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1 Introduction

In daily usage, fatigue refers to various experiences due to quite different causes,
varying from physical exertion, lack of sleep, and illness, to burnout. The term
fatigue is also used to refer to the feelings we have as a result of long-term
performance. Subjective feelings of fatigue can thus have different origins. Already
in the early twenties, Muscio suggested in his paper 'Is a fatigue test possible'
(Muscio, 1921, in Bartlett 1953), to abandon the use of the term fatigue. In his
view, it was not possible to develop an acceptable test for fatigue. Such a test could
only be acceptable if there was a general, acceptable and agreed definition of
fatigue. At that time, the description of fatigue that was widely used was the
following (Meijman, 1995): 'The condition caused by activity in which the capacity
for repeating the activity that caused it is diminished' (Health of Munition Workers
Committee, 1916). According to this definition there are no observable
performance criteria for fatigue, other than those indicated and measured by the
test itself, against which the adequacy of the test is validated. To measure the
above stated condition, performance criteria are needed, which are independent of
the diminished capacity. However, the only possible criteria that can be used are
directly related to the performance decline itself. And it is this decline that is
explained in terms of changes within that capacity. In order to escape from this
vicious cycle, Muscio proposed to banish the term fatigue. More than seventy years
later, prevailing literature and research history has shown that the term fatigue is
still widely used and even gains in interest. It is now generally accepted that fatigue
cannot be seen as a univocal concept with a single test to measure it.

Several research lines have contributed to the development of the concept.
The research on fatigue has its starting point somewhere in the mid-nineteenth
century. Research started in the laboratory and was mainly focused on muscular
fatigue (Browne, 1953). From research focussing on the contractibility of the
striated muscles of a frog leg (Kronecker,  1871) to the falling off in the ability of a
human muscle to contract fully when repeatedly stimulated (Mosso, 1894). At the
end of the nineteenth century, fatigue was seen as the decline of performance
during long-term performance. This view has had a large impact because it implied
that fatigue was 'something' concrete and could be measured (for an extensive
review see Meijman, 1991; Meijman, 1995).

In between world wars, a new conception on fatigue arose from the work
of Bills (1931, as cited by Holding,  1983). He noted that short periods with extra
long response times emerged frequently during a colour-naming task. These

periods were called 'mental blocks' (lapses in attention). When the number and
length of the mental blocks increased, subjects made more errors. Bills' research
gave a new impetus to the study of fatigue. It was realised that the main interest
should not exclusively focus on the performance decline in sensomotoric tasks, but
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that research should be aimed at the central information processing level (Meijman,
1991).

Around world war two, Bartlett (1943) further elaborated this viewpoint.
By that time it was well known that simple tasks with repetitive stimulation,
showed a straightforward decline in performance. However, there was little
information about how complex tasks and skills were effected by enduring
performance. In the famous 'Cambridge Cockpit Studies' airmen were observed
while performing long-lasting tasks in a flight simulator. Bartlett (1943)
summarized the results and emphasized the way in which the central organization
of skills broke down under fatigue. Fatigue showed itself at first as a shift in
criteria of performance (i.e., accepting more errors and slowing down in
performance). Then, lapses in attention occurred and attention began to be reserved

for items of central importance. The skilled responses became more variable as was
evident in the timing of actions. Many correct actions were executed at the wrong
times. As Holding (Holding, 1983, p. 153) formulates it: "The skill seemed to loose
cohesion,  the overall pattern of action disintegrated into separate components,  the
instruments were apparently perceived one by one, and the appropriate control
responses   were    no    longer    smoothly   sequenced".   On the basis of these results,
Bartlett proposed   in 1953 three psychological criteria of fatigue: (1) irregular
internal timing, (2) splitting up or disintegration of the field of display, and (3)
acute stage of minor discomfort. These are: "the three leading psychological
criteria of deterioration in an activity set up by the exercise of that activity under
its normal conditions" (Bartlett, 1953, p.5). Bartlett draws attention to timing and
organisation aspects of performance and accordingly to the central regulation of
performance and not only to its quantative decline (Meijman, 1995).

In the last two decades the research on fatigue has been intensified. This
might well be due to changes in work and work environment. We are living in a
society with a strong emphasis on information technology, modern communication
techniques and above all increased efficiency. This has renewed the psychological
interest and research on fatigue. At the same time it has been shown in different
disciplines that fatigue plays a very important role in all kinds of chronic diseases.
In mental disorders like burnout and depression as well as in, for instance, diseases
like multiple sclerosis, rheumatism and cancer. Recently, there has been a revival
in the literature about a syndrome which is characterised by a principal complaint
of chronic and disabling fatigue for which no medical explanation has been found
yet: the Chronic Fatigue Syndrome (CFS) also known under the name of Myalgic
Encephalomyelitis (ME) (Clements, Sharpe, Simkin, Borrill & Hawton, 1997;
Joyce & Wessely, 1996).

The present study concentrates  on a form of enduring fatigue that has to be
distinguished from CFS. The focus ofthe present study is on work-related enduring
fatigue, in particular on Emotional Exhaustion, which is one of the components of
the burnout syndrome. Burnout can be distinguished from other psychological
complaints such as clinical depression, and is not associated with psychiatric



Chapter 1 Introduction                                                                                     5

disorders. Employees with a high risk for burnout have problems maintaining their
work performance. They experience many psychosomatic complaints, are often
absent at work, and have a high risk for work incapacity.

Fatigue is a major complaint in the general population as well as in
primary care. It can have a far-reaching influence on a person's life. Prevalence

ratings of fatigue in the community range from approximately 20% among men to
30% among women and are similar in most countries (Cox et al., 1987; Wessely,
Hotopf, & Sharpe, 1998). It is one of the most frequently reported complaints
among work-related problems leading to absence of work and work incapacity
(Foets & Sixma, 1991; Schaufeli & Houtman, 2000; Wessely, 2001). Thus, fatigue
can have high societal as well as personal costs.

1.1 Mental versus physical fatigue

In every day life, people often talk about mental and physical fatigue as being
conceived of as two totally different and unrelated phenomena. After cognitive
processing people experience a different kind of tiredness than after physical
activities. After a long workday at the office, people generally say they 'feel tired'.
They would probably protest if they were obliged to go on working in the evening
hours (left aside secondary interests like pleasing their boss, or being extremely
motivated to finish their work). But these same people are still perfectly able to
exercise sports after their tiring workday. They will also be capable of reading a
book or a newspaper. On the other hand, professional sportsmen will feel tired after
a long day exercising and training but they too will be able to execute related or
different activities  at  the  end  of the  day.

Mental fatigue is considered as a response of mind and body to the
reduction in resources due to mental task execution (Gaillard, 2001). It can be a
response to both too high and too low levels of workload. Mental fatigue is task-
specific, which means that switching from mental activities has beneficial effects
on the feeling of fatigue. It is believed to be a gradual and cumulative process,
inferred from decrements in performance from task requiring alertness and
memory retrieval (Gawron, French, & Funke, 2001; Holding, 1983). Mental
fatigue can be seen as a diffuse sensation of weariness, a disinclination towards

physical or mental effort (Grandjean, 1979). Physical fatigue can be characterised
as a direct response to physical effort or exertion. Physical exhaustion is often
accompanied by muscular fatigue, resulting in reduced power and slower
movements. Muscular fatigue is an acutely painful phenomenon, arising from
depletion in the overstressed muscles (Grandjean, 1979). It is related to changes in
peripheral physiological processes as a result of physical effort (Meijman,  1991).
Physical fatigue is considered to be task a-specific. When people feel tired after
cycling, they will not be up to rowing exercises either. The magnitude of
someone's physical exertion is largely dependent on his or her physical condition.
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This relationship is not clear in mental fatigue where it is difficult to predict which
people will sustain certain mental activities.

1.2 Fatigue as a biobehavioural state

Feeling tired is not only determined by the present, but also by future activities. It
is also influenced by task demands that still have to be performed. "When people
declare that they are tired, it seems implausible that they are only indicating a
feeling of a'version or conflict. The statement seems to imply a prediction,
suggesting that continuous performance will suffer, that carelessness or skimping
on the job will follow unless an extra effort is made, and so on" (Bolding, 1983,
p. 147).

Hemingway (1953) saw the state of the body as a condition of equilibrium,
the outcome of different forces having an impact on the body. This dynamic
equilibrium implies a balance of forces. According to Hemingway (1953, p.69):
'The  signs  and  symptoms  of fatigue  may  show  themselves  either  as  a failure  to
maintain  an  equilibrium  position  or  by  an  obvious  exaggeration  of one  or  more  oj
the forces which are employed in giving the equilibrium position'. Wi hin the
human body all kinds of different physiological systems (governed by the
autonomous nervous system) are constantly active in order to keep the organism in
an optimal energetical state. Each system (e.g. blood pressure) tries to maintain its
own balance, a dynamic equilibrium, also called homeostasis (Gaillard, 2003).
Normally,  one is unaware  of the physiological activity in these systems. However,
under the influence of for example mental effort or strong emotions, you might
suddenly notice the pounding of your heart and your rapid and shallow breathing.
Different factors can influence this equilibrium, i.e. the momentary
psychophysiological state: (1) circadian rhythms, (2) activities related to the task
and the task situation, (3) environmental factors (internal, for example lack of sleep
and physical condition, and external, such as noise and temperature), (4) mental
effort (which is itself largely dependent upon motivation), and (5) emotions.

The circadian rhythm stands for the occurrence of a body process that
repeats on a cycle of approximately 24 hours (Kalat,  1998). It appears that at least
two different mechanisms underlie human circadian rhythms. One mechanism
seems to control activity levels and the other regulates body temperature. In
studying fatigue and consequently the biobehavioural state of the organism, one
should especially be aware of these circadian rhythms. The naturally occurring
changes in alertness and activity levels  and in feelings of tiredness and accordingly
in physiological measures should not be interpreted as consequences of task
performance. It should be kept in mind that the constantly fluctuating state of the
organism is in first instance due to biologically embedded processes. Lack of sleep
can have a strong negative influence on this state.
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The biobehavioural state is also influenced by the type, duration and
intensity of the activities he or she is executing. Tasks and task situations can be
stimulating, in that they intrinsically motivate a person. The sensitivity to fatigue is
also dependent upon individual characteristics. Some people, for example
introverts, appear to be less sensitive to monotonous work. Other people profit
from stimulation such as music, or the presence from other co-workers. Different
tasks require different cognitive and physiological processes, and therefore change
the state ofthe organism. Muscle movements, for instance, activate the body, while
passive and monotonous work can lower its energetical state thereby influencing a
person's attention.

Emotions' can have strong effects on task performance. Processing of
information takes place on a cognitive as well as on an affective level. Although
one is often unaware of his or hers actual affective processing, its outcome can be
striking. Strong emotions have 'control precedence,2 (Frijda, 1988). As such, they
demand direct attention and can interfere with ongoing (processing) activities. Due
to their influence (e.g. over-reactivity), a persons energetical state may become less
suitable for task performance (Gaillard & Wientjes, 1994). To summarize, different
factors can affect the current biobehavioural state of a person. Acute fatigue, as
opposed to enduring fatigue, can be regarded as a normal, healthy phenomenon, a
biobehavioural state, which is task specific and reversible. After a good rest or a
night sleep, feelings of fatigue will disappear. When however a "sensation of
fatigue occurs before adequate or even any work is accomplished- or will not
disappear with rest-" (Schwab,  1953, p.  143) a person finds himself to be in an
long-lasting state of fatigue. In contrast with acute fatigue, enduring fatigue is
regarded as a state that is not easy to reverse. It is task a-specific and will not
vanish by rest or sleep.

1.3 Acute versus enduring fatigue: recovery and accumulation

Acute and enduring fatigue can be conceived of as two different biobehavioural
states (Gaillard, 2001). Different (task) situations demand different patterns of
mental and physiological processes. Body and mind need to be 'readf, i.e. the
psychophysiological state of the person must be optimal in order to perform a
certain task well. Little is known about the transition process from acute to
enduring fatigue. During a workday,  all  kind of physiological mechanisms respond

Emotions are defined as either (1) non-instrumental behaviours and behaviour characteristics,   (2)
physiological changes, or (3) subjective, evaluative experiences, caused by external or internal (mental) events and
their significance (Frijda, 1988).

Control precedence  is seen  as  the most characteristic feature of emotions. This means that emotions
tend to incite a change in control and effect. In other words, they demand a change in behaviour. It is in the nature
of emotions to dictate or to control behaviour.
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to the work or work environment resulting in elevated activation levels. Normally
at the end of the workday, de-activation processes are responsible for restoring
baseline levels. These physiological control systems centre on a dynamic
equilibrium (homeostasis) aiming  at an optimal energetical state of the organism,
and  a quick return to baseline after work. Recovery at the  end of a workday thereby
means reducing the amount of activation build up during the day. If recovery is
incomplete, de-activation of physiological reactivity is inadequate, which could
result in a residue of activation. Gaillard (2003) defined residue as the extent to
which the effects of workload of one day are still present the next morning.  When
recovery is also insufficient during the next days, these residues can accumulate
causing an imbalance in the activation and de-activation processes. Thus
insufficient recovery from work can result into enhanced physiological activation
levels and emotional arousal during work and into sustained activation after work
for longer periods (Frankenhaeuser & Johansson, 1986; Ursin & 01ff, 1993;
Vrijkotte, Van Doornen, & De Geus, 2000). This means that physiological
reactivity can spill over to other workdays and to non-working situations. This may
be the critical mechanism underlying the transition from acute to enduring fatigue.

The question still remains why incomplete recovery occurs. Two possible
explanations can be found in either (1) the theory of 'sustained' activation
(Frankenhaeuser & Johansson, 1986; Ursin & 01ff, 1993) or (2) a disorder in the
physiological control systems. With regard to 'sustained activation', research has
shown that enduring (repetitive) exposure to mild stressors as well as a one time
exposure to a very intensive stressor, can bring the nervous and endocrine system
into a state of continuous activation (Schnall et al., 1990; Schnall, Schwartz,
Landsbergis, Warren, & Pickering, 1998; Van Egeren, 1992; Vrijkotte et al., 2000).
Due to unsuccessful coping, a person does not sufficiently recover from mild
stressors or mental effort during a workday. This state of continuous activation
persists because the physiological mechanisms responsible for de-activation are
immobilised by higher control systems. According to the second explanation, these
higher control systems are under the influence of psychological factors such as
effort and strong emotions. This may lead to deregulation of the physiological
control systems, causing, in the long run, enhanced baseline levels. As a result of
these changed set points, a permanent increase in for instance blood pressure can
occur (Singer & Davidson, 1986).

To summarise, when people mobilise extra energy (through mental effort)
to keep their performance at the required level, this can lead to disturbances in the
physiological control systems when their coping is unsuccessful and their recovery
insufficient. These disturbances can accumulate gradually, carrying over from one
day to the next. The outcome being a state of sustained activation or permanent
enhanced baselines. This disruption of the energetic homeostasis may lead to
chronic effects on health and well being.
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2 How to measure fatigue?

Research on fatigue has been done mainly with the following three approaches: (1)
research on the relationship between work characteristics and enduring fatigue
(more specifically, burnout), (2) studies on acute fatigue induced by long-term
performance, investigating how acute fatigue builds up during extended work
periods, and (3) survey research investigating the relationship between personality
and enduring, mostly work-related, fatigue.

Due to the multidimensionality of the concept of fatigue, fatigue has been
measured using several dependent variables:

1.     neuroendocrine responses such as excretion of catecholamines and
cortisol (e.g., Frankenhaeuser, 1980; Frankenhaeuser & Johansson,
1986; Rissler, 1977,1993; Sluiter, Frings-Dresen, Meijman, & Van der
Beek, 2000; Sluiter, Frings-Dresen, Van der Beek, Meijman, &
Heisterkamp, 2000; Sluiter, Van der Beek, & Frings-Dresen, 1998)

2. psychophysiological measures such as heart rate and heart rate
variability (e.g., Brookhuis & De Waard, 2001; Hancock & Desmond,
2001; Hancock, Meshkati, & Robertson, 1985; Meijman, 1997; Mulder
& Mulder, 1981; Veltman & Gaillard, 1993; Vrijkotte, 2001; Vrijkotte
et al., 2000)

3.  performance-based measures such as reaction times and number of
errors or correct responses (e.g., Akerstedt, Patkal, & Dahlgren, 1977;
Baas, Charlton, & Bastin, 2000; Bills, 1935; Brown, 1994; Patkai,
Akerstedt, & Pettersson, 1977; Siddall & Anderson, 1955; Soetens,
Deboeck, & Hueting, 1984)

4. subjective ratings (Baranski, Pigeau, & Angus, 1994; Van Veldhoven
& Meijman, 1994; Vercoulen, Alberts, & Bleijenberg, 1999; Zijlstra,
1994).

These studies have led to a growing body of knowledge on the
multifaceted concept of fatigue. However, there are few studies that have combined
the above mentioned methods.

Physiological and neuroendocrine measures can provide important
additional information about the biobehavioural state of a person. It is even less
common to include personality as (mediating) factor. Personality characteristics
determine to a large extent a persons view on (work) situations and the way they
are managed. Consequently, different people will react with different physiological
reactivity patterns and behaviour- and coping styles on the same combination of
work parameters (such as high task load and low decision latitude). What is
stressful for one person might be a challenge for the other. In the present study
physiological, subjective and performance-based measures are used to map out
fatigue.
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3 Design of the study and research questions

This dissertation searches to explore the concept of fatigue using a combination of
approaches and measurement methods. Fatigue is conceived of as a biobehavioural
state evoked by mental task performance. As outlined above, enduring fatigue may
be caused by accumulation of continuing spillover effects of acute fatigue, brought
about by the mobilisation of energy through mental effort or emotions induced by
work demands.  One of the  aims  of this thesis  is to investigate the relation between
acute and enduring fatigue. Enduring fatigue is measured by a person's score on
the Emotional Exhaustion scale of the Utrecht Burnout Scale (Schaufeli & Van
Dierendonck, 2000). The building up of acute fatigue is manipulated by
participation of persons in a simulated workday (long-term performance, LTP).
Several times during the workday, participants had to execute a standard memory
test (Sternberg task, Sternberg, 1966; 1969) in order to assess their current
biobehavioural state by using their performance (reaction times, number of correct
responses) and physiological measures: facial EMG activity, heart rate, and heart
rate variability. At four different times during the day, subjective feelings of
fatigue were assessed using a set of state fatigue questionnaires. Before the
experiment started, all participants filled out an extensive personality and a burnout
questionnaire, in order to investigate the effects of personality and enduring fatigue
on long-term performance. The general design of the study is outlined in Figure  1.
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Enduring characteristics: Dependent variables:

Performance

Simulated
Enduring fatigue    , workday

 * (LTP) Subjective
I fatigue

7    -  4 day tests
- evening test

Personality

Physiological
activation

Figure 1. General design ofthe study.

Fatigue was manipulated in three ways: (1) The building up of fatigue
during the simulated workday, tested by the four tests during the day; (2)
Evaluation of the effects of fatigue still present in the evening after the simulated
workday.  This was done by the execution of a long task version of the Sternberg
test in the evening; (3) Comparing two groups of subjects with a high or low score
on the Emotional Exhaustion scale ofthe UBOS.

The present dissertation aims to answer the following questions:

-  Are the physiological measures (facial EMG, heart rate and heart rate
variability), the performance-based measures and the subjective ratings of
fatigue, sensitive to the building up of fatigue during long-term performance?

-   Is the biobehavioural state of a person in the evening influenced by the
building up of fatigue  at the  end  of the workday?

-   Are the reactivity patterns (physiological, performance-based, and subjective
ratings) during the workday and evening influenced by personality and
enduring fatigue (see Figure  1)? In other words: Can acute fatigue be predicted
by personality and enduring fatigue?
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-     Is it possible to discriminate between people with and without enduring fatigue
complaints on the basis of the reactivity patterns (physiological, performance-
based, and subjective) during the workday?

These research questions will be examined in two population samples: students
and employees. Within each sample, two groups of subjects are distinguished:
subjects scoring high and low on enduring fatigue. It is of further interest to
investigate whether the results found in both samples are comparable to each other.

4 Outline of the thesis

Chapter 2 gives a description of the research design and the general
methodology. Chapter 3 describes research on tonic EMG activity as an index of
mental effort and fatigue. It is investigated in the student population whether the
activity of two facial muscles is sensitive to the effects of fatigue during a
simulated workday. This chapter further examines whether activity at the end of
the day influences activity in the evening.

In Chapter 4 the effects of enduring fatigue and personality on acute
fatigue during the day are investigated among students.  Aim of this chapter was  to
explore whether both were able to predict the increase in acute fatigue. In Chapter
5  it is stated that heart rate and heart rate variability are known indices of mental
effort. It is explored in the student sample whether both measures are affected by
different levels of enduring fatigue. Based on the results of Chapter 3, this chapter
also explores whether scoring high or low on the personality dimension
Extraversion (extraverts versus introverts) results into different heart rate and heart
rate variability patterns.

Chapter 6 addresses the question if we can do better than chance in
predicting whether students will score high or low on enduring fatigue on the basis
of a set of physiological (facial EMG, HR, HRV), performance (reaction times,
number of correct responses), and subjective ratings. In Chapter 7 the sensitivity of
the facial EMG measures, HR and HRV, to differences in enduring fatigue is
investigated among employees. Possible differences with the results found among
students are noted.

Chapter 8 explores the predictive power of personality and enduring
fatigue on acute fatigue among employees. Chapter 9 addresses the discriminating
power of physiological, performance-based and subjective measures on scoring
high and low on enduring fatigue.

In  Chapter  10 the results found  in the student sample are compared  to  the
outcomes   in the employee sample. Finally, Chapter   11   summarises   the   main
findings on each research question and discusses the possible differences found,
between students and employees. It further addresses methodological
considerations and limitations and outlines directions for future research.
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1 General methodology

In the current chapter, methods are described in general terms. A more detailed
description will be given in the following chapters. Two experiments were
executed, one with students and one with white-collar workers.

1.1 Participants

1.1.1 Students

Forty-six undergraduate students participated in the experiment (24 women and 22
men, mean age = 21.7 years). On the basis oftheir score on the subscale Emotional
Exhaustion (EE) of the Utrecht Burnout Scale (UBOS, see questionnaires),
subjects were distributed in two groups: high-score (HS) group (10 women  and  13

men, mean age = 20.2 years) versus low-score (LS) group (14 women and 9 men,
mean age = 23.1 years). The high-score group consisted of participants scoring
above the 75-th percentile (mean EE score = 2.63, SD = 0.51). Participants with a
score equal or below the 75-th percentile, the low-score group, were designated as
control subjects (mean EE score = 1.33, SD = 0.50). Table 1 summarises for the
HS and LS group the scores on the UBOS.

1.1.2 Employees

Thirty white-collar workers participated in the experiment (19 women and 11  men,
mean age = 45.1 years). Subjects participated voluntarily and received a small
participation fee (55 euro) and a refund of their travelling expenses. Half of the
participating workers (N = 15) indicated to suffer from enduring fatigue.
According to their company physician, they did not suffer from other health
problems that might cause their feeling of fatigue. Both workers and physician
ascribed the fatigue as being related to work activities. The other workers
experienced no fatigue problems. All workers were asked to fill out the questions
on the subscale Emotional Exhaustion ofthe Dutch version ofthe Maslach Burnout
Inventory (see questionnaires). The group workers feeling tired showed a mean EE
of 4.57 (SD = 0.72), and will be called High-score group (HS group, 10 women
and 5 men, mean age = 46.07 years). The healthy worker group showed a mean EE
of 2.15 (SD = 1.06) and is designated as Low-score group (LS group, 9 women and
6 men, mean age = 44.13 years). See Table 1 for scores on the UBOS for each
group.
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Table   1.   Mean   age  and mean scores (standard deviations between parentheses)   on the Utrecht
Burnout Scale for students and employees.

UBOS
Participants N Age EE           D           C

Students
LS group         23 23.1 1.33 (0.50) 1.74 (0.55) 3.99 (0.68)
HS group         23 20.2 2.63 (0.51) 2.15 (0.80) 3.85 (0.70)

Employees
LS group              15 44.13 2.15 (1.06) 1.85 (1.29) 4.68 (0.86)
HS group             15 46.07 4.57 (0.72) 2.73 (1.28) 4.25 (0.98)

Note EE= Emotional Exhaustion; D = Distance; C = Competence

1.2 Simulated Office

The experiment was carried out in a simulated office with office equipment,
including a computer. The experiment lasted approximately ten hours (from 09:00
am untill 19:35 pm). Several office tasks that collectively made up a fictitious
organization of a conference were presented to the subjects in a morning and
afternoon work session. The worksessions lasted three hours. The main office tasks
were (a) formulating a suitable lecture arrangement for the supposed conference
speakers, (b) writing down a publication list of the conference contributions, (c)
drawing up a hotel planning for the listed participants, (d) making travelling plans
for participants, (e) making all sorts of preparations for the succeeding congress,
and (f) correcting multiple fake contributions for the conference book. To increase
the realistic character of the simulated workday, subjects were frequently
interrupted with small tasks, such as looking up phone numbers and taking notes.

1.3 Probe Test: Sternberg task

During and after the simulated workday subjects were tested with the Sternberg
task (1966, 1969). The current task was a self-paced Short Term Memory
searching task (DOS version). This standard task was used to estimate the
biobehavioural state of the subjects in different phases of the workday.  Due to the
self-paced character of the task lapses in attention result directly in performance
changes. Subjects were instructed to react both as fast and as accurate as possible.
The stimuli were presented on the computer screen in front of the subjects.  Each
trial started with the presentation of the so-called memory set on the computer
screen. The memory set contained four randomly selected letters of the alphabet
that changed with every trial (varied mapping). In every trial the memory set was a
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selection  from the entire alphabet. The memory set remained on screen  for  1500
ms followed by a fixation cross lasting for 500 ms. Immediately after the fixation
cross extinguished, a single probe letter was presented. Subjects had to decide
whether or not the probe letter was part of the memory set by pressing a
corresponding key on the keyboard. The probe letter remained on screen for
maximally 10 s. After responding, subjects received a verbatim feedback message
on the screen ("good", "wrong", or "too late"). After the feedback stimulus
disappeared,  the next trial started. The numbers of correct responses as well as their
corresponding reaction times were recorded. Two versions  of the task were  used:  a
short test session and a long test session. The short test session consisted of a 5-min
task period (T), preceded and followed by a 5-min rest period  (R) [R (5 min) - T
(5 min) - R (5 min)]. The long test session consisted of two 25-min task periods
surrounded by 5-min rest periods [R (5 min) - T (25 min) - R (5 min) - T (25 min)
- R (5 min)].

1.4 Procedure

The experiment lasted approximately ten hours (see Table 1). Before the
experiment started the task procedure and programme  of the  day were explained to
the subjects. Then, subjects practised the Sternberg task for 5 minutes, after which
EMG and ECG electrodes were applied. During the day, subjects worked in two 3
hr work sessions (one in the morning and one in the afternoon) each consisting of
different office tasks in order to simulate a workday. Before and after each work
session, subjects executed the short experimental test version  (test   1 -4, see Table
2). In the evening, subjects executed the long experimental test version (test 5-6,
long test, see Table 2). Subjects were instructed to produce as many correct
responses as possible on the experimental tasks.
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Table 2. Schedule of the simulated workday

Time of day Event

0900 - 0945 Training, State questionnaires
0945 - 1000 Test' 1
1000 - 1300 Work session, State questionnaires
1300 -1315 Test' 2
1315 -1400 Rest
1400 -1415 Test* 3
1415 -1715 Work session, State questionnaires
1715  - 1730 Tese 4
1730 - 1830 Rest
1830 - 1935 Test 5 and 6 (long testsb), State questionnaires

Short test session [R (5 min) - T (5 min) - R (5 min)]. bLong test session [R (5 min) - T (25 min) -
R (5min) - T (25 min) - R (5 min)].

1.5 Trait questionnaires

Subjects were asked to complete the following set of questionnaires at home, the
day prior to the start of the experiment: (a) the Utrecht Burnout Scale (UBOS,
Schaufeli & Van Dierendonck, 2000), (b) the sub-scale Need for Recovery (NR) of
the "Questionnaire assessing work experience and work appreciation" (VBBA,
Van Veldhoven & Meijman, 1994), (c) the Five-Factor Personality Inventory
(FFPI, Hendriks, 1997; Hendriks, Hofstee, & De Raad, 1999), and (d) questions
addressing how well rested subjects felt, in general, in the morning, and about the
average number of hours sleep each night.

The UBOS is a questionnaire measuring burnout and can be applied to
assess burnout  in all professions. The questionnaire contains 16 items,  each with a
7-point rating scale ranging from 0 (never) to 6 (always). The items make up three
subscales measuring (a) Emotional Exhaustion (EE; 5 items), (b) Distance (D; 5
items), and (c) Competence (C; 6 items). The EE scale indicates the amount of
enduring fatigue. The EE score is the mean of five items addressing work
experience and feeling. The scale scores range from 0 to 6 with a high score
signalling a higher amount of enduring fatigue. The D scale assesses to what extent
people display a distant and cynical attitude toward work. The D score is the mean
of five items and ranges from 0 to 6 with a high score signalling a higher amount of
distance, or put differently, a lower amount of work engagement. The C scale is
designed to measure feelings of competence, confidence and the feeling of making
a positive contribution to work. The scale score is the mean of 6 items and ranges
from 0 to 6.  A Low score is indicative of burnout. The psychometric properties of
the UBOS are good (Schaufeli & Van Dierendonck, 2000). For the study using
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students as participants, the UBOS was adapted by substituting in each item the
word "work" by "study".

The Need for Recovery scale contains  11 dichotomous items (yes/no). The
scale scores range from 0 to 10 with a high score signalling a higher need for
recovery. The scale has good reliability and validity (Van Veldhoven & Broersen,
1999; Van Veldhoven & Meijman, 1994).

The FFPI was used to assess the Big Five factors of personality:
Extraversion, Agreeableness, Conscientiousness, Emotional Stability, and
Autonomy (Openness to experience). These factors represent a taxonomy of basic
personality traits that concisely describe characteristic differences between
individuals. Extraversion reflects the disposition towards cheerfulness, enthusiasm,
sociability, and high activity. Agreeableness represents the inclination towards
interpersonal trust, emotional support, and consideration of others.
Conscientiousness reflects a tendency towards efficiency, competence and sense of
duty, planning, organizing, achievement and self-discipline. Neuroticism stands for
the inclination to experience emotions like nervousness, depression, frustration,
and guilt. Finally, Openness to Experience describes a receptive inclination
towards curiosity, imagination, varied experiences and ideas. The questionnaire
consists of 100 brief and concrete behaviourally descriptive statements. Each scale
contains 20 statements (10 positively  and 10 negatively phrased items). Answers
are  scored  on a 5-point Likert scale ranging  from   1,  not  at all applicable,  to  5,
totally applicable. The psychometric characteristics of the FFPI are good
(Hendriks, 1997; Hendriks et al., 1999).

The question "In general, how well rested do you feel in the morning?" was
assessed by a dichotomous rating scale ("well rested", "not well rested"). The
average number of hours sleep each night   was a direct question filled   in  by  the
subjects.

1.6 State questionnaires

On the day the experiment took place, subjects completed the following set of state
questionnaires at four different times (see Table 1): the Shortened Fatigue
Questionnaire (SFQ), the Scale for Perceived Load (SPL), the Rating Scale Mental
Effort (RSME), and the Checklist Individual Strength (CIS-20).

The SFQ (Alberts, Smets, Vercoulen, Garssen, & Bleijenberg, 1997)
assesses the intensity of physical fatigue. It contains four items with a 7-point
Likert scale (ranging from 1 (yes, that is true) to 7 (no, that is not true)). The scale
scores range from 4 to 28. The reliability of the SFQ is good (Cronbach's alpha
0.92).

The SPL (Van Veldhoven & Meijman, 1994) measures feelings of fatigue
during  work.  The SPL contains 16 items  that are rated  on a 5-point scale.  Each
item contains two opposing statements and subjects have to indicate on a 5-point
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scale, which of the two statements corresponds more with their momentary
physical state. The scale scores range from 0 to 48. The SPL has good reliability
coefficients.

The RSME (Zijlstra, 1994) measures subjective ratings of perceived
mental effort. The RSME is a one-dimensional visual-analogue scale containing
nine different verbal categories forming anchor points expressing different levels
of mental effort. The scale ranges  from  0  to   150.  The RSME shows systematic
relations with task difficulty and performance measures.

The CIS-20 (Vercoulen et al., 1994) measures subjective feelings of
fatigue and related behavioural aspects. The CIS contains 20 items that make up
four subscales: Subjective Experience of Fatigue (SEF; 8 items), reduced
Concentration (CON; 5 items), reduced Motivation (MOT; 4 items) and rdeuced
Physical Activity level (PA; 3 items). All items are scored on a 7-point Likert scale
(ranging from 1 (yes, that is true) to 7 (no, that is not true)). The scale scores ofthe
subscales range from 8 to 56, from 5 to 35, from 4 to 28, and from 3 to 21
respectively. Although the CIS-20 was initially developed for assessing fatigue  in
CE.1onic Fatigue Syndrome patients, the questionnaire is claimed to be applicable
in healthy populations as well (Bultmann et al., 2000). Psychometric properties of
the CIS-20 are good (Bultmann et al., 2000; Vercoulen et al., 1994).

1.7 EMG recording and analysis

All physiological signals were recorded with the VitaPort 2 System developed by
TEMEC Instruments. The VitaPort 2 System was expanded with two modules, the
8-channel Universal amplifier module with Multi-connector  and  the 18 channel
Polysomnographymodule with Multi-connector.

EMG activity was bipolarly recorded by means of Ag/AgC1 surface
electrodes with contact area and housing of 2  and  11 mm diameter respectively.
Electrodes were attached  to  the   skin with electrode centres   15 mm apart.   The
reference electrode was an ECG snap lead electrode, placed on the middle of the
forehead. EMG activity was recorded on the left-hand side from the facial
corrugator supercilii and the frontalis muscles. Electrode positions were chosen in
accordance with the guidelines presented by Fridlund and Cacioppo (1986). EMG
activity was recorded during each entire test session, thus including rest and task
periods.

EMG  signals were pre-amplified  with a factor  1000 and analogue  band-
pass  filtered with a -3dB high-pass cut-off frequency at  10,61  Hz and a -3 dB  low-
pass cut-off frequency at 400 Hz. EMG signals were then digitised by means of a
12-bit AD-Convertor with a sample frequency of 1024 Hz. Subsequently,  the  data
were digitally high-pass filtered with a -3 dB cut-off frequency of 32 Hz (in order
to lose unwanted movements artefacts). Ensuing, the data were stored on a 340MB
PCMCIA hard disk for VitaPort 2. The data were then further processed using a



Chapter 2 General methodology                                                                                25

specially developed software program ACEMG (Aalbers, 2002a). First, the data
were filtered using a notch filter with -3 dB cut-off frequency points at 0.0438  and
0.0558 Hz, respectively. Ensuing, the data were full-wave linearly rectified.
Finally, the measurement points were integrated using 1 s periods.

In the short test sessions, the first and last 30 s integrated data points from
each rest and task period were omitted resulting in 4 min (240 integrated data
points) recorded EMG data per period (4 min rest, 4 min task, 4 min rest). For the
analysis of EMG activity, the mean EMG amplitude per 60 s was calculated,
leading to four mean amplitude scores for each task period. In addition to the
amplitude scores, difference scores with respect to the rest periods were
determined. Before determining the difference scores, the presence of group
differences in the rest periods was checked. Since no group differences were found,
the four mean amplitude scores were converted into difference scores by
subtracting the surrounding mean rest values from each average, thus resulting into
four difference scores.

For the long test session, the same data reductions and procedures were
used. This resulted in 4 min recorded EMG data per rest period and 24 min
recorded EMG per task period. For the analysis of EMG activity, the mean
amplitude per 240 s was calculated, leading to six mean amplitude scores for each
task period. In addition to the amplitude scores, rest-task difference scores with
respect to the rest periods were determined. Before determining the difference
scores, the presence of group differences in the rest periods was checked. Since no
group differences were found, the six mean amplitude scores were converted into
rest-task difference scores by subtracting the surrounding mean rest values from
each average, thus resulting into six difference scores.

1.8 Heart rate recording and analysis

All physiological signals were recorded with the VitaPort 2 System developed by
TEMEC Instruments. The VitaPort 2 System was expanded with two modules, the
8-channel Universal amplifier module with Multi-connector  and  the 18 channel
polysomnographymodule with Multi-connector.

A well-known problem that occurs when measuring HRV is its
susceptibility to respiration. Cardiac vagal tone is traditionally measured by
spectral analysis and more specifically in he high frequency band (0.15-0.40 Hz,
Task Force of the European Society of Cardiology and the North American Society
of Pacing and Electrophysiology, 1996; Veltman & Gaillard, 1996). The
applicability and usefulness of the HF power as a dynamic measure of cardiac
vagal outflow is strongly dependent on the assumption that a subject breaths with a
constant rate of approximately 15 breaths min-1  (Pentilla et al., 2001). To overcome
this dependency, it is recommended to use a relatively constant, or fixed breathing
rate (Brown, Beightol, Koh, & Eckberg, 1993; Task Force ofthe European Society



26 Acute fatigue and burnout

of Cardiology and the North American Society of Pacing and Electrophysiology,
1996). However, during ambulatory monitoring conditions, it is almost impossible
to have the subjects breath at a fixed rate. In addition, it can also be undesirable,
since people in their normal working routines will breath at changing rates. A few
recent studies have dealt with this problem by using a time-domain measure to
assess vagal tone. Vagal tone was assessed by the root mean square of successive
differences in interbeat intervals (RMSSD). RMSSD is a time domain parameter,
which quantifies the changes in successive RR intervals, and is not significantly
affected by changes in breathing rate as is the case with the HF spectral component
(Pentilla et al., 2001; Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology, 1996; Vrijkotte, 2001).
This time-domain measure has been proven to be a valid index of vagal tone.
Vrijkotte (Vrijkotte, 2001; Vrijkotte, Van Doornen, & De Geus, 2000) showed that
repeatability ofthe RMSSD is high. HR and RMSSD were measured continuously
for a 24-hour period within a sample of female nurses  and a sample of male white-
collar workers. From their results it was concluded that RMSSD is an efficient
alternative to RSA or HF to index vagal tone in ambulatory studies and has high
test-retest reliability. RMSSD produced reliable and valid information about
individual differences in physiological responses to stress. Taking into account the
above outlined advantages of the time-domain measure RMSSD, HRV in the
current experiment is operationalised by the RMSSD.

The Electro Cardiogram (ECG) was recorded using three ECG snap leads.
The electrodes were placed on a horizontal axis across the heart: on the lower left
rib (positive) and on the breastbone (negative). The reference electrode was placed
on the middle of the forehead.  The ECG signal was band-pass filtered with a -3dB
low-pass cut-off frequency at 70 Hz and a -3 dB high-pass cut-off frequency at
0,48  Hz.  The  ECG  was then digitised by means  of a 1 2  bit AD converter with  a
sampling frequency of 512 Hz. Ensuing, the data were digitally low-pass filtered
(moving average) with a -3 dB cut-off frequency of 64 Hz. Finally, the ECG signal
was down sampled with a frequency of 128  Hz and stored  on a 340MB PCMCIA
hard disk for VitaPort 2. The heart rate data were then further processed using a
specially developed software program ECG2IBI (Aalbers, 2002b). Using the
electrocardiotachogram as input, R peaks are detected. The R peaks are then
converted into interbeat intervals (IBIs), which are used to derive heart rate (HR)
and the  root mean square of successive differences in interbeat intervals (RMSSD,
Pentilla et al., 2001; Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology, 1996).

In the short test sessions, the first and last 30 s from each rest and task
period were omitted resulting in 4 min recorded ECG data per period (4 min rest, 4
min task, 4 min rest).  For the analysis of heart rate activity, the mean HR per 60 s
was calculated, leading to four scores for each task period. The four absolute
amplitude scores were converted into difference scores by subtracting the
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preceding mean rest value from each average, thus resulting into four difference
scores.

For the long test session, the same data reductions and procedures were
used. This resulted in 4 min recorded ECG data per rest period and 24 min
recorded ECG per task period. For the analysis of ECG activity, the mean
amplitude per 240 s was calculated, leading to six mean amplitude scores for each
task period. The six mean amplitude scores were converted into rest-task difference
scores by subtracting the preceding mean rest values from each average, thus
resulting into six difference scores.
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1 Introduction

Fatigue is one of the most frequently reported complaints among work-related
problems leading to absence and work incapacity (Foets & Sixma, 1991; Schaufeli
& Houtman, 2000; Wessely, 2001). In most current theories fatigue is considered
as a biobehavioural smte an individual is in, which is induced by enduring task
performance; it may refer to the state during as well as to the state after that
performance (Cameron, 1973; Craig & Cooper, 1992). Fatigue is a
multidimensional state "only translated to a unitary perception by the unity of
consciousness itself' (Desmond & Hancock, 2001, p. 459). Some frequent
distinctions used to illustrate the multidimensionality are mental versus physical
fatigue and acute versus enduring fatigue (Craig & Cooper, 1992; Gawron, French,
& Funke, 2001; Grandjean, 1979). Mental fatigue is a response of mind and body
to the reduction in resources due to mental task execution. It warns for the
increasing risk of performance failure. Under normal circumstances, people
become tired by their everyday work activities, but their energetical' resources are
sufficient to meet the task demands. However, when a person is working under
high levels of (mental) workload and is already fatigued (e.g., at the end of a
workday), extra energy to compensate fatigue has to be mobilized through mental
effort in order to maintain task performance (Gaillard, 2001; Hockey, 1997;
Hockey, Coles, & Gaillard,  1986) . The mobilization of extra energy may results
into (feelings of) acute fatigue. A subsequent return to physiological and emotional
baseline levels is important. Incomplete or slow recovery from workload demands
disrupts the energetic homeostasis, which in turn may lead to chronic effects on
health and well being ("slow unwinding", Frankenhaeuser, 1979; Frankenhaeuser
& Johansson, 1986). In the event of incomplete recovery, the effects of high
workload demands can accumulate gradually, carry over from one day to the next
(Craig & Cooper, 1992; Frankenhaeuser, 1980; Frankenhaeuser & Johansson,
1986; Gaillard, 2001; Ursin, 1980).

Fatigue resists simple measurement, which stems from the
multidimensional nature of the condition (Desmond & Hancock, 2001; Gawron et
al., 2001; Wessely, 2001). Therefore, fatigue is measured using several different
measurement methods varying from performance based, to physiological,
biochemical, or subjective measures. In most research fatigue has been measured
by means of questionnaires, especially as far as work-related fatigued is concerned
(e.g., Checklist Individual Strength (Vercoulen, Alberts, & Bleijenberg, 1999),
General Burnout Questionnaire, Maslach Burnout Inventory (Maslach & Jackson,
1986), Shortened Fatigue Questionnaire (Alberts, Smets, Vercoulen, Garssen, &
Bleijenberg, 1997)). Although most ofthese questionnaires have proven to be valid
and reliable, the major disadvantage remains that they are subjective assessment

r The term energetical refers to "...all energizing mechanisrns that regulate the organism and directly or
indirectly in fluence the efficiency of psychological processing" (Gaillard & Kramer, 2000, p.37).
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tools. They give limited insight in the causes and mechanisms that produce fatigue,
in particular the enduring effects are unknown. Therefore, physiological measures
provide important additional information about the biobehavioural state of the
subject.

The present study focuses on a long tradition of using tonic EMG activity
in irrelevant muscles as an index for fatigue effects. In a classic study, Wilkinson
(1962) observed a strong relation between muscle tension and task performance in
sleep-deprived subjects. The performance ofsubjects who showed a small increase
in muscle tension was impaired most. Those subjects with a large increase were
able to maintain their performance at an acceptable level. Thus, the larger the
increase in EMG (muscular tension), the better performance was maintained after
sleep loss. This finding suggests that muscle tension reflects the effort that is
mobilized by the subjects to overcome their fatigue (Craig & Cooper, 1992). Under
demanding conditions, like after a workday, performance level can be maintained
by mobilizing extra energy through compensatory mental effort, as signified by an
increase in EMG activity levels. In several experiments (Freeman, 1931; Freeman
& Lindley, 1931) a high correlation has been found between EMG activity and
degree of effort. Subjects with the highest average tonie EMG activity showed the
smallest work decrement. Muscle tension was not taken as an indicator of fatigue
per se, but rather of the effort applied in performing a task. Van Boxtel and
Jessurun (1993) hypothesized that increasing EMG activity in certain facial
muscles may be an expression of growing compensatory effort to keep
performance at an adequate level. During a 2Om sustained attention task,
performance remained stable and was associated with a gradual increase in EMG
amplitude (of the frontalis, the corrugator supercilii, and the orbicularis oris
inferior muscle), called an EMG gradient (Malmo, 1965). The idea of EMG
amplitude as an index of compensatory effort was supported by various studies
(van Boxtel, Waterink, & Veldhuizen, 1997; Veldhuizen, Van Boxtel, & Waterink,
1998; Waterink & Van Boxtel, 1994) .

The current study investigated whether tonie EMG activity of the facial
muscles reflects differences in fatigue during and after a simulated workday. The
aim of this study was to examine whether subjects with and without enduring
fatigue complaints, as measured by a questionnaire, differed in level of EMG
activity during task performance. The above-mentioned studies show that tonic
activity can be considered as an index of the amount of compensatory mental
effort, necessary to overcome the fatiguing effects of a workday and maintain
performance at a stable level. An EMG gradient is interpreted as an indication of
increasing energy mobilization in order to counteract effects of fatigue. In the
present study, fatigue was measured using a multi-method approach. Three
different measurement methods were used: subjective ratings (questionnaires
assessing perceived mental effort, subjective fatigue, and need for recovery),
performance indices (reaction times and number of correct responses on a
standardized Sternberg memory-scanning task), and EMG activity measures.



Chapter 3 Fatigue and EMG activity                                                                                         33

EMG activity was measured during the performance of the standardized
Sternberg memory-scanning task on six occasions during the simulated workday
and the subsequent evening. Fatigue was manipulated in four ways: (a) the building
up of fatigue effects during the simulated workday, (b) the effect of time-on-task
during the 5-min task session, (c) the after-effects of the workday, i.e., performance
and EMG activity in the evening, and (d) the comparison of two subject groups
(high/low-score group), differing in the number of enduring fatigue complaints
indicated by the score on the Emotional Exhaustion scale from the Dutch version
of the Maslach Burnout Inventory, administered before the experiment. High-score
subjects were expected to have lower levels of EMG activity during task
performance than low-score subjects. Subjects with a high score were expected to
have more problems to mobilize energy, and thus would have problems with
compensating their fatigue to counteract the effects of time-on-task. It was also
expected that EMG activity during the evening tests would be higher for both
groups than during the daytime tests. Since tonie activity can be considered as an
index of the amount of compensatory mental effort, necessary to overcome the
fatiguing effects of a workday, subjects would probably have to invest more effort
in the evening tests in order to maintain performance at a stable level.

2 Method

2.1 Participants

Forty-six undergraduate students participated in the experiment (24 women and 22
men, mean age = 21.7 years). None of the participating students indicated to
experience health problems, be under medical treatment or take medication. The
two subject groups did not differ with respect to the five major personality factors
(Extraversion, Agreeableness, Conscientiousness, Emotional stability, and
Autonomy) as measured by the Five-Factor Personality Inventory (FFPI, Hendriks,
Hofstee, & De Raad, 1999). Subjects participated voluntarily and received (ECTS)
credit points for their participation. On the basis of their score on the subscale
Emotional Exhaustion (EE) of the Utrecht Burnout Scale (UBOS, see
questionnaires), subjects were distributed in two groups: high-score group (10
women  and  13  men,  mean  age  = 20.2 years) versus low-score group (14 women
and 9 men, mean age = 23.1 years). The high-score group consisted ofparticipants
scoring above the 75-th percentile (mean EE score = 2.63, SD = 0.51). Participants
with a score equal or below the 75-th percentile, the low-score group, were
designated as control subjects (mean EE score = 1.33, SD = 0.50).
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2.2 Simulated Office

The experiment was carried out in a simulated office with office equipment,
including a computer. The experiment lasted an entire day. Several office tasks that
collectively made  up a fictitious organization  of a conference were presented to the
subjects in a morning and afternoon work session. The main office tasks were (a)
formulating a suitable lecture arrangement for the supposed conference speakers,
(b) writing down a publication list of the conference contributions, (c) drawing up
a hotel planning for the listed participants, (d) making travelling plans for
participants, (e) making all sorts of preparations for the succeeding congress, and
(f) correcting multiple fake contributions for the conference book. To increase the
realistic character of the simulated workday, subjects were frequently interrupted
with small tasks, such as looking up phone numbers and taking notes.

2.3 Probe Task

During and after the simulated workday subjects were tested with the Sternberg
task (1966; 1969). The current task was a self-paced Short Term Memory
searching task (DOS version). This standard task was used to estimate the
psychobiological state of the subjects in different phases of the workday. Due to
the self-paced character of the task lapses in attention result directly in
performance changes. Subjects were instructed to react both as fast and as accurate
as possible. The stimuli were presented on the computer screen in front of the
subjects. Each trial started with the presentation of the so-called memory set on the
computer screen. The memory set contained four randomly selected letters  of the
alphabet that changed with every trial (varied mapping). In every trial the memory
set was a selection from the entire alphabet. The memory set remained on screen
for  1500 ms followed by a fixation cross lasting for 500 ms. Immediately after the
fixation cross extinguished, a single probe letter was presented. Subjects had to
decide whether or not the probe letter was part of the memory set by pressing a
corresponding key on the keyboard. The probe letter remained on screen for
maximally 10 s. After responding, subjects received a verbatim feedback message
on the screen ("good", "wrong", or "too late"). After the feedback stimulus
disappeared, the next trial started. The number of correct responses as well as their
corresponding reaction times were recorded. Two versions ofthe task were used: a
short test session and a long test session. The short test session consisted of a 5-min
task period (T), preceded and followed by a 5-min rest period  (R) [R (5 min) - T
(5 min) - R (5 min)].  The long test session consisted of two 25-min task periods
surrounded by 5-min rest periods [R (5 min) - T (25 min) - R (5 min) - T (25 min)
- R (5 min)].
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2.4 Procedure

The experiment lasted approximately ten hours and was divided in two parts: a
daytime part,  from 09:00 am until  17:30 pm, and an evening part starting at  18:30
pm and lasting until  19:35 pm (see Table 1). Before the experiment started the task
procedure and programme of the day were explained to the subjects. Then, subjects
practised the Sternberg task for 5 minutes, after which the EMG electrodes were
applied. During the day, subjects worked in two 3 hr work sessions (one in the
morning and one in the afternoon) each consisting of different office tasks in order
to simulate a workday. Before and after each work session, subjects executed the
short experimental test version  (Test   1 -4, see Table   1).  In the evening, subjects
executed the long experimental test version  (long test, see Table 1). Subjects were
instructed to produce as many correct responses as possible on the experimental
tasks.

Table 1. Schedule of simulated workday

Time of day Event

09:00 - 09:45 Training, State questionnaires
09:45 - 10:00 Test' 1
10:00 - 13:00 Work session, State questionnaires
13:00 - 13:15 Test' 2
13:15 - 14:00 Rest
14:00 - 14:15 Test' 3
14:15 - 17:15 Work session, State questionnaires
17:15 - 17:30 Tese 4
17:30 - 18:30 Rest
18:30 -19:35 Long testsb, State questionnaires

Short test session [R (5 min) - T (5 min) - R (5 min)]. bLong test session [R (5 min) - T (25
min) - R (5min) - T (25 min) - R (5 min)].
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2.5 Questionnaires

Subjects were asked to complete the following set of questionnaires at home, the
day prior to the start of the experiment: (a) the sub-scale Emotional Exhaustion
(EE) from the Utrecht Burnout Scale (Schaufeli & Van Dierendonck, 2000), (b) the
sub-scale Need for recovery of the "Questionnaire assessing work experience and
work appreciation" (VBBA, Van Veldhoven & Meijman, 1994), and (c) questions
addressing how well rested subjects felt, in general, in the morning, and about the
average number of hours sleep each night.

The EE scale indicates the amount of enduring fatigue.  The EE score is the
sum of five items, each with a 7-point rating scale ranging from 0 (never) to 6
(always). The items address work experience and feeling. The scale scores range
from 0 to 6 with a high score signalling a higher amount of enduring fatigue.  The
psychometric properties are good (Schaufeli & Van Dierendonck, 2000). For the
current study the UBOS was adapted for students by substituting in each item the
word  "work" by "study".  The  Need for Recovery scale contains  11  dichotomous
items (yes/no). The scale scores range from 0 to 10 with a high score signalling a
higher need for recovery. The scale has a Cronbach's alpha of 0.87. The question
"In general, how well rested do you feel in the morning?" was assessed by a
dichotomous rating scale ("well rested", "not well rested"). The average number of
hours sleep each night was a direct question filled in by the subjects.

On the day the experiment took place, subjects completed the following set
state questionnaires  at four different times (see Table   1): the Shortened Fatigue
Questionnaire (SFQ), the Scale for Perceived Load (SPL), the Rating Scale Mental
Effort (RSME), and the Checklist Individual Strength (CIS-20).

The SFQ (Alberts et al., 1997) assesses the intensity of physical fatigue. It
contains four items with a 7-point Likert scale (ranging from 1 (yes, that is true) to
7 (no, that is not true)). The scale scores range from 4 to 28. The reliability of the
SFQ is good (Cronbach's alpha 0.92).

The SPL (Van Veldhoven & Meijman, 1994) measures feelings of fatigue
during work. The SPL contains 16 items that are rated on a 5-point scale. Each
item contains two opposing statements and subjects have to indicate on a 5-point
scale, which of the two statements corresponds more with their momentary
physical state. The scale scores range from 0 to 48. The SPL has good reliability
coefficients.

The RSME (Zijlstra, 1994) measures subjective ratings of perceived
mental effort. The RSME is a one-dimensional visual-analogue scale containing
nine different verbal categories forming anchor points expressing different levels
of mental effort. The scale ranges  from  0  to   150.  The RSME shows systematic
relations with task difficulty and performance measures.

The CIS-20 (Vercoulen et al., 1994) measures subjective feelings of
fatigue and related behavioural aspects. The CIS contains 20 items that make up
four subscales: subjective experience of fatigue (8 items), concentration (5 items),
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motivation (4 items) and physical activity level (3 items). All items are scored on a
7-point Likert scale (ranging from 1 (yes, that is true) to 7 (no, that is not true)).
The CIS-20 has a good reliability coefficient (Cronbach's alpha 0.90). In the
present study the motivation (CIS-m) and concentration (CIS-c) subscales were
administered. The scale scores of both subscales range from 4 to 28, and from 5 to
35, respectively.

2.7 EMG recording and analysis

All physiological signals were recorded with the VitaPort 2 System developed by
TEMEC Instruments. The VitaPort 2 System was expanded with two modules, the
8-channel Universal amplifier module with Multi-connector  and  the 18 channel

Polysomnographymodule with Multi-connector.
EMG activity was bipolarly recorded by means of Ag/Aga surface

electrodes with contact  area and housing of 2  and  11 mm diameter respectively.
Electrodes were attached  to  the  skin with electrode centres   15 mm apart.  The
reference electrode was an ECG snap lead electrode, placed on the middle of the
forehead. EMG activity was recorded on the left-hand side from the facial
corrugator supercilii and the frontalis muscles. Electrode positions were chosen in
accordance with the guidelines presented by Fridlund and Cacioppo (Fridlund &
Cacioppo, 1986). EMG activity was recorded during each entire test session, thus
including rest and task periods.

EMG signals were pre-amplified with a factor 1000 and analogue band-
pass filtered with a -3dB high-pass cut-off frequency at  10,61  Hz and a -3  dB  low-
pass cut-off frequency at 400 Hz. EMG signals were then digitised by means of a
12-bit AD-Convertor  with a sample frequency  of  1024 Hz. Subsequently,  the  data
were digitally high-pass filtered with a -3 dB cut-off frequency of 32 Hz (in order
to lose unwanted movements artefacts). Ensuing, the data were stored on a 340MB
PCMCIA hard disk for VitaPort 2. The data were then further processed using SAS
for Windows, Release 6.12 TS Level 0025. First, the data were filtered using a
notch filter with -3 dB cut-off frequency points at 0,0438 and 0,0558 Hz,
respectively. Ensuing, the data were full-wave linearly rectified and smoothed by
means of low-pass filtering (-3 dB cut-off frequency at 38.4 Hz, > 40 dB
down/octave). Finally, the measurement points were integrated using 1 s periods.

In the short test sessions, the first and last 30 s integrated data points from
each rest and task period were omitted resulting in 4 min (240 integrated data
points) recorded EMG data per period (4 min rest, 4 min task, 4 min rest). For the
analysis of EMG activity, the mean EMG amplitude per 60 s was calculated,
leading to four mean amplitude scores for each task period. In addition to the
amplitude scores, difference scores with respect to the rest periods were
determined. Before determining the difference scores, the presence of group
differences in the rest periods was checked. Since no group differences were found,
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the four mean amplitude scores were converted into difference scores by
subtracting the surrounding mean rest values from each average, thus resulting into
four difference scores.

For the long test session, the same data reductions and procedures were
used. This resulted in 4 min recorded EMG data per rest period and 24 min
recorded EMG per task period. For the analysis of EMG activity, the mean
amplitude per 240 s was calculated, leading to six mean amplitude scores for each
task period. In addition to the amplitude scores, rest-task difference scores with
respect to the rest periods were determined. Before determining the difference
scores, the presence of group differences in the rest periods was checked. Since no
group differences were found, the six mean amplitude scores were converted into
rest-task difference scores by subtracting the surrounding mean rest values from
each average, thus resulting into six difference scores.

The analysis was performed on the mean amplitude scores and on the
difference scores. In this way we are able to look into differences between both
subject groups in initial EMG activity levels as well as to explore a task effect in
groups while leveling out these initial differences ascribed to group participation.
The results of the analyses will be the same for amplitude and difference scores
with the exception for between subject effects. Because the EMG data are
standardized with respect to the surrounding mean rest values, the presence of
group differences in the rest periods is checked in a separate analysis.

2.8 Statistical analysis

EMG activity and performance measures were analyzed with the multivariate
analysis of variance for repeated measures (MANOVA).  For the analysis  of EMG
activity, MANOVA's were performed on both the difference scores and the
amplitude scores. Two different analyses were performed. The first analysis was
executed  on the daytime tests with Tests  (Test   1 -4) and Periods (time course  over
the four averaged data points within a test) as within-subjects variables and Group
(high- versus low-score) as the between-subjects variable. The second analysis was
executed on the evening tests with Tests (Test 5-6) and Periods (time course over
the six averaged data points within a test) as within-subjects variables and Group
(high- versus low-score) as the between-subjects variable. The effect of Tests on
the difference and amplitudes scores was examined by transforming the test levels
into linear and quadratic trend contrast scores by computing orthogonal
polynomials. Significant effects of Group on these linear and quadratic trends
across task were further investigated by means of simple effects tests in order to
test trend components in both groups. In order to assess the effect ofPeriods during
the tests, orthogonal polynomial contrasts were computed across the difference and
amplitude scores in order to assess linear and quadratic increases in EMG activity
during the test. Significant effects ofthese contrasts demonstrate the presence of an
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EMG gradient. Main effects of Group and Test on these trend components were
further investigated for each level of Group and Test separately. The effect of
subject group was investigated by the main Group effect.

The presence of group differences in EMG activity in the rest periods was
analysed using MANOVA's,  with  Rest (rest periods  of Test   1 -6)  as the within-
subjects variable and Group as the between-subjects variable. Analyses were
executed on the surrounding mean rest values.

An additional analysis was executed to compare the EMG activity level in
the long evening test session with the activity level in the last daytime test (Test 4).
The difference in mean activity of the first evening test was compared with the
mean activity of Test 4. The difference scores for test 4 were subtracted from the
difference scores for Test 5. An independent sample t-test was executed on these
subtracted scores, with Group as the grouping variable.

The .05 probability level was adopted as significance criterion in all tests.
Since we expected that high-score subjects would have more problems in
compensating their fatigue and thus show less EMG activity in comparison with
the control subjects, we used a one-tailed testing procedure for the differences
between groups. Because we also expected an overall increase in EMG activity
during the day as well as within a test, the within-subjects variables Test and
Period were also subjected to a one4ailed test.

For the analysis of the task performance measures, number of correct
responses and reaction times, the same MANOVA's were executed but without the
factor Periods. The state questionnaires were analysed using a MANOVA with
Administration of Questionnaires (four administrations during the workday) as
within-subjects variable and Group (high- versus low-score group) as the between-
subjects variable. The trait questionnaires were analysed using a one-way ANOVA
with Questionnaire (each trait questionnaire is only once administered) as within-
subjects variable and Group (high- versus low-score group) as the between-
subjects variable.

3 Results

3.1 EMG Activity

As  is  illustrated in Figure   1, the activity pattern  of the two muscles was quite
similar. The results of the analysis on the amplitude scores in the four short test
sessions show a clear effect of Test for the corrugator and frontalis muscle as
shown by a negative linear trend and a significant positive quadratic trend across
tests (see Table 2 for the statistical results). No significant interaction was found
between Group and Test, and no group effect for both trends. The presence of the
trend components demonstrates a curvilinear decrease in mean EMG activity
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during the day. Figure 1 shows a reduction in mean activity during the morning and
the beginning of the afternoon (Test  1 -3),  and an increase in mean activity towards
the end of the afternoon (Test 4). The results of the trend analysis on the EMG
amplitudes during a test, are presented in Figure 2. A significant positive linear
trend component was found for the corrugator and frontalis muscle. This
demonstrates a continuous increase (EMG gradient) in activity during each test.
The EMG gradient was present during each test. No significant interaction was
found between Group and Periods, meaning that the trend component was equal in
both groups. A significant overall group effect was found for the corrugator
muscle. The high-score group showed less EMG activity than the low-score group.
This effect was not significant for the frontalis muscle. The results for the
difference scores were the same as for the amplitude scores, with the exception of
the overall group difference. The high-score group showed lower EMG difference
scores for the corrugator muscle as well as for the frontalis muscle.
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Figure  1.  Mean EMG activity during the Sternberg tests, separately  for the corrugator and frontalis
muscle, for the amplitude and difference scores, and for the low-score and high-score group.
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Figure  2.  Mean EMG gradients  for the amplitude scores during Test  1 -4  and Test 5-6, separately  for

the corrugator and frontalis muscle, and for the low-score and high-score group.

The results of the analysis on the two long test sessions in the evening are

also presented in Figure  1. The amplitude scores ofthe corrugator muscle showed a
clear effect of Test as indicated by a significant negative linear trend across tests.
As can be seen in Figure 1 the mean corrugator activity decreased during the
evening tests. No effect of Test was found for the frontalis muscle which means
that EMG activity remained on the same level during both tests. No significant
interaction was found for both muscles between Group and Test. Trend analysis of
activity displayed during tests, revealed a significant positive linear trend

component and a significant negative quadratic trend component during each test
for the corrugator muscle, and a significant positive linear trend component for the
frontalis muscle. This demonstrates a continuous increase in corrugator and
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frontalis activity (EMG gradient) during a test (see Figure 2). No significant
interaction was found between Group and Periods, meaning that the trend
component was equal in both groups. No significant overall group difference was
found for the corrugator muscle. The amplitude of the frontalis muscle showed a
tendency to differ between groups. The high-score group tended to show lower
EMG amplitudes than the low-score group. For the difference scores, no group
difference was found for the corrugator muscle. The amplitude of the frontalis
muscle did differ between groups. For the high-score group, the difference scores
were smaller than for the low-score group.

The results of the analysis  on the surrounding rest values showed no group
differences for the corrugator, F(1,44) = 0.73, p = .40, and the frontalis muscle,
F(1,44) = 0.50, p =.48. No significant interactions were found between Group and
Rest for both muscles, meaning that during the day, both groups showed equal rest
values.

The t-test comparing the EMG activity in the long evening test session
with the activity in the last daytime test (Test 4) showed a significant increase for
the corrugator, t = 3.54, p < .001, and frontalis muscle, t = 2.43, p < .05. The
increase was the same for the two groups.

Table 2. F values for the MANOVA's on corrugator and frontalis muscle EMG activity, with
Repeated Measures of Test and Periods and the between-subjects variable Group

Corrugator Frontali s

Daytime Test (1-4) Linear trend 10.99 10.93
** ..

.* ..

Quadratic trend 6.18 11.46
Periods Linear trend 29.38 2.74'

**I

Quadratic trend 1.70 1.32
Group

8.94-
2.88' 0.06
2.58

Evening Test (5-6) Linear trend 5.29' 1.20
-I .*Periods Linear trend 22.08 10.36
...

Quadratic trend 16.24 1.39

Group 0.90  .99

0.28 6.39-
Note. For all tests,  df =   1,44. The MANOVA's  on the amplitude and difference scores generate  the
same results with the exception of the overall group difference. Italicised values indicate amplitude
score results, underlined values the difference score results.
'p <.05. -p <.01. -'p <.001
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3.2 Task Performance data

The  results  of the analysis  on the reaction times  in the test sessions during the day
and evening are presented in Figure 3 and in Table 3. The reaction times in the test
sessions during the day did not differ between the two groups. In both groups,
reaction times decreased during the experiment and trend analysis showed both a
negative linear and a positive quadratic trend component. Reaction times decreased
strongly during the morning and stabilised during the afternoon. The analysis on
the two long tests in the evening showed that the high-score group had slower
reactions. In both groups, no differences were found between the first and second
long test.

Figure 3 also displays the number of correct responses. The analysis on the
four test sessions showed no differences in the number of correct responses
between the two groups. The number of correct responses increased during the  four
tests as shown by a positive linear trend and a negative quadratic trend. The
analysis on the number of correct responses of the two long tests in the evening
showed a significant difference between subject groups. The high-score group had
a smaller number of correct responses. Although the results suggest a decrease in
performance for the high-score group, this interaction was not significant. No
differences in the number of correct responses were found between the first and
second long test.
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Figure 3. Mean reaction times and number of correct responses for each Stemberg test for the low-
score and high-score group.
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Table 3. F values for the MANOVA's on task performance (reaction times and number of correct
responses), with Repeated Measures of Test and the between-subjects variable Group

Reaction times Correct responses

Daytime Test (1-4) Linear trend 38.85 30.00
... -I

*..

Quadratic trend 15.75 7.06'

Group 0.51 0.10

Evening Test (5-6) Linear trend 0.02 1.83

Group 5.82' 6.136
..

Note. For all tests, df= 1,44
'p <.05. **p <.01. -*p <.001

3.3 Questionnaires

The outcomes of the analyses on the state questionnaires are presented in Table 4
and Table 5. Subjective ratings of mental effort (RSME scores) did not differ
between the low- and high-score group. Results showed the presence of a positive
linear trend as well as a negative quadratic trend across the four administrations of
the effort questionnaire. The trends were equal for both groups and indicated an
increase in perceived subjective effort during the day.

Table 4. F values for the MANOVA's on the state questionnaires, with Repeated Measures of
Administration of Questionnaires (4) and the between-subjects variable Group

RSME SFQ SPL CIS-m ClS-C

Administration
.*. -I -I -I .**Linear trend 155.94 37.02 31.20 22.02 17.24

I. ***

Quadratic trend 5.83' 8.84 17.99 0.20 1.84

*.

Group 0.92 7.87 5.45' 2.44 4.74'

Note. For all tests, df = 1,44. RSME = Rating Scale Mental Effort; SFQ = Short Fatigue
Questionnaire; SPL = Scale for Perceived Load; CIS-m = Checklist Individual Strength, subscale
Motivation; CIS-c - Checklist Individual Strength, subscale Concentration.
*p <.05. -p <.01. '-p <.001



Table 5. Mean values and standard deviations (in parentheses) for the four administrations (Adm) of the state questionnaires during the workday,
for the high-score (HS) and low-score (LS) group

RSME SFQ SPL CIS-m CIS-C

HS      LS      HS      LS      HS      LS      HS      LS      HS      LS

Adm. 1 11.90 11.87 11.17 14.74 13.26 15.91 8.78 11.04 13.74 13.13

(11.88) (9.03) (4.81) (3.80) (6.96) (6.97) (4.23) (3.02) (4.10) (5.17)

Adm. 2 43.43 47.39 11.43 14.00 13.48 15.91 10.43 11.56 13.91 15.96

(19.49) (20.20) (4.49) (4.81) (4.83) (4.95) (4.93) (3.77) (4.30) (4.57)

Adm. 3 51.13 57.00 12.83 17.35 14.87 17.78 11.17 13.52 14.78 18.26

(20.84) (20.43) (5.18) (4.70) (6.26) (6.97) (4.95) (4.70) (5.13) (6.87)

Adm. 4 72.43 80.26 15.83 18.83 19.39 25.61 12.74 14.65 16.39 20.39

(30.77) (33.55) (5.73) (5.44) (7.06) (9.19) (5.99) (6.44) (5.15) (7.15)
Note. RSME = Rating Scale Mental Effort; SFQ = Short Fatigue Questionnaire; SPL - Scale for Perceived Load; CIS-m = Checklist Individual
Strength, subscale Motivation; CIS-c - Checklist Individual Strength, subscale Concentration.
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Figure 4 depicts the results for the four administrations of the Scale for
Perceived Load (SPL), as well as the Shortened Fatigue Questionnaire (SFQ). The
experience of physical fatigue, as measured by the  SFQ,  did not differ between the
low- and high-score group. The high-score group experienced more fatigue.
Towards the end of the experiment all subjects experienced more fatigue. Trend
analysis revealed for both groups the presence of a positive linear trend as well as a
negative quadratic trend.

The intensity of mental fatigue, as measured by the SPL, differed between
groups. The high-score group showed more fatigue than the low-score group.
Furthermore, scores were also affected by the duration of the experiment as shown
by a positive linear trend component and a negative quadratic trend component
across the four administrations ofthe questionnaire. Both groups experienced more
fatigue when the workday progressed.

The analysis executed on the motivation subscale of the CIS-20
demonstrated no group difference. Results did show a positive linear trend
indicating an increase in motivation problems during the day. The analysis on the
subscale Concentration of the CIS-20, did show a significant group difference.
High-score subjects had more problems maintaining their concentration during the
day. The results also demonstrated a significant positive linear trend signifying that
subjects gradually experienced more concentration problems during the workday.

SPL SFQ
28 *- -n 20 0-- --                       - - · · -  -

1

f..4%% I; 

18•

241
.

3 221                 1                # 's.1
I                                           a

E 201 3               '.,V 7 .----&- ...
  18•

\ i. 8 14 {     -.
a        -h  1 2

16/            r«          -"3.1          ' Low-score group                 4                    /

K  ___ _. 0-ZZ
12• -k

144

1,- ------·<3- $- - ---- M-0

12:
' Hgh-score group             10

0900 am 13 00 pm 171; »„' -  - 1925 09 00 am 13 00 pm 1715 pm 1925

Time of day Tirne of day

Figure 4. Results of the Scale for Perceived Load (SPL) and the Shortened Fatigue Questionnaire
(SFQ) for the low-score and high-score group.
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Table 6. Results for the subject groups of the questionnaire Need for Recovery (mean value) and of
the questions addressing "feeling well rested"(expressed in percentages) in the mornings, and hours
sleep each night (mean value)

Group

FLow-score High-score

Need for recovery 2.70 3.83 2.72'

Feeling "well rested" 73.91 34.78 8.03**

Hours sleep 8.17 7.65 2.84'
Note. F values correspond with the executed ANOVA's. For all tests, df= 1,44.
*p < .05. "p < .01.

Table 6 shows that the high-score group showed a higher Need for
Recover than the low-score group. The same figure also illustrates that high-score
subjects felt in general less well rested in the mornings.

Finally, subjects in the high-score group slept, in general, fewer hours than
subjects in the low-score group.

4 Discussion

The present study shows that facial EMG measures differentiate between subjects
with and without enduring fatigue complaints as indicated by the Emotional
Exhaustion scale of the Burnout questionnaire. During all six tests, subjects with
many complaints displayed less activity than subjects with few complaints. Mean
muscle activity of the frontalis muscle gradually decreased during the day, whereas
this activity increased in the evening. The EMG activity for both groups was higher
in the evening tests than in the last daytime test. The gradually increasing EMG
activity during a test was labelled the EMG gradient (e.g., Van Boxtel & Jessurun,
1993). The EMG gradients were similar in both groups, although the gradients in
the high-score group started on a lower level. The corrugator muscle showed
overall the same pattern as the frontalis muscle, except that the group effect in the
evening was not significant.

The EMG gradients were interpreted as a sign of growing compensatory
mental effort to maintain task performance (e.g., Van Boxtel & Jessurun, 1993;
Waterink & Van Boxtel, 1994). EMG gradients were present in both subject
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groups, which indicates that both groups strived to maintain their performance by
exerting more effort. The larger EMG activity during the evening tests can also be
considered as an indication of compensatory mental effort, necessary to overcome
the fatiguing effects of the workday. Subjects have to invest more effort in the
evening tests in order to maintain performance at a sufficient level.

The smaller EMG activity in subjects with complaints suggests that they
have problems to invest sufficient energy. This is supported by the performance
results. They react slower and produce a smaller number of correct responses.
Although this difference between the groups only reaches significance in the
evening, the trend is already present during daytime. High-score subjects seem to
be just able to perform during daytime, but their resources come to end in the
evening, although they tried to invest more effort.

That subjects scoring high on Emotional Exhaustion have more problems
to maintain a good performance is also supported by the results of the
questionnaires. They experience more physical and mental fatigue during the entire
day, and report to have more problems maintaining their concentration. However,
high-score subjects do not experience the simulated workday as demanding more
mental effort. Both groups show the same increase in mental effort during the day.
This appears to be in contradiction with the other questionnaires measuring fatigue
and perceived mental load. Apparently, finding a task effortful does not necessarily
mean that subjects find it also more fatiguing. The judgement of effort appears to
be related to the difficulty of the task as such and not to problems subjects may
have in executing the task. One could argue that a lack of motivation might have
caused the effects in the EMG and questionnaire results. However, no differences
between the groups were found on the sub-scale Motivation ofthe CIS-20.

High-score subjects have a higher need for recovery, do not feel "well
rested" in the mornings, and sleep less then the other subjects. This result was also
found in a study (Zijlstra & De Vries, 2000) that investigated the relation between
burnout and work-related variables. Despite their larger need for recovery, high-
score subjects sleep less than low-score subjects, thereby making less use of the
possible beneficial recovery effects due to sleep. In a study done by Sluiter, Van
der Beek, and Frings-Dresen (1999) similar relationships were found. They showed
that need for recovery was a major predictor of sleep complaints and complaints of
emotional exhaustion. Melamed, Ugarten, Shirom, Kahana, Lerman, and Froom
(1999) found that workers with burnout symptoms had more sleep disturbances and
complaints of "waking up exhausted" than workers without burnout symptoms.
The present results suggest a process ofmutual reinforcing factors. The cumulating
fatiguing effects of a day's work demand recovery. However, high-score subjects
sleep less, thereby starting the following day "less rested", which in turn enlarges
the fatigue effects the next day. Through this process fatigue effects accumulate,
which may result in burnout.  This view supports the idea of reduced adaptiveness
of phychobiological functions. This notion is supported also by the larger reduction
of EMG activity after the completion of the two long tests in the evening (see
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Figure 2). This reduction is larger in the low-score group than in high-score group,
which suggests a better adaptation to task demands and faster recovery to rest
values. A similar effect was found for blood pressure in hypertensives
(Frankenhaeuser, 1986, Figure 4).

Although the results of the present study yield a consistent picture, there
are limitations to the study. The experiment was set up to simulate a workday.
Realistic simulation of a workday is difficult, however. A field study would have
been better in this respect but would have raised other problems, such as limited
controllability of the task environment. It should be noted that the present subjects
were selected from a "normal" student population, which should be kept in mind
when extrapolating the results to other groups.

It appears that subjects, scoring high on Emotional Exhaustion, have more
problems with investing sufficient energy to maintain performance during a
workday. In general, they have a higher need for recovery and feel less well rested
when getting up. The difference in EMG activity found in both the corrugator and
frontalis muscles shows a fairly stable pattern, throughout the entire day. As
indicated by the fatigued subjects themselves, they find the simulated workday
more fatiguing, physically and mentally, than the subjects with a low-score on
Emotional Exhaustion. The results of this study show converging evidence
between subjective, performance, and physiological measures. They all contribute
to the insight in the mechanisms that play a role in the development of burnout
symptoms. Since facial EMG measures appear to be sensitive to the effects of
fatigue, they provide a tool to evaluate the energy mobilisation during prolonged
working periods.
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1 Introduction

Fatigue is a common phenomenon. It has become a well-known problem in many
work environments (e.g., Kroenke, Wood, Mangelsdorff, Meider, & Owell, 1988;
Pawlikowska et al., 1994). Fatigue can be conceived of as a response of mind and
body to the reduction and oncoming depletion in resources. The feeling of 'being
tired', a diffuse sensation of weariness, has a protective function. It serves as a
warning signal against performance decrement. Fatigued people experience an
aversion towards applying further effort (Craig & Cooper, 1992; Gaillard, 2001;
Grandjean, 1979; Meijman, 1991; Thorndike,  1914). It is an indicator of imminent
disruption  of the organism's psychobiological equilibrium (homeostasis),   " . . .a
failure to maintain an equilibrium position" (Hemingway, 1953). Most studies
make a distinction between acute and enduring fatigue. Both can be conceived of
as biobehavioural states. Acute fatigue is regarded as a normal and healthy
phenomenon evoked by task performance or daily activities. It is task-specific, i.e.,
directly related to the execution of a task. It is typical for acute fatigue that the
evoked aversive feelings quickly vanish when task execution stops. In contrast, the
effects of insufficient recovery from the exposure to daily stressors can gradually
accumulate and result in enduring fatigue. Enduring fatigue is not reversible and
will not vanish by rest alone. It is an unhealthy response pattern, leading to chronic
effects on health and well-being (Gaillard, 2001).

Until now, there is a limited number of studies on the causes of fatigue and
the mechanisms that produce fatigue. Research on fatigue has been designed

according to three approaches: (1) survey research investigating the relationship
between personality and enduring fatigue, (2) research on the relationship between
work characteristics and enduring fatigue, and (3) studies on acute fatigue induced
by long-term performance. These three approaches will be combined in the present
study.

The number of survey studies on the relationship between personality and
enduring fatigue is increasing. These studies reveal that individual characteristics
moderate to a large extent how persons look upon and experience their (work)
environment (De Vries & Van Heck, 2002). The role of personality in the
occurrence of work-related fatigue has received gradually more attention due to the
increasing number of cases of work incapacity caused by enduring fatigue
problems. A number of studies have used the Five-Factor Model of personality in
the measurement of global personality differences. Extraversion, Agreeableness,
Conscientiousness, Neuroticism (Emotional Stability), and Openness to Experience
(Autonomy) represent a taxonomy of basic personality traits that concisely
describe characteristic differences between individuals (e.g., Digman, 1990;
Goldberg, 1990; McCrae & Costa, 1987, 1999; McCrae & John, 1992; Zellars,
Perrewd, & Hochwarter, 2000). Extraversion reflects the disposition towards
cheerfulness, enthusiasm, sociability, and high activity. Agreeableness represents
the inclination towards interpersonal trust, emotional support, and consideration of
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others. Conscientiousness reflects a tendency towards efficiency, competence and
sense of duty, planning, organizing, achievement and self-discipline. Neuroticism
stands for the inclination to experience emotions like nervousness, depression,
frustration, and guilt. Finally, Openness to Experience describes a receptive
inclination towards curiosity, imagination, varied experiences and ideas (see Costa
& McCrae, 1989, for a more detailed description ofthe five factors).

Recent studies on the relationship between personality and enduring
fatigue, have found that introverts have higher scores on emotional exhaustion (De
Vries & Van Heck, 2002; Eastburg, Williamson, Gorsuch, & Ridley, 1994; Mills &
Huebner, 1998; Zellars et al., 2000). Emotionally unstable persons (neurotics)
reported more emotional exhaustion (De Vries & Van Heck, 2002; Hills &
Norvell, 1991; May & Kline, 1988; Piedmont, 1993; Zellars et al., 2000).
Agreeableness showed a negative (Mills & Huebner, 1998; Piedmont, 1993), or no
relation with fatigue (De Vries & Van Heck, 2002). In the case of relationships
between Conscientiousness and fatigue (Deary, Agius, & Sadler, 1996; Mills &
Huebner, 1998) and Openness to Experience and fatigue (De Vries & Van Heck,
2002; Deary et al., 1996; Piedmont, 1993), the results are inconsistent. A recent
prospective study examined the relationships between the five personality
dimensions and enduring fatigue (Michielsen, De Vries, & Van Heck, in press)
among persons working at least 20 h a week. From the five dimensions, only
Extraversion and Emotional Stability were found to be stable predictors of fatigue
two years later. However, when the analysis controlled for fatigue at the first
measurement moment, only Extraversion was found to be a good predictor.

The second approach in research on fatigue, concerns research that focuses
on the relationship between burnout and work characteristics. Burnout can be
described as a special form of enduring fatigue that is connected with stress at
work. Burnout consists of feelings of emotional exhaustion (energy depletion),
cynicism, and reduced feelings of personal efficacy (Bakker, Demerouti, &
Verbeke, submitted; Maslach & Jackson, 1986; Schaufeli, Leiter, Maslach, &
Jackson, 1996). Research has shown that certain (psychosocial) work
characteristics are important factors related to enduring fatigue (e.g., burnout).
Bultmann, Kant, Van den Brandt, and Kasi (2002) found in a working population
that psychosocial work characteristics (e.g., psychological demands and emotional
demands at work, decision latitude, co-worker social support) predicted the onset
of fatigue one year later. There is a growing body of research that shows that a low
decision latitude (i.e. low job autonomy) combined with high cognitive and/or
emotional demands, contributes to burnout (Bakker, Demerouti, De Boer, &
Schaufeli, in press; Hardy, Shapiro, & Borrill, 1997; Janssen, Schaufeli, & Houkes,
1999; Schaufeli & Enzman, 1998; Stansfeld, Fuhrer, Shipley, & Marmot, 1999).
Lack of social support and negative future prospects are also important risk factors
(Bakker et al., submitted; Roe & Zijlstra, 1999; Zijlstra & De Vries, 2000).

The third approach investigates how acute fatigue builds up during
extended work periods. This type of research is especially relevant for optimizing
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the conditions for working at irregular hours: overtime, night shift, etc. Typical
results of these studies are increases in feelings of acute fatigue and a decrease in
performance. The effects are stronger the longer the work sessions between breaks,
the longer the employee is at work and the longer the time-since-awake. The rate of
this performance degradation is dependent on the characteristics of the task (e.g.,
time uncertainty, dullness, etc.) and the environment (lack of feedback or bonus,
physical and social isolation, monotony, etc.) (see for reviews, Gaillard, in press;
Hockey,   1986; Monk, Folkard, & Wedderburn,   1996).   It  has been shown  (e.g.,
Baranski, Pigeau, & Angus, 1994) that workers are very well able to monitor their
alertness and to assess their ability to perform. Although subjective assessments are

very reliable, they are rarely used in research on long-term performance. Only in a
few studies the rate with which fatigue is building up has been related to measures
of enduring fatigue (e.g., burnout scale) or personality characteristics such as the
Big Five. These studies reveal that extraverts, as compared to introverts, show a
quicker degradation during prolonged working periods, in particular under
monotonous conditions (e.g., Steyvers, 1991). This result has been explained in
terms of arousal and boredom. Introverts are assumed to have a chronically higher
arousal level. Therefore, they are less dependent of the stimulating/motivating
characteristics of the task to remain alert. A more cognitive explanation is that
extraverts are more easily bored and loose interest in the task.

In the current study, the three mentioned approaches are brought together.
Little or no research has been done to examine (1) the relationship between acute
and enduring fatigue, and (2) the moderating effects of personality on the
development of acute fatigue during a workday. Persons participated in a simulated
workday, during which, at several times, their acute fatigue was assessed. In
addition to acute fatigue, we also assessed the Big Five personality characteristics
and the level of enduring fatigue.  In this study we investigated three aspects. Based
on earlier studies (e.g., De Vries & Van Heck, 2002; Zellars et al., 2000) it was
expected that Extraversion and Emotional Stability would be inversely related to
enduring fatigue. In addition, we explored whether personality characteristics could
predict acute fatigue during a simulated workday. Some studies have shown that
extraverts experience performance difficulties in monotonous task situations (long-
term performance)(e.g., Steyvers, 1991). Introverts, on the other hand, have
problems to remain concentrated in more stressful circumstances, with more
intensive stimulation (Barrick & Mount, 1991; Gaillard, 2003). Therefore, it was
hypothesised that in the current study, requiring long-term performance, extraverts
would be more susceptible to acute fatigue. A further objective of the study was to
explore the relationship between personality characteristics and acute fatigue.
Finally, it was of interest to determine whether enduring fatigue predicted acute
fatigue during the workday. It was expected that enduring fatigue would be
positively related to acute fatigue.
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2 Method

2.1 Participants

Participants were 46 undergraduate students (24 women and 22 men, mean age =
21.7 years). None of them indicated health problems, current medical treatment or
medication. Participation was voluntary. They received credit points for their
participation.

2.2 Procedure

The experiment was carried out in a simulated office with office equipment. It
lasted an entire day. In 3 hr morning and afternoon work sessions, the participants
completed several office tasks that collectively made up a fictitious organization of
a conference. The main office tasks were (a) formulating a suitable lecture
arrangement for the supposed conference speakers, (b) writing down a publication
list of the conference contributions, (c) drawing up a hotel planning for the listed
participants, (d) making travelling plans for participants, (e) making all sorts of
preparations for the succeeding congress, and (f) correcting multiple fake
contributions for the conference book. To increase the realistic character of the
simulated workday, participants were frequently interrupted with small tasks, such
as looking up phone numbers and taking notes. In the evening they worked another
hour.  During the day, all individuals completed at four different times a set of state
questionnaires:  at the start of the experiment (Tl; 09:00 am), the end the morning
(T2; 13:00 pm), in the afternoon (T3; 17:15 pm) and in the evening work period
(T4; 19:30 pm).

2.3 Questionnaires

Participants completed the following set of questionnaires at home, the day prior to
the start of the experiment: (a) the Emotional Exhaustion (EE) scale from the
Utrecht burnout Scale (UBOS, Schaufeli & Van Dierendonck, 2000), and (b) the
Five-Factor Personality Inventory (FFPI, Hendriks, 1997; Hendriks, Hofstee, & De
Raad, 1999).

The EE scale contains five items and assesses the amount of enduring
fatigue (feelings of fatigue, overtaxation, and emptiness). Each item is measured on
a 7-point rating scale ranging from 0 (never) to 6 (always). High scores signal a
higher amount of enduring fatigue. The psychometric qualities have been tested
extensively (Schaufeli & Van Dierendonck, 2000). For the current study the EE
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scale was adapted for students by substituting in each item the term "work" by
"study".

The FFPI was used to assess the Big Five factors of personality:
Extraversion, Agreeableness, Conscientiousness, Emotional Stability, and
Autonomy (Openness to Experience). The questionnaire consists  of 100 brief and
concrete behaviourally descriptive statements. Each scale contains 20 statements
(10  positively  and 10 negatively phrased items). Answers are scored  on a 5-point
Likert  scale  ranging  from 1, not at all applicable, to 5, totally applicable. The
psychometric characteristics ofthe FFPI are good (Hendriks, 1997; Hendriks et al.,
1999).

On the day of the experiment, individuals completed the following set of
state measures at four different times (Tl to T4): the Scale for Perceived Load
(SPL, Van Veldhoven & Meijman, 1994), and the Checklist Individual Strength
(CIS-20, Vercoulen et al., 1994).

The   16-item SPL measures feelings of fatigue during  work.  Each  item
contains two opposing statements (e.g., loss of attention versus no problems with
attention) and participants have to indicate on a 5-point scale which of the two
corresponds more with their momentary physical state. The scale scores range from
0 to 48. The psychometric properties are satisfactory (Van Veldhoven & Meijman,
1994).

The CIS-20 measures subjective feelings of fatigue and related behavioural
aspects. The CIS-20 contains 20 items and provides scores for four components
(subscales) of fatigue: Subjective Experience of Fatigue (SEF; 8 items), Reduced
Concentration (CON; 5 items), Reduced Motivation (MOT; 4 items), and Reduced
Physical Activity level (PA; 3 items). All items are scored on a 7-point Likert scale

ranging from  1, yes, that is true,to 7, no, that is not true. High scores indicate high
levels of fatigue, concentration problems, and low levels of motivation and
physical activity. Although the CIS-20 was initially developed for assessing fatigue
in Chronic Fatigue Syndrome patients, the questionnaire is claimed to be
applicable in healthy populations as well (Bultmann et al., 2000). Psychometric
properties of the CIS-20 are good (Bultmann et al., 2000; Vercoulen et al., 1994).

2.4 Statistical procedure

To investigate the impact of personality and emotional exhaustion on the
development of acute fatigue during a workday, statistical analyses were executed
on difference scores obtained with the fatigue state questionnaires. Difference
scores were calculated by subtracting the scores of Tl (beginning of the day), from
the T4 scores (end ofthe day). This resulted in difference scores for the dependent
variables SPL (dSPL), the CIS total score (dCIS), and the CIS subscale scores

(dSEF, dPA, dMOT, dCON).
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First, gender and age differences with respect to the dependent variables
were examined by t-tests comparing people scoring below and above the 504h
percentile on a dependent variable. Second, after analysing the intercorrelations
among the fatigue scales, Pearson correlations were calculated between the Big
Five personality scales, difference scores on the fatigue scales (dSPL, dCIS, dCIS
subscales) and EE. Third, two sets of standard multiple regression analyses (MRA)
were performed with differences scores on the fatigue state questionnaires as
dependent variables (dSPL, dCIS, dSEF, dPA, dMOT, dCON). The first set of
MRAs with the FFPI subscales as independent variables was conducted to
scrutinize the variance in fatigue accounted for by personality. Each MRA was run
with another fatigue (sub)scale as the dependent variable. In the second set of
MRAs, the EE scale was employed as independent variables. These analyses were
executed to allow an examination of the variance in fatigue accounted for by
emotional exhaustion.

3 Results

No gender and age differences were found on any of the fatigue scales (dSPL,
dCIS, dSEF, dPA, dMOT, dCON). Since no differences were found, there was no
need to include them in the regression analyses. The correlations between the basic

personality dimensions   and the fatigue scales are presented in Table    1.
Extraversion was negatively correlated with Emotional Exhaustion. Emotional
Stability was negatively related to Emotional Exhaustion. Extraversion and
Conscientiousness were positively correlated with an increase in fatigue as
measured by the CIS total difference score (dCIS) and the Subjective Fatigue
difference score (dSEF).

Table 1. Intercorrelations between personality and the increase in fatigue

EE dSPL dCIS dSEF dPA dMOT dCON

Extraversion -0.31' 0.07 0.28' 0.33' -0.11 0.26 0.17

Agreeableness -0.14 -0.24 0.20 0.22 0.27 0.05 0.07
Conscientiousness -0.12 0.11 0.36' 0.34' 0.20 0.25 0.20

Emotional Stability -0.37' -0.23 -0.07 -0.06 0.19 -0.06 -0.16

Autonomy -0.16 -0.08 -0.21 -0.15 0.18 -0.26 -0.26
Note. EE Emotional Exhaustion; dSPL/dCIS/dSEF/dPA/dMOT/dCON = evening minus morning
measurement; SPL = Scale for Perceived Load; CIS = Checklist Individual Strength; SEF =
Subjective Experience of Fatigue; PA = Reduced Physical Activity level; MOT = Reduced
Motivation; CON = Reduced Concentration;
p <.05
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Table 2. Correlations among the fatigue scales

dSPL dCIS dSEF dPA DMOT dCON

EE 0.25 -0.04 -0.13 -0.07 -0.08 0.18

** *. ..

DSPL 0.49 0.33' -0.19 0.41 0.65
.*. ... ...

DCIS 0.89 0.03 0.82 0.83

-.
DSEF -0.17 0.61 0.63

...

DPA -0.04 -0.16
...

DMOT 0.59

DCON
Note. EE = Emotional Exhaustion; dSPL/dCIS/dSEF/dPA/dMOT/dCON = evening minus morning
measurement;  SPL = Scale for Perceived  Load;  CIS = Checklist Individual  Strength;  SEF  =
Subjective Experience of Fatigue; PA = Reduced Physical Activity level; MOT = Reduced

Motivation; CON = Reduced Concentration;
'p<.05,"p<.01,"'p<.001

The correlations among the fatigue scales are displayed in Table 2.
Emotional Exhaustion was not related to the acute fatigue questionnaires. The
acute fatigue questionnaires were all positively correlated with one another, with
the exception of the scale measuring physical fatigue. This aspect of fatigue
appeared to be unrelated to any of the other aspects.

The first set of MRAs was conducted on the personality variables (see
Table 3). Personality variables did not explain the increase in perceived load
(SPL). The personality dimensions did, however, explain the increase in fatigue as
measured by the CIS-20 total score (dCIS) and the Subjective Experience of
Fatigue scale (dSEF). Extraversion predicted the increase in fatigue as measured by
dCIS. Both Extraversion and Agreeableness played a substantial role as predictors
of increases in the Subjective Experience of Fatigue (dSEF).

Since the results showed strong relations between Extraversion and the
increase in fatigue state (dCIS, dSEF), these relations were further examined (see
Figure 1). First, participants were divided  into two groups  on the basis of their
Extraversion score (above and below the 50-th percentile). A MANOVA for
repeated measurements (GLM), comparing these participants on the four
administrations of the CIS and the SEF, showed a group difference on dCIS (F(1,
44) = 3.84, p < .05) and no group difference regarding dSEF (F(1, 44) = 1.20, p =
.28) (Figure  1 a and lc). Second, participants with an Extraversion score < the 25-th
percentile were compared with participants scoring > the 75-th percentile. A GLM
comparison between these groups on CIS and SEF, showed a significant
interaction with group for both fatigue scales (F(3,16) = 2.48, p < .05; 17(3,16) =
2.92, p < .05). Simple effect tests revealed that introverts did not show an increase
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in fatigue during the day on the CIS and the SEF. They remained constantly at a
rather elevated level of fatigue. Extraverts, however, did show a linear increase in
fatigue on both the CIS (F(1, 8) = 29.43, p < .01) and the SEF (F(1, 8) = 23.79, p <
.01) during the day (Figure lb and ld).

The regression results also showed a relation between Agreeableness and
increases in fatigue (dCIS, dSEF). Therefore, these relations were further examined
in a similar way as was done for Extraversion (Figure 2). No group differences
were found on dCIS and dSEF, when comparing participants scoring above and
below the 50-th percentile (Figure 2a and 2c). Results concerning participants
scoring below the 25-th percentile and above the 75-th percentile, showed that
participants low on Agreeableness demonstrated stability in the level of fatigue
(CIS and SEF) during the day. In contrast, participants high on Agreeableness
showed a linear increase in fatigue during the day on both the CIS (17(1,10) = 7.86,
p < .05) and the SEF (17(1,10) = 8.44, p < .05) (Figure 2b and 2d).

Table 3. Results of the Multiple Regression Analysis on the fatigue questionnaires: SPL, CIS-total
and the CIS subscales. The analysis is executed on the evening minus morning scores (dSPL, dCIS,
dSEF, dPA, dMOT, dCON). Variables entered in the analysis: Personality traits

Variables dSPL dCIS dSEF dPA dMOT dCON

..

Extraversion B 0.18 0.41' 0.51 -0.25 0.29 0.30
Agreeableness B -0.17 0.26 0.33' 0.14 0.08 0.14
Conscientiousness B 0.09 0.24 0.19 0.24 0.20 0.12

Emotional Stability B -0.31 -0.23 -0.35 0.29 -0.07 -0.24
Autonomy 11 0.07 -0.11 0.01 0.03 -0.23 -0.14

R 0.36 0.54 0.57 0.42 0.44 0.40

R2 0.13 0.30 0.32 0.17 0.20 0.16
Adjusted R3 0.02 0.21 0.23 0.07 0.10 0.06

..

153.40) 1.18 3.36' 3.75 1.67 1.94 1.54

Note. SPL = Scale for Perceived Load; CIS = Checklist Individual Strength; SEF = Subjective
Experience of Fatigue; PA = Reduced Physical Activity level; MOT = Reduced Motivation; CON =
Reduced Concentration.
 p <.05, -p < .01
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Figure 1. Fatigue scores (ClS  and SEF) during the day for participants scoring above and below  the
50-th percentile on Extraversion (a and c), and participants scoring > the 75-th and < the 25-th
percentile on Extraversion (b and d). CIS = Checklist Individual Strength; SEF = Subjective
Experience of Fatigue.
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Figure 2. Fatigue scores (ClS and SEF) during the day for participants scoring above and below the
50-th percentile on Agreeableness (a and c), and participants scoring > the 75-th and < the 25-th
percentile on Agreeableness (b and d). CIS = Checklist Individual Strength; SEF = Subjective
Experience of Fatigue.
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The second set of MRAs was executed to examine the variance in acute
fatigue accounted for by enduring fatigue. EE did not play a role in the prediction
of increases in fatigue state (Table 4). Possible relations between EE and acute

fatigue during the day were further investigated using a GLM procedure with
participants scoring above and below the 50-th percentile on EE, and the four
administrations  of the CIS and the SEF scale. High-scorers and low-scorers  on EE
differed in the amount of fatigue as indicated by the CIS total score OF(1,44) =
5.56, p < .05) and  the SEF scale OF(1,44) = 6.67, p < .01). Participants with a high
score on EE reported more fatigue during work. There were no significant
interactions between Group (participant scoring high and low on EE) and the four
administrations of acute fatigue (Figure 3). This means that people scoring high
and low on EE, showed a similar increase in fatigue during the day, underlining the
finding by the MRAs that EE did not predict the increase in fatigue.

Table 4. Results of the Multiple Regression Analysis on the fatigue questionnaires: SPL, CIS-total
and the CIS subscales. The analysis is executed on the evening minus morning scores (dSPL, dCIS,
dSEF, dPA, dMOT, dCON). Variables entered in the analysis: Emotional Exhaustion

Variables dSPL dCIS dSEF dPA dMOT dCON

Emotional p 0.23 -0.09 -0.19 -0.03 -0.11 0.14
Exhaustion

0.25 0.13 0.21 0.13 0.11 0.21

R
R2 0.06 0.02 0.04 0.02 0.01 0.05

Adjusted R2 0.02 -0.03 0.00 -0.03 -0.03 0.00

64.411 1.42 0.38 0.99 0.39 0.27 1.03

Note. SPL = Scale for Perceived Load; CIS = Checklist Individual Strength; SEF = Subjective
Experience of Fatigue; PA = Reduced Physical Activity level; MOT = Reduced Motivation; CON =
Reduced Concentration.
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Figure 3. Fatigue scores (CIS and SEF) during the day for participants scoring above and below the
50-th percentile on Emotional Exhaustion.

4 Discussion

In the present study, the relations between the Big-Five personality characteristics,
the level of enduring fatigue, and feelings of acute fatigue were examined. With
regard to the relationship between personality and enduring fatigue, strong
correlations were found between Emotional Exhaustion, on the one hand, and
Emotional Stability and Extraversion, on the other. Introverts and emotionally
unstable persons experienced a larger amount of enduring fatigue. This confirms
earlier findings summarized in the introduction (De Vries & Van Heck, 2002; May
& Kline, 1988; Michielsen et al., in press; Piedmont, 1993; Studenski & Nowak,
1980; Zellars et al., 2000).

With regard to the relationship between personality and acute fatigue,
Conscientiousness correlated positively with the building up of acute fatigue
during the simulated workday. High-scorers on Conscientiousness showed a larger
increase in feelings of acute fatigue than low-scorers. Although there are no
systematic studies on the relationship between Conscientiousness and acute
fatigue, several studies have shown that Conscientiousness is an important
predictor of job performance (Fallon, Avis, Kudisch, Gornet, & Frost, 2000;
Mount, Barrick, & Strauss, 1999; Robie, 1998).

Extraversion also correlated positively with the building up acute fatigue.
Extraverts showed a larger increase in acute fatigue during the simulated workday
than introverts. This is in accordance with our expectancy that extraverts are more
susceptible to acute fatigue during long-term performance. The results of the
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regression analyses demonstrated that Extraversion predicted the rather substantial
increase in acute fatigue. As shown in Figure 1, introverts experienced a higher
level of acute fatigue during the four times that fatigue was assessed. They had a
high level of fatigue at the start of the experiment and remained on that level
throughout the day. Extraverts, however, reported an increase in fatigue throughout
the whole day.

When the levels of acute fatigue for both introverts and extraverts are
compared to norm-scores for normal healthy controls (Vercoulen, Alberts, &
Bleijenberg,  1999), the feelings of acute fatigue experienced by the introverts are
above the population norm (norm-scores: SEF, mean = 17.3; CIS-total, mean =
41.5). Apparently, introverts do not 'experience' more acute fatigue in the task than
they already do at the beginning of the workday. It seems that introverts feel
constantly tired, which is supported by the fact that they also report a higher level
of enduring fatigue.

Introverts appear to have difficulties in their energy regulation; not only in
the mobilization of energy but also in the distribution of energy over the day. Their
biobehavioural state is disrupted due to worry or anxiety. This could result in a
development of chronic effects. Matthews and Desmond (1998) have argued that it
is likely that introverts are particularly prone to fatigue. Where extraverts show
adaptation to the task situation, a fluctuation in their amount of acute fatigue,
introverts do not. This raises the intriguing question whether higher enduring
fatigue in introverts reflects a constitutional disposition that will manifest itself in
nearly every context, or that it is the result of a long-term person-environment
mismatch. The latter explanation points at a possible disadvantage of introverts
who are forced to meet demands  of work environments  that  are, at least in modern
Western society, more tailored for high-scorers on activity level, sociability, and
the like. Extraverts display a low level of enduring fatigue and a considerable
increase in acute fatigue during the workday. Extraverts are often assumed to have
a lower arousal level and consequently a higher need for environmental stimulation
in order to prevent feelings of fatigue (Eysenck,  1982).

Agreeableness also predicted the increase in acute fatigue. As can be seen
in Figure 2, persons high on Agreeableness start the day also with a low level of
fatigue but report an increasing fatigue during the day. In contrast, persons low on
Agreeableness remain on the same low level of acute fatigue throughout the
workday. Although persons high on Agreeableness report an increase in fatigue
during the workday, they appear to be able to recover from this fatigue. They seem
to be able to adapt successfully to the environmental demands. Persons high on

Agreeableness can often rely on social support, which is of importance in the
process of unwinding after a workday resulting into a better recovery.

With regard to the relationship between enduring and acute fatigue, people
scoring high on Emotional Exhaustion experience more acute fatigue during the
day (see Figure 3). This is in accordance with the expectation that enduring fatigue
is positively related to acute fatigue. Emotional Exhaustion did not, however,
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predict the increase in acute fatigue. Thus, people low and high on enduring
fatigue, showed the same increase in acute fatigue although their starting levels are
different. The fact that earlier studies have indicated that enduring fatigue is a
fairly stable characteristic supports this notion (e.g., Janssen & Nijhuis, 2001;
Michielsen et al., in press). It thus seems that the feelings of enduring fatigue and
long-term performance have additive effects on acute fatigue.

The current study was set up to simulate a workday. Although care was
taken to model the workday as realistic as possible, more research has to be done to
investigate whether the results generalize to the actual work situation. A field study
could provide additional information but may raise other problems, such as the
controllability of the task environment. The present study was done amongst
students. It is surprising that there are already such large differences in Emotional
Exhaustion in a sample of young adults. This suggests that feelings of Emotional
Exhaustion are not only the result of excessive workload or work pressure, but
appear to be fairly stable (Janssen & Nijhuis, 2001). It indicates that people
experience problems with efficient energy regulation, with mobilisation as well as
recovery, emotional unwinding and physiological de-activation. Future research
has to demonstrate whether the present results generalize to a different population.

In summary, introverts and people low on Agreeableness experience an
elevated but stable level of acute fatigue, whereas extraverts and people high on
Agreeableness show an increase in acute fatigue. Introverts also experience a
higher level of enduring fatigue. The study further shows a clear relation between
enduring and acute fatigue. People scoring high on enduring fatigue experience
more acute fatigue, although enduring fatigue does not predict the increase in acute
fatigue. These results contribute to the understanding of individual differences in
the building up of fatigue. In future research, it would be interesting to investigate
the predictive power of personality in a working population, with regard to both
enduring and acute fatigue.
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1 Introduction

Fatigue is a major complaint in the general population and can have a far-reaching
influence on a person's life. Prevalence ratings of fatigue in the community range
from approximately 20% among men to 30% among women and are similar in
most countries (Cox et al., 1987; Schaufeli & Houtman, 2000; Wessely, Hotopf, &
Sharpe, 1998). It is also one of the most frequently reported complaints among
work-related problems leading to absence and work incapacity (Foets & Sixma,
1991; Schaufeli & Houtman, 2000; Wessely, 2001). Fatigue can thus have high
societal as well as personal costs. Fatigue can be measured in terms of behaviour
(performance deterioration), as a subjective state (affective and motivational
aspects), and as a biobehavioural state (Bartley & Chute, 1947; Cameron, 1973;
Craig & Cooper, 1992; Davis, 1946; Davis, 1953; Wessely et al., 1998).

In the current study, mental fatigue is considered a response of mind and
body to the reduction in resources due to mental task execution (Gaillard, 2001;
Meijman, 1991). It manifests itself in inefficient performance, reduced
concentration and negative emotions. Under normal circumstances, fatigue is
experienced as a natural phenomenon evoked by task performance, with a quick
recovery when the task is finished. It serves as a warning signal of depletion of
resources, against performance decrement. In many studies, the building up of
acute fatigue during long-term performance has been investigated. Under normal
working conditions, people are able to invest sufficient energy to perform at an
adequate level  and meet task demands. However,  at the end of the day extra energy
can be mobilised through compensatory mental effort to compensate fatigue and
maintain task performance (Gaillard, 2001; Hockey, 1997). After a workday, de-
activation processes have to restore baseline activation levels. This recovery
process from workload demands, leading to a subsequent return to physiological
and emotional baseline levels, is important. After-effects and prolonged fatigue
effects that gradually build up, can carry over to subsequent performance and may
in turn lead to chronic effects on health and well-being. So insufficient or slow
recovery during work or in between subsequent workdays can disrupt the
psychobiological homeostasis. This can result into enhanced physiological
activation levels (sustained activation) and emotional problems (Frankenhaeuser &
Johansson, 1986; Gaillard, 2001; Ursin & Olff, 1993).

Physiological and hormonal reactions of people at work have been
examined in a number of studies. Johansson and co-workers (1978) measured
catecholamines during a workday and during non-work activities at home. They
also administered self-ratings of mood and alertness. The study showed that
repetitive and monotonous work in combination with a forced work pace and a
continuous demand for attention resulted in high physiological and mental
activation. In order to counteract decaying performance due to increasing fatigue,
workers had to exert effort in order to mobilise extra resources. The strong
psychoendocrine reactions during work also affected the physiological state of the
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person after work, i.e. more time was needed to recover. This might in the long run
have negative effects on health and well-being.

These results on hormonal reactions of people at work are also found in
studies using blood pressure, heart rate and heart rate variability as
psychophysiological measures. In a study by Van Eegeren (1992), the blood
pressure of 37 normotensive subjects was monitored ambulatory. Results showed
that mean blood pressure of high strain workers (high psychological demands and
low decision latitude) was significantly higher at work, and at home after work,
when compared with low strain workers. Results indicated that these effects carried
over from work to the home situation and probably extent into sleep as well.
Apparently, subjects are not able to fully recover in their free time from their work
effort. This carry over effect might in the long run result into a chronic elevated
blood pressure causing health problems like for instance hypertension. Similar
results on blood pressure were found by Schnall and co-workers (Schnall,
Schwartz, Landsbergis, Warren, & Pickering, 1998). Meijman (1997) studied
mental fatigue by analysing performance (reaction times and error rate) and mental
effort in a memory search task that was administered after work periods. Mental
effort was operationalised by spectral analysis of the 0.10 Hz component in the
ECG signal. After 7 hr of work subjects were unwilling to pay attention to the task,
and performance could no longer be protected by invested effort. These changes in
mental task performance were interpreted as serious indications of mental fatigue.
Und6n et al., (1991) used 24-hour ambulatory monitoring of ECG to investigate the
influence of social support on psychophysiological reactions of people at work, in
their leisure time and during sleep. Results showed inverse relations between social
support and heart rate. In addition, social support reduced heart rate at work but
also at rest and during sleep. These results suggest that employees receiving social
support were better in unwinding after work. Due to strong emotions caused by a
bad work atmosphere and social problems at work, de-activation of the persons'
activated biobehavioural state is incomplete. This effect might be so strong that it
even influences the ability to relax during sleep. According to Unddn (1991),
persisvnce of elevated heart rate could be a sign of chronic autonomic arousal.  In a

study investigating possible detrimental effects of work stress on increased risk for
cardiovascular disease, a group of white-collar workers was measured on two
workdays  and one day-off by 24-hr ambulatory monitoring of blood pressure, heart
rate and heart rate variability (Vrijkotte, Van Doornen, & De Geus, 2000). Results
showed that a combination of high effort and low reward at work was related to
higher HR during and directly after work, and a higher bloodpressure and lower
vagal tone during work and the day-off.

To summarize, these studies show that heart rate (HR) and heart rate
variability (HRV) are sensitive to the effects of work stress, and that both are
strongly associated with task performance (see also Aasman, Mulder, & Mulder,
1987; Myrtek, Weber, Brugner, & Muller, 1996; Rodahl, 1994). Many authors
have claimed that a decrease in HRV and an increase in HR are indicators of high
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mental workload and can serve as indexes of mental effort during task performance
(Brookhuis & De Waard, 2001; Hancock & Desmond, 2001; Meshkati, 1988;
Morphew, 2001; Mulder, 1992; Porges & Byrne, 1992; Roscoe, 1992; Veltman &
Gaillard, 1993; Wilson, 1988). Some studies show that HRV may also be sensitive
to changes in difficulty within a task and reflects the costs involved in performing a

task (Mulder & Mulder, 1981).  This is, however, disputed in a review by Jorna

(1992) on the validity of spectral analysis as a workload index. He concluded that
spectral measures are not very sensitive to increased difficulty levels within the
same type of task. Only major changes in task structure induce sizeable HRV
effects. Spectral measures do appear to reflect task-rest differences. HRV can be a
sensitive index for mental workload when tasks are demanding and subjects are
motivated to exert additional effort whenever the tasks become more demanding

(Jorna, 1992; Veltman & Gaillard, 1993).
In the current study we are we are interested in the effects of long-term

performance on building-up of acute fatigue during a simulated workday, that
lasted approximately ten hours. Long sustained performance can have
disadvantageous effects on our daily life functioning (Gaillard, 2003). In the
present study, a multi-method approach was used to measure fatigue: subjective

ratings (questionnaires assessing subjective mental effort and fatigue), performance
indices (reaction times and number of correct responses on a memory-scanning

task), and cardiovascular activity measures (HR and HRV). The current study
addresses three research questions.

The first question focuses on the sensitivity of the central physiological
measures HR and HRV, the performance indices and the subjective state
questionnaires, to long4erm performance (LTP) in a simulated workday. It is
investigated whether these measures reflect differences in fatigue during and after a
simulated workday. Due to the building-up of fatigue, long-term performance
results into less activation at the end of the day, reflecting itself in a lower heart
rate and higher heart rate variability. However, when sufficiently motivated

subjects might also mobilise more effort which results in a relatively higher HR
and lower HRV, to counteract the effects of time-on-task. Thus due to fatigue,
HRV may either increase or decrease.
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Figure 1. Study design.

The second question addresses the influence of enduring fatigue (as
measured by the Emotional Exhaustion scale from the Dutch version of the
Maslach Burnout Inventory) on the hear rate activity, performance-based and
subjective measures. Does enduring fatigue affect the building-up of fatigue during
and after the simulated workday (long-term performance), and is this effect
reflected   in the various measures (see Figure   1)?   We are interested   to   know
subjects with and without enduring fatigue complaints react differently to LTP, as
measured by HR and HRV. The two hypotheses discussed above predict different
results. It can be argued that subjects high on enduring fatigue experience more
acute fatigue during the day than subjects scoring low on enduring fatigue. Their
energetical resources deplete sooner in a long-term performance situation, resulting
into a lower HR and a higher HRV than subjects low on enduring fatigue. It can
also be hypothesized that high score subjects demonstrate higher HR and lower
HRV, because they attempt to counteract the effects of time-on-task by the
mobilisation of energy.

The third question concentrated on whether personal characteristics
moderate the effects of fatigue as a function of long-term performance (see Figure
1). The focus lies on the relation between the personality dimension Extraversion
and heart rate activity. Studies on the relationship between fatigue and
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Extraversion have shown ambiguous results. Several studies have shown that
Extraversion is correlated with enduring fatigue. Extraverts are less vulnerable to
enduring fatigue than introverts (De Vries & Van Heck, 2002; Eastburg,
Williamson, Gorsuch, & Ridley, 1994; Michielsen, De Vries, & Van Heck, in
press; Mills & Huebner, 1998; Zellars, Perrewd, & Hochwarter, 2000). In contrast,
studies on long-term performance show that extraverts tend to show more
degradation in their performance. This may be caused by the fact that extraverts
show a quicker habituation, they are bored more easily during LTP. This leads to
the hypothesis that extraverts will also show reduced activation as measured by HR
and HRV.

2 Method

2.1 Participants

Forty-six healthy undergraduate students participated in the experiment (24 women
and 22 men, mean age = 21.7 years). Subjects participated voluntarily and
received (ECTS) credit points for their participation. Two subdivisions were used
to categorise the subjects into groups. The first subdivision was made on the basis
of the score on the subscale Emotional Exhaustion of the Dutch version of the
Maslach Burnout Inventory (see questionnaires). Subjects were distributed in two
groups: high-score group (>75-th percentile, N = 23, mean age = 20.2 years) versus
low-score group (<75-th percentile, N = 23, mean age = 23.1 years). A second
subdivision was made on the basis of the Big Five personality characteristic
Extraversion (see questionnaires). Subjects were distributed into two groups:
introverts (< 50-th percentile, N = 23, mean age = 21.09) en extraverts (> 50-th
percentile, N = 23, mean age = 22.30).

2.2 Simulated Office

The experiment was carried out in a simulated office with office equipment,
including a computer. The experiment lasted an entire day. Several office tasks that
collectively made up a fictitious organization of a conference were presented to the
subjects in a morning and afternoon work session. To increase the realistic
character ofthe simulated workday, subjects were frequently interrupted with small
tasks, such as looking up phone numbers or taking notes.
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2.3 Probe Task

During and after the simulated workday subjects were tested with the Sternberg
task (1966; 1969). The current task was a self-paced Short Term Memory
searching task (DOS version). This standard task was used to estimate the
psychobiological state  of the  subj ects in different phases  of the workday.  Due  to
the self-paced character of the task lapses in attention result directly in
performance changes. Subjects were instructed to react both as fast and as accurate
as possible. The stimuli were presented on the computer screen in front of the
subjects. Each trial started with the presentation of the so-called memory set on the
computer screen. The memory set contained four randomly selected letters of the
alphabet that changed with every trial (varied mapping).In every trial the memory
set was a selection from the entire alphabet. The memory set remained on screen
for 1500 ms followed by a fixation cross lasting for 500 ms. Immediately after the
fixation cross extinguished, a single probe letter was presented. Subjects had to
decide whether or not the probe letter was part of the memory set by pressing a
corresponding key on the keyboard. The probe letter remained on screen for
maximally 10 s. After responding, subjects received a verbatim feedback message
on the screen ("good", "wrong", or "too late"). After the feedback stimulus
disappeared, the next trial started. The number of correct responses as well as the
corresponding reaction times was recorded. Two versions of the task were used: (a)
a short test session and (b)  a long test session. The short test session consisted of a
5-min task period (T), preceded and followed by a 5-min rest period  (R)[R (5 min)
- T (5 min) - R (5 min)]. The long test session consisted of two 25-min task
periods surrounded by 5-min rest periods [R (5 min) - T (25 min) - R (5min) - T
(25 min) - R (5 min)].

2.4 Procedure

The experiment lasted approximately ten hours and was divided in two parts: a
daytime part (morning and afternoon session), from 09:00 a.m. until 17:30 p.m.,
and an evening part starting at  18:30 p.m. and lasting until  19:35  p.m. (see Table
1). Before the experiment started the task procedure and programme of the day
were explained to the subjects. Then, subjects practised the Sternberg task for 5
minutes, after which the ECG electrodes were applied. During the day, subjects
worked in two 3 hr work sessions (one in the morning and one in the afternoon)
each consisting of different office tasks in order to simulate a workday. Before and
after each work session, subjects executed the short experimental test version (Test
1-4, see Table   1).   In the evening, subjects executed  the long experimental  test
version  (long  test, see Table 1). Subjects were instructed  to  give  as many correct
responses as possible on the experimental tasks.
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Table 1 Schedule of simulated workday

Time of day (h) Event

0900 - 0945 Training, CIS-20
0945 - 1000 Test' 1
1000 - 1300 Work session, ClS-20
13" -1315 Test' 2
1315-1400 Rest
1400-1415 Test' 3
1415-1715 Work session, CIS-20
1715 - 1730 Test' 4
1730 - 1830 Rest
1830 - 1935 Long testsb, CIS-20

aShort test session [R (5 min) - T (5 min) - R (5 min)]. bLong test session

[R (5 min) - T (25 min) - R (5min) - T (25 min) - R (5 min)]. CIS =
Checklist of Individual Strength (CIS-20).

2.5 Questionnaires

Participants complete the following set of questionnaires at home, the day prior to
the start of the experiment: the sub-scale Emotional Exhaustion (EE) from the
Utrecht Burnout Scale (UBOS, Schaufeli & Van Dierendonck, 2000), and the Five-
Factor Personality Inventory (FFPI, Hendriks, 1997; Hendriks, Hofstee, & De
Raad, 1999).

The EE scale contains five items and assesses the amount of enduring

fatigue (feelings of fatigue, over-taxation, and emptiness). Each item is measured

on a 7-point rating scale ranging from 0 (never) to 6 (always). High scores signal a

higher amount of enduring fatigue. The psychometric properties are good
(Schaufeli & Van Dierendonck, 2000). For the current study the EE scale was
adapted for students by substituting in each item the term "work" by "study" (a =
.78).

The FFPI was used to assess the Big Five factors of personality:
Extraversion, Agreeableness, Conscientiousness, Emotional Stability, and
Autonomy (Openness to experience). The questionnaire consists of 100 brief and
concrete behaviourally descriptive statements. Each scale contains 20 statements

(10  positively  and 10 negatively phrased items). Answers are scored  on a 5-point
Likert scale ranging  from   1,  not  at all applicable,  to 5, tomlly applicable.  The

psychometric characteristics of the FFPI are good (Hendriks, 1997; Hendriks et al.,

1999). For the current study only the results from the Extraversion dimension were
used.
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On the day the experiment took place, subjects completed the state fatigue
questionnaire Checklist Individual Strength (CIS-20), the Scale for Perceived Load
(SPL), and the Rating Scale Mental Effort (RSME) at four different times.

The CIS-20 measures subjective feelings offatigue and related behavioural
aspects. The CIS-20 contains 20 items and provides scores for four components
(subscales) of fatigue: Subjective Experience of Fatigue (SEF; 8 items), Reduced
Concentration (CON; 5 items), Reduced Motivation (MOT; 4 items), and Reduced
Physical Activity level (PA; 3 items). All items are scored on a 7-point Likert scale
ranging  from  1, yes, that  is  true, to 7, no,  that is  not true. High scores indicate a
high level of fatigue,  a high level of concentration problems, low motivation,  and a
low level of physical activity. Although the CIS-20 was initially developed for
assessing fatigue in Chronic Fatigue Syndrome patients, the questionnaire is
claimed to be applicable in healthy populations as well (Bultmann et al., 2000).
Psychometric properties of the CIS-20 are good (Bultmann  et al., 2000; Vercoulen
et al., 1994).

The SPL (Veldhoven & Meijman, 1994) measures feelings of fatigue
during work.  The SPL contains 16 items  that are rated  on a 5-point scale.  Each
item contains two opposing statements and subjects have to indicate on a 5-point
scale, which of the two statements corresponds more with their momentary
physical state. The scale scores range from 0 to 48. The SPL has good reliability
coefficients.

The RSME (Zijlstra, 1994) measures subjective ratings of perceived
mental effort. The RSME is a one-dimensional visual-analogue scale containing
nine different verbal categories forming anchor points expressing different levels
of mental effort. The scale ranges  from  0  to  150.  The RSME shows systematic
relations with task difficulty and performance measures.

2.6 Heart rate recording and analysis

All physiological signals were recorded with the VitaPort 2 System developed by
TEMEC Instruments. The VitaPort 2 System was expanded with two modules, the
8-channel Universal amplifier module with Multi-connector  and the 18-channel
polysomnographymodule with Multi-connector.

A well-known problem that occurs when measuring HRV is its
susceptibility to respiration. Cardiac vagal tone is traditionally measured by
spectral analysis and more specifically in he high frequency band (0.15-0.40 Hz,
Task Force of the European Society of Cardiology and the North American Society
of Pacing and Electrophysiology, 1996; Veltman & Gaillard, 1996). The
applicability and usefulness of the HF power as a dynamic measure of cardiac
vagal outflow is strongly dependent on the assumption that a subject breaths with a
constant rate of approximately 15 breaths min-' (Pentilla et al., 2001). To overcome
this dependency, it is recommended to use a relatively constant, or fixed breathing
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rate (Brown, Beightol, Koh, & Eckberg,  1993; Task Force of the European Society
of Cardiology and the North American Society of Pacing and Electrophysiology,
1996). However, during ambulatory monitoring conditions, it is almost impossible
to have the subjects breath at a fixed rate. In addition, it can also be undesirable,
since people in their normal working routines will breath at changing rates. A few
recent studies have dealt with this problem by using a time-domain measure to
assess vagal tone. Vagal tone was assessed by the root mean square of successive
differences in interbeat intervals (RMSSD). RMSSD is a time domain parameter,
which quantifies the changes in successive RR intervals, and is not significantly
affected by changes in breathing rate as is the case with the HF spectral component
(Pentilla et al., 2001; Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology, 1996; Vrijkotte, 2001).
This time-domain measure has been proven to be a valid index of vagal tone.
Vrijkotte (Vrijkotte, 2001; Vrijkotte et al., 2000) showed that repeatability of the
RMSSD is high. HR and RMSSD were measured continuously for a 24-hour
period within a sample of female nurses and a sample of male white-collar
workers. From their results it was concluded that RMSSD is an efficient alternative
to RSA or HF to index vagal tone in ambulatory studies and has high test-retest
reliability. RMSSD produced reliable and valid information about individual
differences in physiological responses to stress. Taking into account the above
outlined advantages of the time-domain measure RMSSD, HRV in the current
experiment is operationalised by the RMSSD.

The Electro Cardiogram (ECG) was recorded using three ECG snap leads.
The electrodes were placed on a horizontal axis across the heart: on the lower left
rib (positive) and on the breastbone (negative). The reference electrode was placed
on the middle of the forehead.  The ECG signal was band-pass filtered with a -3dB
low-pass cut-off frequency at 70 Hz and a -3 dB high-pass cut-off frequency at
0,48  Hz.  The  ECG  was then digitised by means  of a   1 2  bit AD converter  with  a
sampling frequency of 512 Hz. Ensuing, the data were digitally low-pass filtered
(moving average) with a -3 dB cut-off frequency of 64 Hz. Finally, the ECG signal
was down sampled with a frequency of 128 Hz and stored on a 340MB PCMCIA
hard disk for VitaPort 2. The heart rate data were then further processed using a
specially developed software program ECG2BI (Aalbers, 2002). Using the
electrocardiotachogram as input, R peaks are detected. The R peaks are then
converted into interbeat intervals (IBIs), which are used to derive heart rate (HR)
and the  root mean square of successive differences in interbeat intervals (RMSSD,
Pentilla et al., 2001; Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology,  1996).

In the short test sessions, the first and last 30 s from each rest and task
period were omitted resulting in 4 min recorded ECG data per period (4 min rest, 4
min task, 4 min rest). For the analysis of heart rate activity, the mean HR and HRV
per 60 s was calculated, leading to four scores for each task period. The four HR
frequency scores and HRV scores were converted into difference scores by
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subtracting the preceding mean rest value from each average, thus resulting into
four difference scores.

For the long test session, the same data reductions and procedures were
used. This resulted in 4 min recorded ECG data per rest period and 24 min
recorded ECG per task period. For the analysis of ECG activity, the mean HR and
HRV per 240 s was calculated, leading to six mean scores for each task period. The
six HR frequency scores and HRV scores (amplitude scores) were converted into
rest-task difference scores by subtracting the preceding mean rest values from each
average, thus resulting into six difference scores.

2.7 Statistical analysis

ECG activity, performance measures, and the questionnaire results (CIS-20) were
analysed with the multivariate analysis of variance for repeated measures
(MANOVA). For the analysis of ECG activity, two different MANOVA's were
performed on the difference scores and the amplitude scores. The first analysis was
executed on the six tests with Time of Day (3; morning, afternoon, evening) and
Tests (2) as within-subjects variables and Group (low-scorers on EE versus high-
scorers on EE) as the between-subjects variable. The second analysis was executed
on the evening tests with Tests (Test 5-6) and Periods (time course over the six
averaged data points within a test) as within-subjects variables and Group (low-
scorers on EE versus high-scorers on EE) as the between-subjects variable. These
two analyses were repeated with the second between-subjects variable Group
(introverts versus extraverts). The effect of Tests on the difference scores was
examined by transforming the test levels into linear and quadratic trend contrast
scores by computing orthogonal polynomials. Significant effects of Group on these
linear and quadratic trends across task were further investigated by means of
simple effects tests in order to test trend components in both groups. In order to
assess the effect of Periods during the tests, orthogonal polynomial contrasts were
computed across the difference scores in order to assess linear and quadratic
increases  in ECG activity during the test. Main effects of Group and Test on these
trend components were further investigated for each level of Group and Test
separately. The effect of subject group was investigated by the main Group effect.

For the analysis of the task performance measures, number of correct
responses and reaction times, a MANOVA was executed with the within-subjects
variable Test (6) and the between-subjects variable Group. The Group variable
signifies either low-scorers on EE versus high-scorers on EE, or introverts versus
extraverts. The state fatigue questionnaire CIS was analysed using a MANOVA
with Completion of questionnaires (four administrations during the workday) as
within-subjects variable and Group (low- versus high-score group on EE, or
Introversion versus Extraversion) as the between-subjects variable.

The .05 probability level was adopted as significance criterion in all tests.
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3 Results

3.1 Heart rate

The results of the HR difference scores on the six test sessions during the day are
presented in Figure 2. The results with the Group variable low- versus high-scorers
on EE will be described first (see Table 2 for the statistical results). The analysis
showed a clear effect of Time of Day as illustrated by a positive linear and a
negative quadratic trend. The presence of the trend components signifies an
increase in heart rate during the day. Time of Day interacted with Tests. This
interaction showed that in the evening, mean heart rate on the second test was
higher than on the first (F(1,44) = 7.93, p < .01). Mean heart rate tended to differ
between the two groups, with the people scoring low on EE displaying a higher
heart rate than the people scoring high on EE. The analysis with the Group variable
introversion versus extraversion showed the same pattern of results, with the
exception of the overall group difference. HR difference scores did not differ
between introverts and extraverts (Figure 2).

Table 2. F values for the MANOVAs on HR and HRV difference scores with Repeated Measures of

Time of day (3) and Test (2), and the between-subjects variable Group. The Group variable signifies
either Low Emotional Exhaustion vs. High Emotional Exhaustion, or Introversion vs. Extraversion

Emotional Extraversion
Df             Exhaustion

HR HRV HR HRV

Main  effects       Time of day 2,43 5.00- 2.91' 4.83- 2.83'
** ..

Linear trend 1,44 6.89 5.81' 6.77 5.66'
.. ..

Quadratic trend 1,44 6.12 0.81 6.18 0.92

Tests 1,44 2,09. 3.15' 2.20' 3.14'
Linear trend 1,44 2.09. 3.15' 2.200 3.14'

Group 1,44 1.92' 0.63 1.53 4.13'

Interactions Time of day*Tests 2,43 2.51' 0.37 2.49' 0.36
Time of day*Group 2,43 0.80 0.63 1.19 3.7f

'p < .10 'p < .05. "p < .01. **'p < .001
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Figure 2. Mean HR during the Sternberg tests, separately for the amplitude and difference scores, and for low and high scorerson EE (upper panel), and introverts and extraverts (lower panel).
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The results on HR frequency during the day are also presented in Figure 2
(see Table 3 for the statistical results). The results with the Group variable low-
versus high-scorers on EE will be described first. There was a main effect of Time
of Day as shown by a positive quadratic trend, indicating that HR during the
morning test sessions was higher than in the afternoon and evening test sessions.
Results also showed  a main effect  of Test that interacted  with  Time  of Day. Simple
effects analysis showed a negative linear trend for the morning, F(1, 44) = 167.49,
p<.001, and afternoon tests, F(1,44) = 17.21, p < .01. However, HR during the
evening increased from Test 5 to Test 6 as indicated by a significant positive linear
trend across tests, F(1,44) = 7.93, p < .01. Analysis further showed that mean HR
at the end of the morning and afternoon session (Sternberg Test 2 and 4), decreased
to the same level. People low and high on EE tended to differ in HR, with people
high on EE showing lower heart rates. The analysis with the Group variable
introversion versus extraversion showed the same pattern of results.

Table 3. F values for the MANOVAs on HR frequency and HRV scores with Repeated Measures of
Time of day (3) and Test (2), and the between-subjects variable Group. The Group variable signifies
either Low Emotional Exhaustion vs. High Emotional Exhaustion, or Introversion vs. Extraversion

Emotional Extraversion
Df           Exhaustion

HR HRV HR HRV

Main effects      Time of day 2,43 5.38 5.23- 5.72 5.10
I. .. ..

Linear trend 1,44 0.39 0.02 0.42 0.02
.. .. .. ..

Quadratic trend 1,44 10.68 10.67 11.08 10.42
...Tests 1,44 81.84-' 35.59

-.
83.13

...
35.58

... ... -. ...Linear trend 1,44 81.84 35.59 83.13 35.58

Group 1,44 1.64. 0.80 0.06 0.29

... ... -* -/Interactions Time of day*Tests 2,43 93.64 30.16 93.57 30.20
Time of day*Group 2,43 0.00 1.57 2.9f 1.58

op < .10 'p <.05. "p <.01. -'p <.001
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The results of the two long tests sessions in the evening are depicted in
Figure 3. The MANOVA's on the HR frequency and difference scores generate the
same results with the exception of the overall group difference. Mean heart rate
during the evening increased from Test 5 to Test 6 as indicated by a significant
positive linear trend across tests (see Table 4 for the statistical results). The
analysis ofheart rate activity within a test showed for both tests an increase in heart
rate, as indicated by a positive linear and a negative quadratic trend component.
This increase was equal for people low and high on EE. The analysis further
revealed that people low on EE showed higher HR difference scores than people
high on EE. For the analysis with the Group variable introversion versus
extraversion, the results showed the same pattern with the exception for the Group
effect. Introverts and extraverts did not differ in the level of the HR difference
scores. The results for the HR frequency scores did not show a difference in HR
between people high and low on EE, and between introverts and extraverts.

Table 4. F values for the MANOVAs on HR and HRV difference scores and on HR frequency and
HRV, with Repeated Measures of Test (2) and Periods (6), and the between-subjects variable Group.
The Group variable signifies either Low Emotional Exhaustion vs. High Emotional Exhaustion, or
Introversion vs. Extraversion

Emotional Exhaustion Extraversion
Df

HR HRV HR HRV

..

Tests 1,44 7.93 2.89' 8.39- 2.88'
** ./

Linear trend 1,44 7.93 2.89' 8.39 2.88'
./ ... -/ ...

Periods 5,40 4.76 5.45 4.96 5.35
I. ..

Linear trend 1,44 9.72 1.89 9.89 1.98
.*. ... ... ...

Quadratic trend 1,44 16.29 18.13 16.35 17.31

Group 1,44 2.79' 1./7 0.37 3.65'

1.33 1.02 0.34 0.10

Note. The MANOVA's on the amplitude and difference scores generate the same results with the
exception of the overall group difference. Italicised values indicate difference score results,
underlined values the amplitude score results.

0p < .10 'p < .05. '*p < .01. "'p < .001
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Figure 3. The gradual increase in HR and decrease in HRV in the evening tests, separately for the low and high scorers on EE (upper

panel), and introverts and extraverts (lower panel).
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3.2 Heart rate variability

The results of the analysis on heart rate variability during the day are presented in
Figure 4. The results with the Group variable low- versus high-scorers on EE will
be described first (see Table 2 for the statistical results). There was a clear effect of
Time of Day, as illustrated by a negative linear trend. During the day, heart rate
variability decreased. This decrease was the same for people low on EE as well as
for people high on EE. Results also demonstrated an effect of Tests. The negative
linear trend across tests indicates that heart rate variability decreased from the first
to the second test in the morning, afternoon and evening sessions. There was no
difference found in heart rate variability between people low and high on EE. For
the analysis with the Group variable introversion versus extraversion, the results
also showed an effect of Time of Day, which interacted with Group. Simple effects
analysis revealed a negative linear (F(1, 22) = 3.24, p < .05) and a negative
quadratic trend (F(1, 22) = 8.10, p < .01) for the introverts in heart rate variability
during the day. For the extraverts, a significant negative linear trend was found
(17(1, 22) = 2.47, p = .05). These trends indicate that for both introverts and
extraverts, heart rate variability decreased during the day. Results also
demonstrated a negative linear trend across Tests. In the morning, afternoon, and
evening session, heart rate variability on the second test was always lower than on
the first. Finally, introverts showed lower heart rate variability than extraverts, as
indicated by a significant Group effect.

The results on the HRV amplitude scores are also presented in Figure 4
(for statistical results see Table 3). The results showed the a main effect of Time of
Day as indicated by a negative quadratic trend, meaning that mean heart rate
variability in the morning tests sessions was lower than during the afternoon and
evening test sessions. Results did show a main effect of Test, which interacted with
Time of Day.  Post hoc analyses showed a positive linear trend across tests for the
morning, F(1, 44) = 77.20, p < .001, and afternoon session, F(1, 44) = 7.00, p <
.01,  indicating that heart rate variability increased from the first to the second test.
Contrary to this positive trend, heart rate variability in the evening tests decreased
from Test 5 to Test 6, 17(1, 41) = 2.89, p < .05. Analyses further showed a
difference in variability between the first test and Test 3,17(1, 44) =  16.46, p < .001
and the first test and Test 5, F(1, 44) = 16.01, p < .001. Heart rate variability at the
end of the morning and afternoon session increased to the same level (see also
Figure 4). People low and high on EE did not differ in HRV. The analysis with the
Group variable introversion versus extraversion showed the same pattern of results.
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Figure 4. Mean HRV during the Sternberg tests, separately for the amplitude and difference scores, and for low and high scorers
on EE (upper panel), and introverts and extraverts (lower panel).
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Figure 3 presents the results of the two long tests sessions in the evening
(see Table 4 for statistical results). The MANOVA's on the HRV amplitude and
difference scores generate the same results with the exception of the overall group
difference. A negative linear trend across test shows a decrease in heart rate
variability from the first to the second long test. Heart rate variability within both
tests decreased as indicated by a positive quadratic trend across Periods. This
decrease was alike for people low and high on EE. They did not differ in the level
of heart rate variability, since no significant group difference was found. The
results on the evening tests were the same for the Group variable introversion
versus extraversion,  with the exception of the overall group difference. It appeared
that introverts displayed a lower heart rate variability level than extraverts. The
results for the HRV amplitude scores did not show a difference in HR between
people high and low on EE, and between introverts and extraverts.

3.3 Task Performance data

3.3.1 Mean reaction times

The results of the first analysis  on  the test sessions during the day are presented  in
Figure 5. Reaction times did not differ between low- and high-scorers on EE (see
Table 5 for the statistical results). For both groups, reaction times decreased during
the experiment, shown by a negative linear and a positive quadratic trend
component. Reaction times decreased strongly during the morning and stabilized
during the afternoon. The same results were found for introverts and extraverts.
The second analysis on the two long tests in the evening showed a significant
difference between people scoring low and high on EE. The high-score group had
slower reactions. In both groups, the reaction times during the first long test did not
differ from those on the second test. The results were the same for introverts and
extraverts, with the exception of the group difference. Introverts did not differ from
extraverts in their reaction times.



Table 5. F values for the MANOVAs on task performance in the daytime and the evening (reaction times (RT) and
number of correct responses (NC)), with Repeated Measures of Test and the between-subjects variable Group. The Group
variable signifies either Low Emotional Exhaustion vs. High Emotional Exhaustion, or Introversion vs. Extraversion

Emotional Exhaustion Extraversion
Df

RT NC RT NC

I. *** -I -.

Daytime Tests  ( 1-4) Linear trend 1,44 38.85 30.00 39.78 28.35
...... ./

Quadratic trend 1,44 15.75 7.06 16.72 7.51

Group 1,44 0.51 0.10 0.54 0.31

Evening Tests (5-6) Linear trend 1,44 0.02 1.83 0.02 1.85
**

Group 1,44 5.82' 6.14 0.07 2.09'
°p < .10 'p < .05. '*p <.01. -'p <.001
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Figure 5. Mean reaction times and number of correct responses for each Sternberg test for low and high scorers on EE
(upper panel), and introverts and extraverts (lower panel).
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3.3.2  Number  of correct  responses.

The number of correct responses  is also displayed in Figure 5. The first analysis on
the four short test sessions showed no differences in the number of correct
responses between people scoring low and high on EE. The number of correct
responses increased during the four short tests as shown by a positive linear trend,
and a negative quadratic trend. The results were the same for introverts and
extraverts. The second analysis on the number of correct responses on the two long
tests in the evening showed a significant difference between people low and high
on EE. The high-score group had a smaller number of correct responses.  For each
group, the number of correct responses remained stable during the first and second
long Sternberg test. With respect to the Extraversion dimension, the results were
the same, except for the group difference. Introverts tended to have a smaller
number of correct responses than extraverts.

3.4 Questionnaires

People low and high on EE did not differ in their ratings of mental effort (RSME)
(see Table 6 for the statistical results). Both subject groups did show an increase in
mental effort during the day, as indicated by a positive linear and a positive
quadratic trend across questionnaires. The same results were found for introverts
and extraverts, i.e. no group difference and an increase in effort for both groups.
The subjective ratings of fatigue (CIS-20, SPL) differed between people low and
high on EE, and between introverts and extraverts. People high on EE and introvert
people experienced more fatigue throughout the workday. Results further showed
that all people experienced an increase in fatigue during the day, as signified by a
positive linear and a positive quadratic trend across questionnaires (see Figure 6).



Table 6. F values for the MANOVAs on mental effort (RSME) and fatigue (SPL, CIS) with Repeated Measures of
Questionnaire Completion (4) and the between-subjects variable Group. The Group variable signifies either Low Emotional
Exhaustion vs. High Emotional Exhaustion, or Introversion vs. Extraversion

Emotional Exhaustion Extraversion
Df

RSME CIS SPL RSME CIS SPL

-I -I -. -. -I -.

Questionnaires 3,42 79.48 13.64 18.34 79.89 13.80 16.98
... -. -I ./ -I .**

Linear trend 1,44 155.94 31.57 31.20 156.31 32.04 30.18
......

Quadratic trend 1,44 5.83' 5.01' 17.99 5.83 5.01'         17.39
Group 1,44 0.92 5.56' 5.45' 0.30 3.84' 2.95'

°p < .10 *p < .05. -p <.01. "'p <.001
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4 Discussion

The aim of the present study is to investigate whether performance-based
measures, subjective feelings of fatigue and physiological measures of HR and
HRV reflect the building-up of fatigue during long-term performance. It was also
investigated whether enduring personal characteristics (Emotional Exhaustion and
Extraversion) affect the reactivity of these measures.

The results show that HR and HRV are sensitive to long-term performance
in a simulated workday paradigm. HR frequency was higher in the morning tests
than in the afternoon and evening tests. During the morning and afternoon, HR
decreased from Test 1 to Test 2 and from Test 3 to Test 4, whereas in the evening
HR increased from Test 5 to Test 6 (see Figure 2). As expected, HRV showed the
opposite pattern (see Figure 4). As shown by the task-rest differences, HR and
HRV reactivity remained constant during the day, but was larger in the evening: an
increase in HR reactivity, and a decrease in HRV reactivity. In a similar way,
perfonnance decreased and the feelings of fatigue increased, although to a lesser
extent.

The two hypotheses formulated in the introduction, focused on habituation
and compensatory effort. Habituation would result into less activation at the end of
the day, and thus in lower heart rates and higher heart rate variability. Effort is
expected to result into the opposite effects, in particular for the reactivity scores
(i.e. the task-rest difference scores). The current results on HR frequency and HRV
support the habituation hypothesis. However, the HR and HRV reactivity measures
show the opposite pattern, providing support for the compensation hypothesis. It
appears that subjects attempt to compensate for the building-up of fatigue by
investing more effort. The results of the mental effort ratings and the subjective
feelings of fatigue confirm this notion. Mental effort increases throughout the day,
as do the feelings of fatigue.

The influence of enduring fatigue on LTP was further explored by
comparing two groups of subjects differing in their amount of enduring fatigue.
The current findings did not show a difference in HR frequency and HRV
measures between the two groups. In contrast, HR reactivity (task-rest) did differ
between the groups. High EE subjects showed only a small increase in HR
reactivity during the day compared to Low EE subjects. The difference became
larger towards the evening. The performance measures support these results. In the
evening the high EE group becomes slower, and produces less correct responses,
whereas the performance of the low EE group remains at the same level. The
results on the subjective ratings of fatigue show that people scoring high on
enduring fatigue, experience more acute fatigue throughout the day. These results
provide support for the notion that the energetical resources of people suffering
from enduring fatigue deplete sooner under long-term performance, resulting into a
lower HR and higher HRV. Hockey (1997) stated that performance may be
protected but only at the expense of increased effort, and behavioural and
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physiological costs. The current results show that students high on EE are unable to
maintain performance in the evening at the end of the workday. They appear not to
be able to supply sufficient energy. In a previous study it was demonstrated that the
activity of facial muscles showed the same differences in fatigue (Veldhuizen,
Gaillard, & de Vries, 2003). Tonic activity of the corrugator supercilii and the
frontalis muscles was sensitive to the fatigue manipulations. Compared to students
with few fatigue complaints, students with fatigue complaints showed less EMG
activity during task performance. The findings of the EMG and HR activity both
point to a lower physiological reactivity level when people are suffering from
enduring fatigue.

With regard to Extraversion the results did not show a group difference in
HR frequency and HRV. However, HRV reactivity did differ between introverts
and extraverts. Introverts show larger task-rest differences. HRV during the
Sternberg tests is at a significant lower level than during the preceding rest periods,
indicating that introverts experience increased mental load during test performance.
This also becomes mani fest in their smaller number of correct responses compared
to extraverts. Extraverts show less reactivity in their HRV. HRV during both tests
and rest periods remains to a large extent on the same level. In addition, they
perform better than introverts do. Apparently, extraverts were able to execute the
tests in such a way that no extra energy was required. This is contrary to
expectations. It was hypothesized that extraverts are more easily bored than
introverts, which would be translated into degraded performance and lower HRV.
However, the current study shows that introverts experience the simulated workday
as more demanding than extraverts. Extraverts experience the day as less fatiguing.
It thus seems that introverts invest more effort (as reflected by HRV) during LTP,
although they are still not able to maintain their performance. Since hardly any
studies have been done on the influence of personality on long-term performance,
the relevant literature does not provide an explanation for the current findings.

Perhaps the current results can be explained by the kind of task subjects had to
execute, and in the way subjects coped with the task situation. From observations,
it appears that extraverts experience the task more as a challenge. Some of the
subjects commented at the end of the day that they thought of the task as a
'computer game' in order to keep performance attractive. They did not experience
the task as very demanding.

The results of the present study yield a consistent picture, with respect to
the effects of long-term performance on building-up of acute fatigue during a
simulated workday. Although reactivity of HR and HRV remained constant during
the day, it was larger in the evening at the end of the workday. The performance
measures showed the same pattern of results. Both findings provide support for the
fact that the effects of a workday do not restrict themselves to the work period
itself. The building-up of fatigue during the day has its effect on physiological
reactivity in the evening. When people do not recover from work (e.g., due to
strains), the reactivity in the evening can gradually accumulate and spill over to the
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next day. In the long run, this can have detrimental effects on health and well-being
(Gaillard, 2001). The current findings on the influence of enduring fatigue on LTP
support the hypothesis that enduring fatigue has negative effects on HR reactivity,
performance and feelings of acute fatigue. People high on enduring fatigue have
problems mobilising energy to maintain task performance. They display lower HR
reactivity in the evening, meaning that the rest-task difference in HR was smaller
than for people low on EE. This small difference may originate from elevated rest
values. There is some evidence that elevated rest values may be indicative of future
health problems (Unddn et al., 1991).

Thus, it appears that the normal physiological costs of LTP have a more
long lasting effect in people with enduring fatigue complaints. The current finding
that physiological activity and reactivity is lowered in fatigued subjects is analogue
to the EMG findings in a previous study (Veldhuizen et al., 2003). The results of
both studies show converging evidence that subjects scoring high on Emotional
Exhaustion, have more problems with investing sufficient energy to maintain
performance during a workday.



Chapter 5 Fatigue personality and heart rate activity 101

References

Aalbers, T. (2002). ECG2181 (Version 2.2). Tilburg, The Netherlands: Spits, IT & Research Support.
Aasman, J., Mulder, G., & Mulder, L. J. M. (1987) Operator effort and the measurement of heart-rate

variability. Human Factors, 29(2), 161-170.
Bartley, S. H., & Chute, E. (1947). Fatigue and impairment in men. York, PA: The Maple Press

Company.
Brookhuis,  K.   A.,  & De Waard,  D. (2001). Assessment of drivers' workload: Performance  and

subjective and physiological indexes. In P. A. Hancock & P. A. Desmond (Eds.), Stress,

workload and fatigue. Human factors in transportation (pp. 32 1-333). Mahwah, NJ:
Erlbaum.

Brown, T. E., Beightol, L. A., Koh, J., & Eckberg, D. L. (1993). Important influence of respiration on
human R-R interval power spectra is largely ignored. Jounal of Applied Physiology, 75,
2310-2317.

Bultmann, U., De Vries, M., Beurskens, A. J. H. M., Bleijenberg, G., Vercoulen, J. H. M. M., &
Kant, I. (2000). Measurement of prolonged fatigue in the working population:
Determination of a cut-off point for the Checklist Individual Strength. Journal Of
Occupational Health Psychology, 5(4),411-416.

Cameron, C. (1973). A theory of fatigue. Ergonomics,  j 6(5), 633-648.
Cox, B. D., Blaxter, M., Buckle, A. L. J., Fenner, N. P., Golding, J. F., Gore, M., Huppert, F. A.,

Nickson, J., Roth, M., Stark, J., Wadsworth, M. E. J., & Wichelow, M. J. (1987). The health
and lifestyle survey. Cambridge: Health Promotion Research Trust.

Craig, A., & Cooper, R. E. (1992). Symptoms of acute and chronic fatigue. In A. P. Smith & D. A.
Jones (Eds.), Handbook of human performance (pp. 289-340). San Diego, CA: Academic
Press.

Davis,   D.   R.   (1946).   The  disorganization  of  behaviour   in fatigue. Journal of Neurology.
Neurosurgery. and Psychiatry, 9,23-23.

Davis, R. D. (1953). Satiation and frustration as determinants of fatigue. In W. F. Floyd & A. T.
Welford (Eds.), Symposium on fatigue. London: H.K. Lewis.

De Vries, J., & Van Heck, G. L. (2002). Fatigue: Relationships with basic personality and
temperament dimensions. Personality and Individual Dgerences, 33,1311- 1324.

Eastburg, M. C., Williamson, M., Gorsuch, R., & Ridley, C. (1994). Social support, personality, and
burnout in nurses. Journal of Applied Social Psychology, 24(14),1233-1250.

Foets, M., & Sixma, H. (1991) Nationale studie naar ziekten en verrichtingen in de
huisartsenpraktijk   INational   study   into   diseases   and   operations   in   general   practicel
Utrecht, The Netherlands: Nederlands Instituut Voor Onderzoek van  de

Eerstelijnsgezondheidszorg (NIVEL).
Frankenhaeuser, M., & Johansson, G. (1986). Stress at work: Psychobiological and psychosocial

aspects. International Review of Applied Psychology, 35, 287-299.
Gai Ilard,   A.   W.   K. (2001). Stress, workload, and fatigue as three biobehavioral states: A general

overview. In P. A. Hancock & P. A. Desmond (Eds.), Stress, workload, and fatigue.  Human
factors in transportation (pp 623-640). Mahwah, NJ: Erlbaum.

Gaillard, A. W. K. (2003). Fatigue assessment and performance deterioration. In O. Burov (Ed.),
Operator functional state and impaired performance in complex work. Amsterdam.
Elsevier.

Hancock, P. A., & Desmond, P A. (2001). Stress, workload, andfatigue. Mahwah, NJ: Erlbaum.
Hendriks, A. A. J. (1997). The construction  of the  Five-Factor Personality Inventory. Groningen, The

Netherlands: University of Groningen.
Hendriks, A. A. J., Hofstee, W. K. B., & De Raad, B. (1999). The Five-Factor Personality Inventory

(FFpl). Personality and Individual Dijferences. 27, 307-325.
Hockey, G.  R. J. (1997). Compensatory control in the regulation of human performance under stress

and high workload: A cognitive-energetical framework. Biological Psychology, 45, 73-93.



102 Acute fatigue and burnout

Johansson. G., Aronsson, G., & Lindstrom, B. O. (1978). Social psychological and neuroendocrine
stress reactions in highly mechanised work. Ergonomics, 2/(8), 583-599.

Jorna, P. G. A. M. (1992). Spectral analysis of heart rate and psychological state: A review of its
validity as a workload index. Biological Psychology, 34, 237-257.

Meijman. T. (1991). Over vermoeidheid: Arbeidspsychologische studies naar de beleving van
belastingsgecten  IAbout  fatigue:   Work-related  studies  into  the  experience  of  ejIortl
Groningen, The Netherlands: Studiecentrum Arbeid en Gezondheid.

Meuman, T. F. (1997). Mental fatigue and the efficiency of information processing in relation to
work times. International Journal of Industrial Ergonomics. 20,31-38.

Meshkati, N. (1988). Heart rate variability and workload assessment. In P. A. Hancock & N.
Meshkati (Eds.), Human mental workload (pp 101-115). Amsterdam, The Netherlands:
Elsevier.

Michielsen, H. J., De Vries, J., & Van Heck, G. L. (in press). In search of personality and
temperament predictors of chronic fatigue: A prospective study. Personality and Individual
Dgferences.

Mills, L. B., & Huebner, E. S. (1998). A prospective study ofpersonality characteristics, occupational
stressors, and burnout among school psychology practitioners. Journal of School

Psychology, 36(1), 103-120.
Morphew, M. E. (2001). The future of human performance and stress research: A new challenge. In

P. A. Hancock & P. A. Desmond (Eds.), Stress, workload and fatigue. Mahwah, NJ:
Erlbaum.

Mulder, G., & Mulder, L. J. M. (1981). Task-related cardiovascular stress. In L. Long & A. Baddeley
(Eds.), Attention and pe,formance  IX (pp 591-606). Hillsdale, NJ: Erlbaum.

Mulder, L. J. M. (1992). Measurement and analysis methods of heart rate and respiration for use in
applied environments. Biological Psychology, 34, 205-236.

Myrtek. M.. Weber, D., Brogner. G., & Muller, W. (1996) Occupational stress and strain of female
students: Results of physiological, behavioral, and psychological monitoring. Biological
Psycholoy, 42,379-39\.

Pentilla, J., Helminen, A., Jarrti, T., Kuusela, T., Huikuri, H. V., Tulppo, M. P., Coffeng, R., &
Scheinin, H. (2001). Time domain, geometrical and frequency domain analysis of cardiac
vagal outflow: Effects of various respiratory patterns. Clinical Physiology, 21(3), 365-376.

Porges, S. W., & Byrne, E. A. (1992). Research methods for measurement of heart rate and
respiration. Biological Psychology, 34(2-3), 93-130.

Rodahl, K. (1994). Stress monitoring in the workplace. Boca Raton, Fl: Lewis Publishers.
Roscoe, A. H. (1992). Assessing pilot workload. Why measure heart rate, HRV and respiration?

Biological  Psychology.  34(2-3),259-281.
Schaufeli, W., & Houtman, I. (2000). Psychische vermoeidheid en werk [Mental fatigue and work].

In I. L. D. Houtman & W. B. Schaufeli (Eds.), Psychische vermoeidheid en werk fMental
fatigue and workl. Alphen aan den Run, The Netherlands: NWO/Samsom.

Schaufeli, W. B., & Van Dierendonck, D. (2000) UBOS - Utrechtse Burnout Schaa!. Testhandleiding
IUtreclit Burnout Scale. Test instructionj Lisse, The Netherlands: Swets & Zeitlinger.

Schnall, P. L., Schwartz, J. E., Landsbergis, P. A., Warren, K., & Pickering, T. G. (1998). A
longitudinal study  of job strain and ambulatory blood pressure: Results  from a three-year
follow-up. Psychosomatic Medicine, 60(6), 697-706

Sternberg, S. (1966). High-speed scanning in human memory. Science, 153, 652-654.
Sternberg, S. (1969). Memory-scanning: Mental processes revealed by reaction-time experiments.

American Psychologist, 57(4), 421-457.
Task Force of the European Society of Cardiology and the North American Society of Pacing and

Electrophysiology.  ( 1996). Heart rate variability: standards of measurement, physiological
interpretation and clinical use. Circulation. 93(5), 1043-1065.



Chapter 5 Fatigue personality and heart rate activity 103

Undtn,  A.,  Orth-Gomdr.  K.. & Elofsson,  S. (1991). Cardiovascular effects of social  support  in  the
work place: Twenty-four-hour ECG monitoring of men and women. Psychosomatic
Medicine, 53, 50-60.

Ursin, H., & 01ff, M. (1993). The stress response. In C. Stanford & P. Salmon & J. Gray (Eds.),
Stress:  An integrated response.New York, NY: Academk Press.

Van Egeren, L. F. (1992). The relationship between job strain and blood pressure at work, at home,
and during sleep. Psychosomatic Medicine, 54, 337-343.

Veldhuizen, I. J. T., Gaillard, A. W. K., & de Vries, J. (2003). The influence of mental fatigue on
facial EMG activity during a simulated workday Biological Psychology, 63(1),59-78.

Veltman, J. A., & Gaillard, A. W. K. (1993). Indices of Mental Workload in a Complex Task
Environment. Neuropsychobiology, 28, 72-75.

Veltman, J. A., & Gaillard, A. W. K. (1996). Physiological indices of workload in a simulated flight
task. Biological Psychology. 42, 323-342

Vercoulen, J. H. M. M., Swanink, C. M. A., Fennis, J. F. M., Galama, J. M. D., Van der Meer, J. W.
M., & Bleijenberg, G. (1994). Dimensional assessment of chronic fatigue syndrome.
Journal of Psychosomatic Research, 38(5), 383-392.

Vrijkotte, T. G. (2001). Work stress and cardiovascular disease risk. Enschede, The Netherlands:
FEBO druk.

Vrijkotte, T. G., Van Doornen, L. J., & De Geus, E. J. (2000). Effects of work stress on ambulatory
blood pressure, heart rate, and heart rate variability. Hypertension, 35(4),880-886.

Wessely, S. (2001). Chronic fatigue: Symptom and syndrome. Annals  of Internal Medicine.. /34(9 Pt
2), 838-843.

Wessely, S., Hotopf, M., & Sharpe, M. (1998). Chronic fatigue and its syndromes. Oxford: Oxford
University Press.

Wilson, G. F. (1988). Measurement of operator workload with the neuropsychological workload test
battery. In P. A. Hancock & N. Meshkati (Eds.), Human mental workload (pp. 63-\00)
Amsterdam, The Netherlands: Elsevier.

Zellars, K. L., Perrewd, P. L., & Hochwarter, W. A. (2000). Burnout in health care: The role of the
five factors of personality. Journal  of Applied  Social Psychology, 30(8), 1570-1598.



6

Prediction of enduring fatigue

using physiological, performance-

based,  and subj ective measures



Chapter 6 Prediction of enduring fatigue 107

1 Introduction

Due to the larger emphasis on mental work, and the shift from predominantly
physical oriented toward mental oriented work activities, the number of people
reporting mental fatigue problems has increased. Fatigue is among the most
important work-related problems leading to absence and incapacity, and is
responsible for high social and economic costs (Cox et at., 1987; Foets & Sixma,
1991; Schaufeli & Houtman, 2000; Wessely, Hotopf, & Sharpe, 1998). It has
become a well-known condition in primary care and as such an important public
health problem (Wessely et al., 1998). Recent research among 8,000 healthy Dutch
workers has shown  that   10%  of the  men  and  14%  o f the women developed serious
fatigue complaints within one year (Bultmann, Kant, Van den Brandt, & Kasl,
2002; Houtman, Schaufeli, & Taris, 2000) Fatigue can be conceived of as a
multidimensional state induced by enduring task performance, a diffuse sensation
of weariness, based on subjective, physical, psychophysiological and behavioural
experiences (Cameron, 1973; Craig & Cooper, 1992; Gaillard, 2001; Gawron,
French, & Funke, 2001; Grandjean, 1979; Soames Job & Dalziel, 2001). Fatigued
persons are inclined to engage less in activities (Brown, 2001). They are less
flexible and display poorer self-regulation (Van der Linden, 2002). Fatigue
manifests itself in inefficient performance, reduced motivation and concentration,
diminished capacity and attention, and negative feelings (Gawron et at., 2001;
Lorist et al., 2000). Fatigue is a response of mind and body to the reduction in
resources; it serves as a warning signal for the increasing risk of performance
failure and (Gaillard, 2001).

Although fatigue is a multidimensional concept, it is often only measured
by means of questionnaires assessing subjective feelings (Alberts, Smets,
Vercoulen, Garssen, & Bleijenberg, 1997; Alberts, Vercoulen, & Bleijenberg,
2000; Michielsen, 2002; Schaufeli & Enzman, 1998; Vercoulen et al., 1994). The
present experiment concentrates on a multidisciplinary approach of fatigue, using
physiological, performance-based (reaction time and number of correct responses)
and subjective measures. Three physiological variables are used: facial
electromyographic (EMG) activity of the corrugator supercilii and the frontalis
muscle, heart rate frequency (HR) and heart rate variability (HRV).

Earlier experiments have demonstrated the usefulness of tonic EMG
activity in task irrelevant muscles as an index for compensatory mental effort,
necessary to maintain task performance (Craig & Cooper, 1992; Freeman &
Lindley, 1931; Van Boxtel & Jessurun, 1993; Veldhuizen, Van Boxtel, &
Waterink, 1998; Waterink & Van Boxtel, 1994). In a recent experiment it was
shown that facial EMG measures are sensitive to the effects of fatigue (Veldhuizen,
Gaillard, & De Vries, 2003).

It has been shown in many experiments that long-term performance has
effects on HR and HRV. Both measures are frequently used as indicators of high
stress or mental workload (increase in HR and a decrease in HRV)(Meshkati, 1988;
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Mulder & Mulder, 198la,   1981 b; Mulder & Mulder-Hajonides, 1973; Mulder,
1992; Myrtek, Fichtler, Strittmatter, & Brugner, 1999; Veltman & Gaillard, 1993).
Especially HRV is an established sensitive index to mental workload when tasks
are demanding (Veltman & Gaillard, 1993).

In the present study, two groups of students scoring high and low on
enduring fatigue complaints participated in a simulated workday. Enduring fatigue
was measured before the experiment using the Emotional Exhaustion scale from
the Utrecht Burnout Scale (UBOS, Schaufeli & Van Dierendonck, 2000). Fatigue
during the day was measured with the following three measurement methods: (a)
subjective ratings of fatigue, (b) physiological measures (facial EMG activity, heart
rate and heart rate variability), and (c) performance indices (reaction times and
number correct responses). Physiological activity and performance indices were
measured during the performance of a standardized Sternberg memory-searching
task.

The aim of the current study was to investigate whether scoring high or
low on enduring fatigue can be predicted on the basis of the set of physiological,
subjective and performance measures.

2 Method

2.1 Participants

Forty-six healthy undergraduate students participated in the experiment (24 women
and 22 men, mean age = 21.7 years). Subjects participated voluntarily and
received (ECTS) credit points for their participation. None of the participating
students indicated to experience health problems, be under medical treatment or
take medication.  On the basis of their score on the subscale Emotional Exhaustion
of the Dutch version of the Maslach Burnout Inventory (see questionnaires),
subjects were divided  in two groups: a high-score group (10 women  and  13  men,
mean age = 20.2 years, mean EE score = 2.63, SD = .51) and a low-score group (14
women and 9 men, mean age = 23.1 years, mean EE score = 1.33, SD = .50). The
high-score group consisted of participants scoring above the 75-th percentile.
Participants with a score equal or below the 75-th percentile (the low-score group)

were designated as control group.

2.2 Procedure

The experiment lasted approximately ten hours and was divided in three sessions: a

morning session, from 09:00 am until 13:15 pm, an afternoon session, from 14:00
until 17:30, and an evening session starting at 18:30 pm and lasting until 19:35 pm
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(see Table 1). Before the experiment started,  the task procedure and programme of
the day were explained to the subjects. Subjects practised the Sternberg task for 5
minutes, after which the EMG electrodes were applied. During the day, subjects
worked in two 3 hr work sessions (one in the morning and one in the afternoon)
each consisting of different office tasks in order to simulate a workday. Before and
after each work session, subjects executed the short experimental test version (Test
1-4, see Table  1).  In the evening, subjects executed  the long experimental  test
version (long test, see Table  1).

The experiment was carried out in a simulated office with office
equipment, including a computer. Several office tasks that collectively made up a
fictitious organization of a conference were presented to the subjects in a morning
and afternoon work session. The main office tasks were (a) formulating a suitable
lecture arrangement for the supposed conference speakers, (b) writing down a
publication list of the conference contributions, (c) drawing up a hotel planning for
the listed participants, (d) making travelling plans for participants, (e) making all
sorts of preparations for the succeeding congress, and (f) correcting multiple fake
contributions for the conference book. To increase the realistic character of the
simulated workday, subjects were frequently interrupted with small tasks, such as
looking up phone numbers and taking notes.

Table 1. Schedule of simulated workday

Time of day Event

0900.0945 Electrode attachment, Training
0945 - 1000 Test' 1, SFQ'
1000 - 1300 Work session
1300 -  131

S Test' 2, SFQ
1315-1400 Rest
1400.1415 Test' 3
1415-1715 Work session

1715-1730 Test' 4, SFQ
1730 - 1830 Rest
1 830 - 1935 Long testsb, SFQ

*Short test session [5 min rest - 5 min task - 5 min rest]. bLong test session

 5 min rest - 25 min task - 5min rest - 25 min task - 5 min rest]
SFQ: Short Fatigue Questionnaire
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2.3 Sternberg Task

During and after the simulated workday subjects were tested with the Sternberg
task (1966; 1969). The current task was a self-paced Short Term Memory
searching task (DOS version). This standard task was used to estimate the
psychobiological state of the subjects in different phases of the workday. Due to
the self-paced character of the task, lapses in attention result directly in
performance changes. Subjects were instructed to react both as fast and as accurate
as possible. The stimuli were presented on the computer screen in front of the
subjects. Each trial started with the presentation of the so-called memory set on the
computer screen. The memory set contained four randomly selected letters of the
alphabet that changed with every trial (varied mapping). In every trial the memory
set was a selection from the entire alphabet. The memory set remained on screen
for  1500 ms followed by a fixation cross lasting for 500 ms. Immediately after the
fixation cross extinguished, a single probe letter was presented. Subjects had to
decide whether or not the probe letter was part of the memory set by pressing a
corresponding key on the keyboard. The probe letter remained on screen for
maximally 10 s. After responding, subjects received a verbatim feedback message
on the screen ("good", "wrong", or "too late"). After the feedback stimulus
disappeared, the next trial started. The number of correct responses (NC) as well as
their corresponding reaction times (RT) was recorded. Two versions of the task
were used: a short test session and a long test session. The short test session
consisted of a 5-min task period (T), preceded and followed by a 5-min rest period
(R) [R (5 min) - T (5 min) - R (5 min)]. The long test session consisted oftwo 25-
min task periods surrounded by 5-min rest periods [R (5 min) - T (25 min) - R (5
min) - T (25 min) - R (5 min)].

2.4 Questionnaires

As mentioned before, subjects were asked to complete the sub-scale Emotional
Exhaustion (EE) from the Utrecht Burnout Scale (UBOS, Schaufeli & Van
Dierendonck, 2000) prior to the experiment. The EE scale indicates the amount of
enduring fatigue. The EE score is the sum of five items, each with a 7-point rating
scale ranging from 0 (never) to 6 (always). The items address work experience and
feeling. The scale scores range from 0 to 6 with a high score signalling a higher
amount of enduring fatigue. The psychometric properties are good (Schaufeli &
Van Dierendonck, 2000). For the current study the UBOS was adapted for students
by substituting in each item the word "work" by "study".

During the experiment, subjects completed the Shortened Fatigue
Questionnaire (SFQ) at four different times (see Table 1). The SFQ (Alberts et al.,
1997) assesses the intensity of physical fatigue. It contains four items with a 7-
point Likert scale (ranging from 1 (yes, that is true) to 7 (no, that is not true)). The
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scale scores range from 4 to 28. The reliability of the SFQ is good (Cronbach's
alpha 0.92).

2.5 Physiological recording and analysis

All physiological signals were recorded with the VitaPort 2 System developed by
TEMEC Instruments. The VitaPort 2 System was expanded with two modules, the
8-channel Universal amplifier module with Multi-connector  and  the 18 channel
Polysomnographymodule with Multi-connector.

EMG activity was bipolarly recorded by means of Ag/AgC1 surface
electrodes with contact  area and housing of 2  and  11 mm diameter, respectively.
Electrodes were attached  to  the  skin with electrode centres   15 mm apart.  The
reference electrode was an ECG snap lead electrode, placed on the middle of the
forehead. EMG activity was recorded on the left-hand side from the facial
corrugator supercilii and the frontalis muscles. Electrode positions were chosen in
accordance with the guidelines presented by Fridlund and Cacioppo (1986). EMG
activity was recorded during each entire test session, thus including rest and task
periods.

EMG signals were pre-amplified with a factor 1000 and analogue band-
pass filtered with a -3dB high-pass cut-offfrequency at 10,61 Hz and a -3 dB low-
pass cut-off frequency at 400 Hz. EMG signals were then digitised by means of a
12-bit AD-Convertor with a sample frequency of 1024 Hz. Subsequently,  the data
were digitally high-pass filtered with a -3 dB cut-off frequency of 32 Hz (in order
to lose unwanted movements artefacts). Ensuing, the data were stored on a 340MB
PCMCIA hard disk for VitaPort 2. The data were then further processed using a
specially developed software program ACEMG (Aalbers, 2002a). First, the data
were filtered using a notch filter with -3 dB cut-off frequency points at 0,0438 and
0,0558 Hz, respectively. Ensuing, the data were full-wave linearly rectified.
Finally, the measurement points were integrated using 1 s periods.

The Electro Cardiogram (ECG) was recorded using three ECG snap leads.
The electrodes were placed on a horizontal axis across the heart: on the lower left
rib (positive) and on the breastbone (negative). The reference electrode was placed
on the middle of the forehead. The ECG signal was band-pass filtered with a -3dB
low-pass cut-off frequency at 70 Hz and a -3 dB high-pass cut-off frequency at
0,48  Hz.  The  ECG  was then digitised by means  of a   1 2  bit AD converter  with  a
sampling frequency of 512 Hz. Ensuing, the data were digitally low-pass filtered
(moving average) with  a -3 dB cut-off frequency of 64 Hz. Finally, the ECG signal
was down sampled with a frequency of 128 Hz and stored on a 340MB PCMCIA
hard disk for VitaPort 2. The heart rate data were then further processed using a
specially developed software program ECG2IBI (Aalbers, 2002b). Using the
electrocardiotachogram as input, R peaks are detected. The R peaks are then
converted into interbeat intervals (IBIs), which are used to derive heart rate (HR)
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and the root mean square of successive differences in interbeat intervals (RMSSD,
Pentilla et al., 2001; Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology, 1996). The root mean
square ofsuccessive differences in interbeat intervals (RMSSD) is used as index of
vagal tone (heart rate variability, HRV) instead of the traditionally used method of
spectral analysis. The RMSSD is a time domain parameter, which quantifies the
changes in successive RR intervals and is not susceptible to respiration (changes in
breathing rate) as is the case with the high-frequency spectral component (Pentilla
et al., 2001; Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology, 1996; Vrijkotte & De Geus,
2001; Vrijkotte, Van Doornen, & De Geus, 2000).

In the short test sessions, the first and last 30 s integrated data points from
each rest and task period were omitted resulting in 4 min (240 integrated data
points) recorded EMG and ECG data per period (4 min rest, 4 min task, 4 min
rest). For the analysis of EMG, HR and RMSSD, the mean amplitude per task
period was calculated, which was then converted into a difference score. Before
determining the difference score, the presence of group differences in the rest
periods was checked. Since no group differences were found, the mean amplitude
score per task was converted into a difference score by subtracting the surrounding
mean rest values

For the long test session, the same data reductions and procedures were
used. This resulted in 4 min recorded data per rest period and 24 min recorded data
per task period. For the analysis, the mean amplitude per task was calculated,
which was then converted into a difference score. Before determining the
difference scores, the presence of group differences in the rest periods was
checked. Since no group differences were found, the mean score per task was
converted into a rest-task difference scores by subtracting the surrounding mean
rest values.

2.6 Statistical analysis

Three discriminant analyses were performed separately on the morning, afternoon
and evening session. To reduce the number of analyses and interpretation
difficulties, the performance results and the physiological measurements on both
Sternberg tests  in the morning (Test  1  and 2, see Table  1) were averaged. The same
was done for the two afternoon and two evening tests. For the morning session, this
resulted in (a) a mean difference score for corrugator and frontalis muscle activity,
and  for HR and HRV, and (b) one mean RT score and number of correct responses
(NC). The results on the two administrations of the Short Fatigue Questionnaire
(SFQ) were also averaged into one SFQ score. The same data reduction procedures
were used for the two Sternberg tasks in the afternoon and evening, resulting in
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mean afternoon and evening difference scores for the corrugator and frontalis
muscle, and HR and HRV, and in a mean RT, NC and SFQ score.

The three discriminant function analyses were performed using the
psychophysiological, subjective and performance variables as predictors of group
membership: scoring high (N=23) or low (N=23) on enduring fatigue (Emotional
Exhaustion). Since there were two groups, only one discriminant function is
calculated.

For the interpretation of the results, the correlations between the
discriminant function and the discriminating/predictor variables, and the
standardized discriminant function coefficients are used (correlations below .4 are
not interpreted). Discriminant function-variable correlations are favoured above the
standardized function coefficients because the correlations are assumed to have a
greater stability in small- or medium-sized samples (Darlington, Weinberg, &
Walberg, 1973; Stevens, 2001). Standardized discriminant function coefficients are
used to determine which variables are redundant given other variables in the set.

3 Results

A direct discriminant function analysis was performed using four
psychophysiological, one subjective and two performance variables as predictors
of membership in two groups. Multivariate groups analysis on the seven predictor
variables showed a significant group difference OF(7,38) = 2.853, p < .05), thereby

providing ground for the use of a discriminant function analysis. The calculated
pooled within-group correlations among the seven predictors in each discriminant
analysis are shown in Table 2. When tested individually, two correlations were
significant in each analysis. The negative relationship between heart rate and heart
rate variability indicates that an increase in heart rate is accompanied by a decrease
in heart rate variability. This phenomenon is well known, and is reported
frequently in the literature. For the performance measures, reaction time is
negatively correlated with number of correct responses, which indicates that
subjects with slow reaction times give less correct responses. The two facial
muscles also correlate positively significantly with each other, but only in the
evening session. An increase in activity in the corrugator muscle is associated with
an increase in activity in the frontalis muscle.
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Table 2. Significant pooled within-group correlations among predictor variables

Correlation r(43)
Variables

Morning Afternoon Evening

-I

Corrugator - Frontalis .28 .25 .49

HR - HRV -.60 -.52 -.70
*.. .*. ...

RT - NC -.87 -.71 -.69
**. -. ...

***

P < .001

3.1 Morning session

The discriminant function was calculated with a %2 (7) = 12.03, p = .10, suggesting
a moderate reliable relation between groups and predictors. The correlations
between predictors and the discriminant function (Table 4), shows that subjective
fatigue is the best predictor in the morning session for distinguishing between
subjects scoring high (HS) and low (LS) on Emotional Exhaustion (EE). Subjects
scoring high on Emotional Exhaustion experience more fatigue than low scoring
subjects (see Table 3 for means and standard deviations). The univariate F-tests for
all predictors (see Table 4) also show that subjective fatigue is the only predictor
that becomes significant.
With the use of the classification procedure  18 (78.3%) ofthe 23 subjects ofthe LS
group  and 17 (73.9%)of the 23 subjects  of the HS group were classified correctly.
Thus 35 (76.1%) of the original grouped subjects were classified correctly,
compared to the 23 (50%) who would be correctly classified by chance alone.
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Table 3. Means and standard deviations (beween brackets) for the LS and HS group for each variable
in the morning, afternoon and evening session

Morning Afternoon Evening
Variable                  LS HS LS HS LS HS

EMG Corr 6.43 5.25 5.81 4.38 6.38 5.49
(3.48) (2.22) (2.92) (2.03) (3.57) (2.74)

EMG Front 7.60 8.00 6.31 5.33 7.41 5.96
(4.66) (6.46) (2.79) (3.35) (3.33) (3.62)

HR 77.61 73.49 75.52 71.47 77.00 73.01

(11.84) (10.54) (11.96) (8.68) (12.77) (10.56)

HRV 44.69 53.46 51.59 55.24 45.62 53.27

(24.97) (29.41) (30.48) (22.64) (24.98) (26.41)

Subjective Fatigue 11.30 14.37 12.83 17.35 15.83 18.83
(4.47) (3.60) (5.18) (4.70) (5.73) (5.44)

RT 799.92 825.07 715.75 758.61 692.09 796.62

(197.20) (183.08) (140.03) (149.70) (127.89) (163.80)

NC 81.00 81.49 83.76 82.57 83.24 80.40

(4.66) (4.06) (3.12) (4.04) (3.66) (4.12)

Table 4. Morning Session

Predictor variable Correlations with the Univariate
Discriminant Function

F(1,44)             p

EMG Corr -.318 1.537 .222

EMG Front -.210 .671 .417

HR -.145 .320 .574

HRV .018 .005 .943

Subjective Fatigue .657 6.562 .014

RT .115 .201 .656

NC .095 .138 .712
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3.2 Afternoon session

One discriminant function was calculated with a %2 (7) = 14.453, p < .05, indicating
a reliable relation between groups and predictors. The loading matrix of
correlations between predictors and the discriminant function (Table 5), proposes
two predictors for distinguishing between the two subject groups. One is subjective
fatigue and the other is activity of the frontalis muscle. Subjects scoring high on
Emotional Exhaustion experience more fatigue (see Table 3) than low scoring
subjects, and show less muscle activity compared to LS subjects. Both subjective
fatigue and frontalis activity are also significant in the univariate F-tests (F(1,44) =
9.63, p <.01, and 17(1, 44) = 8.34, p < .01, respectively).

With the  use  of the classification procedure  17  (73.9%)  of the 23 subjects
of the LS group and  18  (78.3%) of the 23 subjects ofthe HS group were classified
correctly.  So 35  (76.1%) of the original grouped subjects were classified correctly,
compared to the 23 (50%) who would be correctly classified by chance alone.

3.2 Evening session

One discriminant function was calculated with a %2 (7) = 12.903, p = .07, indicating
a moderately reliable relation between groups and predictors. The loading matrix
of correlations between predictors and the discriminant function for the evening
session (Table 6), suggest five predictors for distinguishing between HS and LS
subjects. The five predictor variables are frontalis muscle activity, the number of
correct responses on the Sternberg task, reaction time on the Sternberg task,
subjective fatigue, and heart rate. HS subjects show, in comparison with LS
subjects, less frontalis muscle activity, fewer correct responses, longer reaction
times, more subjective fatigue, and a lower mean heart rate. The univariate F-test
of the predictor variables  are also reported in Table 6. Frontalis muscle activity,  RT
and NC reach significance in the F-tests. Univariate F-tests for subjective fatigue
and HR re moderately significant.

With  the  use  of the classification procedure  18  (78.3%) of the 23 subjects
of the LS group and  17  (73.9%) of the 23 subjects  of the HS group were classified
correctly. So 35 (76.1%) of the original grouped subjects were classified correctly,
compared to the 23 (50%) who would be correctly classified by chance alone.
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Table 5. Afternoon Session

Predictor variable Correlations with the Univariate
Discriminant Function

F(1,44)                   p

EMG Corr -.386 2.818 .100

EMG Front -.665 8.342 .006

HR -.203 .781 .382

HRV .136 .347 .559

Subjective Fatigue .714 9.628 .003

RT .231 1.006 .321

NC -.259 1.262 .267

Table 6. Evening Session

Predictor variable Correlations with the Univariate
Discriminant Function

FC 1,44)            p

EMG Corr -.131 .284 .596

EMG Front -.622 6.393 .015

HR -.411 2.792 .102

HRV .266 1.168 .286

Subjective Fatigue .448 3.318 .075

RT .594 5.820 .020

NC -.610 6.136 .017



118 Acute fatigue and burnout

4 Discussion

The present paper studies the predictive value of different fatigue measures,
separately for subjects scoring high or low on enduring fatigue. A set of
physiological, subjective and performance-based measure was tested three times
during a simulated workday.  As  can be seen in Figure 1, subjective fatigue  is the
only measure that has predictive value throughout the day, although its value
diminishes   in the evening. Apparently, subj ective fatigue   is   able to distinguish
between the two groups best during the day, but not in the evening. None of the
physiological measures is able to predict group membership in the morning. In the
afternoon, only the EMG activity of the frontalis muscle has predictive power. In
the evening both muscle activity and heart rate predict whether people score high
or low on enduring fatigue. Taking into account the notion that at the end of the
workday differences in physiological reactivity patterns become most manifest, it
is not surprising that the HS group showed slower reaction times and less correct
responses. In the evening, both performance-based measures predict enduring
fatigue scores.

Studies using physiological and hormonal measures to investigate the
building up of fatigue during long-term performance, have shown an increase in
activity that is most profound at the end of the workday (Johansson & Aronsson,
1984; Johansson, Aronsson, & Lindstrom, 1978; Rissler, 1977; Van Egeren, 1992).
During a normal workday, people are able to invest sufficient energy to perform at
an adequate level and meet work demands. However, at the end of the day extra
energy has to be mobilised to compensate fatigue and maintain task performance
(Gaillard, 2001; Hockey, 1997). Recovering from this activation process takes
time. A study by Meijman and co-workers (Meijman et al., 1985), investigating the
effect of different task loads of driving examiners, confirms this notion (see also
Meijman & van Dormolen, 1992). Measurements of adrenaline at the end of the
workday showed that subjects with the heavy task load released more adrenaline
than subjects in the normal and light work conditions. The adrenaline secretion rate
was still enhanced even in the late evening. This means that subjects were so acti-
vated during the day that hey still showed after-effects in the recovery period.
These findings support the current results that physiological reactivity has its
distinguishing power in particular at the end of a workday. Larger physiological
differences can be expected between people who suffer from enduring fatigue, and
people who do not. They have more problems to mobilise sufficient energy to
maintain performance at the end of the day.

The current study did not allow a cross-validation procedure, since the
number of cases was relatively small. Still, the fact that the subjects were tested an
entire day, makes the results more reliable. The measures do not simply reflect one
test moment, but reflect multiple time points. Due to the relatively small sample
size, generalization is difficult.
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To summarize, this explorative study shows that using multiple measures
(subjective, physiological, performance) contribute to our understanding of fatigue
as a biobehavioural state. The results of the discriminant analyses show that, as the
day progresses, more measures predict group membership. During the day, the
subjective measure is the most reliable predictor, whereas at the end of the day
physiological and performance-based measures come into play and gain predictive
power. By using these measures, we are able to discriminate better than chance
between subjects scoring high or low on enduring fatigue.
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1 Introduction

Physiological reactions of people at work have been the subject matter in many
research investigations. In earlier chapters of this thesis, the sensitivity of facial
EMG activity, heart rate and heart rate variability to the effects of fatigue during
long-term performance was investigated in a student sample. In Chapter 3 it was
concluded that EMG activity of the frontalis and corrugator muscle were
responsive to the building-up of fatigue during a simulated workday. It was found
that EMG activity decreased during the workday and increased in the evening. This
increase in activity in the evening was interpreted as an indication of mental effort,
necessary to compensate for the fatiguing effects of the workday. Enhanced
activity is an indication of spillover effects. When people do not recover from
work, the effects can gradually accumulate and spill over to the subsequent evening
and day. In the long run, this can have detrimental effects on health and well-being
(Gaillard, 2001). During the day, EMG activity gradually increased within probe
tests. This increase is labelled the EMG gradient and is found to be indicative of
increasing energy mobilization during a test to counteract the effects of fatigue.
Finally, subjects experiencing a high level of enduring fatigue, showed an overall
lower level  of EMG activity. Chapter 5 evaluated the sensitivity of heart rate  (HR)
and heart rate variability (HRV) to the fatiguing effects of long-term performance.
It was found that both measures were sensitive to the building-up of fatigue during
a simulated workday,  and to the effects of fatigue within probe tests.  Both  HR and
HRV also showed an enhanced reactivity in the evening due to fatigue. In addition,
subjects with and without enduring fatigue complaints differed in their level of HR
and HRV. Fatigued subjects showed a reduced activation in HR and HRV.

To summarize, these findings showed that the responsiveness of facial
EMG, HR and HRV measures to different effects of fatigue. The measures showed
comparable sensitivity to (1) the building up of fatigue during the day, (2) effects
of fatigue in the evening, (3) effects of fatigue during a test, and (4) differences in
enduring fatigue.

In the current chapter it is investigated whether the same results can be
found in a different population, namely white-collar workers. In contrast to the
student sample, the group of employees participating in the experiment possessed
an average work experience of 15  to 20 years.  It  is of interest to explore potential
differences between employees and students in physiological activation,
performance and subjective feelings of fatigue. Comparable to the student sample,
two groups of employees participated in the experiment: employees scoring high
(HS group) or low (LS group) on enduring fatigue. It is further investigated
whether differences in physiological activation between students scoring high and
low on enduring fatigue, are also found among employees.
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2 Method

2.1 Participants

Thirty white-collar workers participated in the experiment (19 women and  11  men,
mean age = 45.1 years). Subjects participated voluntarily and received a small
participation fee (55 euro) and a refund of their travelling expenses. Half of the
participating workers (N = 15) indicated to suffer from enduring fatigue.
According to their company physician, they did not suffer from other health
problems that might cause their feeling s of fatigue. Both workers and physician
ascribed the fatigue as being related to work activities. The other workers
experienced no fatigue problems. All workers were asked to fill out the questions
on the subscale Emotional Exhaustion of the Dutch version ofthe Maslach Burnout
Inventory (see questionnaires). The group workers feeling tired showed a mean EE
of 4.57 (SD = 0.72), and will be called High-score group (HS group). The healthy
worker group showed a mean EE of 2.15 (SD = 1.06) and is designated as Low-
score group (LS group).

2.2 Procedure

The experiment lasted approximately nine and a halfhours and was carried out in a
simulated office. Before the experiment started the task procedure and programme
of the day were explained to the subjects. Subjects practised the Sternberg task for
5 minutes, after which the EMG and heart rate electrodes were applied. The
procedures in the current experiment were comparable to the procedures used in
the student experiment (see Chapter 2). The experiment differed in that subjects
worked in two 2'/S hr work sessions instead of two 3 hr work sessions as the case
with the student population. The length of the work sessions was changed in order
to enable the fatigued employees to participate in the experiment. Before and after
each work session, subjects executed the short experimental test version consisting
of a 5-min task period surrounded by 5-min rest periods [R (5 min) - T (5 min) - R
(5 min)]. In the evening, subjects executed the long experimental test version. The
length of the long test version was also shortened in order to enable fatigued
subjects to finish the experimental day.  The  long test session consisted of a 25-min
task periods surrounded by 5-min rest periods [R (5 min) - T (25 min) - R (5
min)].
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2.3 Sternberg Task

During and after the simulated workday subjects were tested with the Sternberg

task (1966; 1969). The current task was a self-paced Short Term Memory
searching task (DOS version). This standard task was used to estimate the
psychobiological state of the subjects in different phases of the workday. Due to
the self-paced character of the task lapses in attention result directly in
performance changes. Subjects were instructed to react both as fast and as accurate
as possible. In the current experiment reaction times and the number of correct
responses were recorded. For a more detailed description of the task see chapter 2.

2.4 Questionnaires

Prior to the experiment, subjects were asked to complete the sub-scale Emotional
Exhaustion (EE) from the Utrecht Burnout Scale (UBOS, Schaufeli & Van
Dierendonck, 2000), the sub-scale Need for recovery of the "Questionnaire
assessing work experience and work appreciation" (VBBA; van Veldhoven &
Meijman, 1994), and questions addressing how well rested subjects felt, in general,
in the morning.

The EE scale contains five items and assesses the amount of enduring
fatigue (feelings of fatigue, over-taxation, and emptiness). Each item is measured
on a 7-point rating scale ranging from 0 (never) to 6 (always). High scores signal a

higher amount of enduring fatigue. The psychometric properties are good
(Schaufeli  & Van Dierendonck,  2000).  The Need for Recovery scale contains  11
dichotomous items (yes/no). The scale scores range from 0 to 10 with a high score

signalling a higher need for recovery. The scale has a Cronbach's alpha of 0.87.
The question "In general, how well rested do you feel in the morning?" was
assessed by a dichotomous rating scale ("well rested", "not well rested").

During the experiment, subjects completed the Rating Scale Mental Effort
(RSME), Scale for Perceived Load (SPL), and the Checklist Individual Strength
(CIS-20) at four different times.

The SPL (Van Veldhoven & Meijman, 1994) measures feelings of fatigue
during work. The SPL contains 16 items that are rated on a 5-point scale. Each
item contains two opposing statements and subjects have to indicate on a 5-point
scale, which of the two statements corresponds more with their momentary
physical state. The scale scores range from 0 to 48. The SPL has good reliability
coefficients.

The RSME (Zijlstra, 1994) measures subjective ratings of perceived
mental effort. The RSME is a one-dimensional visual-analogue scale containing
nine different verbal categories forming anchor points expressing different levels
of mental effort. The scale ranges  from  0  to  150.  The RSME shows systematic
relations with task difficulty and performance measures.
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The CIS-20 (Vercoulen et al., 1994) measures subjective feelings of
fatigue and related behavioural aspects. The CIS contains 20 items that make up
four subscales: Subjective Experience of Fatigue (SEF; 8 items), reduced
Concentration (CON; 5 items), reduced Motivation (MOT; 4 items) and reduced
Physical Activity level (PA; 3 items). All items are scored on a 7-point Likert scale
(ranging from 1 (yes, that is true) to 7 (no, that is not true)). The scale scores ofthe
subscales range from 8 to 56, from 5 to 35, from 4 to 28, and from 3 to 21
respectively. Although the CIS-20 was initially developed for assessing fatigue in
Chronic Fatigue Syndrome patients, the questionnaire is claimed to be applicable
in healthy populations as well (Bultmann et al., 2000). Psychometric properties of
the CIS-20 are good (Boltmann et al., 2000; Vercoulen et al., 1994).

2.5 EMG, heart rate and heart rate variability recording

All physiological signals were recorded with the VitaPort 2 System developed by
TEMEC Instruments. The VitaPort 2 System was expanded with two modules, the
8-channel Universal amplifier module with Multi-connector  and  the 18 channel
Polysomnographymodule with Multi-connector.

EMG activity of the facial corrugator and frontalis muscles was recorded,
as well as heart rate and heart rate variability. The recording and analysing
methods used were the same as in the student experiment. For a detailed
description see chapter 2.

In the short test sessions, the first and last 30 s integrated data points from
each rest and task period were omitted resulting in 4 min (240 integrated data
points) recorded EMG and ECG data per period (4 min rest, 4 min task, 4 min
rest). For the analysis of EMG, HR and HRV, the mean amplitude per 60 s was
calculated, leading to four scores for each task period. These scores were then
converted into rest-task difference scores.

For the long test session, the same data reductions and procedures were
used. This resulted in 4 min recorded data per rest period and 24 min recorded in
the task period. For the analysis of EMG, HR and HRV, the mean task amplitude
per 360s was calculated, leading to four mean scores. These scores were then
converted into rest-task difference scores.

For EMG activity, difference scores were computed by subtracting the
surrounding rest periods from corresponding task averages. HR and HRV
difference scores were computed by subtracting preceding rest values from
corresponding task values. The analysis was performed on the mean amplitude
scores and on the difference scores. In this way we are able to look into differences
between both subject groups in initial EMG activity levels as well as to explore a
task effect in groups while leveling out these initial differences ascribed to group
participation. The results of the analyses will be the same for amplitude and
difference scores with the exception for between subject effects. Because the
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physiological data are standardized with respect to the surrounding mean rest
values, the presence of group differences in the rest periods is checked in a separate
analysis.

2.6 Statistical analysis

Physiological data, performance measures, and state questionnaires were analysed
with the multivariate analysis of variance for repeated measures (MANOVA). For
the analysis of physiological activity, MANOVA's were performed on both the
difference scores and the amplitude scores. A MANOVA was performed with Test
(Test 1 to 5) and Periods (time course over the four averaged datapoint within a
test) as within-subjects variables and Group (HS versus LS group) as the between-
subjects variable. The effect of Tests on the difference and amplitudes scores was
examined by transforming the test levels into linear and quadratic trend contrast
scores by computing orthogonal polynomials. Significant effects of Group on these
linear and quadratic trends across task were further investigated by means of
simple effects tests in order to test trend components in both groups. In order to
assess the effect of Periods within tests, orthogonal polynomial contrasts were
computed across the difference and amplitude scores in order to assess linear and
quadratic increases in EMG activity during the test. Main effects ofGroup and Test
on these trend components were further investigated for each level of Group and
Test separately. The effect of subject group was investigated by the main Group
effect.

The presence of group differences in physiological activity in the rest
periods was analysed using MANOVA's, with Rest (rest periods of Test  1  to Test
5) as the within-subjects variable and Group as the between-subjects variable.

An additional analysis was executed to compare the physiological activity
level in the long evening test session with the activity level in the last daytime test
(Test 4). The mean scores for Test 4 were subtracted from the mean scores for Test
5. An independent sample t-test was executed on these subtracted scores, with
Group as the grouping variable.

The .05 probability level was adopted as significance criterion in all tests.
For the analysis of the task performance measures, number of correct

responses and reaction times, the same MANOVA was executed but without the
factor Periods. The state questionnaires were analysed using a MANOVA with
Administration of Questionnaires (four administrations during the workday) as
within-subjects variable and Group (high- versus low-score group) as the between-
subjects variable. The trait questionnaires were analysed using a one-way ANOVA
with Questionnaire (each trait questionnaire is only once administered) as within-
subjects variable and Group (high- versus low-score group) as the between-
subjects variable.
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3 Results

3.1 EMG Activity

The activity pattern of the corrugator and frontalis muscle is illustrated in Figure  1.
The amplitude scores in the five test sessions show an effect of Test for both
muscles as revealed by a negative linear trend and a positive quadratic trend across
tests (see Table 1 for the statistical results). There was no interaction between Tests
and Group, meaning that both groups showed the same trends. The presence of the
trend components demonstrates a curvilinear decrease in mean EMG activity
during the day. Figure  1  shows a reduction in activity during the day (Test  1 -4), but
an increase in activity in the evening (Test 5). Figure 2 shows the results of the
trend analysis on the EMG amplitudes within a test session. Both muscles showed
an  interaction of Periods*Test. Simple effects analysis revealed a constant level  of
corrugator activity and a decrease in frontalis activity during Test 1 (see Table 2
for the statistical results). During Test 2,3 and 4 a significant positive linear trend
component was found for both muscles, which demonstrates a continuous increase
in activity during each test. For Test 5, both muscles showed a positive linear as
well as a negative quadratic trend component, indicating an increase in activity
during the test. The trend components within a test session did not differ between
groups.

A significant overall group effect was found for the corrugator muscle but
not for the frontalis muscle. The HS group showed more EMG activity than the LS
group. The results for the difference scores were the same as for the amplitude
scores. The results of the analysis on the rest values showed no group differences
for the corrugator, 17(1,28) = 2.55,p = .12, and the frontalis muscle, PIt,28) = 0.02,
p = .90. No significant interactions were found between Group and Rest for both
muscles, meaning that during the day, both groups showed equal rest values. The
rest values did show an effect of Test, as revealed by a negative linear and a
positive quadratic trend across tests, present in both muscles (corrugator, F
lin(1,28) = 15.03, p <.001, F qua(1,28) = 22.06, p <.001, frontalis, F lin(1,28) =
19.74, p <.001, F qua(1,28) = 31.80, p <.001). The presence of both trend
components indicates a curvilinear decrease in the rest values during the day.

The t-test comparing corrugator EMG activity in the evening test session
(Test 5) with the activity in the last daytime test (Test 4), showed for the LS group
a significant increase in both the amplitude, t = 2.31, (f 14, p < .05, and difference
scores, t = 2.76, df 14, p < .01. No differences were found for the HS group. The
same t-test for frontalis activity, showed for the LS group a significant increase in
the difference scores,  t =  1.60,  df 14, p  <  .05.  The HS group showed a significant
increase in both amplitude, t = 1.81, #14, p <.05, and difference scores, t = 4.23,
#14, p <.001.



Table 1. F values for the MANOVA's on corrugator and frontalis muscle EMG activity, and on heart rate (HR) and heart rate variability (HRV), with
Repeated Measures of Test and Periods and the between-subjects variable Group (employees with a high-score or a low-score on EE)

Corrugator Frontalis HR HRV
Amplitude Difference Amplitude Difference Amplitude Difference Amplitude Difference

Test Linear trend 9.35- 7.89- 14.46
-*

14.44
...

2.66
06

3.77' 0.19 0.02
I. -. ... .*. ...

Quadratic trend 10.29 11.19 16.77 18.36 3.86' 7.52- 2.01 18.47
... ...

Period Linear trend 16.75 16.75 1.20 1.20 3.54' 3.54 2.95' 2.95'

Quadratic trend 2.95' 2.95' 0.98 0.98 4.91' 4.91' 0.10 0.10
Period*Test 1.98' 1.98' 2.40' 2.40' 2.04' 2.04' 0.71 0.71

Group 4.06' 4.35' 0.05 0.297 0.67 2,90' 4.76' 0.00
Note  For all tests, df= 1,28, except for the interaction term Period*Test df= 12/17.
'p <.05. "p <.01. -'p <.001

Table 2. F values for MANOVA's on corrugator and frontalis muscle activity with the Repeated
Measure of Periods, in order to investigate the significant interaction of Period*Test (simple effects
tests)

Corrugator Frontalis
..

Test 1, Linear trend 0.21 7.27
...

Test 2, Linear trend 17.94 4.83'
Test 3, Linear trend 2.68' 1.708

.. -*
Test 4, Linear trend 11.83 13.32
Test 5, Linear trend 3.67' 3.25'

Quadratic trend 5.38' 4.04'

Note. For all test df= 1,28. The MANOVA's on the amplitude and difference score generate the same
results for the factor Period.
'p < .05."p < .01."' p < .001
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Figure  1.  Mean EMG activity during the Sternberg tests, separately  for the corrugator and frontalis
muscle, for the amplitude and difference scores, and for the low-score and high-score group.
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Figure 2. Mean EMG gradients for the amplitude scores during Test  1-4 and Test 5, separately for the
corrugator and frontalis muscle, and for the low-score and high-score group.

3.2 Heart rate activity

The results of heart rate (HR) activity on the five test sessions are presented in
Figure 3. Results of the analysis on the frequency scores are discussed first (for
statistical results see Table 1). Figure 3 shows a decrease in HR from Test 1  to Test
2 in the morning tests. After the lunch break HR increases but decreases again
during the afternoon from Test 3 to Test 4. HR again increases slightly after the
dinner break (Test 5). The effect of Test consisted of a marginally significant
negative linear and a significant positive quadratic trend. The presence of the trend
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components signifies a decrease in HR during the day. Test did not interact with
group, meaning that the trend components were alike for both groups. Trend
analysis on HR activity during a test differed per test as indicated by a significant
Period*Test interaction. Simple effects analysis of Period per test showed the
presence of a positive quadratic trend for Test 1 and 2, meaning that after a small
decrease in activity HR increased towards the end of the test (for statistical results
see Table 3a). Activity increased linearly during Test 3 and 4. During Test 5, HR
increased curvilinear as shown by the presence of a positive linear and a negative

quadratic trend component (see Figure 4). Mean HR did not differ between the two
groups. The results for the difference scores were the same as for the amplitude
scores, with the exception of the overall group difference. The HS group showed
overalllower rest-task differences than the LS group (see Figure 3).
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Figure 3. Mean HR and HRV during the Sternberg tests, separately for the amplitude and difference
scores, and for low-score and high-score group.
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Table 3a. F values for MANOVA's on HR activity with the Repeated Measure of Periods, in order to
investigate the significant interaction of Period*Test (simple effects tests)

Test 1 Test 2 Test 3 Test 4 Test 5
.. **

Linear trend 0.05 0.13 7.14 2.3007 10.70
** .. ..

Quadratic trend 9.13 3.75 1.25 1.15 3.70

Note. For all test df= 1,28. The MANOVA's on the amplitude and difference score generate the same
results for the factor Period. *p<.05. - p<.01. -* p<.001

The t-test comparing mean heart rate in the evening test session (Test 5)
with the activity in the last daytime test (Test 4) showed for the LS group a
significant increase in HR difference scores, t = 3.74, (f 14, p < .01. The HS group
showed a significant increase in both HR frequency, t = 2.30, df 14, p < .05, as HR
difference scores, t = 2.12, df 14, p < .05.

3.3 Heart rate variability (RMSSD)

The results of the analysis on heart rate variability (HRV) during the day are also
presented in Figure 3. The results on the amplitude scores will be described first
(see Table 1 for the statistical results). Figure 3 illustrates that HRV showed the

opposite pattern of HR activity. HRV increased from Test 1 to Test 2 in the
morning, followed by a decrease during the lunch break. Then variability increases
again from Test 3 to Test 4 in the afternoon in order to decrease slightly after the
dinner break. Overall, HRV increased slightly during the day as indicated by a
negative quadratic trend across tests that did not interact with Group. Trend
analysis on HRV during a test differed for the two groups as indicated by a
significant Period*Group interaction. Simple effects analysis of Period per group
showed a constant HRV during tests for the LS group (see Figure 4). The HS group
showed a decrease in HRV during tests as indicated by the presence of a negative
linear and a negative quadratic trend across periods (for statistical results see Table
3b). Finally, HRV differed between the two groups. The HS group had an overall
lower variability level than the LS group. The results for the difference scores were
comparable with the results on the amplitude scores, with the exception of the
overall group difference. No difference was found between the two groups.
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Figure 4. The gradual increase  in  HR and decrease in  HRV  in  the Test  1 -2, Test  3-4, and Test 5, separately  for the low-score and high-score group.
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Table 3b. F values for MANOVA's on HRV with the Repeated Measure of Period, in order to
investigate the significant interaction of Period*Group (simple effects tests)

Group 1 (Low EE) Group 2 (High EE)
..

Period, Linear trend 0.06 12.37
Quadratic trend 0.49 2.91'

Note. For all test df= 1,14. The MANOVA's on the amplitude and difference score generate the same
results for the factor Period. 'p < .05. - p < .01. -' p < .001

The t-test comparing mean HRV in the evening test session (Test 5) with
HRV in the last daytime test (Test 4) showed for LS group a significant decrease in
HRV amplitude, t = -1.72, #14, p <.05, and difference scores, t = -3.81, #29, p <
.01. The HS group showed a significant decrease in the HRV difference scores, t =
-2.32, df 14, p < .05.

3.4 Task Performance data

The results of the analysis on the reaction times (RT) and the number of correct
responses (NC) in the test sessions are presented in Figure 5 and in Table 4. RT
tended to decrease for both groups from Test 1 to Test 5 as indicated by the
positive quadratic trend component across tests. There was a strong tendency for a
group difference in RT, with the LS group displaying faster reaction times.

The analysis on the five test sessions showed an increase in the number of
correct responses from Test 1 to Test 5. The LS group showed a continuous
gradual increase in correct responses in contrast with the HS group. The number of
correct responses also tended to differ strongly between the two groups with the LS
group having a higher number of correct responses.

Table 4. F values for MANOVA's on reaction times and number of correct responses with the
Repeated Measure of Test and the between subjects variable Group (employees with a high-score or a
low-score on EE)

Reaction times Number correct
Test, Linear trend 0.21 1.37

..

Quadratic trend 1.78' 3.62
Group 1.92' 2.51'

Note. For all test df= 1,28. 'p< .10. - p< .05. -' p< .01.
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Figure 5. Mean reaction times and number of correct responses  for each Stemberg test for the low-
Score and high-score group.

3.5 Questionnaires

HS subjects showed a significantly higher Need for Recovery than LS subjects (t =
-2.28, p < .05). They also felt less well rested in the morning (t = -2.12, p < .05).

The outcomes of the analyses on the state questionnaires are presented in
Table 5 and in Figure 6.

Subjective ratings of mental effort (RSME scores) differed between the
two groups, with the HS group experiencing more mental effort. Results showed
the presence of a positive linear trend as well as a negative quadratic trend across
the four administrations of the effort questionnaire. The trends were equal for both
groups and indicated an increase in perceived subjective effort during the day.
Figure 6 also depicts the results for the four administrations of the Scale for
Perceived Load (SPL). The intensity of mental fatigue, as measured by the SPL,
differed between groups. The HS group showed more fatigue than the LS group.
Scores were also changed during the test day as shown by a positive linear trend
component across the four administrations. Both groups experienced more fatigue
when the workday progressed.

Fatigue as measured by the total score of the CIS-20 was higher for the HS
group than for the LS group. Both groups showed an increase in fatigue during the
day as indicated by a significant positive linear trend across the four
administrations fthe CIS-20 (see Figure 6).



Table 5. F values for the MANOVA's on the state questionnaires, with Repeated Measures of Administration of Questionnaires (4) and the between-
subjects variable Group (employees with a high-score or a low-score on EE). There were no significant interactions with Group

RSME SPL Cls TOT CIS SEF CIS PA CIS MOT CIS CON

Administration
-I ./ ./ ... -.Linear trend 82.97 9.87 9.52 13.42 0.78 11.06 0.67
-I

Quadratic trend 25.21 1.05 1.34 2.08 2.32 2.79 0.82

I. ./ ... ... ... -. .*.

Group 7.39 9.97 46.47 45.38 20.95 35.95 19.25
Note. For all tests, df= 1,28. RSME = Rating Scale Mental Effort; SPL = Scale for Perceived Load; CIS TOT = Checklist Individual Strength, total
scale score CIS; SEF = Checklist Individual Strength, subscale Subjective Experience of Fatigue; CIS PA = Checklist Individual Strength, subscale
reduced Physical Activity; CIS MOT = Checklist Individual Strength, subscale reduced Motivation; CIS CON = Checklist Individual Strength,
subscale reduced Concentration.
'p <.05. -p <.01. -*p <.001
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Figure 6. Results on the Rating Scale Mental Effort (RSME), the Scale for Perceived Load (SPL), and the Checklist Individual Strength (CIS total), for
the low-score and high-score group.
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The analysis executed on the Subjective Experience of Fatigue subscale of
the CIS-20 showed that people in the HS group experienced more fatigue. Results
further showed a positive linear trend across questionnaire administration for both
groups indicating that both groups experienced an increase in fatigue during the
day.

The analysis on the subscale reduced Physical Activity of the CIS-20, did
show a significant group difference. The HS group experienced a larger reduction
in their level physical activity than the LS group. The results showed no trends
across administrations during the day, meaning that the level of experienced
activity reduction remained the same during the experiment.

Motivation in both groups decreased during the day as indicated by a
positive linear trend across the administration of the four questionnaires.  The HS
group showed a larger reduction in motivation than the LS group.

Finally, the analysis  on the subscale reduced Concentration of the CIS-20,
also did show a significant group difference, with the HS group experiencing more
concentration problems than the LS group. The results showed no trends across
questionnaire administration during the day, meaning that for all subjects the level
of experienced concentration reduction remained the same during the experiment.

Discussion

The current findings show that facial EMG activity ofthe corrugator muscle differs
between employees scoring high (HS) and low (LS) on enduring fatigue. HS
subjects display more corrugator EMG activity throughout the day than LS
subjects. EMG activity of the frontalis muscle showed overall the same pattern as
corrugator activity but the difference between the HS and LS group is not
significant. This might  be  due  to the upturn in activity  at  Test  4 (see Figure   1)
Closer investigation of the data on a single subject level did not provide proof that
this change in direction is caused by a few persons.

The two groups show a comparable activation pattern during the day. After
a considerably decrease from Test 1 to Test 2, EMG activity remained on the same
level during the day, and increased at the end of the day in the evening test (Test
5). The initial decrease in activity at the start of the experiment is probably caused
by excitement and unrest, brought about by the fact that participants still had to get
used to the task setting. The increase at the end of the simulated workday can be
interpreted as  a sign of extra effort to compensate  for the fatiguing effects in order
to maintain task performance. It is to be expected that the effects of fatigue show
themselves most at the end of a workday. Especially when subjects have to
continue performance in the evening test. Subjects react to this extra endeavour
with elevated EMG levels. Other studies investigating subjects during long-term
performance have found the same evening rise in physiological and hormonal
parameters (Johansson & Aronsson, 1984; Johansson, Aronsson, & LindstrOm,
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1978; Meijman et al., 1985; Rissler, 1993). Apparently, fatigue during the day
spills over to affect physiological activation and performance in the evening.

EMG activity within a test gradually increased. This phenomenon has been
found in several other studies and has been labelled the EMG gradient (e.g. Van
Boxtel & Jessurun, 1993; Veldhuizen, Gaillard, & De Vries, 2003; Waterink &
Van Boxtel, 1994). These gradients are interpreted as a sign of compensatory
mental effort, necessary to maintain task performance. The presence of EMG
gradients during the tests in both groups, indicates that all subjects invest effort to
maintain their performance on the tests at an optimal level.

The current findings on heart rate activity showed the same pattern for
fatigued and non-fatigued employees, with the fatigued subjects having a higher
heart rate. HR decreases in the morning, increases after lunch, decreases again in
the afternoon, and increases slightly after the evening break (see Figure 3). HR
activity during all tests gradually increased. This increase in activity has been
found in many studies and is interpreted as an indicator of mental effort (e.g.
Brookhuis & De Waard, 2001; Hancock & Desmond, 2001; Veltman & Gaillard,
1996). Both subject groups show this increase in HR activity during tests,
indicating that all subjects invested effort to maintain performance. This finding
corresponds with the result that EMG gradients were present during each test for
both groups.

As can be expected, the results on heart rate variability showed the
opposite activation pattern as was found for HR. HRV increases in the morning
and recovers after lunch, then increases again in the afternoon and shows little
recovery after the evening break (see Figure 3). The non-fatigued employees
showed a constant HRV during the tests. The employees suffering from enduring
fatigue showed a decrease  in HRV within tests. This decrease is indicative of high
mental workload and means that the fatigued subjects had to invest effort to
maintain performance. The findings further demonstrated that HS subjects showed
significantly lower HRV than LS subjects.

Fatigued employees showed more EMG activity, a higher HR and a lower
HRV than non-fatigued employees. This increase in activation among people
suffering from enduring fatigue can be interpreted as a sign of sustained activation
and insufficient recovery. With respect to catecholamines, several studies have
shown elevated excretion levels in the evening after work. Frankenhaeuser and
Johansson (1986) described two studies with similar results. Workers at an
assembly line showed higher catecholamine levels and reported more sleep
complaints than non-assembly line workers. In the second study, data-entry typists
showed elevated catecholamine levels compared to secretaries. Moreover, the
difference between the two groups increased in the, meaning that data-typists took
longer to unwind from their attention-demanding routine work. Similar results
were found in a study by Sluiter et al. (2000) assessing neuroendocrine reactivity
and recovery from work by measuring the urinary excretion of adrenaline,
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noradrenaline and cortisol. During and after work, as well as on a day-off,
excretion rates of both cortisol and adrenaline were higher for workers with
combined mental and physical job demands. With respect to heart rate activity
levels, Vrijkotte (2001) also found elevated activation patterns in the evening
during leisure time when compared to the level of activation during the day.

In the present study, both sustained activation and insufficient recovery are

revealed by the increase in activity at the end  of the  day as  well  as  in the difference
in activation level between groups, already present at the beginning ofthe day. The
finding that the HS group showed a higher need for recovery than the LS group,
and felt less well rested in the morning, is in line with these results.

The fact that the HS group has problems with efficient energy mobilization
and regulation,  is also supported by the performance results and the results  of the
questionnaires. The HS group is considerably slower and produces less correct
responses than the LS group. In addition, they perceive the day as demanding more
mental effort. Furthermore, they experience a higher level of fatigue throughout the
day. They also show a significant higher level of fatigue at the start of the
expenment.

To summarize, these results clearly show that fatigued employees
experience difficulties with task performance and the necessary energy
mobilization. They find the workday more fatiguing, have a higher need for
recovery, perform less well, and show elevated activation levels. The seriousness
of their complaints is illustrated by the fact that these differences are already
present at the start ofthe simulated workday.

When comparing the physiological results (EMG, HR, HRV) between
students and employees, the most striking result is the difference in activity level
between subjects with and without enduring fatigue complaints. Fatigue employees
show elevated activation levels, while fatigued students show diminished
activation. This difference, together with similarities, will be discussed in Chapter
10.
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1 Introduction

In the last decade there has been a growing interest in studying work related fatigue
(Hardy, Shapiro, & Borrill, 1997; Houtman, Schaufeli, & Taris, 2000; Schaufeli &
Enzman, 1998). Enduring work related fatigue does not only have negative
consequences for the employee, but can also bring along high societal and
economic costs. It can lead to (temporary) work absence and sick leave, and to
work incapacity. Studies on fatigue have focussed on a wide range of factors,
varying from behavioural, psychological and genetic factors to demographic and
social variables (e.g., Buchwald et al., 2001; Cameron, 1971; Hickie, Koschera,
Hadzi-Pavlovic, Bennet, & Lloyd, 1999; Hickie  et  at., 1996; Pawlikowska  et  al.,
1994). Considering the fact that the aetiology of fatigue acknowledges many
factors, little attention has been given to the role of personality (Lewis & Wessely,
1992). In recent studies on the relationship between enduring fatigue and
personality, it was found that Extraversion and Emotional Stability are negatively
associated with enduring fatigue (De Vries & Van Heck, 2002; Eastburg,
Williamson, Gorsuch, & Ridley, 1994; Hills & Norvell, 1991; May & Kline, 1988;
Mills & Huebner, 1998; Zellars, Perrewd, & Hochwarter, 2000). A recent
prospective study examined the relationships between the five personality
dimensions and enduring fatigue (Michielsen, De Vries, & Van Heck, in press)
among persons working at least 20 h a week. From the five dimensions,
Extraversion and Emotional Stability were found to be stable predictors of fatigue
two years later. When the analysis controlled for fatigue at the first measurement
moment, only Extraversion was found to be a good predictor

Most studies on personality and fatigue have focused on enduring fatigue.
To our knowledge, there are no studies that have investigated the influence of
personality characteristics on acute fatigue. Also, there is little known about how
enduring fatigue is related to acute fatigue. Therefore, Chapter 4 investigated
relations between the Big-Five personality characteristics, on the one hand, and
acute and enduring fatigue, on the other hand, in a sample of students. In a
simulated workday setting acute fatigue was measured at several times. In addition
to acute fatigue, enduring fatigue as well as the Big-Five personality characteristics
were assessed. Conform expectations, introverts and emotionally unstable persons
experienced a higher amount of enduring fatigue. It was also investigated whether
personality characteristics could predict the building up of fatigue during the day.
Results showed that both extraversion and agreeableness predicted an increase in
acute fatigue during the workday. Introverts and people low on agreeableness
showed an enhanced but constant level of acute fatigue during the day. In contrast,
extraverts and people high on agreeableness experienced an increase in acute
fatigue. With regard to the relationship between acute and enduring fatigue, it
appeared that people scoring high on enduring fatigue experienced more acute
fatigue, but an enhanced level of enduring fatigue did not predict the increase in
acute fatigue.
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In the current chapter it is investigated how the Big-Five personality and
the level of enduring fatigue, influence the building up of acute fatigue in the
working population. It is conceivable that these same relations will be found, since
personality characteristics are considered to be fairly stable (e.g., McCrae & Costa,
1996). However, it is equally likely that different relationships apply to the
working population. People with a considerable experience in the work force will
undoubtedly have experienced that a good working relationship means
compromising at times. This can result in a good person-environment fit, or in a
person-environment mismatch. In the first case, there is no pressure on people to
change either their behaviour or their job. In the latter case, people can be 'forced'
to meet work demands that are not suiting them. This will have consequences for
their behaviour and feelings, and may translate to different relationships between
personality and work. In this chapter it will be explored whether the relations found
in the student sample, can be replicated in the working population.

2 Method

2.1 Participants

Thirty white-collar workers participated in the experiment (19 women and  11  men,
mean age = 45.1 years). Half of the participating workers (N = 15) indicated to
suffer from enduring fatigue. The other workers experienced no health or fatigue
problems. All workers were asked to fill out the questions on the subscale
Emotional Exhaustion of the Dutch version of the Maslach Burnout Inventory (see
questionnaires). The group workers feeling tired showed a mean EE of 4.57  (SD =
0.72), and will be called High-score group (HS group). The healthy worker group
showed  a mean  EE of 2.15  (SD =  1.06)  and is designated as Low-score group  (LS
group).
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2.2 Procedure

The experiment lasted approximately nine and a halfhours and was carried out in a
simulated office. Before the experiment started the task procedure and programme
of the day were explained to the subjects. During a 2!/2 hr morning and afternoon
work sessions, the workers completed several office tasks that collectively made up
a fictitious organization of a conference. To increase the realistic character of the
simulated workday, participants were frequently interrupted with small tasks, such
as looking up phone numbers and taking notes. In the evening they worked another
hour.  During the day, all individuals completed at four different times a set of state
questionnaires:  at the start of the experiment (Tl;  09:00 am), the end the morning
(T2; 13:00 pm), in the afternoon (T3; 17:15 pm) and in the evening work period
(T4; 19:25 pm).

2.3 Statistical procedure

In the current chapter, two different research questions were investigated. The first
concerned the impact of personality and emotional exhaustion  on the development
of acute fatigue during a workday. The second questions considered the influence
of personality and emotional exhaustion on the feeling of fatigue at the end of a
workday. In order to investigate the first issue, statistical analyses were executed
on difference scores obtained with the fatigue state questionnaires. Difference
scores were calculated by subtracting the scores  o f T 1  (beginning  of the day),  from
the T4 scores  (end of the day). This resulted in difference scores  for the dependent
variables SPL (dSPL), the CIS total score (dCIS), and the CIS subscale scores
(dSEF, dPA, dMOT, dCON). In order to investigate the second research question,
statistical analyses were executed on the last measurement moment (T4) of the
fatigue state questionnaires (SPL4, CIS4, SEF4, PA4, MOT4, CON4).

First, gender and age differences with respect to the dependent variables
(difference scores and T4 scores) were examined by t-tests comparing people
scoring below and above the 50-th percentile on a dependent variable. Second, the
intercorrelations among the fatigue scales were examined (amongst both difference
scores and T4 scores). Then Pearson correlations were calculated between the Big
Five personality scales, EE and NR, and (1) the difference scores on the fatigue
scales (dSPL, dCIS, dSEF, dPA, dMOT, dCON) and (2) the scores on the fatigue
scales administered at the end ofthe day (SPL4, CIS4, SEF4, PA4, MOT4, CON4).
Finally,  two  sets of standard multiple regression analyses  (MRAs; see Table   1)
were performed on both the difference scores (dependent variables dSPL, dCIS,
dSEF, dPA, dMOT, dCON) as well as on the T4 fatigue scores (dependent
variables SPL4, CIS4, SEF4, PA4, MOT4, CON4).



152 Acute fatigue and burnout

Table 1. Description of the multiple regression analyses

MRA Independent variables Dependent variables

Set 1 Basic personality traits: 1. Difference scores
- Extraversion (dSPL, dCIS, dSEF, dPA, dMOT, dCON)
- Agreeableness
- Conscientiousness 2.   T4 fatigue scores
- Emotional Stability (SPL4, CIS4, SEF4, PA4, MOT4, CON4)
- Intellectual

Autonomy
Set 2 Emotional Exhaustion (EE) 1. Difference scores

(dSPL, dCIS, dSEF, dPA, dMOT, dCON)

2.   T4 fatigue scores
(SPL4, CIS4, SEF4, PA4, MOT4, CON4)

The first set of MRAs with the FFPI subscales as independent variables
was conducted to scrutinize the variance in fatigue accounted for by personality.
Each MRA was run with another fatigue (sub)scale as the dependent variable. In
the second set of MRAs, the EE scale was employed as independent variable to
allow an examination of the variance in fatigue accounted for by emotional
exhaustion.

3 Results

No gender and age differences were found on any of the fatigue scales (difference
and T4 scores). The correlations between EE and the increase in fatigue and among
EE and fatigue measured at T4 are displayed in Table 2a and 2b. Virtually all
difference scores measuring the increase in fatigue were positively correlated with
one another, the exception being dPA, which only correlated with dCIS and dCON.
Furthermore, Emotional Exhaustion did not correlate with any of the difference
scores. The questionnaires measuring fatigue at the end of the day were also
positively correlated with one another. Here, Emotional Exhaustion did correlate
with fatigue.
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Table 2a. Correlations among the difference scores (d) measuring the increase
in fatigue, and between the difference scores and EE

dSPL DCIS dSEF dPA dMOT dCON

EE       .21 .09 .08 -.07 .14 .07

dSPL .72-' .59
...

.29 .65 .70
... ...

dCIS .88 .46 .85 .85
... .. ..* ...

dSEF .10           .61            .69

-. ...

dPA .46' .28

dMOT .62
...

Note. EE = Emotional Exhaustion; SPL = Scale for Perceived Load; CIS =
Checklist Individual Strength; SEF = Subjective Experience of Fatigue; PA =
Reduced Physical Activity level; MOT = Reduced Motivation; CON =
Reduced Concentration.
p <.05. "p <.01. -  <.001

Table 2b. Correlations among the fatigue scales at T4, and between the fatigue
scales and EE

SPL4 CIS4 SEF4 PA4 MOT4 CON4

.. ... -* ./ .. ...
EE .47 .63 .62 .49 .49 .58

SPL4 .80 .67           .61 .70 88-'
-I ... -. ...

CIS4 .96 .80 .88 .90
... -* -/ ...

SEF4 .74 .77 .79-'
... ...

PA4 .66 .60
... ...

MOT4 .75
...

Note. EE = Emotional Exhaustion; SPL = Scale for Perceived Load; CIS =
Checklist Individual Strength; SEF = Subjective Experience of Fatigue; PA =
Reduced Physical Activity level; MOT = Reduced Motivation; CON =
Reduced Concentration.
3<.05."p <.01.-3<.001
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The correlations between the basic personality dimensions and the increase
in fatigue are presented in Table 3a. Both Extraversion and Emotional Stability
correlated negatively with EE,  and not with any of the questionnaire assessing the
increase in acute fatigue. Agreeableness correlated negatively with the reduction in
physical activity (dPA). Conscientiousness showed no significant correlations at
all. Finally, Intellectual Autonomy correlated negatively with EE and reduced
Physical Activity. Table 3b presents the correlations between personality and
fatigue at the end of the day. Extraversion, Emotional Stability and Intellectual
autonomy all correlated negatively with most measures of fatigue. Agreeableness
correlated positively with fatigue. Again, conscientiousness showed no significant
correlations at all.

Table 3a. Intercorrelations between personality, Emotional Exhaustion, and the increase in fatigue (d)
indicated by the subjective ratings

EE dSPL dCIS dSEF dPA dMOT dCON

Extraversion -.33' -.18 -.15 -.19 .14 -.19 -.12

Agreeableness .29 .18 -.06 -.00 -.32*          .01            .04

Conscientiousness .03 -.09 -.25 -.17 -.35 -.21 -.13

Emotional Stability -.41' -.22 -.19 -.21 -.02 -.16 -.16

Autonomy ..36' -.02 -.00 -.11 -.44' -.10 -.04

Note. EE = Emotional Exhaustion; SPL = Scale for Perceived Load; CIS = Checklist Individual
Strength; SEF = Subjective Experience of Fatigue; PA = Reduced Physical Activity level; MOT =
Reduced Motivation; CON = Reduced Concentration.
'p <.05. ') <.01
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Table 3b. Intercorrelations between personality and fatigue at the end of the day (T4)

EE SPL4 CIS4 SEF4 PA4 MOT4 CON4

.. .. ..
Extraversion -.33' -.29 -.50 -.52 -.27 -.49 -.41'

Agreeableness .29 .38' .31 .25 .09 .3208 .38'

Conscientiousness .03 .09 .03 .02 -.09 -.03 .14

I. ..

Emotional Stability :41' -.36' -.50" -.45' -.29 -.51 -.50

-     -.50"Autonomy -.36' -.29 :43' -.37' -.04 -.51

Note. EE = Emotional Exhaustion; SPL = Scale for Perceived Load; CIS = Checklist Individual
Strength; SEF = Subjective Experience of Fatigue; PA = Reduced Physical Activity level; MOT =
Reduced Motivation; CON = Reduced Concentration
p<.05.-p <.01

The first set of MRAs was conducted on the personality variables (see
Table 4a) with the difference scores on the questionnaires as dependent variables.
Personality variables did practically not explain the increase in fatigue during the
day. Agreeableness and Emotional Stability predicted to a small extent the increase
in fatigue as measured by the SPL. Emotional Stability and Intellectual Autonomy
predicted the increase in the reduced Physical Activity level as measured by the
corresponding subscale of the CIS-20 (see Table 4a). Personality variables did,
however, predict to a large extent fatigue at the end of the day (see Table 4b).  The
personality dimension Agreeableness explained almost every fatigue score, with
the  exception  of the  SEF  and PA subscale of the CIS-20. Agreeableness predicted
fatigue as measured by the SPL and the CIS-20 total score, and the reduction in
motivation and concentration (the subscales MOT and CON ofthe CIS-20). As can
be seen in Table 4b, all standardised beta-values were positive, indicating that
people scoring high on Agreeableness experienced more fatigue than people low
on Agreeableness. Emotional Stability also played a role in the prediction of
fatigue at the end of the day, but to a much lesser extent than Agreeableness. It
predicted the perceived load as measured by the SPL. The standardised beta-value
was negative, meaning that people who are relatively emotional unstable are
showing more fatigue  at the  end of the  day.
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Table 4a. Results of the Multiple Regression Analysis on the fatigue questionnaires: SPL, CIS-total
and the CIS subscales. The analysis is executed on the increase in fatigue (d): evening minus morning
scores (T4 -T l) . Variables entered in the analysis: Personality traits

Variables dSPL dCIS dSEF dPA dMOT dCON

Extraversion B 0.05 0.00 -0.07 0.28 -0.11 0.02

Agreeableness p 0.49' 0.16 0.11 0.11 0.10 0.22
Conscientiousness p -0.15 -0.25 -0.18 -0.25 -0.24 -0.16
Emotional Stability B -0.5906 -0.30 -0.17 -0.56' -0.05 -0.30

**

Autonomy 11 0.47 0.20 0.03 0.71 -0.05 0.19

R 0.46 0.33 0.28 0.63 0.29 0.27
R  0.22 0.11 0.08 0.39 0.08 0.07

Adjusted R2 0.05 -.08 -.12 0.27 -0.11 -0.12
Pis. 24)

1.32 0.60 0.40 3.09' 0.43 0.36

Note. SPL Scale for Perceived Load; CIS = Checklist Individual Strength; SEF = Subjective
Experience of Fatigue; PA = Reduced Physical Activity level; MOT = Reduced Motivation; CON =
Reduced Concentration.
)  <.05.-p <.01.  -p<.001

Table 4b. Results of the Multiple Regression Analysis on the fatigue questionnaires: SPL, CIS-total
and the CIS subscales. The analysis is executed on the final measurement of fatigue at the end of the
day (T4), Variables entered in the analysis: Personality traits

Variables SPL4 CIS4 SEF4 PA4 MOT4 CON4

Extraversion B -O.01 -0.25 -0.34 -0.05 -0.23 -0.13

Agreeableness B 0.56' 0.3806 0.29 0.36 0.37'06 0.40'
Conscientiousness 13 -0.04 -0.04 -0.02 -0.10 -0.13 0.04

Emotional Stability B -0.60' -0.44 -0.31 -0.5807 -0.34 -0.46'08

Autonomy B 0.26 0.04 0.02 0.44 -0.13 -0.04

R 0.59 0.66 0.62 0.46 0.69 0.68
R2 0.35 0.44 0.38 0.21 0.47 0.46

Adjusted RJ 0.22 0.32 0.25 0.04 0.36 0.35
.. ..

F(5.24) 2.61' 3.78' 2.94' 1.27 4.31 4.13

Note. SPL = Scale for Perceived Load; CIS = Checklist Individual Strength; SEF = Subjective
Experience of Fatigue; PA = Reduced Physical Activity level; MOT = Reduced Motivation; CON =
Reduced Concentration.
 p < .05."p < .01."'p < .001
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The second set of MRAs was executed to examine the variance in acute

fatigue accounted for by enduring fatigue (Emotional Exhaustion). EE did not
predict the increase in fatigue (see Table 5a). However, EE did strongly predict
fatigue measured at the end of the day (see Table 5b). EE predicted fatigue as
measured by all questionnaires. The beta-values ranged from 0.40 to 0.59,
indicating a very strong relation. All beta-values were positive indicating that
people with enduring fatigue complaints show more fatigue at the end of the day
than people with no enduring fatigue.

Table Sa. Results of the Multiple Regression Analysis on the fatigue questionnaires: SPL, CIS-total
and the CIS subscales. The analysis is executed on the increase in fatigue: evening minus morning
scores (T4 - T l ). Variables entered in the analysis: Emotional Exhaustion (EE)

Variables dSPL dCIS dSEF dPA dMOT dCON

EE p 0.16 0.07 0.06 -0.06 0.15 0.06

R 0.30 0.11 0.15 0.08 0.14 0.09
R2 0.09 0.01 0.02 0.01 0.02 0.01

Adjusted R2 0.02 -0.06 -0.05 -0.07 -0.05 -0.07

/15,24) 1.29 0.15 0.31 0.09 0.29 0.11

Note. SPL = Scale for Perceived Load; CIS = Checklist Individual Strength; SEF = Subjective
Experience of Fatigue; PA = Reduced Physical Activity level; MOT = Reduced Motivation; CON =
Reduced Concentration.
 p <.05. "p <.01. -  <.001

Table Sb. Results of the Multiple Regression Analysis on the fatigue questionnaires: SPL, CIS-total
and the CIS subscales. The analysis is executed on the final measurement of fatigue at the end of the
day (T4).Variables entered in the analysis: Emotional Exhaustion (EE)

Variables SPL4 CIS4 SEF4 PA4 MOT4 CON4

... ... ..

EE B 0.40' 0.58 0.59 0.45' 0.45' 0.51

R 0.55 0.67 0.64 0.53 0.51 0.67
R2 0.30 0.45 0.41 0.28 0.26 0.45

Adjusted R'' 0.25 0.40 0.37 0.22 0.20 0.41
./ ... .*. -.

PTs. 24) 5.77 10.82 9.39 5.19' 4.71' 11.07

Note. SPL = Scale for Perceived Load; CIS = Checklist Individual Strength; SEF = Subjective
Experience of Fatigue; PA = Reduced Physical Activity level; MOT = Reduced Motivation; CON =
Reduced Concentration.
 p <.05. ' p<.01.- <.001
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4 Discussion

The objective of this study was to investigate possible relations between the Big-
Five personality characteristics and the level of enduring fatigue on the one hand,
and the building up of acute fatigue and fatigue at the end of the day on the other.

With respect to a relationship between personality and enduring fatigue,
Emotional Exhaustion correlated negatively with Extraversion, Emotional
Stability, and Autonomy. Introverts and emotional unstable persons experienced a
larger amount of enduring fatigue, which is in line with earlier findings (for a more
detailed discussion of the relevant literature see Chapter 4). The negative
correlation between Autonomy and Emotional Exhaustion means that people who
are more introverted, more reticent towards varied experiences and ideas, also
show more enduring fatigue. With respect to the relation between Autonomy and
enduring fatigue, inconsistent results have been found, ranging from some
association between the two (De Vries & Van Heck, 2002; Michielsen et al., in
press) to no relation at all (Deary, Agius, & Sadler, 1996; Piedmont, 1993).
Contrary to findings in other studies (Mills & Huebner, 1998; Piedmont,  1993), no
correlations were found between Agreeableness and Conscientiousness with
Emotional Exhaustion.

None ofthe personality factors correlated with the increase in acute fatigue
during the day. With regard to the relationship between personality and fatigue at
the end of the day, results showed negative correlations between Extraversion,
Emotional Stability and Autonomy with acute fatigue. Positive correlations were
found for the relationship between Agreeableness and fatigue. These correlations
correspond with other findings (De Vries & Van Heck, 2002).

The results of the regression analyses showed that agreeableness and
Emotional Stability predicted to some degree the building up of fatigue during the
day. Emotional unstable persons, and people high on Agreeableness experienced
more acute fatigue. Both personality factors did strongly predict fatigue at the end
of the day. Other studies also found that Emotional Stability played a role in the
prediction of fatigue (e.g., De Vries & Van Heck, 2002; Hills & Norvell, 1991;
Matthews & Desmond, 1998). Emotional unstable persons, i.e. neurotics, show a
strong inclination towards negativism in their emotions and perceptions (Watson &
Clark, 1992; Zellars et al., 2000). Neurotics often have low self-esteem, are more
vulnerable, and experience situations sooner as stressful and threatening. They
have a tendency to exaggerate the frequency or severity of physical complaints
(Zellars et al., 2000). Mills and Huebner (1998) concluded in their prospective
study on personality characteristics and burnout, that high levels of burnout may
predispose individuals to experience additional occupational stress. These findings,
together with the fact that neuroticism is strongly related to Emotional Exhaustion
(Deary et al., 1996; Hills & Norvell, 1991; Mills & Huebner, 1998; Piedmont,
1993), as is the case in the present study, make it likely that emotional unstable
persons also experience more acute fatigue during the day.



Chapter 8 The effects on enduring fatigue and personality on acute fatigue in employees 159

Agreeableness also played a role in the prediction of fatigue. This is
contrary to what has been found in other studies (De Vries & Van Heck, 2002;
Michielsen et al., in press). However, these studies did not investigate the building
up of fatigue during the day. Respondents completed the fatigue questionnaires
only once in a private home setting. This means that there was no control over to
the actual measurement moment. It is conceivable that, especially in the case of
acute fatigue, it matters  i f one completes the questionnaire at the  end  of the day or
at some point in the weekend. In our study, Agreeableness predicted both the
building up of fatigue, as well as the amount of fatigue experienced at the end of
the day. These results correspond with the outcome of our earlier study with
student subjects (see Chapter 4). Apparently, Agreeableness determines to a large
extent the prediction ofacute fatigue in both student and employees.

The results of the regression analyses on acute fatigue with Emotional
Exhaustion as independent variable showed that Emotional Exhaustion did strongly
predict fatigue at the end of the day. People suffering from enduring fatigue, also
experience more acute fatigue. Emotional Exhaustion did not predict, however, the
increase in fatigue during the day. This means that people low and high on
enduring fatigue show the same building up of fatigue during the day. These results
match exactly with the student results (see Chapter 4).

The present clearly shows that both Agreeableness and Emotional stability
predicted the building up of fatigue as well as the amount of fatigue at the end of
the day. People high on Agreeableness and emotional unstable people experienced
more acute fatigue than people low on Agreeableness and emotional stable people.
Furthermore, introverts, emotional unstable people and people low on Autonomy
experienced a higher amount of enduring fatigue. Apparently, emotional unstable
persons are susceptible to both enduring and acute fatigue. The outcome of the
study further showed a strong relation between enduring and acute fatigue.
Enduring fatigue did not predict the building up of fatigue, but predicted fatigue at
the end of the day. People scoring high on enduring fatigue also experienced a
higher level of acute fatigue. The results of this study mirror to a large extent the
results found among students as reported in Chapter 4. Agreeableness also
predicted acute fatigue among students. However, the regression coefficients found
in the current study among employees, are much larger. This could mean that the
role of this personality variable becomes more important with age or with work
experience. Both studies also showed negative correlations between Emotional
Exhaustion on the one hand, and Extraversion and Emotional stability on the other.
In the student study, Extraversion also predicted the building up of acute fatigue,
whereas in the current study among employees Emotional Stability played this
part. The relative importance of these two variables predicting acute fatigue
appears to change over the years. A more detailed discussion of the similarities and
differences in results between both studies will be given in Chapter  10.
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1 Introduction

During the last years, the study of work-related fatigue has attracted renewed
attention (Hardy, Shapiro, & Borrill, 1997; Houtman, Schaufeli, & Taris, 2000;
Schaufeli & Houtman, 2000). Enduring work related fatigue could lead to work
absence and sick leave, and eventually even to (work) incapacity. It brings about
high economical and societal costs. Studies on fatigue have directed their attention
on a wide range of factors, including work-related aspects and personal
characteristics (e.g., Bultmann, Kant, Van den Brandt, & KasI, 2002; De Vries &
Van Heck, 2002; Janssen, Schaufeli, & Houkes, 1999; Michielsen, De Vries, &
Van Heck, in press; Siegrist, 1996; Siegrist & Peter, 1994; Unden, 1996). When
studying fatigue, most researchers use questionnaires assessing burnout (e.g.,
Bultmann et al., 2000; Janssen et al., 1999; Schaufeli, Leiter, Maslach, & Jackson,
1996; Schaufeli & Van Dierendonck, 2000). Few studies have used a
multidimensional approach, combining physiological and behavioural measures.
Since fatigue can be conceived of as a multidimensional biobehavioural state it
should also be examined by a multimethod approach (Gaillard, 2001; Gaillard, in
press; Lewis & Wessely, 1992).

In the current thesis, enduring work-related fatigue was investigated by a
combination of measurement methods: physiological, performance-based measures
and subjective ratings of fatigue. In Chapter 6 it was investigated whether this set
of measures could discriminate between students scoring high and low on enduring
fatigue during a simulated workday. Towards the end of the simulated workday
more measures predicted enduring fatigue, especially the physiological measures.

The aim of the current chapter is to investigate whether the same results
can be found in employees. There is no reason to expect different results in the
current sample of white-collar workers as compared to the student sample. It is
therefore expected to find a similar pattern in the results: more measures will
predict enduring work-related fatigue in the evening of the simulated workday.

2 Method

2.1 Participants

Thirty white-collar workers participated in the experiment (19 women and  11  men,
mean age = 45.1 years). Subjects participated voluntarily and received a small
participation fee (55 euro) and a refund of their travelling expenses. Half of the
participating workers (N = 15) indicated to suffer from enduring fatigue.
According to their company physician, they did not suffer from other health
problems that might cause their feeling s of fatigue. Both workers and physician
ascribed the fatigue as being related to work activities. The other subjects
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experienced no health or fatigue problems. All workers were asked to fill out the
questions on the subscale Emotional Exhaustion of the Dutch version of the
Maslach Burnout Inventory (see questionnaires). The group workers feeling tired
showed a mean EE of 4.57 (SD = 0.72),  and will be called High-score group (HS
group). The healthy worker group showed a mean EE of 2.15 (SD = 1.06) and is
designated as Low-score group (LS group).

2.2 Procedure

The experiment lasted approximately nine and a half hours and was divided in
three sessions: a morning session, an afternoon session, and an evening session
(see Table 1). Before the experiment started the task procedure and programme of
the day were explained to the subjects. Subjects practised the Sternberg task for 5
minutes, after which the EMG and heart rate electrodes were applied. The
procedures in the current experiment were comparable to the procedures used in
the student experiment (see chapter 2). The experiment differed in that subjects
worked in two 21'2 hr work sessions instead of two 3 hr work sessions as the case
with the student population. The length of the work sessions was changed in order
to enable the fatigued subjects to participate in the experiment. Before and after
each work session, subjects executed the short experimental test version (Test 1-4,
see  Table  1).  In the evening, subjects executed the long experimental test version
(long test, see Table  1). The length of the  long test version was also shortened in
order to enable fatigued subjects to finish the experimental day. The long test
session consisted of a 25-min task periods surrounded by 5-min rest periods [R (5
min) - T (25 min) - R (5 min)].

Table 1. Schedule of simulated workday

Time of day Event

0900 - 0945 Electrode attachment, Training, SFQ'
Morning session (0945 - 1245) 0945 - 1000 Test' 1

1000- 1230 Work session, SFQ
1 230- 1245 Test' 2
1245 - 1400 Rest

Afternoon session (1400 - 1700) 1400- 1415 Test' 3
1415-1645 Work session, SFQ
1645 - 1700 Test' 4
1700- 1800 Rest

Evening session (1800 - 1835) 1800- 1835 Long testsb, SFQ
'Short test [5 min rest - 5 min task - 5 min rest]. bLong test [5 min rest - 25 min task - 5min rest]
*SFQ: Shortened Fatigue Questionnaire
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2.3 Sternberg Task

During and after the simulated workday subjects were tested with the Sternberg
task (1966; 1969). The current task was a self-paced Short Term Memory
searching task (DOS version). This standard task was used to estimate the
psychobiological state of the subjects in different phases of the workday.  Due to
the self-paced character of the task lapses in attention result directly in
performance changes. Subjects were instructed to react both as fast and as accurate
as possible. In the current experiment reaction times and the number of correct
responses were recorded.  For a more detailed description of the task see chapter 2.

2.4 Questionnaires

Prior to the experiment, subjects were asked to complete the sub-scale Emotional
Exhaustion (EE) from the Utrecht Burnout Scale (UBOS, Schaufeli & Van
Dierendonck, 2000).The EE scale indicates the amount of enduring fatigue. The
EE score is the sum of five items, each with a 7-point rating scale ranging from 0
(never) to 6 (always). The items address work experience and feeling. The scale
scores range from 0 to 6 with a high score signalling a higher amount of enduring
fatigue. The psychometric properties are good (Schaufeli & Van Dierendonck,
1994).

During the experiment, subjects completed the Shortened Fatigue
Questionnaire (SFQ) at four different times (see Table  1).The SFQ (Alberts, Smets,
Vercoulen, Garssen, & Bleijenberg, 1997) assesses the intensity of physical
fatigue. It contains four items with a 7-point Likert scale (ranging from 1 (yes, that
is true) to 7 (no, that is not true)). The scale scores range from 4 to 28. The
reliability of the  SFQ is good (Cronbach's alpha 0.92).

2.5 EMG, heart rate and heart rate variability recording

All physiological signals were recorded with the VitaPort 2 System developed by
TEMEC Instruments. The VitaPort 2 System was expanded with two modules, the
8-channel Universal amplifier module with Multi-connector  and  the 18 channel
Polysomnographymodule with Multi-connector.

EMG activity of the facial corrugator and frontalis muscles was recorded,
as well as heart rate and heart rate variability. The recording and analysing
methods used were the same as in the student experiment. For a detailed
description see chapter 2.

In the short test sessions, the first and last 30 s integrated data points from
each rest and task period were omitted resulting in 4 min (240 integrated data
points) recorded EMG and ECG data per period (4 min rest, 4 min task 4 min
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rest). For the analysis of EMG, HR and RMSSD, the mean amplitude per task
period was calculated.

For the long test session, the same data reductions and procedures were
used. This resulted in 4 min recorded data per rest period and 24 min recorded in
the task period. For the analysis, the mean task amplitude was calculated.

2.6 Statistical analysis

Three direct discriminant analyses were performed: on the morning, afternoon and
evening session. To reduce the number of analyses and interpretation difficulties,
the performance results and the physiological measurements on both morning
Sternberg tasks   (Test   1   and   2, see Table   1) were averaged, resulting  into  one
morning session average. For the morning session, this resulted in (a) a mean EMG
activity score for the morning session for corrugator and frontalis muscle activity,
(b) a mean HR and HRV score, and (c) one mean RT score and a mean number of
correct responses (NC). The results on the two administrations of the SFQ were
also averaged into one SFQ score. The same data reduction procedures were used
for the two Sternberg tasks in the afternoon, resulting in mean afternoon scores for
the corrugator and frontalis muscle, and HR and HRV, and in a mean RT and NC
score. The physiological activity and performance results during the evening test
were also averaged into mean scores.

The discriminant function analyses on the morning, afternoon, and evening
session were performed using four psychophysiological, one subjective and two
performance variables as predictors of membership in the two groups.
Psychophysiological predictors were facial EMG activity in the corrugator
supercilii and frontalis muscle, heart rate and heart rate variability. The other
predictors were subjective experience of fatigue, mean reaction time and the
number of correct responses. Groups were subjects scoring high (N=15) and low
(N=15) on Emotional Exhaustion (HS versus LS subjects). Since there were two
groups, only one discriminant function is calculated.

For the interpretation of the results, both the correlations between the
discriminant function and the discriminating/predictor variables, as the
standardized discriminant function coefficients are used. Discriminant function-
variable correlations are favoured above the standardized function coefficients
because the correlations are assumed to have a greater stability in small- or
medium-sized samples (Darlington, Weinberg, & Walberg, 1973, as cited by ;
Stevens, 2001). Therefore, in the current study the correlations are used for the first
interpretation, i.e. which variables correlate high with the discriminant function
(correlations below .4 are not interpreted). Secondly, the standardized discriminant
function coefficients are used to determine which variables are redundant given
other variables in the set.
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3 Results

Three discriminant function analyses was performed using four
psychophysiological, one subjective and two performance variables as predictors
of membership in two groups. Multivariate groups analysis on the seven predictor
variables showed a significant group difference (F(7,22) = 3.851, p < .01), thereby
providing ground for the use of a discriminant function analysis. The calculated
pooled within-group correlations among the seven predictors in each discriminant
analysis are shown in Table 2. When the correlations were tested individually,
results showed a positive relationship between the activity of both facial muscles,
indicating that an increase in corrugator activity is accompanied by an increase in
frontalis muscle activity. Results further demonstrated a negative relationship
between heart rate and heart rate variability, signiBing that an increase in heart rate
is accompanied by a decrease in heart rate variability. This phenomenon is well
known, and is reported frequently in the literature. Finally, reaction time was
negatively correlated with the number of correct responses. This indicates that
subjects with slow reaction times have a smaller number of correct responses.

Table 2. Significant pooled within-group correlations among predictor variables

Correlation r(27)
Variables

Morning Afternoon Evening

..

r(Corrugator, Frontalis) -0.13 0.55- 0.46

r(HR, HRV) -0.37' -0.58 -0.56
.- ./

r(RT, NC) -0.53 -0.86 -0.81
** ... -.

4.

p <.001
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3.1 Morning session

A discriminant function was calculated with a x2 (7) = 20.45, p < .01, pointing
towards a reliable relation between group and predictors. The correlations between
the predictors and the discriminant function (Table 4) show that subjective fatigue
is the best predictor in the morning session for distinguishing between HS and LS
subjects. Subjects scoring high on Emotional Exhaustion experience more fatigue
than low scoring subjects (see Table 3 for means and standard deviations). The
univariate F-tests for all predictors (see Table 4) also show a significant F-test for
subjective fatigue. HRV correlated -0.37 with the discriminant function. Although
this correlation remains below the 3:0.4, the possible predictive value of HRV is
strengthened by its significant univariate F-test. Table 3 shows that HS-subjects
have a lower HRV than LS-subjects.

With  the  use of the classification procedure  13  (86.7 %)  of the 15 subjects
of the LS group  and  12  (80  %)  of the 15 subjects  of the HS group were classified
correctly. So 25 (83.3 %) ofthe original grouped subjects were classified correctly,
compared to the  15 (50%) who would be correctly classified by chance alone.

Table 3. Means and standard deviations (beween brackets) for the LS and HS group for each variable
in the morning, afternoon and evening session

Morning Afternoon Evening
Variable           LS HS LS      HS        LS      HS

EMG Corr 4.88 7.64 3.40 5.22 4.04 5.47

(3.03) (5.16) (1.88) (3.30) (1.85) (2.51)

EMG Front 8.32 8.41 5.36 5.48 5.40 6.10
(5.01) (3.64) (2.43) (3.33) (2.88) (3.37)

HR 73.70 77.70 74.54 77.96 73.07 77.96

(14.12) (13.37) (14.19) (12.05) (13.01) (12.44)

HRV 44.14 28.14 42.15 28.83 42.13 27.46

(25.97) (10.35) (24.09) (9.19) (25.92) (11.55)

Subjective 21.47 47.70 44.00 85.60 57.13 86.67

Fatigue (11.62) (21.17) (18.12) (23.13) (26.06) (25.44)

RT 882.99 1045.08 838.15 1049.64 827.69 1055.74

(217.39) (351.86) (203.48) (576.36) (220.45) (713.48)

NC 77.33 75.17 81.27 75.77 81.19 75.24

(10.83) (6.82) (5.10) (9.89) (5.74) (11.78)
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Table 4. Morning Session

Correlations with the Univariate
Predictor Variable Discriminant Function

F(1,44)                   p

EMG Corr 0.30 3.19 0.09

EMG Front 0.01 0.00 0.96
HR 0.13 0.64 0.43

HRV -0.37 4.92 0.04

Subjective Fatigue 0.70 17.70 0.00
RT 0.25 2.30 0.14

NC -0.11 0.43 0.52
...

p< .001

3.2 Afternoon session

A discriminant function was calculated with a %2 (7) = 20.72, p < .01, indicating a
reliable relation between groups and predictors. The loading matrix of correlations
between predictors and the discriminant function (Table 5), proposes subjective
fatigue as best predictor for distinguishing between HS and LS subjects. Subjects
scoring high on Emotional Exhaustion experience more fatigue (see Table 3) than
low scoring subjects. Subjective fatigue is also significant in the univariate F-tests.
The possible predictive value of HRV as found in the morning session is somewhat
diminished in the afternoon session since its univariate test reaches a p value of
.06.

With the use of the classification procedure  13  (86.7 %) of the 15 subjects
of the LS group and  14 (93.3 %) ofthe 15 subjects of the HS group were classified
correctly.  So 27 (90 %) of the original grouped subjects were classified correctly,
compared to the  15  (50%) who would be correctly classified by chance alone.

3.3 Evening session

The calculated discriminant function indicated a moderate reliable relation between
group and predictors (%2 (7) =  11.93, p = .07). The loading matrix of correlations
between predictors and the discriminant function for the evening session (Table 6),
suggests four predictors for distinguishing between HS and LS subjects. The
predictor variables are subjective fatigue, HRV, corrugator muscle activity and
number of correct responses. HS subjects show, in comparison with LS subjects,
more fatigue, lower HRV, more corrugator muscle activity and a smaller number
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of correct responses (see Table 3). The univariate F-tests also suggest these four
variables, although subjective fatigue remains the best predictor.

With  the  use of the classification procedure  10 (66.7  %)  of the 15 subjects
of the LS group and  12  (80 %) of the 15 subjects of the HS group were classified
correctly.  So 22  (73.3  %) of the original grouped subjects were classified correctly,
compared to the 15 (50%) who would be correctly classified by chance alone.

Table 5. Afternoon Session

Correlations with the Univariate
Predictor Variable Discriminant Function

/1 1,44)                   p

EMG Corr 0.30 3.45 0.07
EMG Front 0.02 0.01 0.92

HR 0.12 0.50 0.48

HRV -0.33 4.01 0.06

Subjective Fatigue 0.90 30.07 0.00
RT 0.22 1.80 0.19

NC -0.31 3.67 0.07
***

p < .001

Table 6. Evening Session

Correlations with the Univariate
Predictor Variable Discriminant Function

F(1,44)              p

EMG Corr 0.43 3.18 0.09
EMG Front 0.15 0.37 0.55
HR 0.25 1.11 0.30

HRV -0.48 4.01 0.06

Subjective Fatigue 0.75 9.86 0.00
RT 0.28 1.40 0.25

NC -0.42 3.09 0.09
...

P < .001



Chapter 9 Prediction of enduring fatigue in employees 173

Discussion

The aim of the present study was to investigate the predictive value of a set of
different fatigue measures, separately for employees scoring high or low on
enduring fatigue. Fatigue measures were physiological, performance-based or
subjective in nature. The predictive value of these measures was tested in the
morning, afternoon and evening during a simulated workday setting. In an earlier
study (see Chapter 6) using students as participants, these same measures were

subjected to a similar set of discriminant analyses. The main question ofthe current

study was whether the outcome of the student study could be replicated in a
different population consisting of employees.

The results of the discriminant study among students showed that during
the morning and afternoon session, the subjective measure was the most reliable
predictor. In the evening session, physiological and performance-based measures

gained predictive power. The outcome of the current study among employees
corresponds with the above-mentioned results.  As can be seen in Figure 1, during
the day subjective fatigue was the only reliably predictor of a participant's score on

enduring fatigue. The predictive value of both the physiological and performance
measures increased in the morning and afternoon session, to reach enough power in
the evening (correlation above & 0.4).

It can be expected that differences in physiological reactivity between

people scoring high and low on enduring fatigue, increase in the evening at the end
of the workday. In the discussion in Chapter 6 several studies are described that
have shown an increase in physiological activity that is most profound at the end of
the workday (e.g., Johansson & Aronsson, 1984; Van Egeren, 1992). The
corresponding patterns in results among students and employees strongly support
this notion.

The outcomes  of both studies underpin the usefulness and additive value o f

physiological and performance measures in studying fatigue. Using multiple
measures broadens the scope on fatigue and contributes to our understanding of

fatigue as a biobehavioural state.
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This chapter compares the physiological reactions, performance results and the
subjective ratings of fatigue in students and employees. Both groups participated in
the same simulated workday experiment and followed similar protocols.

1 Facial EMG activity, heart rate and heart rate variability

Comparing the current EMG results among employees with the EMG activity
patterns found among students in a previous study (Veldhuizen, Gaillard, & De
Vries, 2003), yields differences as well as similarities. Both groups show a
comparable EMG activation pattern. After a sharp decrease in activity in the
morning (probably caused by excitement and unrest), activity remains on the same
level during the day, and increases at the end of the day in the evening test (see
Figure  1). The reactions  of the corrugator muscle were larger than those  of the
frontalis muscle. This was also found in an experiment by Waterink and Van
Boxtel (1994) investigating facial EMG reactivity in relation to changes in
performance in a self-paced reaction-time task.

Both students and employees showed a gradually increase in EMG activity
within a test, labelled the EMG gradient (e.g., Malmo, 1965; Van Boxtel &
Jessurun, 1993). These EMG gradients were interpreted as a sign of growing
compensatory mental effort to maintain task performance (e.g., Van Boxtel &
Jessurun, 1993; Waterink & Van Boxtel, 1994). EMG gradients were present in HS
and LS groups, which indicates that all groups strived to maintain their
performance at an optimal level by increasing their effort during a test.

The increase in EMG activity at the end of the simulated workday during
the evening test (compare Test  5 with Test 4 in Figure  1)  can also be considered as
an indication of compensatory mental effort, necessary to overcome the fatiguing
effects of the workday. It is to be expected that the effects of fatigue show
themselves most at the end of a workday. Particularly when subjects have to
continue their performance after dinner. Both HS and LS subjects react to this
endeavour with elevated EMG activity levels. Other studies investigating subjects
during long-term performance have found the same evening rise in physiological
and hormonal parameters (Johansson & Aronsson, 1984; Johansson, Aronsson, &
Lindstrom, 1978; Meijman et al., 1985; Rissler, 1993).

One important difference stands out when comparing EMG activity
between employees and students. Students with fatigue complaints clearly reacted
with a lower level of EMG activity compared to students with no complaints
(Veldhuizen et al., 2003). In contrast, the employees showed the reversed pattern:
fatigued employees responded with increased EMG activity compared to
employees  with no enduring fatigue complaints (see Figure 1). Before giving  an
explanation of this result, the confounding factors are discussed that may influence
the comparison between students and employees.
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Figure  1. Mean EMG activity during the Sternberg tests, separately for the corrugator and frontalis
muscle, and for students and employees scoring low and high on EE.

The sample of employees differs from the student sample in several ways.
The employee group has an average age of 45.1 years compared to an average age
of 21.7 years in the student sample. In addition, the sample of employees has an
average of 15  to 20 years work experience. This means  that they have experienced

for a long time the advantages and disadvantages of work activities, and the
accompanying responsibility of being in the work force. It also means that they
have been exposed to work-related fatigue for a longer time. Enduring fatigue was
measured with the Emotional Exhaustion scale of the UBOS (Schaufeli & Van
Dierendonck, 2000), which contains three aspects of burnout (Emotional
Exhaustion, Distance, and Competence). In contrast to the original questionnaire
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assessing burnout, the MBI (Maslach, Schaufeli, & Leiter, 2001), the UBOS is
applicable for all professions. It is debatable, however, to what extent the UBOS
can be used to assess enduring fatigue in a student population. In the present study,
the questionnaire was adapted for students by substituting in each item the word
"work" by "study". The internal consistency of the adapted version was 0.78. Still,
it is difficult to imagine that these young people are already suffering from such a
severe condition as burnout, or from emotional exhaustion. In interpreting the
results, it should be realised that the range of scores on enduring fatigue, differs
between  the two groups.  As  can  be  seen in Table  1, the 'fatigued' students  have
about the sae score as the non-fatigued employees. Fatigued employees have a
considerable higher EE score than fatigued students (4.57 vs. 2.63). It could be
argued that the amount of enduring fatigue is related to either age or the amount of
professional experience. However, research has not shown unambiguous
relationships between these concepts (Bakker, Schaufeli, & van Dierendonck,
2000; Houtman, Broersen, De Heus, Zuidhof, & Meijman, 2000). This could be
related to the so-called 'healthy worker' effect, which means that people with a high
risk of burnout have already given up their work early in their careers. However, if
any relationship has been observed between age and burnout risk or enduring
fatigue, an increase in prevalence is found in the age category ranging from 45 to
55 years (Zijlstra & de Vries, 2000).

The difference in activation pattern between students and employees with
regard to the effects of enduring fatigue, may be explained in terms of differences
in coping with the situation. When fatigued students are confronted with long-term
performance, they show less EMG activity during the day, whereas their
performance is also diminished (slower reaction times, less correct responses).
Earlier studies found that (facial) EMG amplitudes can be interpreted as a sign of
mental effort,  i.e. the mobilization of extra energy to maintain performance (Craig
& Cooper, 1992; Freeman, 1931; Freeman & Lindley, 1931; Van Boxtel &
Jessurun, 1993; Veldhuizen, Van Boxtel, & Waterink, 1998).

Table  1. Mean scores and standard deviations (in parentheses) on Emotional Exhaustion, Distance,
and Competence, for students and employees

Students Employees
LS group HS group LS group HS group

Emotional Exhaustion 1.33 (0.50) 2.63 (0.51) 2.15 (1.06) 4.57 (0.72)

Distance 1.74 (0.55) 2.15 (0.80) 1.85 (1.29) 2.73 (1.28)

Competence 3.99 (0.68) 3.70 (0.70) 4.68 (0.86) 4.25 (0.98)
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Possibly, a first reaction to fatigue is a gradual reduction in energy
mobilisation. A person tries to 'save' his energy in order to be able to keep on
working for a longer time period, thereby sacrificing, to some extent, his current
task performance. By shifting to a lower gear and reducing speed, one tries to save
on fuel in order to keep the car running. It appears that students have followed this
conservative, 'easy-going' strategy. In contrast, fatigued employees showed an
increase in EMG activity compared to employees with no enduring fatigue
complaints (see Figure  1  and 2).  The  long work experience of the employee group,
means that they have experienced for a long time the advantages and disadvantages
of work activities, and the accompanying responsibility of being in the work force.
It also means that they have been exposed to work-related fatigue for a longer time.
People do not want to be inferior to other colleagues, or lose out to themselves.
Even if workload increases or other work circumstances deteriorate, most people
will try to 'ignore' signals of body and mind indicating to work at a slower pace
and allow one sel f some rest. In spite of these harmful circumstances, one tries to
keep up performance at higher physiological and subjective costs. By overstraining
themselves, and not taking enough time to recover, people can develop enduring
work-related fatigue. Siegrist and Peter (1994) emphasize the role of un unhealthy
coping style in the development of cardiovascular symptoms and vital exhaustion.
The way people cope with work demands is a crucial element in the development
of chronic stress and disease. Siegrist and Peter stated that individuals with a high
need for control tend to misjudge demanding stimuli. This misjudgement can be
instrumental in that it incites an individual to exert extra effort. Two factors
underlie the need for control: vigour and immersion. Vigour is used to describe a
state of active effort with a high probability of reward. It is characterized by hard
driving and perfectionism. Immersion indicates a state of exhaustive coping. It
reflects frustrated but continued efforts accompanied by negative feelings. People
high on immersion show a high need for approval and competitiveness. They are
impatient and experience an inability to withdraw from work obligations. Vrijkotte
(2001) denominates this coping style 'overcommitment', a personal coping style
associated with the inability to withdraw from work obligations. Our sample of
fatigued employees appears to exhibit this unfavourable coping style. Their
substantially raised need for recovery and increased feelings of fatigue are in line
with this exhaustive coping style.
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As already discussed in Chapter 1, recovery is an important factor  in the
developmental process of enduring fatigue. In a work situation, all kind of physi-
ological mechanisms respond to the task or task environment with elevated
activation levels. Normally at the end of the workday, de-activation processes are
responsible for restoring baseline activation levels. Insufficient recovery of
activation build up during the day can result in a residue of activation. These
residues can accumulate and result into enhanced physiological activation and
arousal levels (Meijman, 1997, Frankenhaeuser, 1986, Ursin and Olff, 1993).
Physiological activation during work can spill over to a non-working situation.
This may be the critical mechanism underlying the transition from acute to
enduring fatigue.

The notion that work can have long-term after-effects was also
investigated by Rissler (1977). Rissler investigated after-effects during a prolonged
period of overtime at work. Measures of adrenaline excretion were taken before,
during and after the period of overtime. The results showed raised adrenaline
excretion rates throughout the overtime work period and even after this period, at
work as well as at home, and a pronounced elevation of adrenaline excretion rate in
the evenings. This phenomenon is a clear illustration of 'protracted recovery', i.e.
the investment of extra effort extends its influence into leisure time. Moreover,
'protracted recovery' did not only manifest itself in the subsequent evening, but
stretched out to a much larger time period. It was even observed after the overtime
period had been finished.

The current EMG results show that employees with enduring fatigue react
with increased EMG activity compared to healthy employees. As can be seen in
Figure 1, already  at the beginning  of the  day, EMG activity  in  the HS group  is

significantly elevated compared to the activity displayed by the LS group. This
increase in activation might be the result of prolonged accumulation of insufficient
recovery. This can result into a situation of sustained activation, with enhanced
baseline levels in the morning. With regard to 'sustained activation', research has
shown that enduring (repetitive) exposure to mild stressors as well as a one time
exposure to a very intensive stressor can bring the nervous and endocrine system
into a state of continuous activation.  Due to unsuccessful coping, a person does not
sufficiently recover from mild stressors or mental effort during a workday. This
state of continuous activation persists because the physiological control systems
responsible for de-activation are overruled by higher control systems. These

systems are influenced by psychological factors (like for instance strong emotions
such as fear and ruminating) that have control precedence (Frijda, 1988). This
dysfunction of the physiological control systems has its consequences for the
various dynamic equilibriums. In the long run, these control systems change their
initial baseline values  due to sustained activation. The result of these changed  set-

points is a permanent elevation in activation (e.g., Schnall et al., 1990; Schnall,
Schwartz, Landsbergis, Warren, & Pickering, 1998; Singer & Davidson, 1986).
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To summarize, scoring high on enduring fatigue has a different meaning
for students and employees. In Figure 2 it can be seen that fatigued students react
with a decrease in EMG activity, while fatigued employees show an activity
increase. Both students and employees experience problems with energy
mobilization, but their coping in actual task situations is different. Students try to
'save' energy in what we called a conservation strategy, in which they try to
protect themselves against unfavourable circumstances demanding extra effort and
energy mobilization. Employees, on the other hand, react with sustained activation
and an exhaustive coping style, due to differences in, for example, professional
experience and personality.

Heart rate activity also showed differences and similarities for students and
employees. Students and employees show comparable HR activity patterns (see
Figure 3). HR decreases in the morning, increases after lunch, decreases again in
the afternoon, and increases once more after the evening break. The increase in HR
in the evening, points to the mobilisation of energy in order to maintain task
performance. This increase in the evening was not only present in the absolute HR,
but also in the HR rest-task difference scores (HR reactivity). The finding that both
students and employees high on enduring fatigue show a lower reactivity level
throughout the day, but especially in the evening, subscribes the notion that they
experience more problems in energy mobilization.

HR activity within all tests gradually increased for students and employees.
This increase in activity was also present in the EMG activity, and has been found
in many other studies as well (e.g. Brookhuis & De Waard, 2001; Hancock &
Desmond, 2001; Veltman & Gaillard, 1996). It is interpreted as an indicator of
mental effort. This increase in HR activity within a test does not differ between
students and employees and between high and low scorers on fatigue, indicating
that all groups invest effort to maintain performance.

The heart rate results show the same striking difference as for EMG
activity: students with fatigue complaints reacted with a lower HR compared to
students with no complaints, while fatigued employees responded with increased
HR compared to employees with no enduring fatigue complaints (see Figure 2).

The results of heart rate variability showed, as expected, the opposite
activation pattern as was found for HR (see Figure 3). Also the same direction
difference in activation is found for HRV as for HR and EMG, when comparing
fatigued students with fatigued employees. Students with fatigue complaints
reacted with higher HRV compared to students with no complaints, while
employees with fatigue complaints responded with lowered HRV compared to
healthy employees (see Figure 2). For the direction differences found in both HR
and HRV activation, the same explanation holds as has been described above for
the direction difference in HR and EMG.
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Figure 3. Mean HR and HRV during the Sternberg tests, separately for students and employees
scoring low and high on EE.

To summarize, all three physiological measures (EMG, HR, and HRV)
show the same pattern with respect to differences in level of activation during tasks
between students and employees. Figure 2 gives a clear overview of the
physiological results. When comparing fatigued students to non-fatigued students,
it can be seen that the fatigued student group responded with an energy
conservation strategy: EMG and HR decreased while HRV increased. For the
comparison of fatigued to non-fatigued employees, the exact opposite pattern was
found, demonstrating their exhaustive immersion coping style. The fact that all
physiological measures show comparable results for students and employees, with
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respect to the direction difference in activation between HS and LS subjects,
strengthens the notion that there is a general underlying process that comes into
play when subjects become fatigued. To further investigate this notion, more
research is necessary. Longitudinal research following one group of participants
over a longer time span, while taking physiological, performance and subjective
measures, can provide valuable information.

2 Performance measures: reaction times and number of correct responses

As can be seen in Figure 4, fatigued participants show larger reaction times and
less correct responses when compared to the healthy groups. The performance of
employees  is not as good as that of students, which most likely can be ascribed to a
difference in age (45.1  versus 21.7 years). Scoring high on enduring fatigue exerted
a larger influence on employees than on students. This finding is in line with the
above-formulated notion on the differences in enduring fatigue scores between the
two groups. Fatigued employees have a much larger Emotional Exhaustion score
than fatigued student do. Fatigued students have a score about equal to the non-
fatigued employees. As is depicted in Figure 5, one similarity between students and
employees attracts attention: the performance of fatigued employees and students
deteriorates in the evening, while the non-fatigued participants are able to maintain
their performance. Apparently, the fatiguing effects of the workday show
themselves most in the last test, a finding that is in accordance with the raised
physiological activation  that was found  at  the  end of the workday.
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Figure 5. Mean reaction times and number of correct responses  for each Sternberg test, separately  for
students and employees scoring low and high on EE.

3 Subjective ratings

The results on the different questionnaires measuring mental effort and fatigue are
comparable for students and employees. Subjects with enduring fatigue show more
acute fatigue and mental effort than subjects with no enduring fatigue complaints
(see Figure 6). However, as can be seen in Figure 6, the difference in fatigue and
mental effort between the HS and LS groups is larger for employees than for
students.

To summarise, the physiological measures, the performance data and the subjective
ratings show converging evidence for the difference in coping strategy between
students and employees. As has been mentioned before, the exhaustive coping
strategy of the fatigued employees shows itself in increased physiological activity.
The performance data show that fatigued employees perform significantly worse
than fatigued students and that the difference between fatigued and non-fatigued
groups is systematically larger for employees. The same observation holds for the
subjective ratings and the need for recovery. Fatigued employees suffer from a
higher level of acute fatigue and show a higher need for recovery than fatigued
students. These findings illustrate their exhaustive coping strategy. The fact that the
difference between being fatigued and not being fatigued is smaller in students
provides support for the notion that they try to conserve energy in response to
feelings of enduring fatigue.
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Figure 6. Mean Ratings on the Scale Mental Effort (RSME), the Scale for Perceived Load (SPL), and
the Checklist Individual Strength (CIS total) during the day, averaged over the four administrations of
the questionnaires, separately for students and employees scoring low and high on EE.

4 Personality, burnout and Need for Recovery

When studying the relationship between personality and enduring fatigue in the
student and employee population, strong negative correlations were found between
enduring fatigue (measured by Emotional Exhaustion) on the one hand, and
Extraversion and Emotional Stability on the other. Introverts and emotional
unstable people (neurotics) experience a higher level of enduring fatigue than
extraverts and emotional stable people. Other studies have also reported higher
scores for introverts and neurotics on Emotional Exhaustion (e.g., De Vries & Van
Heck, 2002; Eastburg, Williamson, Gorsuch, & Ridley, 1994; Hills & Norvell,
1991; Mills & Huebner, 1998; Zellars, Perrewd, & Hochwarter, 2000). The fact
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that this relation was found for both students and employees is a strong indication
of the stability of these findings.

Figure 7 shows that fatigued students and employees show a higher Need
for Recovery than their non-fatigued counterparts. With respect to the three

components of burnout (Emotional Exhaustion, Distance, and Competence)
comparable results were found for students and employees. Subjects scoring high
on emotional Exhaustion also scored high on Distance. No differences were found
for Competence. Besides these similarities, the findings showed again a larger
difference between HS and LS groups for employees compared to students.

Apparently, scoring high on enduring fatigue brings about larger effects in
employees.
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Figure7. Mean scores on Emotional Exhaustion, Distance, Competence and Need for Recovery,
separately for students and employees scoring low and high on EE.
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5 The influence of personality and enduring fatigue on acute fatigue

One of the objectives of this thesis was to investigate the influence of personality
and enduring fatigue on acute fatigue during long-term performance.

With regard to the relationship between personality and acute fatigue,
several outcomes were found. Within the student sample, two personality
characteristics predicted fatigue: Extraversion and Agreeableness. The results
found in the employee sample showed a strong predictive value for especially
Agreeableness and Emotional Stability. Reckoning with the fact that the current
studies are cross-sectional, these findings show that Agreeableness apparently has a
fairly constant contribution in the experience of acute fatigue. In Figure 8 it can be
seen that students and employees high on Agreeableness show a higher level of
acute fatigue. The difference between scoring high and low on Agreeableness is
larger for the employees. It predicted the building up of fatigue during the
simulated workday, as  well as the amount of fatigue experienced at the end of the
day. To our knowledge, there are no studies that have investigated the predictive
value of the Big-five personality characteristics in the building up of acute fatigue.
Although Agreeableness is not an important predictor ofjob performance (Barrick
& Mount, 1991; Tett, Jackson, Rothstein, & Reddon, 1994), it is conceivable that
Agreeableness predicts the building up of acute fatigue. Individuals high in
Agreeableness tend to be courteous, cooperative, flexible, tolerant and soft-hearted
(Barrick & Mount, 1991; Zellars et al., 2000). They like to please other people. In a
work situation it might be that especially people high on Agreeableness give their
absolute best to satisfy their colleagues and superiors. People high on
Agreeableness are not suffering from enduring fatigue. They seem to be able to
unwind and recover sufficiently from the increase in acute fatigue during the day.
The same characteristics that are responsible for their feelings of acute fatigue also
make that they can rely on social support, because they tend to be loving and
'warm' in their interpersonal contacts.

Emotional Stability correlated negatively with enduring fatigue in both
students and employees, and predicted the (building up of) acute fatigue among
employees as well (see Tables 3a and b in Chapter 8). Apparently, the negative
effects of being emotional unstable, are enlarged and intensified over the years.
Neurotics experience the worst of fatigue: suffering from enduring and acute
fatigue. Their nervous tension, frustration, fearfulness, guilt and self-
consciousness, are strongly associated with ineffective coping and somatic
complaints (Costa & McCrae, 1987; Zellars et al., 2000). The fact that they
experience more acute and enduring fatigue makes this characteristic important in
the study of fatigue.

Within both students and employees, Extraversion correlated negatively
with enduring fatigue meaning that introverts reported a higher level of enduring
fatigue than extraverts. Only in the student sample it also predicted the increase in
fatigue during the day. This effect was not found among employees. Apparently,
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the strong finding that introverts experience more enduring fatigue possesses
stability over the years, whereas the predictive value of Extraversion dimension in
acute fatigue diminishes. There seems to a shift in the relative importance of the
personality characteristics Extraversion and Emotional stability. Both correlate
strongly with enduring fatigue, whereas the predictive value with respect to acute
fatigue changes over the years with age. The findings of this thesis, point strongly
to the detrimental effects of being emotional unstable.

Finally, possible relationships between both enduring and acute fatigue
were investigated. The same outcomes were found within the student and
employee sample. Enduring fatigue showed extremely strong relationships with
fatigue measured towards the end of the day (see Tables 4a and b in Chapter 8).
Enduring fatigue did not predict the building-up of fatigue, because people scoring
high or low on enduring fatigue, showed the same increase in acute fatigue. They
only differed from each other in the starting level. Already in the morning, the HS
groups showed more acute fatigue than the LS groups. During the remainder  of the
day, the increase in fatigue was alike for both groups. Thus, as can be seen in
Figure 9, scoring high on enduring fatigue, means also experiencing a high level of
acute fatigue. Feelings of enduring fatigue and long-term performance have
additive effects on acute fatigue.

The only dissimilarity between students and employees was that the
difference in the level of acute fatigue between the HS and LS group was larger for
employees. The fact that scoring high on enduring fatigue is able to affect feelings
of acute fatigue, already before the start of the workday,  is a strong indication of
the possible negative effects on health and well being. Experiencing more acute
fatigue during a workday will not be beneficial for the feelings of enduring fatigue.
It thus seems that people find themselves to be in a vicious circle: insufficient
recovery from acute fatigue brings about an enduring fatigue state, which, in turn,
affects the level acute fatigue.
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This dissertation aims to investigate the concept of fatigue as a biobehavioural
state, using a combination of approaches and measurement methods. More
specifically, the relation between acute and enduring fatigue was explored. During
a simulated workday, the building up of fatigue was studied in two groups of
participants: participants with and without enduring fatigue complaints. Several
times during the day, participants executed a standard Sternberg memory task, in
order to assess the participant's current biobehavioural state. Various dependent
measures were recorded: physiological reactions, performance-based measures,
and subjective ratings of fatigue.

In the introduction (Chapter  1)  it was hypothesized that enduring fatigue
may be caused by accumulation of continuing spillover effects of acute fatigue.
When people do not recover sufficiently from acute fatigue during the day, small
residues of fatigue spill over to a person's biobehavioural state the next day.
Spillover effects were tested by (1) investigating the effects of fatigue still present
in the evening of the simulated workday, (2) comparing these effects in participants
with and without enduring fatigue.

Aim of the current research was also to explore the relation between
personality characteristics and fatigue. Interest was focussed on the effects of
personality on the building-up of acute fatigue during the simulated workday.

In this Chapter, the main findings of this dissertation are described and
conclusions are drawn concerning the research questions. Some methodological
considerations and limitations are discussed and recommendations for future
research are described.

1 Reactivity during the simulated workday

Three psychophysiological measures were recorded to monitor the biobehavioural
state of the participants: facial EMG activity of the corrugator and frontalis
muscles, heart rate (HR) and heart rate variability (HRV). During the Sternberg
tests, these measures showed similar activity patterns: a gradual increase in EMG
activity and HR, and a decrease in HRV. These patterns were found for students as
well as for employees. The gradual increase in activity is interpreted as a sign of
growing compensatory effort necessary to maintain task performance at an optimal
level (e.g., Brookhuis & De Waard, 2001; van Boxtel & Jessurun, 1993; Veltman
& Gaillard, 1996). This physiological activity pattern within tests reflects the
increasing energy mobilisation during the tests to counteract the effects of fatigue
(Chapters 3,5, and 7). Since this activity patterns is present in all subject groups, it
can be concluded that all groups strive to maintain performance and counteract
fatigue by investment of effort.

The overall physiological activation during the workday showed an
increase in activity in the evening compared to the activity level at the end of the
afternoon. Apparently, the fatiguing effects of long-term performance affect the
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level of physiological activation in the evening. After the one-hour evening dinner
break, the subjects biobehavioural state is not restored sufficiently to baseline
levels. The effects of fatigue are most prominent at the end ofthe workday, when a
strenuous task had to be performed while the participants are fatigued. This is also
visible in the performance results. Throughout the day, subjects scoring high on
enduring fatigue react slower and less accurate than the control subjects. In the
evening this group difference is even enlarged. Where the control subjects are
capable of maintaining performance at a stable level, the subjects scoring high on
enduring fatigue clearly perform worse. This increase in activity in the evening is
interpreted as an indication of extra mental effort to compensate for the fatiguing
effects of the workday. Apparently, fatigue during the day spills over to affect
physiological activation and performance in the evening. When people do not
recover from work, daily effects can gradually accumulate and spill over to the
subsequent evening and even the next day. In the long run, this can have
detrimental effects on health and well-being (Gaillard, 2001).

2 Students versus employees

The physiological measures are also sensitive to differences in enduring fatigue.
When comparing subjects with and without enduring fatigue (HS group versus LS
group), different EMG, HR and HRV activation levels are found. However, these
effects were different for students and employees (see Chapter 10). Students with
enduring fatigue show less activity compared to students with no enduring fatigue.
The   employees   show the reversed pattern: workers with fatigue show elevated
activity levels compared to non-fatigued workers. Chapter 10 elaborates  on  this
difference in direction between students and employees. HS students appear to
save energy, in order to be able to keep on working for a longer time period.
Throughout the working they, they show less physiological activation. As a first
reaction to fatigue, they reduce the level of energy to a level that is just sufficient to
get the task done. Students have followed this 'conservation' strategy, thereby
sacrificing to some extent their task performance. The fact that fatigued employees
react with elevated physiological activation levels points to a different process. In
interpreting the results, it should be realised that the EE-score of the fatigued
employees is much higher than the EE-score of the fatigued students. Fatigued

employees are much closer to the extreme pole of the scale. The sample of
employees had an average of 15 to 20 years of work experience, meaning that they
have been exposed to work-related fatigue   for a longer  time. In Chapter   10  it  is

argued that the way people cope with work demands is a crucial element in the
development of chronic health problems. In the working environment, people want
to achieve and measure up to their colleagues. Even when workload increases and
the work environment becomes less favourable, most people will continue their
activities and ignore signals of body and mind prompting for rest. When people
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persist in this attitude towards work, it is possible that they display a coping style
labelled 'overcommitment' (Siegrist & Peter, 1994; Vrijkotte, 2001). This
exhaustive coping style is associated with impatience and an inability to withdraw
from work obligations. The employees with this style show raised activation levels
throughout the day. This sustained activation can be explained as the result of
prolonged accumulation of insufficient recovery.

Reckoning with the fact that the current studies are cross-sectional, these
findings show that suffering from enduring fatigue is associated with different
reactivity patterns in students and employees, namely reduced versus increased
activation. Studies on the relationship between cortisol responses and stress, has
led some researchers to conclude that chronic stress may in the long run result in
reduced cortisol activity levels (Heim, Ehlert, & Hellhammer, 2000; van Doornen,
2003). Van Doornen states that it is likely that different stages can be distinguished
in the stress process. In the long run, people become exhausted and mobilise little
energy.

The current results show that students react with different biobehavioural
patterns to the building up of fatigue than employees. In the first instance, people
react to fatigue with reduced activation levels, reflecting a strategy of saving
energy. Later on, physiological activation is increased in response to work
demands. This sustained activation is a sign of accumulation of insufficient
recovery. When sustained activation persists, it can have detrimental effects on the
physiological balances, resulting into changed settings. It is conceivable that in a
final stage, maybe where enduring fatigue becomes chronic, physiological activity
is again reduced. People are simply unable to mobilise enough energy to maintain
performance, they succumb as it were to the overpowering feelings of fatigue.

To summarize, the results of the current research clearly show that the
physiological measures are sensitive to the building up of fatigue during long-term
performance. The same outcome applies to the subjective ratings of fatigue and the
performance measures. Furthermore, fatigue at the end of the day does influence
the biobehavioural state of a person in the evening. Finally, it seems that
physiological reactivity to enduring fatigue differs with respect to the severity (of
the developmental process) ofenduring fatigue.

3 Personality, enduring fatigue and acute fatigue

Considering the influence of personality on acute fatigue during the workday, the
results in students and employees differed for the personality traits. Extraversion
predicted acute fatigue in students, while Agreeableness predicted acute fatigue in
employees (Chapters 4 and 8). The influence of Extraversion on physiological
activity and performance in the student population was marginal. In contrast, the
effects of enduring fatigue were, as already described in the above sections,
substantial. Differences in enduring fatigue were reflected by all variables, in the
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physiological activation patterns, the performance measures and the subjective
ratings of fatigue. Participants scoring high on enduring fatigue showed a different
level of physiological activation compared to participants scoring low on enduring
fatigue. These differences were already present in the morning of the workday.
High scoring subjects performed worse; they reacted slower and produced a
smaller number of correct responses. In addition, their subjective ratings of fatigue
were significantly higher in comparison to the control subjects. Moreover, their
feelings of acute fatigue were already raised in the morning b€fore the start of the
workday. The fact that enduring fatigue does affect physiological activity and
subjective ratings of fatigue, already in the morning of the workday, is a strong
indication of its spillover effects.

When studying the mutual relationship between personality and enduring
fatigue, strong negative correlations were found between enduring fatigue on the
one hand, and Extraversion and Emotional Stability on the other, in both students
and employees. Introverts and emotional unstable persons (neurotics) experience
more enduring fatigue than extraverts and emotional stable persons. Other studies
have also reported higher scores for introverts and neurotics on Emotional
Exhaustion (e.g., De Vries & Van Heck, 2002; Eastburg, Williamson, Gorsuch, &
Ridley, 1994; Hills & Norvell, 1991; Mills & Huebner, 1998; Zellars, Perrewd, &
Hochwarter, 2000). The fact that these relationships were found in students and in
employees is a strong indication of the robustness of these findings. Although
enduring fatigue is strongly correlated with Extraversion and Emotional Stability,
this does not mean that these personality characteristics exert the same influence on
reactivity in long-term performance as enduring fatigue does.

A final objective of this thesis was to investigate whether the reactivity
patterns of the physiological, performance-based and subjective ratings of fatigue
during the workday can discriminate between participants scoring high or low on
enduring fatigue (Chapters 6 and 9). It appeared that subjective fatigue has
predictive value throughout the day, although its value diminishes in the evening.
Physiological reactivity and the performance measures have distinguishing power
in particular at the end of a workday. Especially at the end of the workday, larger
physiological differences can be expected between people who suffer from
enduring fatigue, and people who do not (Gaillard, 2001; Hockey, 1997; Meijman
& van Dormolen, 1992). In particular in the evening session, participants have
problems to mobilise sufficient energy to maintain performance. These findings
show that the use of multiple measures (subjective, physiological, performance)
contributes to our understanding of fatigue as a biobehavioural state.
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4 Methodological considerations and future research

The experiments in this thesis were set up to simulate a workday. Realistic
simulation of a workday is difficult, however. A field study using ambulatory
measurements would have been better in this respect but would have raised other
problems, such as limited controllability of the task environment.

With respect to the employee sample in the current research, it should be
noted that a selection ofwhite-collar workers participated, meaning that their mean
activities mainly concerned office work. This should be kept in mind when
extrapolating the results to other working groups.

The current thesis employed a cross-sectional design, which prevents
making causal inferences. In order to gain a better insight into the developmental
process of enduring fatigue, a longitudinal design with multiple measurement
moments would have been better. It is, however, difficult and expensive to
extensively monitor a group of employees during several years using physiological
registrations. To overcome these difficulties, cross-sectional research offers a good
alternative. By enlarging the number of participating groups and selecting persons
from different age groups, the findings will gain substantially in power.

Still, it would be of interest to monitor a group of people with a high risk
for developing serious burnout complaints in a longitudinal follow-up study, using
physiological reactions, performance-based measures and subjective ratings of
fatigue. Testing on a regular basis for marginal signs of burnout provides a better
insight  into the developmental processes. Since the findings of this thesis point to
the influence of coping styles that play a part in enduring fatigue, assessment of
coping styles will provide valuable information. By including personality
assessment as well, the relationships between personality and high burnout risk can
be further explored.
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Vermoeidheid kent in het dagelijks leven veel betekenissen. Wanneer mensen
zeggen "Ik ben moe", kan dat betekenen dat ze slaperig zijn en naar bed wit len,
maar het kan ook verwijzen naar het gevoel wat optreedt na fysieke inspanning,
zoals sport, of mentale inspanning na een werkdag. Bovendien is vermoeidheid een
veel voorkomend symptoom bij allerlei ziektebeelden zoals bijvoorbeeld astma en
kanker. Dit maakt het lastig om het begrip vermoeidheid eenduidig te definieren.
Er is in het verleden veel onderzoek gedaan naar vermoeidheid, wat niet heeft
geresulteerd in een eenduidige definiering en onderzoeksmethodologie.

De laatste jaren is de belangstelling voor vermoeidheid sterk toegenomen.
Vermoeidheid is 66n van de meest voorkomende klachten die gemeld worden bij
huisartsen. Er wordt geschat dat tussen de 20% en 30% van de bevolking last heeft
van een ernstige vorm van vermoeidheid. In de werksituatie is vermoeidheid een
van de meest gerapporteerde klachten die leidt tot verzuim en
arbeidsongeschiktheid. De arbeidsgerelateerde psychische problematiek van
vermoeidheid brengt binnen onze maatschappij hoge sociale en economische
kosten met zich mee.

Dit proefschrift richt zich op langdurige werkgerelateerde vermoeidheid,
ook wel 'emotionele uitputting' genoemd. Mensen die aangeven in sterke mate
emotioneel uitgeput te zijn, lopen een verhoogd risico op het ontwikkelen van
burnout, een toestand van algehele lichamelijke en psychische uitputting.

In Hoofdstuk 1 wordt de geschiedenis beschreven van het onderzoek naar
vermoeidheid. De begrippen fysieke en mentale vermoeidheid worden uitgewerkt
alsmede het onderscheid tussen acute en langdurige vermoeidheid. Acute
vermoeidheid is een vorm van vermoeidheid die omkeerbaar is en samenhangt met
de activiteiten die mensen uitvoeren. Na het stoppen van een activiteit zal de
vermoeidheid vrij snel afnemen. Langdurige vermoeidheid daarentegen is niet snel
omkeerbaar. Het gevoel van langdurige vermoeidheid strekt zich uit over tal van
activiteiten en situaties. Mensen geven aan zich voortdurend moe te voelen.
Hoofdstuk 1 beschrijft verder het mogelijke proces dat ten grondslag ligt aan de
overgang van acute naar langdurige vermoeidheid. Er wordt gesteld dat herstel van
activiteit mogelijk cruciaal is. Wanneer mensen onvoldoende herstellen van een
dag werken, blijven er allerlei fysiologische processen in het lichaam geactiveerd.
Dit heeft tot gevolg dat aan het eind van de dag de lichamelijke activatie niet
terugkeert naar een rustniveau. De volgende dag is er dus nog een restje activatie
aanwezig van de vorige dag. Mensen beginnen al iets vermoeider aan de nieuwe
dag. Als dit proces van onvoldoende herstel lang genoeg doorgaat en de restanten
van fysiologische activatie cumuleren, ontstaat er op den duur een permanente
verhoging van lichamelijke activatie. Met andere woorden, het fysiologisch
evenwicht raakt verstoord. Mensen raken op deze manier langdurig vermoeid.
Hard werken en inspanning leveren is geen probleem zolang mensen de kans
krijgen om van de gedane arbeid te herstellen.

Het doel van het huidige onderzoek is om meer inzicht te krijgen in de
relatie tussen acute en langdurige vermoeidheid. Daartoe zijn verschillende
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groepen mensen onderzocht. De opzet van het onderzoek wordt besproken in
Hoofdstuk 2. Mensen met en zonder klachten van langdurige vermoeidheid werden
onderzocht tijdens een gesimuleerde werkdag. Aan de deelnemers werd gevraagd
om een congres te organiseren waarbij verschillende opdrachten hoorden. De
mensen werkten van 9 uur 's ochtends tot  17  uur 's middags.  Na de avondmaaltijd
werkten ze nogmaals een extra uur in de avond. De vermoeidheid tijdens de dag
werd op meerdere momenten gemeten met diverse vragenlijsten. Ook werd de
lichamelijke activatie gemeten door de hartslag te registeren alsmede de
spierspanning in twee gezichtsspieren. Daarnaast werd aan de deelnemers
gevraagd om op verschillende momenten over de dag een geheugentaak uit te
voeren waarbij de taakprestatie werd gemeten. Op deze manier werd onderzocht
hoe acute vermoeidheid zich opbouwt tijdens een werkdag, en kon bestudeerd
worden wat de effecten van vermoeidheid zijn op de prestatie in de avond. Omdat
dit onderzocht werd bij mensen met en zonder langdurige vermoeidheid, is het
mogelijk om te na te gaan of deze processen anders verlopen wanneer er sprake is
van langdurige vermoeidheid. Het onderzoek is uitgevoerd bij een groep relatief
jonge mensen (studenten met en zonder vermoeidheidsklachten) en bij een groep
van wat oudere mensen (werknemers met en zonder vermoeidheidsklachten).
Daarnaast werd de invloed van persoonlijkheid onderzocht omdat persoonlijkheid
de manier bepaalt waarop mensen reageren op werksituaties.

In Hoofdstuk 3 is bestudeerd of verschillen in vermoeidheid bij studenten
terug te vinden zijn in de spierspanning van twee gezichtsspieren: de corrugator en
frontalis spier. Eerder onderzoek heeft laten zien dat de spanning van deze spieren
een maat kan zijn voor de hoeveelheid mentale inspanning die mensen moeten
leveren tijdens het uitvoeren van een taak. Naarmate de taak langer duurt, neemt de
spanning in de spieren toe. Zijn deze spieren ook gevoelig voor de effecten van
vermoeidheid? De spierspanning binnen de periode dat een taak werd uitgevoerd
nam toe. Dit betekent dat mensen zich ook daadwerkelijk mentaal hebben
ingespannen om de taak uit te voeren. Mensen die hoog scoorden op langdurige
vermoeidheidsklachten (de hoog-scoorders) vertoonden een lagere spierspanning
dan de mensen zonder langdurige vermoeidheidsklachten (de laag-scoorders). Ook
hun prestatie op de geheugentaken was slechter: ze reageerden langzamer en
minder goed dan de laag-scoorders. Bovendien gaven de hoog-scoorders aan dat ze
een grotere behoefte hadden aan herstel, ervoeren ze de gesimuleerde werkdag als
vermoeiender, en voelden ze zich over het algemeen 's ochtends minder goed
uitgerust. Dit duidt erop dat mensen met langdurige vermoeidheidsklachten
problemen ervaren met het mobiliseren van voldoende energie om tijdens de
werkdag goed te presteren. Uit het onderzoek kwam ook naar voren dat met name
in de avond de spierspanning sterk toenam en de prestatie sterk afnam. Blijkbaar
beperken de effecten van een dag werken zich niet tot de dag zelf, maar
beinvloeden zij ook het functioneren in de avond.

In Hoofdstuk 4 is het verband onderzocht tussen acute en langdurige
vermoeidheid bij studenten. Daarnaast is bestudeerd of persoonlijkheid hierop
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invloed heeft. De resultaten lieten zien dat de hoog-scoorders op langdurige
vermoeidheid ook meer acute vermoeidheid ervaren. Daarnaast oefenden de
persoonlijkheidseigenschappen introversie en agreeableness invloed uit op

vermoeidheid. Introverte studenten en studenten die laag scoren op agreeableness
gaven aan een constant verhoogd niveau van acute vermoeidheid te ervaren. De
acute vermoeidheid in de ochtend van de werkdag was even hoog als op het einde
van de werkdag. Extraverten en hoog-scoorders op agreeableness ervoeren wel een
toename in vermoeidheid naarmate de dag vorderde. Daarnaast lieten de resultaten
zien dat introverten ook meer langdurige vermoeidheid ervoeren dan extraverten.

In Hoofdstuk 5 is onderzocht of de verschillen in langdurige vermoeidheid
bij de studenten ook aantoonbaar zijn in hun hartslag. Vergelijkbaar met de
resultaten in Hoofdstuk 3, was de fysiologische activatie in de avond hoger dan
tijdens de dag. Dit ondersteunt het idee dat de effecten van een werkdag zich niet
beperken tot de werkdag zelf, maar ook invloed uitoefenen op de periode daarna.
Op de lange termijn kan dit nadelige effecten hebben op het functioneren en de
gezondheid. De studenten die hoog scoorden op langdurige vermoeidheid hadden
een lagere hartslag en een hoger hartslag variabiliteit dan de laag-scoorders. Dit
komt overeen met het feit dat hoog-scoorders ook een lagere spierspanning
vertoonden (Hoofdstuk 3). Beide uitkomsten wijzen op een lagere fysiologisch
reactiviteit. De energievoorraad van mensen met langdurige vermoeidheid raakt
eerder op. Hun prestatie loopt terug en ze zijn blijkbaar niet in staat om genoeg
energie te mobiliseren om deze prestatie op peil te houden. Deze effecten zijn met
name sterk aanwezig in de avond.

In Hoofdstuk 6 is bestudeerd of het mogelijk is om met behulp van de drie
verschillende meetmethoden (vragenlijsten, fysiologische registraties, prestatie) de
langdurige vermoeidheid bij studenten te voorspellen. Veel onderzoek naar
vermoeidheid maken slechts gebruik van 6dn van deze meetmethoden. Verschaft
het gebruik van meerdere meetmethoden ook daadwerkelijk meer informatie?
Naarmate de dag verstreek gingen meer meetmethodes een rol spelen in de
voorspelling van vermoeidheid. In de ochtend was vermoeidheid gemeten door een
vragenlijst (subjectieve vermoeidheid) een goede voorspeller. In de middag
voorspelde ook spierspanning langdurige vermoeidheid. In de avond bleken vooral
de fysiologische registraties en de prestatie voorspellende waarde te hebben en nam
de voorspellende waarde van subjectieve vermoeidheid af De bevinding dat
naarmate de dag verstrijkt de voorspellende waarde van de fysiologische
registraties toeneemt komt overeen met de eerdere resultaten in Hoofdstuk 3 en 5,
waar werd gevonden dat juist in de avond de effecten van vermoeidheid het meest

zichtbaar zijn. Deze resultaten geven aan dat het gebruik van meerdere
meetmethoden meer inzicht verschaft in de ontwikkeling van vermoeidheid en het
onderscheiden van verschillende groepen mensen met vermoeidheidsklachten.

Hoofdstuk 3, 4, 5 en 6 bestuderen verschillende aspecten rondom
vermoeidheid binnen een groep studenten met en zonder langdurige
vermoeidheidsklachten. In Hoofdstuk 7,8 en 9 worden dezelfde vragen bestudeerd
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in een groep werknemers met en zonder vermoeidheidsklachten (hoog- versus
laag-scoorders). Hoofdstuk 7 onderzoekt de gevoeligheid van de fysiologische
registraties van spierspanning en hartslag voor de effecten van acute vermoeidheid
over de dag binnen de groep werknemers die hoog dan wel laag scoren op
langdurige vermoeidheid. Hoog- en laag-scoorders lieten een verschillend
fysiologisch activatie niveau laten zien. Werknemers met klachten vertoonden een
hogere spierspanning en hartslag. Deze verschillen kwamen met name naar voren
op het eind van de werkdag. Ook ervoeren zij meer subjectieve vermoeidheid en
reageerden langzamer en minder correct op de geheugentaken. De toename in
fysiologische activatie bij werknemers met langdurige vermoeidheid is een teken
van onvoldoende herstel en laat een verstoring zien in het fysiologisch evenwicht.
Dit wordt ondersteund door het gegeven dat de hoog-scoorders zich in het
algemeen minder uitgerust voelen en aangeven een grotere behoefte te hebben aan
herstel dan de laag-scoorders.

In Hoofdstuk 8 wordt het verband onderzocht tussen acute en langdurige
vermoeidheid bij werknemers. Ook is bestudeerd ofpersoonlijkheid hierop invloed
heeft. De resultaten laten zien dat werknemers met langdurige
vermoeidheidsklachten ook meer acute vermoeidheid ervoeren op het eind van de
gesimuleerde werkdag dan werknemers zonder klachten. Hetzelfde resultaat werd
gevonden bij de studenten (Hoofdstuk 4). Verder bleek dat mensen die hoog scoren
op agreeableness meer acute vermoeidheid ervaren dan mensen die laag scoren.
Hetzelfde geldt voor werknemers die emotioneel instabiel zijn. Bovendien lieten
de resultaten zien dat emotioneel instabiele mensen ook meer langdurige
vermoeidheid ervaren.

Hoofdstuk 9 onderzocht de voorspellende waarde van de verschillende
meetmethoden van vermoeidheid wat betreft de langdurige vermoeidheid bij
werknemers. De resultaten van dit onderzoek komen zeer sterk overeen met de
resultaten gevonden bij de studenten in Hoofdstuk 6. Naarmate de dag vordert
voorspellen meerdere meetmethoden langdurige vermoeidheid Met name in de
avond winnen de fysiologische registraties aan voorspellingskracht. Conform de
conclusies in Hoofdstuk 6, is het te verwachten dat juist in de avond deze
registraties winnen in voorspellende kracht. Juist in de avond zijn de verschillen in
fysiologische activatie tussen mensen nnet en zonder langdurige
vermoeidheidsklachten het grootst, ook binnen de groep van werknemers. Deze
resultaten ondersteunen het idee dat het gebruik van fysiologische registraties
bijdraagt aan een breder inzicht in vermoeidheid.

In deze dissertatie zijn verschillende groepen mensen onderzocht,
werknemers en studenten met en zonder langdurige vermoeidheidsklachten. Wat
zijn nu de overeenkomsten en verschillen van de resultaten? In hoofdstuk 10 wordt
hier uitgebreid op in gegaan. Wat het meest in het oog springt is de bevinding dat
langdurig vermoeide studenten een verlaagde fysiologische activatie laten zien in
vergelijking met de controle groep studenten zonder klachten, terwijl de groep
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langdurig vermoeide werknemers een verhoogde activatie vertoont ten opzichte
van de groep gezonde werknemers. Er treedt dus een verschil op in de richting van
het effect. Blijkbaar zijn de verschillende fysiologische maten gevoelig voor
vermoeidheid maar is het effect anders binnen de studenten en werknemers.
Studenten en werknemers verschilden op een aantal manieren van elkaar. Naast het
leeftijdsverschil is er natuurlijk een groot verschil in werkervaring. De groep
werknemers heeft een langer arbeidsverleden. Dit betekent dat zij ook langer
blootgesteld' is geweest aan werkgerelateerde vermoeidheid. Dit is dan ook terug
te vinden in de score van deze groep op de vragenlijst die langdurige vermoeidheid
meet. De emotionele uitputtingsscore van vermoeide werknemers is bijna
tweemaal zo hoog als de score van de vermoeide studenten. Wat kan nu het
verschil in richting van activatie verklaren? Waarom laten vermoeide werknemers
meer spierspanning en een hogere hartslag zien, terwijl vermoeide studenten juist
een lagere spierspanning vertonen en een lagere hartslag? Beide resultaten geven
aan dat langdurig vermoeide mensen problemen hebben met de regulatie van hun
energie niveau. Conform ander onderzoek (o.a. Siegrist en Peter, 1994) wordt
gesteld dat de groep werknemers een ongezond copingpatroon vertoont. De groep
vermoeide werknemers reageert met 'overcommitment', een manier van omgaan
met werk die ervoor zorgt dan werknemers grote moeite hebben met het 'loslaten'
van verplichtingen. Door dit gebrek aan herstel blijft het lichaam in een toestand
van verhoogde activatie. In een werksituatie en werkomgeving waarin men al een
aantal jaar functioneert, is het lastig om je te ontrekken aan verplichtingen, ook al
geeft de gezondheid daar aanleiding toe. Blijkbaar probeert de groep vermoeide
werknemers toch aan de gevraagde prestaties te blijven voldoen tegen hogere

lichamelijke kosten. Vermoeide studenten daarentegen hanteren een
besparingsstrategie'. Als reactie op de gevraagde inspanningen, verlaagt het
lichaam de fysiologische activatie. In de omstandigheden waarin studenten
verkeren is deze strategie voor deze groep makkelijker uitvoerbaar is. De resultaten
laten verder zien dat vermoeide werknemers ook door de dag heen aangeven
vermoeider te zijn dan de vermoeide studenten. Ook presteren zij slechter op de
geheugentaken. Dit geeft aan dat zij in het algemeen vermoeider zijn dan de groep
vermoeide studenten.

De bevindingen worden in hoofdstuk   11   samengevat. Het blijkt  dat  het
niveau van de geregistreerde spierspanning en hartslag samenhangt met de mate
van zowel acute als langdurige vermoeidheid. Blijkbaar is het mogelijk om de
subjectief gemeten gevoelens van vermoeidheid ook te meten in het lichaam.
Bovendien laten de gevonden resultaten zien dat naarmate de dag vordert de
verschillen in de fysiologische activatie tussen vermoeide en niet vermoeide
mensen toenemen, met name in de avond. In de avond zijn de effecten van de
vermoeidheid tijdens de dag duidelijk zichtbaar. Het feit dat ook al in de ochtend
verschillen gevonden worden laat zien dat wanneer mensen onvoldoende herstellen
van geleverde inspanning, hiervan resten terug te vinden zijn in de ochtend. Dit
betekent dat op lange termijn in het lichaam de processen die zorg dragen voor een
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evenwicht tussen inspanning en ontspanning blijvend verstoord kunnen raken. Dit
is goed te zien bij de groep vermoeide werknemers waarvan het fysiologisch
activatie niveau duidelijk verhoogd is. Uit het onderzoek komt verder naar voren
dat ook persoonlijkheid van belang is. Mensen die hoog scoren op agreeableness
ervaren op het eind van  de dag meer vermoeidheid. Dit verband wordt gevonden
bij studenten en werknemers, maar is bij deze laatste groep sterker aanwezig.
Bovendien blijkt dat wanneer mensen aangeven last te hebben van een langdurige
vermoeidheid, ook de ervaren acute vermoeidheid toeneemt. Het proefschrift pleit
voor het gebruik van meerdere methoden om vermoeidheid te meten. Wanneer de
uitkomsten van vragenlijsten worden gecombineerd met fysiologische registraties
en prestatiematen, is het mogelijk om een breder en evenwichtiger beeld te vormen
van het begrip vermoeidheid.
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