at other manufacturing factories. Furthermore, professionals within the sector of
risk assessment need to be included.

-

The simulation process froze repeatedly because multiple simulations were conducted at the
same time. Hence, the simulation sometimes took more time than initially anticipated.

V

-

Response rates to e-mail surveys vary widely. In Article V, the questionnaire was part of a
larger advertisement sent to Northern Finnish occupational safety and health professionals
and sent only once, which may have affected the response rate.
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Article

Limitations

VI

-

Only 3% of the 1,220 articles that were screened concerned occupational safety and health
challenges in the future. Some articles may have been excluded because the crossdisciplinary database Scopus was the only one used. Furthermore, the author’s own
interpretations may have affected the selection and analysis of the articles.

-

The risk of bias of the individual studies. Many of the journal articles included were literature
reviews or overviews and presented little information on their methodological choices and
study processes. Only eight articles had empirical data.

-

Publication bias. Eight of the articles were from a theme issue of the journal Annali
Dell’Istituto Superiore di Sanita. Most of the authors (60%) of the articles included in this
review represented only three countries: Italy, the United States and Canada.

5.8

Future research

Informal work, non-standard forms of employment and platform employment need
focused attention. It is important to ask whether current legislation, guidelines and
risk management are up-to-date to address these increasing forms of work. Related
to informal work, future research should focus on determining what kind of help,
training and strategies are the most suitable for different kinds of informal work
situations. In addition, the different costs of informal work need to be recognised.
For example, informal care reduces annual expenditures by approximately three
billion euros compared with alternative care and housing forms of public care for
the elderly currently in informal care in Finland (Kehusmaa, Autti-Rämö, Helenius,
& Rissanen, 2013; Keväjärvi, Lindholm, & Reiman, 2020). Additionally, it should
be investigated how much the costs of the poor psychosocial and physical health of
informal employees (in this case, informal caregivers) are to society and to public
health care and how much proactive measures would reduce these costs. Related to
proactive measures, similar sectors need to be benchmarked to find out which of
the existing protective factors and strategies are usable for informal employees, for
example, informal caregiving regarding home care and hospital-at-home settings
(Farrell, Shafiei, & Chan, 2014; Väyrynen & Nevala, 2010). Overall, informal work,
non-standard forms of employment and platform employment need to be further
studied with HF/E frameworks and appropriate policies and regulations developed
in order to ensure decent work for all.
More focus should be paid to the well-being of employees at work, as increased
digitalisation has decreased privacy at workplaces through the collection and
recording of sensitive personal information (ILO, 2019a; Stacey et al., 2018).
Monitoring employees with wearable devices, apps and programmes causes stress
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and feelings of isolation because the employees lose some of their autonomy in
how they carry out their tasks, and the interaction will concern devices and robots
more than colleagues. However, at the same time, different devices, apps and
programmes related to productivity and well-being may be helpful when
responding to changes in working life. For example, the COVID-19 pandemic has
resulted in an increase in telecommuting and remote work and changes in
organisations (Tiirinki et al., 2020). Teleworking and remote work can cause
psychosocial risks related to lone working and the ergonomic issues of workstations
and cognitive load (Birtles, 2018; Stacey, Ellwood, Bradbrook, Reynolds, &
Williams, 2017). It is evident that more research is needed regarding ethical and
legal aspects when monitoring employees with such measures.
In Article VI, the need to update risk management processes was identified.
Because of the changes in working life and new technologies and materials, redefining safety standards and the development of new personnel training processes
and new ethical and regulatory frameworks may be required (Cresswell,
Cunningham-Burley, & Sheikh, 2018; Leso, Fontana, & Iavicoli, 2018; Valenti,
Gagliardi, Fortuna, & Iavicoli, 2016). All stakeholders, from system influencers to
system actors, need to ensure decent work in such complex work contexts (Dul et
al., 2012).
Finally, HF/E training, education and teaching need to be further studied and
developed. How would physical learning environments, gamification, simulations,
virtualisation and digitalisation best suit the purpose of developing HF/E
knowledge (Backhouse & Malik, 2019; Lindholm et al., 2020; Reiman, Pedersen,
et al., 2017; Tolks et al., 2018)? Finally, Article IV tested risk assessment at the
design stage in only one environment. Further exercises and the assessment of
multiple environments need to be conducted in order to use alternative risk
assessment methods in teaching and in recognising risks before building the
physical environment.
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Conclusion

This thesis contributes to the societal challenge of prolonging working careers and
improving employees’ well-being at work from an HF/E perspective by recognising
multiple common undesired psychosocial and physical load factors in different
working conditions in both paid and informal work. Individuals’ perceptions were
studied in paid work in a multi-professional company that had various tasks, paid
work in a work environment not easily controlled, informal work as unpaid
domestic work and a work environment at the design stage.
The results showed that inadequate management actions, difficulties in
organising work, client-related difficulties, the demanding state of physical
working conditions and physical discomfort were common current undesired load
factors. The results compared well with occupational safety and health
professionals’ perceptions. The future challenges complemented the currently
identified undesired load factors while adding other contributions, such as
undesired load factors affected by climate change and other megatrends and
reminding that not all factors are yet recognised. The results are discussed both
from micro- and macroergonomics viewpoints. The information provided is crucial
for companies and organisations to understand their personnel and develop work
systems using a participatory and design-oriented process.
Finally, this thesis discussed how different contributors can aid in developing
the well-being of individuals at work and HF/E at workplaces. At work,
management has the responsibility to ensure that individuals have realistic
possibilities to perform their work safely. Participatory ergonomics, preventive
measures and training the personnel are recommendable measures to develop HF/E.
To be prepared for working life, HF/E teaching needs to be provided for students
with diverse material and methods. To include HF/E in the curriculum at all
educational levels, educational institutions need more guidance and policies. Lastly,
informal work, non-standard forms of employment and the “gig” economy require
special attention and guidance with appropriate regulations and laws.
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