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Abstract
This study assessed the situation of Finnish cut-to-length (CTL) machine operators’ work
well-being with workability index (WAI), investigated CTL machine operators’ lifestyle habits,
and collected operators’ good practices to maintain and promote well-being and vitality at
work. A questionnaire was conducted in electronic form, including questions concerning
background information, work environment, work organisation, well-being at work and free
time, and workability index. Mean WAI among respondents was 42.2 points (max. 49) falling
into the rank »good«, while the current workability compared with the lifetime best was 8.2
(range 0–10). WAI was strongly impacted by age (p<0.000), the score declined during ageing,
and standard deviation grew. The results were in line with previous WAI studies. Statistic
differences were found between youngest age group (age≤25) versus all others. Compared to
other studies and occupational groups, CTL machine operators’ WAI was average. Operators
revered independent nature of work and forest as a working environment, thus promoting and
maintaining well-being at work. Furthermore, breaks during work shift, with or without
physical exercise, was recognised to ensure and retain vitality and concentration at work.
Keywords: well-being at work, workability, workability index, CTL machine operator, CTL
harvesting

1. Introduction
Employees’ well-being at work manifests itself by
one’s better commitment to the work and fluent collaboration with co-workers but also the quality and
productivity of work (Puttonen et al. 2016). As shown
in studies (Kuoppala et al. 2008, Vänni et al. 2012,
Ahola et al. 2018), employees’ well-being at work and
workability impacts e.g. productivity, atmosphere
among staff and sick leaves. Thus, employees’ wellbeing at work is one of the key resources that a thriving and profitable organisation can have.
Well-being at work is composed of the joint effect
of several factors in and outside of work, and it can be
promoted in different ways. Rauramo (2009) defines
steps for well-being at work based on the theory of
Maslow’s hierarchy, the five-tier model of human
needs where the needs lower down in the hierarchy
must be satisfied before individuals can attend to
needs higher up. In the Rauramo’s (2009) theory of
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well-being at work, the steps from the bottom upwards are:
⇒ psychological basic needs
⇒ need for security
⇒ need for affinity and sense of solidarity
⇒ need for appreciation
⇒ need to fulfil oneself.
Well-being at work involves satisfying work that
meets one’s psychological needs. Satisfying work can
create circumstances that encourage one’s full effort
and contribution towards work. In return, work can
offer meaningful experiences and sensible environment, thus creating enrichment processes and gain
spirals (Hakanen 2011). Overall satisfying work can
lead to strong work engagement. According to
Schaufeli et al. (2002) work engagement consists of
three elements: vigour, dedication, and absorption towards work. It is positively related to e.g. overall satisfaction of life (Schaufeli et al. 2006), self-assessed
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health (Hakanen and Lindbohm 2008) and workability (Hakanen et al. 2006), and negatively to intentions
of quitting one’s job and early retirement (Parzefall
and Hakanen 2010). Having a long-lasting effect, work
engagement can reflect positive experience of life in
general up to three years ahead (Hakanen et al. 2011).
Well-being at work encompasses the concept of
workability that determines individuals’ mental and
physical resources to perform one’s work. Workability is a complex issue covering not only different objectively measurable capacities, but also aspects like
education, knowledge, skill, experience, and motivation (Ilmarinen and Tuomi 1992). Finnish Institute of
Occupational Health (FIOH) has gathered all aspects
to the »Workability House«, that sums up factors in
and outside of working life giving a wide picture of
workability paradigm (Ilmarinen et al. 2005). House
has 4 floors, each floor representing one dimension of
workability. The first three floors, 1) health and functional capacities, 2) competence, 3) values, attitudes
and motivation, signify employee’s personal aspects,
e.g. one’s foundation of well-being. The fourth floor
»work, work community and leadership« represents
the work itself. In addition to the house, there are also
surroundings, the framework of our working life. Altogether workability may be seen as a balance between
the demands of work and individual’s resources
(Arvidson 2013). As they are constantly changing,
people search for an optimal balance throughout their
entire work life (Ilmarinen 2009).
Work environment and work culture of Finnish
timber supply chain has been strongly adjusted to the
customer’s needs for precision and quality (Uusitalo
2005). Timber harvesting has been largely based on
small-scale contractors where entrepreneurs usually
own 1–3 forest machine(s) or forest machine chains
(cut-to-length (CTL) harvester and forwarder) and the
entrepreneur himself/herself is contributing to the
every-day operational work. Since the beginning of
2000, timber harvesting sector has organised itself in
bigger units forming the so called »diversified independent contractors« (Rekilä and Räsänen 2008,
Ovaskainen and Pajuoja 2020). Diversified independent contractors can be e.g. entrepreneurs who have
increased and widened their business, or several
small-scale contractors joint together. However, there
are still small-scale harvester entrepreneurs working
in the supply chain as contractors or subcontractors.
Acting as timber suppliers, harvester contractors are
responsible to fulfil the requirements of primary wood
processing industry such as quality and quantity of
raw material, but also for issues relating to timetables,
silvicultural results, and various environmental as-
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pects (Nurminen et al. 2009). Industry requirements
for raw material are very precise concerning quantities, bucking and timber assortments, and timing. Especially valuable timber assortments such as veneer
logs, logs and poles have precise delivery quantities
that vary due to seasons and market situations.
In Finland, the wood-harvesting technology and
execution is based on mechanised cut-to-length method i.e. machine operator fells, delimbs and bucks the
stems at the stump by a harvester, and logs are forwarded to roadside by a forwarder. CTL machine operator’s work is demanding and responsible, requiring
multiple complex decisions to be taken repeatedly and
rapidly (Häggström 2015). The routine work of CTL
machine operator is independent and rather monotonous, including long periods of sitting and repetitive,
short-cycle movement patterns, up to 4000 control inputs per hour (Gellerstedt 2002). Operators are often
afflicted by overload injuries to the neck, arms and
cervical spine (Lagerstrom et al. 2019, Gerasimov and
Sokolov 2014, Jack and Oliver 2008, Rehn et al. 2002).
Productive CTL work also demands wide cognitive
capacity including spatial perception, coordination,
comprehensive perception, and wide use of memory
functions (Ovaskainen and Heikkilä 2007). Moreover,
during harvesting work, the private forest owners, i.e.
timber sellers, are interested in profitable bucking (e.g.
more valuable saw logs, less low-valued pulpwood),
and customers, i.e. timber buyers, expect high-quality
raw material from bucking. Thus, the machine operator’s expertise has an important role in successful timber supply chain and single operator’s work contribution has also considerable effect on productivity and
result in small-scale contractor’s business. In addition,
work shifts, and commutes can be lengthy and in
Finland the winter season with short daylight period
is rather long (Heinikoski and Mehtälä 2016). Hence,
there is a great pressure on forest machine operators’
recovery and well-being based on the characteristics
of the work.
As well as other industries, timber harvesting work
has been affected by development of internet and web
communications that has enabled industrial internet
(ETLA 2015). Industrial internet has intoduced realtime reporting and surveillance in the timber harvesting operations. Operators are required to manage an
increasing amount of IT-skills alongside heavy machinery technology and forestry competence. Not only
reporting, but operators are also e.g. expected to predict the incoming raw material volumes to the roadside and execute quality controls via enterprises’ resource planning systems (Nieminen 2015). Operators’
opinions about data systems are divided. According
Croat. j. for. eng. 42(2021)3
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to Siukola et al. (2018), half of the operators feel that
data systems ease the work, while the other half experience they impede working. This dimension of harvesting work includes processing, managing and producing information that is essential for the functional
timber procurement chain, its predictability and productivity. Beyond expertise, the accurate and timely
information flow also strongly relates to the machine
operators’ (pro)activity, motivation, and workability
(Siukola et al. 2018, Väätäinen et al. 2012).
CTL harvesting machines are expensive and high
productivity is expected to compensate large investment. Stem size is one of the most significant factors
influencing CTL harvester’s productivity (e.g. Jiroušek
et al. 2007, Erikson and Lindroos 2014), but naturally
multiple environmental variables affect harvesting
productivity as well (Erikson and Lindroos 2014). Being difficult to alter operational environment, the attention focuses on machinery and operator. According
to Purfürst (2010) learning curve of CTL machine operators, it takes on average 8 months to end the learning phase and hit the first plateau in productivity.
After the plateau, productivity still increases slowly,
but steadily, up to 15 years of experience (Malinen et
al. 2018). In general, studies show that one’s productivity declines over age due to reduction in the cognitive abilities such as perception speed, reasoning
abilities, memory, and learning (Carone et al. 2005,
Skirbekk 2004, Skirbekk et al. 2011). Over time, there
are environmental and personal variation from harvesting conditions to operator’s personal vitality
(Purfürst 2010). However, there is no clear indication
of a drop in the productivity among forest machine
operators due to the high demand of work expertise
that accumulates over time. Operators’ ageing reduces merely the peak productivity of work (Malinen et
al. 2018). Thus, embracing well-being at work and
workability ameliorate the commitment and perseverance of work, enabling professional operators to develop and even achieve long careers.
Prolonging work careers is also considered beneficial in governance level. According to Eurostat’s publication Ageing Europe (2020), the population in the
European Union (EU) will decrease from 446.8 million
to 441.9 million during the period 2026–2050. At the
same time, the population of older people (65 years or
more) will increase significantly from 90.5 million to
129.8 million and there will be 13.5% fewer people
aged less than 55 years living in the EU. Economic
dependency ratio in Europe will increase substantially during the next 30 years adding pressure to prolonging work careers (Carone et al. 2005, Shemeikka
et al. 2017). Forest machine operators’ sedentary work
Croat. j. for. eng. 42(2021)3
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positions together with whole body vibration create a
physical challenge for lengthening careers as sitting
times and whole-body vibration have been shown to
cause a health risk (e.g. Katzmarzyk et al. 2009, Robert
and Michele 2008). Policymakers have recognised that
job satisfaction plays an important role in relation to
extending work lives. Alongside remuneration, job
satisfaction can be linked to a wide range of other factors, including working conditions, job security, support, and recognition at work (European Comission
2017). Workability and well-being at work provides
foundation for prolonged careers as well as better resources for lifelong learning, which also seems to relate to extended careers (Serban 2012).
Carrying out well-being at work and workability
improvements, organisations often focus on organisational development, e.g. management and leadership,
promotions and career opportunities of staff, updating
job descriptions and improving solidarity and communications (Repo et al. 2015, Siukola et al. 2018).
Thus, the profound factors and needs related to individual’s well-being at work are ignored (work ability
house floors 1–3). In addition, the nature of this kind
of organisational improvements rarely fits in timber
harvesting companies as the harvesting work is extremely independent and job descriptions are rather
inflexible (Häggström 2015). Understanding of workability as a large issue enhances employees’ quality of
life, but also helps organisations to improve productivity, recruit new staff and keep employees from resining (Mylek and Schirmer 2015).
Independent work with expensive machinery, responsibility of productivity, quality of work and raw
material, long working hours, monotonous work, high
level of expertise, tight timelines, and variation in operational environment are all recognised as work characteristics of CTL harvesting (Heinikoski and Mehtälä
2016, Kääriäinen 2017, Vihottula 2010). Timber harvesting practises have changed from physical work
towards sedentary, more tortuous, and mentally demanding work thus putting great pressure on the operators’ well-being at work, workability and recovery.
While timber harvesting is based on CTL method in
Northern Europe, and increasingly in the other parts
of Europe and North America, there is no clear overall
picture of the CTL operators’ well-being at work and
workability. The aim of this study was to assess the
Finnish CTL machine operators’ (both harvester and
forwarder) well-being at work and workability and to
determine the workability index (WAI) among them.
For wider evaluation and positioning the CTL machine operator’s occupation, the study compared the
CTL machine operators’ WAI to other occupational
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groups. Furthermore, the study looked for good methods and practises among operators for sustaining wellbeing at work and workability.

2. Materials and Methods
The study was carried out using an electronic survey (eLomake). The aim was to deliver the survey
straightforward to the forest machine operators (not
via employers), thus it was conducted through Facebook group »Forest machine operators« (»Metsäkoneenkuljettajat«) that is followed by 9000 people. Most of
them are forest machine operators, but also timber
harvesting contractors and people interested in timber
harvesting. The questionnaire was published in September 2019 and it was available for two weeks.
The survey contained four different subject areas:
A) background information, B) work environment and
work organisation, C) well-being at work and free
time, and D) workability index. Sections A to C contained 36 questions, 33 questions had response options, and several questions included open ended alternative beyond ready-made response choices. Three
questions were purely open ended. Depending on the
question, the amount of response options were limited
to one or the respondent had the opportunity to pick
several options.
Section A, the background information, contained
questions concerning age, work experience and the
geographical location where the respondent was
working. Section B investigated the work environment
and work organisation with questions concerning the
specifics of work shifts and working culture, work organisation, and the machinery. Section C investigated
the well-being at work, free time and lifestyle habits
with questions concerning the psychological workflow, nutrition in and outside of work, breaks during
work shift, body care or other benefits provided by
employer, physical exercise habits and social relations
and support. Furthermore, section C inquired the
positive aspects of CTL harvesting work and the
means and techniques operators have for keeping up
good vitality during work shift.
Section D contained workability index questionnaire. For evaluating one’s workability, Finnish Institute of Occupational Health developed Workability
Index (WAI) questionnaire (Ilmarinen 1991, Tuomi
1997). Primarily it was developed for research, but according to Ilmarinen (2007), the method has spread to
various countries, both for (medical) practice and as a
research tool, and it is by far the most used and wellaccepted instrument to measure workability (Van der
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Berg et al. 2009). The validity and reliability of the WAI
has been assessed in correlation analyses (Ilmarinen
2007), Radkiewich et al. (2005) and de Zwart et al.
(2002) have studied the validity of WAI. The WAI and
all its items predict reliably work disability, retirement, and mortality (Ilmarinen and Tuomi 2004).
WAI consists of seven indicators that help answer
the question of how well or healthy the employees are
currently and expected to be in the near future (Kettunen
2015), and it aims to assess how able employees are to
do their work with respect to their work demands,
their health and mental resources. Workability Index
(WAI) consists of seven sections having 11 questions.
Out of 11 questions, 8 have three-, five-, or six-level
likert-scale (Rautio and Michelsen 2013). Sections focus on worker’s i) workability compared to the lifetime best, ii) workability (physical and psychological)
in relation to work demands, iii) current medical conditions, iv) disadvantages of medical conditions related to work, v) the number of sick days during past
12 months, vi) worker’s personal prediction of future
workability, and vii) psychological resources. Each
section accumulates points, and the result can vary
between 7–49 points. The outcome of the WAI has
been divided into four groups according to the final
score: poor (7–27 points), moderate (28–36 points),
good (37–43 points) and excellent (44–49 points).
Moreover, beyond the total WAI score, workability
studies also use the first question from the WAI questionnaire to reflect the state of workability: »If assumed that your workability gets ten points when it
is at its best. What is your current workability compared to the lifetime best workability?« The scale is
from zero to ten, zero means no possibility to work
and ten is the best possible workability.
Workability index used in the current study was
modified from the original WAI questionnaire. In the
original WAI questionnaire, the specific medical conditions are required. In this study, there was no need
to know the specific definitions of the possible medical
conditions machine operators were suffering; therefore, these questions were left out as the exact medical
condition do not affect the WAI score. Instead, only the
number of medical conditions that medical expert had
diagnosed were required. However, as operators work
in relatively static work postures in timber harvesting
machines, the respondents were asked to state whether they had any pains, aches or numbness in hands or
any part(s) of the spine.
The survey obtained 461 responses by convenience
sampling. Due to some imprecision of the answers,
finally 438 responses were analysed. Basic characteristics of the data were analysed by standard statistic
Croat. j. for. eng. 42(2021)3
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values such as mean, median and mode. Cross tables
were also used to clarify data content. WAI was evaluated through different background variables. Since
values of answers did not show a normal distribution,
the non-parametric Kruskal-Wallis test was used to
evaluate WAI. If the test showed statistically significant differences between groups, the Mann-Whitney
U-test would be used. The statistical significance level
of p<0.05 was used for all results.

3. Results
3.1 Background Information
Approximately two thirds of the respondents were
35 years old or younger (Table 1). However, work experience was low in the age group 26–35. This indicates that many of the forest machine operators do not
get vocational education at the beginning of their careers in their twenties but more likely some years later.
This may also indicate that many operators move
away from the forest machine operator’s career after
maximum 5 years of experience. Two thirds (66.2%) of
respondents were operating CTL harvester and one
third (33.8%) forwarder.
Table 1 Respondents’ age distribution (%) and work experience
(%) in years
Age, years

%

Work experience, years

%

≤25

33.3

0–5

33.8

26–35

32.0

6–10

20.9

36–45

22.2

11–15

18.9

46–55

9.4

16–20

11.8

56≤

3.1

>20

13.7
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3.2 Work Environment and Work Organisation
Forest machine work seems to be rather flexible,
6.7% reported their work hours were given, others had
the possibility to fix them (60.3%) or work hours were
free (33.0%). Forest machine operators tend to have
shift work (Table 2). The duration of shift/workday
was most likely 8–9 hours, but one third responded
that the duration of shift/workday was 10–11 hours.
Even if the commutes are long, they are rarely included into the shift duration.
Used machinery was rather new, 65.7% reported
that they were operating maximum five-year old machine and 60.3% reported that the technical improvements over time had improved their well-being at
work. Most advantageous improvements were the
reduction of noise (67.5%), cabin levelling technologies
(60.7%) and improved adjustment of temperature
(57.0%). In addition, there were several mentions of
increased capacity of work lights in open-ended answers.
Two meal breaks were most common among respondents, but almost all (88.8%) respondents had at
least one meal break (Table 3). Planned work breaks
other than meal breaks were used by 42.1% of respondents (Table 4). During other breaks, the most popular
activity was to calibrate harvester’s head (46.7%), walk
on the work site and review the quality of work and/
or plan the work ahead (46.3%) or do machine maintenance (42.6%). Altogether 85.2% of respondents estimated that they had approximately maximum 4 unplanned interruptions during workday (Table 4), e.g.
fixing the chain of harvester head or socialising with
passers-by. Naturally, this number can change largely
depending on the characteristics of the work site. After
breaks, planned or unplanned, 55.0% of respondents
reported it was easy to get back to work, while 42.8%
reported it was easy to get back to work »occasionally«.

Table 2 Work arrangements of CTL machine operators by age
Age, years
≤25

26–35

36–45

46–55

56≤

Mean

Shift work, %

76.5

68.7

60.4

55.8

64.3

68.1

Daytime job, %

23.5

31.3

39.6

44.2

35.7

31.9

Shift duration 8–9 hours, %

49.0

61.9

73.3

60.5

66.7

60.3

Shift duration 10–11 hours, %

40.5

34.0

22.8

30.2

33.3

33.2

Weekend work – regular, %

13.1

8.8

3.0

9.3

0.0

8.7

Weekend work – occasional, %

67.3

61.9

72.3

62.8

50.0

65.7
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Table 3 CTL machine operators’ meal breaks during work shift by
age
Age, years

Number of meal
breaks, %

≤25

0

2.0

2.0

5.0

1

26.1

19.1

2

47.1

3≤

24.8

26–35 36–45 46–55

56≤

Mean

0.0

7.1

2.6

10.9

11.6

0.0

18.3

42.2

37.6

25.6

28.6

40.8

36.7

46.5

62.8

64.3

38.2

Table 4 CTL machine operators’ breaks (other than meal) by age
Age, years

Breaks
(other than meal), %

≤25

Yes

39.9

46.3

39.6

Occasinally

47.1

41.5

No

13.1

12.2

26–35 36–45 46–55

56≤

Mean

46.5

28.6

42.1

46.5

34.9

57.1

44.3

13.9

18.6

14.3

13.5

3.3 Well-being at Work and Free Time
Psychological workflow and absorption into work
is recognised to be an essential factor in well-being at
work. However, 10% answered that they have troubles
to get into workflow in general or after interruptions
(Table 5). Audiobooks and talking on the phone (often
with colleagues) were greatly appreciated when aiming into good workflow.
Approximately half (49.8%) of the respondents
have varied and diverse diet (Table 6). Operators aged
46 or older answered more likely to have diverse diet
than younger groups. During work shifts the youngest
age group (age 25 or under) used energy drinks
(20.0%), while the older groups consumed merely coffee for stimulant. The older the respondent, the fewer
used alcohol. An exception was the youngest group
that used less alcohol than the age groups 26–35 and
36–45. Physical exercise was quite modest in the sample, one fifth replied to have physical exercise at least
three times per week and 14.0% did not have any kind
of physical exercise. Age did not seem to play important role in physical activity. As social relations are a

Table 5 How easy it is for CTL machine operators to get into workflow by age
Age, years
≤25

26–35

36–45

46–55

56≤

Mean

Cannot get into workflow, %

3.8

7.5

10.5

10.4

28.6

7.4

Easy to get into workflow, %

16.1

18.9

30.1

37.5

35.7

22.0

Ease workflow by talking on the phone, %

30.9

28.9

19.6

16.7

0.0

26.1

Ease workflow with audiobooks, %

49.2

44.8

39.9

35.4

35.7

44.5

Table 6 Lifestyle habits and social resources of CTL machine operators by age
Whil, years
≤25

26–35

36–45

46–55

56≤

Mean

Diverse diet, %

41.8

48.3

58.4

58.1

64.3

49.8

Diverse diet occasionally, %

51.6

40.8

35.6

32.6

35.7

42.4

Exercise 3 times/wk. or more, %

21.6

17.0

24.8

16.3

7.1

19.9

Exercise 2 times/wk., %

22.2

27.9

19.8

25.6

21.4

23.8

Exercise occasionally, %

41.2

41.5

42.6

41.9

64.3

42.4

Enough social relations, %

74.7

63.5

75.3

69.1

83.3

71.0

Somewhat enough social relations, %

23.3

33.1

20.8

26.2

16.7

25.9
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Table 7 Well-being at work benefits provided by employer, by age
Benefits offered by employer

Age, years
≤25

26–35

36–45

46–55

56≤

Mean

Physical exercise, %

19.5

18.9

28.3

18.8

7.1

17.0

Body care, %

7.3

8.5

12.4

12.5

7.1

4.4

Physical exercise and body care, %

4.6

5.4

8.8

7.0

0.0

5.9

Culture events, etc., %

4.9

6.7

8.0

4.2

0.0

6.6

No benefits offered, %

68.3

65.9

51.3

64.6

85.7

70.1

Table 8 Workability index (WAI) in different age groups
Age, years
All

≤25

26–35

36–45

46–55

56≤

N

438

144

140

99

41

14

Mean

42.4

44.2

42.1

41.1

41.2

37.9

SD

5.0

3.4

4.8

5.8

5.0

7.7

Median

43

45

43

42

42

38.5

Mode

44

44

41

42

39

33

vital aspect of well-being, over two thirds replied to
have enough social relations and 3.1% reported that
they do not have anyone to talk to about their personal issues.
Altogether 32.6% reported that well-being at work
benefits were provided by their employer (Table 7).
Usually these were somewhat related to physical exercise and body care, e.g. free of charge gym membership or massage. To whom these benefits were available, 49.2% took advantage of them. Most of the
respondents (78.2%) wished that potential benefits
were related to physical exercise and body care. However, 16.2% reported that there was no need for benefits or services related to well-being at work.
When inquired about good aspects of work in the
open-ended question, the most frequently answered
themes were independency (145 times), forest nature
as operational environment (70 times), forestry as one’s
own niche and working with heavy and modern machinery (54 times), fixable and flexible working hours
(43 times), ability to see outcome of one’s own work
(39 times), possibility to continuously improve professional skills (32 times) and work community (31 times).
For sustaining and promoting workability, physical
exercise and decent physical condition, diverse diet,
Croat. j. for. eng. 42(2021)3

sufficient sleep, strong balance between work and personal life, regular breaks during work shifts combined
with brief physical exercises, clean and organised
workstation and 4-point harnesses were mentioned.

3.4 Workability Index (WAI)
Mean workability index among forest machine operators was 42.4 points falling into the rank »good«.
47.1% of respondents reached the rank »excellent«,
42.8% »good«, 8.0% »moderate« and 2.1% »poor«. With
age, the score of WAI was declining (Table 8). Besides
WAI declining, standard deviation (SD) also increased
during ageing.
When inquired about the current workability compared with the lifetime best, the mean value of all respondents was 8.2 (Table 9). This value did not decline
with age as straightforward as the workability index.
Table 9 Current workability compared with the lifetime best
(0=unable to work, 10=very good workability)
Age

≤25

26–35

36–45

46–55

56≤

Mean

8.6

8.1

7.9

8.0

7.4

8.2
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Kruskal-Wallis test showed that age impacts
strongly on WAI (p<0.000, df=4). However, when analysed with Mann-Whitney U-test between age groups,
statistically confirmed differences were between the
youngest group (age≤25) versus all others, and between the age groups 26–35 and 56≤ (Table 10).
Table 10 Statistical differences (p-values) between age groups in
Mann-Whitney U-test of WAI
Age, years
Age, years

≤25

26–35

36–45

46–55

56≤

N

144

140

99

41

14

≤25

–

26–35

0.000***

–

0.321

0.288

0.019*

36–45

0.000***

0.321

–

0.737

0.057

46–55

0.000***

0.288

0.737

–

0.100

0.000*** 0.000*** 0.000*** 0.000***

* p<0.05 ** p<0.01 *** p<0.001

4. Discussion
Work characteristics of CTL harvesting machine
operators are demanding, and mastering the CTL harvesting method requires a wide range of skills and
long work experience. The aim of this study was to
assess Finnish CTL harvesting operators’ (both harvester and forwarder) well-being at work, to find out
their workability index (WAI), to compare WAI to
other occupational groups, and to look for good practices for maintaining workability. The study was carried out as a questionnaire and it was implemented in
electronic form. To reach directly (not via employer)
as many CTL harvesting operators as possible, the survey was introduced in Facebook group called »Forest
machine operators« (followed by 9000 people, including machine operators, but also timber harvesting contractors and people interested in timber harvesting).
The channel provided effective means to introduce the
questionnaire to the target group and collect data. Furthermore, electronic survey enabled answering via
mobile device, which lowered the threshold of answering. The questionnaire collected 461 answers and
438 answers were approved for final analysis due to
some imprecisions. Altogether, the number of responses was higher compared to some timber harvesting questionnaire studies as those made by Siukola et
al. (2018) 185–235 answers, Landekić (2013) 67 answers,
Rytkönen (2009) 90–103 answers, and Perkiö-Mäkelä
et al. (2001) 328 answers.
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Previous studies concerning different occupational
groups have shown that WAI decreases during ageing
(e.g. Monteiro et al. 2006, Pohjonen 2001, Tuomi et al.
1991). The present study supports the same interpretation as the WAI decreased from 42.2 to 37.9 during
ageing. It seems that, at young age, WAI was likely to
be better, while during ageing the mean declined and
standard deviation grew. Agening does not automatically decrease the workability index. According to
Ilmarinen (2006), individual differences in workability
increases with age, resulting in a declining trend of
workability by age. Higher workability is more likely
to be met if an employee is able to use his/hers accumulating work expertise and work experince during
career, and in practice this is manifested by promotions, career opportunities and changes of work tasks.
In CTL harvesting work, the job descriptions are rather inflexible (Häggström 2015), making it difficult to
apply a high level of expertise in other tasks outside
CTL harvesting work. Furthermore, as overweight,
decline in health status (psychological or physical),
and the risk of (prolonged) unemployment increase
the risk of presenting moderate or poor workability,
young age does not unquestionably assure high score
in workability index (Lappalainen et al. 2016, El Fassi
et al. 2013, Boström et al. 2011).
When evaluating the current workability compared to the lifetime best, a somewhat higher mean
(8.2) was obtained in the present study than in other
studies in Finland (Table 11). In the study by Rytkönen
et al. (2008), occupational groups were somewhat
wide, e.g »Forestry« included responses from chain-saw
workers, forest machine operators and long-distance
Table 11 Current workability compared to the lifetime best (0=unable
to work, 10=very good workability) compared with other occupational groups in Finland
Current workability
(0–10)
CTL harvesting operators

8.2

Forest machine operators1

7.3

Forestry (inc. manual work,

7.8

CTL harvesting and haulage)2
Agriculture2

7.7
2

7.8

Dockworkers

Construction workers2

7.8
3

7.8

Finnish working aged men
1)

2)

3)

Siukola et al. 2018 Rytkönen et al. 2008 Koponen et al. 2017
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drivers. According to the national health study by Koponen et al. (2018), the mean workability among Finnish working aged men was 7.8.
When comparing CTL harvesting operators’ mean
WAI to other occupational groups internationally
(Table 12), operators seem to have higher WAI. Mean
WAI of Finnish CTL machine operators was somewhat
better than that of forest machine operators in the
Croatian private sector (Landekić et al. 2013). Furthermore, Landekić et al. (2013) also pointed out that mental demands are higher and WAI somewhat lower
when working in private sector harvesting companies
versus state owned companies. Occupational safety
and health have been a high priority of the Finnish
forest industry, which may have enabled and promoted good and well-functioning working culture. However, these developments and their impacts on workability and safety need further research. In comparison
to another occupational group including long periods
of sitting, bus drivers, CTL operators seem to have
higher WAI.
Table 12 Comparing CTL harvesting operators’ mean workability
index (WAI) to other occupational groups
WAI
CTL harvesting operators

42.4

1

CTL harvesting operators

38.1

Bus drivers2

36.8
3

Construction workers

38.7

Home care workers4

37.7
5

41.1

White-collar workers
1)
4)

2)

3)

Landekić et al. 2013 Kloimüller et al. 1999 Alavinia et al. 2009
Pohjonen 2001 5) van der Berg et al. 2008

Well-being at work and ergonomics in forestry
have been studied during the last decades and the results have reflected the change of work environment,
development of technology, techniques, and ergonomics
(e.g. Häggström 2015, Ovaskainen 2009, Tynkkynen
2001, Kanninen 1996, 1990, 1989, Asikainen and
Harstela 1993, Harstela 1990). Due to the development
of technology and digitalisation, timber harvesting
work has become more independent and personal
contacts with co-workers or supervisors have decreased. Over time, a great number of supervision
tasks have shifted further on in the supply chain e.g.
to timber harvesting contractors and to machine operators. It is recognised that CTL operators are still
Croat. j. for. eng. 42(2021)3
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exposed to physical strain like whole body vibration,
long periods of sitting, and stress injury to spine and
arms/hands (e.g. Lagerstrom et al. 2019, Siukola et al.
2018, Häggström 2015, Jack and Oliver 2008). For reducing physical strain and long periods of sitting, respondents reported in the questionnaire e.g. the use of
4-point harnesses in machine seats, and regular breaks
during work shifts and brief physical exercises during
breaks. Furthermore, clean, and well-organised workstation promoted workflow and sense of easiness.
However, ergonomics of machine seats, and ergonomics and adjustability of armrests were most frequently
mentioned development areas in machinery.
One of the most important psychological resources
that creates intrinsic motivation is sufficient independency and self-regulation that leads to increased enthusiasm and innovative behaviour (Deci and Ryan
2000). Independent nature of work in CTL harvesting
was one of the most occurred factors that was expressed in our questionnaire when asked about positive aspects of work. Respondents related the independency to aspects such as responsibility of managing
the entirety of work, freedom to plan own work and
to perform work without supervision. While the supervision tasks have shifted more from the office supervisors to the field workers (operators), this shift
does not seem to be too extensive, hence the independency is still experienced positively. At the same time
strongly independent work requires good self-management skills, including the responsibility of work
tasks and understanding one’s own well-being at
work. Further studies concerning personal lifestyle
habits and their influence on the CTL harvesting work
productivity and workability would be needed. Furthermore, in the responses, independency was emphasised by flexible and fixable working hours. However,
the ability to fix shifts may lead to »normalising«
weekend work although during high seasons machines tend to run seven days a week. At the same time
respondents appreciated highly supportive and likeminded work community. Thus, the balance between
independence, relatedness and sense of solidarity is
also strongly related to intrinsic motivation (Deci and
Ryan 2000).
Meaningful and flowing work in safe and encouraging environment supports and promotes good wellbeing at work and leads to work engagement, which
results in good motivation, productivity, and quality
of work (Puttonen et al. 2016). In our questionnaire,
the following positive aspects of CTL harvesting work
were frequently mentioned: forest as an operational
environment, ability to see the outcome of own work,
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constant improvement of one’s professional skills, and
the work with heavy and modern machinery.
While social media provides easy channel to introduce survey, fast means to collect data and convenient
access straight to the target group, it has some limitations and contains certain risks. It enables very little
control of whom the enquiry is addressed to and how
to collect diverse samples of the target population. It
is likely that certain age groups that are more familiar
and active in social media, are more likely to be represented in the final sample. In addition, there are extremely minor possibilities to sort out answers if the
same respondent answers more than once to the survey. Furthermore, when using questionnaire, it is possible that questions may lead to recall bias even though
survey themes and questions went through testing
before the questionnaire was published.

5. Conclusions
According to study results, CTL harvesting machine operators’ well-being at work and workability
are at least average as compared to some other occupational groups. Workability of CTL harvesting operators seems to be at its best in young operators and
declines and disperses during aeging. Independent
nature of work and forest as an operational environment supports and promotes well-being at work. Development of machine ergonomics has decreased operators’ physical strain over decades, thus CTL
harvesting work includes physical stressors like long
periods of sitting and demand of a wide range of cognitive skills. Hence CTL harvesting work requires
good self-management and understanding of own
well-being at work. Operators’ daily habits and expertise to organise work influence workability, but the
work arrangements and work culture also affect wellbeing at work and workability. Further research is
needed to study how the development of the private
sector harvesting companies, e.g. socio-economic
frame conditions, impacts workability and well-being
at work. It is also necessary to study how operators’
personal lifestyle choices and habits influence wellbeing at work, workability and productivity regardless of work environment and work characteristics.
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