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ABSTRACT

Because of its central role in system development, workload measurement has been extensively

researched.

which can be classified as either subjective, physiological, or behavioral meZsures.

These efforts have produced a variety of workload assessment techniques, many of

These

categories of measures can vary along several dimensions that can be used as criteria in selection

of a technique for a particular application.

tivity, diagnosticity, aad intrusiveness associated with a technique.
design can require techniques that differ on the noted dimensions.

The proposed selection criteria include the sensi- .

Different stages of system
Since no technique is capable

of meeting all of the applicable criteria, a comprehensive approach to workload assessment will

require a battery of subjective, physiological,

and behavioral measures.

Future research dealing

with comparative evaluation of the various assessment techniques along the noted dimensions will
be required in order to refine workload metric selection criteria.

INTRODUCTION

The system developma2nt process consists
of a series of stages which range from concep-
tual development through test and evaluation
of the system. Although a variety of human
factors engineering functions (e.g., control/
display design; function allocation) are
performed during the various stages, the
primary purpose of many of these functions
is to ensure that system demands do not exceed
the information processing capabilities of the
operator. Processing overload represents a
major factor that can coatribute to decrements
in operator performance and to degradations in
system effectiveness.

Workload assessment techniques are princi-
pally designed to measure the degree of operator
processing capacity which is expended in
performing a particular task or system function.
By measuring expended capacity, existing or
potential processing overloads may be identi-
fied and breakdowns in operator performance
avoided. Adequate workload assessment proce-
dures are therefore critical to many of the '
human factors functions that are performed
throughout the design process.

Because of its central role during system
design, workload measurement has been exten-—
sively researched in recent years. A wide
variety of procedures have been proposed to
measure workload, but most empirical techniques
can be classified as belonging to one of three
major categories: (1) subjective opinion
measures (e.g., rating scales), (2) physiolog-
ical techniques (e.g., evoked cortical poten-
tials), and (3) behavioral measures. The
behavioral category is typically divided into
two major procedures, primary and secondary
task techniques.” Primary task procedures
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measure the adequacy of operator performance
on the task or system of interest, while
secondary task methodology indexes primary
task capacity expenditure by assessing the
operator's capability to perform a second
concurrent task. All three major classes of
measures have been employed with varying
degrees of success in a variety of appli-
cations (0O'Donnell & Eggemeier, 1985;
Wierwille & Williges, 1978).

The availability of several classes of
workload assessment techniques raises several
issues for the system designer, one of which
is the choice of the type of techniques(s) to
be employed-in a given application. The poten-
tial importance of this choice is underscored
by the fact that when several measures of load
have been applied together, they sometimes
exhibit a pattern of dissociation (Eggemeier,
Crabtree, & LaPointe, 1983; Wickens & Derrick,
1981; Wickens & Yeh, 1983; Wierwille & Casali,
1983). Current workload theory maintains
that the noted dissociations may be at
least partially attributable to two factors:
(1) the nature of the relationship between
levels of workload and the adequacy of operator
performance, and (2) the characteristics of the
processing capacity limitations within the
human system. These approaches to dissociation
suggest two criteria that can be considered
in choice of an assessment technique.

Both criteria are related to the type of ques-
tion that is to be answered by the workload
measure, and indicate that some techniques

may be more appropriately applied than others
in addressing particular objectives during
system design. In addition to the specific
objective to be addressed by the workload
measure, an important factor related to the
choice of an assessment technique deals with
the potential of the procedure to .disrnnr an—
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going primary task performance. Such disrup-
tions can be more critical during some phases
of design than others, and should be consid-
ered in choosing a techuique. Taken together,
these criteria provide some basis for
evaluating the usefulness of a technique for a
particular purpose. The following section
outlines the suggested criteria in more detail,
and illustrates their application to the

major categories of assessment techniques.

WORKLOAD TECHNIQUE ZVALUATION CRITERIA

A number of criteria applicable to work-
load assessment techniques have been proposed
in the recent litecature (e.g., Eggemeier,
1984; Shingledecker, 1983; Wierwille &
Williges, 1978). Several of the criteria
are related to the factors aoted above, and
include the (1) sensitivity, (2) diagnos-—
ticity, and (3) intrusiveness associated with
various techniques.

Sensitivity

The semsitivity of a technique is deter-
mined by its capability to discriminate
differences in loading imposed by a task or
system function. At a very general level,
sensitivity is related to the hypothetical
function which relates workload levels to the
adequacy of operator performance. This
function can be characterized as consisting
of at least two regions, one incorporating
jow to moderate levels of load, while the
second spans higher levels of loading. Imn
the first region, increases in workload are
typically not accompanied by variations in
‘performance, since the operator has suffi-
cient spare processing capacity to compensate
for such increases and nmaintain primary
task performance. The second or higher work-
load region, on the other hand, is charac-
terized by a monotonic relationship between
load and performauce, since it is assumed
that spare processing capacity has been
exhausted and the operator can uo longer com~
pensate for increased demand. The proposed
hypothetical relationship suggests that primary
task measures will be relatively insensitive
to variations in loading levels in the first
region, but will discriminate increases in
workload in the second region where processing
overloads exist. Other techniques (subjective
measures, secondary task methodology, physio—
logical measures) which are intended to index
the degree of expended effort or processing
capacity, should, however, be sensitive to
loading levels in the first region where no
overload exists.

An example of such differences in sensi-
tivity between primary task measures and a
subjective metric are 11lustrated in Figure 1,
which is adapted from Eggemeier et al. (1983).

Subjects in this experiuent performed a short-
term memory task at three interstimulus inter=
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Figure 1. Mean Subjective Workiload Rating
and Memory Error as & Function pf Inter-—
stimulus Interval (From: Eggemeier et al.,
1983).

vals, and rated the workload associated with
each demand level using the Subjective Workload
Assessment Technique (SWAT). As is clear from
Figure 1, SWAT ratings varied substantially as

a function of demand level, while no signifi-
cant differences were obtained in the primary
task measure of memory errors. This patterwu of
dissociation is comsistent uith the expectatioits
of the hypothetical workload-performance rela-
tioaship, and can be interpreted as suggesting
that primary task performance was maintained at
a cost of increased effort/capacity expenditure,
which was reflected in the subjective measure.

A similar example of dissociation was receuntly
reported by Schifflet, Linton, and Spicuzza
(1982), who employed a secondary memory seacch
task to discriminate loazding differences in

two display options. .These differences were not
reflected in measures of the primary task per-
formance associated with the options.

The pattern of dissociation predicted by
the proposed workload-performance function
suggests that the use of primary task procedures
versus other metrics should be based ou the
objective that is to be addressed by the work-
joad measuce. Lf the objective is to determine
if processing overloads that are associated with
degraded performance actually exist, primarty
task measures should be employed. On the
other hand, if the objective is to evaluate the
potential for the overload between two design
options (e.g., displays) that yield adequate
primary task performance, then a potentially
more sensitive metric (e.g-, subjective, secon”
dary task) -should be employed. This objective
would be important when the designer anticipates
that other factors (e.g., environmental stress” ,;
ors) might contribute acditional demand that .
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would be sufficient to overload the operator
and cause degraded performance.

Diagnosticity refers to the capability of
an assessment technique to discriminate differ-
ences in the loading imposed on specific pro-
cessing capacities/resources wvithin the human
system. This criterion is based upon the nul-
tiple resources theory (e.g., Wickens, 1984)
regarding the nature of operator processing
capacity limitations. In essence, this theory
proposes tnat the processing capacity expended
during task performance is not unitary, but is
drawn from several independent sources or pools,
each with its own limited capacity/resources.

An important implicatioa of this approach is
that it is possible to overload or fully expend
the resources associated with one source, vhile
not exhausting the resources of another pool.
One current version (Wickens, 1984) of multiple
resources theory maintains that perceptual and
central processing functions draw on one
resource pool, while motor output functions drav
on another pool. Under this approach, a work-
load metric that was maximally sensitive to
motor output capacity expenditure might not
reflect variations in perceptual and central
processing loading, and would be highly diagnos-—
tic of motor demand.

This type of diagnosticity has been demon-—
strated by a secondary interval production task
in a series of experiments conducted by Shingle-
decker, Acton, and Crabtree (1983). The inter-
val production task (IPT) was performed concui-
rently with three other tasks, including
suberitical tracking (motor resources), memory
search (central processing resources), and
display monitoring (perceptual resources). De-
mand levels in the three tasks were manipulated
by varying the level of instability (lambda) in
the tracking task, the number of items to be
searched in the memory task, and the number of
displays and discriminability of signals in the
monitoring task. As illustrated in Figure 2,
IPT performance demonstrated a marked sensitiv-
ity to demand manipulations in the tracking
task, but showed little or no sensitivity to
similar maunipulations in the memory task. The
monitoring task results were essentially the
same as those illustrated for the memory task,
with the IPT failing to reflect any significant
differences as a function of loading levels.

Similar patterns of diagnosticity has
been shown with the event-related brain poten-—
tial (Isreal, Chesney, Wickens, & Donchin,
1980), and with other secondary tasks (Wickens
& Kessel, 1980). On the other hand, other
physiological metrics such as pupil diameter
(Beatty, 1982) and some workload rating scales
(Reid, 1985) appear sensitive to a variety of
different demands. These data suggest that
subjective rating scales and some physiological
measures are not particularly diagnostic, and
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Figure 2. Mean Interval Production Task
Performance as a Function of Difficulty
Lavels in Two Tasks (From: Shiugledecker
et al., 1983).

are sensitive to capacity expenditure through-
out the system. Other physiological measures
and some secondary tasks such as those noted
above, however, appear to be highly diagnostic.
Comparisons of workload indices from a
generally sensitive metric with those from

a highly diagnostic procedure could result in
a pattern of dissociation, since the two tech-
niques would be providing somewhat different
information about the load imposed by parti-
cular system demands.

Such differences in diagnosticity suggest
that different types of measures can play
complementary roles during system design. Less
diagnsotic measures could serve as initial
screening devices to detect high levels of
loading during any phase of task performance,
while more diagnostic procedures could be
subsequently used to identify the particular
source (e.g., central processing vs. motor out-
put) of any such overloads. Choice of an assess-—
ment technique on the basis of the diagnosticity
criterion, would, therefore, be dependent on the
objective to be met by measuring the workload.

Intrusiveness

Intrusiveness is a third important charac-
teristic of workload assessment techniques, aud
refers to the tendency of a procedure to cause
degradations in on-going primary task perfor-
mance. Such intrusiveness can be undesirable,
since a technique which disrupts primary task
performance may not accurately reflect the
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levels of load that would ordinarily by imposed
by unimpaired performauce. Significant levels
of intrusion can therefore cause problems in
interpreting the results generated by use of an
assessment procedure.

The interpretation problems associated with
intrusion may, however, be less seérious in some
jastances than in others. For example, au
investigator conducting a comparative evalua-
tion of two display options might not be parti-
cularly concerned if the workload technique
employed caused limited aud ecuivalent decre-
ments in the primary task performance associated
with each option. Since the intent in this case
is evaluation of the relative levels of load
inposed by each option, valid conclusiouns could
be drawn even though sone intrusion was present.
In these types of situations, a second set of
considerations related o practical constraints
imposed by the system design process may place
additional limits on the degree of intrusiveness
that is acceptable. The importance of degrada-—
tions in pcimary task performance associated
with iantrusion can, for example, varcy as a
function of the stage of the design process
which is under comsideration. Levels of pri-
mary task iutrusion that are acceptable in
mockups or simulations that are typically
associated vith the earlier stages of design
might not be acceptable during later in-flight
test and evaluation of a prototype aircraft, due
to the potential compronises in system safety
javolved. Choice of a workload measurement
procedure on the basis of intrusiveness should
therefore also take into account the practical
aspects of the environment in which the
measurve is to be taken.

Despite the theoretical aad practical
importance of intrusion, the comparative data
base related to the degree of intrusiveness that
is typically associated with the various classes
of workload assessment techniques is minimal.
Although some steps touard establishment of
such a data base have been taken recently
(Shingledecker et al., 1983; Wierville & Casali,
1983), the data are not yet complete. Data
from individual applications of each class of
technique (0'Donnell & Zggemeier, 1985), hou-
ever, suggest that secondary task measures nay
hold the greatest potential for intrusion.
Subjective techmiques that are typically applied
at the completion of a task appear at present
to minimize intrusion difficulties. Physiolog-
ical measures that require no additional
behavioral response on the part of the operator
apparently also tend to limit the possibility of
intrusion, although the use of some of the
equipment (e.g., recording electrodes) required
for these measures could pose a potential in—
trusion problem in some environments.

CONCLUSIONS

As is apparent from the foregoing discus-
sion, none of the major classes of workload

assessment techniques is totally capable of
satisfying all of the odjectives and meeting
all of the constraints suggested by the three
dimensions that have bezn proposed. Particular
techniques are capable of meeting some criteria
but not others, and a tachnique that is ideal
for oue application may not be as acceptable in
another. Foc example, the requicement for a
highly diagnostic assessment procedure for
application in a simulation enviroament in which
the potential for some intrusion does not rep-
resent a major practical problem could be met
by a secondary task techaique, while the need
for a more globally sensitive measure in an
operations environment that would not permit
intrusion or extemsive instrumentation might be
more appropriately met dy a subjective .
measurcment pcocedure. Coasequently, a compre-
hensive approach to workload assessment during
system design curreatly requires the use of a
battery of techniques, including subjective,
physiologzical, aud behavioral procedures.

Although some general guidelines for appli-
cations of workload assassment techniques during
system design caa be derived from curreut theory
and data, additional comparative research is
required in order to further refine the current
bases for choosing a technique. It has already
been noted that the comparative data base in
jatrusivenss is limited, aud the same is true
of the sensitivity aand diagnosticity dimensions.
For example, although it is assumed that appli-
cation of subjective, physiological, or second-
ary task techniques can provide more sensitive
indices of capacity expesanditure under noderate
demand levels than primary task measures,
the data directly compariag these potentially
more sensitive techniques uuder standard loading
levels is very limited. Likewise, althouzn
there are instances in which the diagnosticity
of particular secondary tasks has been demon-
strated, these are also extremely limited and
additional research is required to investigate
the pattern of diagnosticity that night be
associzted with other tasks. Research efforts
of these types that are related to the proposed
¢imensions should substantially contribute to
the data base that can be used for choosing a
workload assessment procedure for particular
applications during system development.
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