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Abstract: Forestry workers play a crucial role in implementing forest management programs, but
their outdoor work exposes them to rising temperatures caused by global climate change, which
poses potential health risks related to heat. This study specifically investigates the relationship
between knowledge of heat-related issues, risk perception, and precautionary behavior among In-
donesian forestry workers and paddy farmers in response to the escalating workplace heat exposure.
Developing effective precautionary behavior is essential for preventing heat-related health disorders
and promoting health protection programs. To investigate the association of the latent variables
comprehensively, structured interviews were conducted with two occupational groups of outdoor
workers, comprising 210 forestry workers and 215 paddy farmers. The findings indicate that in-
creasing knowledge about heat-related issues promotes precautionary behavior, and risk perception
acts as a mediator between knowledge and behavior. Additionally, the study highlights that the
emotion of “dread” intensifies the perceived risk and predicts positive behavior changes. To enhance
heat-related knowledge, exploring the potential use of a “fear” tone is important. In conclusion,
comprehensive strategies should be implemented to promote precautionary behavior among forestry
workers, particularly manual laborers, who are more vulnerable compared to farmers.

Keywords: forestry worker; climate change; heat-related illness; hot temperature; outdoor worker;
slow-onset disaster

1. Introduction

The Intergovernmental Panel on Climate Change (IPCC) estimates that the average
increase in global surface temperature from 1850–1900 to 2011–2020 was 1.09 ◦C (±0.15 ◦C)
for the observed period and are likely to exceed 2 ◦C above pre-industrial levels by the
2040s [1]. Indonesia, located in the tropical region, has seen an increase in temperature
in many parts of the country. The estimates of climate models indicate that Indonesia is
one of the most susceptible nations to extreme heat [2,3]. The Indonesian Meteorology,
Climatology, and Geophysical Agency (BMKG) indicates that most inland regions in
Indonesia are anticipated to suffer a rise in the annual average temperature of more than
1.1 ◦C for the period 2020–2049 compared to 1976–2005 [4]. The Indonesian Central Bureau
of Statistics’ (BPS) report on the country’s climate dynamics provides compelling evidence
of a significant increase in temperature across almost all the archipelago’s regions. The
study reveals a significant trend of elevated maximum temperatures in the provinces of
East Nusa Tenggara (33.5 ◦C in 2011 to 38.4 ◦C in 2020), Riau Islands (32.6 ◦C in 2011
to 37.5 ◦C in 2020), and Central Sulawesi (34.1 ◦C in 2011 to 37.4 ◦C in 2020) [5,6]. This
situation is alarming, considering the maximum temperature in the same region in 2012
was 32–33 ◦C.
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The rise in temperature is known to have an adverse effect on human health [7,8].
The human body’s thermoregulatory system is responsible for regulating the exchange of
heat between the body and the environment to maintain a homeostatic core temperature of
37 ◦C [9]. This system serves as a physiological mechanism to cope with the threat of heat
exposure. However, prolonged exposure to high temperature can result in heat-related
illness (HRI) [8,9] as well as occupational injuries [10,11]. HRI can lead to increased medical
costs, reduced work productivity, reduced quality of life, and even fatalities [12]. Thus,
climate change, particularly extreme heat, poses a significant challenge to public health
and work productivity [13,14].

The forest plays a vital role in providing direct and indirect benefits to human liveli-
hoods through its products and environmental services. While numerous studies have
investigated the impacts of climate change on forests, such as decreased productivity and
biodiversity [15,16], there has been a lack of in-depth analysis concerning the risk of heat
exposure to the health of forestry workers, despite the fact that these outdoor workers are
highly vulnerable to health problems and work-related injuries caused by prolonged expo-
sure to extreme heat due to their predominantly outdoor activities [13,17]. This represents
a significant gap in the literature, as forestry workers are at a heightened risk due to their
extended periods of outdoor work in hot and humid environments.

According to the health belief model (HBM) [18,19], modifying precautionary behavior
is crucial for the development of HRI prevention and promotion programs. The HBM
theory places risk perceptions as one of the triggers for precautionary behavior [20]. In the
context of heat-related risks, it is noteworthy that forestry workers often demonstrate a
high level of risk acceptance [21]. They view the health risk connected with exposure to a
hot environment as a natural consequence that must be accepted rather than a topic worth
discussing. This risk acceptance attitude is suspected to potentially influence precautionary
behavior, as seen in non-delayed risk events [22]. Their propensity to prioritize immediate
risk perception raises concerns about how they view the long-term risks connected with
heat exposure. The same inquiry is extended to another cohort of outdoor agricultural
workers in Indonesia, particularly paddy farmers, who also engage in outdoor work but
have been underrepresented in previous research initiatives. Additionally, while other
factors may come into play, knowledge is the critical element for the successful design of
health promotion and prevention programs [23,24]. Hence, workers must understand the
risk they face and be aware of the appropriate and necessary preventive measures they
need to take [10].

This study addresses a gap in the literature regarding the effects of climate change-
induced heat exposure in the workplace, specifically among Indonesian forestry workers
and farmers. The focus of this investigation is to investigate the connection between heat-
related knowledge, risk perception, and precautionary behavior in these occupational
groups. The purpose of this study is to gain a better understanding of the barriers faced by
forestry workers and farmers in managing the long-term health hazards associated with
heat exposure by examining these factors.

2. Materials and Methods
2.1. Hypothesis

Our theoretical exploration of the interrelations among knowledge, risk perception,
and precautionary behavior reveals that knowledge and risk perception are significantly
associated with the adoption of precautionary behavior [25,26]. Moreover, our exploration
found that knowledge has an indirect effect on precautionary behavior by influencing
individual risk perception [27]. Our hypothesis suggests that forestry workers, who have
a higher propensity for accepting risks in response to only immediate risks, as observed
in [21], may require a more intensive intervention approach to increase their understanding
of the significance of preventive actions in mitigating the long-term consequences of slow-
onset disasters [28–30]. This is in contrast to safety issues caused by sudden events, such
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as falling trees or accidents involving chainsaws, which are often regarded as “sudden
disasters” due to their abrupt nature [31]. We then propose the following hypotheses:

Hypothesis 1. Heat-related knowledge positively predicts precautionary behavior.

Hypothesis 2. Heat-related knowledge positively predicts risk perception.

Hypothesis 3. Risk perception positively predicts precautionary behavior.

Hypothesis 4. Risk perception mediates the relationship between knowledge and pre-
cautionary behavior.

Hypothesis 5. The external variable of a sub-sector (occupational group) moderates the relation-
ships between knowledge and precautionary behavior.

The logical connections among these constructs are graphically depicted in Figure 1,
highlighting the crucial role played by knowledge and risk perception in shaping the
precautionary behavior.
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Figure 1. Conceptual model of moderated mediation for the effects of heat-related knowledge and
risk perception on precautionary behavior.

2.2. Survey and Survey Participants

To address the research question regarding whether the effort required by forestry
workers differs from that of other outdoor workers operating in similar working environ-
ments (Hypotheses 5), we conducted a cross-sectional study on two distinct respondent
cohorts: forestry workers and paddy farmers. In this study, forestry workers or farmers
encountered during the visits were chosen as participants. As a cross-sectional study with
time and other resource constraints, this research has limitations in terms of selection bias
and potential variation representation.

The data were collected between June and August 2022 in Cilegon and Serang (Banten
Province), and Jepara and Blora (Central Java Province). These provinces were chosen due
to their status, whether as active forestry regions or significant rice producers. The observed
increase in temperature at the climatology stations in these areas indicates a concerning
trend of rising temperatures. For instance, the maximum air temperature during hot
months in Semarang, Central Java, has escalated from 32.2 ◦C to 34.2–35.2 ◦C between 2012
and 2018 [32]. Similarly, during the same months in 2013 and 2017, the highest temperature
in Cilegon, Banten, has surged from 31.8–32.9 ◦C [33] to 32.7–33.4 ◦C [34]. Figure 2 shows
the map of the study area.
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Figure 2. The map of the study areas.

Four trained enumerators conducted face-to-face interviews with a validated struc-
tured interview guideline. The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Human Research Ethics Committee of the
IPB University, with Protocol No. 03/IT3.KEPMSM-IPB/SK/2022. Informed consent was
obtained from all subjects involved in the study.

In the end, 210 forestry workers and 215 paddy farmers participated in this study.
Table 1 shows the participants’ characteristics from the two occupational groups.

Table 1. The two occupational groups’ characteristics.

Variables Categories
Frequency

Forestry Workers Paddy Farmers

Age Mean = 44; SD = 11 Mean = 50; SD = 13
Gender Female 27 118

Male 183 97

Education
Elementary school 123 168
Middle-high school 85 47

College degree 2 0
Marital status Single 34 94

Married 176 121
Work experience Mean = 9; SD = 8 Mean = 9; SD = 8
Work hour/day Mean = 7; SD = 1 Mean = 7; SD = 1

Participants from both occupational groups were actively engaged in intense physical
activities while working outdoors. Most the forestry workers were hauling workers,
tree fellers, and nursery workers. These occupations mainly required strenuous lifting,
pulling, pushing, and carrying. In the farmer group, women were predominant, while
men dominated the forestry worker group, likely due to the physically demanding nature
of forestry work. Both worker groups typically started their workdays between 7:00 and
8:00 a.m. and worked for approximately 7 h.
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2.3. Models

This investigation employed partial least squares-structural equation modelling (PLS-
SEM) to test and validate theoretical hypotheses. PLS-SEM is a suitable method for studying
abstract concepts [35], such as heat-related knowledge, risk perception, and precautionary
behavior. It is statistically robust and does not require large sample sizes or normally
distributed data [36]. Four latent variables were developed in this study, namely heat-
related knowledge, risk perceptions (using two modulators: dread risk and unknown
risk factors risk) [37] and precautionary behavior (see Table 2). The complete structured
interviews guideline used in this study is accessible in the Appendix A (Table A1).

Table 2. Heat-related knowledge, risk perception, and precautionary behavior variables.

Latent Variable Indicator Variable

Heat-related knowledge (K)
Symptoms (K2)
Prevention and first aid (K3)
Work performance (K4)

Risk perception

Dread risk factor (DF)
Controllability (DF1)
Dread (DF2)
Severity (DF3)

Unknown risk factor (UF) Observability (UF1)

Precautionary behavior (PB)

I start my workday early in the morning (PB1)
I collaborate with my coworkers to share work shifts (PB2)
I have reduced my work hours while increasing the number of workdays (PB3)
I have begun to involve more of my coworkers in our daily tasks (PB4)
To avoid overheating, I take a short break whenever I feel hot (PB6)
I wear work clothes made from materials that easily absorb sweat (PB7)
I prefer wearing whole-body, layered clothing, and trousers for added protection (PB9)
When it’s hot, I seek shade to stay cool (PB13)
I have requested my boss to provide a first aid kit at the workplace (PB15)
I have asked my boss to establish emergency protocols in case of emergency (PB16)

The convergent validity of the reflective measurement model for knowledge, risk
perception, and precautionary behavior was evaluated using criteria proposed by [38]
(the loading factor criterion was >0.50). The reliability of the measurement variables
was evaluated using the composite reliability criterion of ≥0.7 [39]. This outer model
evaluation was conducted to eliminate invalid and unreliable measurement variables from
their respective latent variables. Only measurement variables that passed the validity and
reliability testing were examined using PLS-SEM in this study. Further, the Mann–Whitney
U statistical test was used to test the participants’ difference in knowledge, risk perception,
and precautionary behavior. This non-parametric test was chosen due to the violation of
normality as indicated by the Shapiro–Wilk test (p > 0.05).

Using the PLS-SEM with the SmartPLS V 3.3.5 Pro software, the correlation, media-
tion, and moderation interactions between heat-related knowledge, risk perception, and
precautionary behavior were investigated. Valid and reliable items were then included
in evaluating the structural model (inner model) to predict the relationship between la-
tent variables. We looked at the inner model variance inflation factor (VIF) value, the
coefficient of determination (R2), and the predictive relevance value (Q2) [39,40]. The VIF
value between observed variables cannot exceed 10 [40]. The Q2 > 0 value for a particu-
lar endogenous latent variable implies that the PLS path model has predictive relevance
for that construct [40]. In the Standardized Root Mean Square Residual (SRMR) testing
model, the model is considered to have the goodness of fit if the SRMR value < 0.10 [41].
The Normed Fit Index (NFI) value meets the criteria of >0.5 (50%) [42]. The hypothesis
test (using the bootstrapping procedure) was performed with the t-statistics significance
value > 1.96 as the criterion [43].



Forests 2023, 14, 1455 6 of 16

In mediation evaluation, we utilized the Variance Accounted For (VAF) method [44]
along with bootstrapping to analyze the distribution of indirect effects. The VAF value was
not used as a criterion for testing mediation, but rather as a mean to assess the change in
effect from direct to indirect relationships [40].

2.4. Latent Variables

Heat-related Knowledge. The first latent variable, heat-related knowledge (K), was
assessed using three indicator variables: symptoms of health problems caused by heat
exposure (K2), heat exposure prevention and first aid (K3), and the impact of heat exposure
on work performance (K4). The question items (Table 2) on these subscales were adapted
from the work of [10] and the High Occupational Temperature Health and Productivity
Suppression (HOTHAPS) framework with minor adjustments [45]. Participants were asked
to rate statements as true or false. Each variable had multiple questions, with eight question
items for K2, fourteen questions for K3, and eight questions for K4. Sample items for K2
included “The dark color of urine is a sign of dehydration.” For K3, sample items included
“Reducing work hours is an appropriate strategy to avoid heat-related health problems
when the weather is hot”. And for K4, sample items included “Health problems due to
heat exposure will cause a decrease in work productivity”. When a participant answers a
question correctly, +1 is added to the participant’s sum score for the measurement variable,
while wrong or unanswered questions contribute zero points to the sum score. In total,
the heat-related knowledge variable comprised 30 questions, providing a comprehensive
assessment of participants’ knowledge on this construct.

Risk Perception. A psychometric paradigm utilizing a 7-point Likert-type scale was
employed to assess the perceived occupational health risks of working in a hot environment.
The participants were asked to rate three key qualitative risk perception modulators [37]
related to the dread risk factor (DF), which stands for the second latent variable. The
variables for DF included controllability of the risk (controllable–uncontrollable; DF1); gut
reaction to the risk (not dread–dread; DF2); and severity of consequences (low–high; DF3).
The second risk element investigated was the unknown risk factor (UF), representing the
third latent variable. The measurement variable for UF was observability of the impact of
heat exposure on occupational health (observable-not observable; UF1). Participants with
lower scores indicated a perception of the risk as controllable, not dreadful, having low
risk, and the impacts are observable.

Precautionary Behavior. To assess the precautionary behavior (PB) of individuals
in anticipation of protecting against heat-related disorders, a 7-item scale was employed
as the measuring tool for the fourth latent variable in the present study. There were
10 measurement variables for this latent variable. They were: starting work early in the
morning (PB1), collaborating with coworkers to share work shifts (PB2), reducing work
hours while increasing the number of workdays (PB3), involving more coworkers (PB4),
taking short breaks when it is hot (PB6), wearing work clothes that effectively absorb
sweat (PB7), preferring whole-body layered clothing and trousers (PB9), seeking shade
to stay cool (PB13), requesting the provision of a first aid kit (PB15), and asking for the
establishment of emergency protocols (PB16).

3. Results
3.1. Structural Model Evaluation

The test results indicated that there is no multicollinearity between variables as the VIF
of all variables was less than 10 (see Appendix A Table A2). The R2 value for the endogenous
latent variable “precautionary behavior” is relatively moderate (40.7%), indicating that DF
and UF have a relatively moderate influence on the PB variable. However, the impact of
DF on UF or vice versa is relatively low (see Appendix A Table A3). The Q2 > 0 indicates
that the model has a relevant predictive value (see Appendix A Table A4). The model fit
indices suggest that the SRMR value is below 0.10, and the NFI shows that the model in
this study accounts for 56.8% of the variance (see Appendix A Table A5).
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3.2. Hypothesis Testing

Figure 3 shows the results of the test of the direct relationship between latent variables
and the importance of the outer loadings of the selected reflective indicator variables.
Table 3 presents the results of the indirect study on how latent variables are linked. The
results of hypothesis testing revealed a t-value of 9.561 (>t-table = 1.96) and a p-value of
0.00 (<0.05) for the association between the latent variables “knowledge” and “precaution-
ary behavior” (K→ PB). Thus, Hypothesis 1 was accepted, indicating that heat-related
knowledge significantly predicts positive precautionary behavior (O = 0.375). The link be-
tween the latent variable “knowledge” and the latent variable “dread risk factor” (K→ DF)
was also found to be statistically significant (Hypothesis 2), with t = 5.67 (>t-table = 1.96),
p = 0.00 (<0.05), and an O = 0.264. It was also revealed that both dread and unknown
risk factors could predict precautionary behavior with an original sample value of 0.387%
(DF→ PB) and 0.121% (UF→ PB), respectively. The findings showed an association be-
tween “knowledge” and “precautionary behavior” mediated by “dread risk factor”, t = 5.28
(>t-table = 1.96) and p = 0.000 (0.05). This association confirmed the acceptability of Hy-
pothesis 4: “dread risk factor” could mediate the association between workers’ knowledge
of heat exposure and precautionary behavior (K→ DF→ PB) (O = 0.102) (Table 4).
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Table 3. Results of testing the direct relationship between latent variables.

Variable Original
Sample (O)

Sample Mean
(M)

Standard Dev.
(STDEV)

T Statistics
(|O/STDEV|)

p
Values Sig.

DF→PB 0.387 0.393 0.037 10.544 0 Significant
K→DF 0.264 0.269 0.047 5.671 0 Significant
K→PB 0.375 0.378 0.039 9.561 0 Significant
K→UF 0.031 0.03 0.048 0.641 0.522 No Sig.
UF→PB 0.121 0.119 0.038 3.203 0.001 Significant
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Table 4. Results of testing the indirect relationship between latent variables.

Variable Original
Sample (O)

Sample Mean
(M)

Standard Dev.
(STDEV)

T Statistics
(|O/STDEV|) p Values Sig.

K→DF→PB 0.102 0.105 0.019 5.281 0 Significant
K→UF→PB 0.004 0.004 0.006 0.603 0.547 No sig.

We also carried out moderation tests (Table 5). The association between knowledge
and precautionary behavior, as mediated by the occupational group variable (K → Oc-
cupational group→ PB), yielded a t = 2.19 (t-table = 1.96), and a p = 0.029 (>0.05) in this
test. Thus, it was demonstrated that the occupational group moderated the relationship
between heat-related knowledge and precautionary behavior (Hypothesis 5; O = −0.112).
In this investigation, age and gender were not found to moderate the relationship between
knowledge and precautionary behavior.

Table 5. Results of moderation analysis of age, gender, and occupational group variables.

Moderation Variable Original Sample
(O) Sample Mean (M) Standard Dev.

(STDEV)
T Statistics

(|O/STDEV|) p Values

Age (K→PB) −0.028 −0.031 0.051 0.544 0.587
Gender (K→PB) −0.025 −0.014 0.051 0.495 0.621

Occupational group
(K→PB) −0.112 −0.103 0.051 2.194 0.029

4. Discussion

This research confirmed that knowledge has an immediate and significant impact
on individuals’ attitudes toward risk and serves as a robust predictor that promotes pre-
cautionary behavior. These findings are consistent with previous study that identified
a significant association between knowledge scores of urban citizens in Germany and
heat risk perceptions [46]. Additionally, a study on the COVID-19 outbreak suggests that
individuals with higher levels of knowledge were more likely to adopt precautionary
behavior [47].

We provide further evidence that, in slow-onset disasters, individuals’ perceptions of
hazards play a crucial role in directly affecting precautionary behavior. This finding is in line
with previous health studies and provides additional evidence to support the hypothesis
that an individual’s perception of risk mediates the relationship between knowledge and
preventative behavior [48,49]. As individual’s knowledge increases, their concern about the
risk also intensifies, motivating them to adopt a preventative measure [50]. However, this
finding should be interpreted with care as risk perceptions are a required but not always
sufficient prerequisite for engaging in precautionary behavior. Higher risk perceptions may
only predict precautionary behavior when people believe that effective preventive actions
are accessible and are confident in their ability to engage in such actions [51].

Risk perception depends on a multitude of interrelated factors, which can be broadly
categorized into two categories: fear (the dread risk factor) and familiarity (the unknown
risk factor) [37]. “Dread” serves as a risk perception modulator that accurately reflects how
risk is assessed; higher scores on the “dread” factor indicate greater perceived risk [37].
This study revealed that “dread” was the only risk perception modulator that significantly,
albeit weakly (O = 0.102, p = 0.000), mediated the relationship between knowledge and
adoption of precautionary behavior. Moreover, when comparing the dread risk factors
(controllability, dread, and severity) to the unknown risk factor (observability), this study
confirmed that dread had a functional role in exacerbating the perceived risk and served
as a predictor of positive behavior change. These findings are consistent with previous
research, which suggests that fear is a valuable function and predictor of positive behavior
change [47,52]. Thus, despite the unknown risk component not mediating the relationship
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between knowledge and precautionary behavior, this does not contradict the conclusion
that risk perception can mediate this relationship.

The moderation analysis of this study revealed that neither age nor gender moderated
the association between knowledge, risk perception, and precautionary behavior, which
is consistent with the findings of Iorfa et al. [26]. However, previous studies have shown
that women tend to have higher risk awareness compared to men and are more likely to
perceive health-related risks [21,51]. A study in Italy found that women tend to answer a
question regarding heat as a risk factor for depression and anxiety compared to men [53].
This heightened risk awareness in women may be influenced by affect heuristics that shape
risk judgement [54–56]. The unbalanced gender ratio between male and female participants
(1:2) in this study may contribute to a possible bias in the findings.

The association between knowledge and precautionary behavior was significantly
moderated negatively by the occupational groups, reflecting worker and occupational
characteristics. Despite having a higher knowledge level, the forestry worker group was less
likely than the farmers to agree on precautionary behavior. This finding may be attributed to
the fact that forestry work, mainly manual labor, is associated with significant occupational
health and even safety problems [57,58]. Forestry workers, who are accustomed to direct
contact with various sources of hazards that have immediate effects, have reported higher
levels of fear and severity in incidents [30,59].

Occupational safety and health (OSH) problems caused by falling trees or saws tend
to happen quickly and suddenly or are considered a “sudden disaster” [31]. In contrast,
health problems caused by heat exposure tend to be delayed, noted as a “slow-onset
disaster” [28–30]. Slow-onset catastrophes have effects that take years to appear and are
typically identified long after the first sign of danger [60]. Because the impacts are often
observed over several years and decades rather than in hours or days, people tend to
eventually accept risk as a natural occurrence [29]. It is important to note that while
workplace heat exposure could affect workers’ health, well-being, and productivity, as well
as social and economic factors on a larger scale [8,11,46], acclimatization is possible [61].
However, despite acclimatization, workers in this position have little choice but to continue
working to earn their livelihoods, making it difficult to mitigate heat exposure hazards.

Forestry workers are particularly susceptible to heat exposure due to the nature of
their work, but they still perceive heat exposure as a minor issue. As a result, promoting
precautionary behavior towards heat exposure will be more complex and intense for
forestry workers compared to farmers. Forestry workers are particularly susceptible to heat
exposure due to the nature of their work, but they still perceive heat exposure as a minor
issue. Therefore, it is imperative to implement effective strategies and techniques to manage
heat exposure hazards in the forestry industry to ensure workers’ safety and well-being.

The moderation effect of occupational groups revealed in this study strengthens the
notion that negative experiences can be a valuable source of “knowledge” in relation to
precautionary behavior. The severity of the personal consequences experienced in the past
may be more influential than the “experiences” themselves in shaping an individual’s
propensity to take preventative measures [61]. This finding is consistent with a previous
study, which noted that the perception of vulnerability to a specific risk, a positive belief
(that the distribution of benefits is greater than the risk), confidence in one’s abilities to
perform the behavior, and a commitment to performing the precautionary behavior all play
a role in determining whether a person will change their behavior [62].

Recommendation. The findings of this study have practical implications for the devel-
opment of effective heat illness prevention initiatives among forestry workers in Indonesia.
In the context of forestry workers and farmers in Indonesia, improving precautionary
behavior necessitates an emphasis on knowledge acquisition. The importance of knowl-
edge stems from its direct correlation with risk perception and the tendency to engage
in precaution measures. By possessing a thorough understanding of potential hazards
associated with severe heat exposure, workers can accurately identify the risks emerge
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from severe heat exposure in their workplace, leading to a heightened sense of awareness
and engagement in preventive action.

Further, we concur with Slovic’s notion that “fear” best describes how one feels upon
realizing their exposure to a particular risk [37]. Employing “fear language” has the
potential to benefit Indonesian forestry workers who have a high tolerance for risk and
take pride in working in hazardous environments [21]. However, the use of fear-based
language must be approached with caution and tailored to the audience’s characteristics
and preferences [63].

Heat-related information must be enhanced to improve precautionary behavior and
prevent the detrimental effects of heat exposure on occupational health and well-being,
and fostering a sense of risk through communication [46]. Another study in the UK
suggests that heat protection recommendations increase intention to implement protective
behavior [64]. This information must be conveyed to the workers using an approach tailored
to their characteristics and preferences, as risk communication strategies must account
for individual, societal, and cultural factors to be effective [65]. In addition to content,
messenger, and delivery channels, another aspect that needs to be considered in delivering
information to improve knowledge is repetition. Repeatedly providing information has
been proven to effectively increase the knowledge of forestry workers, especially those at
the labor and field operator levels [66].

Further, it is crucial to consistently maintain efforts to exert precautionary behavior
among workers to mitigate the negative impact of working in a hot environment. This
aligns with the process model of behavior change, which resembles climbing stairs: it
requires consistent effort and the ability to continue or turn around on the stairway; oth-
erwise, it impedes progress towards reaching the desired destination [67]. Additionally,
we recommend that programs be action-oriented rather than merely administrative to
effectively achieve the desired outcomes.

5. Conclusions

The findings of this study indicate that knowledge has a significant impact on an indi-
vidual’s attitude towards heat exposure-related risks, thereby acting as a strong predictor
of precautionary behavior. Additionally, it elucidates that an individual’s perception of
risk mediates the relationship between knowledge and their adoption of precautionary
measures. Specifically, the study found that the emotion of dread was the only modula-
tor of risk perception that significantly, albeit weakly, mediated the relationship between
knowledge and the adoption of precautionary measures. This study also underscores the
need for targeted strategies to address the unique vulnerabilities of forestry workers, as
the forestry worker group, despite possessing better knowledge compared to the farmer
group, demonstrated a lower inclination towards adopting precautionary behavior. This
tendency may be attributed to the nature of forestry workers’ work, which involves inher-
ent risks and hazards that may have more immediate and tangible effects. Therefore, the
promotion of health and well-being among forestry workers necessitates a comprehensive
understanding of the distinct risks and challenges they face. It requires concerted efforts to
develop and implement effective strategies, approaches, and techniques to manage heat
exposure-related hazards in the forestry sector.
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Appendix A

Table A1. Structured-interview Guidelines.

Preparation:

1. Identify a suitable interviewee who fits the criteria and is willing to participate.
2. Introduce yourself and describe the goal of the study and methods of data collection. Use the Informed Consent Form to guide

your explanation and ensure the respondent fully understand the study’s purpose and procedures.
3. Obtain informed consent from the interviewee by having them sign the Informed Consent Form. Ensure they are aware of

their rights as participant, including their ability to withdraw from the study at any time.
4. Begin recording the interview session and assign a unique respondent code: GROUP-NO-LOCUS-GENDER, to the recording

to maintain confidentiality and anonymity.
5. For Part 2: Ask the interviewer to indicate each statement as "TRUE" or "FALSE" based on their perception. The answer choices

listed in the interview guide are the key to the expected answers.
6. For Part 3–5: Ask the interviewee to rate their attitude towards the given statements using a 1–7 scale, while ensuring that you

had provide a clear explanation of the scale to ensure consistency in the rating pattern.
7. Proceed with the interview.

Interview record identity

1. Date of interview: . . . . . . . . . . . . . . . . . . . . . . . . (mm/dd/yy).
2. Name of interviewer: . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3. Interviewee’s code: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Part 1. General information

1. Name: Please provide the interviewee’s full name.

2. Age: Please indicate the interviewee’s age: . . . . . . . . . . . . . . . . . . years.
3. Gender: Please select “M” for male or “F” for female.
4. Educational attainment: What is the highest educational attainment? Please select from the following options: none;

elementary school/equivalent graduate; middle school/equivalent graduate; high school/equivalent graduate; college/university.
5. Marital status: Please select “Single” or “Married”.
6. Work experience . . . . . . . . . . . . . . . . . . . . . . . . year.
7. Average working hours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . hours/day . . . . . . . . . . . . days/week.
8. Work schedule: The start and finish times for a typical workday. Starting work at . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . finish

at . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9. Job description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . .

Part 2. Heat-related knowledge (K)

Symptoms (K2) (adopted from Riccò et al. 2020 [10])

When you work under heat exposure:

1. Excessive thirst is not a symptom of mild overheating. True/False (False)
2. Headache is a symptom of mild overheating. True/False (True)
3. Muscle cramps are a symptom of mild overheating. True/False (True)
4. Dizziness is a symptom of mild overheating. True/False (True)
5. High fever is a symptom of severe overheating. True/False (True)
6. Fainting is not a symptom of severe overheating. True/False (False)
7. Fast heartbeat is a symptom of severe overheating. True/False (True)
8. The dark color of urine is a sign of dehydration. True/False (True)
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Table A1. Cont.

Prevention and first aid (K3) (adopted from Riccò et al. 2020 [10])

When you feel work under sun exposure or experience overheated:

1. Lowering body temperature can be effectively achieved by
drinking coffee instead of water. True/False (False)

2. Drinking hot water can significantly reduce your
body temperature. True/False (False)

3. To reduce body temperature effectively, pouring cold water over
the body can be an effective method. True/False (True)

4. Loose clothing does not help the body to lower its
temperature effectively. True/False (False)

5. Cotton is an excellent material for workwear as it absorbs
sweat well. True/False (True)

6. Polyester outerwear can effectively block the sun’s rays from
reaching the skin surface beneath your clothes. True/False (True)

7. Wearing loose outerwear made of dark-colored polyester material
and pairing it with a light-colored cotton shirt as an inner layer can
help protect the body from excessive heat.

True/False (True)

8. When working in hot environments, it is not advisable to drink
cold (cool) water as it can be harmful to the body. True/False (False)

9. Seeking immediate shelter can relieve the symptoms of health
problems caused by mild exposure to heat. True/False (True)

10. In the event of a patient fainting due to heat, it is recommended
to cover them with a thick blanket or cloth. True/False (False)

11. To prevent health issues caused by overheating, it is advisable to
reduce working hours when the temperature is high. True/False (True)

12. Working early in the morning can effectively prevent heat-related
health issues. True/False (True)

13. Mild heat exposure can exacerbate health problems, but seeking
shelter immediately can help. True/False (True)

14. Wearing a wide-brimmed hat can effectively mitigate the
negative effects of workplace heat. True/False (True)

Heat exposure and work performance (K4)

1. Increasingly intense temperatures and exposure to the sun cause a
decrease in a person’s ability to complete work. True/False (True)

2. Health problems due to heat exposure will cause a decrease in
one’s ability to work. True/False (True)

3. Prolonged work time can reduce productivity. True/False (True)
4. Working under excessive heat exposure can negatively impact

work quality. True/False (True)

5. Reduced work performance may result in decreased income. True/False (True)
6. A decrease in work performance may not lead to direct losses for

the worker. True/False (False)

7. Decreased work performance may not necessarily result in losses
for the employer or landowner. True/False (False)

8. When it’s very hot outside, working rapidly is the best way to
keep up productivity. True/False (False)

Part 3. Risk perception: dread risk factor (DF)

Controllability (DF1)

How well can you control the negative health effects of heat exposure at work?

Highly capable of control
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Part 5. Precautionary behavior (PB) 
How much do you agree with these heat-protection statements? 

Items Absolutely necessary                     Completely unnecessary 
1 2 3 4 5 6 7 

PB 1. I start my workday early in the 
morning. 

       

PB 2. I collaborate with my coworkers 
to share work shifts. 

       

PB 3. I have reduced my work hours 
while increasing the number of 
workdays. 

       

Extremely horrible
1 2 3 4 5 6 7
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Table A1. Cont.

Severity (DF3)

How severe are the health problems caused by exposure to heat?

Not at all severe

Forests 2023, 14, x FOR PEER REVIEW 13 of 17 
 

 

12. Working early in the morning can effectively 
prevent heat-related health issues. 

True/False (True) 

13. Mild heat exposure can exacerbate health problems, 
but seeking shelter immediately can help. 

True/False (True) 

14. Wearing a wide-brimmed hat can effectively 
mitigate the negative effects of workplace heat. 

True/False (True) 

Heat exposure and work performance (K4) 
1. Increasingly intense temperatures and exposure to 
the sun cause a decrease in a person's ability to com-
plete work. 

True/False (True) 

2. Health problems due to heat exposure will cause a 
decrease in one's ability to work. 

True/False (True) 

3. Prolonged work time can reduce productivity. True/False (True) 
4. Working under excessive heat exposure can nega-
tively impact work quality. 

True/False (True) 

5. Reduced work performance may result in decreased 
income. 

True/False (True) 

6. A decrease in work performance may not lead to di-
rect losses for the worker. 

True/False (False) 

7. Decreased work performance may not necessarily re-
sult in losses for the employer or landowner. 

True/False (False) 

8. When it's very hot outside, working rapidly is the 
best way to keep up productivity. 

True/False (False) 

Part 3. Risk perception: dread risk factor (DF) 

Controllability 
(DF1) 

How well can you control the negative health effects of heat exposure at work? 

Highly capable of control                        Uncontrollable at all 
1 2 3 4 5 6 7 

Dread (DF2) 
How much do you dread the health risks associated with heat exposure? 

Not at all horrible                                Extremely horrible 
1 2 3 4 5 6 7 

Severity (DF3) 
How severe are the health problems caused by exposure to heat? 

Not at all severe                                  Extremely severe 
1 2 3 4 5 6 7 

Part 4. Risk perception: unknown risk factor (UF) 

Observability 
(UF1) 

How clear are the adverse effects of exposure to heat? 

Very obvious                                     Not at all obvious 
1 2 3 4 5 6 7 

Part 5. Precautionary behavior (PB) 
How much do you agree with these heat-protection statements? 

Items Absolutely necessary                     Completely unnecessary 
1 2 3 4 5 6 7 

PB 1. I start my workday early in the 
morning. 

       

PB 2. I collaborate with my coworkers 
to share work shifts. 

       

PB 3. I have reduced my work hours 
while increasing the number of 
workdays. 

       

Extremely severe
1 2 3 4 5 6 7

Part 4. Risk perception: unknown risk factor (UF)

Observability (UF1)
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PB 1. I start my workday early in
the morning.
PB 2. I collaborate with my coworkers to
share work shifts.
PB 3. I have reduced my work hours
while increasing the number
of workdays.
PB 4. I have begun to involve more of my
coworkers in our daily tasks.
PB 6. To avoid overheating, I take a short
break whenever I feel hot.
PB 7. I wear work clothes made from
materials that easily absorb sweat.
PB 9. I prefer wearing whole-body,
layered clothing, and trousers for
added protection.
PB 13. When it’s hot, I seek shade to
stay cool.
PB 15. I have requested my boss to
provide a first aid kit at the workplace.
PB 16. I have asked my boss to establish
emergency protocols in case
of emergency.

Table A2. Collinearity assessment results between knowledge, dread factor (DF), unknown factor
(UF), and precautionary behavior (PB).

Variable VIF Variable VIF

Awareness of signs of health concerns associated with
extreme heat-exposure in the workplace (K2) 1.049 I have reduced my work hours while increasing the

number of workdays (PB3) 1.257

Heat exposure avoidance and first aid (K3) 1.087 I have begun to involve more of my coworkers in our daily
tasks (PB4) 1.344

Heat exposure effect on work performance (K4) 1.126 To avoid overheating, I take a short break whenever I feel
hot (PB6) 1.441

Controllability (DF1) 1.118 I wear work clothes made from materials that easily absorb
sweat (PB7) 1.777

Dread (DF2) 1.58 I prefer wearing whole-body, layered clothing, and trousers
for added protection (PB9) 1.404

Severity (DF3) 1.44 When it’s hot, I seek shade to stay cool (PB13) 1.61

Observability (UF1) 1 I have requested my boss to provide a first aid kit at the
workplace (PB15) 1.871

I start my workday early in the morning (PB1) 1.335 I have asked my boss to establish emergency protocols in
case of emergency (PB16) 1.741

I collaborate with my coworkers to share work shifts (PB2) 1.357
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Table A3. Coefficient of determination (R2) calculation results.

Variable R2 R2 Adjusted

Dread risk factors (DF) 0.07 0.068
Precautionary behavior (PB) 0.407 0.403

Unknown risk factor (UF) 0.001 −0.001

Table A4. Predictive relevance (Q2) calculation results.

Variable SSO SSE Q2 (1-SSE/SSO)

Dread risk factors (DF) 1275.00 1063.2 0.166
Heat-related knowledge (K) 1275.00 1228.2 0.037
Precautionary behavior (PB) 4250.00 3365.8 0.208

Unknown risk factor (UF) 425 1

Table A5. Model fit analysis results.

Value Saturated Model Estimated Model

Standardized Root Mean
Square Residual (SRMR) 0.097 0.098

Normed Fit Index (NFI) 0.568 0.561
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