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Abstract. The present research investigated the relationship between workload,
fatigue, and sleep quality of physicians and nurses in psychiatric hospitals by
conducting a cross-sectional survey and a diary study. Both studies were
conducted in China in early 2021, investigating the effect of workload on
fatigue and sleep quality among psychiatric staff in a real-life setting. Study 1
was a cross-sessional survey, investigating 334 responses from physicians and
nurses in five psychiatric hospitals, and Study 2 was a diary study examining
the association between workload, fatigue and sleep quality in the working
week of 48 psychiatric staff. The findings from the first study showed that the
staff reported a high workload, and fatigue and poor sleep quality were very
prevalent. Workload was the strongest predictor of fatigue. In the diary study,
workload and fatigue increased over the week, and sleep quality declined. This
research has identified the importance of studying workload and its effects on
psychiatric staff.
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1 Introduction

1.1 Mental Workload

Mental workload has been widely studied in both laboratory [1,2] and occupational
settings [3,4,5]. Workload is a multi-dimensional concept involving time, task input
load, operator effort, performance or other outcomes [6]. Wickens [7] stated that
workload is defined by human's limited resources available for mental processing. It
is considered as a mental construct of an "intervening variable" [8], reflecting the
interaction of mental demands imposed on operators by tasks they are involved in [9].
Despite no clearly defined definition of mental workload, it is commonly accepted as



'the volume of cognitive work necessary for an individual to accomplish a task over
time' [10,11,12].

Mental workload can be assessed by using self-report measures, task variables and
physiological outcomes. Although fundamental research often requires comparing
subjective and objective workload, the subjective measure can generally be
considered sufficient [9,10]. The NASA-Task Load Index (NASA-TLX) and the
Subject Workload Assessment Technique are well-known self-assessment tools for
mental workload. Recently, the single-item measure of workload was also confirmed
to be reliable and valid, and it was able to predict fatigue and wellbeing of workers
and students [13,14,15].

Compared with different occupational groups, healthcare workers reported higher
workloads and higher levels of effort [16]. The workload of physicians and nurses
was a combination of time spent, mental effort and judgment, technical skill and
physical effort, and perceived psychological stress while providing medical services
[17]. Several previous studies [18,19,20] found that mental workload was the highest
valued dimension among healthcare workers when using the NASA-TLX to measure
multi-dimensional workload in a hospital. The continually evolving human-system
interactions in healthcare require learning, processing new data inputs, and substantial
adaptation by staff, leading to further mental costs [20]. As in general hospitals,
physicians and nurses in psychiatric hospitals work under a high mental workload.
However, there is very little relevant literature focused on psychiatric staff.

1.2 Occupational Fatigue

Occupational Fatigue is a common problem among workers. It represents a state of
"extreme tiredness and reduced functional capacity experienced during or at the end
of the workday" [21]. Fatigue's consequences mainly include impaired cognitive and
skilled performance, negative mood, low wellbeing, physical and mental ill-health. In
an occupational setting, fatigue can be considered the outcome of high workload,
overtime work, low job support and control, shiftwork, poor work environment, or the
combined effect of these factors [13,22].

Healthcare workers usually experience heavy workloads and shiftwork and, thus,
suffer from high occupational fatigue. They report higher mental fatigue than physical
fatigue [23]. The central role of fatigue in impairing their work performance has been
supported by research using subjective measures, objective measures, or both
[23,24,25,26]. In China, healthcare workers were listed as one of the most vulnerable
work populations to occupational fatigue, followed by taxi drivers and police officers
[27]. Existing literature on healthcare workers in China shows that fatigue is
associated with workload and shift schedules and results in psychological withdrawal
[28]. A study among surgery nurses showed that perceived fatigue was higher when
working with a high workload [29].

Compared with general hospitals, physicians and nurses in psychiatric hospitals
have a higher fatigue risk [30]. They have specific work characteristics, work
environment, and service targets, which increases their psychological load [31]. Dong
et al. [32] found that the fatigue phenomenon among staff in the closed management
ward of the psychiatric department or hospital was severe and widespread, and the



leading causes for their fatigue include shiftwork, age, and the high-risk nature of the
work itself. Psychiatric staff provide medical and nursing services to patients who
have mental illnesses or mental disorders. At any time, they may be wounded or be
injured, break facilities, escape from the ward, and even commit suicide. Accidents
caused by patients such as lost property, infection, and accidental falls may also cause
conflict between staff and the patients or their families. These will directly affect the
psychiatric staff and put them under considerable mental pressure. Psychiatric staff
were found to have a high level of mental and emotional exhaustion and be prone to
negative emotions, which leads to increased fatigue [33], although individual
differences such as personality have been suggested to affect the level of their fatigue
[30]. It is apparent that there is insufficient research on workload and fatigue of
psychiatric staff, and the association between them should be further studied.

1.3 Sleep

Quality of sleep guarantees work efficiency and helps recovery from fatigue. Vice
versa, insufficient and inadequate sleep reduces work performance [34], can induce
headaches and the feeling of fatigue [35]. Healthcare workers have a high incidence
of sleep problems, reduced opportunities for sleep with minimal recuperation time, all
of which contribute to their sleep problems and impairments in physical, cognitive,
and emotional functioning [36,37]. Previous studies have also found an association
between occupational fatigue and sleep quality in healthcare professionals [37,38,39].
The sleep of psychiatric healthcare workers has rarely been studied. Li et al. [31]
showed that high fatigue and poor sleep quality were frequent among psychiatric staff.
Recently, sleep disorders in psychiatric staff were found to be associated with
impaired cognitive performance [40].

Sleep quality can be assessed by using subjective measurements, objective
outcomes, or both. The subjective measurements include the Pittsburgh Sleep Quality
Index scale (PQSI), sleep diary, and Morningness-Eveningness Questionnaire (MEQ).
The Pittsburgh Sleep Quality Index scale (PQSI) is a commonly accepted
standardised questionnaire developed by Buysse[41], which appraises sleep quality
and differentiates "good sleepers" and "poor sleepers". The objective measurements
include polysomnography (PSG) and actigraphy. In the current research, the Chinese
version of PQSI [42] assessed sleep quality in the occupational setting.

1.4  Rationale of the present research

It is necessary to establish a work and sleep quality profile among physicians and
nurses working in psychiatric hospitals before further fatigue management. The
research described in the current paper aimed to examine the relationships between
workload, fatigue, and sleep quality of physicians and nurses in psychiatric hospitals.
It also aimed first to investigate the predictors of occupational fatigue among them,
using the Demands, Resources, and Individual Effects (DRIVE) model [43] as the
framework. The present study contributed to widening the research results in the field
of workload analysis by collecting real data in an everyday setting, by translating the



research tools into Chinese, by testing that these tools are usable even in a different
language and culture.

This research consisted of two studies, a cross-sectional survey and a diary study
conducted in Maoming City in China. Study 1 involved a survey of reported mental
workload, fatigue and sleep quality among doctors and nurses of the psychiatric
hospital, utilising the Smith Wellbeing Questionnaire (SWELL) and the Pittsburgh
Sleep Quality Index Scale (PSQI). Study 2 was a diary study that forty-eight
psychiatric doctors and nurses completed at the start and end of the first and last day
of their working week. The main items included in the diary were sleep duration,
sleep quality, alertness before work, workload, and fatigue after work. It should be
noted that the COVID-19 cases in that region of China were at zero for three months
before and during data collection.

The remainder of this paper is structured as follows. Section 2 describes the
methods and materials, the results and a summary of Study 1, while Section 3
describes Study 2. Section 4 discusses the results, highlights the contribution of
current research and suggests future work. Section 5 summarises the main
conclusions of this paper.

2 Studyl1

2.1 Methods

Participants. Participants were physicians and nurses recruited from five public
psychiatric hospitals in Maoming City, Guangdong Province, China. A total of 360
paper questionnaires were distributed from January to February 2021, and 334 valid
questionnaires were returned with a response rate of 92.78%. The criteria for valid
questionnaires were those with no obvious errors or omissions of two or more items.
These participants were either nurses (N = 216, 64.7%) or physicians (N = 118,
35.3%) in psychiatric hospitals, with a mean age of 36.78 years (SD = 8.29, minimum
19yr, maximum 55yr). 60.18% of them were female (N = 201). The School of
Psychology Research Ethics Committee at Shenzhen University reviewed and
approved this study.

Materials. The survey included questions about demographics, the SWELL
questionnaire, and the PSQI questionnaire. Demographic information included
gender, age, years of work, job role, commuting time, and weekly working hours.

The SWELL questionnaire was developed by Smith and Smith [44] and has been
used in previous studies in the real-life occupational setting to assess workload,
fatigue and wellbeing [3, 13, 14]. It consists of twenty-six single-item questions, some
of which were chosen from the Wellbeing Process Questionnaire (WPQ) [45], and
took approximately 10 minutes to complete. Most of the questions were on a 10-point



scale, and the remaining were Yes/No answers. Such single-item measures were valid
and reliable [13,46], allowed identification of the overall risks, saved time and
brought convenience to this field study [3]. In the current study, workload and fatigue
were the main variables of interest.

This survey was translated into Chinese using both forward and backward
translations. Two researchers who were proficient in both English and Chinese
performed the forward translation that translates the English version of SWELL into
Chinese. An independent translator who did not know the assessment then performed
the backward translation process. Comparison between the original English and the
backward translated English versions were then carried out, and any discrepancies
were discussed before any final adjustments were made to the questionnaire. The
Chinese version of SWELL was piloted in January 2020 before it was used in the
present study.

PSQI is a standardised self-reported questionnaire that assesses sleep quality over a
one-month interval. It has been widely used and translated for use with Chinese
samples. The PSQI included 19 items that generate seven factors: subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use
of sleep medication, and daytime dysfunction. The sum of these factors (a global
PSQI score), ranging from 0 to 21, indicates good or poor sleep quality. A higher
score indicates worse sleep quality. In China, the standard global PSQI threshold is 8
[42], and a global score > 8 means poor sleep quality and potential sleep problems in
a Chinese adult.

Procedure. The paper information sheet and informed consent form were distributed
by researchers with permission and assistance from the hospitals. The purpose,
significance and theme of the survey were explained in the information sheet, and
participants were informed that they had the right to answer a paper questionnaire
voluntarily and withdraw from the survey at any point. The paper survey was handed
to participants after they signed the consent form. A pilot study was conducted to
revise any potential problems with the Chinese version of these questionnaires before
the formal survey started.



Analyses. Data analysis was carried out using SPSS 26. Pearson correlation was used
to examine the associations between workload, fatigue and sleep quality, and logistic
regression to investigate the predictors of occupational fatigue of psychiatric staff.

2.2  Results

Descriptive. Participants had a mean workload score of 7.40 + 0.70 and a mean
occupational fatigue score of 7.38+0.69, both of which showed a high level according
to single-item measurements. The average PQSI global score was 9.51 + 2.66, and
74.9% of participants had a score above 8, meaning their sleep quality was worse than
that of Chinese adults in general.

Associations between Workload, Fatigue and Sleep Quality. Pearson correlation
was used to investigate the association between workload, fatigue and sleep quality
(shown in Table 1). Workload showed significant correlations with fatigue (r = .831,
p < .01) and the sleep global score (r = .213, p < .01), with high levels of workload
being associated with high levels of fatigue and poor sleep quality. Fatigue also
showed a significant correlation with global sleep scores (r = .227, p < 0.01), with a
higher level of fatigue associated with poorer sleep quality. Both workload and
fatigue were significantly correlated with six of the seven PSQI factors, including
subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep
disturbances, and daytime dysfunction, all p < 0.05. There was no significant
association found between either workload or fatigue and the use of sleep medication.

Table 1. Correlation between workload, fatigue and sleep variables.

Heading level @) 2) 3) “) 5) (6) (@) ®) 9 (10)

Workload (1) 1

Fatigue (2) 8317 1
Subjective Sleep  .145™ .155™ 1
Quality (3)

Sleep Latency (4) .192"" .244™ 400" 1
Sleep Duration d14° 0 .062 192" 267 1

)

Habitual Sleep 108 .119° 211" 356™ .526™ 1

Efficiency (6)

Sleep JA20% 143" 4027 430" 2017 1977 1

Disturbances (7)

Use of Sleep 093 097 378 334" 212" 238" 4147 1
Medication (8)

Daytime 2117 207" 672 506" 274 402" 5137 473" 1
Dysfunction (9)

Sleep Global 213 227" 706" 728™ 5477 6377 6217 615" .834™ 1
Score (10)

#p<0.05, **p<0.01



Predictors of Fatigue. Logistic regressions were run to investigate the predictors of
fatigue. Variables scores were categorised into a high/low group using a median split.
The dependent variable was categorical fatigue (High/Low). The independent
variables included in the model were social-demographic variables (age and gender),
individual difference factors (personality and lifestyle) and work-related risk factors
(workload, job control and support, being exposed to noise at work, and being
exposed to fumes at work), in which age was continuous, and the rest of them were
categorical. The OR effect size for each of the I'Vs is shown in Table 2 below.

The results showed that workload was the strongest predictor of reported high
fatigue with an odds ratio of 86.234 (p <.001), which indicated that participants who
reported a high workload were over eighty times more likely to report a high level of
fatigue than those reporting a low workload after controlling social demography and
individual difference factors in the model. No significant contribution from other
work-related risk factors was found in this model.

Table 2. Odds ratio of IVs on fatigue.

Variables Odds Ratio 95% C. I for Odds Ratio
Social Demographics
Age 1.040 [0.986, 1.098]
Gender 1.216 [0.499, 2.966]
Personal Characteristics
Personality (Negative) 1.545 [0.493, 4.842]
Lifestyle (Unhealthy) 0.803 [0.260, 2.477]
Work Characteristics
Workload (High) 86.234™ [40.235, 184.820]
Job support and control (Low) 0.994 [0.451,2.189]
Noise (High) 0.590 [0.262, 1.327]
Fumes (High) 1.441 [0.610, 3.402]

" p<0.05, **p<0.001

2.3  Summary

Fatigue and poor sleep quality were the general problems in physicians and nurses
working in psychiatric hospitals. The majority of the participant report high
workloads and suffering from fatigue and sleep problem. 74.9% of the participant had
their PSQI global score over 8, the standard threshold in China [42], indicating that
their sleep quality was generally worse than that of normal Chinese adults. The
present study showed that the associations between workload, fatigue and sleep



quality were significant, and with a higher workload, participants reported higher
fatigue and more inferior sleep quality.

According to the DRIVE model, the predictors of fatigue were investigated by
using logistic regression. The workload was the strongest and the only work-related
predictor of occupational fatigue in the psychiatric industry. Participants who reported
a high workload were over eighty times more likely to report a high level of fatigue
than those reporting a low workload after controlling social demography and
individual difference factors.

3  Study?2

3.1 Links between studies 1 and 2

Study 1 was a cross-sectional study using a sample of psychiatric staff, which
provided an overview of participants' workload, fatigue and sleep quality over recent
months. However, the short-term effect of workload on dynamic changes of fatigue
and sleep quality was still lacking; thus, a continuous exploration of workload,
fatigue, and sleep quality over a working week was needed. Study 2 was a diary study
aiming to explore further the relationships between workload, fatigue and sleep
quality over a working week. Participants recorded their sleep quality, occupational
fatigue, and workload within one working week in the present study. This study
aimed to demonstrate a relationship between workload, fatigue, and sleep quality to
confirm the results from study 1.

3.2 Methods

Participants. Participants were 48 psychiatric staff, 20 male (41.7%) and 28 female
(58.3%). The mean (£SD) age group was 36.21 (£9.49) years with a range of 19-53
years. The participants worked as doctors and nurses in one public psychiatric
hospital in Maoming City, China.



Materials. Smith and Smith [3] developed and validated the diary, including five
questions in the pre-work diary and five questions in the post-work diary. The pre-
work diary was completed immediately before work, and the post-work diary was
completed immediately after work, on the first and the last day of a working week (5
uninterrupted working days). The pre-work diary asked about sleep duration, sleep
quality, commute time, general wellbeing, and alertness. The post-work diary asked
about workload, effort, fatigue, stress, and break time (minutes). There were
additional questions in the post-work diary on the last day, which asked participants
whether their work task affects their sleep. If yes, participants were asked to provide
examples; if not, they were asked to list the primary factors they believed affected
their sleep.

Procedure. This study was conducted in March 2021. Participants in Study 1 were
informed about this diary study and provided an informed consent form to ask if they
would like to participate. If yes, they were asked to provide a start and end date for
their usual working week. On the first and the last working day in the agreed testing
week, participants were asked to complete a diary questionnaire under the required
time frame. This study was reviewed and approved by the Ethics Committee of the
School of Psychology, Shenzhen University.

Analysis. Data analysis was carried out using SPSS 26. Data were analysed using
paired-samples t-test and Pearson correlation.

3.3 Results

Descriptive. Forty-eight participants fully completed the diary, 41.7% were doctors,
and 58.3% were nurses. The range of their commute time was 15 minutes to 45
minutes, and the range of their rest time during work was between 120 to 180
minutes.

Perceived workload, fatigue, and sleep quality over the working week. Table 3
below shows the difference in sleep quality, subjective workload, and fatigue after
work between the first and last workdays. As is shown, Sleep quality decreased
during the week. Fatigue and subjective workload increased over the week.

Table 3. Descriptive Statistics for Mean of Variables.

Variables First Day Last Day

Mean S.D Mean S.D
Sleep Quality 6.63 .937 5.85 .684
Subjective Workload 6.71 .852 7.33 519

Fatigue after Work 6.85 .618 7.58 .647




A paired-samples t-test analysis was conducted to evaluate the impact of the
working week on participants' ratings on perceived workload, fatigue and sleep
quality.

There was a statistically significant decrease in sleep quality score from first
working day (M = 6.63, SD = .937) to last working day (M = 5.85, SD = .684), t(47)
=6.235, p <0.001 (two-tail). The mean decrease in sleep quality score was .771 with
a 95% confidence interval ranging from .522 to 1.020. The eta squared statistic (.45)
indicated a medium effect size.

Both fatigue and subjective workload were found to significantly increase from the
first working day to the last working day (fatigue: t(47) = -8.803, p < 0.001;
subjective workload: t(47) = -7.148, p < 0.001). The eta squared statistics for fatigue
(.62), and for subjective workload (.52) indicated large effect size.

Association between workload, fatigue, sleep quality and other variables. A
Pearson correlation was run to investigate the association between workload, fatigue
and sleep quality.

On the first day, workload was positively correlated with fatigue (r = .648, p <
.001) and stress (r = .371, p = .010) , and negatively correlated with rest time during
work (r = -.421, p = .003) at a statistically significant level. Fatigue was significantly
positively correlated with stress (r = .547, p < .001) and effort (r = .440, p = .002),
while negatively correlated with break time during work (r = -.535, p < .001). Sleep
quality showed a significant positive correlation with sleep duration (r = .634, p <
.001) and general feeling (r = .452, p < .001). No significant associations between
sleep quality and workload or fatigue were found.

On the last day, fatigue showed a significant positive correlation with stress (r =
369, p = .005) and effort (r = .420, p = .003). No other significant associations were
found.

The weekly change scores of variables were calculated using the last-day scores
minus the first-day work scores. The Pearson correlation result showed that the
change of perceived workload was significantly associated with fatigue change (r =
314, p = .030). The change in sleep quality was not found to be significantly
associated with either fatigue or workload.

In the post-work diary, participants were asked if their work tasks affected their
sleep on the last day. In this open question, 41 of the 48 participants stated that their
work-related factors affected their sleep. For example, they had too many patients
each day, spent time receiving patients or their family members' calls, or consulting
online during staff breaks, were assigned extra tasks by their supervisor, or had work
that needed to be completed during non-working hours. Seven participants believed
that work was not the most critical factor affecting their sleep, and the impact of work
was less substantial than the impact of family relationships or life stress on their sleep.
None of the respondents mentioned that COVID-19 brought them more mental
workload or impacted their sleep.



3.4 Summary

The present diary study aimed to explore the relationships between fatigue, workload
and sleep quality in realistic situations over a working week. The results showed that
within the working week, as the number of working days increased, the perceived
workload and fatigue increased, while the sleep quality deteriorated. These effects of
the working week were found to be significant. Similarly to study 1, workload and
fatigue showed a significant positive correlation in the present study. However, no
significant correlation was found between sleep quality and workload or between it
and fatigue.

4  Discussion

Occupational fatigue and poor sleep quality were common occupational issues among
working people, especially medical workers. Psychiatric medical staff, like other
workers in this industry, work under a high mental workload. However, there is very
little relevant literature focused on psychiatric staff. This research aimed to examine
the association between workload, occupational fatigue, and sleep quality of the
psychiatric medical staff. The present research included two studies: Study 1 was a
cross-sessional study using SWELL and PSQI, and study 2 was a diary study
conducted in Maoming City in China. Both two studies showed the associations
between workload, fatigue and sleep quality, supporting the hypothesis that workload
affects fatigue and sleep quality among psychiatric staff.

The finding of study 1 suggested that the majority of the psychiatric staff report a
high mental workload, which was in line with the previous studies of other healthcare
staff, either inside or outside China [16,28,29]. It is also in line with previous studies
using NASA-TLX to measure workload [18,19,20]. Meanwhile, they suffered from
fatigue and sleep problem with high self-reported ratings. It was not surprising that
the fatigue and poor sleep quality were frequent among psychiatric staff, with a higher
fatigue score and severe sleep problems, just as Li et al. [31] suggested. However, it
should be noticed that 74.9% of the participant in the present study had their PSQI
global score above the number 8, the standard threshold in China [42], indicating that
most of their sleep quality was generally worse than that of normal Chinese adults.

The findings showed clear associations between workload, fatigue and sleep
quality so that those with a higher workload reported higher fatigue and worse sleep
quality. In study 1, such correlations were significant. Although in study 2, the
associations between workload and sleep quality did not reach statistical significance,
the effect of workload was found to be significant for sleep quality, with self-reported
sleep quality scores significantly decreasing over the working week with a medium
effect size.

The qualitative data also supported the effect of workload on sleep. 41 of the 48
participants stated that work-related factors were affecting their sleep. The examples
they provided in the open question gave a detailed picture of the nature of their daily
work. These work-related factors influenced their sleep quality and included too many



patients each day, receiving patients or their family members' calls or consulting
online during staff breaks, and being assigned extra tasks by their supervisor. Further
research needs to investigate their non-working hours, as other participants believed
that work was not the most crucial factor affecting their sleep, and it was family
relationships or life stress that was affecting their sleep quality.

This research also aimed to investigate the main predictors of the occupational
fatigue of psychiatric staff, as there was limited literature concerned with fatigue in
this particular job. In study 1, workload was the strongest and only work-related
predictor of occupational fatigue in the psychiatric staff, partially supporting the
DRIVE model [43]. Participants who reported a high workload were over eighty
times more likely to report a high level of fatigue than those reporting a low workload
after controlling social demography and individual difference factors. In study 2, the
diary result showed a large effect size of weekly work on fatigue. Both studies
supported the hypothesis that workload affects fatigue and sleep quality among
psychiatric staff. These results bring more insight in understanding the relationship
between workload, fatigue and sleep quality among psychiatric staff and can be used
to back up initiatives to detect work-related fatigue quickly in order to provide
adequate support to the medical and psychiatric staff suffering from the workload and
take action to reduce the risks of ill-health and accidents.

An essential feature of the study was the use of single-item measures of workload
and fatigue. We translated the SWELL questionnaire[3] from its original English
version to the Chinese version by forward-translation and back-translation. Such
measurements are acceptable, manageable, can be further applied in field studies of
real-life settings, particularly in the medical workplace, as it allows us to identify risk
factors conveniently in a short time compared to multi-item measures. Detecting
work-related fatigue quickly will allow individuals to self-manage fatigue and allow
organisations to provide adequate support to the medical and psychiatric staff and to
take action to reduce the risks of ill-health and accidents.

4.1 Limitations

The unexpected results led to reflections on the limitations of this research. The
single-item measurement of sleep quality currently used in the diary study may have
its limitation. When the PSQI was used as a multi-item measurement in study 1, the
associations between sleep quality (its seven factors and the global score) and fatigue
was apparent. However, when a single-item measurement of sleep quality was used in
the diary study, no such associations were found. In the future, one could integrate the
objective measurement of sleep quality (e.g., actigraphy) and the single-item
measurement of sleep quality to further examine any potential bias. Furthermore, the
sample used in the present study was from psychiatric hospitals in one medium city in
China, which may limit the generalisation of the results to psychiatry staff working in
general hospitals or those with other cultural backgrounds.



5 Conclusion

Overall, the studies described in this article have shown that psychiatric staff have a
high workload, leading to high fatigue and poor sleep quality. Associations between
workload and fatigue were found in both studies, probably due to using the same
measuring instruments. The sleep quality associations seen in study 1 with the PQSI
were not observed when single sleep items were used in the diary study. Further
research must determine whether this reflected the different measuring instruments or
the focus on specific days. The influence of non-work confounders also needs to be
addressed, as does the extent to which effects of workload may persist outside of the
workplace.

References

1. Smith, A.P., Smith, K.: Effects of workload and time of day on performance and mood. In:
Megaw, ED (ed.) Contemporary Ergonomics, pp. 497--502. Taylor & Francis, London
(1988)

2. Smith A.P., Clayton H.: The Effects of Chewing Gum on Perceived Stress and Wellbeing in
Students Under a High and Low Workload. In: Longo L., Leva M.C. (eds.) Human Mental
Workload: Models and Applications. Communications in Computer and Information
Science, 1318, pp. 124--137. Springer, Cham. (2020) doi:10.1007/978-3-030-62302-9 8

3. Smith, A. P., Smith, H.: Workload, fatigue and performance in the rail industry. In: Longo
L., Leva M. (eds.) Human Mental Workload: Models and Applications. Communications in
Computer and Information Science, 726, pp. 251--263. Cham: Springer (2017). doi:
10.1007/978-3-319-61061-0 17

4. Fan J., Smith A.P.: Mental Workload and Other Causes of Different Types of Fatigue in
Rail Staff. In: Longo L., Leva M. (eds.) Human Mental Workload: Models and
Applications. Communications in Computer and Information Science, 1012, pp. 147--159.
Cham: Springer (2019) doi: 10.1007/978-3-030-14273-5 9

5. Fan J., Smith A.P.: Causes of Rail Staff Fatigue: Results of Qualitative Analysis and a Diary
Study. In: Longo L., Leva M.C. (eds) Human Mental Workload: Models and Applications.
Communications in Computer and Information Science, 1318, pp. 227--249. Springer,
Cham. (2020) doi:10.1007/978-3-030-62302-9 14

6. Jahns, D. W.: A concept of operator workload in manual vehicle operations. (1973)

7. Wickens, C.D.: Measures of workload, stress and secondary tasks. In: Moray, N. (ed.)
Mental Workload. NATO Conference Series, vol. 8. Springer, Boston (1979).
doi:10.1007/978-1-4757-0884-4_6

8. Gopher, D., Donchin, E.: Workload: An examination of the concept. In Boff, K. R.,
Kaufman, L., Thomas, J. P. (eds.), Handbook of perception and human performance, 2, pp.
1--49. John Wiley & Sons. (1986)

9. Cain, B.: A review of the mental workload literature. Defence Research and Development
Toronto, Canada (2007).

10.Longo, L.: A defeasible reasoning framework for human mental workload representation
and assessment. Behaviour & Information Technology, 34(8), 758--786 (2015)

11.Rizzo, L., Dondio, P., Delany, S.J., Longo, L.: Modeling mental workload via rule-based
expert system: a comparison with NASA-TLX and workload profile. In: Iliadis, L.,



Maglogiannis, 1. (eds.) AIAI 2016. IAICT, vol. 475, pp. 215-229. Springer, Cham. (2016).
doi: 10.1007/978-3-319-44944-9 19

12.0rru, G., Longo, L.: Direct and Constructivist Instructional Design: A Comparison of
Efficiency Using Mental Workload and Task Performance. In: Longo L., Leva M.C. (eds)
Human Mental Workload: Models and Applications. Communications in Computer and
Information Science, 1318, pp. 99--123. Springer, Cham. (2020) doi:10.1007/978-3-030-
62302-9_7

13.Fan, J., Smith A.P.: The Impact of Workload and Fatigue on Performance. In Longo L.,
Leva M. (eds.), Human Mental Workload: Models and Applications. Communications in
Computer and Information Science, 726, pp. 90--105. Cham: Springer (2017) doi:
10.1007/978-3-319-61061-0 6

14.Fan, J., Smith, A.: The mediating effect of fatigue on work-life balance and positive
wellbeing in railway staff. Open Journal of Social Sciences, 6(6), pp. 1--10. (2018). doi:
10.4236/jss.2018.66001

15.Alhenieidi H., Smith A.P. Effects of Perceptions of Information Overload, Noise and
Environmental Demands on Wellbeing and Academic Attainment. In: Longo, L., Leva,
M.C. (eds) Human Mental Workload: Models and Applications. Communications in
Computer and Information Science, 1318, pp 87--96. Springer, Cham. (2020). doi:
10.1007/978-3-030-62302-9 6

16.Williams, J., & Smith, A. P.: Stress, job satisfaction and mental health of NHS nurses. In:
Anderson, M.(ed.), Contemporary Ergonomics and Human Factors 2013: Proceedings of the
international conference on Ergonomics & Human Factors 2013, pp. 95--102. Cambridge,
UK. Taylor & Francis (2013)

17.Hsiao, W. C., Braun, P., Yntema, D., Becker, E. R.: Estimating physicians' work for a
resource-based relative-value scale. New England Journal of Medicine, 319(13), pp. 835--
841. (1988). doi: 10.1056/NEJM198809293191305

18.Hoonakker, P., Carayon, P., Gurses, A. P., Brown, R., Khunlertkit, A., McGuire, K., &
Walker, J. M.: Measuring workload of ICU nurses with a questionnaire survey: the NASA
Task Load Index (TLX). IIE transactions on healthcare systems engineering, 1(2), 131-143.
(2011) doi: 10.1080/19488300.2011.609524

19.Van Bogaert, P., Clarke, S., Willems, R., Mondelaers, M.: Nurse practice environment,
workload, burnout, job outcomes, and quality of care in psychiatric hospitals: a structural
equation model approach. Journal of advanced nursing, 69(7), pp. 1515--1524. (2013). doi:
10.1111/jan.12010

20.Lowndes, B. R., Forsyth, K. L., Blocker, R. C., Dean, P. G., Truty, M. J., Heller, S. F., ... &
Nelson, H.: NASA-TLX assessment of surgeon workload variation across specialties.
Annals of surgery, 271(4), pp. 686--692. (2020) doi: 10.1097/SLA.0000000000003058

21.Frone, M. R., Tidwell, M. C. O.: The Meaning and Measurement of Work Fatigue: Devel-
opment and Evaluation of the Three-Dimensional Work Fatigue Inventory (3D-WFI). Jour-
nal of Occupational Health Psychology, 20(3), 273--288 (2015). doi: 10.1037/a0038700

22.Smith, A. P., McNamara, R. L., Wellens, B. T.. Combined effects of occupational health
hazards. Sudbury, Ontario: HSE Books (2004)

23.Barker, L. M., Nussbaum, M. A.: Fatigue, performance and the work environment: a survey
of registered nurses. Journal of advanced nursing, 67(6), pp. 1370-1382. (2011) doi:
10.1111/5.1365-2648.2010.05597.x

24 Motowidlo, S. J., Packard, J. S., Manning, M. R.: Occupational stress: its causes and
consequences for job performance. Journal of applied psychology, 71(4), 618. (1986). doi:
10.1037/0021-9010.71.4.618

25.Geiger-Brown, J., Rogers, V. E., Trinkoff, A. M., Kane, R. L., Bausell, R. B., & Scharf, S.
M. Sleep, sleepiness, fatigue, and performance of 12-hour-shift nurses. Chronobiology
international, 29(2), pp. 211--219. (2012). doi: 10.3109/07420528.2011.645752



26.Fan, J., Smith, A.P: Effects of Occupational Fatigue on Cognitive Performance of Staff
From a Train Operating Company: A Field Study. Frontiers in Psychology, 11:558520.
(2020). doi: 10.3389/fpsyg.2020.558520

27.Wang, L. L.: Moushi Sanji Jiadeng Yiyuan Yihu Renyuan Pilao Xianzhuang Ji Cuoshi
Yanjiu [Fatigue and Its Intervention Study of Medical Staff in 3A Hospitals] (Master's
thesis). Dalian Medical University. (2012)

28.Jiang, D. L. (2016). Neike Hushi Gongzuo Manyidu Yu Pilao Zhuangkuang De
Xiangguanxing Fenxi [The Correlation of job satisfaction and fatigue of internal medicine
nurses]. Forum on Primary Medicine, 20(34), 4894-4896.

29.Niu, L., Zhang, L., Mei, S., He, B., Guo, J.: Fatigue, sources of stress and perception of
control of operating room nurses. Journal of Changchun University of Chinese Medicine,
32(4), pp., 813--815. (2016) doi:10.13463/j.cnki.cczyy.2016.04.056

30.Zhang, Q., Ni, Y., Chen, A.: Jingshenke Hushi Zhiye Juandai Shuiping Diaocha Ji
Yingxiangyinsu Fenxi.[Investigation and analysis on job burnout level and its influencing
factors of psychiatric nurse]. Zhejiang Province Annual Conference of Psychiatry 2005.
(2005).

31.Li, L., Jiang, F., Li, J., Han, H.: Guangzhoushi Huiai Hospital Yihurenyuan Pilao Zhuangtai
Ji Shuimian Zhiliang Xiangguan Yanjiu[Correlation between fatigue status and sleep quality
of medical staff in Huiai Hospital of Guangzhou City]. Chinese Journal of Nervous and
Mental Diseases, 43(12), pp.756--759. (2017) doi:10.3969/j.issn.1002-0152.2017.12.012

32.Dong, R., Hu, Q., Li, H., Zhang, X., Gu, W., Zhao, S.: Jingshenke Fengbiguanli Bingqu
Hushi Pilao Ji Yali Zhuangkuang De Diaocha Fenxi. [Investigation and analysis of the
fatigue and stress status of nurses in closed management wards of psychiatric department].
Conference of Psychiatric Nursing Risk Management 2012. (2012).

33.Xu, D., Song, L., Wang, L.: Comparative Study of Psychiatric Nurses' Life Quality. Chinese
Journal of Modern Nursing, 9(12), pp. 905-908. (2003) doi:10.3760/cma.j.issn.1674-
2907.2003.12.002

34.Poulton, E. C., Hunt, G. M., Carpenter, A., & Edwards, R. S. (1978). The performance of
junior hospital doctors following reduced sleep and long hours of work. Ergonomics, 21(4),
pp. 279--295. (1978). doi: 10.1080/00140137808931725

35.Kjellberg, A.: Sleep deprivation and some aspects of performance. Waking & Sleeping, 1(2),
139--143 (1977)

36.Estryn-Behar, M., Kaminski, M., Peigne, E., Bonnet, N., Vaichere, E., Gozlan, C., Azoulay,
C., Giorgi, M.: Stress at work and mental health status among female hospital workers.
Occupational and Environmental Medicine, 47(1), pp. 20--28. (1990) doi:
10.1136/0em.47.1.20

37.0wens, J. A. Sleep loss and fatigue in healthcare professionals. The Journal of perinatal &
neonatal nursing, 21(2), 92-100. (2007). doi: 10.1097/01.JPN.0000270624.64584.9d

38.Ghasemi, F., Samavat, P., Soleimani, F.: The links among workload, sleep quality, and
fatigue in nurses: a structural equation modeling approach. Fatigue: Biomedicine, Health &
Behavior, 7(3), pp. 141--152. (2019).doi: 10.1080/21641846.2019.1652422

39.Wang, U., Nie, J., Liu, L.: Correlation between occupational fatigue status and sleep quality
of obstetrics and gynecology physicians in Nanchang City. Occupation and Health, 2018:20,
pp. 2789--2793. (2018)

40.Hu, W., Li, L., Hui, L., Ye, G,, Jia, Q.: Study on the relationship between sleep disorder
and cognitive function in psychiatric medical staff. Management Observer, 2019:09, pp.,
182-183. (2019) doi:10.3969/j.issn.1674-2877.2019.09.072

41.Buysse, D. J., Reynolds III, C. F., Monk, T. H., Berman, S. R., Kupfer, D. J.: The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and research. Psychiatry
research, 28(2), pp. 193--213. (1989) doi: 10.1016/0165-1781(89)90047-4



42.Liu, X., Tang, M., Hu, L.: Pittsburgh Sleep Quality Index De Xindu He Xiaodu.
[Reliablity and Validity of the Pittsburgh Sleep Quality Index]. Chinese Journal of
Psychiatry, 29(02), pp., 105-107. (1996)

43 Mark, G. M., Smith, A. P.: Stress models: A review and suggested new direction. In:
Houdmont, J., Leka, S., (eds.) Occupational Health Psychology: European Perspectives on
research, education and practice, pp.111--144. Nottingham University Press, Nottingham
(2008)

44 .Smith, A. P., & Smith, H.: An international survey of the wellbeing of employees in the
business process outsourcing industry. Psychology, 8(01), pp. 160--167. (2017).
doi:10.4236/psych.2017.81010

45. Williams, G.M., Smith, A.P.: A holistic approach to stress and wellbeing. Part 6: the
wellbeing process questionnaire (WPQ short form). Occup. Health (At Work) 9(1), 29-31
(2012)

46. Williams, G.M., Smith, A.P.: Using single-item measures to examine the relationships
between work, personality, and wellbeing in the workplace. Psychol.: Spec. Ed. Posit.
Psychol. 7, 753-767 (2016)



