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EXECUTIVE SUMMARY

This report documents the results of a preliminary evaluation of a Pilot
Objective/Subjective Workload Assessment Technique (POSWAT). The study employed a
critical tracking task, in which 24 subjects (pilots and nonpilots) viewed an
analog display of the error between operator input and system output, while
correcting with opposite pressure on a joystick. The purpose was to determine if
there was a relationship between participant responses on a 10-point scale
administered during task performance and tracking task difficulty. Eight measures
were used in the data analysis and results were verified statistically. The eight
measures were critical lambda (degree of system instability), operating lambda,
effort rating (a subjective measure), rating response delay, mean tracking error,
mean log tracking error, mean stick deflection, and mean log stick deflection.
Following a brief review of the workload literature, the experimental methodology
is described. The data analysis section includes the questionnaire used.

It is generally concluded that POSWAT used for measuring effort rating and rating
delay on a regular basis during this experiment 1is minimally intrusive, is
informative, and merits further evaluation in a cockpit environment. More
specifically:

1. Subjects were able to discriminate levels of effort involved in controlling a
critical tracking task at four distinct difficulty levels wusing the POSWAT
technique.

2. Nonpilot subjects obtained significantly lower critical lambda values
(divergence rates) and reported significantly higher effort than pilot subjects.

3. Response delays did not vary as a function of difficulty level.
4, Subjects were unable to identify difficulty level presentation order in the
post-test debriefing session. This contrasts with their discrimination obtained
from the minute-by-minute effort rating using the 10-level keyboard.
5. Effort rating varied as a function of the log of stick deflection or tracking

error more closely than with difficulty level as defined by proportion of critical
lambda.
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INTRODUCTION
PURPOSE.

The purpose of this report is to document the results of a preliminary evaluation
of a Pilot Objective/Subjective Workload Assessment Technique (POSWAT). The
technique is intended for use in evaluating the potential impact associated with
changes in cockpit procedure and instrumentation, such as those resulting from the
introduction of a Cockpit Display of Traffic Information (CDTI). The technique
would serve as an appropriate workload measurement method that would provide a
common basis for assessing the results of many individual experiments. This study
employed a two-axis, compensatory critical tracking task, in which 24 subjects
viewed an analog display of the error between operator input and system output,
while correcting with opposite pressure on a joystick. The purpose is to determine
if there is a relationship between participant responses on a subjective 10-point
scale administered during task performance and objectively predetermined tracking
task difficulty. If participant responses reliably change as a function of task
difficulty, then the workload assessment tool has application in future simulation
and operations in which pilot workload is measured. The research was conducted at
the Federal Aviation Administration (FAA) Technical Center, Atlantic City, New
Jersey, as part of a joint NASA/FAA program. The issue that the current research
wishes to address concerns the effect of CDTI on pilot workload. Pilot workload
imposed by equipment design and/or operational procedures is a major coancern. To
date, it has not been possible to develop stable measures which are useful and can
reliably predict workload in varying flight situations. Further, the growing
number of system errors, the anticipated growth of traffic, the necessary increases
in automating the current air traffic control (ATC) system, probable changes in the
traditional roles of the controller and pilot, and the evolution to the more flight
efficient aircraft designs, make a comprehensive workload research program
imperative (Albrecht, 1981). To this end, a series of general aviation simulation
and operational flight studies will be carried out at the FAA Technical Center to
evaluate the CDTI concept and its effect on the level of pilot workload. However,
before these studies can be accomplished, measurement methods must be established
and pretested to confirm both empirical and face validity.

BACKGROUND.

Since the advent of a scientific concern for man-machine relationships,
investigators have been trying to evaluate workload as an indicator of how well
equipment design interfaces with the needs and limitations of human operators.
Prior to undertaking the current research, a comprehensive review of the workload
literature was completed (Rehmann, 1982). Results indicate a relative consensus
among investigators that measurement of workload is no simple affair. At best,
workload is viewed as a multidimensional construct (Eggemeir, 1980; Chiles, 1979).
In the realm of such complexity, it is unlikely that any simple technique will
suffice to account for all the variance (Williges and Wierville, 1979). Given the
wide variety of contexts in which attempts have been made to specify the nature of
workload (i.e., personnel selection, job selection, man-machine design in industry,
laboratory research), there has been only marginal success 1in measuring,
specifying, and predicting workload (Chiles, 1979). It 1is, therefore, not
surprising that similar problems exist in aviation.





















Prior to participating in the tracking task, each participant was briefed in a
conference room about his/her rights and the general tone of the experiment. A
copy of this briefing can be found in appendix A. At the completion of the
briefing, the researcher administered a short questionnaire (Subjective Units of
Discomfort Scale (SUDS)) which focused on the participant’'s current level of stress

and motivation. (See appendix B, Workload Evaluation: Preliminary Questions.)
They were then escorted into the experimental room in which the equipment was
located. They were seated at one-armed desks facing a CRT display. The

participant's dominant hand (as determined by the experimenter asking) was placed
on the joystick. The keyboard and joystick were adjusted for participants who were
left-handed. Subjects were then briefed on the specific nature of the task, which
was to keep the pip centered on the screen by moving the joystick. A practice
period followed in which the subject was instructed to "fly" the pip clockwise,
counterclockwise, diagonally, and across the horizontal and vertical axes. This
phase was completed by attempting to keep the pip centered. During this time, the
difficulty level (operating lambda) was set at 0.5 units (Jex, McDonnell and
Phatak, 1966). The purpose of this training was to provide the opportunity for the

participant to learn at a low level of difficulty. The training was terminated
when the oscillation in the radial error was reduced to approximately 3 millimeters
(mm) in magnitude. After a brief rest period, another session of centering

practice was conducted with difficulty set at 1.0 units. During this period,
training with the response box was accomplished. Participants were instructed to
keep their nondominant hand physically on the box and to think continuously about
how hard they were working. When they heard the query tone, they were instructed
to push the button of their choice from 1 (very easy) to 10 (very hard) in response
to how hard they felt they were working. Their response was indicated on the chart
recorder. At the completion of this training session, actual data collection
started. Figure 2 shows the general laboratory setup.

The tracking task generated by the analog computer (see appendix C) could be set to
any level of difficulty, from very simple to very difficult. Because people vary
in their ability after initial training, the maximum performance or critical
tracking difficulty (critical lambda) was measured on each person prior to data
collection. Each person was assigned his/her own unique administration of four
levels of task difficulty (operating lambda) which were set at 0.25, 0.50, 0.75,
and 1.0 of the individual's best performance (critical lambda). The research
design is presented in table 2, which shows the balanced presentation order, across
participants, that was developed to remove potential order effects from the
design.

To measure the individuals maximal performance level or critical lambda, the
researcher started with a low level of difficulty (0.5) and 1increased the
difficulty until the individual lost control as defined by the pip hitting the
border of the scope. When this occurred, difficulty was decreased until control
was regained (defined by oscillations in radial error not exceeding 5 mm). The
process was repeated again and the individual's maximal performance was taken as
the highest prior to loss of control of the two trials., This was chosen based on
preliminary research that indicated that averaging ascending and descending trials
or selecting the lower value of the two trials did not adequately stress
participants when exposed to values at their A¢. Once this value was determined,
the participant was exposed to two 4 -1/2-minute blocks in accordance with the
research design in table 2,



