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In 2 experiments, 64 male students worked almost continuously for 20 hr without sleep under
varying social conditions. In Experiment 1, participants worked either individually or as a group. As
hypothesized, performance deteriorated over time, especially in the group condition, which allowed
participants to loaf. In Experiment 2, all participants worked in groups. They were instructed that
public feedback would be provided either on the group result only or on the individual results of all
group members. As expected, when individual results were nude public, performance deteriorated
less. Overall, the data suggest that fatigue increases social loafing. However; both individualizing the
task and providing public individual feedback seem to counteract these effects.

In many areas of economic life, it is common that people
work long hours, also at night. Examples of these include military operations, police work, surgery rooms, shipping, and so
forth. To get insight into the question of how people perform
under such abnormal conditions, researchers have studied extensively the effects of fatigue and sleep deprivation on human
performance (e.g., Haslam, 1983; May & Kline, 1987; see review by Orasanu & Backer, 1996). From these studies, it can
be concluded that the longer people work and the more tired they
get, the more their performance tends to deteriorate, especially if
they are deprived of sleep. There are, however, large differences
between tasks in their sensitivity to fatigue. Tasks that primarily
require physical performance (such as walking while carrying
a load) are relatively immune to sleep loss, although after 48 to
72 hr even those tasks are no longer carried out quickly and
accurately. On the other hand, degradation in cognitive performance can be seen as early as after 18 hr of work without sleep.

to do so (Gaillard & Wientjes, 1994). Thus, when people's
motivation to exert mental effort is already negatively affected
by a source other than fatigue, the impact of fatigue on performance will even be larger than in a normal situation.
The willingness to exert mental effort also appears to be a
key issue in the literature on social loafing. Social loafing refers
to the phenomenon of individuals'1 performing less well when
they work in a group and when their efforts are combined in
that group than when they work alone (Latane, Williams, &
Harkins, 1979). Social loafing has been shown to occur on
physical tasks such as pulling a tug-of-war rope (Ingham, Levinger, Graves, & Peckham, 1974), shouting and clapping (Harkins, Latane, & Williams, 1980; Jackson & Harkins, 1985; Latane et al., 1979), and pumping air (Kerr, 1983; Kerr & Bruun,
1981), as well as on cognitive tasks such as visual vigilance
tasks (Harkins & Petty, 1982; Harkins & Szymanski, 1988,
1989), solving mazes (Jackson & Williams, 1985), generating
uses for an object (Harkins & Petty, 1982), and evaluating a
poem or editorial (Petty, Harkins, Williams, & Latane, 1977).
Research findings reveal that social loafing especially occurs
when the individual contribution to the group result cannot be
identified (Williams, Harkins, & Latane, 1981), when the task
is unattractive (Zaccaro, 1984), when the task is not unique or
difficult (Harkins & Petty, 1982), or when there is no personal
involvement in the task (Brickner, Harkins, & Ostrom, 1986).
In all these situations, people working in a group are less inclined to exert effort in the task than they would when working
alone. If the situation allows people to "loaf," they will do so.

The general assumption is that performance deterioration under fatigue occurs because the activation level of the operator
decreases. This decrease can temporarily be compensated for by
providing feedback (Steyvers & Gaillard, 1993) or by promising
financial incentives (Home & Pettitt, 1985). Feedback or incentives stimulate people to exert extra mental effort, which makes
them able to compensate for the decreased activation level. However, this is only possible for relatively short periods of time
and only under the condition that the individual is motivated
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Combining the concepts of fatigue and social loafing, one
can presume that under conditions of sleep deprivation and fatigue, when people get tired and their motivation to exert effort
in a task decreases, they will most probably try to loaf if the
conditions allow them to do so. This implies that when people
work collectively in a group, their performance will decrease
more as a result of fatigue than it will when they work alone,
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because working in a group allows people to loaf. If people
work alone, they are not able to loaf, and therefore they will be
able to keep exerting effort in the task for a longer period of
time, even when they are tired. When people work in a group,
they will give up exerting the extra effort that is needed to keep
performing well more easily than when they work alone. Thus,
we expect an interaction between social loafing and fatigue in
the sense that we suppose the tendency to loaf to be stronger
under conditions of sleep deprivation and fatigue. Two experiments were carried out in which this interaction between social
loafing and fatigue was studied.
In addition, two potential countermeasures against social
loafing were tested, based on Karau and Williams's (1993)
collective effort model (CEM). This model provides insight
into the implications of any key attribute of a given collective
setting (e.g., group size and nature of task) for the motivation
of individuals in that setting. The CEM is based on two major
theories: expectancy theory and social comparison theory. Expectancy theory (Vroom, 1964) proposes that people exert effort
when they value the outcome of their efforts and when they
perceive a relation between their effort and the valued outcome.
Two elements are crucial in expectancy theory: (a) high value
and (b) high contingency. Of course, there are situations in
which these two conditions are not met, even when people work
individually. However, when people work in a group, there is a
greater risk that people do not value the group outcome highly
and, more important, that they do not see a relation between
their effort and the group outcome (see also Shepperd, 1993).
In the CEM, expectancy theory is integrated with recent ideas
on self-evaluation processes (Buunk, 1994; Goethals & Darley,
1987; Taylor & Brown, 1988; lesser, 1988) on the basis of social
comparison theory. The model places particular emphasis on
group-level outcomes that have implications for the individual's
self-evaluation. People have a natural tendency to be concerned
about maintaining a positive self-evaluation. Group performance
situations create many sources of self-evaluation, which may
motivate the individual to perform well. The most frequently
studied source of motivation is the evaluation potential of the
experimenter. If the experimenter can identify the individual's
input, this results in higher motivation. However, people also
become motivated if they can evaluate their own performance
according to an objective standard (Harkins & Szymanski,
1988) or if they can compare their performance with that of
others (a social standard; Szymanski & Harkins, 1987).
The CEM thus is able to predict in which situations people
are willing to exert effort in a task when they work in a group.
TWo conditions must be fulfilled: The individuals must have the
idea that their efforts lead to a valued result, and they must be
able to compare their performance to a certain standard. In
situations in which those two conditions are not fulfilled, people
in a work group will not be motivated to do their best, and
social loafing will be the result.
Research Strategy
The interaction between fatigue and social loafing was investigated by having people work continuously for long periods of
time and under different social conditions. Fatigue was manipulated in such a way that several types of effects were combined.

First, task performance was prolonged on both the micro- and
the macrolevel: All tasks lasted approximately 25 min, sessions
lasted 3V2 hr (separated by half-hour breaks), and a whole
"run" lasted 20 hr. On top of this sustained performance, sleep
loss was induced. In classic sleep deprivation studies (e.g.,
Steyvers & Gaillard, 1993), people are kept awake during the
night, after which they have to perform a task the next morning
for approximately 20 min. People are able to perform relatively
well for such a short period of time, even after a night without
sleep. We were particularly interested in the effects of fatigue
when people have to work for longer periods of time, because
in that situation they can no longer exert the extra effort needed
to perform well. Therefore, we decided to let the participants
work (almost) continuously during the night.
An additional advantage of the long test duration in our experiments was that a certain degree of cohesiveness could develop
in the groups. When people are subject to the rules of the experimenter and have to work long hours without sleep, it is easy to
imagine that they will form a bond (Lott & Lott, 1965). Such
groups are more representative of work groups in real life than
the groups used in regular studies on social loafing. In most
studies, the groups tested in the laboratory are minimal groups:
The participants only form a group for the time of the experiment (usually not more than 20 min), and sometimes they do not
even see the other group members (e.g., Harkins & Szymanski,
1988).
To investigate to what extent fatigue effects depend on the
task characteristics, we used three different tasks: a reaction
time task, a memory search task, and a process control task.
These laboratory tasks are all well documented (Boer, 1995;
Hockey, Sauer, & Abbott, 1993) and have often been used in
fatigue research as well (e.g., Hockey & Sauer, 1996; Steyvers &
Gaillard, 1993). The tasks differ on several dimensions. First,
the reaction time task requires mainly psychomotor skills,
whereas the process control task has a more cognitive character.
The third task, the memory search task, is in between. The tasks
also differ in the degree of intrinsic motivation: The process
control task is more motivating than the other two. Third, the
tasks differ in complexity in the sense that the number of information-processing activities that they require differs: The reaction time task is the simplest and the process control task the
most complex task. In many real and laboratory tasks, task
complexity and interest are confounded, because most complex
tasks are intrinsically more motivating than simple tasks. Also,
in our experiment, the different task characteristics cannot easily
be distinguished. When we use the terms simple and complex,
we mean the set of task characteristics as described above. We
expected that the complex task would be less vulnerable to
fatigue than the simple tasks (Holding, 1983).
Besides, we expected task characteristics to play a role in
social loafing, too. It is likely that reduction in motivation and
effort, due to working collectively in a group, occurs on both
complex and simple tasks. We expected that this reduction in
effort would result in stronger performance decrements on simple tasks than on complex tasks. There are two potential reasons
for this. First, with difficult tasks that are hard to accomplish,
working collectively in a group decreases people's "fear of
failure.'' Such fear of failure usually results in increased arousal,
which on complex tasks leads to performance deterioration.
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Thus, working collectively can have positive effects on performance if the task is difficult (Jackson & Williams, 1985). The
complex task we used in our experiments was not very difficult:
It could be carried out without too much of a problem. Therefore, we expected Jackson and Williams's findings concerning
fear reducing effects of working collectively not to be of much
importance for our study. Second, complex tasks often are more
stimulating than simple tasks, which makes it easier to keep
exerting effort in the task, even when one works in a group.
Therefore, in our experiments, we expected that the performance-deteriorating effects of working collectively in a group
would be stronger on the simple reaction time and memory
search tasks than on the more complex process control task (see
also Karau & Williams, 1993).
In two separate experiments, two potential countermeasures
against social loafing were tested. These two countermeasures
were based on the two theoretical lines within the CEM. First,
expectancy theory predicts that people are motivated if they
value the outcome highly and if they perceive a clear relation
between their efforts and the outcome. When people work in a
group, the group result depends on all group members' efforts.
When the group outcome is interdependent, the relation between
the individual's effort and the outcome is less clear than when
the individual works alone. A good group performance can be
obtained only when all group members work hard or when some
group members compensate for poor-performing others. For this
reason, people can be expected to exert more effort when they
work individually than when they work in a group. In a group,
the relation between individual effort and group outcome is
not clear. When people work individually, the relation between
individual effort and individual outcome is more direct. Furthermore, it is possible that people value outcomes on individual
tasks more than similar outcomes on group tasks, because outcomes on individual tasks have more diagnostic ability or have
greater implications for self. Individualizing the tasks thus can
be seen as a countermeasure for social loafing, although it is a
rather radical one. In real work settings, it will be difficult for
management to change the system to individual-work based if
it is already group-work based.
The second element of the CEM, social comparison theory,
predicts that social loafing in work groups can be reduced by
giving people the opportunity to compare their performance
with that of others. For this reason, when people work in a
group, they can be expected to be more motivated when they
get public feedback on their individual results than when they
get such feedback on the group results only. Thus, in Experiment
1 instrumentality (working individually or as a group) was manipulated, and in Experiment 2 evaluation potential (public
group or individual feedback) was manipulated.
To summarize the hypotheses, we expected, first of all, that
the more tired people became in the course of the experiment,
the more their performance would deteriorate. We expected an
interaction between social loafing and fatigue: The effects of
fatigue on performance were expected to be strongest when
people worked in a group, because working in a group allows
people to loaf. Thus, when working in a group, people will give
up exerting effort in the task earlier than they will when working
alone. We tested to what extent two potential countermeasures
could decrease social loafing when people got tired. Further-

more, we investigated whether task characteristics played a role
in the sensitivity to fatigue and social loafing. We expected
complex, interesting tasks to be less vulnerable for fatigue and
social loafing than simple, relatively boring tasks.
Experiment 1
In the first experiment, instrumentality of individual efforts
was manipulated. On the basis of expectancy theory, we hypothesized that people would exert more effort when they worked
individually than when they worked in a group. When people
work on a group task and are promised an incentive for a good
group performance, they depend on all group members' efforts
for obtaining the incentive. However, when they work individually and are promised an incentive for a good individual performance, the relation between effort and outcome is more direct.
Thus, they have more influence on the process of obtaining the
bonus. Half of the participants were treated as individuals and
were promised a bonus for good individual performance. The
other half of the participants were treated as groups: Their individual scores were summed, and they were promised a bonus
for a good group performance. Possibilities for self-evaluation
were negligible, but evaluation by the experimenter was possible
in both conditions. Although in all three tasks the participants
received "microfeedback" after every trial (correct, incorrect,
or too late), no feedback was provided on the total results.

Method
Participants
Thirty-two students from the University of Utrecht participated in this
experiment. Because men and women might react differently to sleep
deprivation, it was decided to ask only male students to participate in
this experiment They were sampled from the participants pool available
at the TNO Human Factors Research Institute. Participants received the
normal compensation for this type of experiment (250 Dutch guilders,
which equals $125 US). The participants were randomly assigned to
one of the two conditions.

Procedure
The experiment was carried out in four runs within a 2-week period.
The first run started at 7 p.m. Monday and lasted until 4 p.m. die next
day; the second run started on Wednesday night and lasted until Thursday afternoon; the third and fourth run started again on Monday and
Wednesday night, respectively, the next week. In each run, 8 participants
came to the laboratory at the same time.
Half of the participants were assigned to the individual condition, the
other half to the group condition. These two conditions were changed
between runs: Participants in the first and the fourth run were treated
as individuals, participants in the second and the third run as groups.
Thus, we also ensured that day of the week was balanced over conditions:
Bach of the two conditions took place once on a Monday and once on
a Wednesday. All 8 participants in one run were submitted to the same
condition. Group treatment consisted of the following manipulations:
Immediately on arrival, the 8 participants were divided into two groups
of 4 persons each. They had to wear badges of different colors, thus
forming the red and the blue group. "Relaxing activities" such as ball
games or other sports, which were planned at the beginning of each
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session (see Table 1) were all carried out in these same 4-person groups.
Furthermore, although participants worked on individual experimental
tasks, they knew that the scores of all 4 group members would be
summed in order to be considered for a group bonus. Participants who
were treated as individuals were not divided into groups at arrival; all
8 had the same color badge, and the relaxing activities were played hi
groups of changing composition. Most important, they knew that they
could win a bonus for good individual performance. Thus, they did not
depend on other group members like the participants who were treated
as groups.
It was assured that the odds of winning the bonus were the same in
the individual and the group condition. In the individual condition, the
two best individuals per run could win an extra $25 on top of the normal
compensation. Thus, in the individual condition, the odds of winning
were 25%. In the group condition, the best 4-person group over two
runs could win $100 ($25 per person), making the odds of winning
also 25%. It was explained that if participants were considered for a
bonus, they would automatically get the money transmitted to their bank
accounts in about 4 weeks' time. The time between the experiment and
the actual payment of the money was intentionally made quite long, to
avoid participants' perceiving the bonus as a source of feedback or
evaluation potential during the experimental task performance.
Beforehand, participants were instructed that it would be a long and
tedious experiment, hard to accomplish, so it was recommended that
they not work too hard the day before the experiment, that they sleep
well, and that they not drink too much alcohol. For safety reasons, they
were summoned to come to the laboratory by public transport, and they
had to promise not to drive a car themselves. At arrival, participants
filled out an informed consent form.
Before the actual start of the experiment, all participants were trained
for a while. As specified in Table 1, the experimental work started at 8
p.m. The participants worked in five 3 %-hr sessions, all separated by a
half-hour break. Widiin each session, participants worked twice on all
three tasks. The order of the tasks within sessions was balanced over
the four runs. Every session started with a game or some sports, such
as football or bowling. These games were primarily scheduled in order
to allow participants a break from the computer tasks. Furthermore, in
the group condition they were used as a group manipulation as well. It
was only during these games and during die breaks that the 4-person
groups met as a whole; all the experimental tasks were carried out
individually in separate rooms.
During task performance, participants were not allowed to leave their
room, not even to visit the washroom (if necessary, they could do this

Table 1
Work Scheme for One Run and One Session
Time

Activity

19:00-1930
19:30-20:00
20:00-24:00
20:00-20:30
20:30-21:00
21:00-21:30
21:30-22:00
22:00-22:30
22:30-23:00
23:00-23:30
23:30-24:00
00:00-04:00
04:00-08:00
08:00-12:00
12:00-16:00

Arrival-instruction
Training
Session 1
Sports-game
Reaction time task
Contaminant monitoring task
Memory search task
Reaction time task
Contaminant monitoring task
Memory search task
Rest
Session 2
Session 3
Session 4
Session 5

in between two tasks, but this was restricted to a minimum). Eating and
drinking were only allowed in between the sessions, during the breaks.
Participants were asked to hand in their watches so that they would not
have any time cJues during task performance.

Tasks
Three individual computer tasks that differed in task characteristics
were used. All these tasks had been used in sleep deprivation or sustained
operations experiments before (Gaillard & Langefeld, 1993; Hockey &
Sauer, 1996; Steyvers & Gaillard, 1993).
Reaction time task (RTF; Boer, 1995; Frowein, Gaillard, & Varey,
1981). The participants were asked to identify digits (2, 3, 4, or 5)
made up of several dots shown on the screen. The digits were "degraded"—a number of dots were taken from the normal *'frame" to
be positioned at random around the digit (see Figure 1). The participants
processed 750 trials in 25 min. After each trial, the participants received
feedback on their performance: correct, incorrect, or too late. The measures analyzed were the following: number of correct responses, number
of incorrect responses, number of misses (i.e., too late), and mean
reaction time.
Memory search task (MST; Boer, 1995). In each trial, a memory
set of four letters was presented on the screen for 1,500 ms. This memory
set changed with every trial (varied mapping). Then a fixation cross
was presented for 500 ms, after which the target letter appeared. Participants had to assess whether this target letter belonged to the four-letter
memory set or not. They had 10 s to respond. As soon as they had
responded by pressing either the J or the F button ("yes" or "no,"
respectively), the next trial started. The participants were asked to process as many correct trials as possible in 25 min. The following measures
were analyzed: number of correct responses and number of incorrect
responses.
Contaminant monitoring task (CMT; Hockey, et al., 1993). The
participants had to monitor the quality of the work climate in a spaceship.
The concentration of certain gases in the air, as well as changes in
concentrations over time, should not exceed specified limits. The participants had to check the maximum allowed values and variations on a
status screen as compared with a reference screen. Every trial contained
one failure that the participants had to detect as quickly as possible.
Their task was to detect as many failures as possible in 20 min. The
measures analyzed were number of trials and number of correct
responses.
The RTT was machine paced; die other two tasks were self-paced.
The RTT and the MST were the simplest tasks and also the most boring
and monotonous. Little information processing was involved, as opposed
to the more interesting CMT, which required memory and calculating
skills.

Subjective Measures
At different times during the experiment, questionnaires were
administered.
Fitness at arrival. Participants were asked to state how many hours
of sleep they had die night before the experiment, how many alcoholic
drinks, and how busy a day as compared with their usual habit. This
scale was used to check that there were no significant differences in
fitness beforehand between the experimental groups.
Fatigue. At arrival, and after every session, participants were asked
to fill out a slightly adapted version of Meijman's (1992) scale. The
scale consisted of 17 items. On a 4-point scale, participants had to give
their preference for one of two extremes on a pole, such as alert versus
sleepy and problems concentrating versus no problems concentrating.
Subjective performance estimate. After every experimental task
(i.e., every half hour) participants had to assess their own performance.
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Results
Performance Measures
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The results of the ANOVAs are presented in Table 2 and Table
3, whereas the number of correct responses on the three tasks
is shown in Figure 2.
RTT. As expected, performance deteriorated over sessions,
especially in the group condition. The expected interaction between session and individual versus group treatment was significant: The participants who worked individually kept producing more correct responses over sessions than those who worked
as a group. Main session effects appeared on all three measures:
The number of correct responses decreased over sessions,
whereas the number of incorrect responses and misses, as well
as the mean reaction time, increased over sessions. As predicted,
trend analyses revealed that for all measures the performance
data over sessions could be best described with a linear model,
although a cubic model also fits the data, as can be seen in
Table 4. Main effects of the individual or group treatment occurred with two measures only: Those who worked individually
produced more correct and fewer incorrect responses than those
who worked in a group.

t» «M 4

Degraded and nondegraded digits in the reaction time task.

They were asked to state on a 5-point scale (ranging from much better
to much worse) how they thought they had performed the task as compared with the previous session.

Analyses
First of all, analyses of variance (ANOV\s) were carried out over
sessions (within-subjects variable: Sessions 1 - 5 ) and experimental conditions (between-subjects variable: individual vs. group treatment). Because the number of incorrect responses and the number of misses
were not normally distributed, these measures underwent a logarithmic
transformation. Furthermore, trend analyses were carried out in order to
check whether the trend over sessions was a linear one. Third, to be
able to make a direct comparison among the three tasks as far as their
sensitivity to fatigue and social loafing is concerned, we transformed
scores into standardized Z scores. On these data, again, ANOV\s were
carried out, and contrast analyses were used to test whether the effects
of the manipulations differed between tasks.

MST. Again as expected, the participants who worked as a
group performed more poorly over sessions than those who
worked individually. This interaction was found on both measures. Main session effects also occurred on both measures:
The number of correct responses decreased significantly over
sessions, whereas the number of incorrect responses increased.
Again, trend analyses showed that the performance data over
sessions could be best described by a linear model, although a
quadratic or cubic model also fits the data. A main effect of the
individual or group treatment appeared on only one measure:
The participants who worked individually produced fewer incorrect responses than those who worked as a group.
CMT. Also with the CMT, there was an interaction between

Table 2
Experiment 1: F Values From the Analyses of Variance for the RTF, MST, and CMT Over Sessions
and Individual Versus Group Treatment
Effect

df

Trials

Correct

Incorrect (log)

Misses (log)

Mean reaction time

.7.31*
14.31***
ns

ns
24.60***
ns

ns
13.26***
ns

F values RTT
Individual-group treatment
Session
Individual-Group Treatment X Session

1,29
4, 116
4, 116

6.16*
15.48***
4.20**
F values MST

Individual-group treatment
Session
Individual-Group Treatment X Session

1,28
4, 112
4, 112

Individual-group treatment
Session
Individual-Group Treatment X Session

1,28
4, 112
4, 112

ns
25.96***
3.64**

5.61*
9.38***
2.81*

F values CMT
20.49***
22.16***
6.75***

16.32***
16.20***
4.18**

Note. KIT = reaction time task; MST = memory search task; CMT = contaminant monitoring task. Interactions with p > .05 are omitted.
* p < . 0 5 . * V < .01. ***/><.001.
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Table 3
Experiment 1; Means From the Analyses of Variance for the RTT, MST, and CMT Over
Sessions and Individual Versus Group Treatment
Session
Measure
RTT
Correct
Individual treatment
Group treatment
Incorrect (log)
Individual treatment
Group treatment
Misses (log)
Individual treatment
Group treatment
Mean reaction time
Individual treatment
Group treatment
MST
Correct
Individual treatment
Group treatment
Incorrect (log)
Individual treatment
Group treatment
CMT
Trials
Individual treatment
Group treatment
Correct
Individual treatment
Group treatment

1

2

3

4

5

694.13
679.50

693.70
665.00

691.23
643.88

659.47
575.13

665.70
568.94

3.29
3.75

3.24
3.97

3.36
4.14

3.75
4.54

3.67
4.61

.59
.97

.39
1.11

.73
1.28

1.78
2.63

1.71
2.56

677.01
724.11

672.37
735.26

697.53
754.31

756.42
781.82

740.91
767.95

382.83
376.88

386.63
372.44

379.60
362.66

363.63
329.59

358.90
318.34

2.57
2.83

2.51
3.02

2.59
3.03

2.84
3.52

2.74
3.71

61.77
50.00

80.87
61.67

81.23
62.00

79.87
55.00

83.93
53.17

58.63
46.73

77.63
58.00

76.37
58.33

74.70
50.83

77.23
48.93

Note.. KIT = reaction time task; MST = memory search task; CMT = contaminant monitoring task.

individual versus group treatment and session: The participants
who worked individually showed more performance increase
than those who worked in a group for both the number of trials
and correct responses. Moreover, in the last session, the individual participants produced approximately as many responses as
in the second session, whereas the group participants deteriorated slightly. The session effect on the CMT was opposite to
that on the RTT and MST. Over time, performance did not
deteriorate but improved instead. This might be due to a learning
effect from Session 1 to Session 2. This learning effect even
overruled performance decrements in the later sessions. Trend
analyses showed that the sessions trend for the CMT could be
best described by a cubic model, although a quadratic model
would also fit the data. Main effects of the individual or group
condition appeared on both measures: The participants who
worked individually processed more trials and produced more
correct responses than those who worked as a group.
After having calculated standardized Z scores, we statistically
tested whether the effects of our manipulations differed between
tasks. First, we tested which task was most vulnerable to fatigue.
It can be seen from Figure 2 that performance on the CMT did
not deteriorate as much over sessions as did performance on the
other two tasks. Contrast analyses on standardized Z scores in
Session 5 revealed that session effects on the KIT and MST
indeed were significantly stronger than on the CMT, F(\, 28)
= 4.24, p < .05, and F(l, 28) = 12.28, p < .01, respectively.

This means that, as expected, the most complex task was less
sensitive to fatigue than the simple tasks. Second, sensitivity to
social loafing was tested. Figure 2 shows that on the CMT, the
individual participants performed better than the group participants right from the start. Their performance did not deteriorate
over time but even improved, whereas in the group condition,
performance on the CMT deteriorated slightly. The difference
between the two conditions seemed relatively large on the CMT
as compared with both the KIT and MST. This suggests, contrary to what was expected, that the participants loafed more
on the CMT than on the other two tasks. On the CMT, the
difference between the individual and group condition indeed
was significantly larger than on the MST F(\, 28) = 7.47, p
< .05. There were no significant differences between the other
tasks.

Subjective Measures
Fitness at arrival. Results showed that participants in the
two conditions did not differ from each other.
Fatigue. The scores on the fatigue scale increased over sessions, both in the individual and in the group condition, F ( 5 ,
145) = 73.89, p< .001.
Subjective performance estimate. All participants thought
their performance deteriorated over sessions. This was the case
with the RTT, F(4, 112) = 10.09, p < .001; the MST, F(4,
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Figure 2. Number of correct responses on the reaction time task (KIT), memory search task (MST),
and contaminant monitoring task (CMT) over sessions, individual versus group treatment, and feedback
conditions. Ind. = individual; Exp. = experiment.

112) = 6.84, p < .001; and the CMT, F ( 4 , 112) - 8.46, p
< .001. Participants in the individual condition did not report
differently from those in the group condition.

Discussion
Performance was expected to deteriorate over time, especially
in the group condition, because in a group, it is possible for
people to loaf if they do not feel like exerting any more effort
when they get tired. This turned out to be the case in all three
tasks: Differences in scores between the individual and the group
condition were the largest in the last two sessions. This suggests
that social loafing indeed becomes stronger under fatigue and
that individualizing the tasks (i.e., increasing the instrumentality
between effort and outcome) can buffer fatigue effects. That
participants indeed felt tired can be concluded from the scores
on the fatigue scale: Participants reported feeling more tired
over sessions. Surprisingly, participants were not very well able
to estimate their own performance. They thought they performed
worse over sessions on all three tasks, whereas in reality, performance on the CMT even slightly improved. Apparently, their
sense of fatigue "colored" their perception of their own performance. In this experiment, social loafing seemed to be the
strongest in the most complex task, which is opposite to what
was expected. One should keep in mind, however, that the interaction with fatigue might have played a role here. The simple

tasks were clearly affected by fatigue, which meant that even
an individual bonus could no longer motivate the participants to
perform well. Therefore, the difference between the two conditions is smaller than with the interesting task, which was not
affected by fatigue that strongly.

Experiment 2
In contrast with Experiment 1, in this experiment all participants were treated as groups, so as to provoke social loafing in
both conditions. We tested to what extent an increase of evaluation potential could serve as a countermeasure for social loafing.
Therefore, the opportunity for self-evaluation was manipulated.
We hypothesized that the participants would exert more effort
when they were provided with public feedback on their individual scores than when they got public feedback on the group
scores only. Although group feedback does give some information on potential performance decrements over sessions of the
group as a whole, and also some information on the results of
the group as compared with the other group, it does not give
people the possibility to compare their own scores with those
of others. Public feedback on all group members' individual
scores, however, gives the participant this possibility of selfevaluation. Rirthermore, other participants can see a participant's scores as well, which might function as an extra source
of motivation. Instrumentality was kept equal in both conditions:
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groups were given the prospect of getting a bonus for good group
performance.

Table 4
Experiment I: Results From the Trend Analyses
Measure

df

Procedure

Reaction time task
Correct responses
1st degree
2nd degree
3rd degree
4th degree
Incorrect responses
1st degree
2nd degree
3rd degree
4th degree
Misses
1st degree
2nd degree
3rd degree
4th degree
Mean reaction time
1 st degree
2nd degree
3rd degree
4th degree

1,29

16.45***
2.68
17.69***
11.01***

1,29

23.41***
.07
5.89*
3.87

1,29

31.37***
4.86*
26.74***
9.93**

1,29

19.56***
.25
13.95***
4.47*

Memory search task
Correct responses
1st degree
2nd degree
3rd degree
4th degree
Incorrect response
1st degree
2nd degree
3rd degree
4th degree

1,29

1,29

29.82***
14.80***
13.21**
7.31*
16.51***
1.29
1.29
3.81

Contaminant monitoring task
Trials
1st degree
2nd degree
3rd degree
4th degree
Correct responses
1st degree
2nd degree
3rd degree
4th degree

1,28

11.06**
41.33***
60.52***
.01

1, 28

4.55*
37.69***
54.16***
.06

*/><. 05. **p<.01. ***p<.001.

Both the participants in the individual and the group feedback
condition could win a similar group bonus.

Method
As in Experiment 1, 32 male students were sampled from the participants pool available at the Institute. We ensured that students who had
participated in Experiment 1 were not asked again. The same method
was used as in Experiment 1: The same tasks (KIT, MST, and CMT)
were used, the same procedure was followed, participants worked in
five sessions of 3 \ hr each, and all tasks were carried out twice in each
session. All participants were divided into 4-person groups, and the

After every session, the participants were provided with feedback on
their performance. Feedback was given by means of common Dutch school
grades (ranging from 1 to 10, with 10 being the optimal score), based on
the raw scores. The grades were public to all participants; they were written
on a large sheet of paper on the wall. Half of the participants got feedback
on their individual scores, half on (he group score only. As far as the
individual grades are concerned, for every task just one feedback score
was provided, based on the mean score from both task performances in
that session. To calculate group scores, we summed the scores from all
four group members (two scores per task) and divided by eight.

Analyses
ANOVAs were carried out over sessions (Sessions 1-5) and feedback
conditions (individual vs. group feedback). Again, the number of incorrect responses and misses underwent a logarithmic transformation. For
the within-subjects factor session, trend analyses were carried out. Furthermore, to compare the three tasks with regard to their sensitivity to
fatigue and social loafing, we again transformed scores into standardized
Z scores: ANOM^s were carried out on these scores, and through contrast
analyses, we tested whether the effects of session and the feedback
manipulations differed between tasks.

Results
Performance Measures
The results of the ANO\As are presented in Table 5 and Table
6, whereas the number of correct responses on the three tasks
is shown in Figure 2.
RTT. Expected significant interactions between feedback
and session appeared for number of correct responses and
misses: The participants who received group feedback performed worse over time, whereas those with individual feedback
kept their performance at about the same level. A main effect
for session occurred with all measures: The number of correct
responses decreased in the course of the experiment, and the
number of incorrect responses increased as did the number of
misses and the mean reaction time. This trend could be best
described by a linear model, although a cubic model would also
fit the data (see Table 7 ) . The main effect of feedback was
significant only for the number of misses.
MST
Again, as expected, there was a significant interaction
between session and feedback: The participants with group feedback performed worse over sessions, whereas the performance
of those with individual feedback did not deteriorate much. Main
effects of session were the following: The number of correct
responses decreased in the course of the experiment, and the
number of incorrect responses increased. Trend analyses revealed that this trend could be best described by a linear model,
although for some measures a quadratic or cubic model would
also fit the data. Next, there was a strong main effect of feedback
on the MST. The participants who got individual feedback performed better on both measures than those who got group feedback. The participants with individual feedback produced more
correct responses and fewer incorrect responses than those with
group feedback.
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Table 5
Experiment 2: F Values From the Analyses of Variance for the RTT, MST, and CMT
Over Sessions and Feedback Conditions
Trials

Correct

Incorrect (log)

Effect

df

Feedback
Session
Feedback X Session

1,30
4, 120
4, 120

ns
14.23***
3.58**

Feedback
Session
Feedback X Session

1, 30
4, 120
4, 120

5.60*
19.45***

Feedback
Session
Feedback X Session

1,30
4, 120
4, 120

Misses (log)

Mean reaction time

F values RTT
6.27*
20.75***
4.14*

ns
8.80***
ns

F values MST
5.62*
10.58***
8.70***

F values CMT
ns
13.93***
ns

ns
I 17***
ns

Note. RTT = reaction time task; MST - memory search task; CMT
Interactions with p > .05 are omitted.
*/?<.O5. * * p < - 0 1 . ***p<.001.
CMT. There was a main effect only of session, mainly due
to an increase in correct responses from Session 1 to Session
2. For the CMT, the session trend could be best described by a
cubic model, together with a quadratic model. There were no
significant interactions between feedback and session.

contaminant monitoring task.

To test whether in this experiment the simple tasks were more
sensitive to fatigue than the more interesting complex task, we
compared the performance on the three tasks in the fifth session
after having calculated standardized Z scores. These contrast
analyses revealed that session effects on the KIT and MST were

Table 6
Experiment 2: Means From the Analyses of Variance for the RTT, MST, and CMT
Over Sessions and Feedback Conditions
Session
Measure
RTT
Correct
Individual feedback
Group feedback
Incorrect (log)
Individual feedback
Group feedback
Misses (log)
Individual feedback
Group feedback
Mean reaction time
Individual feedback
Group feedback
MST
Correct
Individual feedback
Group feedback
Incorrect (log)
Individual feedback
Group feedback

1

2

3

4

5

693.53
689.22

694.66
683.97

689.25
667.84

673.72
614.69

668.75
624.63

3.30
3.50

3.33
3.40

3.48
3.76

3.55
4.24

3.60
4.13

.48
.66

.44
.67

.55
1.35

1.08
2.59

1.27
2.08

732.57
713.72

735.15
743.36

751.92
763.09

771.10
810.92

779.13
779.59

407.00
411.47

418.60
408.72

411.09
387.41

398.00
337.91

393.19
349.75

2.99
2.92

2.51
2.66

2.51
3.00

2.68
3.65

2.71
3.65

55.31
55.84

65.56
68.03

65.91
69.78

65.84
59.66

66.69
68.09

52.56
50.66

62.66
62.19

63.50
63.16

63.06
53.28

63.25
60.44

CMT
Trials
Individual feedback
Group feedback
Correct
Individual feedback
Group feedback
Note.

RTT = reaction time task; MST = memory search task; CMT = contaminant monitoring task.
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Table 7
Experiment 2; Results From the Trend Analyses
Measure

df

F

Reaction time task
Correct responses
1st degree
2nd degree
3rd degree
4th degree
Incorrect responses
1st degree
2nd degree
3rd degree
4th degree
Misses
1st degree
2nd degree
3rd degree
4th degree
Mean reaction time
1st degree
2nd degree
3rd degree
4th degree

1,30

16.35***
1.35
13.13**
7.48*

1,30

12.64**
.02
8.72**
.01

1,30

29 95***
.25
20.95***
4.20*

1,30

14.36***
3.09
3.28
2.84

Memory search task
Correct responses
1st degree
2nd degree
3rd degree
4th degree
Incorrect response
1st degree
2nd degree
3rd degree
4th degree

1,30

27.15***
1.61
16.07***
6.03*

1,30

9.82**
13.27**
17.14***
.39

Contaminant monitoring task
Trials
1 st degree
2nd degree
3rd degree
4th degree
Correct responses
1st degree
2nd degree
3rd degree
4th degree
*p < .05.

1,30

1,30

9.18**
23.34***
22.51***
3.47
5.68*
22.49***
19.39***
3.14

**p < .01. ***p < .001.

significantly stronger than on the CMX F(l, 30) = 5.94, p <
.05, and F( 1, 30) = 7.94, p < .01, respectively. Tiiis means that
like in Experiment 1, the most complex task was less sensitive to
fatigue than the simple tasks. Furthermore, we tested whether
in this experiment the simple tasks were more sensitive to social
loafing than the more complex task. Therefore, the differences
between the two feedback conditions were compared for all
three tasks. There turned out to be no significant differences
among the three tasks.

Subjective Measures
Fitness at arrival. The two feedback conditions did not
differ significantly from each other.

Fatigue. The scores on the fatigue scale increased over sessions for all participants, F(5, 145) = 73.15, p < .001. There
were no differences between the two feedback conditions,
Subjective performance estimate. For none of the three tasks
were there any differences between the participants who received individual feedback and those who received group feedback. There was, however, a significant trend over sessions:
Participants thought that their performance had become worse
over time. This was the case for the KIT, F(4, 120) = 15.17,
p < . 001 i t h e M S X f 1 ^ , 120)= 1 1 . 1 3 , / x .001; andtheCMT,
F(4, 1 2 0 ) - 3.80, p< .01.

Discussion
It was expected that performance would stay at higher levels
in the individual feedback condition than in the group feedback
condition, because in the latter condition social loafing was
expected to be stronger, especially at the end of the experiment
when people got tired. This indeed was the case with two of the
three tasks: Participants with individual feedback outperformed
those with group feedback, especially in the last two sessions.
These results justify the conclusion that social loafing as a result
of fatigue can be partly prevented by providing public feedback
on all group members' individual performance. If the individual
contribution to the group result can be identified by the other
group members, people are prepared to put more effort in the
task, even if they are tired and deprived of sleep: Providing
public feedback on all group members1 individual scores can
"buffer" fatigue effects.
Furthermore, we hypothesized that relatively complex tasks
would be less sensitive to social loafing than simple tasks. In
this experiment, this would mean that the difference between
the two feedback conditions should be larger with the RTT and
MST than with the CMT. However, no such significant difference among the three tasks was found.
General Discussion
This article describes two experiments on the interaction between fatigue and social loafing. In both concepts, the willingness to exert mental effort is assumed to play a key role: Fatigue
is supposed to result in performance decrements because of a
lowered level of general activation of the operator, which can
temporarily be compensated for by investing extra energy
through mental effort. Working in a group may result in performance decrements because of lowered motivation to exert effort
(social loafing). The tendency to loaf was expected to become
stronger when people get more tired. In the present experiments,
fatigue was induced in three ways, by letting people work on
each task (a) for a period of 25 min; (b) in sessions of 3 V2 hr
continuously; and (c) for approximately 20 hr in total, without
sleep. Thus, the combined effects of sleep deprivation and taskinduced fatigue could be studied. In two separate experiments,
two potential countermeasures against social loafing were tested.
The two countermeasures were selected on the basis of the
CEM (Karau & Williams, 1993). In this model, two theoretical
explanations for social loafing are integrated: expectancy theory
and social comparison theory. On the basis of expectancy theory,
in Experiment 1 we hypothesized that the instrumentality be-

SOCIAL LOAFING UNDER FATIGUE

tween effort and outcome would be clearer for participants who
worked individually than for those who worked in a group.
Therefore, the participants treated as individuals were expected
to perform better than those treated as a group. One should bear
in mind that increasing instrumentality by individualizing the
task is a radical countermeasure for social loafing, which can
not always be implemented in real work situations. However, in
spite of a limited applicability in practice, it is important that we
have this individual condition in our study, because it provides
reference scores for other experimental conditions. In Experiment 2, our hypothesis was based on social comparison theory:
The participants who could compare their scores with those of
others (because all individuals' scores were presented in public)
would perform better than those who could not. The possibility
of evaluating one's own scores, together with the knowledge
that others can do so as well, should motivate participants to
put effort into the task when they become fatigued. Tasks of
different complexity were used, so that we could study whether
the effects of our manipulations differed between tasks. Complex tasks were expected to suffer less from fatigue and to be
less sensitive to social loafing than simple tasks.
In general, as expected, the participants' performance deteriorated over time. However, the effects of fatigue were not the
same for the three tasks. Holding's (1983) conclusion that simple, relatively boring tasks are more vulnerable to fatigue than
more interesting tasks was confirmed in our study. A small
caveat should be made here. On the CMT, a learning effect
appeared, especially from Session 1 to Session 2. We do not
believe that this learning effect interfered much with the effects
of fatigue, because Hockey and Sauer (1996) reported that performance on the CMT improved only slightly over time. However, it is possible that some fatigue effects in this task were
counteracted by learning. Nevertheless, the present results support the notion that complex tasks are less sensitive to fatigue
than simple tasks.
We expected people to loaf more when they got tired (see
also Kerr & Bruun, 1981). This indeed turned out to be the case.
In both experiments, the differences in performance between
individual and group conditions (both individual vs. group treatment and individual vs. group feedback), were not very large
in the beginning of the experiment. It was only in the later
sessions that the participants in the group conditions performed
significantly worse than those in the individual conditions. The
fact that these differences in performance between the individual
and the group conditions became larger over time indeed suggests that the longer people have to work, the larger their tendency to loaf. This notion has serious implications for actual
work situations. If people have to work long hours or get tired
for other reasons such as working night shifts, the risk that
social loafing will occur is more salient than in normal situations. Especially in these situations, it is important to implement
countermeasures to reduce social loafing.
It might be surprising that in the present experiments social
loafing did not occur right from the start. Many researchers
(e.g., Harkins & Petty, 1982; Jackson & Williams, 1985) have
reported social loafing to occur even in a 20-min experiment.
Why did our participants not loaf right from the start? In most
traditional social loafing studies, participants are made to believe
that even the experimenter cannot identify the individuals' con-
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tributions or performance. In our experiments, however, evaluation by the experimenter was always possible. This might explain why the participants in our study did not loaf until they
got tired. Apparently, the importance of being identifiable to the
experimenter wears off within a few hours.
Another remarkable finding related to the length of our experiments has to do with the generally accepted buffering power of
cohesiveness. It is thought that in cohesive groups, group members do not loaf (Hardy & Latane, 1988; Karau & Williams,
1993). In our experiment, working almost 24 hr would have the
potential to make the participants more cohesive. Yet, they still
showed evidence of social loafing. This suggests that under
extremely tiring conditions, cohesiveness is not as good a buffer
against social loafing as would be expected.
The two potential countermeasures tested in this study (individualizing collective tasks and providing public feedback on
all group members' individual scores) turned out to be good
remedies against social loafing. This means that both increasing
instrumentality of own effort and increasing evaluation potential
motivate people to exert effort in a task when they work in a
group. In general, on all three tasks the participants in the individual conditions outperformed those in the group conditions.
This means that adding an individual component to a collective
work situation can help to reduce social loafing.
Complex tasks were expected to be less sensitive to social
loafing than simple tasks. With a complex, motivating task,
people are willing to put effort in such a task, whatever the
conditions under which they have to work. Far simple, less
interesting tasks, however, people need external stimulation in
order to perform well. Such stimulation is absent if people work
in a group in which their individual contributions and results
are not identifiable. Contrary to what was expected, the most
complex of the three tasks seemed most vulnerable to social
loafing. It seems that the apparent novelty of the complexity
factor wears off over time: Even a complex, relatively interesting
task loses its attractiveness after some hours.
In our experiments, no distinction was made between the
potential motivating effects of feedback itself (e.g., Kluger &
DeNisi, 1996) and the fact that it was provided in public. Providing people with feedback on their results always gives them
the possibility to evaluate themselves, either against their own
personal standards, against some externally set norm, or against
others. In our experiments, the participants received their scores
in the form of school grades, which can function as a kind of
objective standard. Harkins and Szymanski (1988) suggested
that this type of feedback alone reduces social loafing, even if
it is not provided in public: It gives people the opportunity for
self-evaluation against a certain norm, but without the possibility of self-validation against others' scores and without the fear
of other participants' evaluating their scores. For this reason, in
a follow-up study we investigated the differences between private and public feedback (Hoeksema-van Orden, Gaillard, &
Langefeld, 1998) to explore whether publicity results in extra
motivation on top of the motivation already induced by the
feedback itself. The results suggest that public feedback indeed
is a better motivator than private feedback.
In conclusion, the present research clearly shows that social
loafing becomes stronger when people get tired. Working in a
group is not always a good remedy against fatigue, although
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intuitively one would say so. Performance-deteriorating effects
of working in a group, on the one hand, and of fatigue, on the
other, apparently can interact. In all group work where fatigue
plays a role, it is necessary to take measures against social
loafing. This is especially important if people have to work long
hours (e.g., sustained operations) or if there is a greater risk of
fatigue effects (e.g., shift work). Increasing instrumentality and
increasing evaluation potential both are good countermeasures
against social loafing.
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