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A model of human response to workload stress 

MornA LEMAY, FRANCES LAYTON, and DAVID J. TOWNSEND 
Montclair State College, Upper Montclair, New Jersey 

When faced with decreased time to complete a task, operators often hold performance constant. 
When workload is excessive, this is not possible and operators may speed work and ignore errors 
or fail to finish the task. In this experiment, we forced a choice among policies by decreasing 
time allowed for a task until it could not be completed. Operators established a baseline time 
to perform a standard task, and times were decreased to 80%, 60%, 50%, 40%, and 30% of this 
baseline. Operators were able to decrease time per subtask by 20%, but no further decreases were 
observed as time demands increased. Errors remained constant over all conditions. The data sup
port the view that increases in task demand produce increases in resources that are adequate 
for small demand increases but insufficient for great task demands. 

Modem automated systems often require that a variety 
of tasks be assigned to a human operator, since automa
tion of routine tasks itself creates a need for supervisory 
functions (Moran, 1983). Since each operator controls a 
large segment of an automated system's operations, the 
impact of operator performance is greatly increased. The 
time an operator takes to perform a task, and the possi
bility of operator errors, can become important, and pos
sibly limiting, factors in computer systems. The study of 
interactive computer systems has received considerable 
attention in the literature (Kantowitz & Sorkin, 1983; 
Schneiderman, 1980). In particular, the task of text edit
ing has been analyzed as a representative interactive com
puter task (Card, Moran, & Newell, 1983; Ledgard, 
Whiteside, Seymour, & Singer, 1980). Card et al. (1983) 
have proposed a model of operator behavior in computer 
tasks in an attempt to predict an individual's actual se
quence of operations, along with the time it will take that 
individual to do the job. 

A previous study on workload measurement in a large 
interactive computer system (leMay & Hird, 1986) has 
indicated that workload can be assessed on the subtask 
level, thus allowing for separate assessment of subtask 
and whole task times. This makes it possible to increase 
objective load on an operator's processing capacity by 
reducing the time that is allowed for a whole task. In
creased operator output can then still be measured by the 
time required per subtask, even though total task time is 
determined by the experimental situation. This yields a 
time line analysis measure of workload (Wickens, 1986). 

Workload can also be measured by obtaining subjec
tive ratings of mental load, introducing a secondary task 
to gauge its effect on the primary task, and measuring 
certain physiological responses. Introducing a secondary 
task has recently taken on more importance, because au-
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tornation imposes demands from multiple sources on a sin
gle operator's capacity. Thus, models of operator process
ing capacity such as the undifferentiated capacity models 
of Kahneman (1973) and Moray (1979) or the multiple 
resource model of Wickens (1984, 1986) have been con
cerned with changes in performance among time-shared 
tasks. However, the sequential nature of many computer 
tasks lends them well to a time line subtask analysis, in 
.which a representative task is divided into subtasks, and 
operator workload is measured as the ratio of time re
quired to time allowed for a subtask. 

Of course, a major advantage of computer systems is 
the ease of error correction, and an advantage of human 
operators is that they detect and correct their own errors. 
Thus, the combination of the human operator and the com
puter results in few overall significant errors under nor
mal circumstances. However, the introduction of an in
creased workload did result in increased errors in leMay 
& Hird (1986), and thereby increased the risk of a sig
nificant error's going undetected. Thus, workload mea
sures and workload effects are not trivial. 

This is not true, of course, in word processing systems, 
where undetected errors may result merely in incon
venience. However, word processing has been considered 
a prototypical interactive computer task (Card, Moran, 
& Newell, 1983; Ledgard, Whiteside, Seymour, & Singer, 
1980), and principles developed on the basis of this task 
can probably be generalized to other computer tasks if the 
unique properties of the task are taken into consideration. 
In the present study, we examined the relationship between 
increases in workload and the policies an operator em
ploys in performing a standard task. When faced with an 
increase in workload, an operator has three choices: 

1. Increase working speed to increase output, and ig
nore increased uncorrected errors. 

2. Work as carefully as usual and ignore the possibil
ity of not getting done on time (a "haste makes waste" 
policy). 

3. Use some combination of these, involving a speed
up of work along with some attention to error correction. 
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The best policy is obviously a function of the task and 
its priorities. Nevertheless, it should prove useful to de
termine which policy leads to the greatest productivity. 
In previous studies of workload (Moray, 1979; O'Donnell 
& Eggemeier, 1986; Wierwille, Williges, & Schiflet, 
1979), it has been found that, under increased workload, 
operators tend to adapt to the task and hold performance 
constant, indicating that the third policy may be followed 
most often. In the present study, we attempted to force 
a choice of policy by decreasing the time allowed for a 
task until it could not be completed. Thus, the policy pur
sued by an operator should become evident in (1) de
creased time required for each subtask and increased 
errors (Policy 1 above), (2) increased time per subtask 
and no increase in errors (Policy 2), or (3) decreased time 
for each subtask, with little or no increase in errors 
(Policy 3). It was hypothesized that operators might in
crease their output of work while experiencing an increase 
in workload up to a certain decreased level of allowed 
time without any increase in errors or changes in policy; 
that is, they would adopt Policy 3. Beyond that point, 
operator errors would start to increase and time required 
for each subtask would level off, causing the workload 
ratio to increase at a slower rate. 

METHOD 

Subjects 
Ten experienced computer users, drawn from a college student and 

faculty population, served as subjects in the experiment. All were familiar 
with the use of WordPerfect. 

Apparatus 
The experiment was run on an mM XT, programmed with Word

Perfect 4.2. An additional program recorded and timed each keystroke. 
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Seven 46-line segments of text with an error density of .5 modifica
tions per line, marked in red ink, were prepared and printed out as ex
perimental materials. Errors, which were inserted randomly in the texts, 
consisted of "type overs" of no more than two letters or punctuation 
marks. These constituted the subtasks of each total computer task. The 
completion of a total task meant fulfilling the goal of producing a text 
segment on the screen with all the marked errors corrected. 

Procedure 
The computer was loaded with WordPerfect and the keystroke tim

ing program, as well as a text segment with uncorrected errors. A print
out of that segment was face down beside the keyboard. A clock and 
an index card containing a 7 -point time stress scale, where 1 indicated 
low time stress and 7 indicated high time stress, were plainly visible 
to the operator. 

The first trial was a practice trial. This was followed by a trial in 
which the operator performed the task at a "comfortable" speed with 
no time pressure. At the end of each correction, operators pressed one 
of the number keys on the keyboard, giving a rating on a scale from 
I to 7 for the amount of time stress involved in that correction (sub
task); this was used as a timing device, as described by leMay and Hird 
(1986). At the end of the trial, the operators were informed of the amount 
of time they had taken for the whole task, and this established a base
line of 100% for that operator, from which time decrements of 80% , 
60%,50%,40%, and 30% were calculated. 

RESULTS 

The mean of the subjective time stress ratings (R) was 
obtained for each time decrement, as is shown in Figure 1. 
Subjective ratings of time stress increased as time allowed 
decreased [F(5,40) = 5.40, P < .01]. The increase in 
subjective ratings is not as great as might have been ex
pected for such severe reductions in the time allowed for 
the task. 

The number of subtasks completed in the 100% trial 
was divided into the amount of time required to complete 
it to obtain the mean time required per subtask in that trial. 

60% 50% 40% 30% 

Allowed time 

Figure 1. Mean subjective ratings of subtasks in a text editing task as a function of decreases 
in time allowed (Ta) to do tbe task. 
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Figure 2. Mean workload (W) as a function of decreasing allowed time for a subtask. 

Since no time pressure was put on the users in this trial, 
this was also the time allowed, and so the workload ratio 
was one for that trial. This time was then used as the ba
sis for determining the (shortened) time allowed in sub
sequent trials. 

Mean workload ratio was obtained for each shortened 
allowed time. Allowed time had a significant effect on 
workload ratio [F(4,32) = 27.88, p < .01]. This is il
lustrated in Figure 2, where both an expected and an ob
tained workload ratio are plotted as a function of allowed 
time. The expected workload ratio was calculated by 
dividing the time required for the 100% trial by the time 
allowed for each shortened trial. The obtained workload 
ratio is a more or less constant percentage of the expected 
ratio. Thus, operators increased their output per unit time 
by a constant amount, regardless of increasing demand. 
The subjects decreased required time per unit task to 80% 
of normal, but they did not decrease it any further as de
mands increased. 

Decreasing allowed time had no effect on the mean 
number of uncorrected errors (F < 1). A somewhat 
higher error rate was observed in the first, 100%, trial, 
but this may be a practice effect. All the error rates ob
tained were below 1 % . 

DISCUSSION 

Operator workload, as measured by both subjective ratings and the 
workload ratio, increases with the imposition of decreasing amounts of 
time allowed for a short task. This is to be expected. However, it is 
the nature of the relationship that is of interest. Despite the fact that 
very large demands were made on operators in this study, there was 
only a very shallow rise in subjective workload ratings. Evidently, com-

petent operators in an interactive computer task do not experience a heavy 
SUbjective workload even under severe time pressure. 

Operators in the present study did not seem to reach the point of 
"resonance loading" suggested by Tulga and Sheridan (1980), despite 
the time pressure. The idea of "resonance loading" suggests that, when 
workload reaches unity and beyond, there is a point at which subjective 
stress reaches a maximum and after which it decreases as the operator 
realizes the impossibility of task completion. This was certainly the case 
in the experiment reported here, since workload was well beyond unity. 
Instead of reaching such a point, subjective ratings continued to increase 
as further demands were made, in spite of the fact that the policy adopted 
by the operator was clearly a modified version of Policy 2 mentioned 
above, since there was no increase in errors. Operators speeded up their 
performance so that subtasks were performed in about 80% of the time 
they would normally take, regardless of how fast they were asked to 
perform them. T &ken together, these findings indicate that operators 
can increase their output by small amounts when there is a small increase 
in subjective stress, but that they are probably not able to increase it 
any further, since the only effect of increasing demand is an increase 
in subjective workload ratings. If operators are simply unwilling to work 
as demanded, there should be no significant increase in ratings. 

Thus, it seems that operators have a limited ability to compensate for 
increasing task demands by increasing their output per unit time. This 
has implications for many typical user tasks, which frequently involve 
long periods of very low activity level interspersed with short bursts 
of greatly increased activity. If a task requires a sudden increase in out
put, by how much can user production be expected to increase, as ex
pressed in terms of a normal output rate, and what is the effect of the 
increase on error rate? This study seems to indicate that operators can 
decrease time to perform a task with virtually no error increase, but 
that this decrease is limited to a percentage of normal task time. Thus, 
operators have a limited capacity to increase work output in response 
to increasing task demands. 

The tasks required in this study always demanded full operator atten
tion on a single information-processing channel. If attention is thought 
of as a single resource (Kahneman, 1973; Moray, 1979), the data sup
port the view that an increase in task demand produces an increase in 
resources that is adequate for small demand increases but that quickly 
becomes insufficient for greater ones. For operators in this situation, 
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increase in output was small indeed, but this may simply be because 
demands on a voluntary subject in an experiment do not have the same 
force as real job demands. The point at which operators hold their per
formance constant might also be expected to vary with task and opera
tor skill level. These possibilities require further investigation. 

The findings also show that increasing workload on this task, which 
might be considered visual-verbal in terms of multiple resource theory 
(Wickens, 1984) , reveals the limits on operator capacity. However, mul
tiple resource theory would predict that, for example, a spatial or audi
tory task might be performed simultaneously with text editing and in
terfere with it very little. Informal observation of people at work seems 
to confirm this , and Derrick (1988) has presented data to show that per
formance decrements on shared dissimilar tasks were smaller than those 
on shared tasks that were similar in resource demand. Combining dual , 
dissimilar tasks with increases in workload on a single task might not 
produce a much greater decrement than that produced in the present 
study, if multiple resource theory predictions are upheld. This requires 
further investigation. 

Primary task measures of workload such as the one used here are some
times seen as insensitive, since operators may use spare capacity to deal 
with increases in workload while maintaining constant task performance 
(O'Donnell & Eggemeier, 1986). This would occur only under moder
ate workload conditions. In this study, by increasing workload beyond 
normal output levels, we have presented a technique that could be used 
with a number of primary task measures to render them sensitive to differ
ing task demands. 

The procedure can also be adapted to the common situation in which 
a very low activity level is interspersed with a burst of greatly increased 
workload. In this situation, it would be useful to know by how much 
user output might be expected to increase relative to normal output, and 
what effects, if any, there would be on error rate . The study reported 
here presents a method for determining the effects of increased time 
demands on operators of complex, interactive, computer-based systems. 
The method must be adapted to each particular job, but it should prove 
useful in a number of situations. 
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