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Abstract

Background: Occupational accidents potentially occur in timber harvesting work. Because this work has a high accident
risk, workers’ knowledge of occupational safety and health (OSH) is essential. In this study we analysed a group of
Indonesian timber harvesting workers’ knowledge of OSH, particularly as it relates to operations in natural forests.

Methods: We interviewed 30 people who directly undertake timber harvesting work and asked them to answer surveys
containing 15 questions related to different aspects of OSH knowledge. Responses were quantified using the Likert scale
and validity and reliability tests were performed.

Results: The results showed that: 1) worker knowledge regarding the benefits of using personal protective equipment
(PPE) was highest compared to the other 14 indicators; 2) workers had less knowledge about timber harvest planning,
the meaning of occupational safety and health, safe ways of working and the frequency of work accidents when timber
harvesting; and 3) validity and reliability tests showed that this survey was a valid instrument for collecting information
on workers’ knowledge of OSH.

Conclusions: The Indonesian timber harvesting workers surveyed had limited knowledge of the planning of tree felling,
timber skidding, and loading, yet they perceive the cognition of OSH, working methods to minimise accidents, and the
frequency of work accidents during timber harvesting every year. Ongoing training to improve workers’ knowledge of OSH,
including correct use of personal protective equipment is important for reducing the risk of workplace accidents. The use

of serious games can assist with this training.
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Introduction

Timber harvesting activities both in plantation and
natural forests have a high risk of workplace accidents.
Nkomo et al. (2018) stated that this high risk of work
accidents is influenced by the tools used, operator skills,
and knowledge of occupational safety and health (OSH).
In the period from 2008 to 2015, Yovi & Yamada (2019)
reported that the number of recorded work accidents in
the Indonesian forestry sector was 984 per year, which

included an average of 46.4 fatalities per year. These
accidentsoccurredacross harvestingand collecting forest
products, charcoal production, and sap/resin tapping.
Logging has a higherrisk of work accidents than skidding,
loading, unloading, and hauling. It has been identified
as one of the most dangerous jobs in many parts the
world (Lagerstrom et al. 2019; Occupational Safety and
Health Administration US Department of Labor 2024).
The dangerous nature of forestry work can be linked to
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the environment (rugged terrain, climatic conditions,
biological agents, and exposure to noise, vibrations, and
exhaust fumes) and to the tools and processed material,
i.e. the use of sharp and/or power tools, heavy loads, and
heavy machinery (Kaakkurivaara et al. 2022). Nikooy et
al. (2019) stated that tree condition has an important
role in work accidents in timber harvesting, such as
trees stuck with a broken branch and the presence of
stumps or dead stems and broken crowns. However,
Newman et al. (2018) identified a broader range of
factors contributing to workplace accidents which can
be grouped into human factors, physical environment,
work organisation, and machinery, tools and equipment.
Human factors including judgement and decision
making, skill and technique, training and education, age,
and experience affect human behaviour in the workplace
in a way that can affect OSH. Therefore, OSH in forestry
work, particularly for timber harvesting is paramount.
There are a variety of work accidents that can occur
during timber harvesting, including 1) being hit by
a felled tree; 2) hand injuries caused by a chainsaw;
3) hands pricked by thorns; 4) head crushed by a broken
branch or twig; 5) falls induced by tripping on tree roots
or by sloping ground; 6) dislocated wrist due to incorrect
chainsaw operation; 7) eye damage or irritation caused
by fine grains of sawdust from creating the undercut and
back cut during tree felling; and 8) earache or permanent
hearing loss due to the loud noise emitted by chainsaws.
The use of manual tools when timber harvesting,
such as chainsaws during logging, is a risk factor
for work accidents. Research results show that the
highest proportion of work accidents occurred in
manual logging work at 51.4% (Landeki¢ et al. 2021;
Potocnik & Poje 2017). The risk of work accidents can
be mitigated by developing and implementing OSH
policies that address the main risk factors. In Indonesia,
the government has developed and implemented
the Ministry of Manpower Regulation No. 5 which
focuses on Occupational Safety and Health in the Work
Environment (Ministry of Manpower 2018). For timber
harvesting, these regulations cover noise and vibration
from the use of felling tools, skidding equipment, loading
and unloading, and hauling as well as ergonomic factors.
Noise is defined as all unwanted sounds originating from
production process equipment or work tools at a certain
level causing hearing problems. Vibration is the regular
movement of objects in a back, and forth direction from
a balanced position. Ergonomic factors are those that
can influence activities workers undertake due to a
mismatch between work facilities which include work
methods, work positions, work tools and lifting loads.
Noise control is carried out if levels exceed a threshold
value, and these control measures include eliminating
noise sources, installing sound dampeners, and using
personal protective equipment. Similarly, vibration
control is carried out if levels exceed a threshold value,
and these control measures include eliminating the
source of vibration, replacing tools or work processes
that cause vibration, reducing vibration by adding
cushions; and using personal protective equipment.
Potential dangers from ergonomic factors are caused
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by work methods, work positions, body posture, design
of work tools and workplaces that do not suit the
worker’s anthropometry, and lifting loads that exceed
work capacity. These regulations enable protection for
workers and productivity and are intended to create
good working conditions for businesses (Ministry of
Manpower 2018). More generally, in Indonesia OSH is
philosophised as an effort to ensure the integrity and
the physical and spiritual perfection for workers in
particular and society in general, of works and culture
towards a just and prosperous society (Setyawan 2020).

When implementing OSH policies and practices
within the timber harvesting workforce, a key initial step
is ensuring that workers are aware of and understand
these policies and procedures. This is reinforced by
the analysis by Kao et al. (2019) who found that safety
knowledge is correlated with worker safety attitudes and
safety behaviours. Furthermore, Christian et al. (2009)
reported that safety knowledge was strongly related to
safety performance behaviours. Therefore, this study
aimed to analyse the OSH knowledge of Indonesian
timber harvesting workers, particularly those working
in a natural forest setting.

Methods

Study location

This study was conducted in one of the natural forest
concessions in Berau District, East Kalimantan Province,
Indonesia, namely the PT Inhutani I Sambarata
Unit (Figure 1). It is located between 02°15'15” N-
117°00°09” E and 02°40°21” N-117°29°25” E. The total
areaisabout106,020 hawhichisdominated by secondary
dryland forest (92,330 ha) and primary dryland forest
(4,140 ha). The concession has an annual allowable cut of
approximately 15,000 m? from an area of approximately
30,000 ha.

Data collection and analysis

This study interviewed 30 workers involved in timber
harvesting. This group consisted of ten tree-fellers, ten
skidder operators and ten timber loader operators.
Each worker was asked 15 questions which sought to
measure their understanding of different aspects of OSH
(Table 1). Responses from each worker were captured
using a five-point Likert scale (Table 2), which is widely
used to measure attitudes, opinions, and perceptions of
a person or group about social phenomena (Hardani et
al. 2020). The Likert scale is categorised as an ordinal/
interval scale (Yuliarmi & Marhaeni 2019). In this
survey, higher scores represented better knowledge. The
individual score for each statement was summed up to
obtain the respondent’s total score.

Prior to analysing the responses from the timber
workers, the validity and reliability of the survey to
generate usable data were assessed. This assessment
determinedwhetherthesurveywouldgenerateconsistent
results with repeated measurements (reliability) and
achieving precision in the measurements (validity). The
validity test aims to determine whether the scale used in
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FIGURE 1: The area of PT Inhutani I Sambarata Unit

the questionnaire produces feasible results or not (Dewi SPSS 25 with the criteria test defined as:

2018). The validity test was conducted by correlating the
score of the individual questions with the total score. The
question was declared valid if the correlation (r) value

- H,is accepted if r-count > r-table (the measuring
instrument used is valid)

was > 0.30 or the significance value was < 0.05 (Hardani - H, is rejected if r-count < r-table (the measuring
etal. 2020). In this study, the r value was computed using instrument used is invalid)

TABLE 1: List of questions used to test the OSH knowledge of timber harvesting workers.
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What is your level of knowledge about the planning of tree felling, timber skidding, and loading?

What is your level of knowledge on how to operate equipment for felling, skidding, and loading?

What is your level of knowledge on how to maintain felling, skidding, and loading equipment?

What is your level of knowledge on the meaning of Occupational Health and Safety (OSH)?

What is your level of knowledge regarding the benefits of using personal protective equipment (PPE)?

What is your level of knowledge of the risk of work accidents in felling, skidding, and loading?

How much knowledge have you obtained from OSH training provided by the company?

What is your level of knowledge about the first action to take if the tool you are using cannot operate optimally?
What is your level of knowledge of how to perform first aid in an accident?

What is your level of knowledge of how to operate the tool you are using in difficult field conditions

What is your level of knowledge of how to minimise the risk of workplace accidents?

What is your level of knowledge of the benefits of life insurance?

What is your level of knowledge about PPE provided for workers by the company?

What is your level of knowledge about the different types of PPE that should be used in a particular situation?

What is your level of knowledge about the frequency of work accidents that occur during timber harvesting
every year?
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The reliability test is used to determine the consistency
of the measuring instrument, whether the measuring
device used is reliable, and remains consistent if the
measurement is repeated (Dewi 2018). In this study, the
reliability test was conducted by computing Cronbach’s
alpha value using SPSS 25. Cronbach’s alpha is used to
describe the correlation or relationship between the scale
created and all existing variable scales. A questionnaire
is said to be reliable or reliable if a person’s answers to
statements are consistent or stable over time (Ghozali
2016). The closer Cronbach’s alpha is to 1, the higher the
internal consistency reliability (Hanjaya 2016; Sukmana
et al. 2020). The survey was considered to be reliable if
the independentand dependent variables have Cronbach
alpha values > 0.6.

The overall score for a question was calculated by
summing the individual numeric Likert scores given in
Table 2. This was also expressed as percentage response
by dividing this score by the maximum possible. The
average level of knowledge among all the workers for
each question was then calculated using the interval
ranges given in Table 3.

Results

Potential hazards in timber harvesting work
Examples of the risks faced by workers in different stages
of timber harvesting work are provided in Table 4. This
list is based on feedback from workers and the opinions
of the authors. It shows that timber harvesting workers
face many potential hazards and risks at each stage of
the work. It also highlights the number and breadth of
hazards that chainsaw operators are exposed to. These
include various work environment risk factors such as
noise and body shaking due to tool operation, climatic
conditions, lighting, physiology, and workload (Camargo
et al. 2021; Marcu et al. 2021; Poje et al. 2019). Unver
& Ergenc (2021) reported that chainsaw operators have
the highest risk of work accidents with the main sources
of risk being the work environment, work techniques
and methods, tools/machines used, and worker
characteristics. Hutasuhut et al. (2021) and Pradipta
(2016) reported that the utilisation of chainsaws during
tree felling activity in natural production forests in
Indonesia presented multiple hazards and, in some cases,
resulted loss of worker life. Therefore, topographical
conditions, stands, worker health, condition of tools
used, and knowledge of workers become the factors that
affect work accidents in timber harvesting works.

TABLE 2: Criteria used for quantifying respondents’
answer.
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Validity and reliability tests

A validity test was performed to determine the accuracy
of the questionnaire to obtain the proper data. The anal-
ysis performed was product-moment correlation analy-
sis, namely the correlation between the question items
and the total. The questionnaire validity test showed
that the r-count was greater than the r-table. Therefore,
it can be concluded that all 15 statements are valid, and
all these questions can be used to measure workers’
awareness of OSH. The reliability test of all 15 instru-
ments in this study yielded a Cronbach’s alpha value of
0.777, which means that the instruments used were con-
sidered reliable.

Workers’ knowledge level on OSH

The overall frequency distribution of responses (as
measured on the Likert scale) from timber harvesting
workers to the 15 questions related OSH knowledge
is presented in Figure 2. There was variation in the
level of knowledge across the 15 questions asked
and among individual respondent’s answers for a
particular question (Table 5). The overall scores for each
question showed the workers had superior knowledge
regarding the benefits of using PPE (Question 5), the
types of PPE (Question 14), and the maintenance of
timber harvesting tools particularly felling, skidding,
and loading tools/equipment (Question 3). Conversely,
some respondents only had basic knowledge regarding
timber harvest planning (Question 1), the meaning of
OSH (Question 4), how to work safely (Question 11),
and the annual work accident frequency (Question 15).
However, the respondents’ overall knowledge level of
OSH is considered good since their responses were
mostly classified as “adequate knowledge” and “superior
knowledge” rather than “minimal knowledge”. Despite
this, it is still necessary to hold regular training for
timber harvesting workers to improve their knowledge
and understanding of OSH.

Discussion

Potential hazards in timber harvesting work

Timber harvesting in Indonesia’s natural forests is
dominated by manual equipment, particularly tree-
felling work. Chainsaws are the main equipment that
are not only used for tree felling activities but also for
delimbing and bucking operations (Dulsalam et al. 2018;
Soenarno & Yuniawati 2019). This is different to Europe,
North Americaand Australasiawhere mechanised timber

TABLE 3: The level of respondents’ knowledge according
to the average value of Likert’s scale

Respondent answer Score Interval value (%) Knowledge level

No knowledge (N) 1 53-60 No knowledge (N)
Minimal knowledge (M) 2 61-68 Minimal knowledge (M)
Basic knowledge (B) 3 69-76 Basic knowledge (B)
Adequate knowledge (A) 4 77-84 Adequate knowledge (A)
Superior knowledge (S) 5 85-92 Superior knowledge (S)
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TABLE 4: Hazards and risks of work accidents during the stages of timber harvesting works

No Work stage

Hazard and risks

1  Felling a)
understorey trees

Scratches to hands, pricked by thorns, or attacked by a snake when clearing shrubs or

b) The saw chain breaks/jams causing a hand injury

¢) Loud noise from the chainsaw

d) The sawdust from the chainsaw exhaust could enter the eyes
e) The incorrect decision of tree-felling direction could cause a hit

f) Being hit by a twig or tree branch

g) A faller’s body could be punctured by stems/branches that are attached to other trees.
h) A faller could trip or slide down into a ravine, even when cutting trees on a gentle slope
i) Slipping due to wet ground risks injury, including sprained ankles

j) Hands could be cut as a result of mishandling the chainsaw

2 Skidding a)

The body shakes due to the operation of the skidding equipment

b) Operators and skidding equipment could fall into a ravine
¢) The body could be impaled on a small tree trunk

d) Eyes pierced by thorns

e) Vulnerable to overturning since the tool fails on uphill and downhill tracks

3 Bucking a)

4 Loadingand a)
unloading b)

log tumbled from the logging truck

5 Hauling a)
the driver

Injuries to hands and feet (including cut) due to the chainsaw operation

Crushed by logs during loading and unloading
Overturned and fell with the loading and unloading equipment due to the poor tool base and

Slippery hauling road conditions and overloaded trucks conducted fell over to the truck and

b) Accidents with other logging trucks due to the lack of traffic signs in the forest

harvesting is the norm. While the use of mechanical
equipment in timber harvesting has advantages in terms
of production, worker safety, and minimising waste, the
capital investment required is considerable (Bilici et al.
2019; Giilci et al. 2021). However, productivity gains
can still be achieved with manual equipment by taking
into account several limiting factors, namely stand

skills, and weather (Contreras et al. 2016; Schweier et al.
2019). Despite this, the use of motor-manual methods in
timber harvesting operations puts workers at higher risk
of accidents. Previous studies that have either reviewed
accident statistics or topics covered in publications on
forestry safety have highlighted the risks associated with
motor-manual felling (Landeki¢ et al. 2021; Poto¢nik &

characteristics, topographical conditions, operator Poje 2017).
15. Work accident frequency 32 30 24 ]
14 PPE types 15 52 30 i1
13. PPE avaiabiliy 36 63 0
12. Life insurance 48 51 an
11. Work safely B 78 40
10. Constrained situation 22 51 40
E G, First @id 28 69 0
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Minimal knowledge B Mo knowledge

FIGURE 2: Frequency distribution of workers’ knowledge
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TABLE 5: Summary of the Likert’s scale scores from the 15 questions in the survey.

Question no

1 2 3 4 5 6

8 9 10 11 12 13 14 15

Total Likert 85 98 102 89 110 93

101 97 99 90 101 99 103 86

score

Max 5 4 5 4 4 4 4 4 4 4 4 4 5 4
Min 1 2 2 1 3 2 2 3 2 2 2 3 1 2
Average 283 3.27 340 297 367 310 3.20 337 3.23 330 3.00 337 330 343 287
SD 1.09 0.58 086 0.81 048 0.66 0.55 0.56 043 059 037 056 047 1.00 0.82

Percentage 70.83 81.70 85.00 74.17 91.67 77.50 80.00 84.17 80.83 82.50 75.00 84.17 82.50 85.83 71.67

score
Knowledge B A S B S A
level

A A A B A A S B

The high risk of accidents in timber harvesting work
highlights the importance of increasing forestry workers’
knowledge of OSH and implementation of safe working
practices. Previous studies have showed that individual
workers have different characteristics, behaviours, and
abilities, which can positively or negatively affect their
performance (Gendek et al. 2018; Pagnussat et al. 2019).
One of the essential factors influencing the performance
of a chainsaw operator is the acquisition of knowledge in
training courses which allows them to gain qualification
as a felling operator and to gain experience in timber
harvesting operations. This training does not have to
simply take the form of lectures and written material.
For example, Yovi & Yamada (2015) have developed The
Felling Safety Game to raise awareness of the importance
of OSH for forestry workers. This game has been trialed
with a group of Indonesian forestry workers where
it helped improve their knowledge of OSH (Yovi et al.
2016).

Workers’ knowledge levels on OSH

Workers’ knowledge of OSH in logging, skidding, and
loading activities should be determined from the outset.
It is expected that the greater their concern for OSH, the
better their performance. The results of the analysis
presented in Table 5 show that workers have good
knowledge about the benefits of using PPE (91.7%;
Question 5), types of PPE (85.8%; Question 14), and
maintenance of timber harvesting equipment (85%;
Question 3)). Workers who understand OSH will work
with precision, have greater alertness, and follow existing
standard operational procedures. Knowledge about OSH
can minimise work accidents. Work accidents are caused
by unsafe behaviour and working conditions as well as
human-related factors such as lack of knowledge and
skills.

Results from our study show that respondents’
knowledge of the benefits of using PPE is higher than
other aspects of OSH. Personal protective equipment,
commonly referred to as “PPE”, is equipment worn
to minimise exposure to hazards that cause serious
workplace injuries and illnesses. These injuries and
illnesses may result from contact with chemical,
radiological, physical, electrical, mechanical, or other
workplace hazards. Personal protective equipment may

include items such as gloves, safety glasses and shoes,
earplugs or muffs, hard hats, respirators, coveralls, vests,
and full-body suits. The research results of Warsito &
Wibowo (2022) showed a connection between OSH
knowledge and PPE usage on the occurrence of work
accidents. Thus, worker knowledge becomes important
regarding PPE usage. Some studies also showed that
OSH affected worker performance (Elphiana et al. 2017;
Maulana 2020; Mzungu & Ngulube 2020). These three
reasons for OSH are important as a necessity and need
to be implemented in any field of work, namely 1) OSH at
work is a fundamental right for every worker; 2) the legal
aspect of the government and employers’ responsibility
to ensure that the work environment is safe and healthy;
and 3) from an economic aspect, preventing losses
caused by work accidents and damage.

Prabowo et al. (2022) found that occupational safety
and health can have a positive and significant effect on
work productivity. However, it is necessary to know the
basic principles of OSH to achieve this work productivity
improvement. One of these efforts has been developed by
the OSH Team of the Faculty of Engineering, Yogyakarta
State University, Indonesia (Tim K3 FT UNY 2014) who
compiled the basic principles of OSH, namely that all
accidents could be prevented since accidents have a
cause. If the cause of the accident can be eliminated, then
the likelihood of an accident can be reduced.

OSH analysis in the field

Our analysis shows that Indonesian forestry workers
surveyed generally demonstrated a good knowledge of
OSH. However, observations of workers in the field found
that there were still some who did not wear PPE. During
tree-felling activities, some chainsaw operators only
used a helmet and boots and did not equip themselves
with complete PPE, such as goggles, ear plugs, and gloves.
This highlights that while they knew the benefits of PPE,
they didn’t necessarily have the awareness to protect
themselves. Some of the reasons stated for not wearing
PPE were the inconvenience of using it because of lack of
familiarity, restricted movement, reduced vision because
their eyes were covered with glasses that were blurry or
dirty,and the reduced ability to hear the soundsindicating
a tree was about to fall. These reasons are similar to the
those expressed by forest workers in Finland (Vayrynen
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1983). There, forest workers, particularly loggers,
found that helmets were too hot in summer and too
cold in winter. Furthermore, they also stated that the
eye protectors become frosted in the winter, there is
poor visibility through the protectors when it rains or
is dark, and the protectors cause glare in the sunshine.
Moreover, Indonesia is a tropical country that has sun all
year round. This condition could trigger heat stress in
workers as explained by Wasterlund (1998). Thus, the
results of these studies highlight the necessity for PPE
to be compatible and comfortable. PPE and employee
productivity show a positive and significant association,
this with correctly designed PPE employees would feel
comfortable and increase productivity levels as it would
be easier to do their respective jobs (Fatoni et al. 2018;
Ikasari et al. 2018).

The results of the questionnaire showed that workers
had a poorer understanding of timber harvest planning,
relative to their understanding of different aspects of
OSH. According to Matangaran (2013), the objectives
of timber harvest planning are to: 1) provide guidelines
for correct wood harvesting techniques; 2) provide
calculations of permitted continuous harvest level;
3) plan harvesting implementation that ensures the
safety of workers and the environment; 4) plan work
scheduling at each stage of wood harvesting; 5) choose
the type and amount of equipment to be used; and 6)
provide an estimate of the benefits to be achieved.
Low knowledge of workers regarding timber harvest
planning can cause risks to OSH because they do not
know the target plan for the sustained volume of timber
that can be harvested. Wages for logging workers are
typically calculated on a piece rate basis, so many
workers try to fell as many trees as possible to increase
their remuneration. According to Soenarno (2017),
under the piece-rate system, loggers are paid wages
based on their productivity (i.e. IDR/m?). The desire to
obtain additional production that is not in the harvest
plan often means workers are not as careful when
cutting down trees; this haste can increase the risk of
workplace accidents.

Finally, competency and experience and key aspects
of OSH. Most of the workers surveyed in this study
had only worked for a natural forest company for
3-7 months; previously they had worked for a palm
oil company. Even though the Republic of Indonesia
Government Regulation Number 50 of 2012 states that
workers should work in accordance with the areas
of competence they have because if they don’t, they
are worried about endangering themselves. However,
workers’ knowledge and skills can be improved through
training, thus the company’s management competence
also has an important role. This is in line with Heilmann
& Heilmann (2011) who stated that the competence
management in forest company maintenance is two-
fold, namely, first, the existing personnel’s competence
level should be developed and second, the competence
of recruits should be taken care of.
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Conclusions

The potential for hazards and risk of work accidents
in timber harvesting is high, particularly in timber-
felling activities which have a higher risk of work
accidents. Factors such as topography, forest stand
conditions, workers’ health, equipment used, and
workers’ knowledge affect the risk of workplace
accidents in timber harvesting activities. The results
of a questionnaire survey on the level of workers’
OSH knowledge showed that, in general, their level of
knowledge was good, especially their understanding of
the benefits of using PPE, types of PPE, and maintenance
of timber harvesting equipment. However, there were
some workers who had limited knowledge about timber
harvesting planning, the meaning of occupational safety
and health, safe working methods, and the frequency
of work accidents when timber harvesting. Therefore,
ongoing OSH training is necessary for timber harvesting
workers to reduce the risk of workplace accidents.

Competing interests
The author(s) declare that they have no competing
interests.

Authors’ contributions

YN conducted research activities in the field and
designed research ideas; YN, ADS, MHN, & SA processed
and analyzed data and wrote and revised the manuscript.

Acknowledgements

The authors would like to thank the leadership and all
staff of PT Inhutani I Sambarata Unit, Berau Regency,
East Kalimantan Province, who have helped a lot so this
research could be carried out.

References

Bilici, E., Akay, A.E., & Abbas, D. (2019). Assessing the
effects of site factors on the productivity of a feller
buncher: a time and motion analysis. Journal of
Forestry Research, 30(4), 1471-1478. https://doi.

org/10.1007/s11676-018-0696-4

Camargo, D.A, Munis, RA, & Simdes, D. (2021).
Investigation of exposure to occupational noise
among forestry machine operators: A case
study in Brazil. Forests, 12(3), 299. https://doi.

org/10.3390/f12030299

Christian, M.S., Bradley, ]J.C., Wallace, ]J.C., & Burke, M.].
(2009). Workplace safety: A meta-analysis of the
roles of person and situation factors. Journal of
Applied Psychology, 94(5), 1103-1127. https://doi.

rg/10.1 16172



Yuniawati et al. New Zealand Journal of Forestry Science (2025) 55:1

Contreras, M.A., Parrott, D.L, & Chung, W. (2016).
Designing skid-trail networks to reduce skidding
cost and soil disturbance for ground-based timber
harvesting operations. Forest Science, 62(1), 48-58.
https://doi.org/10.5849 /forsci.14-146

Dewi, D.A.N.N. (2018). Modul Validitas Reliabilitas.
Semarang: Universitas Diponegoro.

Dulsalam, D., Sukadaryati, S., & Yuniawati, Y. (2018).
Produktivitas, Efisiensi, dan Biaya Penebangan
Silvikultur Intensif pada Satu Perusahaan di
Kalimantan Timur. Jurnal Penelitian Hasil Hutan,
36(1), 1-12.

Elphiana, E., Diah, YM., & Zen, M.K. (2017). Pengaruh
keselamatan dan kesehatan kerja terhadap kinerja
karyawan PT. pertamina ep asset 2 prabumulih.
Jurnal Ilmiah Manajemen Bisnis dan Terapan,
3(2), 105. https://doi.org/10.36805/manajemen.
v2il1.162

Fatoni, A.F, Mukzan, M., & Mayowan, Y. (2018). Pengaruh
Keselamatan dan Kesehatan Kerja (K3) Terhadap
Kinerja Karyawan. Jurnal Administrasi Bisnis
(JAB), 56(1), 38-47. https://administrasibisnis.
studentjournal.ub.ac.id/index.php/jab/article/
view/2316

Gendek, A., Aniszewska, M., Nurek, T, & Moskalik, T.
(2018). State of training and equipment of chainsaw
operators employed for timber harvesting in Polish
forests. Sylwan, 162(2), 118-126.

Ghozali, I. (2016). Aplikasi analisis multivariete dengan

program IBM SPSS 23. https://www.researchgate.

net/publication/301199668 Aplikasi Analisis
Multivariete SPSS 23

Gilci, N, Yiiksel, K., Giilci, S., Serin, H., Bilici, E., & Akay, A.E.
(2021). Analysis of a feller-buncher productivity: a
case study of whole-tree harvesting from Marmara
region, Turkey. Annals of Forest Research, 64(1),

99-110. https://doi.org/10.15287/afr.2021.2033

Hanjaya, S. (2016). Pengaruh kualitas produk,
pengetahuan produk dan keragaman menu
terhadap keputusan pembelian produk capra
latte. PERFORMA: Jurnal Manajemen dan Start-Up
Bisnis, 1(2), 181-190. https://doi.org/10.37715

jp.v1i2.140

Hardani, H. Andriani, H., Ustiawaty, ], Utami, E.F,
Istigomah, R.R,, Fardani, R.A., Hardani, H., Andriani,
H., Ustiawaty, ]., Utami, E.F, Istigomah, R.R., Fardani,
R.A., Sukmana, D.J., & Auliya, N.H. (2020). Metode
Penelitian Kualitatif dan Kuantitatif. Yogyakarta:
CV. Pustaka Ilmu Group.

Heilmann, P, & Heilmann, ]J. (2011). Competence
management in maintenance: case - Finnish forest
company.ManagementResearch Review,35(1),4-13.
h : iorg/10.11 1409171211190779

Page 8

Hutasuhut, L.L., Sadjati, E., & Ratnaningsih, A.T. (2021).
Identifikasi kelayakan chainsaw pada kegiatan
penebangan untuk keselamatan dan kesehatan
pekerja di PT. Perawang Sukses Perkasa Industri
(PSPI). Wahana Forestra: Jurnal Kehutanan, 16(2),

153-169. https://doi.org/10.31849 /forestra.
v16i2.6878

Ikasari, N., Lantara, D., Chairany, N., & Bella, A. (2018).
Analisa Penerapan Alat Pelindung Diri (APD)
Terhadap  Produktivitas Karyawan Dengan
Pendekatan Ergonomi Parsipatori Di Percetakan.
Journal of Industrial Engineering Management,
3(1), 271947. https://doi.org/10.33536/jiem.
v3i1.203

Kaakkurivaara, T, Borz, S.A., & Kaakkurivaara, N. (2022).
Risk factors and occupational safety failures
in forest work in the southeast Asian region.

Forests, 13(12), 2034. https://doi.org/10.3390/
f13122034

Kao, K.Y, Spitzmueller, C., Cigularov, K, & Thomas,
C.L. (2019). Linking safety knowledge to safety
behaviours: a moderated mediation of supervisor
and worker safety attitudes. European Journal
of Work and Organizational Psychology, 28(2),
206-220. https://doi.org/10.1080/135943
2X.2019.1 492

Lagerstrom, E., Magzamen, S., Kines, P, Brazile, W, &
Rosecrance, ]. (2019). Determinants of safety
climate in the professional logging industry. Safety,

5(2), 35. https://doi.org/10.3390/safety5020035

Landeki¢, M., Martini¢, 1., Mijo¢, D., Bakari¢, M., & éporc':ié,
M. (2021). Injury patterns among forestry workers
in Croatia. Forests, 12(10), 1356. https://doi.

rg/10.3390/f12101

Marcu, M.V, Husau-Roman, B, & Borz, S.A. (2021).
Characterizing the work environment of skidder
operators: evaluation of temperature and relative
humidity conditions. Bulletin of the Transilvania
University of Brasov, Series 1, 14(63), 29-42. https://
doi.org/10.31926 /but.fwiafe.2021.14.63.2.3

Matangaran, J.R. (2013). Pemanenan hutan berkelanjutan
di hutan produksi. (D. Darusman & R. Avenzora,
Eds.). Bogor: Institut Pertanian Bogor.

Maulana, V.A. (2020). Pengaruh keselamatan dan
kesehatan kerja (k3) terhadap kinerja petugas.
KINERJA, 17(2), 270-277.

Ministry  of  Manpower. Peraturan Menteri
Ketenagakerjaan No 5 Tahun 2018 tentang
Keselamatan dan Kesehatan Kerja Lingkungan
Kerja (2018).

Mzungu, ].T., & Ngulube, E.S. (2020). A preliminary
study on accident analysis of portable timber
sawmills used in Mazamba forest plantation
in northern Malawi. International Journal
of Forestry Research, 2020, 1-7. https://doi.
org/10.1155/2020/8846243



Yuniawati et al. New Zealand Journal of Forestry Science (2025) 55:1

Newman, S.M., Keefe, R.F,, Brooks, R.H., Ahonen, E.Q.,
& Wempe, A.M. (2018). Human factors affecting
logging injury incidents in Idaho and the potential
for real-time location-sharing technology to

improve safety. Safety, 4(4), 43. https://doi.
org/10.3390/safety4040043

Nikooy, M., Ghomi, A., & Tavankar, F. (2019). The effect of
forest management on the frequency of dangerous
trees in the Northern forests of Iran. journal
of Forest Science, 65(8), 301-308. https://doi.

org/10.17221/51/2019-]JFS

Nkomo, H., Niranjan, I., & Reddy, P. (2018). Effectiveness
of health and safety training in reducing
occupational injuries among harvesting forestry
contractors in  KwaZulu-Natal.  Workplace
Health and Safety, 66(10), 499-507. https://doi.

org/10.1177/2165079918774367

Occupational Safety and Health Administration US
Department of Labor. (2024). Safety and Health
Topics: Logging.

Pagnussat, M.B., Lopes, E. da S., & Seidler, R.D. (2019).
Behavioural profile effect of forestry machine
operators in the learning process. Journal of
Forest Science, 65(4), 144-149. https://doi.

org/10.17221/27/2019-JFS

Poje, A, Grigolato, S., & Poto¢nik, I. (2019). Operator
exposure to noise and whole-body vibration
in a fully mechanised CTL forest harvesting
system in karst terrain. Croatian Journal of Forest
Engineering, 40(1), 139-150.

Potoc¢nik, 1., & Poje, A. (2017). Forestry ergonomics
and occupational safety in high ranking scientific
journals from 2005-2016. Croatian Journal of
Forest Engineering, 38(2), 291-310.

Prabowo, B., Hartuti, E.TK, & Pratiwi, D.S. (2022).
Pengaruh Keselamatan Kerja Dan Kesehatan
Kerja Terhadap Produktivitas Kerja Karyawan PT
Indonesia Power Ranting Tangerang. Jurnal IImiah
PERKUSI, 2(1), 123. https://doi.org/10.32493/j.
perkusi.v2i1.17633

Pradipta, R.A. (2016). Risk Assessment pada Pekerjaan
Menebang Kayu di Hutan Produksi (Studi
Kasus pada Pengoperasian Chainsaw Perum
Perhutani KPH Madiun). The Indonesian Journal
of Occupational Safety and Health, 5(2), 153-162.
https://doi.org/10.20473 /ijosh.v5i2.2016.153-
162

Schweier, J., Magagnotti, N., Labelle, E.R., & Athanassiadis,
D. (2019). Sustainability impact assessment of
forest operations: A review. Current Forestry

Reports, 5(3), 101-113. https://doi.org/10.1007/
s40725-019-00091-6

Setyawan, EE.B. (2020). Modul Pelatihan Keselamatan
dan Kesehatan Kerja (K3) Umum.

Page 9

Soenarno, S. (2017). Analisis Biaya Penebangan
Sistem Swakelola: Studi Kasus di Dua IUPHHK-
HA Kalimantan Tengah. jurnal Penelitian Hasil
Hutan, 35(2), 101-114. https://doi.org/10.20886/
jphh.2017.35.2.101-114

Soenarno, S., & Yuniawati, Y. (2019). Pengaruh perbaikan
metode pembagian batang terhadap waktu
kerja dan produktivitas penebangan hutan alam
produksi: studi kasus di PT. Dwimajaya Utama.
Jurnal Penelitian Hasil Hutan, 37(1), 13-32. https://
doi.org/10.20886/jphh.2019.37.1.13-32

Sukmana, A. Sudardi, S., & Adi, S. (2020). Pengaruh
motivasi kerja terhadap kinerja personel di kapal
perang republik Indonesia. KINERJA, 17(1), 17-23.

Tim K3 FT UNY. (2014). Buku ajar keselamatan dan
kesehatan kerja (K3). Yogyakarta: FAKULTAS
TEKNIK UNIVERSITAS NEGERI YOGYAKARTA.

Unver, S., & Ergenc, I. (2021). Safety risk identification
and prioritize of forest logging activities using
analytic hierarchy process (AHP). Alexandria
Engineering Journal, 60(1), 1591-1599. https://
doi.org/10.1016/j.aej.2020.11.012

Vayrynen, S.T. (1983). Protection of the head and eyes
in forestry work. Scandinavian Journal of Work,
Environment & Health, 9(2), 204-207. https://doi.

10.5271/sjweh.2424

Warsito, A, & Wibowo, PA. (2022). Pengaruh
pengetahuan tentang K3 dan penggunaan APD
terhadap terjadinya kecelakaan kerja di bagian
back proses PT. Lotus Indah Textile Industries
Nganjuk. Journal Mechanical and Manufacture
Technology (JMMT), 3(1), 28-34. https://doi.
org/10.35891/jmmt.v3i1.2995

Wasterlund, D.S. (1998). A review of heat stress research
with application to forestry. Applied Ergonomics,
29(3), 179-183. https://doi.org/10.1016/S0003-
6870(97)00063-X

Yovi, E.Y,, & Yamada, Y. (2015). Strategy to disseminate
occupational safety and health information to

forestry workers: the felling safety game. Journal of
Tropical Forest Science, 27(2), 213-221.

Yovi, E.Y,, & Yamada, Y. (2019). Addressing occupational
ergonomics issuesinindonesian forestry: Laborers,
operators, or equivalent workers. Croatian Journal
of Forest Engineering, 40(2), 351-363. https://doi.
org/10.5552 /crojfe.2019.558

Yovi, E.Y., Yamada, Y., Zaini, M.F,, Kusumadewi, C.A.Y,, &
Marisiana, L. (2016). Improving the OSH knowledge
of Indonesian forestry workers by using safety
game application: Tree felling supervisors and
operators. Jurnal Manajemen Hutan Tropika, 22(1),
75-75. https://doi.org/10.7226 /jtfm.22.1.75

Yuliarmi, N.N., & Marhaeni, A.A.LLN. (2019). Metode Riset
Jilid 2 (Vol. 2). Denpasar: CV. Sastra Utama.



