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 A B S T R A C T

Fatigue poses a significant risk in hazardous industries, with forestry being a particularly under-examined 
domain. Despite the availability of subjective and objective fatigue tests, inconsistencies in their application, 
selection rationale, and performance remain largely unaddressed in existing literature. This paper investigates 
the utility and challenges of subjective and objective fatigue assessments through a review of existing literature 
and two case studies: one intensive longitudinal study with a single participant and another broader study 
involving 31 participants. Our results reveal strong internal consistency across subjective tests but variable 
outcomes for objective tests, raising questions about test sensitivity and context-specific reliability. We argue for 
clearer guidance on fatigue test selection and propose criteria to inform future research in complex, real-world 
settings like forestry.
1. Introduction

Fatigue is a critical safety issue in hazardous work environments, 
contributing to reduced performance and increased incident rates. In 
industries such as forestry, where both mental and physical exertion 
are high, fatigue has been implicated in accidents caused by lapses 
in judgment, poor concentration, and physical mishaps like slips or 
falls (Anonymize, 2021). Despite the acknowledged danger, fatigue 
in forestry is often inferred from incident report patterns or survey 
data (Bentley et al., 2005; Lilley et al., 2002), with little research 
deploying validated fatigue tests directly within this context.

Two primary approaches are used to assess fatigue: subjective tests, 
which capture perceived tiredness through self-reporting tools; and 
objective tests, which evaluate performance metrics like reaction time. 
While both types of tests are common in other hazardous sectors such 
as aviation, construction, and military contexts (Storm, 1983; Darbandy 
et al., 2020; Good et al., 2020), their usage in forestry remains limited 
and fragmented. Complicating matters further, there is little consensus 
on which tests to use, how many to deploy, or how to interpret 
inconsistent results between them.

This paper aims to examine the challenges of fatigue testing by 
reviewing existing literature across hazardous industries and conduct-
ing two targeted case studies. The first is an intensive five-day study 
involving a single participant, and the second includes a larger sample 
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assessed across multiple sessions. Together, these studies explore the 
relationships and discrepancies between different fatigue measurement 
tools and raise important questions about test selection, technological 
reliability, and cross-test comparability. Our goal is to provide prac-
tical recommendations and methodological clarity for researchers and 
practitioners working in real-world, high-risk environments.

The paper is structured as follows. First, we introduce related work 
on fatigue, measuring fatigue, and fatigue testing techniques, both 
within the forestry industry, and within other hazardous industries. 
Next, we investigate the challenges of working with fatigue tests, and 
outline our investigation. After this, we introduce and evaluate our 
two case studies. Finally, we discuss our results, limitations, and future 
work.

2. Related work

Fatigue tests have been used for a long time in numerous industries. 
However, there are still major challenges associated with their use. In 
this section we first discuss fatigue and how fatigue is measured. We 
then discuss how fatigue is typically measured in the forestry industry 
and other hazardous industries.
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2.1. Fatigue

Fatigue is a physiological state, caused by physical or mental ex-
haustion, that results in reduced performance capability. Mental fatigue 
affects mental performance and cognitive processes, and is caused by 
prolonged cognitive exertion (Marcora et al., 2009). Physical fatigue 
affects physical performance, and is caused by intense physical exer-
tion (Hawley, 1997). Both are cumulative, and increase the more a task 
is performed. However, both also lessen after a period of rest.

2.2. Measuring fatigue

There are two main approaches to measuring fatigue: subjective 
fatigue tests, and objective fatigue tests. Subjective tests measure per-
ceived fatigue, which usually involves some form of self-reporting. 
These types of tests involve participants indicating their perceived level 
of tiredness, weariness, exhaustion, etc. Holtzer et al. (2017).

In contrast, objective fatigue tests measure quantifiable perfor-
mance, which usually involves performance-based tests such as reaction 
speed (Holtzer et al., 2017). The Simple Reaction Time test is one 
example. In this test, participants are evaluated based on their reac-
tion speed. There are several different versions of the test, from the 
original stick-drop-test, which involved catching a falling stick and 
measuring the distance between the start of the stick and where it 
was caught (Johnson et al., 1985), to computerized tests that show a 
stimulus on the screen and record the time it takes for the participant 
to react by pushing a button.

2.3. Fatigue in forestry

Both mental and physical fatigue play a role in the occurrence 
of incidents in the forestry industry. Mental fatigue is often reported 
in incident causes such as ‘‘a lack of concentration’’ or ‘‘errors in 
judgment’’, while physical fatigue can be seen reported in incidents 
such as ‘‘slip, trip, and fall’’ (Bentley et al., 2005; Bell, 2002; Bentley 
et al., 2002). Driscoll et al. report ‘‘errors of judgment’’ as one of the 
leading causes of fatalities in forestry workers (Driscoll et al., 1995), 
while Bentley et al. (2005, 2002) identify peaks in incident occur-
rences around mid-morning and mid-afternoon, which they attribute 
to fatigue.

Very little research has been done with fatigue tests in the forestry 
industry. Rather than conducting fatigue tests, either on-site or in a 
laboratory environment, fatigue research in the forestry industry tends 
to focus on analyzing incident data reports and survey responses (Bent-
ley et al., 2005, 2002; Lilley et al., 2002). The New Zealand forestry 
industry has a national reporting scheme where forestry companies 
log any incidents that occur on site (Ministry of Business Innovation 
Employment, 2012). This type of data has been used by several re-
searchers to identify trends in patterns and/or causes of incidents in 
forestry. For example, Bentley et al. used incident reports in their 2002 
study to investigate skid work injuries (Bentley et al., 2002). Although 
their primary goal was not to identify fatigue in the forestry industry, 
they did identify patterns where injuries tended to peak at around 
8 am–10 am and 2 pm–3 pm, which they attribute to fatigue.

In a similar study in 2005, Bentley et al. used incident reports to 
investigate felling injuries (Bentley et al., 2005). In this study, they also 
found a peak in the times that incidents occurred, this time between 
9 am–11 am. They provide the following rationale for why these peaks 
may be occurring. In New Zealand, forestry work tends to occur in 
remote locations, which requires workers to drive two hours or more to 
site each morning. This results in an extended work day. Workers may 
leave home as early as 5 am and not take a break until lunch. They 
then tend to work through until the end of the day. The fuel provided 
by breakfast and lunch can only sustain them for up to 4 h, suggesting 
that they may be more likely to experience fatigue in the periods
2 
before their lunch break and the end of the day (Bentley et al., 2005, 
2002). 4

We found similar patterns in a study we conducted in 2021
(Anonymize, 2021). We analyzed eight years worth of New Zealand in-
cident reports, which we used to identify incident causes that involved 
worker-failure and worker-fatigue. We focused on the cause of, and 
time that incidents occurred and found that 70% of incidents could 
be attributed to worker-failures. This included causes such as lack of 
concentration, poor technique, and poor evaluation of hazards. Of these 
incidents, we found that 78% showed indications of worker-fatigue. 
Worker-fatigue was identified using the time that incidents occurred. 
We found that worker-failure based incidents showed a strong trend 
of occurrences peaking at 10 am and 2 pm – indicating, like Bentley 
et al. (2005, 2002), that fatigue plays a role in incidents in the forestry 
industry.

As mentioned, most fatigue research in the forestry industry tends 
to center on either analyzing incident data reports or analyzing survey 
responses. As an example of the latter, Lilley et al. conducted a survey 
to investigate the relationship between fatigue and workplace accidents 
in the New Zealand forestry industry (Lilley et al., 2002). In their study, 
367 forestry workers completed a self-administered questionnaire that 
focused on work/rest patterns, sleep patterns, fatigue experience, the 
perceived impact of fatigue, and any injury or near injury experiences. 
The results of the study found fatigue to be common in the forestry 
industry, with 78% of workers reporting experiencing fatigue at least 
‘‘sometimes’’. The results of the survey also showed that some workers 
reported long working hours and compromised recovery time, and that 
the number of breaks taken during the day was associated with high 
levels of fatigue.

Finally, we are aware of one study involving in-situ fatigue tests 
in the forestry industry (Anonymize, 2019). However, it is a study 
that we conducted in 2019. In this study we collected reaction time 
data from forestry workers using two objective fatigue tests. The study 
was conducted on-site with 15 workers, where reaction test data was 
collected in the morning before work commenced, around midday after 
lunch, and in the afternoon after the workers had finished for the 
day. The study showed high variability in the results of the fatigue 
tests across days, and across participants, and highlighted some of the 
difficulties of conducting research with subjective and objective fatigue 
tests. It is that study which motivated the work described in this paper.

2.4. Fatigue in hazardous industries

The purpose of this paper is to investigate the use of fatigue tests 
within a forestry context. However, as highlighted in Section 2.3, little 
has been done in this area. Instead, majority of fatigue test research 
focuses on other hazardous industries. As an example of this, we 
conducted two literature scoping reviews: one for fatigue in hazardous 
industries, and one for fatigue in forestry.

The following search terms were used in Google Scholar to select 
papers on fatigue based studies in hazardous work environments.

• Subjective fatigue test + hazardous industry
• Objective fatigue test + hazardous industry

Using these search terms, the first five papers (sorted by rele-
vance) that included participant-based studies, hazardous industries, 
and subjective and/or objective fatigue tests were selected using each 
search term. This resulted in the selection of ten studies on fatigue in 
hazardous work environments (Good et al., 2020; Hu and Lodewijks, 

4 The concentration of studies by a single research group (Bentley et al.) 
highlights not only their significant contribution to the field, but also a 
broader gap in diversified research efforts. This suggests that fatigue in forestry 
remains an underexplored area, warranting further empirical investigation 
using validated testing methods.
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Table 1
Review of papers by industry and fatigue test.
 Year Paper Industry Fatigue tests  
 2020 Good et al. (2020) Military Subjective & 

Objective
 

 2020 Hu and Lodewijks (2020) Driving & Aviation Subjective  
 2020 Darbandy et al. (2020) Construction Subjective  
 2017 Fan and Smith (2017) Rail Subjective  
 2004 Hursh et al. (2004) Military Subjective & 

Objective
 

 2000 Balkin et al. (2000) Driving Subjective & 
Objective

 

 1992 Mascord and Heath (1992) Driving Objective  
 1985 Angus and Heslegrave 

(1985)
Military Subjective & 

Objective
 

 1983 Storm (1983) Aviation Subjective  
 1974 Johnson and Naitoh (1974) Aviation Subjective & 

Objective
 

2020; Darbandy et al., 2020; Fan and Smith, 2017; Hursh et al., 2004; 
Balkin et al., 2000; Mascord and Heath, 1992; Angus and Heslegrave, 
1985; Storm, 1983; Johnson and Naitoh, 1974)

Likewise, the following search terms were used with the same 
database to select papers on fatigue based studies in the forestry 
industry.

• Subjective fatigue test + forestry industry
• Objective fatigue test + forestry industry

In contrast to the earlier search for hazardous industries, the forestry 
industry returned primarily non-related papers under two main cate-
gories: surveys on worker fatigue (Lilley et al., 2002; Nakata et al., 
2022) and the structural fatigue strength of wood (Yildirim et al., 2015; 
Ratnasingam et al., 2010). The only paper we were able to identify 
using these search terms, and that included participant-based studies, 
the forestry industry, and subjective and/or objective fatigue tests was 
a paper we wrote involving in-situ fatigue tests in the forestry industry 
(described earlier in Section 2.3). Given that it describes our own work, 
we will reference the study within this paper, but focus primarily on the 
ten papers that were identified for other hazardous industries.

Table  1 shows the ten hazardous industry based papers, including 
the industries they focus on and whether the studies involved subjective 
or objective methods for measuring fatigue. Of the ten papers, three 
were centered on driver-based studies (Balkin et al., 2000; Mascord 
and Heath, 1992), three on military studies (Hursh et al., 2004; Angus 
and Heslegrave, 1985; Good et al., 2020), three on aviation (Storm, 
1983; Johnson and Naitoh, 1974; Hu and Lodewijks, 2020), one on 
construction (Darbandy et al., 2020), and one on fatigue in the rail 
industry (Fan and Smith, 2017). Four papers used only subjective meth-
ods of measuring fatigue (Hu and Lodewijks, 2020; Darbandy et al., 
2020; Fan and Smith, 2017; Storm, 1983), one used only objective 
methods of measuring fatigue (Mascord and Heath, 1992), and the 
remaining five used a combination of both (Good et al., 2020; Hursh 
et al., 2004; Balkin et al., 2000; Angus and Heslegrave, 1985; Johnson 
and Naitoh, 1974).

3. The challenges of fatigue testing

Based on a review of the ten papers described above, we have 
identified four main challenges when working with fatigue tests: (1) 
variability in test selection, (2) the use of multiple fatigue tests, (3) 
the introduction of technology, and (4) fatigue testing across high-risk 
industries.
3 
3.1. Variability in test selection

First, in addition to the two main categories of fatigue test — 
subjective versus objective tests — there is also significant diversity in 
the approaches used for each. For example, subjective tests can range 
from simply ranking your sleepiness in a score from 1 to 7 (Hoddes 
et al., 1972), to a 29-item positive and negative response (Johnson and 
Naitoh, 1974). Likewise, objective tests vary from the simplest device, 
like catching a falling stick or ruler, to a 10 min computerized vigilance 
test (Reifman et al., 2018). Different researchers have used a variety 
of different fatigue tests. Yet none seem to address their reasoning for 
selecting one test over another.

By considering the review studies, we can see this to be the case. 
For example, Balkin et al. (2000) conducted a study with one subjec-
tive fatigue test—the Stanford Sleepiness Scale—and several objective 
fatigue tests—4-Choice Reaction Time, 10-Choice Reaction Time, Serial 
Addition and Subtraction, and Psychomotor Vigilance Task. While they 
describe in detail how each test works, they do not provide any rea-
soning for why these specific tests were chosen. Angus and Heslegrave 
(1985) are the same. They also used the Stanford Sleepiness Scale 
and the 4-Choice Reaction Time test, along with two other subjective 
tests — the USAF checkcard and the NHRC Mood Scale — and three 
other objective tests — Logical Reasoning, Encoding/Decoding, and 
Auditory Vigilance. Again, they gave detailed descriptions of each test, 
but did not give any indication for the reasoning behind their selection. 
Finally, Fan and Smith (2017) also used a selection of fatigue tests, 
including the Psychomotor Vigilance Task, a visual search test, and a 
logical reasoning test. While they provide their rationale for the study 
as a whole, like the others they do not give any reasoning behind 
their selection of the specific fatigue tests that they chose to use. In 
fact, we have done the same. During our 2019 study, we used the 
Simple Reaction Time and 4-Choice Reaction Time tests but gave no 
reasoning for why these tests were chosen over others (Anonymize, 
2019). This type of ambiguity amongst researchers raises the question, 
does it matter which fatigue test we use, and if it does, how do we pick 
the right one?

3.2. Using multiple tests

Second, researchers tend to use more than one subjective and/or 
more than one objective test in their study. Angus and Heslegrave 
(1985) used three different subjective tests in the course of one study, 
while Balkin et al. (2000) and Fan and Smith (2017) both used multiple 
objective tests. If subjective tests measure perceived fatigue, while 
objective tests measure performance, what use would a researcher have 
in using more than one of each, unless each test measures perceived 
fatigue and performance to a different degree? While each of these 
researchers used multiple tests, none specified their reasoning for it. Do 
different tests measure different levels of fatigue? The study conducted 
by Balkin et al. (2000) suggests this may be the case. They found that all 
objective fatigue tests were sensitive to changes in sleep duration, but 
to varying extents. This further complicates the process of test selection.

3.3. Technological challenges

Third, the emergence of technology has complicated this process 
even further. Not only are there several types of subjective and ob-
jective fatigue tests, but each type now has several different digitized 
versions. The Simple Reaction Time test, for example, can be conducted 
using numerous different mobile applications and computer programs, 
or in its original form where the participant catches a stick. This 
presents additional challenges, such as questioning the accuracy of 
different tests, or the reaction speed when performed on different 
hardware.
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3.4. Fatigue testing across high-risk industries

While the reviewed literature provides valuable insights into the use 
of fatigue tests in hazardous industries, there are important contextual 
differences that should be noted between aviation, construction, mili-
tary, transport and forestry operations. Aviation and military contexts 
often involve structured environments with predictable schedules and 
centralized control, allowing for tightly managed testing conditions and 
access to advanced technologies such as eye-tracking and wearable 
EEG devices. Similarly, transport studies, particularly those involving 
driving simulators, offer a controlled setting that enables frequent and 
minimally intrusive assessments. In contrast, forestry operations are 
typically decentralized, physically intensive, and take place in remote, 
dynamic, and environmentally challenging conditions. Workers are 
often engaged in highly physical tasks with limited downtime, tight 
performance pressures, and elevated safety risks. These constraints 
make it difficult to implement time-consuming or obtrusive testing 
procedures. As such, while general findings—such as the variability and 
sensitivity of fatigue tests—may be relevant, the operational realities 
of forestry demand more adaptable, low-burden, and context-aware 
fatigue monitoring solutions. This highlights the need for forestry-
specific validation of fatigue tools that have primarily been tested in 
more controlled or technologically enabled environments.

4. Our investigation

Based on the challenges highlighted above, the purpose of this paper 
is to investigate a variety of subjective and objective fatigue tests, 
providing evidence for or against the use of multiple subjective and 
objective fatigue tests within one study.

As such, we have designed an investigation that evaluates subjective 
and objective tests. The investigation includes three main focuses, as 
follows.

1. Test selection
2. In-depth study
3. Larger-scale study

First, when considering the use of fatigue tests in hazardous indus-
tries, we noted that while researchers tend to use a variety of tests 
(and multiple tests within one study) they do not tend to discuss their 
reasoning behind this choice (discussed in Section 3). As such, we 
suggest that the first step in our investigating should involve describing 
and reasoning about our test selection (Section 5).

Second, we conducted an in-depth study with a single participant 
(Section 6). The study involved the participant conducting a set of 
fatigue tests every two hours for five consecutive days. Here, we 
recognize that a single-participant case study is not generalizable. 
However, we argue that it provides rich detail that can be used to glean 
insights into this participant’s experience, and guide the creation of a 
larger-scale study.

Third, we conducted a larger scale study with 31 participants (Sec-
tion 7). This study allowed us to build on the findings from the 
single-participant study in a more generalizable way, and allowed us 
to evaluate the use of multiple fatigue tests, drawing comparisons be-
tween different subjective tests, different objective tests, and comparing 
subjective and objective tests with each other (discussed in Section 8).

5. Test selection

In this section, we first outline our test selection criteria. Following 
this, we give a brief overview of each of the tests that were selected.
4 
Table 2
An evaluation of available subjective and objective fatigue tests.
 Test Type Valid Usage Duration  
 Stanford Sleepiness Scale Sub Ya 3 <1 min  
 The USAF checkcard Sub Yb 2 <1 min  
 NHRC Mood Scale Sub Yc 2 <1 min  
 Visual Analogue Mood Rating Sub Yd 1 <1 min  
 Psychomotor Vigilance Test Ob Ye 6 10 min  
 4-Choice Reaction Time Ob Yf 3 <5 min  
 Auditory Vigilance Ob Yg 2 10–30 min 
 Simple Reaction Time Ob Yh 2 <1 min  
 10-Choice Reaction Time Ob Yi 1 <5 min  
 Serial Addition and Subtraction Ob Yj 1 1–10 min  
 Encoding/Decoding Ob Yk 1 1–10 min  
 Visual Search Test Ob Yl 1 <5 min  
 Logical Reasoning Ob Ym 1 1–10 min  
a Hoddes et al. (1972).
b Pearson and Byars (1956).
c Johnson and Naitoh (1974).
d Luria (1975).
e Khitrov et al. (2014).
f Deary et al. (2011).
g Angus and Heslegrave (1985).
h Deary et al. (2011).
i Balkin et al. (2000).
j Balkin et al. (2000).
k Angus and Heslegrave (1985).
l Fan and Smith (2017).
m Fan and Smith (2017).

5.1. Selection criteria

One of the challenges that we identified earlier centers on the 
selection of fatigue tests. As such, we propose a set of selection criteria 
for use in case studies. These criteria have been developed based on the 
specific requirements of our study. However, the general principle of 
developing selection criteria can be applied to the requirements of any 
study. It is our hope that highlighting the challenges in, and importance 
of, test selection for hazardous work environments, and providing an 
example set of selection criteria, will encourage other researchers to 
formally outline their test selections as well.

Our requirements and selection criteria are as follows.

1. Validating the accuracy of a fatigue test does not sit within the 
scope of this study. As such, any tests that we select should 
already be shown to reliably measure levels of fatigue.

2. Any tests that we select should be used in at least one (preferably 
more than one) fatigue study for hazardous work environments.

3. This study will involve the use of multiple fatigue tests, one after 
the other. As such, the combined time to sit all tests should be 
conservative, i.e., 15 to 20 min.

4. We would like to include an equal number of subjective and 
objective tests.

We have used our selection criteria, and the literature discussed 
in  Section 2.4, to select a series of subjective and objective fatigue tests 
for use in our study. The literature discussed in  Section 2.4 centered 
on ten studies on fatigue in hazardous work environments (Good et al., 
2020; Hu and Lodewijks, 2020; Darbandy et al., 2020; Fan and Smith, 
2017; Hursh et al., 2004; Balkin et al., 2000; Mascord and Heath, 1992; 
Angus and Heslegrave, 1985; Storm, 1983; Johnson and Naitoh, 1974). 
Table  2 lists the fatigue tests that were used in each of these studies, 
along with information about their validity, usage, and test duration.

To begin, as outlined in our first criterion, validating the accuracy 
of a fatigue test does not sit within the scope of this study. As such, 
any tests that we select should already be shown to reliably measure 
levels of fatigue. The third column in Table  2 shows that all tests 
have been validated previously, either for the original versions of the 
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tests (Pearson and Byars, 1956; Johnson and Naitoh, 1974; Hoddes 
et al., 1972; Luria, 1975), for specific versions of the tests (Deary 
et al., 2011; Khitrov et al., 2014), or through findings in supported 
literature (Balkin et al., 2000; Angus and Heslegrave, 1985; Fan and 
Smith, 2017).

Our second criterion outlines the importance of usage. Any tests that 
we select should be used in (preferably) more than one fatigue study for 
hazardous work environments. In Table  2 the tests have been ordered, 
first by whether they are subjective or objective tests, then by their 
usage in the ten studies that we are considering. By eliminating tests 
that were used in a single study only, we can narrow our test selection 
down to seven fatigue tests: the Stanford Sleepiness Scale, the USAF 
checkcard, the NHRC Mood Scale, the Psychomotor Vigilance Task, 
the 4-Choice Reaction Time test, the Auditory Vigilance test, and the 
Simple Reaction Time test.

Third, this study will be repeated multiple times. As such, the 
combined time to sit all of the tests should be conservative, i.e., 15 
to 20 min. As shown in Table  2, all of the subjective tests take less 
than one minute to complete. However, some of the objective tests run 
much longer. The Psychomotor Vigilance Task runs for 10 min and the 
Auditory Vigilance test runs for 10 to 30 min. Combining all seven tests 
would result in a test duration of approximately 29 to 49 min, which is 
too long to meet our third criteria. This suggests that one of the longer 
tests should be excluded. Luckily the Psychomotor and Auditory tests 
are both vigilance tests, meaning that the (longer) auditory test can be 
excluded without affecting the variability of the test selection.

The fourth selection criteria specifies a balance between the number 
of subjective and objective tests that are selected. This criteria is not 
essential. However, it would allow us to put equal focus on each type of 
test during our study and analysis. The previous three selection criteria 
have already narrowed our test selection down to three subjective 
and three objective fatigue tests. Therefore these will be our final set. 
The selected subjective tests are the USAF checkcard, the Stanford 
Sleepiness Scale (SSS), and the NHRC Mood Scale. The three selected 
objective tests are the Simple Reaction Time test (SRT), the 4-Choice 
Reaction Time test (CRT), and the Psychomotor Vigilance Task (PVT). 
Each of these tests are outlined in detail in Appendix  A.

6. Case study 1

In order to investigate subjective and objective fatigue tests, we 
conducted two case studies. The first case study was an in-depth 
single-participant study, where the participant conducted fatigue tests 
every two hours for five consecutive days. This section outlines the 
methodology and results of this study, while a comparison between this 
and the second study is discussed in Section 8.

6.1. Methodology

6.1.1. Location
The single-person study involved the participant sitting a selection 

of fatigue tests every two hours for five consecutive days (discussed 
further in Section 6.1.4). Given the duration of the study, not all tests 
could be conducted in the same location. The location of the single-
person study was primarily based around a university campus. Most 
of the tests were conducted in the participant’s office. However, the 
participant also conducted part of the study in a shared computer lab, 
at home, and on site in a forestry workplace.

6.1.2. Participant
Our participant was a female in her early 30 s who works as an aca-

demic researcher at a university. We recognize that this demographic is 
different to those that would be found on-site in the forestry industry. 
However, measuring fatigue in a hazardous work environment intro-
duces major challenges (Anonymize, 2019). Although not a forestry 
worker, our participant had ties to the forestry industry through a 
current research project, and was visiting forestry workers on-site near 
the end of the study.
5 
6.1.3. Test selection
As discussed in Section 5, we have used our selection criteria to 

select three subjective tests: the USAF checkcard (USAF), the Stanford 
Sleepiness Scale (SSS), and the NHRC Mood scale (NHRC), and three 
objective tests: the Simple Reaction Time test (SRT), the 4-Choice 
Reaction Time test (CRT), and the Psychomotor Vigilance Task (PVT). 
A full description of the tests can be found in Appendix  A.

6.1.4. Schedule
The study began on a Monday morning at 8 am, ran for five 

consecutive days, and ended at 6 pm on Friday evening. The participant 
performed three subjective tests and three objective tests every two 
hours (8 am, 10 am, 12 pm, 2 pm, 4 pm, and 6 pm) for all five consec-
utive days (Monday to Friday). The tests were completed in-between 
the participant’s normal day-to-day activities.

Day-to-day activities included interactive activities, such as lab su-
pervision, assignment marking, and workshops; office based activities, 
such as research and paper writing; recreational activities such as going 
for lunch or coffee; and domestic activities, such as school drop offs, 
cooking dinner and cleaning. Finally, on the last day of the study, the 
participant traveled out of town to visit forestry workers on site, where 
she spent time interacting with the forestry workers while also working 
remotely and attending virtual Zoom meetings. Although the partici-
pant is not a forestry worker and was not undertaking forestry tasks, the 
variability in her daily activities, and changes in activity level, should 
act as a good indicator of fatigue measurement in situations that are 
more complex and less controlled than a laboratory environment.

6.1.5. Order of tests
In each sitting, the participant completed the subjective tests first 

(USAF, SSS, NHRC), followed by the objective tests (SRT, CRT, PVT). 
The tests were completed in this order so that the latter could not 
affect the former. For example, it can be imagined that, should the 
participant feel they performed poorly on the objective tests they may 
subconsciously carry this through to their answers for the subjective 
tests. The PVT test was completed last for a similar reason; the PVT 
test has the longest duration (10 min) and could therefore frustrate the 
participant and consequently affect any subsequent tests. Finally, the 
participant was not shown any results until the completion of the study.

6.1.6. Test versions
Each test was completed electronically, on a Dell Latitude 5300 

laptop. Here, we list the versions of each test that were used.

• USAF, SSS, and NHRC: the subjective tests were filled out in a 
Google Sheet document. Each test conformed with the content 
from the original, the formats of which are shown in Appendix 
A.

• SRT and CRT: the Simple Reaction Time and 4-Choice Reaction 
Time tests were conducted using the Deary–Liewald Reaction 
Time Task software. The Simple Reaction Time test had 20 it-
erations, with an inter-stimulus interval of 1000 to 3000 ms 
(default for Deary–Liewald). The 4-Choice Reaction Time test had 
40 iterations, again with an inter-stimulus interval of 1000 to 
3000 ms (default for Deary–Liewald).

• PVT: the Psychomotor Vigilance Task was conducted using the 
PC-PVT 2.0 software. The test was run for 10 min with an 
inter-stimulus interval of 2000 to 10,000 ms.

6.1.7. Diary entry
Finally, the participant was asked to keep a diary for the duration 

of the study. In this diary, the participant was asked to record the day, 
time, and location of each test session. They were also asked to briefly 
describe how they were feeling at the time of the sessions, and record 
the activities that were undertaken in the two hour time-frame between 
each test session. Table  3 shows a sample of the participant’s diary 
entries, while the full diary is shown in Appendix  B.
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Fig. 1. Subjective fatigue tests.
6.2. Results

6.2.1. Subjective results
Fig.  1 illustrates trends in the subjective results across day and time. 

Here it should be noted that some tests indicate fatigue with a lower 
score while others indicate fatigue with a higher score. For example, 
when the scores of the USAF checkcard and NHRC mood (pos) increase, 
the scores of SSS and NHRC (neg) decrease.

Although there is some variability between the tests, there is a weak 
trend on Monday, Tuesday, and Wednesday where fatigue increases 
throughout the day, then decreases slightly in the evening. This pattern 
is particularly clear on Monday, Tuesday, and Wednesday for the USAF 
checkcard, SSS, and NHRC (pos). The participant’s diary entries show 
that the first five test sessions each day (8 am–4 pm) are conducted 
at work, while the final session is completed at home. On Monday, 
Tuesday, and Wednesday, the diary entries indicate that the participant 
spent the two hour gap between the 4 pm and 6 pm sessions at home 
performing domestic tasks, or out and about shopping. For example, 
the diary entry at 6 pm on Monday says ‘‘Feeling okay. Finished work, 
did dishes and rubbish. Cooked dinner’’. The trend of fatigue decreasing 
6 
between 4 pm and 6 pm suggests that this time away from work is 
giving the participant time to rest or recover slightly at the end of the 
day.

A different pattern is apparent on Thursday, where all four tests 
show a slight but steady increase in fatigue throughout the day and 
evening. This is reflected in the participant’s diary entries, where every 
entry on Thursday from 8 am to 6 pm mentions being tired: 8 am
‘‘Feeling okay – a little foggy ...’’, 10 am ‘‘Quite tired already ...’’, 12 pm
‘‘Feeling really tired ...’’, 2 pm ‘‘Feeling a little tired ..’’, 4 pm ‘‘Feeling 
really tired again ...’’, and 6 pm ‘‘Absolutely exhausted ...’’. The final 
6 pm diary entry on Thursday says ‘‘Absolutely exhausted! Did workshop 
then came home, did the dishes and ordered dinner’’. This illustrates that 
the participant worked later than usual, i.e., ‘‘did workshop’’, which 
could have attributed to the continued increase in fatigue on Thursday 
evening, as opposed to the decrease that was identified on Monday, 
Tuesday, and Wednesday.

Finally, Friday shows a sharp increase in fatigue throughout the 
day and evening. This trend is apparent in all four test measurements 
(USAF, SSS, NHRC (pos), and NHRC (neg)). In fact, Friday at 6 pm, is 
the day and time with the highest level of fatigue for all four tests. This 



J.L. König et al. Safety Science 192 (2025) 106958 
Table 3
A subset of the dates, times, and details of the study.
 Day Time Location Description  
 Mon 8:00 Office Conducted in office. Feeling a 

little foggy. Morning went well, 
woke up on time, no stress with 
getting ready etc. 

 

 Mon 10:00 <lab> Conducted in <lab>with 
distractions. Organizing from 8 to 
9, marking from 9 to 10. Feeling 
time pressured and a little 
stressed but more awake than this 
morning. 

 

 Mon 12:00 Office Conducted in office. Feeling 
pretty good. Marking from 10–11, 
emails and student zoom 
meetings from 11–12. Feeling 
some time pressure. 

 

 Mon 14:00 Office Conducted in office. Feeling okay. 
Supervised a lab, met with 
<name>, had a late lunch. 
Frustrated. 

 

 Mon 16:00 Office Conducted in office. Starting to 
feel drained. Uploaded week 9 
material and assignment 7 to 
Moodle, and assigned students to 
groups and answered emails.

 

 Mon 18:00 Home Conducted at home. Feeling okay. 
Finished work, did dishes and 
rubbish. Cooked dinner.

 

Table 4
Case study 1: the correlation between subjective fatigue tests.
 USAF SSS NHRC (pos) NHRC (neg) 
 USAF 1.00  
 SSS −0.92 1.00  
 NHRC (pos) 0.88 −0.89 1.00  
 NHRC (neg) −0.84 0.85 −0.81 1.00  

corresponds with the participant’s diary entry for that date and time, 
stating ‘‘It appears that I was so tired that I forgot to fill in this diary entry. I 
did conduct the tests though.’’. Although the diary entry for the 6 pm test 
is not overly helpful, the entry from 4 pm shows that the participant 
was already home and exhausted ‘‘Absolutely exhausted! 3:30 am wake 
up has made me feel exhausted. Drove back to Hamilton (<name> driving) 
and headed home.’’.

As illustrated above, there appears to be a correlation between 
subjective fatigue test scores. If one test indicates an increase in fatigue, 
so do the others, and vice versa. To test this, we have conducted 
a correlation analysis, where we have calculated the correlation co-
efficient between the results of each subjective tests. Table  4 shows the 
results, where any results that have a correlation co-efficient greater 
than 0.5 or less than −0.5 have been underlined to show a strong 
correlation (whether positive or negative).

As was suggested by the raw results, there is a strong correlation 
between each of the subjective tests. USAF shows a strong positive 
correlation with NHRC pos (0.88), and a strong negative correlation 
with SSS (−0.92) and NHRC neg (−0.84). SSS shows a strong positive 
correlation with NHRC neg (0.85) and a strong negative correlation 
with USAF (−0.92) and NHRC P (−0.89). NHRC pos shows a strong 
positive correlation with USAF (0.88) and a strong negative correlation 
with SSS (−0.89) and NHRC neg (−0.81). NHRC neg shows a strong 
positive correlation with SSS (0.85) and a strong negative correlation 
with USAF (−0.84) and NHRC pos (−0.81). This combination of posi-
tive (greater than 0.5) and negative (less than 0.5) correlations maps 
back to the difference in scoring techniques. For example, since USAF 
indicates fatigue by a higher score, but SSS indicates fatigue by a lower 
score, they show a negative correlation.
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Table 5
Case study 1: the correlation between objective fatigue tests.
 SRT mrt SRT fs CRT mrt CRT fs PVT mrt PVT fs 
 SRT mrt 1.00  
 SRT fs −0.17 1.00  
 CRT mrt 0.31 −0.21 1.00  
 CRT fs 0.43 0.34 −0.11 1.00  
 PVT mrt 0.43 0.10 0.47 0.21 1.00  
 PVT fs 0.08 0.01 −0.12 −0.13 −0.30 1.00  

6.2.2. Objective results
Fig.  2 shows the mean reaction time (mrt) results for each of the 

individual objective fatigue tests. In this figure we can see that, where 
the subjective tests showed consistency in their results, the objective 
tests were significantly more varied. Nevertheless, they show some 
associations with the participants diary entries. The slowest mean re-
action time (indicating high fatigue) for SRT was recorded on Friday at 
12 pm (350.70). We have already discussed that Friday was a difficult 
day for the participant. The diary entry from this time states ‘‘Parked 
by a lake. Feeling really tired. The early morning has definitely caught up to 
me. Wrote a marking schedule and had the staff meeting.’’. The slowest for 
CRT was recorded on Thursday at 6 pm (494.38), when the diary entry 
states ‘‘Absolutely exhausted! Did workshop then came home, did the dishes 
and ordered dinner.’’. The slowest for PVT was recorded on Friday at 
6 pm (439.05), when as already discussed, the participant was fatigued 
enough not to enter a diary entry ‘‘It appears that I was so tired that I 
forgot to fill in this diary entry. I did conduct the tests though.’’.

Similarly, the fastest mean reaction time (indicating low fatigue) 
for SRT was recorded on Wednesday at 12 pm (281.45) when the 
participant stated ‘‘Feeling okay. Less stressed now. Spent the last hour 
and a half answering student queries and setting up devices’’.; the fastest 
for CRT (402.92) was recorded on Wednesday at 8 am (‘‘Feeling good - a 
little foggy. Morning went well, woke up on time, no stress with getting ready 
etc’’.); and the fastest for PVT (297.94) was recorded on Monday at 
10 am (‘‘Distractions. Organizing from 8 to 9, marking from 9 to 10. Feeling 
time pressured and a little stressed but more awake than this morning’’.).

There are also some trends evident between each of the tests. For 
example, on Monday, both SRT and PVT show a slight peak at 6 pm; 
on Tuesday they both show a rise and fall from 10 am to 6 pm; on 
Wednesday they show a peak (one significantly stronger than the other) 
in the afternoon around 4 pm to 6 pm; on Thursday all three tests (SRT, 
CRT, and PVT) show two peaks, the first around 12 pm and the second 
around 6 pm; and on Friday SRT and CRT show a peak between 12 pm 
and 2 pm.

Although there are some trends evident between the tests, there is 
no statistical correlation between them. Table  5 shows the result of 
a correlation co-efficient comparison, where any results that have a 
correlation co-efficient greater than 0.5 or less than −0.5 have been 
underlined to show a strong correlation (whether positive or negative). 
As illustrated in this table, no objective test shows a strong correlation 
with any another. Although the objective tests showed some similarities 
in peaks and drops, and showed some associations with the participants 
diary entries, they were still more varied then we were expecting (as 
was illustrated with the correlation comparison).

6.2.3. Subjective versus objective results
Finally, we conducted a correlation co-efficient comparison to com-

pare the subjective and objective test results. Table  6 shows the result 
of a correlation co-efficient comparison, where any results that have 
a correlation co-efficient greater than 0.5 or less than −0.5 have been 
underlined to show a strong correlation (whether positive or negative). 
The top left section of the table shows the correlation co-efficients 
when comparing the subjective tests with each other (a replication 
from earlier in Table  4, where we found all subjective tests showed 
a strong correlation with each other). Likewise, the bottom right shows 
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Fig. 2. Objective fatigue tests.
Table 6
Case study 1: the correlation between subjective and objective fatigue tests.
 USAF SSS NHRC pos NHRC neg SRT mrt SRT fs CRT mrt CRT fs PVT mrt PVT fs
 USAF 1.00
 SSS −0.92 1.00
 NHRC pos 0.88 −0.89 1.00
 NHRC neg −0.84 0.85 −0.81 1.00

 SRT mrt −0.46 0.47 −0.49 0.39 1.00
 SRT fs 0.10 −0.10 0.22 −0.09 −0.17 1.00
 CRT mrt −0.41 0.37 −0.27 0.53 0.31 −0.21 1.00
 CRT fs −0.20 0.13 −0.24 0.17 0.43 0.34 −0.11 1.00
 PVT mrt −0.79 0.83 −0.69 0.80 0.43 0.10 0.47 0.21 1.00
 PVT fs 0.11 −0.09 0.13 −0.22 0.08 0.01 −0.12 −0.13 −0.30 1.00
the correlation co-efficients when comparing the objective tests with 
each other (a replication from earlier in Table  5, where we found no 
objective test shows a strong correlation with any another). The bottom 
left of the table shows the correlation co-efficients when comparing the 
subjective tests with the objective tests. As can be seen in the table, 
the PVT mean reaction time shows a strong correlation with all of the 
subjective tests (USAF, SSS, NHRC pos, NHRC neg). While no other 
objective test (SRT or CRT) shows a correlation with any subjective 
tests, the correlation between PVT and the subjective tests is promising. 
This could be an artifact from this one participant. However, it could 
also indicate that PVT provides a comparative measure to subjective 
fatigue tests. This is discussed further in Section 8.

7. Case study 2

As mentioned earlier, while we argue that the single-participant 
study provides rich detail that can be used to glean insights into a single 
participant’s experience, a larger-scale study was required in order to 
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build on these findings in a more generalizable way. As such, a second 
case study was conducted which involved 31 participants completing 
the same fatigue tests, three times on three different occasions. This 
section outlines the methodology and results of this study, while a 
comparison between this and the first study is discussed in Section 8.

7.1. Methodology

7.1.1. Location
This study involved participants sitting a selection of fatigue tests 

three times on three different occasions. All tests were conducted in 
the same location, in a quiet room on the university campus. Each 
participant undertook the study individually, with only the participant 
and the researcher in the room at the time of the session. This allowed 
for a quiet space with little to no distraction.

7.1.2. Participants
The study was conducted with 31 university students. Similar to 

the first case study, we recognize that this demographic is different to 
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those that would be found on-site in the forestry industry. However, as 
previously discussed, measuring fatigue in a hazardous work environ-
ment introduces major challenges. Although not forestry workers, our 
participants came in at different times of the day, and after completing 
a variety of different physical and mental tasks.

7.1.3. Test selection
The same tests were used in both the first and second case study (see 

Section 6). See Section 5 for the rationale behind the test selection.

7.1.4. Schedule
Each participant was asked to come in to complete the tests on three 

separate occasions. Test sessions were booked over a three-week period, 
with some participants completing their sessions within one week, 
and others taking multiple weeks to complete them. Two participants 
have been excluded from the study as they did not complete all three 
sessions.

7.1.5. Order of tests
The tests were completed in the same order for both the first and 

second case study. In each sitting, participants completed the subjective 
tests first (USAF, SSS, NHRC), followed by the objective tests (SRT, 
CRT, PVT). See Section 6 for the rationale for test ordering.

7.1.6. Test versions
The subjective tests were completed using pen and paper, while the 

objective tests were completed electronically, on a Dell Latitude 5300 
laptop. Here, we list the versions of each test that were used.

• USAF, SSS, and NHRC: the subjective tests were filled out in a 
paper form. Each test matched the original, the formats of which 
are shown in Appendix  A.

• SRT and CRT: the Simple Reaction Time and 4-Choice Reaction 
Time tests were conducted using the Deary–Liewald Reaction 
Time Task software. The Simple Reaction Time test had 20 it-
erations, with an inter-stimulus interval of 1000 to 3000 ms 
(default for Deary–Liewald). The 4-Choice Reaction Time test had 
40 iterations, again with an inter-stimulus interval of 1000 to 
3000 ms (default for Deary–Liewald).

• PVT: the Psychomotor Vigilance Task was conducted using the 
PC-PVT 2.0 software. The test was run for 10 min with an 
inter-stimulus interval of 2000 to 10,000 ms.

7.2. Results

7.2.1. Subjective results
Table  7 shows a subset of the subjective fatigue test results (for P1 

to P5), while Appendix  C shows the results for all participants. Here 
it should be noted that, during the analysis of the first case study, we 
were able to consider trends in fatigue over time. This is because the 
single-participant undertook the study regularly (every two hours for 
five consecutive days) totaling 30 time-series data points, including 
diary entries for each of these times. In contrast, the larger-scale study 
only required individual participants to complete the study three times 
in total. As such, analysis for the second case study will focus on the 
correlation between scores, rather than any trend in fatigue over time.

As can be seen in the table, some participants gained similar scores 
across all three sessions (e.g. P1, P3, P4), while others’ scores were 
variable (P2, P5). This could indicate a difference in fatigue for some 
participants across their sessions. For example, P2 appears to have been 
the most fatigued during their second session (9 out of 20 for their 
USAF score, ‘‘A little foggy; not at peak; let down’’ for their SSS score, 
and a higher NHRC negative score). In comparison, during their third 
session, they had a much higher NHRC score (20 out of 20), selected 
the highest SSS score (‘‘Feeling active and vital; alert; wide awake’’.), and 
had a NHRC negative score of 0.
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Table 7
A subset of the subjective fatigue test results (P1–P5)
 Participant Session USAF SSS NHRC pos NHRC neg 
 P1 1 17 2 53 2  
 P1 2 17 1 51 2  
 P1 3 17 1 53 3  
 P2 1 13 3 38 5  
 P2 2 9 4 45 9  
 P2 3 20 1 52 0  
 P3 1 14 2 33 2  
 P3 2 14 1 37 0  
 P3 3 14 1 35 0  
 P4 1 16 2 30 0  
 P4 2 17 2 33 0  
 P4 3 17 3 29 1  
 P5 1 10 4 30 9  
 P5 2 11 3 33 7  
 P5 3 9 3 30 8  

Table 8
The correlation between subjective fatigue tests.
 USAF SSS NHRC pos NHRC neg 
 USAF 1  
 SSS −0.60 1  
 NHRC pos 0.41 −0.59 1  
 NHRC neg −0.59 0.56 −0.31 1  

While the above shows variability across sessions, it also shows 
consistency across subjective fatigue tests for each participant. As 
discussed, when P2 indicated lower fatigue for one subjective measure, 
the same was reflected in all tests. Likewise, when P2 indicated higher 
fatigue for one measure, the same was reflected in all tests. This pattern 
can be seen for each of the participants included in Table  7, and is 
supported by Table  8.

Table  8 shows the correlation co-efficient between the results of 
each subjective test. Any results that have a correlation co-efficient 
greater than 0.5 or less than −0.5 have been underlined to show a strong 
correlation (whether positive or negative). As was suggested by the raw 
results, there is a strong correlation between most of the subjective 
tests. USAF shows a strong negative correlation with SSS (−0.60) and 
NHRC neg (−0.59). SSS shows a strong positive correlation with NHRC 
neg (0.56) and a strong negative correlation with NHRC pos (−0.59). 
NHRC pos shows a strong negative correlation with SSS (−0.59). NHRC 
neg shows a strong positive correlation with SSS (0.56) and a strong 
negative correlation with USAF (−0.59). This combination of positive 
(greater than 0.5) and negative (less than 0.5) correlations maps back to 
the difference in scoring techniques. For example, since USAF indicates 
fatigue by a higher score, but SSS indicates fatigue by a lower score, 
they show a negative correlation. Finally, NHRC pos and neg do not 
show a strong correlation (−0.31), and neither do NHRC pos and USAF 
(0.41).

7.2.2. Objective results
Table  9 shows a subset of the objective fatigue test results (for 

P1, P2, P3, P4, and P5), while Appendix  D shows the results for all 
participants. This includes the mean reaction time (mtr) for each of the 
objective fatigue tests (SRT, CRT, and PVT) as well as any false starts 
(fs). As shown in the table, participants tended to take longer (have 
a higher mean reaction time) for the CRT test than the SRT and PVT. 
This is understandable as the CRT test required participants to select 
one stimuli from a choice of four boxes, rather than simply indicate 
when a stimuli appeared on the screen. This provision of providing a 
choice tends to slow down peoples’ reaction times.

While familiar trends were able to be seen across the objective tests 
(i.e. the increased reaction time of CRT, when compared to SRT and 
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Table 9
A subset of the objective fatigue test results (P1–P5)
 Participant Session SRT 

mrt
SRT fs CRT 

mrt
CRT fs PVT 

mrt
PVT fs 

 P1 1 281.90 0 477.63 0 315.80 0  
 P1 2 313.35 0 448.97 1 327.72 1  
 P1 3 296.60 1 464.95 1  
 P2 1 310.55 1 595.80 0  
 P2 2 300.65 0 532.58 0 327.42 1  
 P2 3 348.50 0 544.58 0 405.51 0  
 P3 1 406.90 0 561.75 0 336.10 1  
 P3 2 372.25 1 478.92 1 386.11 0  
 P3 3 340.30 1 429.35 1 393.21 1  
 P4 1 329.00 0 395.51 1 314.16 0  
 P4 2 317.80 0 394.84 1 350.10 1  
 P4 3 340.25 0 416.17 3 355.72 0  
 P5 1 285.10 0 414.53 1  
 P5 2 321.40 0 419.86 1 319.51 0  
 P5 3 335.15 0 445.08 0 328.77 1  

Table 10
The correlation between objective fatigue tests.
 SRT mrt SRT fs CRT mrt CRT fs PVT mrt PVT fs
 SRT mrt 1.00
 SRT fs 0.13 1.00
 CRT mrt 0.44 0.29 1.00
 CRT fs −0.17 −0.01 −0.34 1.00
 PVT mrt 0.73 0.15 0.39 −0.10 1.00
 PVT fs −0.08 0.12 0.08 −0.19 −0.12 1.00

PVT), the results proved much more varied when considering the test 
across multiple sessions. For P1 for example, their fastest SRT and PVT 
times occurred during session 1, while their fastest CRT time occurred 
during session 2. For P2, their fastest SRT, CRT, and PVT times all 
occurred during session 2. For P3, their fastest SRT and CRT times 
occurred during session 3, while their fastest PVT time occurred during 
session 1. There is no observable pattern to these results. Only two 
participants (P9 and P12) achieved consistent reaction times when 
considering the tests across multiple sessions. For P9, their fastest SRT, 
CRT, and PVT times all occurred during their second session. Their 
second fastest SRT, CRT, and PVT times all occurred during their third 
session, and their slowest times for all three tests occurred during their 
first session. Similarly, for P12, their fastest SRT, CRT, and PVT times 
all occurred during their second session. Their second fastest SRT, CRT, 
and PVT times all occurred during their first session, and their slowest 
times for all three tests occurred during their third session. With the 
exception of these two participants, all others showed variation in 
speeds across sessions. This is supported by Table  10.

Table  10 shows the correlation co-efficient between the results of 
each objective test. Any results that have a correlation co-efficient 
greater than 0.5 or less than −0.5 have been underlined to show a 
strong correlation (whether positive or negative). As was suggested by 
the raw results, there is little correlation between the objective tests. 
SRT mean reaction time shows a strong correlation with PVT mean 
reaction time (0.73). However, there are no other correlations shown. 
This is discussed further in Section 8.

7.2.3. Subjective versus objective results
Table  11 shows the correlation co-efficient between the results of 

each subjective and objective test. Any results that have a correlation 
co-efficient greater than 0.5 or less than −0.5 have been underlined 
to show a strong correlation (whether positive or negative). The top 
left section of the table shows the correlation co-efficients when com-
paring the subjective tests with each other (a replication from earlier 
in Table  8, where we found most subjective tests showed a strong 
correlation with each other). Likewise, the bottom right shows the 
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correlation co-efficients when comparing the objective tests with each 
other (a replication from earlier in Table  10, where we found only 
one set of objective tests showed a strong correlation with each other). 
The bottom left of the table shows the correlation co-efficients when 
comparing the subjective tests with the objective tests. As can be seen 
in the table, there are no strong correlations that span between the 
subjective and objective fatigue tests. In fact, the average correlation 
between subjective and objective tests (±0.12) is lower than both the 
average correlation between subjective tests (±0.51) and the average 
correlation between objective tests (±0.22). This suggests that the 
earlier finding of a correlation between PVT and the subjective tests 
(from the single-participant study) may have been an artifact from that 
one participant.

Finally, Table  12 shows the p-values for the subjective and objective 
tests. Here, it can be seen that majority of the correlations are statis-
tically significant (𝑝-value < 0.05). In some cases, this refers to strong 
correlations (greater than 0.5 or less than −0.5) that are statistically 
significant (𝑝-value < 0.05). A strong and statistically significant cor-
relation suggests a close connection between two variables, meaning 
that changes in one are very likely to be linked to changes in the 
other, and this association is unlikely to be due to random chance. 
This is the case for all of the strong correlations, with the exception of 
one (SRT (mrt) and PVT (mrt), discussed below). In other cases, this 
refers to weak correlations (less than 0.5 or greater than −0.5) that 
are statistically significant (𝑝-value < 0.05). A weak but statistically 
significant correlation indicates a modest, yet real, association between 
two variables, with the observed relationship unlikely to have occurred 
by chance. This is the case for all of the weak correlations, with 
the exception of one (CRT (fs) and PVT (fs), discussed below). There 
are two cases that are not statistically significant; one with a strong 
correlation, and one with a weak correlation. First, SRT (mrt) and 
PVT (mrt) have a strong correlation (0.73) but this correlation is not 
statistically significant (𝑝-value 0.8670). A strong correlation between 
two variables can occur even when it is not statistically significant. 
This often arises in cases where the sample size is small or the effect 
size is too modest to be confidently detected amid data variability. 
Although the correlation coefficient may suggest a strong association, 
a 𝑝-value above the significance threshold indicates that the observed 
relationship might be the result of random chance. Here, it should be 
noted that this was the only strong correlation found between any of 
the objective fatigue tests. Second, CRT (fs) and PVT (fs) have a weak 
correlation (−0.19) that is not statistically significant. A weak corre-
lation reflects a minimal connection between two variables, whereas 
a non-significant correlation means there is insufficient evidence to 
determine that the relationship is statistically meaningful. So, while the 
correlation between CRT (fs) and PVT (fs) is weak, this may be due to 
chance.

8. Discussion

This study set out to explore the use of subjective and objective 
fatigue tests by reviewing existing literature across hazardous indus-
tries and conducting two targeted case studies. Together, these studies 
explored the relationships and discrepancies between different fatigue 
measurement tools and raise important questions about test selection, 
technological reliability, and cross-test comparability. In this section, 
we discuss the findings in relation to measuring subjective fatigue, mea-
suring objective fatigue, and the use of both subjective and objective 
fatigue tests.

8.1. Subjective measures of fatigue

As discussed in Section 2.2, subjective tests measure perceived fa-
tigue, which usually involves some form of self-reporting. These types 
of tests involve participants indicating their perceived level of tiredness, 
weariness, exhaustion, etc. When investigating the use of subjective 
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Table 11
The correlation between subjective and objective fatigue tests.
 USAF SSS NHRC pos NHRC neg SRT mrt SRT fs CRT mrt CRT fs PVT mrt PVT fs
 USAF 1.00
 SSS −0.60 1.00
 NHRC pos 0.41 −0.59 1.00
 NHRC neg −0.59 0.56 −0.31 1.00

 SRT mrt −0.05 0.09 −0.17 0.22 1.00
 SRT fs −0.04 0.01 0.01 0.25 0.13 1.00
 CRT mrt −0.06 0.13 0.04 0.36 0.44 0.29 1.00
 CRT fs 0.10 −0.08 −0.09 −0.14 −0.17 −0.01 −0.34 1.00
 PVT mrt −0.11 0.11 0.04 0.23 0.73 0.15 0.39 −0.10 1.00
 PVT fs 0.19 −0.14 0.12 −0.03 −0.08 0.12 0.08 −0.19 −0.12 1.00
Table 12
The p-values between subjective and objective fatigue tests.
 USAF SSS NHRC pos NHRC neg SRT mrt SRT fs CRT mrt CRT fs PVT mrt PVT fs 
 USAF  
 SSS <0.01  
 NHRC pos <0.01 <0.01  
 NHRC neg <0.01 <0.01 <0.01  
 SRT mrt <0.01 <0.01 <0.01 <0.01  
 SRT fs <0.01 <0.01 <0.01 <0.01 <0.01  
 CRT mrt <0.01 <0.01 <0.01 <0.01 <0.01 <0.01  
 CRT fs <0.01 <0.01 <0.01 <0.01 <0.01 0.011 <0.01  
 PVT mrt <0.01 <0.01 <0.01 <0.01 0.867 <0.01 <0.01 <0.01  
 PVT fs <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.376 <0.01  
tests in existing literature, we found that researchers tend to use a 
variety of subjective tests, and often include more than one test within 
the same study. As such, we conducted two participatory studies to 
compare a series of subjective fatigue tests.

The results revealed a high degree of internal consistency across 
the three subjective tests—USAF Checkcard, Stanford Sleepiness Scale 
(SSS), and NHRC Mood Scale—suggesting that these tools reliably 
capture perceived fatigue over time and across individuals. The strong 
alignment across subjective tests indicates that participants were gen-
erally consistent in their perception of fatigue. This suggests that self-
reported measures can be a reliable tool for assessing perceived fatigue. 
From these findings, we suggest that these subjective fatigue tests can 
be used to measure perceived fatigue interchangeably, and that only 
one such test would be required within a single study.

8.2. Objective measures of fatigue

As discussed in Section 2.2, objective fatigue tests measure quantifi-
able performance, which usually involves performance-based tests such 
as reaction speed. Similar to subjective tests, when investigating the use 
of objective tests in existing literature, we found that researchers tend 
to use a variety of objective tests, and often include more than one 
test within the same study. As such, we compared a series of objective 
fatigue tests during our two participatory studies.

In contrast to the results from the subjective tests, the objective 
tests—Simple Reaction Time (SRT), 4-Choice Reaction Time (CRT), and 
the Psychomotor Vigilance Task (PVT)—showed greater variability, 
both between participants and within repeated measures. While some 
patterns were observed (e.g., slower reaction times during periods of 
high self-reported fatigue), overall correlations between objective tests 
were weak or inconsistent.

One correlation was found, between SRT and PVT during the larger-
scale case study. While the correlation was found not to be statistically 
significant, the relationship between SRT and PVT makes sense, as both 
SRT and PVT require the participant to respond to a single stimulus 
as quickly as possible. One simply runs for a longer duration than the 
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other. Still, we would have expected to see a correlation between SRT, 
PVT, and CRT as well. Each of the objective fatigue tests (including 
CRT) measures the same variable, i.e., mean reaction time, albeit using 
different techniques.

While objective measures are often assumed to provide a more 
quantifiable assessment of fatigue, our findings suggest that they may 
each be measuring slightly different aspects of performance. For in-
stance, while both SRT and CRT measure reaction time, the cognitive 
load and complexity differ, possibly explaining their weak correlation. 
This would align with the study conducted by Balkin et al. (2000), 
who found that, while the objective fatigue tests were all sensitive to 
changes in fatigue, the extent of sensitivity was varied. Still, even with 
different sensitivity levels, we would have expected enough consistency 
across the reaction times recorded by each of these tests to show a 
strong correlation. Nevertheless, this was not the case. This suggests 
that further research needs to be conducted, this could include investi-
gating different versions of each objective test, and the technology used 
in the studies.

8.3. Subjective vs. objective measures of fatigue

When comparing the results of subjective fatigue tests with the 
results of objective fatigue tests, we found very little/weak correlations. 
During the single-participant study, a strong correlation was found 
between one of the objective tests (PVT) and all of the subjective tests 
(USAF, SSS, NHRC). While we theorized at the time that this could 
be a promising sign, no correlation was found between subjective and 
objective tests during the larger-scale study. This suggests that the 
correlation between the subjective tests and PVT was an artifact from 
the single-participant study.

This is not surprising. As already discussed, subjective tests measure
perceived fatigue, while objective fatigue tests measure quantifiable per-
formance. The lack of any strong correlation between the two types of 
tests highlight this — that there is a difference between a participant’s 
perception, and their objective performance. This does not suggest that 
one is more important than the other, only that it is important to 
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recognize the difference and include both measures (discussed more in 
the following section).

8.4. The underlying mechanisms of fatigue measurement

The observed variability in objective test results—both across indi-
viduals and within repeated sessions—raises important questions about 
the underlying mechanisms that differentiate these tools from subjec-
tive assessments. One explanation may lie in the nature of what each 
type of test measures. Subjective fatigue tests capture a participant’s 
holistic self-perception of tiredness, which can remain relatively stable 
and internally consistent, particularly when prompted by structured 
scales. In contrast, objective tests measure discrete aspects of cogni-
tive and motor performance (e.g., reaction time, sustained attention), 
each of which may be differentially affected by fatigue, distraction, 
motivation, or task engagement at any given moment.

Furthermore, individual differences in how fatigue manifests phys-
iologically and behaviorally can also influence objective test perfor-
mance. For example, one participant may maintain consistent reaction 
times despite feeling tired, while another may show immediate per-
formance decline. Environmental factors—such as slight distractions, 
variations in test setting, or mental load from prior activities—may also 
disproportionately affect objective test results, especially in ecologically 
valid but less controlled conditions. Additionally, the temporal sensitiv-
ity of each objective test varies; some may detect acute fatigue effects 
more readily than others, contributing to inconsistencies when multiple 
objective tests are used in combination.

These findings suggest that while subjective assessments offer stable 
insight into perceived fatigue, objective tests may require more pre-
cise matching to the context, timing, and cognitive demands of the 
work environment. Future research should investigate which perfor-
mance domains are most reliably affected by fatigue and explore how 
contextual factors modulate objective test sensitivity.

8.5. The role of context in fatigue testing

The contrast between our two case studies highlights the impor-
tance of context in fatigue testing. In the single-participant longitu-
dinal study, clear patterns emerged across the day and week, with 
both subjective and objective data aligning with diary entries about 
daily workload and fatigue. These temporal trends—particularly fatigue 
peaks around mid-morning and late afternoon—echo previous findings 
in forestry incident reports. In the larger cross-sectional study, however, 
variability across test sessions was more pronounced. Without the rich 
contextual detail provided by the participant diary in Case Study 1, in-
terpreting fluctuations in performance becomes more challenging. This 
illustrates the limitations of isolated test sessions and underscores the 
value of longitudinal and context-aware methodologies when studying 
fatigue in applied settings.

8.6. Challenges in fatigue test selection

Our review and empirical investigation confirm a broader issue 
within the literature: a lack of transparency and consistency in fatigue 
test selection. Many studies adopt a suite of subjective and objective 
tools without clearly articulating the rationale behind their choices. 
Our proposed selection criteria—centered on validity, prior use in 
hazardous contexts, test duration, and balance between test types—
offer one approach to addressing this gap. However, even with careful 
selection, the results of this study suggest that combining multiple tests 
may not necessarily enhance measurement clarity. Instead, researchers 
must weigh the benefits of redundancy against the potential for par-
ticipant fatigue and test burden, particularly in applied or field-based 
research.

In addition, the growing diversity of digital test implementations 
adds further complexity. Variations in device type, software platform, 
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and test parameters (e.g., inter-stimulus interval) may affect reliabil-
ity and comparability across studies. This technological heterogeneity 
raises concerns about the generalizability of findings and reinforces the 
need for greater standardization or at least clearer reporting of test 
setup and conditions.

8.7. Implications for future research and practice

These findings have several implications for both research and prac-
tice. First, subjective tests—despite concerns over self-report biases—
appear to offer stable and consistent insights into fatigue perception, 
particularly when multiple tools are used together. Second, objective 
tests should not be assumed to be interchangeable or inherently supe-
rior; rather, their utility may depend on task demands and research 
goals. Third, future studies should report their rationale for test se-
lection, ideally referencing validation studies and explaining how tests 
align with their operational context.

In applied domains such as forestry, where workers operate in re-
mote locations with limited access to digital infrastructure, the burden 
of testing must be carefully considered. Short, well-validated subjective 
tools may be more feasible than more time-consuming objective tests—
particularly when coupled with contextual data like work schedules, 
rest breaks, or task load. However, it is important to recognize that 
subjective and objective tests measure different aspects of fatigue (per-
ception versus performance) and that one cannot be substituted with 
the other.

8.8. Limitations and future work

This study has several limitations. While the single-participant case 
study offers rich longitudinal insight, its findings are not generaliz-
able. Furthermore, both studies involved university staff and students 
rather than forestry workers, limiting the ecological validity of the 
results for the target industry. We also acknowledge that sleep quality, 
caffeine intake, and other lifestyle factors that influence fatigue were 
not controlled for, particularly in the multi-session study. These limi-
tations were partly due to the practical constraints of this early-stage 
research and the need to ensure participant safety and feasibility before 
transitioning to high-risk field settings.

Future work will address these limitations by combining the
methodologies of the two studies into an in-depth, longitudinal investi-
gation with forestry workers on-site in operational environments. While 
laboratory-based studies allow for unrestricted participant access, in-
situ studies in hazardous industries are inherently more constrained. 
Access to workers will be limited by operational schedules, safety 
protocols, and industry-mandated break times, which may restrict the 
number and timing of fatigue assessments during the workday. Ideally, 
fatigue testing would occur at multiple points throughout the day—
before and after breaks, at the start and end of shifts—but this must be 
balanced with the practical realities of the industry context.

In addition to shifting to a more ecologically valid participant 
population, future work will explore the integration of subjective self-
assessments and objective fatigue tests with physiological metrics to 
enhance sensitivity and relevance. Blink detection and eye-tracking, for 
example, offer promise for real-time fatigue monitoring. However, their 
implementation in the forestry sector is currently impractical due to 
concerns over worker safety, visibility, and the intrusive nature of such 
technologies. Nevertheless, we will investigate these and alternative, 
low-profile sensing approaches that are compatible with the demands 
of physically intensive and safety-critical work.

Overall, this work highlights both the promise and pitfalls of fatigue 
testing in hazardous industries. Subjective tools provide consistent 
insight into perceived fatigue, while objective tools offer the potential 
for nuanced performance tracking—albeit with challenges in consis-
tency and interpretation. To advance fatigue research in real-world 
environments like forestry, we advocate for transparent test selection 
practices, balanced test designs, and greater attention to context. Fa-
tigue measurement must move beyond lab-based paradigms to account 
for the complexity and constraints of applied settings.
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Fig. A.3. The USAF Checkcard, modeled on the original checkcard seen in Pearson and Byars (1956) and Storm (1983).
9. Conclusion

Fatigue is a major contributor to accidents in hazardous industries 
like forestry, yet fatigue testing remains inconsistent in both applica-
tion and interpretation. This study reviewed existing approaches and 
evaluated six common fatigue tests through two case studies. Subjec-
tive tests showed strong internal consistency and aligned closely with 
participant experiences, while objective tests displayed high variability 
and weak cross-test correlations. These findings challenge assumptions 
about the reliability of objective measures and highlight the importance 
of context in fatigue assessment. In particular, subjective tools—often 
undervalued—proved effective and practical, especially for use in com-
plex, real-world settings. We recommend that researchers clearly justify 
their test selections, consider contextual constraints, and balance test 
depth with participant burden. Our proposed selection criteria offer 
a starting point for more deliberate fatigue research. Future work 
should focus on simplifying protocols and validating tools in applied 
environments to improve safety outcomes in high-risk industries.
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Appendix A. Fatigue tests

A.1. USAF checkcard

The United States Air Force Checkcard (USAF checkcard) was devel-
oped by the USAF School of Aerospace Medicine in the 1950s (Pearson 
and Byars, 1956). It has been validated as collecting ‘‘self-ratings of 
subjective fatigue’’ from USAF aircrew (Storm, 1983). The checkcard 
consists of ten statements, such as ‘‘very lively’’, ‘‘quite fresh’’, and 
‘‘slightly pooped’’, each of which the user responds to as feeling ‘‘better 
than’’, ‘‘same as’’, or ‘‘worse than’’. For example, if you feel a little tired, 
you may rank yourself as feeling the ‘‘same as slightly pooped’’. The ten 
statements are listed below, while a formatted checkcard can be found 
in Fig.  A.3.

1. Very lively
2. Extremely tired
3. Quite fresh
4. Slightly pooped
5. Extremely peppy

6. Somewhat fresh
7. Petered out
8. Very refreshed
9. Fairly well pooped
10. Ready to drop

The USAF checkcard is scored by summing each response. Any ‘‘bet-
ter than’’ responses are worth 2 points each, ‘‘same as’’ responses are 
worth 1 point each, and ‘‘worse than’’ responses are worth zero points. 
This scoring system results in a score somewhere between 0 and 20, 
with lower scores indicating higher levels of perceived fatigue (Storm, 
1983).

A.2. Stanford Sleepiness Scale

The Stanford Sleepiness Scale (SSS), developed by Hoddes et al. 
(1972) in 1972, has been validated as measuring perceived (subjective) 
sleepiness (Hoddes et al., 1972, 1973). In this case, the participant is 
given a scale with seven levels of ‘sleepiness’, where they must select 
the level that best reflects their current state. The scale is shown below, 
while a formatted scale is shown in Fig.  A.4.
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Fig. A.4. The Stanford Sleepiness Scale, modeled on the original scale seen in Hoddes et al. (1973).
Fig. A.5. The NHRC mood scale, modeled on the original scale seen in Johnson and Naitoh (1974) and Angus and Heslegrave (1985).
1. Feeling active and vital; alert; wide awake.
2. Functioning at a high level, but not at peak; able to concentrate.
3. Relaxed; awake; not at full alertness; responsive.
4. A little foggy; not at peak; let down.
5. Fogginess; beginning to lose interest in remaining awake; slowed 
down.

6. Sleepiness; prefer to be lying down; fighting sleep; woozy.
7. Almost in reverie; sleep onset soon; lost struggle to remain 
awake.

The SSS test is scored by assigning an integer value to the ‘sleepi-
ness’ level that has been selected. The scale ranges from 1 to 7, with 1 
being associated with the top-most level (‘‘Feeling active and vital; alert; 
wide awake’’.) and 7 associated with the bottom-most (‘‘Almost in reverie; 
sleep onset soon; lost struggle to remain awake’’.) (Hoddes et al., 1973).

A.3. NHRC mood

The U.S. Naval Health Research Center’s Mood Scale (NHRC Mood), 
developed by a San Diego based Navy research group, has been val-
idated as measuring mood changes associated with lack of sleep or 
fatigue (Angus and Heslegrave, 1985; Johnson and Naitoh, 1974). The 
test contains 29 mood-related items, 19 positive (e.g. ‘‘active’’, ‘‘alert’’, 
‘‘carefree’’) and 10 negative (e.g. ‘‘annoyed’’, ‘‘defiant’’, ‘‘drowsy’’). 
Dependant on how the participant is feeling at the time of the test, 
each item must be marked as ‘‘not at all’’, ‘‘a little’’, ‘‘quite a bit’’, or 
‘‘extremely’’. The mood-related items are shown in Fig.  A.5.

The NHRC test is scored by associating an integer value to each 
of the responses. ‘‘Not at all’’ responses are assigned a score of 0, ‘‘a 
little’’ responses are assigned a score of 1, ‘‘quite a bit’’ are assigned a 
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score of 2, and ‘‘extremely’’ are assigned a score of 3. The responses 
from the positive mood-related items should be summed to determine 
the positive (pos) score, while the responses from the negative items 
are summed to determine the negative (neg) score. Both positive and 
negative items were included in the test, as Johnson and Naitoh (1974) 
found that different subjects tended to be more or less reluctant to 
answer with positive or negative responses. For example, where mil-
itary personnel were reluctant to admit negative feelings but willing 
to admit positive responses, university students showed the opposite 
approach (Johnson and Naitoh, 1974). As such, the inclusion of both 
positive and negative items accommodates for different personality 
types. It is recommended that the two scores not be combined but in-
stead be used separately. A lower positive score, and/or higher negative 
score, indicates higher levels of fatigue. A higher positive score, and/or 
lower negative score, indicates lower levels of fatigue.

A.4. Simple Reaction Time

The Simple Reaction Time test (SRT) is an objective fatigue test 
that measures reaction speed. It requires the participant to respond 
to a stimulus as quickly as possible (Deary et al., 2011). There are 
several different versions of this test, from catching a falling ruler and 
measuring the distance between the start of the ruler and where it 
was caught (Aranha et al., 2015), to computerized tests that show a 
stimulus on the screen and record the time it takes for the participant 
to react by pushing a button. This test is now most often adminis-
tered on a computer. However, this has resulted in numerous version 
of the test being developed, including both mobile applications and 
computer programs, which researchers have found makes comparisons 
difficult (Deary and Der, 2005; Der and Deary, 2006). As such, Deary 
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Fig. A.6. The Deary–Liewald Simple Reaction Time (SRT) test.
Fig. A.7. The Deary–Liewald Choice Reaction Time (CRT) test.
et al. (2011) developed a freely available testkit called ‘‘The Deary–
Liewald Reaction Time Task’’.5 This test kit has been validated in a 
study involving 150 participants, where the performance of the Deary–
Liewald Reaction Time Task was compared with the performance of 
an existing, widely used reaction time device. The results found that 
the testkit performed reliably, with a high correlation to the existing 
device (Deary et al., 2011).

The Deary–Liewald Reaction Time Task includes a Simple Reaction 
Time test and a 4-Choice Reaction Time test. The Simple Reaction Time 
test consists of a simple white square placed on a blue background, as 
shown in Fig.  A.6(a). The stimulus is a black ‘X’ which appears within 
the square, as shown in Fig.  A.6(b). The participant is required to press 
any key as quickly as possible after the stimulus appears. The stimulus 
remains on screen until the participant presses a key. If the participant 
presses a key while there is no stimulus present, it is recorded as 
a ‘false start’. This continues for (default) 20 iterations, with a wait 
(inter-stimulus interval) of between 1000 and 3000 ms between each 
iteration. The Deary–Liewald SRT test records the reaction time of each 
iteration, any false starts, and the mean reaction time across the test.

A.5. Choice reaction time

The Choice Reaction Time test (CRT) is similar to the Simple Reac-
tion Time test, but with the further complication that the participant 
must respond correctly to one of a number of stimuli (Deary et al., 
2011). Again, there are many versions of this test. One approach 
involves two stimuli, for example, one arrow on the left hand side of the 
screen and another on the right. In this case the participant is required 
to click either the left or right button, dependant on the stimuli that is 
shown (Sharma, 2013). Another approach involves four stimuli, where 
the participant is required to press one of four buttons, dependant on 
the stimuli that is shown. Like the SRT test, this variation in versions 
can make it difficult to draw comparisons (Deary and Der, 2005; Der 
and Deary, 2006). As such, the Deary–Liewald Reaction Time Task also 
includes a 4-Choice Reaction Time test.

5 https://datashare.ed.ac.uk/handle/10283/2085.
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The Deary–Liewald 4-Choice Reaction Time test consists of four 
simple white squares placed on a blue background, as shown in Fig. 
A.7(a). The stimulus is a black ‘X’ which appears in one of the four 
squares, as shown in Fig.  A.7(b). The participant is required to press 
the correct key as quickly as possible after the stimulus appears. The 
stimulus remains on screen until the participant presses a key. If the 
participant presses a key while there is no stimulus present, it is 
recorded as a ‘false start’. If the participant presses the wrong key while 
the stimulus is present, it is recorded as an ‘incorrect response’. This 
continues for (default) 40 iterations, with an inter-stimulus interval of 
1000 to 3000 ms between each iteration. The Deary–Liewald CRT test 
records the reaction time of each iteration, any false starts or incorrect 
responses, and the mean reaction time across the test.

A.6. Psychomotor Vigilance Task

The Psychomotor Vigilance Task (PVT) (Dinges et al., 1997; Dinges 
and Powell, 1985) is a sustained reaction time task. It is similar to 
the SRT test, in that it requires a participant to respond to a single 
stimulus as quickly as possible. However, where SRT and CRT tend 
to repeat for a short number of iterations (e.g. 20 or 40), the PVT 
test is run for a sustained period of time (5 to 10 min, depending on 
the version). It is understood that the sustained duration of the PVT 
allows for the detection of neuro-behavioral effects of fatigue (Goel 
et al., 2015). The PVT test originated as a physical, hand-held device, of 
which the ‘‘PVT-192’’ device was considered the gold standard (Khitrov 
et al., 2014). However, as with SRT and CRT, the PVT test has also been 
developed into multiple computer-based versions, one of which is the 
‘‘PC-PVT’’ (Reifman et al., 2018).

PC-PVT is a PVT test that has been developed and validated for use 
on a personal computer (PC) (Khitrov et al., 2014). This version consists 
of a simple black background. The stimulus is a red number which 
appears in the center of the screen and counts up in milliseconds, as 
shown in Fig.  A.8. The participant is required to click the mouse button 
as quickly as possible after the stimulus appears. The stimulus remains 
on screen until the participant clicks the mouse. If the participant clicks 
the mouse button while there is no stimulus present, it is recorded as a 
‘false start’. If the participant takes more than 500 ms to respond, it is 

https://datashare.ed.ac.uk/handle/10283/2085
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Fig. A.8. The PC-PVT Psychomotor Vigilance Task.

recorded as a ‘minor lapse’. If the participant takes more than 1000 ms 
to respond, it is recorded as a ‘major lapse’ (Reifman et al., 2018). This 
continues for a duration of 10 min. The PC-PVT test records the reaction 
time of each response, any false starts, minor lapses, and major lapses, 
and the mean reaction time across the test.

Appendix B. Case study 1: Participant diary

 Day Date Time Location Description
 Mon 21/09/20 8:00 Office Feeling a little foggy. 

Morning went well, woke 
up on time, no stress with 
getting ready etc. 

 

 Mon 21/09/20 10:00 Lab Distractions. Organizing 
from 8 to 9, marking from 
9 to 10. Feeling time 
pressured and a little 
stressed but more awake 
than this morning. 

 

 Mon 21/09/20 12:00 Office Feeling pretty good. 
Marking from 10–11, 
emails and student zoom 
meetings from 11–12. 
Feeling some time pressure.

 

 Mon 21/09/20 14:00 Office Feeling okay. Supervised a 
lab, met with <name>, had 
a late lunch. Frustrated. 

 

 Mon 21/09/20 16:00 Office Starting to feel drained. 
Uploaded week 9 material 
and assignment 7 to 
moodle, and assigned 
students to groups and 
answered emails. 

 

 Mon 21/09/20 18:00 Home Feeling okay. Finished 
work, did dishes and 
rubbish. Cooked dinner. 

 

 Tues 22/09/20 8:00 Office Feeling good. Morning 
went well, woke up on 
time, no stress with getting 
ready etc. 

 

 Tues 22/09/20 10:00 Office Feeling good. Answered 
student emails, rearranged 
<paper>groups. 

 

 Tues 22/09/20 12:00 Office Feeling a bit pooped. 
Answered student queries, 
attended <paper>lab. 
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  Tues 22/09/20 14:00 Office Feeling pretty pooped. Had 
lunch, ran workshop. 

 

 Tues 22/09/20 16:00 Car Feeling very pooped. Had 
office hours, drove to 
meeting. 

 

 Tues 22/09/20 18:00 Home Feeling amped but tired. 
Met with <name>, signed 
house papers, drove home, 
cooked dinner. 

 

 Wed 23/09/20 8:00 Office Feeling good - a little 
foggy. Morning went well, 
woke up on time, no stress 
with getting ready etc. 

 

 Wed 23/09/20 10:00 Office Feeling stressed and under 
time constraint. Hicchups. 
Just completed a workshop. 

 

 Wed 23/09/20 12:00 Office Feeling okay. Less stressed 
now. Spent the last hour 
and a half answering 
student queries and setting 
up devices. 

 

 Wed 23/09/20 14:00 Office Feeling okay - a little 
pooped. Last two hours 
spent having lunch and 
meeting with student 

 

 Wed 23/09/20 16:00 Office Feeling pretty pooped. 
Spent the last two hours 
working on the paper. 

 

 Wed 23/09/20 18:00 Home Feeling pooped but happy. 
Left work, drove to shops, 
got home and did test 

 

 Thurs 24/09/20 8:00 Office Feeling okay – a little 
foggy. Morning went well, 
woke up on time. A little 
stress in taking <name>to 
school, Thursday is a late 
start for her.

 

 Thurs 24/09/20 10:00 Office Quite tired already! Spent 
the last two hours 
answering student emails 
and working on the 
incident data paper. 

 

 Thurs 24/09/20 12:00 Office Feeling really tired! Have a 
headache. Spent the last 
two hours meeting with 
<name>and formatting 
data. 

 

 Thurs 24/09/20 14:00 Office Feeling a little tired but not 
as bad as earlier. Had lunch 
and supervised a lab. 

 

 Thurs 24/09/20 16:00 Office Feeling really tired again! 
Pretty pooped. Spent the 
last two hours meeting 
with <name>and working 
on the paper. 

 

 Thurs 24/09/20 18:00 Home Absolutely exhausted! Did 
workshop then came home, 
did the dishes and ordered 
dinner. 

 

 



J.L. König et al. Safety Science 192 (2025) 106958 
  Fri 25/09/20 8:00 Car On site at the forest. Woke 
up at 3.30 so early start but 
I am feeling pretty fresh. 

 

 Fri 25/09/20 10:00 Car Parked up at the lake. 
Feeling a bit tired now but 
still good. Spent the last 
hour and a half on site 
watching the guys work, 
then creating a marking 
schedule. 

 

 Fri 25/09/20 12:00 Car Parked by a lake. Feeling 
really tired. The early 
morning has defiantly 
caught up to me. Wrote a 
marking schedule and had 
the staff meeting.

 

 Fri 25/09/20 14:00 Car Driving away from the site 
(<name> driving). Tired 
but not as bad as earlier. 
Spent the last 2 h having 
lunch and then heading 
back to spend some more 
time on site. 

 

 Fri 25/09/20 16:00 Home Absolutely exhausted! 3:30 
am wake up has made me 
feel exhausted. Drove back 
to Hamilton (<name> 
driving) and headed home. 

 

 Fri 25/09/20 18:00 Home It appears that I was so 
tired that I forgot to fill in 
this diary entry. I did 
conduct the tests though.

 

Appendix C. Case study 2: Subjective results

 Participant Session USAF SSS NHRC pos NHRC neg
 P1 1 17 2 53 2  
 P1 2 17 1 51 2  
 P1 3 17 1 53 3  
 P2 1 13 3 38 5  
 P2 2 9 4 45 9  
 P2 3 20 1 52 0  
 P3 1 14 2 33 2  
 P3 2 14 1 37 0  
 P3 3 14 1 35 0  
 P4 1 16 2 30 0  
 P4 2 17 2 33 0  
 P4 3 17 3 29 1  
 P5 1 10 4 30 9  
 P5 2 11 3 33 7  
 P5 3 9 3 30 8  
 P6 1 9 3 22 11  
 P6 2 14 2 41 5  
 P6 3 17 1 42 0  
 P7 1 10 4 21 5  
 P7 2 7 5 14 9  
 P7 3 5 5 9 10  
 P8 1 15 5 41 5  
 P8 2 10 3 47 24  
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  P8 3 15 1 52 2  
 P9 1 3 5 26 12 
 P9 2 15 2 43 0  
 P9 3 13 2 46 0  
 P10 1 15 2 26 2  
 P10 2 14 2 27 3  
 P10 3 13 2 17 0  
 P11 1 14 3 24 0  
 P11 2 16 5 22 11 
 P11 3 14 2 31 3  
 P12 1 12 3 41 7  
 P12 2 15 3 41 7  
 P12 3 15 3 28 8  
 P13 1 11 4 19 6  
 P13 2 12 3  
 P13 3 12 3 22 5  
 P14 1 6 3 27 4  
 P14 2 16 2 30 3  
 P14 3 12 6 15 5  
 P15 1 12 3 29 2  
 P15 2 12 4 11 6  
 P15 3 11 4 20 7  
 P16 1 9 3 29 3  
 P16 2 12 2 45 0  
 P16 3 9 2 41 0  
 P17 1 13 3 34 6  
 P17 2 13 3 29 6  
 P17 3 14 3 28 2  
 P18 1 11 3 27 5  
 P18 2 10 2 39 5  
 P18 3 5 3 41 5  
 P20 1 5 5 28 15 
 P20 2 12 3 39 12 
 P20 3 12 2 35 13 
 P21 1 11 3 38 7  
 P21 2 15 1 43 0  
 P21 3 15 1 52 2  
 P22 1 12 6 16 9  
 P22 2 10 22 13 
 P22 3 10 rule 22 9  
 P23 1 15 3 22 0  
 P23 2 15 2 37 0  
 P23 3 19 1 37 0  
 P24 1 13 2 37 6  
 P24 2 13 3 29 9  
 P24 3 7 7 25 13 
 P25 1 14 2 37 0  
 P25 2 15 1 42 0  
 P25 3 12 3 33 4  
 P26 1 7 3 29 7  
 P26 2 8 4 16 15 
 P26 3 14 2 27 7  
 P27 1 13 3 23 2  
 P27 2 10 3 21 8  
 P27 3 12 3 26 3  
 P28 1 12 3 55 14 
 P28 2 8 42 6  
 P28 3 8 41 6  
 P29 1 6 3 37 9  
 P29 2 13 2 38 11 
 P29 3 7 1 38 5  
 P30 1 8 3 21 6  
 P30 2 9 4 17 11 
 P30 3 3 5 10 16 
 P31 1 9 3 34 6  
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  P31 2 13 3 33 10 
 P31 3 6 5 27 11 
 P32 1 6 5 24 14 
 P32 2 20 1 41 4  
 P32 3 13 2 14 10 
 P33 1 9 2 23 12 
 P33 2 8 3 19 15 
 P33 3 16 1 32 7  

Appendix D. Case study 2: Objective results

 Participant Session SRT
mrt

SRT
fs

CRT
mrt

CRT
fs

PVT
mrt

PVT
fs

 

 P1 1 281.90 0 477.63 0 315.80 0  
 P1 2 313.35 0 448.97 1 327.72 1  
 P1 3 296.60 1 464.95 1  
 P2 1 310.55 1 595.80 0  
 P2 2 300.65 0 532.58 0 327.42 1  
 P2 3 348.50 0 544.58 0 405.51 0  
 P3 1 406.90 0 561.75 0 336.10 1  
 P3 2 372.25 1 478.92 1 386.11 0  
 P3 3 340.30 1 429.35 1 393.21 1  
 P4 1 329.00 0 395.51 1 314.16 0  
 P4 2 317.80 0 394.84 1 350.10 1  
 P4 3 340.25 0 416.17 3 355.72 0  
 P5 1 285.10 0 414.53 1  
 P5 2 321.40 0 419.86 1 319.51 0  
 P5 3 335.15 0 445.08 0 328.77 1  
 P6 1 313.90 0 465.00 1 316.86 0  
 P6 2 320.95 0 398.87 0 314.11 1  
 P6 3 284.05 0 407.65 0 317.67 4  
 P7 1 301.65 0 454.97 0 304.40 0  
 P7 2 298.00 0 505.40 0 314.84 0  
 P7 3 319.00 0 514.34 0 331.23 0  
 P8 1 316.95 0 585.03 0 326.25 0  
 P8 2 326.55 1 608.45 0 346.44 3  
 P8 3 346.00 0 533.08 0 346.52 0  
 P9 1 300.45 0 478.54 0 290.14 0  
 P9 2 296.40 0 453.60 0 274.24 1  
 P9 3 298.35 0 465.59 0 274.50 0  
 P10 1 320.90 0 490.38 0 295.32 3  
 P10 2 290.65 0 533.16 1 300.01 0  
 P10 3 294.65 0 513.31 1 293.60 0  
 P11 1 349.60 0 565.68 0 310.26 3  
 P11 2 354.35 1 609.95 0 339.26 2  
 P11 3 342.85 0 576.88 0 308.72 2  
 P12 1 351.55 1 482.08 1 310.38 1  
 P12 2 335.70 0 459.49 0 309.81 0  
 P12 3 352.15 0 490.89 1 366.02 0  
 P13 1 282.70 0 447.15 0  
 P13 2 298.00 0 473.24 1 300.33 0  
 P13 3 334.90 0 446.90 0 302.70 3  
 P14 1 417.45 0 566.88 0 409.16 0  
 P14 2 448.90 1 505.72 0 401.79 0  
 P14 3 371.05 0 515.33 0 399.46 0  
 P15 1 291.70 0 462.22 2 285.79 0  
 P15 2 326.45 1 427.16 2 295.91 0  
 P15 3 327.50 1 442.21 0 291.87 0  
 P16 1 255.25 0 389.95 0 253.99 0  
 P16 2 264.25 1 408.58 0 240.65 1  
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  P16 3 258.25 0 394.54 1 245.49 1  
 P17 1 310.95 0 507.65 0 338.83 0  
 P17 2 344.95 0 499.00 0 333.72 0  
 P17 3 381.90 0 516.20 0 337.59 1  
 P18 1 336.85 0 434.05 0 303.24 0  
 P18 2 315.90 0 401.82 1 330.39 0  
 P18 3 301.20 1 446.40 2 356.49 0  
 P20 1 343.20 0 738.05 0 337.38 0  
 P20 2 360.15 1 726.95 0  
 P20 3 345.75 2 688.18 0 325.04 3  
 P21 1 294.20 1 525.13 0 310.99 1  
 P21 2 345.55 0 523.10 0 311.06 0  
 P21 3 321.85 0 546.55 0 290.19 0  
 P22 1 387.15 0 491.05 0 418.51 1  
 P22 2 356.35 1 599.68 0 395.10 0  
 P22 3 395.65 0 483.25 0 375.70 1  
 P23 1 278.80 1 422.87 1 267.76 1  
 P23 2 277.20 0 404.08 4 272.90 0  
 P23 3 284.20 0 411.95 1 265.81 3  
 P24 1 335.75 0 433.72 0 326.38 0  
 P24 2 315.10 0 443.10 0 315.46 0  
 P24 3 347.90 0 485.42 0 325.59 1  
 P25 1 282.70 0 448.65 0  
 P25 2 283.65 0 455.53 0 306.08 0  
 P25 3 315.35 0 434.67 0 327.07 0  
 P26 1 373.65 0 503.61 2 340.71 0  
 P26 2 344.00 0 463.53 3 344.74 0  
 P26 3 347.70 0 457.61 3 401.25 0  
 P27 1 300.40 0 458.05 0 293.90 0  
 P27 2 321.10 0 462.63 0 293.14 0  
 P27 3 284.85 0 377.86 2 263.31 1  
 P28 1 335.55 1 515.55 0 469.33 0  
 P28 2 374.05 0 616.35 0 469.60 0  
 P28 3 430.55 0 558.41 0 504.49 1  
 P29 1 304.60 0 441.59 0 305.66 2  
 P29 2 289.75 0 439.56 0 301.84 2  
 P29 3 294.60 0 446.85 0 307.07 0  
 P30 1 311.95 0 487.33 0 348.43 2  
 P30 2 333.65 0 488.45 0 280.15 0  
 P30 3 371.95 2 501.03 0 385.57 0  
 

 P31 1 301.80 0 388.78 0 303.86 1  
 P31 2 309.00 0 386.28 1 254.73 0  
 P31 3 302.75 0 419.66 2  
 P32 1 289.30 0 502.85 0 288.52 0  
 P32 2 302.80 0 585.32 1 294.71 1  
 P32 3 326.55 1 560.34 1 293.32 0  
 P33 1 378.30 0 484.45 0 364.12 0  
 P33 2 358.05 0 483.62 0 345.86 0  
 P33 3 399.80 0 523.77 0 345.76 0  

Data availability

Data will be made available on request.
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