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FOREWYORD il

This U.S. Army Research Institute for the Behavioral and
Social Sciences (ARI) supports the Army with research and
development on manpower, personnel, training, and human perform-
ance issues as they affect the development, acquisition, and
operational performance of Army systems and the combat readiness
and effectivenaess of Army units. One concern that underlies all
of these issues is the mental workload imwposed upon and experi-
enced by the operators of newly emerging, high technology systems
and the impact of that workload on operator and system perform-
ance. The ARI Fort Bliss Field Unit is conducting exploratory
development research to establish the foundation for an operator
worklcad (OWL) assessment program for the Army.

This technical report summarizes the successes and the
lessons learned from a series of eight separate field experiments
conducted to apply and valicdate the wmost promising workload meas-
uring techniques. Because these studies were conducted using
three different Army systems,; the results that are documented are
highly robust with respect to the meaningfulness or validity of
the selected workload measurement techniques for a number of
different practical topic areas.
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APPLICATION AND VALIDATION OF WORKLOAD ASSESSMENT TECHNIQUES

EXECUTIVE SUMMARY

Requirement:

In response to the need for useful guidance in the assess-
ment and analysis of operator workload (OWL), the U.S. Army Re-~
search Institute for the Behavioral and Social Sciences (ARI)
sponsored a multiyear exploratory development effort callea the
OWL program. One objective of the OWL program was to select and
apply the most promising OWL measurement techniques to several
Army systems. This tech ical report documents the process and
outcome of meeting this objective.

Procedure:

A series of eight separate studies was conducted using three
different Army systems. These studies applied both empirical
methnds for evaluating the workload associated with the operation
of Army systems and analytical methods for predicting that work-
lcad. The empirical methods examined were variants of four
cperator rating scale teclinigues. The analytical methods scale
techniques and a task analysis and simulation technique. The
three systems studied included a mobile air defense missile
system, a remotely piloted air vehicle system, and a helicopter
system.

Findings:

This report presents and discusses the results obtained in
terms of meaningfulness or validity for a number of different
practical topic areas. Direct comparisons among the four empiri-
cal rating scales showed that one, the Task Load Index (TLX), was
consistently highest in factor validity and operator acceptance.
For these reasons, TLX 1is recommended for all but screening
applicaticons. The empirical workload ratings are shown toc be
sensitive to changes in system performance and in the expected
levels of workload imposed on the operator by the system, mis-
sion, and operational conditions. Additional analyses show that
the ratings are robust with respect to delays between a workload
experience and its rating and to variations in rater experience
with the system under consideration. The TLX subscale ratings
are shown to contain potentially useful information concerning
the source or cause of experienced workload. Finally, the raw
average of TLX subscale ratings is shown to produce composite or
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global workload scores essentially eguivalent to those obtained
using the standard waighted average of TLX subscale ratings.

Both of the analytical methods studied were shown to have
promnise as methods for identifying potential werkload problems
early in the system development process. The task analysis and
simulation technique was shown to have the capeakility to track
empirical worklcad ratings. More research is indicated to fully
exploit these analytical techniques.

Utilization of Findings:

The findings of these primary data collection efforts added
to a foundation of knowledge concerning workload assessment
techniques that, in turn, permitted two octher objectives of the
OWL program to be wmet. Specifically, these studies contribuced
to the preparation and publication of two other ARI research
products: (a) a computer-based expert system, the Operator Work-
load Knowledde-based Expert System Tool (OWLKNEST), which pro-
vides guidance for selecting the most appropriate technigues to
use for assessing operator workload during the systems acquisi-
tion process, and (b) a pamphlet for the managers of Army systems
that describes the need and some procedures for ensuring that OWL
issues and concepts are incorporated into the Army materiel ac-
quisition process. These and other direct outputs from the CWL
program have been presented to both scientific and military
audiences in over 20 separate papers and symposia at professional
meetings and in three edited reference books. Indirect outputs
from the OWL program include service as the basis for other
programmatic research efforts by such agencies as the U.S.
Department of Transportation, as well as liteirrally scores of
other related reports and presentations.

Two broad conclusions may be drawn from the overall OWL
program. First, the success of this primary data ccllection
effort illustrates that it is possible to mount programs to look
at research questions in the context of operational and develop-
mental systems. Second, by emphasiziing several important work-
load topics, this report establishes a basis for identifying
future research needed for the successful application of worklcad
methodoloyies.
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APPLICATION AND VALIDATION OF WORKLOAD ASSESSMENT TECHNIQUES
INTRODUCTION

Purpose of this Report

This report summarizes the information contained in a series of twelve technical
memoranda and draft reports. Each of the separate manuscripts describes different
studies or phases of a research program that was designed to evaluate the applicability
and the validity of operator workload assessment techniques for Army systems. While
portions of five of these manuscripts have been previously published in proceedings of
annual meetings of the Human Factors Society, they are otherwise unpublished.

There is no attempt in this report i0 embellish the descriptions and discussions cf
workload and workload assessment techniques that are given in the previous separate
manuscripts. The purpose of this report is to consolidate across the information
contained in those manuscripts and to indicate the lessons leamed concerning the
concept of workioad and the methodologies for assessing workload.

Background
The probiem. Projected manpower declines coupled with increases in personnel

costs and battlefield sophisticat:  has prompted an increased reliance on high
technology equipment in new miiitary systems. As technology has changed, the r..e of
the system operator has also changed. Task requirements for the system operator have
shifted from those that primarily require physical exertion to those that demand
increasingly larger amountis of perceptual and cognitive exertion.

The relationship between the demands placed on an operator and the operator’s
capacity to meet those demands constitutes the workload imposed upou or experienced
by the operator. It has been argued that if the level of operator workload is too great,
undesirable, if not catastrophic, consequences may occur. These negative consequences
of an overload on a system operator might be such outcomes as a risk to soldier safety, a
degradation in system performance, or a failure to meet mission requirements.

The concept of gperator workload (QWL). The concept of work in the physical
sciences is readily understood; work is not performed without some expenditure of
energy or other resources, and work rate and efficiency may change depending on the
demands of the situation. Likewise for the human, both physical and mental work
depend not only on the particular task to be accompiished, but also upon the availability
of the internal resources required of the operator to perform the task. Thus, operator
woikload (OWL) is defined in terms of the interaction between the work imposed on an
operator by a task and the operator’s capacity to perform that work. (For a discussion of
the conceptual foundations of workload see Gopher & Monchin, 1986, and Lysaght et al,,
1989.)




The current status of operator workload in the Army. U.S. Army regulations and
Department of Defense standards mandate that OWL issues need to be addressed at ail
stages of the materiel acquisition process. For example, one military specification
requires that "... individual and crew worklnad analyses shall be performed and compared
with performance criteria” (U.S. Army, 1979, Section 3.2.1.3.3). The problem with these
regulations and requirements is that they provide no sysiematic guidance to the system
developer as to how such a workload analysis should be performed. This lack of
guidance has ied to the effort that comprises the body of this report. (For a full
discussion of military requirements pertaining to workload, see Christ, Buiger, Hill, &
Zaklad, 1990, or Hili et al., 1987.)

The operaior workload (QWL) program. In response to the need for useful
guidance in the assessment and analysis of operator workload, the U.S. Army Research
Institute sponsored a threc-year exploratory development effort called the OWL
Program. The principal goal of the OWL Program was to establish guidance for
controlling the workload associated with the operation of Army systems. Its intent was
to identify and integrate the most relevant of workload research into a set of practical
workload assessment methods for Army systems analysts and managers and then apply
and validate these methods on selected Army systems. Lessons learned frcom OWL
studies of these systems would then contribute to the development of guidance cn how
future workload analyses should be performed.

The OWL Program objectives. There has been considerable research concerned
with workload, thie majority conducted in faboratory settings. Of the applied research,
most has been associated with aviation systems. The challenge of the OWL Program was
to apply and validate the most relevant of the workicad measurement techniques and use
the results to formulate practical guidance. To meet this challenge, five objectives were
developed for the OWL Program. These objectives are listed below.

1. Determine the current status of OWL in the Army, including both the
formal requirements and the practical needs of Army users.

2, Identify the techniques and methodologies currently available for the
assessrient of OWL. Analyze the strong points and the disadvantages of each.

3. Select and apply the most promising OWL assessment techniques to
several Army systems.

4. Use the results of Cbjectives 2 and 3 to synthesize guidance as to which
OWL techniques should be used for a given system at a given stage in development.

5. Synthesize overall lessons learned from the OWL Program and provide the
managers of Army systems what they need to know about OWL.

Research products from the QW1 Program. All of the objectives of the OWL
Program were successfully met, leading to the publication and distribution of severzl
rescarch products. The more important of these products are given below.
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e Hill et al. (1987) presents the results of a review of Ariny and Defense
Department requiretnents documents and an analysis of interviews with
prospective uscrs of the guidance that was to be produced by the OWL
Program.

e Lysaght et al. (1989) documents the results of a compr:hensive review and
evaluation of the concept of workload an¢ methods for its assessment.

¢ Harris, Hill, Lysaght, and Christ (1992) describes the ratiorale, capabilities, and
features of the Operator Workload Knowledge-based Expert System Tooi
(OWLKNEST), and gives instructicns for using this microcomputer-based tool.
The OWLKNEST technology provides guidance for selecting the most
appropriate techniques o use for assessing operator waorkload during the
systems acquisition process.

e Christ et al. (1990) is a pamphlet for the managers of Army systems the.
describes the need and some procedures for ensuring that OWL issues and
conce pts are incorporaied into the Army materiel 2cquisition process.

As may be seen, these four research products are the outputs of OWL Program
Objectives 1, 2, 4, and 5. While numerous briefings ard papers were wriiten to present
and document the achievements acce mplished with respect to Objective 3, the successes
and the lessuns learned directly from our validation research have not been organized
aitd publistied us a singie research product. The present technical report has been
prepared to document the process and outcome of meeting this objective.

Organizetion of the Repon

This report ov- rviews the accomplishments of the original, primary research
conducted as part of the OWL Program. It is organized as follows.

e The next section describes the general purpose and the procedures used for the
studies that were done. The latter include brief descriptions of the workload
assessment techniques used, the three Army systems that served as vehicles for the
research effort, and the most salient features of the methods used for each stndy.

8 After the overview of how each study was conducted, the next section
summarizes, integrates, and discusses the major results and ihe lessons learned across all
the studies,

e The last section of this report contains the conclusions that evolve from these
studies and from the OWL program in general. Included in this section is a discussion of
desirable future research in the area of workload.

e More detailed descriptions of the workload assessment methods ang the results
obtained in each study are included in the appcndixes io this report.
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OVERVIEW OF THE PURPOSES AND METHGDS
OF THE OWL PROGRAM STUDIES

, The cverall plans for the validation and analysis of OWL measurement techniques

for selected Army systems are given in Bittner et al,, 1987. This section summarizes
those plans as they were applied throughout the primary research phase of the OWL
program. First, descriptions are given of the gereral or common purposes and methods
of most of the studies. Then, for each of the three selected Army systems, brief
descriptions are given for the system and for the purposes and methods which specificaliy
apply to each of the studies conducted for that system.

General Purposes of the OWL Studies

A major purpose of the OWL Program was to evaluate the applicability and
validity of workload assessment techniques for Army systems. The concept of
applicability is based upon very practical issues such as how many resources are required
to employ a technique and how readily a technique is accepted for use by the proponents
and operators of a system. These are matters that may be fairly easily determined.

‘The concept of validity is 2 more complex one but equally important. Validation
must be examined as a multi-dimensional continuum concerned with the "degree of
reality” that can be demonstrated for workioad measurement techniques in various
situations. That is, how well do the techniques reveal what they are supposea to reveal?
In the real world of Army systems, application of a scientific technique can never be fully
validated since there are toc many uncontrolleg variables.

QOur approach to validation of a workload assessment technique was to seek and
utilize any and all information that relates to the "meaningfulness” or operational reality
of the OWL technique in cuestion. Such information includes so-called "objective”
results, such as how well a soldier or system performs, and so-called "subjective”
information, such as a soidier’s comments concerning the amount of effort that had to be
exerted to perform a task. The goal was to gather all this partial and uncertain
information aud put it together in 2 meaningful way.

With this in mind, most of thc OWL primary research studies had several
purposes in common. In shori, whenever the conditions of the stuldy permitted, answers
were sought to the following questions.

e What are the relative capabilities and costs associated with the alternative
OWL assessment techniques?

e How weil do operators accept the administration of the alternative OWL
asscssment techniques?




e What is the relationship between soldier or system performance and the OWL
measures obtained for selected mission segments or tasks?

o Are the OWL measures obtained sensitive to acknowledged differences in
workload resulting from crew position and mission segment variables?

Geitieral Methods Used for the OWL Studies

There were several common features in the approach used for the primary
research studies. These common features include the OWL assessment techniques, the
data analysis methods, and the general procedures used to prepare for and to collect the
OWL data. A discussion of these three general methodological considerations is
presented in succeeding subsections.

OWL smen hni

A variety of OWL assessment techniques are available and most have becen
described in previous publications {e.g., Lysaght et al., 1989; O'Donnell & Eggemeier,
1986; Wierwille & Willeges, 1980). As described by Lysaght et al., 1989, these OWL.
assessment methods may be partitioned into two categories. The empirical technigues
involve the assessment of workload while the operator is actually operating a simulator,
loop. Analytical or predictive techniques, in contrast, may be applied early in the system
design process, without an operator in-the-loop. The empirical techiniques include those
methods which measure the operator’s performance, physioiogical responses, and reports
of subjective experiences. The analytica! techniques estimate workload through the
methods of expert opinion, comparability analysis, task analysis, and siimulation.

Empirical techniques. Tlie workload assessment techniques used in the OWL
studies were both empirical and analytical. However, only a single type of empirical
technique -- operator workload ratings -- was used extensively. As mentioned earlier,
tkese empirical methods are often denoted “"subjective techniques” to refer to their
presumed weaker reliavility compared to other empirical techniques. However, it has
been argued that operatur ratings are the most direct indicators of operator workload
(Sheridan, 1980). In this report, this class of techniques is called operator ratings or
operator reports.

The other types of empirical workload assessment techniques, primary or
secondary task performance measurement techniques and the class of physiological
techniques w re not used. There are several reasons for this. First, operator ratings are
among the most non-intrusive of the OWL assessment techniques; they can be
administered after the task or mission is complete and hence not disturb the operator
during the performance of his or her tasks. Second, operator ratings are very flexible
and portable; no special equipment or data collection devices are needed. Third,
operator ratings are quick and inexpensive to administer and analyze. Each of these
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points is especially important in conducting applied research on fielded systems. In the
field, a research effort must fit the usually severe existing constraints -- lack of time and
money, last-second changes in important test conditions, lack of experimenter control,
and the priority of operational (as opposed to research) needs. Because of these
realities, the cited advantages of the operator report methods are very significant.

Based on our research review, we selected four different empirical techniques to
use in our studies. They are:

e Task Load Index (TiX) (Hart & Staveiand, 1987),

# Subjective Workload Assessment Technique (SWAT) (Reid, Shingledecker, &
Eggemeier, 1981),

e Modified Cooper-Harper (MCH) scale (Wierwille & Casali, 1983), and
e Overall Workload (OW) (Vidulich & Tsang, 1987).

Three of these techniques (TLX, SWAT, and MCH) were selected because of
previous validation efforts and the OW scale was chosen primarily because of its
simplicity. Two of the scales (MCH and OW) are unidimensional, i.e., produce only an
estimate of overall or global workload. The other two scales (TLX and SWAT) arc
multidimensional, i.e., provide information on the various components or sources of
workload, as well 2s an estimate of global workload. Thesc four scales are each: brielly
described in succeeding paragraphs. More detailed descriptions and exampies of these
techniques are given in Appendix A. ;

The TLX obtzins ratings of workload on a scale from 0 to 100 (low to high
workload) for each of six dimensions: (a) mental demand, (b) physical demand, (c)
temporal demand, (d) performnance, (e) effort, and (f) frustration. A weighting ¥ =
procedure is used to combine the six individual scale ratings into a globai workload o
score. To account for differences among soldiers in their perception of workload, each i
operator is required to designate, for each task to be rated, the more relevant dimension 2
of workload from all possible pairs of the six TLX dimensions (a total of 15 pair-wise
compariscns). These paired comparisons are obtained prior to the workload ratiags.
The proportion of times each workload dimension is judged to be more relevant than the
other dimensions is used to weight the TL.X workload ratings. A unique weighting scale
is thus developed and used in the analysis of the TLX workload data for each rater and
task to be rated.

The SWAT technique obtains ratings on an integer scale from 1 to 3 (low,
niedium, and high workload) for each of three dimensions: (a) time load, (b) mental
effort load, and (c) psychological stress. There are three distinct steps in the use of the
SWAT technique. The first, called scale development, requires each operator to sort 27
cards which contain all possible combinations of the three levels of each of the three
dimensions. The sort process is designed to produce a rank ordering of the 27 different
workload rating outcomes, from lowest to highest perceived workload. Conjoint scaling
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procedures are used to develop a single, global rating scale with interval measurement
properiies based on these clearly ord'nal ratings of workload dimensions. The second
step, called event scoring, requires the operator to rate the workload of a given task or
mission segment using the three SWAT workload dimensions. Finally, in the third step,
each three-dimensional rating is converted to a score between 0 and 100 using the
interval scale developed in the first step.

The OW technique obtains directly a rating of the operator’s overall workload
experience ou a unidimensional scale from 0 to 100 (low to high workload). The
unidimensional scale used with the OW technique is essentially the same as any one of
the six scales used in the TLX technique.

The MCH technique also obtains an overall rating of workload, but less directly
than the OW technique. The MCH utilizes a decision tree approach to assist the
operator to determine a single, global rating on a ten-point unidimensional scale. The
MCH was developed for workload assessment of systems in which the tasks to be
performed are primarily cognitive, rather than motor or psychomotor, and for which the
original Cooper-Harper scale (Cooper & Harper, 1969) may not be appropriate.

Analvtical tecninique;. Two different analytical techniques -- expert opinion and
task analysis/simulation -- were used in two of the OWL primary -esearch studies. As
used, they also represented two different approaches to validating analytical workload
assessment techniques. The issue of validation is particularly important for the analytical

i ) 3 ] ° T < Anwles nbonan
techniques, given the potentially valuable contribution their use can have at carly stages

in the system design and development processes.

One approach to validating analytical tocls, used with the exvert opinion
technique, is to implement the analytical tool prior to the development of the relevant
system or system component, and prior to the execution of the relevant operational or
tactical mission of the system. In this approach, the analytical techniques are executed,
and, then, when the system ultimately becomes available, the predictions of workloz * are
compared with workload measures obtained using empirical techniques. There are, of
course, problems with this approach, not the least of which is matching up the conditions
of the empirical test with those that were projected during the analytical phase.

Another approach to validating an analytical technique is to exercise the
technique and develop predictions of workload independently of, but simultaneously
with, the application of an empirical workload assessment technique. This second
approach was used with the task analytic/simulation technicue. Here, while the
validation effort may be more straight forward, the predictions made will have no great
utility or influence since the system (cr some facsimile) is already built. The predictions
also are made in the context of considerable information about the system -- inore than
would normally be available during the early system design phase.

Based oa our review of workload assessment methodoiogics, we selected the
following two analytical techniques to use in our studies:
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e an expert opinion technique based upon the prospective use of we TLX
method (Pro-TLX), and

& the task analytic and simulation methods inworporated in the Task
Analysis/Worklead (TAWL) and the TAWL Operating Sysiem Simulation
(TOSS) methods {Bierbaum, Fulford, & Hamilton, 1990).

These two analytical techniques are briefly discussed in the next two paragraphs. More
detailed descriptions and examples of both techniques are given in iater sections and in
Appendix A of this report.

The most significant systematic effurt to assess expert opinion has been in the
prospective application of the SWAT technique (Eggleston & Quinn, 1984; Masline &
Biers, 1987; Reid, Shingledecker, Hockenberger, & Quinn, 1984). However, the
prospective application of TLX (Pro-TLX) was selected to be used because of previously
established superior validity of the TLX assessment technique and because the subjects
who were asked to use the prospective technique had much previcus training and
experience using the baseline TLX technique. Prospective ratings are obtained in a
manner similar to their baseline counterparts except the ratings of workioad are made in
conjunction with descriptions of systems or events that have not yet been personaliy
experienced by the individual making the ratings, rather than systems which the
individual has operated in the past.

The TAWL/TQSS tachnigue for predicting werkload was selected (o be used
because, unlike most of the other available task analytic/simulation techniques, it goes
beyond a purely time-based definitior of workload; it improves the diagnosticity of
workload predictions by identifying and predicting workload associated with several
behavioral dimensions -~ to include cognitive workioad demands. The TAWL,/TOSS
technique has zlso been successfully used to predict workload for several Army aviation
systems -- tc include the [UH-60A helicopter which is used as a test system for one of the

OWL studies.

Common OWL Data Analysis Methods

This section describes salient aspects of the methods used to analyze the OWL
data obtained from the OWL Program primary research studies. It summarizes various
standard and non-standard statistical data analysis methods and computational analysis
software packages used during this phase of the OWL Program, along with a rationale
for their use. Several of the non-standard methods are rather novel approaches to
addressing specific issues in the program.

Analysis of variance {ANOVA). The ANOVA is used to estimate whether or not

certain independent variables and combinations of variables made a significan.
contribution 1o the criterion variable (e.g., workload rating). Hence, for example,
ANOVA was used to study the effects on workload of: (a) mission variables such as
mission segments or tasks, (b) environmental variables such as the presence or absence
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of threat activity, and (c) subject variables such as crew or crew position. The ANOVA
is used in these cases to estimate the sensitivity of workload measures to experimental
conditions that varied "known or presumed” levels of imposed workload. The ANOVA
has also been 2pplied to provide direct quantitative comiparisons of measures. With
different measures of workload representing levels of one factor (M) and workload
conditiors levels of a second (W), the significance (and follow-up analyses) of the MxW
interaction in principle provides a direct comparison of the sensitivity of the different
measures. This latter use of the AMOVA requires both that the measures be statistically
commernsurable, and that statistical adjustments be made (see Bittner ¢t al., 1987, p. 9).

Correlation and regression analysis. These data analysis methods are a useful
alternative or follow-up to the ANOVA. The ANOVA determines whether or not a

given independent variable contributes significantly to variations in a dependent or
criterion variable. On the other hand, correlation metheds provide estimates of the
degree of reiationship between any two variables and regression methods compute the
best linear relationship (i.e., the best-fitting straight line) between any two variables. In
multivariate analyses there are more than two variables (more than two measures or
scores for each subject). Regression analysis was used in the OWL studies, when
possible, to determine the relationship between measures of workload and measures of
performance.

Factor analysis. Factor analysis methods, and, more specifically, principal
components analysis (PCA) represent a class of statistical techniques, based on
correlations, which determine the underlying structure of a set of data. In particular,
factor analy-is computes the "dimensionality” of a set of data (i.e., a ninimal set of
underlying factors); in practice, these factors are related to meaningful psycholog cal
concepts, if possible.

In all of the OWL Program studies reported here, factor analysis revealed a single
factor underlying each of the varicus scts of workload data. This common factor -- the
"OWL Facter” -- is the result of a linear combination of the standard unit scores from
each set of ratings. It is often used to evaluate the effects of workload in the OWL
studies, rather than the operator ratings obtained by using any specific rating technique,
since it represents the best possible estimate of whatever is being measured by the rating
scales.

As a principal method for directly comparing the alternative workload assessment
techniques, the OWL factor was correlaied with the workload ratings obtained with each
of the different types of operator rating techniques. The correlation of each technique’s
rating data with the OWL Factor is the Factor Loading or Factor Validity of a particular
technique. The factor loadings are measures of the sensitivity of the various techniques
in this situation.

Jackknife metkods. The Jackknife methods (see Hinkley, 1983) are techniques for
closely examining individual differences in conjunction with standard analyses such as

ANOVA. Using the Jackknife, the data from each subject are removed (with
replacement) one-by-one from the data set and the ANOVA (or other technique) is
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applied to the remaining data. This results in N analyses (for N subjects), each of which
is missing the data from a different subject, thus assessing the relative contribution of
each subject. In the OWL studies which used multiple types of operator ratings
techniques, Jackknife methods were used with factor analysis to evaluaie the effects of
individual operators on the resulting factor loadings of the techniques. This Jackknife
analysis provides a measure of the stability of the estimates of the factor loadings in the
form of a loadings (one per technique empioyed) by subject dropped matrix which could
be analyzed by a conventional repeated measures ANOVA to determine if there were
any significant differences among the factor loadings.

Statistical scoftware packages. For relatively large seis of data or sophisticated

analyses, computerized statistical analysis packages are used. For the OWL program
studies, BMDP Statistical Software (1987 Release tor the Zenith personal computer:

Dixon, 1983) was used. The BMDP2V program was used for ANOVA, BDMP2R for
regression, and BMDP4M for principal compenents analysis.

Common Procedures for the QWL Studies

The real-world settings of the OWL studies required careful planning and
coordination with the proponents of the system, the operators who were to participate in
the test, and various ficld authorities {e.g., the test officer). For each siudy, ithe OWL
data collection team became as knowledgeable as necessary and possible about the
system and its operational environment. The need to adequately prepare for a study
often required multiple trips to the field site as well as the conduct of multiple pilot tests

prior to a data coliection effort.

Prior to the start of these data collection efforts, an initial briefing and orientation
session, lasting a minimum of two hours, was conducted with participating soldiers.
These meetings had several purposes: (a) to introduce the OWL team members and
legitimize their participation in the data collection effort, (b) to define workload and give
instructions and training on the use of the workload rating scales that were to be used,
and (¢) to obtain demographic and other data, to include, as appropriate, SWAT card
sort or TLX paired-comparison data, for use in later analyses.

The OWL data collection effort was almost always an adjunct to a field test or
excrcise. Therefore, it had to be planned and executed in a manner that would not
interfere with the primary activity of the soldiers. The physical and emotional states of
the subjects also were taken into account by the OWL data collection teamn. Since the
soldiers were available to the OWL team only after they had just performed a long, hard
mission, the data collection environment was designed to provide them with a sense of
resi and relaxation (e.g., "soft drinks and chips" were generally made available). The
participating soldiers were also isolated as much as possible from other test persornel to
protect them from those who might wish to attribute problems in system or unit
performance to "subject error,” rather than to the design of the systcm or test.




Studies Using the Forward Arca Air Defense (FAAD)
Line-of-Sight-Forward-Heavy (LOS-F-H) System

Five individual OWL investigations were conducied on the FAAD prototvpe LOS-
F-H system during and between two field tests in 1987 and 1988. The first study was a
retrospective assessment of OWL conducted 10-weeks after a field test which was part of
a non-developmental item candidate evaluation (NDICE) system procurement program.
This first study is reported by Hill, Zaklad, Bittner, Byers, and Christ (1988). The
second study was designed as a follow on to the first and addresses the OWL asscciated
with generic missions; it is reported by Bittner, Byers, Hill, Zaklad, and Christ (1989).
The third and fourth studies were based on wwo different segments of a Force
Development Test and Experimentaticn (FDTE) program. The third study assessed
OWL at the conclusion of each of a series of 4-hour missiors, and was reported by Hill,
Byers, Zaklad, and Christ (1989b); the fourth, at the conclusicn of two different 48-hour
missions, is reported by Hill, Byers, Zaklad, and Christ (1989a). The fifth and firal data
collection effort was a prospective assessment of OWL in which operators were asked to
predict the workload they would experience with potential improved versions of the
system or with revised organizational and operational configurations of the system. The
last study was reported by Hill, Byers, Zaklad, Bittner, and Christ (1988). A separate
paper was prepared by Byers and Hill (1989) to describe the comparison of individual
workload ratings of crew members and the field test performance of the LOS-F-H system
during the FDTE. Another report which described all five of these studies was prepared

by Hill, Byers and Zaklad (1989).

LQS-F-H System Description

The LOS-F-H component of the FAAD system will provide air defense support to
maneuver elements of a close combat combined arms division. The L.OS-F-H system
must provide a full range of air defense capability in meeting the low-altitude helicopter
and fixed-wing air threat which ground maneuver elements face, and must have mobility
and survivability equivalent to the type of force being supported. The baseline or
prototype LOS-F-H was selected from among four off-the-shelf (i.e., non-developmenial
item) candidates provided by various teams of contractors. This pre-production model of
the LOS-F-H became the focus of five OWL studies described in this report.

The prototype LOS-F-H was mounted on 2 M113 armored personnel carrier. It
had detection and tracking capabilities consisting of radar, two electro-optical sensors
(TV and FLIR), a laser range finder, a laser for missile guidance, and associated
consoles for a commander/radar operator (RO) and a gunner/electro-optics operator
(EO). The system is operated by a crew of three soldiers who have the following,
respective, responsibilities:

e Radar Operator (RO): commands the fire unit and crew, supervises all crew
functions and tasks, and performs critical tasks curing targei engagement
sequence, to include those associated with target detection, identification and
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prioritization, and the hand-off of the target io be engaged to the EO;

¢ Electio-optics Operator (EO): assist; in target deteciion and identification,
acquires and tracks the target, and fires missiles; and

e Driver (DR): drives the LOS-F-H vehicle during movements and assists in
target detection and the selection of mov~ment routes and battle position.

LOS-F-H NDICE Study

The major purposes of the LOS-F-H NDICE study were to directly compare
aiternative workload rating techniques and to evaluate the relationship between system
performance and the "retrospective” workload ratings of the crew members for specified
mission segments and tasks.

Workload assessments using each of the principal rating techniques (i.e., TLX|
SWAT, MCH, and CW) were provided by six operators of the bascline LOS-F-H system,
10 weeks after their participation in a field test conducted to support the NDICE. Five
operators were EOs and one was a RO during the NDICE field test. The workload
assessments were made in conjunction with a review of videotape (with sound)
recordings of the two particular mission vignettes selected for evaluation. Time-locked
video moniters provided independent views of the RC and CO pitinary display and

control consoles.

Across the two mission vigaettes, operators rated the workload they experienced
during an attack by two fixed-wing aircraft, two rotary-wing aircraft, and one rotary-wing
aircraft. Within each attack sequence, workload ratings were made of three task
segments: detect/visual identification, target haadoff from the RO to the EQ, and target
tracking. In addition, overall workload ratings were obtained for both mission vignettes
and for the entire NDICE. System performance scores were 0, 1, or 2, reflecting the
number of targets successfully engaged during a given attack sequence. Detailed
descriptions of the methods and the results of this study are given in Appendix B.

LOS-F-H Generic Mission

The previous LOS-F-H NDICE study focused on obtaining estimates of workload
made after watching videos of the operatcr’s own performance. Though performance
and workload were reiated, workload ratings were not affected by mission conditions
(e.g., type of atiacking aircraft). Rather, it appeared that the ratings reflected
idiosyncratic differences in the specific mission conditions. The resulting variation in
workload experiences washed out “he effects of mission variables. The approach taken
to overcome such mission-specific "quirks” (and the small number of data points) was to
collect workload ratings of generic or "average™ missions. This study also explored the
difference in workload ratings between operators (ILOS-F-H c¢rew members) and other
kinds of subject matter experts (SMEs).
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Twe groups participated in the Generic Mission study: five system operators
(EOs only) and nine SMEs. The SMEs were civil service and contractor civilians whe
had been or would ve working directly in the LOS-F-H program. Mission coiditions
considered were: (a) 2 single rotary-wing attack, (b) dual rotary-wing attack, and (c) a
dual fixed-wing attack. Tasks for each type of mission were (a) visual target
ideniification, (b) warget handoff, and (c) track-to-intercept. The aine combinations of
mission conditions and tasks were defined, and the subjects were asked to rate the
workioad associated with each combination, using each of the four rating scales selected
for evaluation in the OWL Program studies (i.e,, TLX, SWAT, MCH, anu OW). These
ratings were to be Lased cn the rater’s tota! experience with the system during a previous
field test; SMEs not familiar with the LOS-F-H field test were asked to base their ratings
on their kncwledge of similar systems anc tests. The crew members (all EOs) made
workload ratings only for specific tasks which they actually performed; SMEs made
ratings for prescribed RO and EGC tasks. Detailed descriptions of the methods and the
results of this study are given in Appendix C.

The purpose of the FDTE field test was to examine tactics, doctrine, organization,
and training that kad been developed for the LOS-F-H system. The test took place over
a six-week period. The first five weeks were composed of four-hour missions and the
last week was devoted te two 48-hour missions. The FDTE “hasic” study investigated
workload ratings during the four-hour missions.

The system operaters were organized into two crews, with one RO and two EOs
in one crew and the other RO and three EGs in the other. The ROs operated solely in
th-at duty position while the other crew members rotated between the EO and driver
positions. These seven operators had participated in the previous field test of the LOS-
F-H (i.e., the NDICE test) and had served in previous workload studies in the OWL
Program.

The field test investigated the performance of crews for mission segments that
were documented in battle drills. The mission segments tested were: (a) prepare for
road march, (b) road march, (¢) emplacement, (d) target acquisition/iracking, (e) reload,
and (f) one-man acquisition/tracking operations. Several uperational or environmental
variables of interest {e.g., day and night missions) were systematically changed cver the
duration of the test. Upon completion of a four-hour mission, the crew members were
taken back to a debriefing room ai the base camp where the workload data for the
mission just completed were coilected. During the first two weeks of the FDTE Basic
study, workload ratings were made using each of the four scales selected for evaluation
in the OWL Program studies (i.e., TLX, SWAT, MCH, and OW); during the final three
weeks, ratings were made using only the TLX and OW techniques. Detailed descriptions
of the methods and the resu!ts of this study are given in Appendix D.




Following five weeks of four-bour missions, the FDTE examined performance in
48-hour missions designed to emulate the operational mode summary for the LOS-F-H.
Two three-man crews participated, one crew in each of the two extended duration
missions. The two different 48-hour missions were conducted at different times.
However, the schedule of events planned for both missions was the same, and included
14 road march, eight acquisition/tracking, and six relcad mission segments. With only
minor exceptions, all events tcok place approximately as scheduled.

At periodic times during the 48 hours, the crew was asked to give OWL ratings
using only the TLX and OW rating scales. The OWL measures asked for a raiing of the
workload of the "Overall Mission So Far." Two formal dcbriefs of the crew took place
during the mission. The first took place in the field after the first 24 hours, the second
after the completion of the 48-hour mission. The debriefs provided an opportunity to
gather additional OWL ratings on engagement-specific tasks and more general
conditions. Detailed descriptions of the methods and the results of this study are in
Appendix E.

LOS-F-H Prospective Study

The first four studies conducied for the LOS-F-H baseiine systerm we : concerned
with application of empirical workload assessment techniques. These techniques permit
measurement of the workioad experienced by crew members when they cperate a system
that has already been at least partially developed. Of equal or greater importance, are
the analytical techniques which may be used at the earliest stages of the system design
process. The analytical techniques may predict operator workload experiences in systems
or sysiem applications that have not yet been developed or exercised with an opeiator-in-
the-loop. One analytical tecLnique that needs furtner investigation is called prospective
or projective workload ratings.

Prospective OWL ratings were obtained using only the NASA TLX scales at the
conclusion of FDTE. They were obtained using the six soldiers who had teen LOS-F-H
operators during both the NDICE and FDTE tests. In conjunction with descriptions of
systems or events that have not yet been personally experienced by an operator, these
prospective ratings were used to predict workload for several critical issues in LOS-F-H
system development. It was anticipated that these predictions would be empirically
validated in later field tests.

Four distinct topic areas were chosen for prospective investigation. These were (2)
new radar equipment which would automate many tasks currently being performed
manuaily by the RO, (b) multiple LOS-F-H fire units, (c) instarces of multiple threct
targets appearing in rapid succession, and (d) new crew organization. New equipment
and crew organization represent optional system modifications, whereas inuitiple fire
units and multiple targets reflect a more realistic tactical context.
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The prospective workload ratings were obtained during the sixth and seventh
weeks of the LOS-F-H FDTE. While one crew was participating in its 48-hour mission,
the other was pertorming prospective ratings. In turn, each prospective topic area was
described and its workload estimates obtained. Detailed descriptions of the methods and
the results of this study are given in Appendix F.

Studies Using the Aquila Remotely Piloted Vehicle (RPV)

Two separate workioad studies were conducted for the Aquila Remotely Piloted
Vehicle (RPV). The first study was conducted during a Force Developinent Test and
Evaluation (FDTE) and is reported by Byers, Bittner, Hill, Zaklad, and Christ (1988).
The second study was conducted in conjunction with a tactical deployment of the Aquila
RPV and was originally reported by Byers, Christ, Hill, and Zaklad (1988). A separate
report which described both of these Aquiia studies was prepared by Byers, Hill, Zaklad,
and Christ {(1989). This section is based on the information contained in these earlier
reports,

Aquila RPV System Description

The Aquila system was a remotely controiled air vehicle and payload system
designed tc be an eye in the sky for field commanders. It could provide field

kilometers beyond the forward line of friendly troops. Specific designated functions of
the Aquila system included target acquisition, target designation, artillery adjustment,
post-mission fire assessment, and intelligent battlefield management. (A detailed
description of the Aquila RPV mission, system, and organizational and operations plan,
to include diagrams and drawings, is given in Bittner et al., 1987. What follows is a
condensation of that more complete description.)

The major components of the Aquila system were: the remotely piloted air
vehicle (AV); the mission payload (MP) carried by the AV, which incluéed camera,
communication, and designation equipment; a hydratlic launch system which propels the
AV to flight speed; a recovery system comprised of a dacron net into which the AV is
flown at the end of its flight; the ground control station (GCS) in which the equipment
items and personne! necessary to operate the AV and MP were located; and the remote
grcund terminal {(RGT) connected to the GCS by a fiber optics cable. The RGT
transmits information between the GCS and the Aquila RPV while the latter is in flight.

The GCS is the operations and control center for the Aquila systern. It contains
threc duty positions. Individuals assigned tc these positions perform critical tasks that
determine the success of Aquila operations. The initiation of an Aquila mission begins
when the crew of the GCS receives a mission orcer. A key element in the receipt of
missicn orders included an evaluation of those orders by the GCS crew to identify and
resoive conflicts such as incomplete orders, high-risk missions, and inexecutable missions.

After the mission orders have been received, the GCS crew must evelop detailed

16




mission plans (to include AV launch and recovery, flight profile, and camera
parameters), and manually compute and estimate critical time and location parameters
(tv include anticipated hovering and search strategies). The detailed mission plans must
be entered into the GCS main computer system along with site survey and weather data.
The mission planning activities must be successfully and expeditiously completed to meet
a requirement that the AV be launched within one hour of receiving the mission,

Shortly after the AV is launched, its control is handed off to the air vehicle
operator (AVO) in the GCS, who must continuously monitor its siatus and position, and
maintain linkage to the AV through the RGT. When the AV is positioned over a target
area, crew members must perform several operations. These include detecting,
recognizing, and locating targets of military significance (a set of tasks principally under
the control of the mission payload operator [MPQO]), and communicating target
information to units requiring it (a responsibility of the mission commander [MC]). In
addition, the MPO and MC, in particular, may be required to designate targets for
precision guided munitions, to call for and adjust fires, and assess damage to targets
which have been engaged. These RPV functions may be required for each of several
areas of interest during a single mission. As the RPV mission draws te an end, the AVO
directs the flight of the AV toward the location of the recovery net, and an automatic
system in the recovery system controls the final recovery of the AV.

The Aquila system was in development for over 10 years. Three events during
that development were relevant to the OWL Program. A brief description of the
methods aud resuits of the first event (i.e., an operaticnal test) is given below sincc is
serves as background for the second event. The last second and third events were
occasions for the conduct of workload studies during the OWL Programn. A suminary the
purpose and methods of those two studies is presented after the description of the
operational test.

Aquila Operational Test I (OT I¥)

The Aquila OT II was conducted from November, 1986, to March, 1987, at Fort
Hood, Texas. The OT 1l was a major evaluation of the Aquila system. It involved 138
missions in whick the AV was launched, flown over a battlefield area to perform all of
its designated functions, and subsequently recovered. During the OT II, the GCS crew
consisted of three soldiers, the AVO, the MPO, and the MC. The AVO and MPO held
ranks of Private First Ciass through Sergeant; the MC was a senior Non-Commissioned
Officer or Warrant Officer.

The preliminary results of the Aquila OT II suggested a very low target detection

rate. Many factors may bave contributed to this result, ene of which was that the crew
had a difficult time searching an entire designated area. One cause of this problem was
that if the crew caused the AV to depart from a planned search pattere to further
investigate targets or target areas of interest, they could not easily return to the point in
the search pattern where they had left off. Furthermore, there was evidence that the
GfS crew did not appropriately interact with representatives of the higher echelon

17




comumand group to determine which aspects of a proposed Aquila mission were within
and which were outside the system’s capabilities. For example, the designated search

a :was sometimes larger than could be accommodated by the capabilities of the Aquila
system. These preliminary findings impiied that the system and its operational
procedures had serious problems that should be further investigated and resolved before
a production decision was made. While the Aquila OT II was conducted prior to the
start of the OWL Program, there was an opportunity to assess workload experiences of
the GCS crews during a subsequent test of the system, as des Tibed in the next section.

Aquila FDTE Study

The preliminary results of the Aquila OT II established a need for an Aquila
FDTE. That earlier test suggested that the GCS crew members could not adequately
detect, recognize, and locate targets. Accordingly, the FDTE focused on the ability of
the GCS crew to plan and execute an KPV search mission. In addition to providing
special training to the crew members, new hardware and software were added to the
GCS computer to assist in the process of planning and searching for targets. Also,
principally to improve the crew’s ability to plan missions, a fourth member was added to
the crew. A commissioned officer (i.e., a licutenant) was assigned to the position of
mission commander. The senior non-commissioned officer or warrant officer who had
filled that role was named to a loosely defined paosition of RPV technician. There was
no change in the personnel assigned to the AVO and MPO positions. Finally, to reduce
the risks associated with launching, flying, and recovering the RPV, the mission payload
package was mounted to the underside of a highly maneuverable aircraft; the pilot of the
manned aircraft responded to signals tiat would normally have been sent to the air
vehicle.

Operator workload ratings were obtained from 17 GCS crew members, four
comnplete crews and one replacement soldier. Each crew member made individual
ratings of OWL during post-mission sessions for each of ths five or more missions which
were planned and flown by his ctew. Two segments of each mission were always rated:
Mission Planning and Flight. The four workload rating scales selected for evaiuation in
the OWL. Program studies (i.e., TLX, SWAT, MCH, and OW) were administered in
counter balanced order over successive missions, crews, and crew members. Detailed
descriptions of the methods and the results of this study are given in Appendix G.

Aquila FIREX 88 Study

FIREX 88 was a major live-fire artillery exercisc held in June, 1988, at Dugway
Proving Ground, Utah. During its employment in FIREX 88, Aquila was used tactically,
for the first time in its history, rather than in a test and evaluation context. The tactical
objectives of the Aquila system during FIREX 88 were to periorm target detection,
recognition, and location, call for fire, and fire spotting tasks. In addition, an ancillary
objective of the Aquila batiery was to introduce and demonstrate the capabilities of the
RPV to serior military comnmanders and other interested parties.

18




Workload was assessed using only two rating scales (TLX and OW). Workload
ratings were obtained for 15 GCS crew members, three Remote Ground Terminal
(RGT) crew members, and threc launch/recovery system crew members. With overlap of
crew memobers, a total of 19 subjects provided worklead ratings. Each GCS crew
consisted of its customary three members (i.e., the MC, AV(), and MPQ, as given above
in the Aquila system description). During FIREX 88, however, there were as many as
five crew members working in the GCS, as training in all three duty positions was
ongoing.

individuai workload ratings were obtained from the GCS crew immediately after
the conclusion of each of seven Aquila missions spread out over four days. Each of th-
seven missions had a different crew configuration. Three cr four mission segments we.
rated for each mission; they were Launch, Flight Operations, Recovery, and, when
appropriate, the Flight Operation sub-segment of Target Location/Call for Fire.

Incividual workload assessments for the RGT and for the launch and recovery
systems were obtained near the end of FIREX 88, Three individuals rated RGT
workload for two segineats: Power-up and Align. Another three individuals rated
launch/ recovery workload for four segments: Activate and Checkout the Launch
Subsystem, Conduct Launch, Activate and Checkout the Recovery System, and Conduct
Recovery. The workload assessments for the RGT and launch/recovery systeins did not
reflect workload on any one mission but rather an average workload over ali the FIREX
88 missions. Detailed descriptions of the methods and the results of this study are given

AAAAAAAAA

Studies Using the UH-60A Black Hawk Helicopter
2B38 Flight Simulator

One two-part study was performed for the UH-60A Black Hawk system. During
one part of the study empirical measures of OWL (i.e., operator workload ratings) were
obtained from crew members during and immediately after each of two one-hour
missions in the UH-60A 2B338 flight simulator. During a second part of the study, an
analytical model of the UH-60A was updated and then executed for a mission that
matched that used during the empirical data collection runs on the flight simulator; the
predictions of the model were compared to the operator ratings. This study was
documented in an unpublished technical report (Iavecchia, Linton, Harris, Zaklad, &
Byers, 1989). A paper which compared empirical operator workload ratings with
predictions of the analytical model was reported by lavecchia, Linton, Bittner, and Byers,
1989).

-60A scripti
The U.S. Army’s UH-60A Black Hawk is a twin-engine rotary-wing utility
helicopter designed specifically for combat and combat support missions comprised of
tactical transport of soldiers, troop units, and required supplies and equipment. Cockpit,
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instrament panels, and interior lighting are all designed to accommodate both day and
night full-mission capability. The flight control system provides maneuverability for low
level, nap-of-the-earth flying. The basic UH-60A crew counsists of a pilot, copilet, and
crew chief/gunner. The aircraft has virtually identical control and display configurations
on either side of the tandem cockpit, and can be properly flown by either the pilot or
copilot.

The UH-50A 2B38 flight simulator consists of a molded two-piece cockpit
mounted upon a large motion platform. The front cockpit is a faithful reproduction of
the fielded UH-60A uait consisting of a pilot and copilot station; behind the flight
stations is an instructor/operator station, and an observer station. The cockpit assembly
is mounted upon a moticen system which provides dynamic movement and accurate cues
for pitch, roll, and yaw, along the vertical, lateral, and longitudinal axes, as well as any
combination thereof. Four out-the-window cathede ray tube-based displays are provided
for the pilot and copilot stations. The displays allow forward and side viewing of a
simulated environment during dawn, day, dusk, night, and night vision goggle (NVG)
conditions.

OWL Measures

Five operator workload rating scales were used: the tour workload rating scales
selected for evaluation in other OWL Program studies (i.e., TLX, SWAT, MCH, and
OW), and a scale developed specifically for s siudy, peak workioad (PW), modelied
after the OW scale. The PW scale was constructed to tap the operator’s momentary
experience of the highest level of workload over the duration of a mission segment or
task.

The analytical model chosen to make predicticns of workload was based on the
TAWL/TOSS technique. This analytical tool requires inputs which include: (a) a
detailed task analysis defining the low-level task activities required for each mission-
essential task (e.g.,, control altitude) togethzr with the task times; (b) estimates of the
level of workload in each of five information processing channels (i.e, audiiory, visual,
kinesthetic, cognitive, and psychomotor) for each low-level task on a scale from 0 to 7
(very low to very high workload); and (c) a set of scenario decision rules to drive the
tasks to be performed during each half-second simuiation time interval, to include the
probability of randomn concurrent tasks. Given these inputs and the generated time line
of low-leve! task activities, TAWL/TOSS adds the workload values within each channel
for concurrent tasks. If the sum of channel workload values across tasks for any half-
second interval exceeds a value of 7, an overload is defined to have occurred for that
channel.

Procedure for Simulator Data Cellection

Seven two-man crews successfully provided empirical OWL measures. All
subjects were experienced UH-60A aviators and were currently assigned as instructor
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pilots (IPs) at the U.S. Army Aviation Center. Two additional senior IPs were selected
to rate the performance of the pilot and copilot during the simulator trials and io assist
in the collection of real-time workload ratings. Each crew flew two experimental flights -
- one day mission and one NVG mission. The two missioi:s were essentially the same
although the night missicn was confined to a smaller, as well as different, geographical
area to accommodate the slower speeds flown at night.

During these simulated experimental flights, the primary task of the pilot was
limited 1o flight management and of the copilot, navigation and cornmunications, Once a
mission was underway, the controller TP asked both operators to report in near real-time
the OW and PW experienced during each of twelve mission segments. The controller IP
also rated the performance of both operators for each segment. Following each
experimental flight, the two crew members gave retrospective workload ratings for all
twelve mission segments using the OW and PW scales and for only four selected mission
segments using the TLX, SWAT, and MCH techniques. Following the post-mission
period of rating workload, a structured interview was conducted with both crew members
to assess operator accuptance of the various rating techniques aud to gather other
general comments.

Procedure for TAWIL/TQSS Data Coliection
The required updating of the baseline TAWL UH-60A model was independemly

accomplished by personne! from Anacapa Scicace, Inc. (D. B. Hamilion & C. R.
Bierbaum, personal conununication, December, 1989). Specifically, the mode! had to be
modified so that the operator tasks and decision rules would reflect the specific mission
requirements of the simulated experimental flight. Only the day mission parameters
were incorporated inte and exzcuted by the TAWL/TOSS model. Seven iterations of
the TAWL/TOSS model were executed. The average output of all runs was used to
generate TAWL/TOSS-derived OW and PW measures. To derive a TAWL/TOSS-
based estimate of OW for each mission segment, the TAWL/TOSS workload values for
each half-second interval within a mission segment were averaged over all five
TAWL/TOSS channels. The derived (or predicted) OW score was the mean of these
half-second values over the duration of the mission segmeat. To derive a TAWL/TOSS-
based estimate of PW for each mission segment, the TAWL/TOSS workload values for
each half-second interval were summed across the five TAWL/TOSS channels. The
maximum value of all half-second summed values was defined as the PW for that
segment. More detailed descriptions of the methods 2nd the details of the results of this
study are given in Appendix I.




RESULTS AND DISCUSSION

This section gives summary descriptions of a number of results obtained from the
OWL Program primary research on workload assessment techniques. The emphasis will
be on the results which relate to the measurement techniques themselves. Results which
are unique to the three test systems’ will be reported here only in so far as they
demonstrate the viability of the workload measures and the workload measurement
techniques. The results obtained for the empirical techniques are summarized first,
followed by those obtained for the analytical techniques.

Direct Comparison of Empirical Workload Assessment Techniques

Four operator rating techniques -- TLX, SWAT, MCH, OW -- were directly
cou., ared with each other along several dimensions:

¢ Factor validity,
e Operator acceptance,
® Resource requirements, and
¢ special procedures.
Succece. - sub-sections will present the findings obtained for each of these types of

comparis .

Factor Valid..y

The analysis of factor validity was conducted in two stages. During the first stage,
factor analysis was performed on the aggregated data from each study to examine how
each of the four rating scale techniques was able to discriminate among different levels
of task loading. Moie specifically, principal component analysis (PCA) was corducted on
all possible sets of workload measures collected across all subjects, missions, mission
segments, and tasks within each study. Each set of workload measures inciuded global
workload rating values derived from using four scales: TLX, SWAT, OW, and MCH.
The BMDP4M program (Dixon, 1983) was used to perform these analyses. The results
of these analyses are shown in Table 1. Across all the studies shown in this table, the
factor analyses revealed a single component variable, hereafter termed the OWL Factor,
which explained between 71 and 83 percent of the total variance in the data (the second

For a variety of reasons, development and procurement of two of the three systems studied have been
balted; oeither of these two systems (the baseline or prototype versions of the LOS-F-H and Aquila RPV) is
expected to be fielded.




factor revealed never accounted for more than 1% of the variance). The resulis nf this
initial analysis supported the view that the four workload scales essentially provide
assessments of a single common factor.

Tadle 1

Magnitude and Source of the "OWL Factor"

sTuoY Magnitude Source

LOS-F-H NCICE 7.6 TLX/N/MCH/SWAT

LOS-F-H Generic SME 82.6 TLX/OW/MCH/SWAT
Crew 75.9 TLX/0M/MCH/SWAT

LOS-F-H FDTE Besic 79.4 TLX/0W/MCH/SWAT

LOS-F-H FDTE 48 Hour 81.5 TLX/0W

Aquils FDTE 75.2 TLX/OW/MCH/SWAT

Aquila FIREX 83.4 TLX/OM

UH60A Simulaxor 71.4 TLX/OM/MCH/SWAT

During the second stage of the factor validity analyses, Jackknife PCAs were
conducied of the workioad measures in order to evaluate the factor validity or the
stability of the factor loadings of the four scales. (The factor loading of each scale is the
correlation of the workload scale rating values with the corresponding OWL factor

and 6 subjects which yielded a 4 (loadings) by 6 (subjects dropped) matrix. The data
matrix resulting from this analysis was examined by conventional repeated measures
ANOVA. The BMDP2V program (Dixon, 1983) was used to perform these ANOVA.

Table 2 shows the resuits of the factor validity comparisons for all four rating
scale techniques in each study for which the comparisons can be made. The table
presents, for each study, the ordered mean factor loadings. The horizoatal line
underscores factor validity value differences which were shown by subsequent pair-wise
comparisons to be non-significant. From this tabic, it may be seen that TLX had the
highest factor validity, i.e., the greatest correlation with the OWL factor score, for each
of five studies over three different systems. Comparing the other three scales across all
the studies, GW is next best, followed by SWAT and MCH.

Table 2

Factor Validity Scores Across Studies

STUDY TECHNIQUE {Mean factor toading)

LOS-F-H NDICE TLX(.935) _ OM(,927) _MCH{.862) SWAT(.B60)
LOS-F-H Generfc  TLX(.924) _OW(,905) “HCH(.904) SWAT(.778)
LOS-F-K Basic TLX(.924) SWAT(.900) OM(.898) _MCH(.818)
Agquila FDTE JLX(.910) SWAT(.893) ou(.869)  MCH(.833)

UHSOA Simuletor TLX(.899) OW(.872) SWAY(.805) MCH(.799)




Operator Accepiance

Another source of comparative information on the four rating scales was the
reactions of the operators to the scales. The usability or acceptance of any operator
reporting instrument is a critical (if not the critical) selection cnterion. This dimension is
of interest because the increased operator acceptance of a "subjective” measurement tool
may result in increased willingness to express a valid opinion that can be taken seriously
and used.

After using the four rating scales to rate ali the mission segments and operator
tacks of interest in three separate studies (i.e., the LOS-F-H NDICE study, the RPV
FDTE study, and the UH-60A simulator study), a rating scale questionnaire was
administered which solicited judgments regarding the procedures and tests instruments,
particularly those used to measure OWL. The questionnaire asked the subjects to
compare the four OWL rating scales and indicate the following:

e Which one they liked best,
o Which one was the easiest to complete,

¢ Which one was the hardest to complete, and

Whisrk An

' n oA
¥y Aainid Uil Q.

experienced.

Nlowed the best descripiion (raiing) of the workioad tha had been

The administration of this questionnaire facilitated an open discussion of the four
workload assessment scales.

Table 3 shows the number of times each scale was given the highest ranking for
each of three different systems separately for each acceptance criterion. It may be seen
that the majority of subiects both liked TLX the best and believed that it provided the
best description cf workload. Subsequent follow-up interviews revealed that many who
thought TLX, with its six component dimensions, provided the best description, likea it
best for that reason.

Regarding the relative ease of usc, most subjects thought OW the least difficult to
complete and almost all indicated the MCH was the hardest to complete. Follow-up
interviews revealed that ease of completing the OW scale lead some subjects to judge it
as allowing the best description of worklocad. Not solicited from the subjects, but freely
offered by most, were complaints regarding the difficulty of the special card sort
procedure which is required before using SWAT (see the next two sub-sections).

Resource Requirements

Along with factor validity and operator acceptance, it s also important for
practical purposes to know the relative resource requirements for utilizing the workload
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Table 3

Operator Acceptance of Workload
Rating Scales

Rating Scale
study TLX oM MCH _SWATY

Which of the rating scales did you like the best?

LOS-F-H 2 2 1 1
Aquila 7 3 3 i
UK-60A 5 7 2 2

Vhich rating scele wes the easiest to complete?

LOS-F-o 1 4 1 0
Aquila 3 4 0 0
UH-60A 2 1 2 1

Which rating scale was the hardest to complete?

LOS-F~H 0 1 3 P
Aquila 2 0 8 2
UH-60A 3 2 9 S

Which rating scale do you think best allowed you to
describe (or rate) the workload you experienced?

LOS-F-H 5 0 1 0
Anui la 10 S é 4]
UK-60A 8 4 1 4

Note. Data shown are the muamber of times each scale
is given the highest ranking.

assessment scales (i.e., how much does it cost to use each scale). Since each of the four
rating scales is most likely to be used as a paper-and-pencil technique, there is little
variation among thera in material needs. The differences among the scales are reflected
in time requirements (i.e., the time required for scale preparation, training or instructing
raters to use them, completing the scales when they are administered, and analyzing the
results obtained with the scales).

The time to complete or fill out each of the four types of scales was measured
during the LOS-F-H NDICE study. The results of that effort are shown in Table 4. It is
clear that TLX, with its six subscales, takes the most time to complete, while OW takes
the least; the SWAT and MCH scales have intermediate mean completion time values,

The other time requirements were not systematically measured, but our
expericnce is that the OW scale requires substantially less time to prepare, train or
instruct, and analyze results than the other three scales. Much less data are generated in
the unidimensional OW scale than the multidimensional TLX and SWAT scales, and the
procedure for completing the OW scale is much simpler than the highly structured and
relatively complex MCH scale. The multidimensional TLX and SWAT scales require
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Table 4

Time (seconds) to Complete
Workload Rating Scales

Scale n Meen SO

TLX 38 51.3 29.5
O 33 ¢.8 8.4
MCH 27 29.1 26.3
SWAT 27 33.6 24.6

more time for data reduction than the vnidimensional OW and MCH scales. Finally,
TLX and SWAT scales require additional analysis time to develop composite scores;
SWAT requires a computer and TLX only a calculator to perform this task.

Special Procedures

The requirements for using the two multidimensional scales -- TLX and SWA
include some special procedures. These procedures are desigred to elicit judgements
from the raters concerning their perceptlons of the relative salience of the scale
cempoenent dimensions, inaepenuem of ire workload ratings themseives. Gf course,
these special procedures require additional time. The SWAT technique requires a card
sorting procedure in which the rater determines the rank order of all possible
combinations of the three levels of each of its three dimensions of workload. The TLX
technique requires a paired comparison procedure for its six dimensicens to determine
individual weightings of each dimension’s importance to workload, separately for each
rated task.

We obtained data on the time required to complete these special procedures in
only one study -- from the six soldiers used in the LOS-F-H NDICE study. The times to
complete the SWAT sort procedure were 25, 30, 33, 34, 43, and 45 minutes (mean = 35
minutes). The times required to complete the TLX paired-comparison procedure were
approximately 6-7 minutes for the first task and 2-3 minutes for subsequent tasks. The
additional information gained from the multidimensional representation of workload may
bear the cost of the additional time required for these special procedures. However, in
the case of TLX, our research suggests its speciai paired comparison procedure may be
skipped without compromising the measure (see a later sub-section of this part of the
report, or Byers, Rittner, & Hiil, 1989).

While most subjects were able to perform the TLX paired comparisons procedure
correctly and with no apparent difficulty, the same cannot be said for the SWAT card
sorting procedure. The required SWAT procedure not only takes a substantial amount
of time to complete, but also presents other problems for some of the subjects. More
specifically, 23 (or 43%) of 54 subjects performing the SWAT card sort did not initially
produce adequate SWAT card sorts. The unsuccessful subjects produced inconsistent
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sorts with excessive axiom violations according tc the SWAT User’s Manual (Armstrong
Aerospace Medical Laboratory (AMRL), 1987). Our observations suggest that the
problem may be more pronounced for less verbal and less "sophisticated” subjects.
Consequently, tirne must be set aside for resolving such problems, though we have
encountered subjects for whom such probleins could not be resolved. In the latter case,
the experimenter must also be prepared to either use the data from these subjects
despite their inconsistent SWAT card sorts or discard them.

Summary of the Dir ri ng Empi ical Scales

The results presented in the preceding four sub-sections tempt one to conclude
that TLX was the most acceptable and usable workload assessment scale, and that MCH
was the least acceptable scale. This conclusior must, of course, be moderated by the
knowledge that there was a limited subject sample size and a limited span of test
conditions in the present set of workload assessment studies.

If time is 2 major consideration, the data presented in Table 4 show that TLLX
individual assessments required more time-to-complete than the other measures.
However, if factor validity or operator acceptance are the major criteria, Tables 2 and 3
show that TLX is superior to the other measures. Except for the more than 5-fold
time-to-complete of TLX relative to OW, these time-to-complete differences may be
judged relatively marginal in the coniext of oilier Uine cosis (e.g., the tme to perform an
analysis of video tape recordings). However, given the moderately high factor validity of
OW across all of these studies, arguments may be made for its use (vs. TLX) for
screening very large numbers of mission segments with respect to overall workload (e.g.,
in preparation for more diagnostic evaluation of "workload problem areas”). These
arguments, it is noteworthy, are predicated on tradeoffs of temporal cost, scale validity,
and subject availability factors which may be evaluated only on a case-by-case basis.

Based on the results of all of our investigations and our review of the literature,
the present authors have concluded that TLX is generally the preferred workload rating
scale for all but screening applications, in which case it may be appropriate to use OW.

General Efficacy of Empirical Workload Rating Scale Techniques

The general usefulness, efficacy, and validity of workload rating techniques were
further examined in terns of their ability to capture changes in the workload imposed
upon an operator by the system, mission, and environment. The dependent measure
used for these analyses was as oiten as not the OWL factor score. More specifically, the
issue is not which one of the workload rating techniques provided useful informaticn and
it is pet if a specific technique yielded useful information. Rather, the larger issue is if
operator ratings of workload provide usefu! information. The OWL factor score is used
to evaluate this issue since, when two or more different rating scale techniques are used
in a given study, it is the best possible estimate of whatever is being measured, in
common, by those techniques. In some cases, because of their demonstrated factor

28




validity and operator acceptance, only one or two scales - the TLX or OW -- were used
to assess workload. In these cases, either factor scores derived from the ratings of just
these two scaling techniques cr the ratings from just one technique were used in the
workload analyses.

In succeeding subsections, the resuits of seven different types of workload analyses
are summarily presented and discussed. These seven types of analyses address the
following issues:

e The relationship between workload ratings and system performance,

o The sensitivity of workload ratings to expected variations in imposed or
experienced workload,

e The effect of extended-duration missions on workload ratings,

e The use of subject matter experts to augment the workload ratings of small
populations of experienced operators,

e The effects of delays in workload ratings,
@ The information value of TLX subscale ratings, and

@ The necessity to weighi TLX subscale rating to derive a global werkload rating
vaiue.

Workicad Ratings and System Performance

It could be argued that if workload rating data are to have any practical velue,
they must impact on the decision processes which drive Army programs. To do this, the
proponent of the program needs to be convinced that those data relate to the desired
outcome of that program. This would certainly seem to be true in the case of a materiel
systems development program. Consequently, any effort to validate workload rating
scale techniques must demonsi-ate that thc data they produce are related to the
performance of the system. This dimension of validity is often called criterion-referenced
validity, where the critericn f success for a system is its capability to correctly perform
mission essential functions.

Woridoad studies on the LOS-F-H and UH-60 systems yielded different results
about the relationship between operator vorkload and system performance. (No
measures of system performance weie available for the two Aquila RPV studies.) For
the LOS-F-H system, step-wise regression analyses were conducted to examine this
relationship. In the NDICE study the dependent variable was the systein pe:formance
scores of C, 1, or 2 (based on the number of targets desiroyed during an engagement
opportunity) and the independent variable was the TILX ratings of the system operators.
In the FDTE Basic study the dependent variable was a performance score determined by




the percentage of successful engagements over all passes and missions and the
independent variable was the OWL factor scores cf only the ROs. In both studies,
dichotomous independent variables were also used to index the operator making the
rating. The results of these analyses are summarized in the regression lines given in
Figures 1 and 2. As may be seen, increases in operator workload were associated wiih
decreases in system performance. In both studies, the multiple correlations were
significant, B = 0.66, and 0.55, respectively.
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Pigure 1. The relationship between T'.X workload ratings and syste:n
performance in the LOS-F-H NDICE study.

For the WH-50A study, an independent observer present during the simulator
flight rated the performance of the pilot and copilot for the required tasks in each
missior: segment (e.g., performing the necessary navigation subtasks while enroute from a
pickup zone to a landing zone). The pilot and copiloi provided near real-time ratings of
overall workioad (OW) and peak workload (PW) for these same tasks. Analyses of
these data revealed no significant relationship between the ratings of crew performance
and the workload ratings of the crew members. Contrary to the two LOS-F-H studies,
the UH-60A performance measures weie based not on the performance cf the system,
but on the performance of the operators. One wouid think that the workload
experienced by the operators would be more closely linked to the operator-based
performance data than the system performance; the latter is also driven by factors
unrelated to the operator’s performance.
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Figure 2. The relationship between OWL factor scores and system peiformance
in the LOS-F-H FDTE Basic study.

The absence of a relationship between ratings of UH-60A crew performance and
the worklead ratings of the crew members may be attributed to the method emplcyed to
rate performance. The scale used to rate performance is the same as the one which is
used to evaluate the performance of student pilots. The subjects in the UH-60 study,
however, were ali very experienced instructor pilots. It is quite likely that these subjects
could perform at uniformly high levels rzgardless of workload levels. 1t is also quite
iikely that the performance rating scale designed for use with undergraduate pilots was
simply not sensiiive o the bigh levels of performance expected of instructors.

In surnmary, it is possible to demonstrate a meaningful quantiiative relationship
between workload ratings and system performance, even up to several months following
the events to be raied. However, the presence of this relationship will depend upon the
procedures used to measure both variables.

Sensitivity to Expected Variations in Imposed QWI,

The analysis of factor validity described in an earlier section showed that the
OWL factor scores are sensitive to variations in the aggregated data from each study. In
other words, the OWL factor scores were able to discriminate amorg and quantify
different levels of task loadings. It is noteworthy that the sensitivity of the workload
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rating measure is meuningful in a practical sense as well. Admittedly, the worl 'oad
ratings obtained in these empirical studies generally did not reveal any surprise . Theit
most important contribution was their capability to quantify the expected but r * well
differentiated differences in the amounts of workload that would be imposed upou and
experienced by the operators of systems. These quantified values of workload may be
shown to vary as a function of mission conditions, crtew duty assignments, and
characteristics of the test situations.

The sensitivity of the ratings to imposed workload was established for all three
systems studied and in all but one of the OWL studies.” Succeeding paragraphs illustrate
the types of measurement sensitivity that were found for each of the three systems.

LOS-F-H. The FDTE Basic study results revealed a significant interaction
between mission segment and crew member position, as illustrated in Figure 3. The
driver (DR) reports less than average workload in all segments. The radar operator
(RO) and electo-optics operator (EO) report higher than average workload for the
acquisition/tracking and reload mission segments. However, duriag the emplacement
segment of the mission, the RO has higher than average workload average wkile the EO
has much lower than average workload. More detailed analyses showed that the
acquisition/tracking workiozd was primarily attributable to high mental demand while
that for the reload segment was due largely to physical effort. Hence, the workload
ratings are clearly sensitive to various workload components, including both cogaitive
and physical aspects.

The LOS-F-H studies also revealed a significant interaction for workload ratings
as a function of operator tasks and types of targets. As illustrated in Figure 4, the
Generic study showed that dual targets were associated with higher workload than single
targets, and target identification (ID/IFF) and track-to-intercept tasks have higher
workload than target handoff tasks. These results are in line with operational
expectations. However, OWL differences also were seen in the interaction between
target type and operator tasks. For the handoff and tracking tasks, dual-target passes
were rated higher in workload than were single-target passes. For the identification
tasks, on the other hand, duai rotary wing engagements had higher workload ratings than
either dual fixed-wing or single rotary-wing engagements. Thus, for the identification
task, both the number and type of target seem to afiect workload. Dual rotary-wing
aircraft may pose greater workload for the identification task due to unpredictable
nature of the typical flight path (e.g., close-in, pop-up).

" The exception, the LOS-F-H NDICE study, found no stable relationships for workload ratings as a
function of specific mission segments or target conditions. In that study, large variations in workload ratings
were observed across subjects; and these clouded statistical comparisons of the mission segments and test
conditions of interest. It appears thai those ratings, made aftet watching video recordings of their own
performance, reflected idiosyncratic differences in the mission coaditions that were being rated. Even
though the "same” types of missions and mission segments were sclected for each operator to rate, variations
in the actual conduct of these missions caused them to in fact be different from onz another in terms of their
impact on the operators. Hence, the [ailure to find stable retationships for workload ratings in this study
may, in past, be due to the seansitivity of the ratings to variations in task loadings.
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Aquila RPV. The FIREX 88 study results also revealed a significant interaction
between mission segment and crew position, as illustrated in Figure 5. It may be seen
that while the mission commander (MC) has the highest and relatively consistent OWL
factor scores, the workload ratings of the AVO and MPO vary corsiderably and in
opposite directions over segments. These resuits make sense. The workload of the MC
is driven by a fairly constant level of respcnsibility over an enti. e flight of the RPV. The
MPO has no direct responsibility during launch and recovery when the mission payload is
not in use but higher than average workload during the flight when the mission payload
is used to perform mission essential functions, On the other hand, the AVO has the
least workload in the flight segment of an RPV mission when flight operations are
relatively routine but higher than average workload during launch and especially during
recovery when various problems can and often do arise.
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Pigure S. The effect of mission segment and crew» member
position on workload in the Aquila FIREX 88 study.

Figure 6 shows the workload experiences of Aquila crew members as a function of
the contrast in test conditions between the OT Il and the FDTE. The main effect of test
conditions reflects the reduced workload in the FDTE due to several factors, including:
new improved search software, intensified training, a more restricted scope of the
missior, and the fact that the air vehicle was not actually flown but mounted to the
underside of a mannsd aircraft.

The significant interaction between workloag setting (FDTE and FIREX 88) and
Agquila crew position is illustrated in Figure 7. It was to be expected that the AVO
would have a higher level of workload in FIREX than in the FDTE (he actually flew the
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AV oniy in the FIREX). The opposite effects were expected for the MPO (because
target detection was not a major objective of the FIREX flights) and the MC (because
the MC in FIREX were more experienced than those in the FDTE and the pressure to
maximize performance was reduced).

UH-60A. Workload ratings in the UH-60A study were also shown to be sensitive
to variations in task demands. For example, the effect of different mission segments on
mean real-time ratings of pilots and co-pilots is shown in Table 5. The greatest level of
workload was found ia Segment 12 in which an engine failure occurred enroute from the
forward arming and refueling point (FARP) to the start point (SP). Thc least workload
occurred during refueling operations at the FARP (Segment 11), and during the two
initial flight segments enroute to the pickup zone.

lable 5

Mean Real~-time Workload Ratings for Mission
Segments in the UH-60A Simulation Study

Segment

Number  Description Code Rating
1 Startpoint to Checkpoint 1 SP-CP1 3..0
2 Checkpoint 1 to Pickup Zone cP1-p2 38.4
3 Pickup 2one Operations PZ Ops 42.5
4 Pickup Zone to Landing Zone P2-L¢ 50.4
5 Lending Zone Gperations LZ Ops 46.3
6 Laending Zone to Pickup Zone L2-F2 we
7 Pigkup 2ent Sosrations Fi G L.y
g Pickup Zone to Alternate L2 P2-Att L2 9.5
9 Alternate LI Ogerations Alt LZ Ops 48.6
10 LZ to Forward Arming & L2-FARP hd

Refueling Point (FARP)

1" FARP Operations FARP Ops 31.5

12 FARP tc Special FARP-SP 52.9

Inciuding Engine Failure

Note. Segments & and 10 are not included due to missing data,

Analysis of Extended-Duration Missions

One of the goals of the OWL Program was to investigate how workload changes
over an extended period of time. This issue is important because real-world missions are
often extended over long durations. Furthermore, workload effects which are not
apparent during short, discrete tasks may be cuinulative and produce overload conditions
only after an extended period of time. Figure 8 shows the mean workioad rating of each
of two crews as a function of time into their respective 48-hour missions. 1t may be seen

that workload ratings generally increase across time for both crews.

Since task demands were relatively constant over the duration of the 48-hour
mission, the increase in workload over time may reflect a decrease in the resources the
system operators have to commit tc mission essential tasks. (n this case, workload may
be associated with fatigue, which would be expected to increase over time during
continuous operations. This dces not necessarily mean that the ratings represent merely
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a cumulative score which would have to increase over time. An alternative possibility is
that operators "averaged" workload for the mission up to the point where the ratings
were obtained. Though the general trend in the data was increasing, there where several
points at which the mear. ratings decreased, lending support to the second interpretation.

Analysis of Rater Experience with the System

In one of the OWL Program primary studies, i.c., the LOS-F-H Generic study, we
had the opportunity to compare the workload ratings of experienced crew members with
those of other SMEs for descriptions of generic mission segments. This comparison is
important for two reasons, First, there are often very few well-trained scldier/operators
(especially on a new or prototype system) and their availability is usually restricted.
Small samples limit the utility of statistical analysis techniques and prevents wide
generalization of the results, SME participation in workload analyses would be one way
to augment the population of subjects. Second, there is the question of what constitutes
a well-trained subject. A comparison of the workload ratings of highly trained crews aad
clearly less well trained SMEs would permit an analysis of the impact of rater experience
level. Table 6 shows the diverse backgrounds of the SMEs used in this study.

The results showed that crew members of the LOS-F-H system and SMEs
generated essentially equivalent OWL factor scores across the conditions of the generic
missions. Most importantly, the two groups showed the same orderings of workload
ratings over conditions for the two measures wi'h the highest factor validities (i.e., TLX
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Table 6

Experience of SMEs in the LOS--F-H Generic Study

ASSOCIATION INVOLVEMENT TRAINIKG ON WATCHED FILMS OTHER AIR MILITARY

SHE WITH SYSTEM IN NDICE SYSTEMW OF NDICE DEFENSE EXPERIENCE
(10 OR MORE) EXPERIENCE

1 MANPRINT YES YES YES YES YES
2 MANPRINT NO YES YES NO YES
3 HMAMPRINT YES YES YES YES YES
4 MANPRINT YES YES YES YES YES
5 TRAINING YES YES YES YES YES
6 TRAINING NO NO YES YES YES
4 TRAINING NO YES NO YES YES
8 TRAINING NO YES NO YES NO
14 TRAINING NO NO NO YES YES

and OW). These results suggest that SMEs may be successfully used to augment a
limited operator pool of subjects in making workload ratings of generic missions. It
would be a mistake, however, to assume that agny SME could make workload ratings
equivalent to those of an experienced operator. Clearly, caution is advised until
alternative criteria for defining SMEs are defined and evaluated.

Effecis of Delays in Rating

One of the stated advantages of the operator rating rechniques is their non-
intrusiveness. By deferring the workload measurement response until after a task has
been completed, these techniques permit the task to be performed with minimum
interference. The other side of the coin is that when the operator does make his or her
response, memory is called into play; the operator must remember the situation and the
experiences associated with it in order tc make a workload rating. This, in trn, raises
questions about how to interprel the rating. If the ratings are not made in real time,
does memory distort the judgment of workload? What are the effects of different task-
response time lags on workload ratings and what is the source of these effects? The
CWL Program did not conduct a controlled study of the effect of delays in ratings, so a
derinitive answer to these questions cannot be obtained from the collected data.
However, during the course of the OWL Program, different time lags were used in
different studies. Consequently, several salient observations can be made about this
issue.

Subjects were quite able to provide workload ratings with substantial face validity
even when the time lag was large, as in the LOS-F-H NDICE and Generic studies (see
Figures 3 and 4). In the NDICE study, the time lag was about 10 weeks and subjects
were asked to rate very specific mission segments. In that study, however, the use of
video recordings helped the subjects to recall their experiences from those segments, thus
easing the memory burden. For the Generic study, the same subjects and the same types
of mission segments were rated, and the time lag was about six months. In this study,

another procedure eased the dependence on memory -- the use of verbal descriptions of
“generic" cr average mission segments under the given set of task conditions.
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During the UH-60A study using the flight simulator, different and much smailer
time lags were used. In particular, the subjects provided ratings in near “real time" -- at
the first acceptable time following the mission segment of interest -- and “"post time" --
foilowing the completion of the entire mission. The corresponding time lags were much
shorter (i.e., seconds cr minutes compared to weeks or months). As was the case in the
two LOS-F-H studies cited in the preceding paragraph, subjects were able to provide
reasonable OWL ratings for the mission segments using both real- and post-time ratings
of workload. It should be noted, however, that the values of the real-time ratings were
greater than those of the post-time ratings (46.0 and 41.0, respectively). We speculate
that during the mission real-time ratings of workload were elevated relative to post-
mission ratings due to the uncertainty and anticipaticn of mission tasks remaining to be
completed.

Finally, it could be argued that the LOS-F-H Prospective study represents
instances of "negative” time lag in which the ratings were made to a task planned to
occur at some future point in time. As will be described later in this resuits section, the
results of that study showed that operators could make reasonable ratings 1o the extent
that their general knowledge encompassed a situation similar to that being rated. When
this was true, the rating situation was similar to that of the generic study, in that the
subjects are mentally picturing themselves in a given situation or mission based upon
their general knowledge, and making their ratings using that mental picture.

Analysis of TI.X Subscale Ratings

An important distinction among the four workload rating techniques selected for
analysis in the OWL Program is the information output of the scales. The OW and
MCH scales produce a single overall judgment of workload tor each rated situation,
while the TLX and SWAT techniques produce component subscales information as well
as overall judgments. This subsection addresses the nature, analysis, and interpretation
of subscale information provided by multidimensional workload assessment techniques.
In particular, it deals with the issue of the diagnosticity of these techniques.

Diagnosticity refers to the extent to which the specific source cr cause of
workload is revealed by the measurement technique. Workload techniques may bhe
diagnostic in that they may be used to ideatify the porential components (e.g., mental,
physicai, and temporal) which contribute to the perception of workload. The essence is
to be able to identify the specific mechanism or process involved during the performance
of a particular task under particular conditions, especially if that process is overloaded.

Because of resource limitations, the OWL Program focused on limited subscale
analysis of just one of the two multidimensional scales. The TLX was selected because
of its consistently higher factor validity and operator acceptance. As described in
Appendix A, the TLX subscales are: mental demand, physical demand, temporal
demand, performance, effort, and frustration. Overall workload is calculated as a
weighted average of these six subscale ratings. The TLX subscales were analyzed for the
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LOS-F-H (Generic, Basic, and Prospective), Aquila FIREX, and UH-60A studies. Table
7 shows the grang mean ratings of each subscale for the operators of three different
systems: Aquila GCS, UH-60A, and (prospectively) LOS-F-H. The main effect of
subscale ratings was significant for each of these three systems. It may be seen that
there were similarities and differences in subscale values across the systems. In each,
mental demand is the greatest and physical demand nearly always the smallest
contributor to workloau :atings. In terms of differences, for example, frustration is not a
major contributor to workload for the UH-60A and LLOS-F-H prospective ratings but is
the second greatest contributor to workload in the Aquila ratings.

Table 7
Mean Weighted TLX Subscale Ratings for Three Different
Systems
TLX Subscale -

Menta!l Physicsl Temporal Performance Effort Frustration
System Demand Demand Demand
LOS-H-F Prospective 162.7 11.7 98.0 94.2 94.8 56.7
(all cases)
Aquila FIREX 189.8 14.3 140.9 98.5 84.0 129.2
(GCS only)
UH-60 Biackhawk 114.8 40.1 112.3 61.9 108.6 31.5

(all cases)

Analysis of interactions of workload subscale values with key independent
variables of a study provides even more useful information than an analysis of only main
effects. Changes in the pattern of subscale values across mission segments, duty position,
and target con":guration can help to identify workload problems and their sources at a
finer level of detail than can a main effect. An example of a two-way interaction
between mission segment and subscale values was found for the UH-60A study and is
illustrated in Figure 9. It may be seen that three factors contribute to the higher mean
workload shown for the Pickup Zone 10 Landing Zone (PZ to LZ) mission segment
compared to the other three; the PZ to LZ segment has larger effort, paysical, and
mental components than the other three segments. This result is reasonable since the
PZ to L2 segment consisted of flying through hostile territory carrying a heavy load, a
situation in which the platform can become quite unstabie.

A three-way interaction involving TLX subscales is illustrated in Figure 10. This
figure shows the effect on total weighted workload scores of different sources of
workload in various mission segments (Acquisition/Tracking [Acq/Track], Emplace, and
Reload) and crew members in different duty positions (radar operator [RO], electro-
optics operator [EO], and Driver [DR]). For example, during acquisition/tracking, the
RQ experiences more total workload than the EO (though not significantly moie),
although the EO experiences more temporal demand than the RO. Another example is
that the RO always has higher performance subscale ratings (i.e., he perceives he has
been less successful in accomplishing his task) than either the EO or Driver,




600.0 - Subscole

A Frustration
B3 efiort
® 800.0 1 [ Peformance
E Temooral Demand
P 400.0 1 M Physical Demand
8 Mental Demand
) 300.0 4
n
> 200.0 - //
- Z
k-
100.0 W
0.0
Pickup PZ to Landing LZ to
Zone Lz Zone Pz
Operations Operativns
Mission Segment
Pigure 9.

The effect of mission segment and TLX subscale on weighted subscale
scores in the UH-60A simulator study.

Subscale
B Frustration
B8 Etfort
[J Pertormance
E3 Temporal Demand
[l Physical Demand
E Mentol Demond

TLX Subscale

B
£0
Acg/Track Emplace Reload

Mission Segment

Figure 10. The effect of mission segment, crew member position,
and TL.X subscale on weighted subscale scores in the LOS-F-H Basic
study.

41




omparison of Raw and Weigh Rati

As described above, muliidimensional rating techniques such as TLX and SWAT
require separate precedures designed to address individual differences in the perception
of factors (i.e., sub-scales) which contribute to overall workload experierices. However,
these special procedures are both cumbersome and time consuming. Because of the
potential utility of these multidimensional techniques, it would be desirable to reduce the
burden associated with or to eliminate entirely the need to use the special procedures.
There has been some interest in using SWAT without the need for the card sort
procedure (Biers & Mclnemney, 1988). However, since the OWL Program has shown
clear advantages of the TLX over SWAT in both factor validity and operator acceptance,
we focused on the TLX rating technique.

The standard TLX composite or global workload score is computed by multiplying
each subscale rating by a weighting factor derived from the pair-comparison of all
subscales for each task to be evaluated. These weighted ratings are then averaged to
obtain the global score following procedures given by Hart and Staveland (1987). These
authors stated that the weighted composite score produces more stable overall workload
scores (i.e., scores with a smaller variance) than a rating obtained using the OW
technique (which yields directly a single overall judgment of workioad). This is a
reasonable finding from a strictly statistical point of view. Because the standard
composite TLX score is presumed to be the sum of (approximately) independent and
identicaliy distributed variables, it would have a smaller variance than a unitary score.

However, these authors did not compare TLX with an appropriate unweighted
average of subscale rating values. If there were no paired comparison of TLX
subscales, there would be ne derived weights, and a "Raw TLX" (RTLX) could be
calculated by simply averaging the subscale values, thus skipping the weighting step in
both the experimental procedure and in the analysis. We calculated RTLX and
compared it to TLX (and OW as a baseline) across a number of the OWL studies (see
Byers, Bittner, & Hill, 1989). Table 8 summarizes the results of these comparisons. It
may be seen that RTLX has slightly lower mean values and slighily lower variability than
the TLX, and a very high correlation with TLX (averaging 0.977 across five studies).

The assertion that TLX scores would have less variability than OW scores was
confirmed. Hart (personal communication, October, 1989) offered an explanation of our
results. She noted that our findings are reasonable for complex, realistic tasks whose
workload is due to the contributions of several subscales. However, she also argued that
for simple, "unitary” tasks whose workload is principally due to a single subscale (i.e., the
types of tasks more typical of the laboratory rather than the field), the equality of RTLX
and TLX may not hold. The rationale behind this interpretation of our results should be
further explored.

Evaluation and Validation of Analyticat Techniques

A major premise that continually recurred throughout the duration of the OWL
Program is that analytical or predictive workload assessment techniques can be extremely
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important in influencing the development of a system. Appropriate use of these
technigues allows the huinan factors analyst or practitioner 1o make meaningful
contributions early in the design phase of an emerging system. Such early involvement
not enly would improve the quality of the emerging product design. but would aiso lay
the groundwork for continuing useful worklocad contributions throughout later phases in
the system development process.

Table 8

Comparison of OW, TLX, and Raw TLX
(RTLX) Workload Scores Across Studies

Study n oW TLX RILX r

LOS-F-H NDICE 72 7.7 36.78 34.00 0.982
(26.03) (22.35) (21.14)

LOS-F-H GENERIC 230 57.26 52.25 50.21 0.967
(26.51) (21.53) (22.18)

LOS-F-H Basic 204 35.20 31.23 28.96 0.981
€(20.47) (17.55) (16.42)

PMS FDTE 66 46.36 36.15 36.50 0.96C
€22.58) (18.99) (17.84)

AQUILA FIREX 105 46.48 43.00 38.75 0.973
(27.96)  (26.15) (21.95)

ACROSS ALL 477 5.80 L1127 307 0,077

STUBIES (26.27) {22.43) (21.81)

Note. The values shown for tLhe ratings are the mear, and
standard deviation. The PMS FDVE refers to a workload study
corcducted on another systun, the Pedistal Mounted Stingsr (see
Byere, 1989).

As valuable as the analytical workload assessment techinigues are, they suffer from
two disadvantages in most applications to date: coarseness and lack of validation. The
coarseness of the outputs of analytical methods is not really a disadvantage -- it is more a
property of the early stages of the system development process. At early stages, little
firm system information is typically available and is usually of a very general nature. No
assessment technique can produce finer-grained output than that of the inpat
information.

Validation of analytical workload assessment techniques is complex and diificult,
involving both technical and resource problems. We were fortunate in the OWL
Program to have the opportunity to apply two different analytical techniques, one each
to two different systems. Prospective TLX ratings were used to assess the opinions of
experts toward the workload that would be associated with some proposed changes to
the LOS-F-H system. Workload "predictions” made with the TAWL/TOSS technique
were developed and matched to empirical, real-time workload ratings for the UH-50A
helicopter. Each of these two applications of analytical techniques is described below.




p ive Applicati f TLX Rati

The LOS-F-H Prospective study examined the workload ratings of operators for
hypothetical situations, including more realistic target configurations, new radar
equipment, more realistic employment of multiple fire units, and different task allocation
among crew members. There were two types of validity sought in this study.

First and more modest was the desire to establish face validity, or to answer the
question, "do the quantificd prospective ratings reflect reasonable relationships between
workload and the variables of interest?” To address this validation objective, the mean
prospective rating results were discussed with system and tactics experts who, on the
whole, judged them to be reasonable.

A clear example of the face validity of prospective ratings are the results obtained
for prospective ratings of more realistic target configurations. The mean TLX ratings for
the "average” number of aircraft that had been experienced during a one-hour
acquisition/tracking segment in the LOS-F-H FDTE. Basic study and "double” that
number were 38.7 and 46.2, respectively. Likewise, the mean ratings for the "typical”
rotary-wing or fixed-wing attack and a hypothetical attack simultaneously by two fixed-
wing and two rotary-wing aircraft were 31.7 and 45.8, respectively. These results confirm
the expectation that the serial nature of the RO and EO tasks in an engagement
sequence may lead to easy handling of single targets, but potential problems when
multiple targets appear in rapid succession. An eqgually relevant example of this first
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type of validity is illustrated in Figure 11. This figure shows that a proposed new

radar which would automate tasks such as those associated with target identification,
classification, and engagement priority would reduce the workload for both the RO and
EO, but more so fo1 the RO than the EO.

A second and mcre ambitious validation objective was to estatlish predictive
validity. It was our plan to participate in the next LOS-F-H test opportunity, the
FDTE - Phase II, to empirically evaluate soms prospective ratings made zt the
conclusion of the LOS-F-H FDTE studies we participated in for this report.
Unfortunately, a shift in the FDTE - Phase II schedule made it impossible to fulfill these
plans. We had been particularly interested in testing workload predictions about the
effects of multiple fire units and a reallocation of crew responsibilities, both of which
were to occur for the first time during the Phase I field test. Figure i2 illnstrates the
prospective ratings associated with a more realistic configuration of several fire units.
The "master fire unit" is the one with an active radar, which receives command and
centrol daia over an active radio network, and which determines the assignment of
targets to fire units. The slave vehicle is responsible for engaging the assigned targets.
Figure 3-12 illustrates a significant interaction of operation mode (Master, Slave, and
Autononious, and duty positicn (RO and EO). The overall worklead of the RO and EO
is rated about the same in the Autonomous Mode. However, the RO is projected to
experience greater levels of workload than the EQO in the Master Mode and the reverse
is projected to occur in the Slave Mode.
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Figure 12. The effect of proposed mode of operating multiple fire
units and crew member positicn on TLX ratings in the LOS-IF-H
Prospective study.




The prospective operator rating method is most likely to be effective for
hypothetical situations where the operators have had some relevant, similar personal
experiences. Such a situaticn would allow the operators to have a "mental anchor" for
their prospective judgments. One set of prospective ratings used for this study -- that for
the new organization of tasks across crew members -- did not seem to have a comparison
base. The proposed reorganization would place the senior crew member, who served as
a mission commander and squad leader, in the driver’s position in the fire unit. From
that location, this crew member would keep the fire unit in the air battle and monitor
the ground batile. He would maintain direct contact with the air defense platoon leader
and with the maneuver force that the fire unit was assigned to protect, and would drive
the fire unit from one battle position to another. The individuals assigned to the RO
and EO positions would serve the duties normally assigned to these two positions.
Essentially, in the proposed organization, the mission commander no longer functions as
the RO but instead as the driver.

Figure 13 illustrates an interaction effect on prospective ratings by crew position
for the current and proposed organizations. As has been described previously, Figure 13
shows that in the curtent organization, workload of both the RO and EO exceeds that of
the driver, especially for more difficult missions. In contrast, in the proposed
organization, while the workload projected for the driver plus mission commander/squad
leader position is higher than for the driver in the current organization, that for the RO
and EQ is only marginally affected and, in fact, tends to decrease for mcre difficult
missions. In summary, all three positions are predicted tg have essentially the samc level
of workload in the proposed organization. However, soldiers indicated that the proposed
organization appeared very strange, largely because "drivers” are geaerally the lowest
ranking soldier in most, if not all, Army land vehicles. We speculate that the absence of
famuiliarity (and perhaps some hostility) with the proposed organization reduced the size
of the effects found.

The prospective application of the TLX operator rating technique also produces
significant findings with respect to the TLX subscales. For example, Figure 14 illustrates
a significant three-way interaction involving the mode of operation of multiple fire units,
crew member duty position, and TLX subscale. It may be seen from this figure that
"performance” subscaie rating is larger for the RO in the Slave mode of operation than
for any other duty position by mode combination, suggesting that an individual in the
slave-RO position will perceive he has been relatively unsuccessful in performing his
task. It may aiso be seen that the mental ancd temporal demands for the Master-RO is
much greater than for the Master-EQO, while 1..e mental and temporal demands for the
Slave-EO is greater than for the Slave-RQ. This latter observation is in line with
expectations.
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Analysis of the TAWL/TOSS Methodology

The TAWL/TOSS methods were developed over several years by Anacapa
Science and ARI (Bierbaum et al,, 1990). This portion of the OWL Program is of
particular importance because it is the only study within the program which examined
the validity of a task analytic and simulation method.

It is not straightforward to define what constitutes validation of an analytical
model (such as TAWL/TOSS) that predicts complex human behavior, especially if the
model output is a construct (such as "workload") which has many al.ernative definitions.
For the UH-60A study, the ability of TAWL/TOSS to reasonably track changes in the
workload (as rated "real-time" by pilots and copilots throughout a mission) was analyzed.
In adhering to the OWL Program objectives to provide useful assistance to Army
developers; it is not important to determine if the predictions precisely match empirical
data. Rather, it is important to determine if TAWL/TOSS can provide reliable (if
approximate) indications of potential workload problems.

Reguired TAWL/TOSS inputs include a detailed task analysis with low-level task
times, channel-specific workload ratings for each of the low-level activities, and a set cf
scenario decision rules that drive the simulated operator’s task selection. Using this
information, TAWL/TOSS generates a timeline of low-level activities at fixed half-
second intervals. To determine the channel workload at each halfsecond interval, the
TAWL\TOSS model sums the workload estimates across tasks that are concurrently
performed at that time. If the sum of any component channel (e.g., visual) exceeds 7
within a half-second interval, an overload is defined to have occurred for that channel in
that interval.

'The purpose of the current study was not to investigate prediction of "overload" by
the TAWL\TOSS modzl. Rather, the study focused on validating the underlying
workload database and the scenaric generation rules developed specifically for the
TAWL\TOSS UH-60A model. The approach used was to compare real-time operator
ratings of workload with TAWL /TCSS-based predictions of workload. For example,
techniques were devised to derive predictions of real-time Qverall Workload (OW)
ratings from the output provided by the TAWL/TOSS model. This technique proved to
be quite reasonable. A significant correlation was found across crew members between
TAWL\TOSS-derived predictions of OW and the real-time OW ratings (r = 0.82). This
high correlation suggest the validity of the underlying TAWL/TOSS data base and
scen:rio generation techniques.

Figure 15 illustrates this finding graphically by mission segment, separately for the
pilot and copilot. As may be seen in the figure, TAWL/TQOSS predictions track the
relative overall workload between segments. However, the real-time OW ratings tend to
oe higher than the TAWL/TOSS-based OW predictions. The one exception to this
trend - Pilot data for the first mission segment showr in the figure - suggested the




possibility of a special modeling problem (D. B. Hamilton & C. R. Bierbaum, personal
communication, January, 1990). If the pilots’ data for this segment are removed, the
correlation rises to [ = 0.95, with the relationship accounting for 90 percent cf the total
variance in the data.
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Figure 15. The effect of mission segment and crew member position on real-
time ratings and TAWL /TOSS model predictions of overall workload in the UH-60A4

simulator study.




SUMMARY AND CONCLUSIONS OF THE OWL PROGRAM
PRIMARY RESEARCH STUDIES

This report describes the methods and procedures used, and the findings obtained
from a series of eight separate studies across three Army systems. It addresses the
application of both empirical methods for evaluating the workload associated with the
operation of Army systems and analytical methods for predicting that workload. It
presents and discusses the resuits obtained from these studies in terms of their
meaningfulness or validity for a number of different practical topic areas.

The empirical methods examined were four operator rating techniques: TLX,
SWAT, OW, and MCH. In the studies reported, TLX was consistently highest in factor
validity and operator acceptance. For these reasons, TLX is recommended for all out
screening applications, where CW (because of its simplicity and convenience) may be
used as a first step. The empirical workload ratings are showr: to be sensitive to changes
in system performance and in the expected levels of workload imposed upon the
operator by the system, mission, and operational conditions. Additional anaiyses show
that the ratings are robust with respect to delays between a workload experience and its
rating, and to variations in rater experience with the system under consideration. The
TLX subscale ratings are shown to contain potentially useful information concerning the
source or cause of experienced workload. Finally, if experimental resources are limited,
the raw average of 1LX subscale ratings arc shown to produce composite or global
workload scores essentially equivalent to those obtained using the standard weighted
average of TLX subscale ratings.

The analytical methods studied were prospective operator ratings using the TLX
scale and the TAWL/TOSS task analytic and simuiation model. The prospective rating
technique shows promise as a method for ideatifying potential workload problems in
emerging systems. The TAWL/TOSS model is shown to have a capability to track
empirical workload ratings. This indicates that the TAWL/TOSS model also has
potential as an analytical workload estimation technique that may be used to predict
workload early in the system develcpment process. More reszarch is indicated to fully
exploit these analytical techniques.

Futire Research Directions

Based on accomplishments and lessons learned from the recently compleied OWL
Program and from other related research programs, several areas for future work can be
described. These include continuing work to generally improve our understanding of the
concept of workload and its relationship to operator and system performance. In
addition, research must proceed to identify cost-effective methods for reducing the
impact of excessive OWL on soldier, system, and unit-level performance effectiveness.




In terms of our understanding of workload and its relation to performance, these
areas of research should be pursued:

e Validation studies on an expanded set of workioad assessment methodologies
as they apply to a larger class of systems operating in more diverse
environments. The database that addresses workload assessment techniques
is too limited in scope.

Furtber improvements of our capabilities to assess operator workload issues
during system front-end analysis. Clearly, improved analytical techniques are
required to predict workload early in system development where the greatest
design flexibility is available with the least impact on system cost.

Development of a more complete undeistanding of the effects of workioad on
human performance by expanding our research to include instances of
"underload” as well as overload, and, perhaps more important, the
performa..ce consequences of transitions between these two extreme levels of
workload.

o Better understanding of how workload analyses can be used to diagnose the
sources of workioad extremes. ln spite of the current availability of

"multidimensional” assessment techniques, it is not at all clear that we can
adequately diagnose the canse of a workload problem for a system designer.

Improvement of the ability to assess, understand, and utilize differences among
individual soldiers ip their reactions to workload extremes. It is generally
understood that individual differences exist, but there is little research to .
relate them to workload.

Development of a means to guickly incorporate new knowledge generated by
the types of research described above into an expert systern such as
OWLKNEST. The capability to specify the relative values of varicus
operator assessment techniques is important at all stages in the process of
system development. The advice supplied by this expert system should be
validated by application to real systenis.

In termns of developing cost effective solutions or countermeasures to workload
extremes, two ditferent but obviously interrelated types of rescarch are needed:

e Methods need to be developed for actually decreasing the extremes in
workload imposed upon soldiers. These methads may be based our the design
and development of (a) the hardware/software system and its interface with
the operator; (b) the organizaticnal unit within which the system is placed; or
(c) the operztional tactics, techniques, and procedures used during
employment of the system.




e Methods are needed for increasing the soldiers’ capability to successfully cope
with extremes in operator workload. These methods may draw upon: (a) the
identification, selection, and classification of soldiers whose performance is
relatively tolerant to workload extremes, or (b) the design and
implementation of training programs to develop effective individual and unit-
level workload management strategies.

The need clearly exists for extending and enriching the total database that relates
operator workload io soldier, system, and unit-level performance effectiveness. What
remains to be dctermined is the ability to effectively and efficiently respond to that need.
In part, the availability of required research support will determine the limits of our
response. Qur willingness and ability to change some basic orientations to developing
research programs may be equally important.
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APPENDIX A:

WORKLOAD ASSESSMENT INSTRUMENTS
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MODIFIED COCOPER HARPER (MCH)

Description: The MCH is used to obtain ratings from 1-100 via a decision tree structure. Although derived
from the Cooper-Harper, it was designed to be applicable to a hroad number of operational
environmeants {i.e., it is not specifically a pilot rating scale). It can be used in real-time operation.

Scositivity: The scale kas been reported to be seusitive to differences in task loading.
Diagnosticity: The MCH gives a global rating of workioad.

Intrusiveness: Little, although it does require a judgment. There was concern (as with mosi subjective
mecasures) that the judgment might interfere with flight duties, but ratings can be obtained real-timc.

Implementation Requirements:
Data collection: Some wmethod for collecting the ratings is necded -- either a 10 key pad or
communications medium with which the operator can report the 1ating verbaliy. A copy of the
scale for reference is also uscful.
Qperator traming: The operators must be given an opportunity 9 become familiar with the rating
scale, therefore some practice is necessary, although the scale is apparently easy to understand.

Operator Acceptance: The scale has been reported to be well received vy experimental subjects who were
pilots.

Safety: Plans must be made as to what to do & the opetator is too busy to give a rating. Ratings should be
secondary to the primary concern with opcrational safety (e.g., flying a plane or controlling a land
vehicle).

Relative Cost of Use:
Testing time: Minimal.
Equipment: Minimal.
Selup and suppor{: Minimal.
Data analysis: Descriptive and inferential statistics can be used. Graphical representations are
useful. Cazation 1s advised in assuming an interval sczle, therefore non-parametric analysis may be
more appropriate.
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The MCH Scale

AiaTaer peyepdwacos
) UV WEE POPTU|TUY

Aoepuew
ulieepe: welvie

Q8800w

T®ed POUE INOILNY O

ssDvedep Jolepy

POPUSW W0
L8uone w
uBrsepss weishs
‘e®duNdyep 10Ty

1S

ﬁ
LN

0w peys duwoioe
*q wEw| PPOI .U
U uondsa 10 38w
€y Aew woLe
ybroun
wea gy

=

LIOUeND eWIOR

e wendw)) Nq YN YREWDIe 0) peanbas Aundunp solepy
€ LD)e (REISW S0|9,600 SUS W)
(22222
° mosuww 0 oliny oas o) pennbes Apnoypp sclep "
" DOUE MU 01800 Wiiun oYy
19A0¢
t orexcpow 81 Moue Buug 0) pende: Aundpp 1olepy
w HOPe (SARW JOIN/OCH WHURTEYY
[ <) ["77-797 1- SUNAEERE 1} LUEA 1 - |
’ wernde ¢;edeDe UPLE O Pesnbe; aqereol nQ
O (PR 20}0,000 whLs oy TOUGI56I90 Aep
L T )
$ wvessped weisie s iWdepe umie 0) +QBLOIDeIq0 .A’
PRINDE W CUS (IS J0)LETC WOIH Ao\ #opors
T wIoped
v Weislt SRMDIOV LPUE O Penbes & Avron

| H0u3 [eew 0medd yBay Awiesepory

Ounhouue v Jouwy

WIPIMR N DU D DeAseD
PUT MOy B WOUP T[RRI SN IO

Aungyp A
‘nwy

MARATYE APITO B EUTULGLEC DY IteD
PR [TUSURS B LIOUS [FVTL JOEIe00)

OeoNpe: *q

oy e ythy
" PROINIOm
mivery

pue yews
9101,0 Oy

LMQePeIDE 8Al
PROWOS (FIUVL

aqesep
RITE] A

o, 1o Apdiy
‘Avem Asop

20 DuUTwe() J019:900)

1080
Ayndypg

JuewHes UOISSIN IO NSB]




OVERALL WORKLOAD (OW)

Description: The overall workload (OW) scale is a unidimensional bipolar rating scale which an operator
can use to give an absolute estimate of the workioad experienced during a particular mission
segment. The scale consists of a horizontal line divided into 20 equal intervals; the words "low” and
"high" are placed, respeciively, at the left and right ends of the scale. Numerical values, assigned by
the analyst, range from 9 to 100.

Sensitivity: The scale has been shown to be sensitive to differences in task loading for a variety of diffcrent
tasks, systems, and operational ecvironmeants

Diagnosticity: OW gives only a global indication of the overall workload experienced by the operator.

Intrusiveness: Litte, though it requires that the operator give an absolute judginent. Even so, studics have
sho..n that OW ratings can be obtained in real time witkout interfering with the operator’s
performance.

Implementation Requirements:
Data collection: The OW scale can be administered during (real time), after {retrospectively), or
before (prospectively) the operator performs the task of interest. The operator ratings can be
obtained verbally, by paper and pencil, or electronically via a keypad.
Operator {raining: Some practice in uc'ng the scale and undeistarding the operational meaning of
the scale (and of the concept of workload) is helpful.

Opcrator Acceptance: High

Salety: Plans must be made as to what to do if the operator is too busy to give a real-timme rating. Normally,
the analyst can ask for a retrospective rating at some period of time after the task of int ‘rest has
been compicted.

Relative Cost of Use:
Testing time: Minimal.
Equipment: Minimal.
Setup and support: Minimal.
Data analysis: Minimal.

Comments: When used retrospectively, after a long delay, the operator should be aided in recreating the
expericences associated with the task when it was previously performed; audio and video recordings of
task performance are helpful in this regard. When used prospectively, the operator or subject
matter expert should be aided in creating a useful representation of the task as well as the system
and operating cnvironment which form the coutext of the task that is to bz rated. In this latter case,
the ratings of workload are made to descriptions of tasks and events that have not yet been
personally expericnced by the individual making the ratings (see Eggleston & Quinr, 1984),
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AVAILABILITY: The OW scale is one of the subscales used during the construction of the TLX scale.
The OW Scale

Task or Mission Segment:

Please put a mairk on the scale at the point which best corresponds to how
you rate your overall worklcad.

LlillLlllL‘llihLlhl

Ovetrall Workload:

Very Low Very High
4] 100




SUBJECTIVE WORKLOAD ASSESSMENT TECHNIQUE (SWAT)

Cescription: SWAT uses the three dimensions of time load, mcntal effort load, and psychological stress load
1o assess workload. For each dimeasion, there are three operationally defined levels. SWAT has
two parts: 1) a card sort procedure where the eperator determines the rank order of all
combinations of the three levels of the three dimeasions; and 2) an event scoring part where the
operator makes ratings of the three dimensions. Conjoint analysis is used to obtair a global
workload rating between 0 and 160.

Sensitivity: SWAT has been demonstrated to be sensitive to task loading in a number of different typces of
tasks.

Diagnosticity: SWAT gives a global rating of workload. However, the three subscales can be examined
individually and used for diagnostic purposes.

Intrusiveness: Little, although it does require a judgment. There was concern (as with most subjective
measures) that the judgment might interfere with flight dutics, but ratings were abie to be obtained
real-time.

Iinplementation Requirements:
Datz collection: Tke card sort procedure can take up to an hour to perform. The SWAT event
ratings can be administered during (real time), after (retrospectively), or before (prospectively) the
operator performs the task of interest. The operator ratings can be obtained verbally, by paper and
pencil, or electronically via a keypad.
Qperator fraining: Practice is needed for the operators to become familiar with the operational
definitions and the giving of ratings.

Operator Acceptance: SWAT has been used successfully in aviation and other application. However,
cooperation and motivation is the key to obtaining a valid card sort which are the most difficult
aspect of this technique.

Safety: Plans must be made as to what to do if the operator is too busy o give real-time ratings. Real-time
ratings should be sccondary to the primary concern with operational safety (e.g., flying a plarne or
controlling a Jand vehicle).

Relative Cost of Use:
Testing time: Card sort can take up to an hour, while the event ratings can be obtained very
quickly.
Eguipmen;: Whatever equipment is chosen for data collection. Computer acecss is necessary for
data reduction and analysis.
Sctup and support: Careful administration is required, particularly for card sort.
Data analysis: Descriptive and inferential statistics can be used. Parametric statistics are
appropriate since conjoint scaling provides an interval scale and they have been used to examine
significant differences between mission segments or task variables.

Comments: When used retrospectively, afier a long delay, the operator should be aided in recreating the
experiences associated with the task when it was previously peiformed; audio and vidco recordings of
task performance are helpful in this regard. When uscd prospectively, the operator or subject
matter expert should be aided in creating a uscful representation of the task as weli as the system
and operating environment which form the context of the task that is to be rated. In this latter casc,
the ratings of workload are made to descriptions of tasks and events that bave not yet been
personaily expericnced by the individua! making the ratings (see Eggleston & Quinn, 1984).
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TASK ANALYSIS/WORKLOAD (TAWL)

LCescription: For a given crewmember and scenario, the Task Analysis/Workload (TAWL; Bierbaum,
Fulford, and Hamilton, 1990; Hamilton, Bierbaum, and Fulford, 1991) methodology predicts
operator overload using a data basc of information produced from a task and workload analysis (see
TIS o1 the predecessor McCracken- Aldrich model). Using a top-down approach, a mission is
b.oken down into phases, phases into segmeunts, segments into functions, and functions into tasks.
For cxample, ia an AH-64 evaluation (Szabo & Bierbaum, 1986), seven mission phascs, 49 scgments,
153 functions, and 653 tasks were ideptified. For the task analysis, the duration of each task is
specified as well as the associated crewmember and subsystem. For the workload analysis, a subject
matter expert assigns workload ratings (on a scale from 1 to 7) to the auditory, visual, visual-aided,
kiresthetic, cognitive, and psychomotor channels for each task. A scenario is defined using segment
and fuacuon rules. Segment rules specify what functions will be performed sequentially and
concurrently by each crewmember within a specific segment. Similarly, function rules specify what
tasks will be performed sequentially and concurreatly by each crewmember within a specific
function. Randomly-occurring tasks are aiso defined. A scenario timeline is then generated using
the segment and function rules. Independent channel workioad is estimated for each time snapshot.

Seuositivity:  Operator workload at the task level, Can also identify subsystems associated with high workload.

Diagnosticity: Destermine how workload varies across time, crew members, channe! componeats (c.g.,
cognitive, psychomotor), and subsystems.

Inpnis: Detailed task analysis defining the low-level task activities required for a mission including task
times. Workload ratings for auditory, visual, visual-aided, kinesthetic, cognitive, and psychomotor
channels on a scale of 1 to 7 for each low-level task activity. Scenario decision rules indicating the
activitics fo be performed by each operator.

Outputs: Generates a tiracline of low-levei activities and predictions of workload at fixed half-secoud
intervats and summary reports of workload statistics, overloads, subsystem use, and subsystem impact
on the worklnad of up to four crew members.

Relative Cost of Use:
Testing time: 6 months to develop a baseline model
Equipmgni: Perkin-Elmer for original TAWL software; IBM-PC compatible for the microcomputer
implementation known as TAWL Operator Simulation System (TOSS; Hamilton, Bierbaum, and
Fuiford, 1991; Fulfcrd, and Hamilton; and Bierbaum, 1990).
Setup and support: Minimal
Data_gnalysis: Minimai

Comments: TAWL ras primarily beea applied to predict the impact of system design upgrades on workload
in Army aviation scttings. Recent applications include various Army ground-based crew stations.
Computer implementation of this methodology is necessary. The original TAWLU software was
developed on a Perkin-Elmer minicomputer. The TAWL Operator Simulation System (TOSS) is a
microcompuer implementation of the methodology that cmploys a menu-driven user-computer
interface (Bierbaum, Fulford, and Iamilton; 1989). MicroSaint can also be used io implement the
methodology.
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TASK LOAD INDEX (TLX)

Descriptior: The TLX is a multidimensional scale that vses an individual weighting p-ocedure to reduce
between-subject venability. It was derived from the NASA-Eipolar scales. It is comprised of two
procedures: 1) six rating scales covering different disncnsions of workload used o rate OWL; and 2)
the “Sources of Workload Evaluation® using paired comparisons of the six dimensions to obtain
individual weightings of the dimension importance to worklvad for any task. Tke ratings and
weightings are corubined to produce a global workload rating between 0 and 10C.

Sensitivity: Has been demonstrated to be sensitive to differences in task loading in a number of different
types of tasks.

Diagnosticity: NASA-TLX gives a global rating of wurkioad. However, the six subscales can potentially be
examined individually and used for diagnostic purposes.

Intrusiveness: Little, although it does require a judgmeat. There was concern (as with m st subjective
mcasures) that the judgmernt might interfere with flight duties, but ratings were obtained real-time.

Implementation Requirements:
Daa collection: A "Sources o Workload Evaluation® is obtained for each task under study.
Tae procedure uses only 15 paired enmparisons and does not require mach time to accomplish. The
six TLX scales used to obtain ratings can be dministered Juring (real time), after (retrospectively),
cr before {prospectivcly) the operator performs the task of interest. The operator ratings can be
obtained verbaily, by paper and pencil, or electronically via a keypad. It has been cuggested that an
alternative tc collecting "Sour. s of Weorkload Evaluation™ is to use Raw TLX (i.e., non-weighted
TLX scores) (Byers, Bittner and Hill, 198").
Qperator fraining: Some practice in u.ing and w.derstanding the opcrational descriptions of the
scales would be helpful.

Operator Acceptance: Has been used successfully in real-time and post-flight aviation applications.

Safety: Plans must be made as to wh~t to do if the operator is ton busy to give real-time ratings. Real-time
ratings should be secondary to the primaiy concern with operational safety (e.g., flying a planc or
controlling a land vehicle).

Relative Cost of Use:
Testing time: The "Sources of Workload Evaluation” takes on the order of 10 minutcs to make
paired comparisons. The six .atings vould not take signivicant time if the operators were familiar
w'th the scale descripuions.
Equirment: Can be obtained via paper and peaci;, or via compuicr. Video recording equipment i,
necessary in order to tape operator activity for use in post-test visual recreation
Setup_ and suppor(” Minimal.
Data 2naiysis: The weighting and global measure computatiun can be done by hand, althongh a
computer would be helpful. Descriptive and inferential statistics ¢~a be applied. Parametric and
non-parametric statisucs have beea vsed to examine significant diiferences beiween mission
segments or task variables.

Comments: When used retrospectively, after a long delay, the operator should (e aided in recreatiug the
expericuces associated with the task when it was previc.usly performed; audio and video recordings of
task performance arc helpful in this regard. When used prospective” -, the operator or subject
matter expert should Le aided in creating a useful representation cf the task as well as the system
and operating covironment which form the context of the task that is to be rated. Iu this latter case,
the ratings of workload are made to descripticns of tasks and cvents that bave not yet been
personally expericnced by the individual mal.ing the ratings ‘see Eggleston & Quian, 1984).
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Task or Mission Segment:

Please rate the task or mission segment by pulting a mark on each of the six scales at the point which

The TLX Scale

matches your expernence.

Mental Demand

Physical Demand

Tamperal Demand

Performance

CHort

Fru_iration

Ll bl

Very Low Very High

LJ|1||LJ|1‘1|LU|1IL|

Very Low Very High

NN

Very Low Very High
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Parfect Failure
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APPENDIX B

WORKLOAD ASSESSMENT OF A MOBILE AIR DEFENSE SYSTEM'

Susan G. Hill Allen L Zaklad Alvah C. Bittner, Jr.

James C. Byers

Abstract

Richard E. Christ

Four operator werkload (OWL) scales were retrospectively appiied to crew membhers of a mobile air defense sysiem,
the line-of-sight-forward-heavy or LOS-F-H, following a candidate-selection field eveluation: Task Load Index
(TLX), Subjective Workload Assessment Technique (SWAT), Overall Workload (OW), and Modified Cooper-Haiper
(MCH). Jackknife factor analysis revealed tne presence of only a single factor (explaining 79.6% of the total
variance) and indicated ¢ signijicani (n < 0.0075) ordering of tne mean factor loadings: TLX {.935) and OW (.927)
were signijicantly greater thar MCH (.862) and SWAT (.860). Multiple correélation also revealed a significant (p
< 0.0001) relationskip, R = 0.66, between system performance and TLX ratings. These findings and lessons leamed
are discussed in the context of the development and validation of a methodology for assessing workload.

INTRODUCTION

Four operator workload (OWL) scales were
retrospectively applied to operators of a mobile air
defensc missiic  system whick was selected
subsequent to a receat non-developmeatal item
candidate evaluation (NDICE) fieid test. This air
defease system, the Line of Sight-Forward-Heavy
(LOS-F-H), has a primary requirement to engage
iow-altitude belicopters and fixed-wing threat
aircrafl as part of the Forward Area Air Defense
System. The NDICE weas conducted to select a
"baseline” LOS-F-H from among four off-the-shelf
candidates provid.d by various teams of contractcrs.
In part, the sensitive nature of the candidate
cvaluation was respousible for the delay in obtaining
access to the cognizant LOS-F-H operators and
subject matter experts. As a supplemeut to the
NDICE, thc preseni investigation focused on
retrospective assessments of OWL. associated with
the selected candidate.

Background

A field test to support a non-
developmentai item candidate evaluation (NDICE)
was conducted at Fort Bliss in the late fail of 1987,
Four off-the-shelf systems were cact use by

* This appendix contains a revised and condensed version of a
paper picsented at and published in the Proceedings of (pp.
1068-1072) tie 32nd Annual Meeting of the i{uman Factors Society.

contractor-trained crews in simulated air defense
missions.  The simulations consisted of the
detection, identification as friend or foe (IFF), and
engagement of fixed- and rotary-wing aircraft.
Although cngagement and firing actions werc
performed, no live missiles were launched by ihe
crews. During the simulated missions, the crew
members participated in no external
communications (except to begin and end cach
mission), and no automatic IFF or command,
centrol and intelligence (C2I) information was
provided to the crews.

A total of 25-30 missions were performed
by each candidate system under varied test
conditions (e.g., conditions of cday and right
cperations). Each mission, lasting about one nour,
was composed of four instances or vignettes
containing a prescribed number of scripted passes
of fixed- and rotary-winged aircraft. Thc same four
vignettes were aiways used, but they were presented
in differcnt random orders throughout the NDICE.
Video recordings were made of the actions of the
crew members of each candidate system during cuch
mission. Subsequent to the mission, time-locked
video monitors provided independent views ~f each
crew member’s primary displays and contraol paoels.

Purpos¢

The objectives of the present investigation
were to: (a) explore the applicability of the OW".




scales for obtaining workload assessments 10 weeks
subsequent to an operational field test, and (b)
cvaivatc the relationship between  system
performance  and  the retrospective  workload
asscssmeats of the crew members of the selected
candidate system.

METHOD

Subjects

The subjects were six soldiers who had been
operators of the LOS-F-H during the NDICE. The
operators included one radar operator (RO) and
five electro-optical operators (EQs). The EDs were
junior service members (Private First Class and
Specialist 4th Class) and the RO was a Sergeant.

Instruments and Procedures

Pior to the start of the data collection
effort a two-hour initial briefing was held with all
six subjects to introduce the workload assessment
program and the four workload assessment
techniques which were to be evaluated. The family
of worlload assessmeat scales imcluded: {a) Task
Load Index (TLX) (Hart & Staveland, 1987), (b)
Subjective  Workload Assessment Technique
(SWAT) (Reid, Shingledccker, & Eggerccier, 1981),
(z) Overall Workload (OW) (Vidulich & Tsang,
1987), and (d) Modified Cocper-Harper (MCH)
(Wierwille & Casali, 1983).

Subsequent io the init'al group meeting.
cach onerator made workload judgments in
conjunction with a vevicw of videotapes {with
sound) of his own performance during two specified
vigncies in a mission in which he had been a
participant. Since we wished to obtain datz for
comparison purposes, i: was decided that we would
attemnt to get ratings for an "average” mission, oue
in  which the operators were exposed to
approximately the same iypes of mission- and
environment-imposed task demands. The mission
sclected was the same for all operators and was
characterized by cooditions such as daylight
operations, no chemical threat, no obscurant to
visual performance, and in the middle to end of the
NDICE ficld test.

Order of video segments was consistent for
cach operator: (2) an entire mission vignette lasting
about 15 minutes was shown and ratings for the
overall vignette were obtained; (b) two specific wpe

segments cach showing a differcnt type of attack
sequence were shown (one at a time) and ratings
obtained; (c) a sccond vignette was shown and
overall ratings were obuaincd; and (d) a specific
segmeut showing the third type of attack sequence
was reviewed and a rating obtained. These
individual sessions lasted about 1.5 - 2.0 bours.

After all six subjects had individually vicwed
tapes and made ratings, they gathercd as a group
for a final scssion in which they made workload
ratings for the entire NDICE field test. They were
also asked to fill out a questionnaire about the
workload rating scales and answer questions as to
whether they felt they were really able to recall
their feelings and expericnce of workload just from
vicwing the video tapes. The final session took
about 45 minutcs.

In summary, over two mission vignettes,
each subject made workload judgments for three
separate types of passes involving, respectively, two
fixed-wing, two rotary-wing, and oune rotary-wing
aircraft. Within each at*ack sequence, ratings were
made of the workload associated with three
operator tasks:  visual identification (ID)/IFF,
iarget andoii, and warge: tracking. (For the single
RO, target dctection was substituted for the EQ
task of track to intercept.) In addition, each
operator made an overall workload judgement for
each vignette, and one for the entire NDICE.
Thesc twelve cperator workload judgments were
made using each of four different rating scales, for
a total of 48 ratings per operator. The order of
using the four rating scales was counterbalanced
over judgments and subjects.

A systemn performance score for each
specific rated mission was provided by the NDICE
Test Officer. These integer scores were 0, 1, or 2,
reflecting the number of rotary-wing or {ixed-wing
threat aircraft destroyed iu a given pass.

RESULTS

Analyses were conducted in three phases
which respectively examined: (a) the factor validitics
of the four workload scales; (b) the relationshiy
betweep sysiem performance and tbe retrospective
workload assessments; and (¢) 2 summary of other
results relevant to the measurement of workload, to
include data from the rating scale qucstionnaire and
inte. Acw administered during the fisal group
meeiing with the subjects.




Factor Validity Analyses

The factor validity analyses were conducted

in two stages. During the first stage, Principal
Component Analysis (FCA) was conducted on the
2 scts of segment ratings collected across all

subjects and missions using BMDP4M (Dixon,
1983). Each set included global workload ratings
using four scales: TLX, SWAT, OW, and MCH.
(The mcan and standard deviation of global
workload ratings for cach scale are in Data
Attachment B-1 at the end of this appendix) This
analysis revealed a single component, hereafter
termed the OWL factor, which explained 79.6% of
the total variance (the second cigenvalue was only
0.42). The results of this initial analysis supported
the view that the four workload scales essentially
provide assessments of a single common factor.
(The {actor scorcs for each subject's set of 12
workload judgments are in Data Attachment B-2.)

Jackknife PCAs were coaducted of the
workload measures during the second stage in order
to evaluate tac stability of the factor loadings of the
four scales (i.c., correlations with the OWL factor).
Jackknife analysis, it is noteworthy, generally

M . e H Lo mceen—
mvolves succeseive analyses (PCAs ia the prosent

casc) dropping subjects one-at-a-time from a data
sct in order to provide for aralysis of the stability of
parameter estimates (Hinkley, 1983). In the present
case with four factor loadings and the 6 subjects, a
4 (loadings) by 6 (subject dropped) matrix was
produced which could be analyzed by conveational
repeated measures analysis of variance (ANQVA).
The ANOVA, using BMDP2V (Dixon, 1983),
revealed a very highly significant difference between
the workload scale factor loadings (F(3,15) = 17.05,
p < 0075). Subsequent analysis revealed the
following ordering of the mean factor loadings:

TLX(.935), OW(.927), MCH(.862), SWAT(.860).

The TLX-OW difference is statistically significant
but negligible in practical terms, the MCH-SWAT
difference is insigniticaat, but all other differences
arc significant.

OWL and Performance Relationships

Two stepwise regression  analyses
(BMDP2R) were conducted to explore the
relationship  between system performance and
operator workioad (Dixon, 183). In the first
analysis, the dependent variable (PERF) was the
system perforinance score and the independent

variables included: the TLX rating of global
workload; as well as six dichotomous variables
which indexed the subject making the rating
(ID1-1D6).  Stopping after accretion of three
variables (TLX, ID4 and ID6), this analysis rcvealed
a subsiantial multiple corrclation, R = 0.66 which
was very highly sigpificant (F(3,44) = 11.12, p <
.0001). The resulting modcl for system performance

(PERF) was:
PERF = 2.069 - 0.013°TLX - 1.077°1D4 + 0526°1DS [Eq.1]

The ID4 and ID6 weights, in this model, indicate
lesser and greater than average performance for a
g-2n level of TLX for the respective subjects (4 and
6). However, this model altogether predicls
generally decreasing performance (PERF) with
increases in workload (TLX) across all subjects.

The second regression analysis reversed the
first-analysis’ respective independent and dependent
variable roles for TLX and PERF in order to
establish estimates of TLX for integes levels of
PERF (G, 1, and 2). |This, it is noteworthy, was
judged to be a more pestinent way to express the
TIX-PERF relationship for some analysts] The
dzpendent variable conscouently was TLX and the
indepeadent variables iscluded PERF as well as the
six dichotomous variables which indexed the subject
making the :uating (ID1-1D6).  Stopping after
accretion of three variables (PERF, ID4 and 1D6),
this analysis pot unexpeciedly rcvealed resuits
paralleling those for the first regression analysis (R
= 050, p < .001). Figurc B-1 illustrates the
resulting model wherc a O-targcets-destroyed value of
PEREF is associated with a predicted TLX of 59.5
and 2-targets is associated with 29.0 for the "average
subject”,

TLX Score
&

2 — y —

0 1 4
System Perforniance

Figure B-1. The relationship betwzen workload
ratings and system performance in the LOS-F-H
NDICE study.



OQther Results Relevant jo the Measurement of
Workload

Two seis of operator performance time
data were obtained which reflecd oo the
characteristics of the four rating scales. The first
set of time measurements were obtained during the
initial group meeting with the subjects; the time was
measured for cach subjet (o complete the
procedures rcquired to usec the twe
multiditacnsional scales (sec the references ated
above for the SWAT and TLX scales). The times
it took (he six soldiers to complcte the SWAT card
sort procedure wers 25, 30, 33, 34, 43, iad 45
miputes (tucan ime = 35 minutes with a standard
deviation of 7.7 minuies). The times it took soldiers
to complere the TLX paired comparison procedure
were approximately 5-7 minutes for the first task to
which the procedure was appied and 2-3 minutes
for subsequent cowaparisons.

The second s¢t of measurements was a
sample of approximate times to complste the four
rating scale tcchniques during the meetings at which
individual suldiers rated their viazo taped iniss.on.
Table B-1 gives the means and standard deviations

. : | PP
of theee ccale completion tmes along with

respective sample sizes. It may be scen ir ‘Table B-
1 tha. it requircd coasiderably less time to complete
the OW scale than any of the cther three scales;
mor- ‘imc was required to complete the TLX
wr 1 taiag scales than the SWAT or MCH

ad+) to Compiete Workload Rating

Study

TLX

ow

Tabie B-2 shows the frequency of times
each scale was vanked first according to ge.cral
praference (1e., being liked), being easy ard being
difficult to complete, and permitting a subject to
expicss his workload experiences. It may be seea

that a majority of the subjects preferred either the
TLX or the OW over the other rwo scales. Almost
all subjecis agreed that the OW scale was the
casiest Lo compleie but they divided almost ¢qually

Table B-2

Operater Acceptance of Workload Rating Scales
in the LOS-F-H NDICE Study

Rating Scale

nx o MCH SWAT

Which of the questionneires did you Like the best?

2 ' 1 1

Mhich questionnsire was the easiest to fill out?

] 4 1 0

Which Questionneire was the hardest to fill out?

G N 3 2

Which questiorvire do you think hece »lloved you
10 Gescribe the workioad you experienced?

5 0 1 0

Note. Datuy shown are the nurber of times each
scele is given tha highes. ranking,

in indicating that MCH and SWAT were thc most
difficult. All but onc subject indicaied ibat the TLX
technique best allowsd them to describe their
workload experieuces.

An analysis of the data from the SWAT
card sorts cevealed some problems with this
procedure. Out of six subjects, four did not have
truly acceptable sorts (according to the SWAT
User's Guide, AAMRL, 1987). This problem arcse
duc to excessive violations of the axioms which
underliec the mathematical mode! used to derive
workluad scores from the operator ratings.

‘The questionnatre and interviews also asked
the subects to indicate the extent 1o which they
were reaily able to recall their feclings and
experience of workload just from viewing the video
tapes. Five coaclusions may be derived from these
recall qate:




e Somc soldiers could, some were less surc
that they could reliably recall workioad
experiences by looking at video tapes of
themselves during missions that bad been
performed more than three months
earlier.

e Unless somcthing unusual happencd,
some operators secmed to have a
difticult ume differentiating a pariicular
mission seginent from others of the same
kind. Thcy seemed o view a mission
segment (e.g.,, two-fixed wing aircrait)
and give it a rating for the generic case
rather then the specific case that was
captured oa the video recording.

¢ There seemed to be some difficulty in
differentiating tasks within a short
duration segment (e.g., when the
detection task ends an1 the identify iask
begins).

& There seemed to be sume difficulty
differentiating performance from other
factors of workload. For some of the
cperawors, f they felt they had poilormcd
poorly in 3 video tapc segment they had
just viewed, they would rate worklcad
high, even if they also indicated that the
particular task in question was acitber
cifficult or excessively demanding

e The missions which were actually
cooducted during a fieid test can be
substantially differcet from the oces
which were planned and prograsomed to
have occurred. This, 1 turn, made
mission vignettes which were supposed te
be the sa = over all test missioas
different from each other. Conscqucatly,
although there was an attempt (o u's¢
video recordings of the same mission
vignettes for all opcrators, there were
substantial differences in the vignettes.

DISCUSSION

This iovestigation c¢valuated the
retrospective use of four OWL assessment scales
following a candidate selection field test and
explored  the rclationships between  system
performance and workload as measured by one of
those scales (i.e, TLX). The rzsults obtained witk

the four scales are cvaluated i this section in terms
of their contribution to the development and
validation of a methodology for estimating and
evaluating OWL in Army systems. The results
obtained from relating workload and swiem
performance are discussed in terms of the potential
uscfulness of OWL measures.

Retrospective Apolication of QWL Scales for Ficld
Tasts

This investigation demonstrated the
successful retrospective application of a family of
OWL. measures 10 weeks subsequent to a field test.
This work was consequently performed under
constraints ihat are more severe than most previous
applications of such scales, bul are nut uncommon
ir many tests and evaluations of Army systcms.
The use of mission video tapes, it is believed,
faclitatcd the retrospective application of the OWL
scales as most (bui not all) soldier-operators felt
comfostable recalling workload after the 10 week
hiatus.

No doubt, more detailed mission-spezific
informatiou could have b« 2n obtained uader more
désuablc asscesmeai conditions.  For cxampie, i
would have been desirable for the OWL data
collcction team to participate in test planning and to
have made real-time observations of test
performance 10 guide subscguent asscssment and
interpretation of OWL. Such information would
have proided for ticacly study of specific problems
and events (i.c., as they occuried). Howcver, the
present application of OWL measures yiclded
formal and informal guidance r2garding the
retrospective use of OWL scales under field
conditions.

Formal _guidance. four OWL
measurement scales were sh o« . ave deariy
different factor validiiies in this - c.agation. The
11X scale bad the greatest and the MCH and
SWAT scales had the lcast factor validities in this
investigation; OW was siatisticaliv different from
cach of the other three thougk not practically
differcot from TLX. The rating scale qucstionnaire
tesults shown in Tablc B-2 indicate that muost
subjects thought that TLX was one of the easiest to
complete and the best scale for describing their
worklcad experiences. Qo the basis of ali these
results, one couid be tempted o solely recommend
X

Howcver, as seen in Table B-1, TLX




individual asscssments required more time-to-
complets than the other measures. Except for the
more than 5-fold ime-to-complete of TLX relaiive
to OW, these completion-time differences may be
judged relatively marginal in the coutext of other
time costs (such as th¢ mission video assessments
that were cmpicyed here). Consequently, given the
high factor validity of OW and its geserally
favorable ratings in the questionnaire, arguments
may be made for its use for screening very large
numbers of iission segments and operator tasks
with respect to overall workload (e.g., in preparation
for morc diagnostic evaluatioe of “workload
problem arcas®). These azguments, it is noteworthy,
are predicated oo tzadeofis of temporal cost, scale
validity, and subject availability factors which may
be evaluated only on a case-by-case basis.

In summary, the results of the prescut
investigation point toward use of TLX, because of
its consistently high facior vatidity, for all but
screening applicatioas. In the latter case it may be
more appropriate to use OW.

Informal guidance. Experience
administrating the OWL scales during lhc prcscnl

o ed shcaa
'“"“"32'..03 W.S! towasd thrce scls of wiorwal

guidan-e for future application of OWL
measuscment scales:

e The initial bricfing, scparate from the
mission data collccuion, scrves as a
convenient time to introduce the data
collection team, the concept of workload,
and tbe workload ratings tools. The
procedures required to yse the
multidimersional SWAT and TLX scalzs
may also be obtained at this time. This
initial briefing did entail coordination to
eansure the presence of all potential
subjecis.

The required SWAT sorts may oot be
satisfactorily accomplished by all subjects.
In the prescat icvestigation, 4 out of the
6 operators had excessive axiom
violations according to the SWAT User’s
Guic~. Coascquently, time raust be set
aside for poteatially resolving such
problems (we have encouatered subjects
where this has provea not possible).
Hence, the experimenter must also be
p-epared to cither yse subjects despite
such inconsisteacies or discard them.

e The importance of talking with the crews
to obtain thzir impressions of “what they
do and why” was confirmed during this
test. Informal discussions with crews give
added insight iato potential workload and
other human factors probicrus.

Rdlaticnship of Perfoninance and Workload

The substantial and highly significan
multiple correlations between measures of system
performance and workload (R = 50 and .66) were
consisteat with theorctical expectations. In
particulas, the modei derived from the regression of
system performance onto workload (Eq. 1) indicates
generally decreasing performance (PERF) with
inaeases in workload (TiX). Of interest,
modulating (his relationship were  individual
differences indicating lesser and greater than
average performance for 2 given level of TLX (lor
Subjects 4 and 6, respectively). Sucb differeaces, it
ts cotewoithy, could arise because: (a) the
performance of some operators is more, or less
sensitive, to a given workload leve! than for typical
subjects (perkaps reflecting cognitive strategies or
personality difference; or (b) OWL 1eports of some
subjcdds refied relaiive over- or under-statements of
experienced workload (reflecting personal biases in
reporting).  Unfortunately, neither of these
possibilities may be resolved from the results of the
present investigation, but remais open Juestious for
future research in other contexs.

This icvestigation, it may be recalled, was
aimea at cxploring the applicabiiity of the OWL
scales for obtaining reisospective workload
assessments after 2 delay of scveral weeks, The
substantial and  highly significant multiple
corrclations between system pcrfo.mancc (PERF)
and workload (TLX) shown io this iovestigation
support the cfficacy of suck an application.

CONCL.USIONS

Two broad cooclusions can be drawn from
the present evaluation of the use of the OWL scales
under field test conditions.

(1) TLX consistently bad the highest
validity io the present field test and may be
recommended for all but screening applications
where it may be appropriate to usc OW.




(2) Operator workload (OWL) measuses
may be applied and cvaluated in the stringent
retrospective environments which characterize many
Army test and evaluation efforts.
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DATA ATTACHMENT B-1

COMPARISON OF WORKIOAD RATING SCALES FOR THE

LOS-F-H NDICE STUDY

MISSION TASK RATING SCALE
CONDITION SEQUENCE TLX oW MCH SWAT
----------- I.IEANS - > - - ——— -
1 Rotary Wing Visual ID/IFF 21.66 13.33 9.16 10.00
Handoff 26.00 34.16 14.66 17.33
Track/Detect 18.00 22.50 95.16 £.33
2 Rotary Wing Visual ID/IFF 28.16 18.33 12.83 27.66
Handoff 42.66 33.33 24.00 30.606
Track/Detect 40.83 40.90 27.66 54.16
2 Fixed Wing Visual ID/IFF 37.83 27.50 18.33 36.00
Handoff 47 .66 46.66 29.50 44.33
Track/Detect 51.83 53.33 31.33 65.33
=== STANDARD DEVIATIONS ~=--
1 Rotary Wing Visual ID/IFF 17.¢0 14.02 8.28 13.19
Handoff 315.09 29.%0 13.32 22.71
Track,/Detect 12.56 19.17 8.28 9.20
2 Rotary Wing Visual ID/IFF 11.77 12.31 8.23 34,37
Handeff 33.35 26.01 27.70 39.82
Track/Detect 31.17 28.1¢ 25.15 41.23
2 Fixed Wing Visual ID/IFF 27 .65 27.34 16.56 38.36
Handoff 22.33 28.22 18.25 34.12
Track/Detect 23.82 23.80 20.52 40.04




DATA ATTACHMENY' B-2

FACTOR SCORES FOR ALL SUBJECTS LOS~F~H NDICE

onmande IFF Handoff Detect

2 Rotary Wing ~0.72 =-0.72 ~0.69
2 Fixed Wing -0.64 ~-0.49 ~0.21
1 Rotary Wing -1.19 -1.18 ~-0.91

-0085 -0.80 -0060

gunner (EO) 1 ID Handoff Track

2 Rotary Wing -0.68 2.30 1.08
2 Fixed Wing 1.42 1.19 1.88
1 Rotary Wing =1.16 -0.01 -1.26

-0.14 1.16

gunner (EQ) 2 1D Handoff

2 Rotary Wing ~0.46
2 Fixed Wing -0.66
1 Rotary Wing -1.30

~-0.81

Gunner (EO) 3 Handoff

2 Rotary Wing -1.31
2 Fixed Wing 1.91
1 Rotary Wing -0.51

0.03

cunne EO Handoff

2 Rotary Wing l1.01
2 Fixed Wing -0.01
1 Rotary Wing 1.07

0.69

Gunner (E0) 5 Handoff Track

2 Rotary Wing -0.42 1.58
2 Fixed Wing 0.66 1.72
1 Rotary Wing -0.25 0.36

0.Q0 1.22




APPENDIX C

GENERIC WORKLOAD RATINGS OF A MOBILE AIR DEFENSE SYSTEM"

Alvah C. Bittoer, Jr. James C. By:rs  Sus~n G. Hill
Allec L. Zaklad Richard E. Christ

Abstract

Operator workload (OWL) scales were used to obtain ratings of generic mission scenarios and tasks for a mobile
air defense sysiem (the line-of-sight-forward-heavy or LOS-F-H) following a field test in support of a systerns
evaluation program. Task Load Index (TLX), Subjective Workload Assessment Tech:ique (SWAT), Overall
Workload (OW), and Modified Cooper-He:per (MTH) ratings were obtained from bo:h crew members and subject
matter experts (SMEs) of the system. Jackknife factor analysis revealed the presence of only a single OWL factor
for boih operstors and SMEs (explaining 75.9% and S2.6% of the respeciive total va<iances) and indicated a
significant (p < .000M5) ordering of the mean facior loadings: TILX (0.924) was significantly greater than OW
(0.905) and MCH (0.904), both of which we:e greater than SWAT (0.778). Subsequent anclysis of OWL facior
scores indicated that the highest levels of OWL were obtained for the track-to-intercept task during rotary-wing and
Jfued-wing attacks although the ideniify as friend or foe task duning a dual rotary-wing attack was almost as high.

These findings are discussed ir the context of @ methodology for assessing OWI.

INTRODUCTION

Operator workload (OWL) assessments
were obtained for a2 mobile air defense missile
system, the Lire-of-Sight-Forward-Heavy (LLOS-F-
H). A previous OWL study of this system (Hill,
Zaklad, Bittner, Byers, & Christ, 1988 -- sce
Appendix B of this seport) found that pertformance
and workload were related, but did not find a
reiationship betweer OWL ratings and critical
mission cornditions (e.g., type of attack sequence).
It was suggested that the ratings seflected
idiosyncratic differences in specific mission segments
which washed out the effects of the mission
vartables. The approach taken in this study to
overcome such mission-specific quirks (and the
small number of data points) was tc collect
workload ratings of gewmeric rather than actual
missions. This study also explored the diffcrences
in OWL ratings between operators (LOS-F-H crew
mcmbers) and other kinds of snbject matter experts
(SMEs).

" This appendix contains @ revised 2ad condensed version of 8
paper presented &t and published in the Proceedings of (pp.
1476-1489) the 330d Annual Mecting of the Human Faciors
Socicty.

Back n

The previous study investigated the
retrospective application of operator workload
scales to LOS-F-H crew members after they had
revicwed videotapes of their own performance
during an "average® mission. Averzge missions were
ones which pre 1imably exposed the operators to
approximately the samc types of mission- and
euvironment-imposed task demands. Consequently,
variaticns in OWL ratings should have reflected
differences in the workload associated with different
mission-specific operator tasks.  The results,
however, showed that there were large variations in
OWL ratipgs across crew m:embers within the same
“average” mission segments; these clouded statistical
comparisons of the scgments and tasks of interest.

In hind-sight, it seems that the missions
which were actually conducted were probability
substantially different from the oncs which were
programmed to have occurred. Since our atlempt
io use video recordings of an average mission was
based on the type of mission which was suppuse to
have occurred, there is the possibility that there
were in fact substantial Adiffcrences in these
nissions. If so, the OWL ratings obtained would
have reflected idiosyncratic differences in specific
mission segwments. These differences in missions



would have led to large variations across subjects in
workload ratings for the same types of mission
scgmeats and task.

Purpose

The objectives of this study were to (a)
investigate the applicability of workload ratings to
generic missions, and (b) compare the workload
ratings of experienced system operators and other
subject matter experts.

METHOD

Subjects

There were two groups of subjects: LOS-F-
H crew members and SMEs. The crew members
were five electro-optical operators (EOs) who had
been participants in the previous non-developmeantal
itema candidate evaluation (NDICE) field test and
had partidpated in the previons OWL data
collection effort assaciated with that test. No radar
operators (ROs) were available for the present
study. The SMEs were nine civil service and
contractor civiians who had been or would b
working directly in the LOS-F-H program. They had
a diverse range of experience with the system: four
were associated with manpower, personnel, and
training anaiyses while the other five were from
training organizations. Al were associated with
supporting U.S. Army organizations and agencies.
Table C-1 dclineates the experience of the SMEs.

Table C-1

Experience of SMEs in LOS-F-H Generic Study

ASSOCIATION
WITH SYSTEM

INVOLVEMENT

SME IN NDICE

TRAINING OM
SYSTEM

Brocedure and Instruments

The workload asscssments of the two
groups of suvjects occurred during two separate
data collection sessions. These sessions took place
approximately six months subsequent to the
NDICE. At the beginning of the sessions the SMEs
were introduced to and the crew members reviewed,
as necessary, the general objectives of the workload
assessment program and the four workload
assessment technigues which were to be evaluated.

The rating techniques were: (a) Task Load
Index (TLX) (Hart & Staveland, 1987), (b)
Subjective Workload Assessment Technigue
(SWAT) (Reid, Shingledecker, & Eggemeier, 1981),
Overall Worklcad (OW) (Vidulich & Tsang, 1987),
and (d) Modified Cooper-Harper (MCH)
(Wierwille & Casali, 1983). Al subjects were
briefed about the specilic purpose of their
participation in the present study and necessary
procedures were completed for using the two
multidimensional ratisg techniques.

Operator workload assessments using each
rating technique were made by each subject for nine
combinations of (hice wissivn condiiions and three
task segments. The order of using the four rating
scales was counterbalanced over judgments and
subjects. Mission conditions were a “single
rotary-wing (RW) attack™; a "dual RW attack"; and
a "dual fixed-wing (FW) aitack.” Task segments
were visual Identification/Identify as Fricnd or Foe
(ID/IFF); Handoff of a target track by the RO to
the EO; and Track-to-Intercept. Each individual
was givep a packet of OWL forms, cach form
marked with a specific combination of a mission

WATCHED [ILMS OTHER AIR KILITALY
OF NDICE DEFERSE EXPERIENCE
{10 OR MORE) FXPERIENCE

1 MANPRINT YES
2 MANPRINT NO
3 MANPRINT YES
4 MANPRIRT YES
5 TPAINING YES
6 TRAINING NO
7 TRAINING L)
8 TRAINING HO
9 TRAINING KO

YES
YES
YES
YES
YES
NO

YES
YES
RO

YES YES YES
YES L) YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
NO YES YES
NO YES NO
WG YES YES




condition and task segment. After the relevant
"generic” mission was defined by the data collector,
the subjects were asked to rate the workload
associated with that mission condition and task
segment cver all their relevant experiences with the
LOS-F-H system. The SMEs not familiar with the
LOS-F(H) system or NDICE were requested to
base their ratings on their knowledge of similar
systeras and tests. The cew members made OWL
judgments oaly for the tasks which they (EOs)
perform. The SMEs were asked to made OWL
judgments for both RO and EO tasks. All subjects
were also asked to make OWL judgmeants of an
“average LOS-F-H mission.”

RESULTS

Analyses were conducted in two phases
which were directed at (a) comparison of the factor
validities of the four workload scales as rated by
crew members and SMEs; and (b) evaluation of
crew member and SME workload variations across
generic mission conditions and task segmeats.

Factor Validity Analyses

The factor validity analyses were conducted
in two stages. During the first stage, Principal
Components Analyses (PCAs) were separately
conducted on the respective complete sets of 50
crew member and 80 SME mission segment ratings
nsing BMDP4M (Dixon, 1983). For both groups,
each complete set included global workload ratirgs
using four scales: TLX, SWAT, OW, and MCH.
(The means and standard deviation of global
workload ratings for each scals are in Data
Attachment C-1 at the end of this appendix) Data
from 5 SMEjs, as will be discussed later, could not
be used because of problematic MCH or SWAT
ratings. The PCA analyses both revealed single
components vhich respectively explained 75.9% and
82.6% of the crew member and SME total variances
(the second cigenvalues were only 0.57 and 0.40).
The resuits of this initial stage of analysis suggested
that for both groups the four workload scales
essentially assess a single common OWL factor.
(The factor scores for each subject’s workioad
judgnents are in Data Attachmzut C-2.)

Jackknife PCAs were separately conducted
of the crew member and SME QWL ratipgs data
scts during the second stage of analysis to provide
the basis for comparing group OWL facfor loadings.
Jackknife analysis, it is noteworthy, generally

C

involves successive analvses (PCAs in the present
case) dropping subjects one-at-a-time from data scts
in order to provide for analysis of the stability of
parameter estimates (Hinkley, 1983). In the presest
case, the crew member Jackknife PCAs resulted in
a 4 (loadings) by 5 (subject-dropped) matrix. The
SME Jackknife PCAs resulted in a 4 (loadings) by
4 (subject-dropped) matrix Treating these two
matrices as grouped repeated measures data, an
analysis of variance (ANOVA) may be used to
evaluate group and OWL scale loading differences.
Using BMDP2V (Dixon, 1983), ANOVA revcaled
a very highly significant differcnce betwecn the
workload scale factor loadings (F(3,21) = 25.12,
Huynh-Feldt p < 0.00005). Subscquent analysis
revealed the following ordenng of the mean factor

loadings:
TLX(.924), OW(.905), MCH(.904), SWAT(.778),

where, excepting OW-MCH, all differences were
statistically significant (p < 0.05). The interaction
of scale and group (SxG) was aiso found significant
(E(3,21) = 8.25, Huynh-Feldt p < 0.005), although
the overall difference between the grand mean of all
ratings for thc crew member (0.857) and SME
{G.503) groups was nonsignincant (£(1,7) = 2.30,
p > 0.17). Explaining less than a thid of the
variance as the scale main effect, the SxG
interaction was attributable to diffcrences in the
SWAT and MCH factor loadings for the two
groups. Interestingly, the SWAT ratings
substantially differed although both represented the
minimum loadings for their respective groups {crew
member (0.719) vs. SME (0.851)]. The difference
in the group MCH loadings was substantially less
(0.037) and appeared less interesting [because of
problems expecrienced by the excluded SMEs in
properly using the instrument]. Supporting this
interpretation, the residual SxG interaction was
fourd nonsignificant after climinating group
differences in SWAT and MCH (F(1,21) = 297, p
> 0.09). The results altogether essentially support
the ordering of the mean factor loadings.

Workload Analyses

An ANOVA was conducied 1o examine the
cffects of LOS-F-H system variables on operator
workload as assessed by OWL facior scores.
BMDP4M (Dixon, 1983) was first used to develop
the OWL factor scores as an output from a PCA of
data from the five crewmembers and, after dropping
two who did not properly perform the MCH ratings,
seven of the SMEs. Repealed mcasurcs ANOVA




using BMDP2V (Dixon, 1983) was then used to
cvaluate the effects of Group (crew member vs.
SME), Mission Condition (single RW, dual RW,
and dual FW). and Task Segmeat (ID/IFF, handoff,
and track-to-intercept). Of greatestre' nce to the
question of using SMEs versus crewmembers to
cvaluate OWL, this ANOVA found thai neither the
Group main effects (p > 0.78) nor any of the
interactions of group and the other variables were
significant (p > 0.12). This indicates that LOS-F-H
crew mecmbers and SMEs yield equivaleat
evaluations of operator workioad over the system
variables iovestigated.

The ANOVA of the OWL factor scores
also revealed significant effects for Mission
Condition (F(2,20) = 5.76, Huynh-Feldt p < 0.011),
Task Segment (E(220) = 3.74, Huynh-Feldt p <
0.05), as well as the interaction of Mission
Condition and Task Segmeni {(F(4,40) = 2.54,
Huynh-Feldt p = 0.05). Figure C-1 illustrates the
nature of these main and interaction effects.
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Operator Task

Fignre C-1. The effect of cperator task and targat
type on workload irs the 1.OS-F-H.

Examining this fignre, it may be seen that the mean
single RW OWL factor score (-0.15) is substantially
less thac those for dual RW (0.22) or single FW
(0.19). It may likewise be scen that the mcan
handofl factor score (-0.24) is substantially less than
those for ID/IFF (0.23) or track-to-intercept (0.238).
Lastly, the nature of the mission coudition-task
segment intcraction may be scen. Namely, ID/IFF
during the dual RW mission condition (036) is
substantially greater than that for ¢he dual FW aad
single RW conditions which are esseatially equal
(0.17 vs. 0.16). However, for th: haadoff and track
events, the twe dual mission conditions resulted in
essentiaily equal mcan OWL factor scores while

that for single RW was at a substantially lower level.
These results altogether indicate that the highest
levels of OWL were obtained for track-to-intercept
during dual RW aod FW attacks with ID/IFF
during a dual RW attack almoest as high.

Analysis of TLX Subscales

Due to limitations in time, a limited
examination was made of the ratings obtained from
the five czew members for ecach of the six TLX
subscales. This cursory analysis showed that there
was a significant difference in the ratings obtained
from the subscales, F(5220) = 547, p < 01. In
order of decreasing magnitude the mean weighted
subscale scores are: Temporal Demand (56),
Mental Demand (40), Performance (32), Effort
(29), Frustration (14), and Physical Demand (2).
Separate analyses performed for each subscale
showed no siguificant variation in any due to
mission conditions or task segments.

DISCUSSION

This isvestigation evaluated the use of four
CWL scales io obian woikluad raiings of boih
experienced system operators and other SMEs for
generic missions of the LOS-F-H system. The
discussion which follows addresses (a) the efficacy
of the OWL. scales for these two groups of raters,
(b) the usefulness of generic mission descriptions
for evaluating workload cffects, and (c) the
implications of the workload results obtained for the

system under study.

OWIL, Assessments From Qperators and SMEg

This investigation demonstratcd  the
successful application of the OWL scales for
workload evaluations by operators and some SMEs.
Not all SMEs, as noted earlier, could be used in the
analyses because of a variety of problems. In
particular, four ni the nine SMEs did not produce
acccptable SWAT sorts and two of the nine did not
follow procedure for completing MCiH scales (with
one overlap). Conscqueatly, a total of five SMEs
were excluded from the factor validity analysis, and
the two whc hkad difficulty with MCH were
necessarily excluded from the workload analyses.
Interestingly, the Table C-1 experience variables
appeared to be unrelated to the SWAT and MCH
aifficulties experienced by some SMEs. The
equivalence of operators and SMEs is discussed in
terms of both the OWL factor validity and the



LOS-F(H) workload analyses in the remainder of
this section.

The OWL factor validity analysis revealed
a very highly significant main effect difference
betweer the workload scales (p < 0.00005).
Although there was some evidence of a
group-by-scale interaction in the factor validity
analysis (p < 0.005), the result also indicated that
the two groups had equivalent orderiags for the two
measures wiih the highest validities: TLX (0.924)
and OW (0.905). These results, it is pertinent to
observe, support our previous recommendations of
TLX for precision applications and OW for
screening purposes (Hill et al..1988). The OW scale
may again be recommended for screcning because
it continucs to exhibit modest but consistent OWL
factor validities while requiring substantially less
ti: e-to-complete (209 of TLX as shown by Hill et
al, 1988). Tihe TLX scale again may be
recommended for predision evaluations because it
continucs to manifest significantly greater factos
validities than the other scales (cf.,, Byers, Bittner,
Hill, Zaklad, & Christ, 1988; Hill et al., 1988 -
Appendices G and B, respectively).

Operators and SMEg were found also
essentially equivalent in terms of their OWL factor
scores across evaluated conditions. Although there
were  significant Mission Condition and Task
Segment eficets, neither the maia effects of group
(p > 0.73) nor any of its interactions with these
other variables were significant (p > 0.12). These
results suggest that SMEs may be expected to give
cssentially equivalent results 10 operators in
cvaluations similar to the present (provided they
acceptably use the scales).

Workload Ratings of Generic Mission Ratings

Generic  ratings proved useful for
minimizing idiosyncratic mission differences. As
described earlier, analysis revealed significant zffects
for Mission Cordition, Task Segment, and their
interaction. This wealth of significant findings using
geaeric ratings stands in sharp contrast to the
earlier found paucity with specific ratings (Hill et
al,, 1988). Of course, means of very much larger
numbers of specific ratings also could be expected
to yield a similar wealth of results. Such means
certainly would appear to be preferred in terms of
having higher face validity. However, the temporal
and other costs of obtaining sufficient numbers
might well be prohibiiive in the context of many
wvestigations (e.g., Hill et al,, 1983). In addition,

SMEs may be the only available source of ratings as
access to operators can be extremely limited or
impossible. Represcniing "subject averages” across
missicns, ratings of gencric missions conscquently
appear more wideiy applicable for overcoming
idiosyncrasics than increasing sample sizes. Generic
ratings should be cousidered for application where
either only a small pumber of missions can be rated
or the orly practicable operator workload raters arc
SMEs.

Impact of Workload for the LQS-F-H System

Aualysis of the OWL facter scorcs revealed
a significant interaction of missions and segment
which was illustrated in Figure C-1. As was scen in
this iigure, the highest levels of OWL were obtained
for: ID/IFF during an attack by dual RW,; and
track-to-intercept during attacks by cither dual RW
or duvai FW, 'The high level for ID/IFF during a
dual RW attack was not unexpected as there was
typically little time to identify both RWs which
pop-up relatively close to the fire unit and pose
substantial threat, The cursory analysis of TLX
subscales showed, not surprisingly, that the global
rating had a large temporai demand component.
Workloads associaied wiih  ID/IFF  and
track-to-intercept it may be noted, would be
expected to be significantly reduced with
implementation of an automatic system for ID/IFF,
These results point toward both the nature of the
highest workload conditions and possible means for
reduction.

CONCLUSICNS

Three broad conclusions mmay be drawn
from the present evaluation of the use of OWL
scales:

(1) Generic ratings may be used to assess
mission conditions and task scgments while
minimizing differences caused by specific mission
idiosvacrasies. These should be considered for
application whea cither oniy a small number of
missions can be rated or only SMEs are available.

(2) There were no systematic differences
found between generic QWL ratings made by SMEs
and crew members who had operated the system,
This suggests that SMEs, who do not nccessanly
have specific experience with the system of concern,
cag stil provide meaningful quantitative OWL
information for generic missions when crew



mexbers are not available.

(3) It weuld be a mistake to assume that
anyouc called an SME could make equivalent OWL
judgments to expericaced system operators. SMEs
should be used with caution to evaluate generic
operator workload pending a more complete
understanding of neceded rater charaderistics for
judgment of operator workload.
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DATA ATTACHMENT C-1

CCMPARISON OF WCRKLOAD RATING SCALES LOS-F-H GENERIC

Mission/Task MCH SWAT

1 Rctary Wing

Visual ID/IFF
Handoff
Track/Detect

Wing

Visual IC/IFF

Handoff

Track/Detect
2 Fixed Wing

Visual ID/IFF

Handoff
Track/Detect

=ew==w~e STANDARD DEVIATION

Wing

Visual ID/IFF
Handoff
Track/Detect

Wing
Visual ID/IFF
Handoff
Track/Detect
2 Fixed Wing
Visual ID/IFF 17.26

Handoff 22.18
Track/Detect 22.33




DATA ATTACHMENT C-2

FACTOR SCORES FOR ALL SUBJECTS LO3-F-~H GENERIC

ID/IFF Handoff Track/Detect
One Rotary Wing
Operator 1 ~1.40 -0.60 0.5%0
2 -0.90 -1.80 -1.00
3 0.20 -1.30 -1.00
4 0.01 -1.30 -0.60
L) 1.10 1.30 1.40
SME 1 ¢.09 -1.20 ~1.80
2 - - -——
3 —_ - -——
4 0.80 0.50 0.70
5 0.90 -0.30 1.30
€ -1.10 -1.60 -0.80
7 1.30 1.00 1.30
8 0.10 -0.08 -0.30
9 0.90 -1.50 0.02
Two Rotary Wing
Operator 1 -0.60 -0.50 0.80
2 -1.20 -1.40 ~0.90
3 G.60 -1.20 ~-0.20
4 0.20 -0.02 c.,20
5 1.70 1.60 1.80
SME 1 -0.30 -1.20 ~1.70
2 - - -
3 - P - -
4 0.90 0.30 0.80
S 1.40 1.20 1.80
6 ~-0.90 -1.30 -1.30
7 1.60 1.40 1.70
8 1.30 1.40 1.20
9 -0.10 ~1.70 0.70
Tweo Fixed Wing
Cperator 1 -0.90 -0.10 0.70
2 -0.30 =0.90 -0.30
3 9.30 0.20 0.90
4 -0.20 -0.60 -0.09
5 1.70 1.50 2.00
SME 1 -0.09 -1.40 -1.60
2z — - -
3 - - -
4 0.70 0.60 -0.07
5 0.40 1.00 1.50
6 -1.30 -1.6C -1.40
7 0.90 1.00 1.€0
8 1.20 1.20 1.40
e 0.20 0.60




APPENDIX D

SUBJECITVE WORKLQAD RATINGS OF THE LOS-F-P MOBILE AIR DEFENSE
MISSILE SYSTEM IN A FIELD TEST ENVIRONMENT *

Susan G. Hill  James C. Byers  Allen L. Zaklad
Richard E. Christ

Abstract

The air dcfer.c system, the Line-of-Sight-Forward-fieavy, or LOS-F-H, was involved in a field test in the summer
of 1988 to examine seclected concepts regarding tactics, doctrine, organization, end trair.ing. Four subjective workload
essessment instruments were applied: Task Load Index (TLX;, Subjective Workload Assessment Technique
(SWAT), Ovzerall Workioad (OW), and the Madified Cooper-Harper (MCH). Individual assessments of mission
segments were made by the three members of each of two crews and cne replacement crew member. Jackknife factor
analysis revealed the presence of only a single workload factor and indicated that the mean factor loadings formed
a consistent ordering (£(3,18) = 50.25, p < .0001): TLX (.942), SWAT (.900,, OW (.898), and MCH (.818).
Analyses of variance also examined the effects of different variables on the workload factor scores; significant
Jindings were discovered which reflected both on the system and the test. Regression analyses indicated a significant
negative relationship between workload ratings and system performance. These findings as well as informal lessons
learned are discussed in the contzt of the development and vaiidation of a methodology for assessing workload.

INTRODUCTION

The aiv defensc system, the Line of
Sight-Forward-Hcavy or LOS-F-H, has a primary
rcquireraent to engage low-altitude helicopters and
fixed-wing threat aircraft, as part of the Forward
Area Air Defense System. A Non-Developmental
Item Candidate Evaluation (NDICE) was conducted
in 1987 to select a “baseline” LOS-F-H from among
four off-the-shelf candidates provided by various
tcams of controctors. The selected candidate was
the system evaluated in the present study.

In the summer of 1988 a Force
Development Test and Experinzentation (FDTE) for
this system was held at Fort Bliss, TX. The
purpose of this field test was to examine tactics,
doctrine, organization and training in relation to
LOS-F-H. The test took place over a six-week

This appendix containg & revised and condensed version of
unpublished Technical Memorandum Number 5, prepared by this
ind:cated authors in 1989. The sections of this eppendix which
address the mlationship between workload ratings and system
performance were taken from another unputlished manuscript:
Bycis, J. C & Hill S G. (198%), Companson of subjective
workload ratings to ticld test performance of the LOS-P-H
mobile 2ir defense system (Technical Memocizndum Number 8).

period, from late May through mid-luly, 1988, with
the first five wecks comprised of four-hour missions
and the last week of 48-hour missions. The present
study, called the FDTE "Basic® study, looked at the
applicability and usefulness of operator workload
(OWL) ratings in the four-hour missions.

Purpose

The objectives of the present investigation
were: (a) to explore the applicability of alternative
OWL scales under tke conditions characterizing
field test evaluations, and (b) to evaluate operator
workload during LOS-F-H operations.

METHOD
Subjects

The subjects were seven soldier-cperators
of the LOS-F-H. The operators included two radar
operators (RO} who were also thc mission
commagder/squad leader and five clectro-optical
operators (EO) who were “gunners”. The EQs were
lower ranking calisted meu (Private First Class and
Speaialists) and the ROs were won-commissioned
officers with the rank of Sergcant. The operators




were organized into two crews, with two EQs and
c1e RO 1a one crew and thiee EOs and tke other
RO in the second crew. The R.Os operated solely
in that position, while the other crew members
switched roles betweer EG and driver (DR).

All seven soldiers had participatea
previously in two related swudies of workload
(Bittner, Bycrs, Hill, Zaklad, & Christ, 1989, and
Hill, Zaklad, Bittner, Byers, & Christ, 1988 - see
Appeadices C and B of this report, respectively).
Hence, they were familiar with the concept, the
OWL scales and the OWL data collectors.

Test Design

The FDTE was conducted using a
test-fix-test design. This test design permitied a set
of tactics, techniques, and procedurcs (TTP),
defined as a battle drili, to be tested, then fixed
based upon an analysis of the test data, then tested
again. The TTP tested were step-by-step
descriptions of what the crew must do to accomplish
various mission segments.

Typically, Mondays were devoted to
rctraining TTP that had been changed from the
previous veeek and testing some missile reload battle
drills. Oa Tuesday through Thursday of each week,
one crew was tested in the first of two daily 4-hour
missions and the other in the second mission.
These 4-hour missious consisted of the foliowing
scries of mission segments: (a) prepare for road
march (i.e., checking out the LOS-F-H system and
processing the march order), (b) road march (ie.,
move along an established roadway) to the selecicd
site, (¢) emplace the system at ¢ predesignated
battle site, and (d) conduct a one-hour acquisition
and tracking (Acq,Track) battle drill (cn four
separate occasions, as a cae-man operatior).
Fridays and the weekends were used to analyze the
collected data and develop alternative TTP,

There were several operational variables of
interest that were systematically changed over
missicns. These included: day and night missions,
mission-oriented protective posture (MOPP) levels
(which could vary both within and between
successive missions), and countermeasures
(including obscurants) which were used by threat
aircraft during different passes. Tie inteat was to
systematically vary the combinations of factors
presented to the crews. Upon occasion, however,
the planned variation could not be implemented
(c.g., the smoke gensrator was inoperable) and,

tkerefore, did rot take place.

The crews were rotated so they were used
equally often in the first or the second of two
scheduled daily missions. These were scheduled to
start at 0800 in the morning and 1300 in the
afternoon. The night missions were conducied
similarly, but tke engagements were scheduled to
begin at 2000 for the early mission and 2400 for the
late.

Procedure and Inshruments

Prior to the first day of the FDTE, all
subjects were briefed about the specific purpose of
their participation in the workload assessment
portion of the study and neccessary procedures were
compieted for using the two multidimensional rating
techniques.

The procedure for data collection was fairly
constant throughout the FDTE Basic study. The
OWL data collector would observe the Acq/Track
engagement segment of a missicn in real time via a
four-camera, three screen video sct up in an M10Y
van located at the mission siie. Upon completion of
a 1-hour Acq/Track mission seginent or a reload
exercise, the crew would rcturn to the base camp
area and procecd directly to a debrief trailer where
OWL data were collected. During the first two
weeks of the FDTE Basic study, workload ratings
were made using each of the following four rating
scales: (a) Task Load Index (TLX) (Hart &
Staveland, 1987), (b) Subjective Workloau
Assessment Technique (SWAT) (Reid,
Shingledecker, & Eggemeier, 1981), Overall
Workload (CW) (Vidulich & Tsang, 1987), and (d)
Modified Cooper-Harper (MCH) (Wierwille &
Casali, 1983). During the final three weceks, ratings
werc made 1sing only the TLX and OW techniques.

RESULTS

Apalyscs were conducted in five phases
which respectively examined: (a) factor validity
analysis of the workload measures; (b) workload in
mission segments; (¢} workload in the Acq/Track
segment; (d) one-man operations; and (c¢) the
relationship between workload ratings and system
performance.

Factor Validity Analysey

Principai Component Analysis (PCA) was
conducted using BMDP4M (Zixuz, 1983) on 42 sets




of workload ratiags obta'ned for &l subjects and
scgments durbng the first two weeks. Each set
included the global workload measures obtained
from each of the four raiing scales. (The mean and
standard deviation of global workload ratings for
cach scale are in Data Attachment D-1 at the end
of this appendix.) This analysis revealed a single
componcat hereafter termed the OWL factor, which
explaired 79% of the total variance. The results of
this initial analyses supported the view that the four
workload scales essentially provide assessments of a
single common facter. (Tke factor scores for each
subject’s workload judgments are in Data
Attachment D-2.)

Jackknife PCAs were then conducied on
the workload ratings daia set in crder to evaluaie
the stability of the fictor loadings of the four scales
(i.e., correlations with the OWL, factor). Jackknife
analysis generally involves successive analyses (PCAs
in the present case) dropping subjects one-at-a-time
from a data set in crder to examine the stability of
parameter estimates (Hinkley, 1983). In the prescent
case, with four factor loadings and the 7 subjects, a
4 (loadings) by 7 (subjects dropped) matrix was
produced which could be analyzed by conventional
repeated measures analysis of variance {(ANGVA).
The ANOVA (using BMDP2V in Dixon, 1982)
revealed a significant difierence berween the
workload scale fa:tor loadings (F(13,18)= 50.25,

p < 0.0001). Subsequent analysis revealcd the
following ordering of the mean factor loadings:

TLX(.942), SWAT(.900), OW(.898), MCH(0.818).

All differeaces are significant, with the exception of
SWAT-OW.

Table D-1

For the remaining four weeks of testing,
only TLX and OW ratings were obtained. The
OWL factor scores which were the basis for the
workload analyses in the following scctions were
derived from a PCA of the TLX and OW scores
collected during the five weeks of testing of four-
hour missions.

Workload in Mission Segments

The amount of workload cxpericnced by
differcnt LOS-F-H crew mmembers during different
mission segments was investigated by ANCVA,
The OWL factor scores were used as the workload
score. The scgments examined are described as:
Acquisition/Tracking (Acq/Track), Emplacecment,
Rcload, One-man Qperations, and Road march.

A crew member position main effect was
found (F(2,238) = 55.19, p < 0.00018). As may be
seen ip Table D-1, the DR has the least workload
(-1.04), while EO (0.18) and RO (0.49) had greater
workload. The differences between EOQ and RO
were insignificant, while the differences betwecn DR
and EO, and DR and RO were significant. The
mission segmeats were found to be significantly
different (F(4,195) = 933, p < 0.6631 ). As may be
seen in Table D-1, the greatest workload is reported
for One-man Acq/Track Operations and the least
for Road March.

The joint :ffect of crew position and
mission segments on workload was scparately
analyzed for the three segments of Acq/Track,
Emplace, and Reload. These three segments were

. rated by subjects in all three crew positions

(one-man Acq\Track operations and driving the

OWL, Fuctor Scores for Mission Segments and Crew Member Positions

RO

EQ

DR ALL POSITIONS

MISSION

SEGMENT Mean SD n

Mean

n Mean SD n Meen  SD n

Acg/irack
Emplace
Reload
Onc-man Ops.
Rogdmarch

ALL SEGMENTS

0.0t
-0.42
1.03
1.30
-0.99

0.00




vehicle in road march cach were rated by one only
one subject per mission). A significant Position x
Seginent interaction was found (E(4, 185) = 5.42, p
< 0.0004). This can be seen in Table D-1. The
DR indjcates less than average workload in all three
segments. Both the RO and EQ report higker than
average workload for the Acq/Track and Reload
segments. However, the RO has higher thkan
avcrage workload wiile the EO has much lower
than average workload during emplacement.

The TLX subscales ratings for position-by-
mission segment are presented in Figure D-1. The
hcight of the stacked column represents the total
workload for the three segments of Acg/Track,
Emplace, aud Reload. Examination of the figure
shows the differences in types of worklead
cxpericnced in various mission segments by position.
For example, in Acq/Track, the RO expenences
more total workload than the EO (although not
significantly different), although the EO experiences
more temporal demand than the RO. Another
example is that there is substantially larger Physical
and Temporal Demand components and a larger
Effort componcnt (showing how hard someone is
working) for the Reload than any other mission
segment. Figure D-1 aiso shows that the RO always
has larger Performance subscale scores (i.e., he
perceives ke bas been lesy successful in
accomplishing his task) than either the EO or DR.

TLX Subscale
&8 8 E

H

w
Acq/Track Emploce Relood

Missiun Segmaent

Figuve D-1. The effect of mission segment and
crew member position on TLX subscale ratings.

Workioad Within the Acq/Track Mission Scgment

Effects of specific tasks. Workload given by
OWL factor scores was examined for specific tasks

in the Acq/Track mission segment. The
combination of a specific task and the crew member

who performs the task is called an gven{. The
Acq/Track events which were rated in this study
include: (a) for all three crew members, the Zatire
Acq/Track Mission Segment; (b) for the RO, the
four events defined by Detccting and Acquiring
both Fixed- and Rotary-Wing aircraft; and (c) for
the EO, the four events defined by Acquiring and
Tracking of both Fixed- and Rotary-Wing aircraft.
There was no significant differeace among these
workload ratings, due, in part, io large variations in
the ratings over subjects and missinns. However,
there were two potentially meaningful trends
cvident in these data. First, the workload reported
by an RO performing his specific Acq/Track tasks
was generally higher than those reported by an EQ
doing his tasks (039 and 0.18, respectively).
Second, workload scores of the EO for Acquiring
and Tracking Fixed-Wing aircraft (0.04 and 0.28,
respectively) were higher than for Acquiring and
Tracking Rotary-Wing aircraft (-0.23 ard -0.27,
respectively).

Effects of mission variables. The effect of
various mission variables on Acq/Track event
workload was examined. Although the mean QWL
factor scores for variation in MOPP Level suggest
that more workload was expcricaced in MOPP 4
(0.16) than in MOPP 0 {-0.05), the difference was
not significant. Similarly, no signi©cant differences
were found between clear viewing conditions (-0.04)
and those obscured by smoke (0.15), or between
conditions in which the crew was or was not alerted
by outside elements that a target was cntering its
sector (-0.12 and 0.13, respectively). A difference
was found in rated workload between day and night
missions (F(1,146) = 3.50, p < 0.06). Day missions
were rated as having more workload (0.10) than
unight missions (-0.21), perhaps due to the elevated
temperature during day-time missions in the desert
test environment.

Workload During Ong-man Acq/Track Opgrations

One-man  Acq/Track opcrations were
performed during four missions of the FDTE. Two
ROs and two EOs participated in these missions.
A ccparate ANOVA of these missions revealed no
significant effects due to crew member duty
position, Acq/Track event, or TLX subscale. There
was a tendency, however, for ROs to report higher
levels of global workload witk the TLX for these
operatious than EOs (46.2 and 30.3, respectively).
The largest difference between the RO and EO is
for the task of "Tracking Fixed-Wing," for which the
EOs are practiced and the ROs are not. The only




event that ROs rated as having less workload than
the EOs was "Detecting Fixed-Wing,” for which the
RO was much more practiced (using the radar
scope) thae the EO.

The_Relatiopship Between Workload Ratings of
Individyal Crew Member and System Performance

The OWL factor scores derived for each
crew member when they rated specific tasks or
events in each one-bour Acq/Track mission
scgment included one defined as "Entire Acq/Track
Mission Scgment." These specific scores were
compared to a measure of system performance for
the corresponding missions. The system
performance data were provided by the U.S. Army
Air Defense Artillery Board at Fort Bliss, Texas.
This agency was responsible for the conduct of the
LLOS-F-H FL TE.

The bascline system performance measure
(PERFORM) used the percentage of successful
engagements during aircraft passes over the entire
FDTE basic study. This percentage was obtained
by dividing the number of passes scored “successful”
by the tcst agency by the total number of passcs
scored,  {Passcs counied as "No Tesi,” for any
reason, were not included.)) Other performance
measures were derived from the baseline data.
These measures were formed by withholding certain
types of passes irom the total number scored. For
example, since workload ratings are associated with
an operator’s experiences, his perceived workload
would pot be affected if he was unaware of the
existence of an aircraft.  Therefore, one such
altcrnative measure eliminated from cousideration
all passes scored as "did not detect target.”
Analyses with these alternative system performance
scores did not reveal any meaningful relationships
that were not alsc found with the baselne
PERFORM data.

A stepwise regression with PERFORM as
the dependent measure and independent measures
of the RO OWL factor scores (pased on TLX and
OW ratings only) and dichotomous (dummy)
variables to index the two ROs making the ratings
stopped after the accretion of only the QWL factor
score variable. This analysis rcvezled a siguificant
correlation, R = -0.65 (£(1,48) = 34.5, p < 0.001).
Similar analyses for EO, DR, and all positions
combined revealed no significant relationship
between PERFORM and OWL factor scores. A
graphical representaion of the significant regzessicn
of PERFORM ontc OWL factor scores of the ROs

is given in Figure D-2.

Stepwisc regressions with PERFORM as
the dependent variabie and the TLX Performance
subscale ratings as the independent variable

(3] «“
A

-
I

OWL Factor Score

-3 T T T

]
System Performance

Figure D-2. The relationship between workload
ratings of ROs and system performance.

revealed significant relationships. (The workload
rating on the Performance subscale is given its
nighesi vaiuc when a subject perceives that his or
her performance was a complete failure and its
lowest value when performance is judged to be
perfect). The result for the RO position was similar
to the one reported above, R = 056, (E{(1.67) =
3103, p < 0.001. Similar analyses using TLX
subscale ratings from crew members in the EO
position rcvealed a significant multiple correlation,
R = 065, F(3,66) = 16.14, p < 0.001. There was
no significant relationship between  system
performance TLX performance subscale ratings
provided by the DR.

DISCUSSICON

Eadtor Validity

An ordering of the fuctor validities of the
four measures resulted in TLX > SWAT > OW >
MCH. The ordering is somewhat familiar to those
found in carlicr studies (e.g., Bittner ct al, 1989,
and Hill et al., 1988 -. see also Appendices C and
B, respcctively). These results support previous
condusions that TLX had the highest factor validity.

15sion n

Workload was examined as a function of




mission segmeats. Clearly, the DR has very little
workload, while the RG and EQ had about the
same workload across all segments, savc
Fmplacement. The RO and EO workload scores
were highest for the Reload and One-maan opcration
mission segments (see Table D-1). The subscale
analysis (Figure D-1) was particularly interesting,
suggesting the different dimensions which
contributed to OWL for the different positions.
The Acq/Track mission scgment had the greatest
mentz]l demand while Reload had the strongest
physical, temporal, and effort components. The
emplacement mission shows a large
position-by-subscale interaction (Figure D-1), with
the RO experiencing the greatest overall OWL,
although his wental and temporal demand are
similar to thosc reperted by the EQ. These effects
of mission segment and duty posiion correspond
well with expectations and observation, suggesting
substantial face validity of the composite and
subscale ratings.

Workloay During Acq/Track Segments

The reswts indicate no  significant
differcnces in workload across position (F.O and
EQ) and tack during Acqg/Track segments. Of the
missic n variables, only day/night had a significant
effect »n workload. This is somewhat surprising. In
particu’ar, it was thought that MOPP level would
affect workload. However, there was no difference.
The workload rariugs may reflect a lower ievel of
work being done because of the heat.

One-Man Acqg/Track Qperations

It is difficult tu make aay firm conclusions
based on only four one-man missions. Indee *here
are only two missicns for each of the two duty
posittons.  However, the Oue-man Qperations
segment has the highe t average OWL scove (1.30).
Th~ RO has preater OWL scores than does the EQ,
peruaps because the RO feels more responsible and
the EO knows ¢ is not expected to do well so he
feels relatively relaxed.

The Reuationship Between Workload Ratings and
System Performance

The significams corselations found between
operator workload ratings and systemn performance
were in accordance: with expectations. That is, the

results indicate decrcasing system performance with
increases in operator workload (OWL factor s=cre
cr TIX Performance subscale score). The
strongest correlations were found when analyzing
data for the RO position. Possible reasons for this
include:  (a) the ROs had the highest average
worxload rating for the Acq/Track mission segment
and may bave been more susceptible to
performance decrements when worklcad increased;
(b) tae RGs, with both radar knowle 1ge and a view
of the EO’s display, may have the most accurate
opi 4on of how the system and aew is perforaing,
which may influence TLX performance subscale
ratings; and (cj greater experienze and agc may
make the ROs more percertive raters o workload.

The results for the EO and Driver positions
are more problemmatic. Consideriug the Diriver's
role during an engagement mission (i.c., witk very
littie to do, the Driver sometimes slept) and the low
workload ratings by those in the Driver position, the
expectation was that changes in Driver workload
would have no effect on system performance. The
expectation for the EC position, given the
imporataat role that the EO has in the engagement
sequence, was that operator workload wouid
comclate with sysicm poformance.  The TLX
Performance Subscale analysis agreed with
expectation while the OWL factor score analysis did
not.

CONCLUSIONS

Subjective ratings of operctor workload in
the LOS-F-H FDTE indicated:

(1} Global workload ratings were much greater for
the RO and EO than for DR,

(2) Some ignificant effects of mission variables on
workload,

{3) Differences in both magnitude apd dimensions
of workload among mission segments, and

(4} locreases in operator workload are associated
with decreases in system performance.

Analyses  revealed meaningful results  with
substantial face validity.
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DATA ATTACHMENT D-1

COMPARISON OF WORKLOAD RATING . ...LES FOR LOS-F-H BAS1IC STUDY

MISSION SEGMENT/

-

RATING SCALE

POSITION oW MCH SYAT TLX
----------- MEANS - ==—=m————-

MISSION SEGMENT
Acg/Track 35.00 23.52 32.52 31.61
Emplace 28.00 -— - 23.47
Road March 21.42 - - 13.83
Reload 54.61 18.33 20.86 49,38
One-Man Cps 57.50 - - 37.45

POSITION

RO 43.81 19.80 39.°3 41.41
EO 38.53 46,73 49.04 32.15
DR 16.27 6.76 0.83 13.17
w=w=e STANDARD DEVIATIONS ~---

MISSION SEGMENT
Acq/Track 19.22 23.15 32.02 15.96
Emplace 18.63 -- -- 14.62
Road March 13.113 - - 8.48
Reload 25.20 12.70 16.99 23.61
Oonc-Man Ops 18.93 - - 23.06

POSITION

Ko 12.13 11.90 26.19 13.78
ED 22.45 26.95 21.06 18.83

DR 12.08

9.17




DATA ATTACHMENT D-2

CREW MEMBER POSITION
RO EO DR

RELOAD MISSION

100 0.78 1.56 =1.00
101 2.02 3.09 1.47
102 1.58 2.62 -1.00
103 0.77 1.34 -
104 0.46 0.08 -

BASIC MISSION/EVENT

321 Entire Mission 1.22 -1.00 1.34
331 Entire Mission 0.70 2.55 -0.61
332 Entire Mission 1.16 -1.00 1,31
421 Entire Mission -0.03 1.39 -0.69
Detect W 0.04 - -
Track FW - 1.91 -
MSCS - - -0.19
422 Entire Mission 0.97 0.36 -1.00
Detect FW 0.92 - -
Track FW - -1.00 -
MSCS - - -0.78

Entire Mission
Detect FWw
Track FW

MSCS

Entire Mission
Detect FW
Track FW

Entire Mission
Detect FW
Track FW

Entire Mission
Detect RW
Acquire RW

Track RW

Entire Mission
Detect RW

Acquire RW

Trazck RW

Listeuing for MSCS
Plotting MSCS
Emplacement




DAYA ATTACHMENT D-2 (Continued)

CREW MEMBER POSITION
RO EO DR

BASIC MISSION/EVENT

532 Entire Mission 1.53 1.56 -1.00
Delect RW 0.71 -- -
Acquire RW 0.42 -0.55 -
Track RW - ~1.900 -
Listening for MSCS -~ - -1.00
Plotting MSCS - - ~1.00
541 Entire Mission 0.88 0.27 -0.78
Detect FW 1.17 -- --
Acquire FW 1.10 -0.18 -
Prioritize Targets 0.38 - -—
Track FW - -2.00 -
Emplacenent 0.9¢ -2.00 -0.83
Driving - - -0.82
542 Entire Mission -0.09 1.34 -0.95
Detect FW -0.38 -- --
Acquire FW 0.11 1.07 -~
Prioritize Targets -0.23 - - -
‘'rack FW -- 0.73 - Y
Cheuse Target Mode - ~-0.39 - .
Emplacement 0.22 -0.37 -0.29
Driving - - -0.81
62 Entire Mission 0.81 1.38 -0.46
Detect FW 0.05 - -
Track ¥W - 1.10 --
Detect RW 0.41 - -
Acquire RW G.95 0.14 -~
Track RW -- 0.86 -
Acquire FW 0.25 0.55 -
Emplacement 1.04 ~0.16 ~0.56
622 Entire Mission 0.54 ~0.99 -2.00 o
Detect FW 0.97 - - <
Track FW - ~1.00 -- '
Acquire FW 0.63 -0.35 --
Emplacement 0.53 -1.00 -2.00

D - 10




DATA ATTACHMENT D-2 {Continued)

CREW MEMBER POSITION
RO EQC DR

BASIC MISSION/EVENT

632 Entire Mission 0.65 -0.29 -2.00
Prioritize Targets 0.62 -- -
Choose Target Mode - ~0.03 --
Hangfire -0.23 -0.84 -

Emplacenment - -0.91 -1.00
Driving - - -1.00

721 Entire Mission 0.61 ~-0.27 -2.00
Detect FW 0.30 - -
Track FW - ~0.82 -
Detect RW 0,95 - -
Acquire RW 0.40 -0.54 -
Track RW - -0.91 -
Acquire FW 0.29 mis -
Listening for MSCS - - -2.00
Plotting MSCS - ~-- -2.00
Choose Target Mode - ~0.74 -
EO Target

Detect/Engage - -0.66 --
tmplacemert 0.26 -0.95 -2.00

722 Entire Mission 1.22 0.98 -C.85
Detect FW ~0.31 -- -
Track Fw - 0.06 -
Detect RW -0.65 - -
Acquire RW ~-0.50 0.32 -
Track RW - ~0.46 -
Acquire FW -0.56 0.34 -
Choose Target Mode - 0.83 -
Hangfire -0.60 -0.01 -
EO Target

Detect/Engage -— 0.68 -—
Emplacement 1.24 -0.17 -1.00

741 Entire Mission -0.01 0.94 -1.00
Detect FW ~0.76 - - .
Detect RW -0.90 - - v ]
Prioritize Targets ~0.53 - - :
Trouble Shooting -1.00 - -
Driving - - -1.00
Track Fw -— 0.26 --—
Acquire RW - 0.19 -
Track RW - 0.46 -
Acquire FV¥ - 0.51 -
Target Recogniticn - 0.67 -

D - 11




APPENDIX E

SUBJECTIVE WORKLOAD ASSESSMENT DURING 48 CONTINUOUS
HOURS OF LOS-F-H OPERATIONS

Susan G. Hill James C. Byers  Allea L. Zaklad
Richard E. Christ

Abstract

Two operator workload (OWL) rating scales were used to obtain judgments of OWL throughout 48 coniinuous hours
of operation of the LOS-F-H air defense system. The Task Load Index (TLX) and Overall Workioed (OW) scales
were adrinistered to two crews in two differcnt 48-hour operations. Results indicate that workload increases
significantly over time. Regression analyses sugpest that OWL scores can be described as a combination of hour
into the mission and jgb being performed. These findings are discussed in the context of the development and

validations of @ methodology for assessing OWL.

INTRODUCTION

The air defense system, the Line of
Sight-Forward-Heavy or LOS-F-H, has a primary
reguirement 1o engage low-altitude helicopicrs and
fixed-wing threat aircraft 2s part of the Forward
Arca Air Defense System. A Non-Developmental
Itcm Candidate Evaluvation (NDICE) was held in
Fall, 1987, and the winning system was chosen as
the Army prototype LOS-F-H.  luitial OWL
asscssmeots  of the winning cacdidate  were
conducted retrospectively, by asking the
soldicr-operators to make judgments of OWL by
viewing videotapes of their own performance during
NDICE (Hill, Zaklad, Bittncr, Byers, & Christ,
1988) and to make overall judgments of various
generic mission segments and tasks (Bittner,Byers,
Hill, Zaklad, & Christ, 1989) -- scc Appendices B
and C of this report, respectively.

A  Force Development Test and
Expcrimentation (FDTE) program for the LOS-F-H
system was held in Junc-July, 1988 at Fort Bliss,
TX. During this FDTE, OWL assessments of
various tasks under a varied of mission contexts
were obtained nsing a family of subjective QWL
ratings (Hill, Byers, Zaklad, & Christ, 1989 -- sec
Appendix D of this report). Following five weeks of

* This appendix coruains a revised and condensed version of a
paper presenied ar and pubiished in = Procecdings of (pp 112¢-
1133) the 33nd Annual Meeving of {wsnan Factors Society.

two four-bour missions per day, the FDTE
examined performance in a 48-hour mission
designed to emulate the operational mode summary
for the LOS-F-H. Tl paper describes the 48-hour
operations, the methodology and procedures used to
obtain OWL assessments, and the results and
discussion of the OWL assessment.

Purpose

The objectives of the present investigation
were: (a) to explore the applicability of the OWL
scales for obtaining workload assessments during
48-hour continuous operations; (b) to evaluate the
relationship between mission variables and the
workload assessmients of the crew members; and (3)
to compare the results of the present programmatic
investigation with those from carlicr cfforts in the
series.

METHOD

Subjects

Two three-member crews participated, one
carew in cach of the two 48-hour missions. The
three crew positions are radar operator (RO),
clectro-opiical operator (EQ) or “gunner” and a
driver (DR). Each cew member had some
cross-training for all positions; however, the RO
remained the same person throughout the 48 hours




(wilh one exception in one crew) while the EO and
DR switched positions after the first 24 hours (with
Jnc cxceplion in one ¢rew). The two exceptions
occurred when: (a) the RO did not participite in a
mission and (b) the scheduled EO was temporarity
removed from the test and the scheduled DR
parti-ipated as EQ.

The EOQO/DRs were junior level ealisted
men and the ROs were Non-Commissioned Ofticers
(NCQs). These samz crews participated in previous
ficld tests of the LOS-F-H sysiem; they had just
completed five weeks of testing for four-hour
missions.  Conscquently, the opcrators weic
experieaced witk the OWL scales and with being
observed.  They were also sensitive to OWL
concerns and comfortable with the daia collectors.

Erocedure and lostouments

At periodic times during the 48 hours, the
crew was asked to give OWL ratings. Two rating
scales were used to obtain OWL rating: Task Load
Index (T1X), Hart & Staveland, 1987, and Overall
Workload (OW), Vidulich & Tsang 1987. At one
dats colicction interval, osly the TLX scale wai
used. Bused on the rasuits from several previous
studies in this series & was decided that global
worklpad measures would be obtained with the
TLX scale by computing thic arithmetic mean of the
ratings given 10 the six subscaies (o generste a
raw” TLX score (RTLX), rather than the weighted
aveiagr ~f the subscale ratic ;5. It has been shown
by Bycrs, Bitiner, and Hill (1989) that the two
appsoackes to computing a globel score from the
subscale ratwngs yiclded esseatially identica! resulis.
A dc.irable consequence of using the RTLX is that
no paircJ-comperisos weights need to be obtained
for eacn task whosc workluad was being evaluated.

During the 1cst of the mission, the data
collcctor made ooles as (o crew activities and
atiitudes to the degree that the crew could be
observed. Apr OW1. data collcctor was on site at all
times, with the caception of 0000 o (1520, when the
system was off and the aew slept. Two formai
debriefs of the crew ook place. The first took
place in the fieid sfter ibe first 24 hours during au
administrative break in the mission. The second
dcbrief took place in a debricfing trazler &t the base
camp after the complction of the 48-bour mission.

The two different 48-hour missions were
conduuted at different times. However, the
scaedule of events planned for both missicns were
tke same, and included 14 Road March, eight
Acquisition/Tracking (Acq/Track), and six Missile
Heload mission scgmeats. With only the exception
of two canceled reloac segments, all eveats took
rslace approximately as scheduled. Each of the two
missions were scheduled to began at 12000 on the
first day and coatinue to 1200 of the tbird day; the
system was shut down from 0000 to 0530 on the
second and third day, during which time the crews
were scheduled to sleep. In terms of physical
conditions, the days were very bot and the cvenings
were cool. The crew compartment of the weapon
systewn had no air conditioning and there was great
concern about heat stress on the crew, particularly
during the day and whean in full chemical protective

posture,

The OWL measures consisted of a rating of
the woixload of the "Overall Mission so far,” or a
cumulative assessment of workload. It was decided
that a cumulative assessment was betier than a

judgment of workload since the last rating because

the ratingc micht be houre apan and thus lessen
accuracy. At the 24 and 48 hour debriefs, additional
(OWL ratings were obtaincd on engagement-specific
tasks. At the conclusion of the 43 hours, OWL
ralings were obtained from the two junior ranking
aew mc-abers on “Your 24 hours as EQ” and from
all threc aew members on the “Entire 48-hour
mission.”

RESULTS

Quantitative analyses were conducted in
three phases which respectively examined: (a) the
relationship between the two workload scales, (b)
the =ffect of time ou workload, (¢) the relationship
of worklozad to missiou variables. The analyses
examined the two crews separately as well as both
crews together. 1o anany cases, the two different
sels of crew members experienced variations in the
exact Uming of scheduled cvents and in
euvicomental conditions. Consequertly, it was
dedded that combining them would be less useful
thze cramining them separately. Descriptions of
the data obtained during two debriefs of the crews
(held at 24 and 48 hours into the mission) are
reported scparately in the qualitative analyses
seclion.




Factor apalvsis.  Principal componeants
analysis (PCA) on OW and raw (unwcn@tod\ TLX
(RTLX) ratings was performed usiag the BMIDP4M
statistical software package (Dixon, 1983). A single
factor, kereafter called the QWL factor, was found
which explained 82% of the total variance. These
results support the view that the two workload
scales essentially provide assessments of a single
common factor. The resulting OWL factor sceres
were used in the workload analyses reported in the
following sections. (The OWL factor scores for
cach subject's workload ratings are in Data
Attachment E-1 at the end of this appendix.)

Effects of timg oo workload. The workload
ratings were divided into differeat time blocks to

examine the effect of time on workload. An
attempt was made to make divisions such that each
block contained events that potentially would affect
workload. The two crews were examined separately
because of the differences between missions (as
mentioned previously) and because there were a
different number of workload measurer -nts made
over the 48 hour period. There _re more
opportunities to obtain ratings from the secoad crew
than from the first crew.

The workload scores were first examined by
day. For both Crews 1 and 2, Day 1 workload
ratings were significantly different from Day 3
ratings, with workload higher at the end of the
mission (F(2,18) = 5.07, p < 0.018; F(2.27) = 12.42,
p < 00002). The means ratings for Crew 1 arz
.72 and 0.66 for Days 1 and 3, respectively.
Corresponding mean ratings for Crew 2 are -131
and 033. When the mission was examined in
greater detail (i, seven time blocks for Crew ¥
and nine time blocks for Crew 2), there was a
significani effect of time for both crews (F(6,12) =
6.00, p < 0.0042; F(9,18) = 3.1, p < 0.02. The
mean rating for ecach time block for cach crew are
shown in Figwie E-1. These workload scores are
grapbically illusirated or plotted as a function of
howr inte the mission for cach crew. As can be
scen, the crews report the same general increase in
workjoad across time (with the primary exception of
a decrcased OWL score for Crew 2 2t Hour 7 into
the mission).

Position_cffects. Crew member position
significantly affected the OWL factor scores. In

particulas, the RO had a greater average workload
that cither EO or DR (RO = 0.20; EO = (.18; and,
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Figure E-1. The effect of exended duration
missions on workload.

DR = .7 respectively). Also, results suggest that
there is moie workload involved with being the EO
during the second 24 hours that being EQ during
the first 24 hours (F(L2)= 26.9, p < 0.0035). The
means are -0.21 for the EQ in the first 24 hours apd
1.45 for EO in the second 24 hours.

Effects of missien variables. Regression
analyses were used to examine the relationship of
workload to various mission variablc.. The
variables of interest were: lime of day (i.c., day or
night), time from last sleep period, time from last
reload, time from last Acq/Track segment, uime
since last MOPF 4 condition, time into mission (to
the nearest quarter hour), and job (i.e., whether
they were performing an active job (RO or EO) or
an inactive job (DR)). Regression was performed
for each crew separately and jor both sets of crew
data together. The resulting regression ¢quations
for Crew 1 only and both crews together were quite
similar, workload being related to the same two
factors of howrs into the mission and job (R = 0.83
and 081, p = 21 and 48, respectively). The
cquation obtained for the data of both crews
together is:

OWL = -1.964 + (0.049 * Hour) + (0.928 * Job).

Two additional factors cntered the regression
equation for the data of Crew 2 only: time since
last MOPP 4 condition and a measure of physical
symptoms. Crew 2 did have the occurrence of two
heat-related incidents which did oot occur for Crew
1. It may be that the additional factors entering the
Crew 2 equation werc due to these heat-rclated
incidents. If so, and if the occurrcoce of such
incdents are rare, the regression equation shown
above may be the best description of the



relationship between mission vanahles and
workload.

Two debriefs (at 24 and 48 hours) provided
direct, qualitative information from the operators.
Although interview data are diificult to analyze, they
are reported here in ao effort to provide a basis for
interpreting the reported quantitative results. Few
specific comments directly regarding workload were
made.

After 24 hours. During the first 24 hours,
the two ROs (i.e, squad leaders) got 1 - 2 hours of
sieep. The EO/DRs received 2.5 - 3.0 Lowis sleep.
Genceral comments indicated that the first 24 hours
were pretty much as expected and that the pext 24
hours would be about the same. The crews
reported that in some ways they felt more relaxed
in this extended operational scenario and 2ot as
rushed to accomplish preliminary placements and
sctups as they had been during the four-hour
missicns that had been experienced in the preceding
5 wecks of this field test. The crews alse indicated
that they feit that the Acq/Track missions during
the first 24 hours of this extended mission were ot
as diificuii a» ihose experienced during the shorter
operations. Some complaiunts weie wade regarding
MOPP 4 gear (hard to sec out of mask; very
draining); missile reloads {flying insects bothered
the crew during night operations); and other
matters (¢.g., cramped Quarters inside ihe fire unit).

Some potentially important comments were
made regarding crew organization. As mertioned
previously, the operator assigned as EO remained in
that positioa for the first 24 hours. In both crews,
the “first” EQ remarked thai it was very difficult to
remaia as EO for the first 24 hours (which incleded
4 Acg/Track missions) because the electro-optics
display screen is difficult to look at continuously.
These EOs claimed the extended requirement for
viewing the display screen caused cyestrain and
headaches. The operators suggested swatching
positions more often. The drivers concuried with
this suggestion because they felt their job was very
boring over & 24 hour period.

During ope Road March, Empiacement,
and Acg,/Track mission, the squad leader also drove
the vehicle while the other two crew members acted
as EO and RO. The reason for the position change
was to try out a new oiganizational concept (see
Hill, Bye's, Zaklad, Bittner, & Christ, 1989 or

Appendix F of this report for details). At the
debrief, the RO/squad leader stated that he felt
demoted by having to drive (traditionally, the driver
is the lowest ranking member of the crew), but
liked the ability to see outside of the vchicle which
can only be douc from the driver’s position.

Although other comments were made
during the debrief, those prescated above give the
primary arecas discussed and the cpinions of the
crews.

After 48 hours. The soldiers reported the
total sleep they received during the 48-hour period
as 8 and 13 hours for the squad leaders. and §, 10,
10 and 13 for the other crew members. One crew
had the S-gallon water container refilled three times
while the other crew had the container refilled four
times. Although it iz not known precisely how much
water was consumed, it can be inferred that eack
crew measber had approximately 5 gallons over the
48-hour period.

General comments made at the 43-bour
debriefincluded that tke erp:ricnce was easier than
expected and the soldiers felt more relaved afier
they had been ou the system for a loager period of
time (one expressed 1 as fcesling “at home"). The
errws feit that wearing MOPP 4 gear was their most
difficult experier:ce during the 48 hours because of
the beat; the sysiem is just 16o kot inside to wear
MOPP 4,

Crews reported that vibration noise or
riding sideways iu the vehicle were nct problems.
They felt that Identification Friend or Foe ({FF)
and early warning frcm Manual Shorad Control
System (MSCS) both enhanced the operators
abilities to successfully engage targets.

Several commen's were made regarding
missile reload operations. The aews felt reloads
were demanding and draining physically and too
many had been scheduled for the 48 hours. Reloads
at night presenied some unusual problems. For
example, one RO felt as if he might fall off the top
of the vehicle becavse he couldn’t see very well.

Again, those operators who had scrved as
EQOs for 24 hours reiterated the demanding nature
of watching the clectro-optics display screen for
several missions and thieir desire to switch positions
mor¢ often than they bad during this 48 hour
period.




DISCUSSION

Several issues need discussion. First is the
basic question of sample size. All the analyses
prescated are based on two crews of three members
each. This is not a large sarmaple from which to
draw strong conclusions. However, it is believed
that these were representative crews and the results
certainly preseat a rcasonable picture of operator
workioad during these 48-hour missions.

Workload

An important unresolved ist 'e is what
exactly to measure when investigating workload
across time, Tke measure used here was t¢ ask for
workload ratings of the "Mission So Far." Perhaps
some other measure would have been more
appropriate. Similarly, ratings were obtained after
a sipnificant event had occurred and when
circumstances permitted.  Would it be more
appropriate to obtain measures at fixed intervals
(c.g, cvery three hours) regardless of cvent
occurrence? These issues deserve some thought
and attention.

Another issue is how to interpret the OWL
ratings obteined and analyzed. If the label "Mission
So Far” is tuken literally, then the scores shouid be
cumulative across time and always be increasing.
Even if no workload was exp:rienced since the
previous measurement, the cw ‘ulative workload
would, at least, stay the same. FHowever, although
the trend was increasing © or both crews, there were
a couple of points where the workload “so far”
decreased. Another interpretation would be that at
cach measurcment, an averaging of the workload
for the "mission so far" is taking place. Tkis fits the
results somewkat better. For examgle, if there is
about the same or increasing workload, an average
will increase across time. However, if the workload
in the latest period is particularly low, an average
across time will show a decrease in the reported
workload.

There is also the possibility tkat tkere were
beginning or end of mission effects. For example,
the crews may have been apprehensive about
participating in 48 hour operatiops ard initially
rated workload high. As a little time passed, and
things were pot as bad as the crew had chought they
might be, the workload rating was lessened. This
might expluin the OWL score for Crew 2 at Hour
7. Similasly, as the end of the missicu approached,
crews may have differentially perceived workload

influenced by the cnd of the mission itsclf.

The workload results obtained from this
study support previous conclusions that the RQ and
the EOQ have much greater workload than the driver
(<f,, Hill, Byers, Zaklad, & Christ, 1989).

Effects of Mission Variable

The significant factors used to predict
workload werc the hour into the mission and the
job being performed. The importance of the hour
is not surprising, the OWL score apnears to be an
average across time and would tend to increase the
longer the mission lasts. Workload may asc be
associated with fatigue. The importance of job in
the regression equations suggests the Jarge
difference in workload between the positions as
discussed previously. The additional factors of
MOPP and physical symptoms in the Crew 2
regression equation are believed to be associated
with the particular beat incidents that took place.
These relationships are interesting, but a larger
sample should be collected and analyzed before any
firm conclusions are made.

CONCLUSION

Based on the limiied sample available,
workload ratings were affected across time.
Aithough questions remaia concerning thc most
appropriate way to measure workload over extended
periods, the results and suggested interpretations
preseated here are promising and future werkload
investigations during extended missions should be
pursued.
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DATA ATTACHMENT E-1

FACTOR SCORES FOR THE LOS-F-H 48-HOUR STUDY

MISSION 1
DATE/TIME RO EO DR
7=6 1600 -0.03 -1.41 -1.81
7-6 2345 0.63 -1.17 -0.51
7-7 1050 0.45 -0.14 -0.01
7-7 1805 0.88 0.4¢% -0.56 *
7=-7 2300 0.60 0.90 -0.47
7-8 0645 1.1% 0.51 -0.44
7-8 1120 1.66 1.45 -0.35
Entire Mission 1.12 1.66€6 -0.11
EO FIRST DR FIRST
24 Hours as EO -0.26 1.87
MISSION 2
DATE/TIME RO EO DR
7-11 1515 -0.87 -0.55 -1.81%1
7-11 1830 -1.54 -1.44 -2.14
7-11 2315 -1.17 -0.69 -1.50
7-12 0545 -1.14 0.42 -0.63
7-12 1100 0.21 0.21 -0.51 *
7-12 151% -0.36 -0.33 -
7-12 1745 0.99 0.09 -0.45
7-12 2230 0.27 2.35 ~0.42
7-13 0645 0.12 1.48 -0.12
7-13 1000 -0.03 0.90 -0.36
Entire Mission -0.01 0.96 0.42
EG FIRST DR FIRST
24 Hours as EO -.87 1.29

* EO and DR change position




APPENDIX F

PROSPECTIVE WORKLOAD RATINGS OF LOS-F-H
MOBILE AIR DEFENSE MISSILE SYSTEM

Susan G. Hill James C. Byers Allen L. Zaklad

Alvah C. Biuner, Jr.

Richard E. Christ

Abstract

Prospective rutings of operator workload (OWL) were obtained from six operators of the Line-of-Sight-Forwerd-
Heavy (LOS-F-H) air defense system. Using the Task Load Index (TLX), retings of predicted workload were
obtained for four separate topic areas: new eguipment, multiple fire units, multiple targets, and crew organization.
Analyses of variance of TLX global and subscale scores revealed significant differences between QWL ratings for
current and proposed operation in the four topic areas. Use of rarings to prospectively esiimate OWL of systems

and events is discussed.
INTRODUCTION

The Line of Sight-Forward-Heavy or
LOS-F-H is an air defense system with a
requircment to engage low-altitude helicopters and
fixed-wing threat aircraft. A Non-Developmental
iiem Candidate Evaiuation (NDICE) was conducted
in 1987 and the winning system was selected to be
the "baseline” LOS-F-H. Initial operator workload
(OWL) assessmerts of the winning candidaic were
conducted retrospectively, by asking the
soldier-operators to ma .¢ judgments of OWL afier
vicwing videotapes of their own performance during
NDICE (Hill, Zaklad, Bittner, Byers, & Churist,
1988) and to make overall judgments of various
geueric mission segments and tasks (Bittuer, Byers,
Hill, Zaklad, & Christ, 1989) --See respectively
Appendices B and C of this report.

A Force Deveiopment Test and
Experimeatation (FDTE) program for the LOS-F-H
system was held in June-July, 1988, at Fort Bliss,
TX. The purpose of this field test was to examine
selected concepts regarding tactics, doctrine,
organization and training. The test took place over
a six-week period, with the first five weeks
comprised of one-hour missions and the last week
including two 48-hour missions. The OWL
assessments of various tasks under a variety of

This appendix contains a revised and condensed version of
unpublished Technical Mcmorandum Number 2, prepared by the
indicated euthors.

mission contexts for both the "basic™ four-hour
missions and the sustained 48-hour missions are
described and discussed by Hill, Byers, Zaklad, and
Christ, 1989a and 1989b, respectively -- see also
Appendices E and D of this report. The present
study is the fifth in this series of investigations. It
builds upor the background of empirical OWL
investigations by using OWL ratings as a basis for
prediciing the workload that will be associated with
modificaticns in the <ystem and its operational
context.

Back n

Workload has become an arca of concera
as technology advances and operator functions are
increasingly cognitive in nature. (See Lysaght et al,,
1988, for an integrative review of OWL literature.)
Of particular interest are methods to gstimate or
predict OWL early in system development. One
such method involves subjective ratings of workioad
made in conjunction with descriptions of systems or
tvents that have not yct been personally expericneed
by the individvils making the ratings. These are
referred 10 as prospective or projective OWL,
ratings.

Prospective ratings have been employed in
several previous applications. Several early studies
were performed wsing the Subjective Workload
Assessment  Technique or SWAT (Reid,
Shingledecker, & Eggemeier, 1981) provided
cncouraging results (Eggleston, 1984; Eggleston &
Quinn, 1984; Reid, Shingledecker, Hockenberger, &



Quinn, 1984). More recently, Masline and Bicrs
(1987) comparced projective subjecrive wotiload
assessments of a task which had been described in
written and verbal form to assessments oi the same
task experimentally performed. The sabjective
assessmerts were obtzined via three psychometr'e
scaling techniques (magnitude estimation, equal
appearing intervals, and SWAT). Results suggest
that subjects gave similar workloaa asscssments
whether they did so projectively or actually
performed the task. Masline and Biers do caution
that insufficiert research has yet been done to make
any geaeralizations about the validity of prospective
workload assessments. The results so far are
promising and further research is clearly warranted.

Purpose

The recearch presented in this paper has
two objectives: (a) to examine the use of OWL
rating scales to cbtain prospective estimates of
workload, and (b) to provide prospective estimatcs
of OWL that may be used in LOS-F-H system
development.

METROD

Prospective OWL raiings were obtained at
the conclusion of the FDTE field exercises The
availability of the L1.OS-I-H operators during this
period made the present study possible. o
additicn, the FDTE bad providzd training for the
operators in both sysiem operaiion and judgments
of operator workload using the Task Load Index
(TLX) (Hart & Staveland, 1587). A final rationale
for using the FDTE as the context for this study
was the urcoming FDTE-Phase II which was
scheduled for the summer of 1989. The prospective
GWL measures administered during the initial
FDTE could be later validated with actual data
obtaired during a Phase Ii FDTE.

Subjects

The subjects were six soldier-operators who
had becn participants during boih the NDICE and
FD17: tests. The operators included two radar
opesators (ROs) and four electro-optical operators
(EOs). The ROs alsc served as squad leader aud
mission «nmmander; the EO:s also served as
gunrers. The EOs were junior enlisted men
(Puvate Frst Class and Spedalist) and the ROs
were junior Non-Commissioned Officers (Sergeant).

Worklead Scaic

The TLX scale was usec to coilect ratings
of OW'. The TLX is 9 multi&measional scale
composed of sx sabsceles: Meatal Demand,
Physical Demand, Temporal Dem: ad, Performance,
Effort, and Frustration, each rated on a scale frum
0 to 100. A weighting procedure is usca to combine
the six individual subscale ratings into a global or
composite workload score. Normally, each rater
will designate, for each task to be rated, the more
iraportant of 1ll possible pairs of the six subscales.
For this study oi prospective workload ratng the
standard procedure for determining weights vvas not
followed. This deviation from standards was
deemed nece..ary because the tasks anu the
conditions in which the tasks were to be performed
had never tecn experienced by the rater. Instead,
all the TLX scores used for the present study wer=
weighted by each soldier’s paired comparison
weights for thc "Entire  Acquisition/Tracking
Mission,” as they were originally obtained for the
workload analysis of basic four-hour miss ns in the
FDTE (see Hill el al, 1$89b or Appendix D of this
report).

An advantage of a multidimensional scale
such as the TLX is that it provides the ability to
look at the separate snbscales for diagnostic
analysis. Other rcasuns for choosing TLX are that
experience had showe that it could be quickly
completed, it was well accepted by the soldiers, and
it had demonstrated consistently higher validities
when used for direct assessment (see, for example,
Byers, Bittner, Hill, Zaklad, & Carist, 1988 ~ad Hill
et al,, 1989a and 1989).

Topic Arcas

Four distinct topic areas werc chosen for
prospective investigation using the TLX rating
scales. These were new equipmaent, multiple fire
units, multiple taryets, and crew organization. New
equipment and crew organization represent optional
system modifications, whereas muitiple fire units
and multiple targets rcflect a ore realistic tactical
context.

New_equipment. This topic arca refers
specifically to automated radar. It includes
automated identification of blips as targets;
automated identification of the target as fixed- or
rotary-wing; auc automated prioritization of targets,
with appropriate symbology displayed on tic radar
display. Even with automate: radar, however, the
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RO would continue to monitor the radar and make
decisions as neccssaty (e.g., change pricrities based
or uthe. information). Tae subjects were asked to
make prospective ratings of the workload for the
RO and EQ using this ncw radar cquipnicnt,

Multiple fire units.  This topic area
tepresesnis a change from the FDTE condition. Jt
refers to a configuration of & master fire unit
controlling one or more slave fire units. ¥t assumes
some form of automated radar (as dzscribed in the
previous paragraphy. The master fire unit radiates
radar sigrals, reccives Command and Coatrol {C2)
data, and determincs the assignment of targets
firc units in the platoon. The slave fire unit receives
target information via 2 local C2 communication
channel, is responsible for the target assigned, and
searches for other tasgets of opportunity. The
soldiers were asked to make prospective ratings of
the workload for the RO and the EQ in the master
unit and for those in a slave unit.

Multiple targets. This situation refers to
the case in which more than a single target appears
at one time. The first set of OWL ratings asked the
soldiers to rate RO and EO workload for double
the number of targets that they haa been secing
during a one-hour acquisition/tracking mission
segment in the FDTE. A second set of OWL
ratings asked for RO and EO worklcad in the
situation where two fixed-wing aircaft (in attack
profile) and two pop-up helicopters appeared in
rapid succession. The concern here was that the
serial nature of the RO iad EO tasks in ao
engagement sequence leads to easy handling of
single targets, but to potential problems when many
targets rapidly appear.

Crew organization. At the time of this
stuly, the LOS-¥-H had a crew of three: the RO,

the EO, and the driver {DR). The RO mouitors
the radar to analyze, plan, and conduct the air
battle. However, the RO must also fucction as the
squad leader and mission commander (MC) for the
fire unit, responsible for performing many C2
functions boih for the fire unit and for the
maneuver unit that is being supported. The EO is
the gunner and bas the primary job of tracking and
cngaging targets. The DR handles the vehicle, but
otherwise bas little to do. This crew organization
was uscd during the NDICE and FDTE, bota of
which involved a single fire unit with ne maneuver
unit to support or other asset to protect, and with
little communication and ¢ross-country navigating.

Because the DR has little to do, there has
been some discussion of & reorganization of the
crew to more equally distribute workload.
Furt. rmore, there was some concern that the
RO/MC could not adequately perform many of the
fuactions requised of that position in a realistic
battlefield sccnario. A proposed crew organizatioi
included suggestioas which would change the
physical location, duties, aad responsibilities of
some crew members. In this reorganization, the
senior ranking MC would occupy the DR’s position,
from which he would keep the fire unit in the battle
and monitor the ground battle. DR/MC would also
mainotain direct contact with the platoon leader,
have visual contact and voice communication with
the mancuver force or asset, drive the vehicle and
serve as the "eyes” for the RO and EO. The RO,
under this reorganization, would coordinate the
tactical air battle and iespond to an integrated
weapons display for analysis, operation, and
planning. The EO would coninue o conduct
engagements and serve as the backup for the RO.
Essentially, in the proposed organization, the MC
no longer fusctions as the RO but iastead as the
DR.

Soldiers were asked to rate easy and
difficult missions for cach of tluee crew positions
with current organization and jeb requirements (i.e.,
RO /MC, EOQ, and DR) and with the new proposed
organizatior and job requirements (i, RO, EO,
a~d DR/MC). Easy missions were characterized by
day operations in a shirt-sleeve environment, with
no smoke or little electronic countermeasures
(ECM). Difficult missions were described by day
operations in full chemical protective gear, heavy
ECM, and many targets.

Procedure

The prospeciive workload ratings were
obtained during the sixth and seventh weeks of
FDTE testing. While one crew was participating in
its 48-hour mission, the other, "off” crew, performed
the prospective OWL ratings. Hence, the two crews
participated in the prospective ratings under
somewhat difierent conditions, at different times,
and iu different test locations. Since the tupic
descriptions wers given verbally, the two
presentations of the same information may nave
differed slightly. In addition, one aiew had not yet
participated in its 48-hour mission, while the other
had completed it when they did the prospective
ratings. It is not believed that these differences bad
any significant effccts on the ratings obtained.




The same procedure was followed for both
crews. Upon arrival, the purpose of the session and
the procedure to be used were explained. First, five
OWL ratings of the FDTE 4-hour mission just
completed were obtained: Overall FDTE, average
day and average night missions in MOPP 0 and in
MOPP 4. Then, the first prospective topic arca
given above was described and ratings were made
by the crew. The completed ratings were collecied
and then the crew members were asked what they
thought about the topic and its potential impact on
the system and system operation. This procedure
was repeated for all four topics area, in the order
used carlier in this sectioa.

A total of 27 OWL ratings were made by
cach of the six soldiers. Five concerned workload of
the just completed FDTE. Twenty-two involved
prospective workload ratings for the four topic areas
described previously: two for new equipment, four
for multiple targets, four for multiple fire units, and
12 fcr new organization.

RESULTS

For each topic area, comparisons between
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cwrrent sitvations and l_JTOpOSéd fuiwe cundiilons
wcre made. I he resuits obtained for composite or
global TLX scores are reported separately for each
topic area in terms of their statistical significance,
displayed graphically, and briefly described
narratively.  Although different opinions were
cxpressed  during the informal  discussions
concerning each topic aiea, a consensus was
gencrally reached. The essence of these discussions
is presented following the presentation of global
workload data for ecach topic. The results for
subscale ratings are presented separately, after the
1esults for global scores and operator opinions.

New Equipment

An analysis was performed comparing
workload ratings of automated radar to ratings of
the current (ron-automated) radar cquipment for
an average mission. For this analysis the ratings for
current radar equipment for an average mission
were derived by averaging ratings of easy and
difficult missions. A three-way analysis of variance
(ANOVA) was performed with factors of Radar
Configuration (automated and currect), Position
(RO and EQ), and Subscale (6 TLX dimensions).
This analysis revealed a significant difference
between Auiomated Radar zrd Current Radar

(EQ5) = 730, p < 0.043). The Automated Radar
bad lower workload ratings than the current
configuration (21.7 and 31.7, respectively). The
intcraction between Radar Configuration and
Fosition was also siguificant (E(1,5) = 14.79, p

< 0.012); the RO expcriences a somewhat greater
reduction in QWL than the EO (32.5 to 19.2 and
31.2 to 24.2, respectively).

Soldier commeats were consistent with
these statistical results (e.g., "The automated radar
would be nice to have. Thc RO wouldn't have
much to do with the automated radar. It would be
really helpful.® *It would be like a previous system
where the radar set up tracks, prioritized targets

and everything.”)
iple Fire Uni

Analysis was performed comparing the
Master and Slave Modes to Autonomous operation.
For this analysis the ratings for Autonomous
operation were derived by averaging ratings of easy
and difficult mission (i.e., tbey were the same values
as those used for currcnt radar equipment above).
Specifically, a three-way ANOVA was perfermed
with factors of Mode (Master, Slave, or
Auionomous), Position (KO and EO) and Subscale
(6 TLX dimensions). This analysis revealed no
main effect of position or node. However, the
Mode-by-Position inicraction  was  significant
(E(210)= 1820, p < 0.0005). As shown in Figure
F-1, the total workload for RO and EO is rated
about the same in the autonomous mode. However,
this figure also shows that the RO is judged to Lave
much greater workload than the EO in the Master
Mcde, and, conversely, the EO is judged to have
greater workioad than the RO in the Slave Mode.

%0.0 B RO
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Figure F-1. The effect of crew member position
and mode of operation on prospective TLX ratings.



Soldier comments were generally consisted
with the ANOVA (i.c., "What is the RO in the slave
goiug to do?" "The RO in the master would be
rcally busy.” “The EO really wouldn’t change ir the
slave from what it is now.")

Muliiple Targets

The two muliiple target situations were
examined separately. First, an analysis was
performed to test the differences between workload
ratings for double the number of targets and for the
average mission. Specifically, an ANOVA
compared the Mission Target Density (Double and
Average), Position (RO and EQ) and Subscale (6
TLX dimensions). Mission Target Density was
revealed by this analysis to have a significant main
effect (E(1,5) = 926, o < 0.03). Doutle Targets
bad a mean global TLX rating of 46.2, while the
avcrage missiod had a workload rating of 38.7.
There were no significant interactions.

An ANOVA ccmparing the workload rating
of a two fixed-wing and twe-rotary wing (2FW2RW)
pass and ap average mission, Position (RO and
EQ), and Subscale (6 TLX dimensions) was
oeriormed. There was a significent difference in
mcan TLX workload ratings for 2FW2RW and
Average (E(1,5) = 16.50. p < 0.01), with the means
being 458 for 2FW2RW and 31.7 for average
mission workload. As i the double target
configuration, there were ue interactions.

Soldier comments were in lipe with the
quantitative results (i.e.. "With more targets, it
would be pretty busy.” "With the two fixed wing
aircraft and two pop-up helicopters, the crew might
not be able to get them all" * More hebicopters,
such as five popups, would be the toughest
situation.”).

Crew Organization

ANOVA was performed tc compare
Current and Proposed Crew Organization, Missiot
Difficulty (Easy and Hard), Pesition (RO, EQ, and
DR), and Subscale (6 TLX dimensions). A
significant main effect confirmed that OWL ratings
were greater for hard missions than easy missions
(E(L,5Y = 1712, p < 0.01 ). The mean TLX
workload rating for casy missicns is 21.0 while that
for difficult missions is 39.1.

A signilicant iLteraction between
Organization type and Position was also found

(ER10) = 457, p < 074). In the current
organization, the RO/MC and EQ have about
cquivaicnt OWL ratings while the DR tas much
less workload (31.7, 30.8, and 19.1, respectively). In
the proposed organization, all three positions have
similar workload (i.e.. the QWL is leveled across
positions). For the RO, EQO, and DR/MC, mean
TIX ratings were 33.5. 31.0, and 33.4, respectively.

Figurc F-2 show: the interaction among
Position, Organization, and Mission Difficulty.
Although not statistically significant (p < 6.12), the
data suggest that the proposed organization would
be most beneficdal for more difficult missions.
Thus, not only is there a more equitably distributed
workload across crew positions in the difficult
mission condition but there is also a reduction in
the absolutc amount of workioad for both the RO
and EQ when they are most likely to nced some
unburdening.
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Figure F-2. The effect on prospeciive TLX ratings
of crew member position, mission difficulty, and
crew organization.

Soldiers commented that the proposed
organization sounded very strange. Ope current
squad leader said he didn’t mind the idca of driving
and said he’d like to be able to sce out of the
vehicle and see where he was. Curreotly, be stops
the vehicle at times and gets out so he can look
around. The cther squad lcader does not want to
be the DR. Hc drove for someone else and now
that he’s promoted, he wants someone to drive him
around. The two EOs in this latter crew don’t want
the squad leader to be the DR because they are
locking to promotion and want somebody to drive
tkem. Soldiers’ com .ents refiected current views as
to the status of driving,




Subscale Results

The main effect cf subscale was significant
in cach of tae five ANOVA in which it was used as
a source of variance: for New Equipment, Multipie
Fire Units, Double Targets, 2FW2RW Targets, and
Crew Organization, F{(5,25) = 2.95, 2.89, 3.0, 2.99,
and 3.75, respectively, all with p < .03). In order of
decreasing magnitude, the mean weigited subscales
scores averaged over all five sets of data are as
follows: Meatal Demand (142), Temporal Demand
(98), Effort (95), Performance (94), Frustration
(57), and Physical Demand (12). There were no
significant intcractions involving subscale in the
ANOVASs applied to data for the new equipment,
the two multiple target conditions, or the crew
organization. For the multiple fire unit data there
were sigrificant interactions for Mode and Subscale
(F(10,50) = 2.74, p < 0.009), and for Mode,
Position, and Subscale (F(10,50) = 3.66, p < 0.001).
The two-way interaction is driven principally by the
fact that botk Mcntal acd Temporal Demands are
less in the Slave mode (112 and 74, respectively)
than in cither the Master (153 and 103) or the
Autonomous (131 and 88) Modes of Operation.

‘The three-way interaction involving Mode,
Position, and Subscale is illustrated in Figure F-3.
This figure shows that the smaller level of Mental
and Temporal Demands for the Slave Mode of
Operation, poted in th: Mode-by-Subscale
interaciion, are primarily duc to the Slave-RO
ratings being substantially lower than those for the
RO in the Master and Autonomous conditions.
Another major 3-way trend in the data shown in
Figurc F-3 is that (2) both Mental and Temporal

]
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Figure F-3. The effect on prospective TLX ratings
of TLX subscale, crew member position, and mode
of operation.

Demands are higher for the RO than the EO in the
Master Mode, (b) both are lower for the RO than
the EQ in the Slave mode, and (¢) they arc
essentially equal for the RO and EO in the
Autonomous Mode. There is the appcarance of
other effects as well, such as the extracrdinarily
high level for Effort for the RO in the Mastcr
Mode in comparison to all other combinations of
Position and Mode of Operation.

DISCUSSION

This investigation jointly evaluatcd the
prospective use of the OWL scales and somec
aspects of workload for the LOS-F-H. It represents
the first in a programmaltic serics of empirical
investigations aimed at prospective estimations of
OWIL. in Army systems. Discussed in succeeding
sections are prospective OWL  asscssments
organized by topic areas, use of prospective
assessments, and future work.

Prospective OWL Assessments for Four Topic
Areas

The four topic areas produced different
overall levels of werkload ratings, with multiple
targets yielding the highest ratings and current
"gasy” missions yielding the lowest.

New automated_radar cquipment. The
soldiers clearly thought the automated radar would
entail mnuch less workload for the RO than the
current system. This was apparent in both the
raiings and informal discussion. Intcrestingly, the
ratings further suggest that the scldiers ielt the EOQ
would have less workload as well {though a smaller
reduction than the RO). This perhaps was due to
the perception that improved processing of potential
targets by the RO will lead to smoother 4nd quicker
handoff to the EO, thereby allowing the EO to
perform his job with less workload.

Multiple fire units. The multiple fire unit

situation does mot represent an optional systcm
modification, but rather a closer approximation to
a realistic battlefield situation. Thus, the question
is not whether to implement the modification or
pot, but how best to dcal witk the associated
problems. From the global workload rating data, it
is appatent that there s a potential function
ailocation problem (see Figure F-1).  Any
disparities in OWL levels between RO and EO for
autonomous (or, as assessed heie, average) missions
will probably become exacerbated as the missions




get more difficult (i.c., as rcalt: m iwcreases). Crew
rcorganization appears in one way to ameliorate this
potential increase in both absoluie levels and the
variaace of workload.

Multiple targels. There was significantly
mecre workload judged both for Gouble the number
of targets in a one-hour target engagement period
and for the 2FW2RW threat pass than for the
average mission. The total amount of workload was
judged to be about the samc for both types of
multiple target conditions {respectively, 46.1 and
458 on a (-100 scalc). An intercsting
methodological issue involves the OWL ratings for
brief intervals (2FW2RW) and those ror extended
periods (double targets). The soldiers in this study
were able to make both kinds of QWL ratings, but
cumparisos of QWL ratings over d:ferent time
periods leads 1o some logical difficulties.

Crew organization. Before conducting the
formal ANMVA, it was suspected that the proposed
reorg.nization -vould have an overall beoncfit for
difficult missions. Such & beuefit, it was suspected,
would cccur because of the redisiribution of the
ir.:reased workload (due to the mission difficulty)
more evenly among the 3-maa crew, Such ae effect
woula be manifested in a significat interacticu:
Position X Mission Difiiculty X Organization.
Figure F-2 suggests such an interaction, but it is
nonsignificact (p < 0.12). The lack of significance
of this interaction may be pertially due tu the
soldiers’ inability to assess the impact of the
rcorganization.  This tupic arca was the least
familiar to tae soldiers.

A final point before leaving the issue of
tupic arca is that we would anticipate substantial
interaction effects oa workload by the joint impact
of changes in all four of these tepic areas. For
example, it may be the case that advantages in the
proposed crew organization would become most
evident with the addition of coordination tasks
{multiple units) and more difficult issions but that
improved radar (and other new) equipment would
somewhat negate the necd for the new urganization,

Subscale Analysis

The significant main effects of th: subscales
for all five analyses showed that there are differing
dimensions contributing to a perception of
workload. Clearly, for the system under study,
physicai demand contributes the least while mental

demand contributes the most to the pereeption of
workload. Based on the tasks required to
successfully opcrate the LOS-F-H, and morc
pertincatly, to cngage targets with the LOS-F-H,
these results are not at all surprising. These tasks
are primarily cognitive and perceptua) (there is
rclatively little manual or psychomotor activity). A
remdining  qQuestion  concerns  the other  four
dinicnsions of the TLX scale: temporal,
performance, effort, and frustration. In general, the
first threc arc usually close togcther and grcater
than the frustration rating. However, the prescoce
of significant interactions of both arew position and
operational mode with subscales, as well as other
trends in these data, beg that more work be done to
soit out the impact of these dimensions on the
overall experience of workload.

Eramination of the diagnosticity of the
TLX subscales requires mere detailed analyses than
is within the scope of the present study. However,
the shility to examine workload ratings in a finer
level of detail can be scen to be a major advantage
of mulridimensional scales such as NASA TLX,

Using OWL Scales for Prospective Assessments

Several observations can be made regarding
the use of TLX to obtain prospective OWL ratings.
Onc cbservaion was that the soldiers dia not
appear to be comfortable passing judgment on
poteutial changes, and the impact of changes, in the
air defense system under study. This was perhaps
due to the ncwness and the dcvelopmental statns of
the LOS-F-H. The crew mcmbers were least
besitant to pass judgment on topics for which they
bad some previous relevant expenences. In this
observation, there is some suggestion that in order
to successfully apply prospective techniques, the
subjects must have some expericnce relevant to the
topic in question. The one topic area that did not
bave such a basis for comparison -- p:oposed crew
organization -- produced probiematical results,
possibly due to the absence of a rclevant
"comparative” anchor. It might also be that
insufficient dctail was given to the subjects
concerning the proposed modifications.
Counscquently, in the areas in which the soldiers had
some prior experience, they perhaps filled in detail
ihemselves, while in the topic area in which they
had o experience, they were unable to fill in
sufficiert dctail. In either case, it seems clear that
the prospective techniques cannot be used on topics
that are "completely out cf the blue.



A second obscrvation is concerrcd with the
weightings used to reflect the importance of the
various subscales. For prospective ratings, which
weightings should be obtaincd and used? Should
the weightings be made prospectively as well as the
ratings? The decision made for the present
invesigation was to usc the weightings that had
been previously obtained for engagement missions,
It was fclt that the prospective ratings were a
suificient challenge to the soldicrs and asking them
to make further future projections would rot
nceessarily add information. The engagement
mission weightings would give weightings that
reflected the individual importance of the various
subscales 10 the perception of workload while
accomplishing the engagement mission. More
thought shonld be given to the question of what are
the must appropriate TLX weightings to be used in
a prospective application.

The prospective workload ratings obtained
in this study were avcrage ratings for generic
mission scgments and tasks; they are not fine-
grained ratings reflecting the impact of detailed
information on mission conditions (see Bittner et
al,, 1989). However, it would be interesting to have
prospeciive raiings wade for very predseiy defined
mission scenarios. Much mo-e information of great
value for predicting workload in potential future
circumstances could be examized if this were to be
accomplished. Comparisons with potential
individual and system-level performance would also
be possible. The use of rapidly reconfigurable
.nteractive soldier-in-the-loop simulators might be
desirable to achieve this objective.

Topic descriptions were given verbally in
this study.  Although this seemed to work
successfully, it is possible that written descriptions
would give more assurance that all subjects were
making workload ratings of the same event.
Perhaps better still would be the use of soldie:-in-
the-loop simulators to convey a "common” sense of
a future systers configuratioa to the raiers. This is
an area fer future work,

Future Work

The next step io this research would be to
compare these prospective ratings with empirical
ratings of the same modifications or mission events.
Examining bow empirically-collected OWL ratings
coirespond to the prospective would serve to
vaiidate the prospective. Txperiencing how both the
prospective and empirical subjective measures relate

to system nerformance measurcs would also be of
interest. A problem that may be anticipated is that
of matching the topic descriptions given in the
prospective study with actual events in any
simulation or test enviroument. To address this,
criteria should be devcloped prior to any "matching®
of events so that only those events which satisfy the
criteria may be used. However, cven after meeting
these criteria, any actual cvent will contain
mission-specific occurreaces noi addressed in the
prospective description. The question conscqucntly
will be whether judgments are being made of
comparable events.

A sccond problem is concerned with the
subjects used in the empirical data collcction. It is
uncertain that soldiers who participated in this study
will be partiapating in future system testing. How
appropriale is it (o compare results obtained from
a prospective and a rcal-tinse application of
workload ratings if the two sets of ratings are made
by different raters? If the same soldiers participaie,
will intervening experience have made comparisons
between the prospective and actual OWL ratings
incomparable? In any case, training and expcrience
with the rating scale must be at a high level if the
ratings are to be stable, as was true with the
subjects uscd in the present prospective study.

An attempt to validate the prospective
OWL ratings obtained in this investigation with
empirical OWL and system performance data on
the same system in the Phase I FDTE would have
been well worth the effort even with these
problems. Methodologies to predict operator
workload early in the design and development of
system and organizational concepts are critical to
optimizing future forces.

CONCLUSIONS

Three conclusions may be drawn from the
present ¢valuation of the use of an OWL scale in
prospective workload assessments:

(1) TLX may be uscd by soldiers to make
OWL ratings of events that bad not yet been
experienced.  Soldiers feli they were making
meaningful judgments of workload for the verbally
described situations.

(?) The prospective ratings have face
validity (i.e., ratings made sense and reflected what
might be expected). However, these results must be




compared to empiricil and performance data
collected in the futwre foi validation of the
coriespoudence.

(3) Use of subscale data from wmulti-
dimensional workload techniquies is of potential
diagnostic valuc and warrants further cvaluatioa
(e.g, TLX, SWAT).

It is too ewly to suggest that the
prospective  asscssment is a valid aed reliable
method for pradicting system OWL, More research
regarding validation of prospective DWL. ratings
peeds to be conducted. There is the need fo:
application uf such prospective techniques to actual
system design and development, where predictive
estimates may be compared to the empirical. In
addition, it would be of cousiderable interest to
compare prospective and empirical measures with
cperator and system measures of performance.
How the predicted estimates of workload from the
prospecive wethodology are associated with the
results of other analytical or empirical OWL
measures also is an area for future investigation.

REFERENCES

Bittser, A. C, Jr, Byers, J. C, Hill, S. G, Zaklad,
A. L, & Christ, R. E. (1989). Generic
workload ratings of a mobile air defense

sSystem (LOS-F-H). Proceedings of the

Humap Factors Socicty 33rd Aneual
Meeting (pp. 1476-1480). Santa Monica,
CA: Human Factors Sodety.

Byers, J. C., Bittner, A. C, Jr, Hill, S. G, Zaklad,
A. L, & Christ, R. E. (1968). Workload
assessment of a remotely piloted vehicle

(RPV) system.  Proceedings of the

9

Meeting (pp. 1145-1149). Santa Monica,
CA: Human Factors Sodiety.

Eggleston, R. G. (1984). A companison of projected
and measured workioad ratings using the
subjective workload assessmnent technique
(SWAT). Proccedings of the IEEE
Natiogal Acrospace and Electronics
Coafercncs (pp. 827-831). Dayton, OH

Eggleston, R. G, & Quinn, T. J. {1984). A
prelimicary evaluation of a projective
workloed assessment procedure.
Proceediags of the Human Factors Society

28th Apnwal Mecting (pp- 695-699). Sunta
Monica, CA: Human Factors Society.

Hart, S. G, & Staveland, L. E. (1987).
Developmert of a NASA-TLX (Task Load
Index): Results of empirical and theoretical
rescarch. In PS. Hancock & N. Meshkati

(Eds.), Humapn mentai workload.
Anmsterdam: Elsevier.

Hily S. G, Byers, J. C, Zaklag, A. L, & Christ,
R. E. (1989a). Subjective workload
assessment duriag 48 continuous hours of

operations of the LOS-F-H. Proceedings of

the Huwan Factors Sodiety 33rd Annual
Mceeting (pp- 1129-1133). Santa Monica,
CA: Humar Factors Society.

Hill, 8. G, Eyers, J. C,, Zaklad, A. L., & Christ, R.
E. (1989b). Subjective wor 'oad ratings of
system in_a field test  enviroament
(Technical Memo 5). Willow Giove, PA:
Auslytics, Inc.

Hill, S. G, Zaklad, A. L., Bittner, A. C,, Jr., Byers,
J. C, & Christ, R, E. (1988). Workload
assessment of a mobile air defens: missile
system. Proceedings of the I[Human Factors
Socity 32nd Annual Mceting (pp. 1068-
1072,. Santa Monica, CA: Human
Facto:s Socicty.

Lysaght, R. J,, Mill, S. G,, Dick, A. 0., Plamondon,
B. D, VWherry, R. J,, Jr., Zaklad, A. L, &
Bittner, A, C, Jr. (1988). Gperator
MMLMR&M&M
cvaluation of workload methoc logies
(Tecknical Report 851). Alcx;mdna, VA:
Army Research Institute for the Behavioral
and Social Sciences.

Masline, P. J, & Biers, D.W. (1987). An
examinalion of projective versus post-task
subjective workload ratings for three
psychomctnc scaling techaiques.

man Factor
3lst_Anaual Meeting (pp. 77-80). Santa
Monica, CA: Human Factors Society.



Reid, G. B, Shingledecker, C. A., & Eggemeier, T. Reid, G. B, Shingledecker, C. A, Hockenberger, R.

(1981). Application of copjoint L, & Quinn, T. J. (1984). A projedive
mecasurement to workload scale applicaticn of the subjective workload
development. Procecdings  of _the assessment  technique.  Procgedings of
H E Sodi 2Sth_ Apaual she JEEE. National A i
Megting (pp. 522-525). Santa Moaica, CA: Electronics Conference (NAECON) (pp.

Human Factors Society. 824-826). Dayton, OH.




DATA ATTACHMENT F-1

Factor Scores for the 10OS~H-H FDTE 48-Hour Mission Study

Average Average Automatic
Day Mission Night Kissicn Radar
Overall MOPP 0 MOPP 4 MOPP O MOPP 4 RO EO
RO #1 50.4 37.7 43.7 42.3 38.3 20.3 40.3
RO #2 52.9 36.0 42.0 23.3 45.7 19.3 16.0
EO #1 25.4 7.7 8.0 7.7 6.3 3.7 8.0
EO #2 28.1 20.3 20.3 13.2 22.3 11.7 14.0
EO #3 59.4 24.0 41.0 13.7 54.0 22.7 22.7
EO #4 56.C 46.3 56.7 42.7 56.3 37.3 44.3
Slave System Master System Double Targets
RG EFO RO EO RO EC
RO #1 33.7 39.7 53.7 30.3 35.7 45.7
RO #2 14.3 28.7 41.3 20.7 42.0 25.0
EO #1 3.7 9.0 12.7 7.7 13.7 16.3
EO #2 6.3 14.0 20.3 16.0 46.3 50.7
EO #3 49.0 £1.3 68.0 28.3 81.0 64.7
EO #4 37.7 52.0 56.3 36.0 64.7 63.3
2FW+2RW Targets Average Mission

RO EO RO EO




DATA ATTACHMENT F-1 (Continued)

Easy Mission Hard Mission

RO EO DR RO EC DR

Missions With Current Crew Crganization

RO #1 23.7 20,3 28.3 35.0 48.3 62.0
RO #2 11.0 9.3 5.0 56.0 45.3 1¢.0
EO #1 8.7 5.3 3.7 19.3 21.0 .0
EO #2 11.3 12.0 15.0 29.0 22.7 10.0
EO #3 25.3 16.7 7.0 81.0 75.3 47.3
EO #4 37.0 37.0 18.0 53.0 57.0 21.0

Missions With Proposed Crew Organization

RO #1 41.7 26.3 35.7 35.0 27.7 47.0
RO #2 0.2 14.3 27.0 8.7 4.7 4.7
EO #1 9.7 8.0 15.3 18.0 17.7 17.0
EO #2 22.0 26.3 30.0 4.1 29.7 34.3
EO #3 19.7 31.7 12.7 30.3 50.7 38.7

EO #4 34.0 31.0 8.7 65.0 63.0 48.0




APPENDIX G

WORKLOQAD ASSESSMENT OF A REMOTELY PILOTED VEHICLE (RPV) SYSTEM'

James C. Byers
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Susan G. Hill  Allen L. Zaklad Richard E. Christ

Abstract

Four empirical operator workload (OWL) scales were applied to ground control operations of the Aguila reme...y
piloted vehicle (RPV) during a recent field tesi: Task Load Index (TIX), Subjective Workload Assessment
Technique (SWAT), Overall Workioad (OW), and the Modified Cooper-Harper (MCH). Seventeen sets of
individual assessments of mission segments were made by the four members of each of four crews and one
replacement crewman. Jackknife factor analysis revealed the presence of only a single factor and indicated that the
mean fuctor loadings formed a consistent ordering (E(3,48)=503.5, p<.0005): TLX (.910), SWAT (.893), OW
(.869), and MCH (.833), with all pair-wise differences significant. Analyses of variance also examined the effects
of test variables on the composite workload factor scores; significant findings were jound which reflected both on
the system and its test. These findings as well as informal lessons leamed are discussed in the context of the
development and validation of @ methodology for assessing OWL.

INTRODUCTIGN

Four operator workload (OWL) scales were
administered to Aquila remotely piloted vehicle
(RPV) ground control station (GCS) crew members
as part of a field test conducted during the period
from October through November, 1987, The field
test, run as part of a Force Development and Test
and Experimeatation (FDTE) program, was aimed
at examining operational and organizational issues,
particularly those associated with the ability of the
GCS crew to plan and exccute a gimylated RPV
reconnaissance mission. It was clear that target
detection performance was the principal concern of
the FDTE and that nothing would be aliowed to
interfere with obtaining optimal performance of the
system. There was also the sense that the fate of
the Aquila system depended oo the soldiers’
performance during the FDTE.

Backgroun

A major deficiency discovered in the RPV
system during an carlier Operational Test (OT) It
was the inability of the GCS crews (o satisfactorily

This appendix containg a revised end condenscd version of a
paper presented ac and published in the Procecdings of (pp.
1145-1149) the 32nd Annual Mceting of the Human Faciors
Society.

detect, recognize, and locate target arrays. The
:ﬂlE\-l n»qula}t..um dsﬁﬁ’cncy Wwas Cosidércd iv be
solvable. New software programs were devcloped
to support new auiomated search routines and to
calculate and control various flight paramsters.
New hardware was developed which would create a
compressed time plot of the mission fer planning
purposcs. The personnel assigned to the GCS were
given additional training designed to improve their
ability to perfcrm.

In addition, to improve the ability of the
crew to "negotiate” mission parameters, to plan the
mission, as well as to improve target acquisition
performance, a fourth member was added to the
caew, a Commissio: ed Officer (ILT or 2LT) witk
tactical knowledge and expertise. This
Commissioned Officer would become the crew chief
and mission commander (MC). The air vehicle
operator (AVQ) and mission payload opcrator
(MPQ) positions would remain the same as they
were in the Aquila OT II (i.e., both positions were
filled by enlisted personnel with the rank of private
first class or spedalist).  The sceior non-
commissioned officer (NCO) or warrant officer who
was previously the MC was now designated the
RPV Technician (RPVT). Howcver, the roles and
relationships between the MC and RPVT were not
clearly defined.



Since the majnr issuc of the Aquila FDTE
was target acquisition, system performance factors
largely controlled by the MPO, the Aquila mission
payload package (i.c., thc camera, communication,
and designator equipment) was mounted to the
underside of a small, highbly maneuverable aircraft.
The pilot of the manned zircraft would respoud
appropriately to the inputs of the GCS computer
and the AVQ  This change from normal Aquila
operational procedures would enhance the safe
operations of the RPV. Also, since the mission
payload package was mounted on a manned aircraft,
the potential risk involved in launching and
recovering the RPV was considerably reduced.

Purpose

As part of the FDTE, the present effort
was coacerned with workload variations across
mission segments, crews, and crew duty positions as
well as relative workload differcaces between the
FDTE and the OT II. In addition to these system
concerns, the present investigation was also
concerned with the broader issues that concerned
the relative efficacy and operator acceptance of four
alternative OWL rating scales and of the
applicability of the OWL ccalee under conditions

characterizing field evaluations.

METHOD

Subjects. Operator ratings were obtained
from 17 GCS caew members, four crews each
consistivg of a MC, AVO, MPQ, and RPVT, and
one replacement soldier. The MC was a L:eutenant,
the AVO and MPO were lower ranking enlisted
persounnel, and the RPVT was a senior NCO or a
warrant officer.

Prgcedure and instruments. Twenty-three
scparate Aquila RPV flights were used to conduct
seven different sets of mission orders. These 23
flights were distributed over four 4-man crews,
where one crew planned and flew five missions and
three planned and flew six missions each. Each czew
member made individual ratings of OWL during
post-mission sessions for each mission which was
planned and flow by his crew. Two seginents of
cach mission were rated for at least four missions:
Mission Flanning and Flighi. Eight other mission
segroents (e.g., detecting stationary versus moving
targets) were also rated in one or more missions
but they were not consistently rated due, in part, to
the constrained conditions under which the data

were being collected.’

Four worklcad rating scales were selected
for evaluation in this study. These were the Task
Load Index (TLX) {Hart & Staveland, 19§7),
Subjective  Workload Assessment  Technique
(SWAT) (Reid, Shingledecker, & Eggemeier, 1981),
Modified Cooper-Harper (MCH) scale (Wicrwille
& Casali, 1583), and Overall Workload (OW) scale
(Vidulich & Tsaug, 1937). These four scales were
administecred in counter balanced order over
successive missions, crews, and crew members.

After the crew members bad rated and
discussed with the OWL tcam their experiences
during the last mission they flew in the FDTE,
those subjects who had also participated as GCS
crew members during the OT Ii several months
earlier were asked to use only the TLX and OW
rating scales to make some additional workload
ratings. These subjects (nine in total over all crews)
were asked to provide average workload ratings for
three mission segments eacountered (though not
necessarily rated for workload) during the FDTE.
The mission seginents of interest were: Mission
Pianning, Flight, and Target Detection. These nine
subjects also were asked to recall iheir capedicuces
during the OT 1T and to provide overall ratings for
the same three mission segments as they were
experienced during performance in the OT il

Finally, subsequent to the assessment of
overall workload in the FDTE and OT 1I, a rating
scale questionnaire was admiuistered to all 17 GCS
participants. This questionnaire solicited judgments
regarding the proczdures and test instruments,
particularly those used to measurc OWL. The
questionnaire asked the subjects to rate the four
OWL instruments regarding: (aj Which they liked
best; (b) which was the easiest to complete,

* For a number of reasons, the OWL data collection effort was
forced to proceed under very constrained conditions. The data
rollectors were not alloved in the iest environment of the GCS
and had no access 10 GCS crew members prior o or during the
conduct of a given mission. The crew members were
intzrviewed and debriefed by FDTE test personnel following the
completicn of & mission, thea trinsported to a scparate facility
in which they were administered workload assessments and
interviews. Most coastraining was the fact that the OWL. data
collectors were given limited or no advanced information about
the tesi conditions which were to be employed during a
particular Aquile mission. Consequently, the data collectors
could not adequately prepare and key the GWL rating scales to
specific types of mission segments pricr to the arrival of the test
subjects.




(c) which was the hardest to compiete; and (d)
which allowed the best description (rating) of the
workload that had been experienced.  The
administration of this questionnaire facilitated an
open discussion of the four workload assessment
scales.

RESULTS

Analyses were conducted in three phases
which respeciively examined: (a) the factor validities
of the four workload scales; (b) an analysis of the
workload associated with various test conditions;
and (¢) the summary results of the rating scale
questionnaire.

Factor Validity Analyses

The analysis of factor validities was
conducted in two stages. During the first stage,
Principal Component Analysis (PCA) was
conducted oa the 349 scts of mission segment
ratings collected across sli subjects and missions
during the FDTE (cf, Dixon, 1983). Each set
included global workload ratings using the four
scales. This analvsis revealed a single component,
hereafier called the OWL factor, which explained
75.2 percent of the total variance (the second
eigenvalue was only 0.46). This analysis also yielded
OWL factor scores which were the basis for the
workload analyses reported in the next section. The
results of this initial analysis supported the view that
the four workioad scales essentially provide
assessments of a single common factor.

Jackknife PCAs were conducted of the
workload measures during the second stage of the
factor validity analysis to evaluate the stability of the
factor loadings of the four scales (ie., the
correlations of each scale rating with the OWL
factor).  Jackknife analysis generally involves
successive analyses (PCAs in the present case)
dropping subjects one-at-a-time from the data sct in
order to provide an analysis of the stability of
paramcters estimates (Hinkley, 1983). In the
present case, with four factor loadings and gll 17
subjects, a 4 (loading) by 17 (subjects dropped)
roatrix was produced which could be analyzed by a
cnnventiopal repeated measures analysis of variance
(ANOVA). This ANOVA (Dixon, 1983) revealed
a significant difference amrong the workload scale
factor loadings (F(3,48) = 5035, p < 0.00005).
Subsequent analysis indicated a consistent ordering
of the mean factor loadings:

TLX(.910), SWAT(.893), OW(.869), MCH(.833).

While pair-wisc differences were all statistically
significant, they may be negligible in practical terms.

Workload Analyses

Two ANOVAs were conducted examining
the effects of various variables based upon the OWL
factor scores which resulted as part of the earlicr
described  overall PCA. These ANOVAs
respectively focused on comparisons within the
FDTE and comparisons between the FDTE and OT
II.

Comparisons within_the FDTE. An
ANOVA was initially used to evaluate the effecis of
Crews (1, 2, 3, & 4) and Positions (MC, AVO.
MPO, & RPVT) on OWL factor score ratings
across missions (1 to 4) and Mission Segments
(Planning & Flight). (The raw data for this
ANOVA are given in Data Attachment G-1 of this
appendix)  This analysis, enbanced with the
"analysis of error variances” (Bittner & Morrissey,
1988) revealcd significant effects for Position (E(3,9)
= 277, p = .05); the Crew-by-Position ioteraction
(FI927) = 1475, p < 0001); and Miccion Segment

LS A ) e LT

(E(L9) = 7.25, p < 025).

The mean OWL factor scores for the MC
and MPO positions (0.25 and 0.50, respectively) are
higher than those for the AYO and RPVT positions
(-0.69 and -034, respectively), but there is no
difference between the mean levels of workload
experienced in the MC and MPO positions or in the
AVQ and RPVT positions.  Howecver, the
interaction effect shows that there is considerable
individual variation in workload ratings for each
particular position. This interaction effect may
reflect different interactive styles of the four crews.
For example, all fow crew membeis in one crew
(the onc labelled “A” in Data Attachment G-1) had
below average OWL factor scores. This crew was
observed by the OWL team and others as having a
"laid-back" attitude toward their performance.

The main effect of mission segment is a
result of the Flight segment being rated marginally
higher in OWL than the Mission Planning segment
(0.11 and -0.25, respectiv-:ly).

Comparisons between FDTE and OT I
An ANQOVA was applicd tor comparison of OWL
factor scores computed from the data collected
from nire subjects immediately after they




participated in the FDTE and one month after they
participated in OT II. (The raw data for this
comparison are given in 12ata Attachment G-2 of
this appendix) Using two groups counter-balanced
with respect to order of field test rated (FDTE or
OT O first), this analysis focused upon overali
differences between field tests (FDTE and OT )
and their constituent mission segments (Planning,
Flight, and Target Dectection). This apalysis
revealed a significant effect for Field Test (E(1, 7)
= 834, p < .025) and Mission Segments (F(2,14) =
405, p < .05), as illustrated in Figure G-1.
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Figure The effect of mission segment and

test cone ™~ on work!oad ratings.

Examiring the figure, it may be seen (hat
the mean O L factor scores assoqatcd with
participating in the OT II were higher than those
for the FD"» " [~verall, 0.78 and 0.6, respectively).
Over both tests it may also be seen that the mean
OWL factor score for Target Detection (overall,
0.72) was higher than those for Flight or Mission
Planning (0.26 and 0.28, respectively), which were
not differeut from one another.

Rating Scale Questionnaire Summary

Tablc i summarizes the quantitative results
obtained from the subjects when they were asked to
identify OWL assessment techniques which
possessed certain specific features. It may be seen
that most subjects both liked the TLX scale the best
and belicved that it provided the best description of
the workload they had experienced. Subsequent
follow-up interviews revealed that many who
thought TLX provided the best description of the
workload they experienced, liked it best for that

rcason.

Table G-1

Operator Acceptance of Workload Rating Scalis
in the Aquila RPV FDTE Study

Rating Scale

LK oW MCH SWAT

whici of the questionnaires did you like the best?
7 3 3 1

which questionnaire was the easiest to fill out?

3 4 0 0

Which questionnaire wus the hardest to fill out?

2 6 8 2

Which questionnaire do you think best ailowed you
to describe the workioad you expericnced?

10 5 2 0

Note. Dsats shown are the number of times each
scale is given the highest ranking.

Regarding the relative ease and difficulty of
using the different rating scales, most subjects
thought the OW scale was the least difficult to
complete and almost all indicated that the MCH
scale was the hardest to complete. Follow-up
interviews with the GCS crews revealed that the
ease of completing a scale led some subjects to
judge the OW scale as allowing the best description
of workload. Not solicited from the subjects, but
freely offered by most, were complaints regarding
the difficulty of the SWAT card sort procedure
which is required to scale workload ratings obtained
with SWAT.

These results tend to indicate that operaior
acceptance is highest for the TLX asscssment
technique and icwest for MCH assessmeat
technique within the limited subject group and
conditions of the present investigation.

DISCUSSION
This investigatioz. evaluated the use of four

alternative OWL rating scales under field test
conditions and the woikload associated with



operating the GCS of the Aquila RPV. The results
obtained for these two efforts are discussed in
succeeding scctions.

OWL Scales Under Ficld Test Conditions

This study demonstrated the successful
applicatios of a family of OWL assessment
techniques in a stringent ficld test environment.
The application for each of the techniques was
under constraints much more severe than for most
previous uses of the techriques, but not uncommon
tn field tests of interest to the Army. This
application of OWL measures yielded formal and
informal guidance regarding the use of these scales
in field conditions.

Formal guidance. An ordering of the factor

vaiidities of the four measures was demonstrated
during this investigation (TLX > SWAT > OW >
MCH). In this ordering, little practical significance
would be seen between TLX and SWAT; both of
these bave distinctly higher validities than OW and
MCH. Between TLX and SWAT, however, the
Ratings Questionnaire as well as complaints about
the SWAT card sort procedure indicatz that TLX
was both: (a) more acceptable to most subjects and
(t) believed to provide the basis for a better
description of the workload that had been
experienced.

Informal guidance. Muck practical
cxpericnce was gained concerning the assessment of
workload during this FDTE. Several lessons
learned ar: noted here:

& The initial bricfing, scparate from the
post-mission data collection, was a
conveniert time to introdiice the data
collection team, the concept of workload,
and the workload assessmecnt scales.
This initial briefing did entail
coordination prior to test start in order
to cnsur~ the presence of all subjects;

¢ Providing refreshments (soft dricks and
chips) to the crew members during
post-mission data collection served
several useful purposes. It staved off
hunger so the crew members were willing
to spend a little more time and thought
on the assessment iools. More
importantly, it provided a congenial
atmosphere that helped to establish
rapport; and

o The importance of talking w’th the crew
members to obtain their impressions of
what they do and why was confirmed
during the test. Informal discussions with
these subjects can give added insight into
potential workload and other human
factors problems.

Aquila GCS Workload

The worklead analyses indicated significant
effects for Crew Member Position, Mission
Segments, and the interaction between Crews and
Crew Member Position. In addition to confirming
several anticipated findings, these rcsults
quantitatively supporied observations of the
workload assessment team. For example, the main
eifect for Position can be given the following
interpretation. The generally higher ratings of the
MCs is due to the fact that they were relatively
inexperienced oa the system and bore the
respoosibility for maintaining maximum levels of
crew performance during a high visibility test. The
workload experienced by the MPO was high since
the focus of the FDTE was oo target acquisition,
the primary concern of the MPQ. The lower
workload of the AVO -- whose primary duty is to
fly the RPY -- could be atiributed to the faci that
the RPV was not being flown; the mission payload
package was mounted beneath a manned aircraft.
The lower workload ratings of the RPVT reflect the
ill-cefined and non-relevant role they had in GCS
operations during the FDTE, especially after serving
as MCs during previous tests.

Discussions with crew mmembers provide
possible explanations for sorre of the resuits, For
example, it was fourd that workload for flight
segments of a mission was only marginally higher
than that for pianning the mission. Discussions with
members of the crews suggest that much of the
workload 1eported for mission planning resulted
from the iest situation and not from any intrinsic
difficulty in mission planning.

The substantial difference ic overall
workload ratings between the FDTE and the OT 11
has severai possible explanations. This difference
in the experience of workload may reflect the more
inclusive scope of the OT II when compared to the
FDTE (e.g., real vs. simulated flight and all types of
RPV missions and activities vs. the conduct of only
those tasks associated with actual RPV flight
missions). The lower levels of workload for the
FOTE may also reflect the contributions of the




echanced software, limited Juties, and improved
training rcccived by the crew members for the
FDTE.

CONCLUSIONS

‘I'wo broad coaclusions can be drawn fronu
this evaluation <f the usc of OWL scales under field
test conditions.

1. The TLX scale had both the highest
factor validity and the best level of operator
acceptance within,

2. Operator worklvad measures may be
successfully applied and evaluated.

Both of these conclusions must be viewed relative (o
the limited number of subjects and the constrained
test conditions of the present investigatioa.
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DATA ATTACHMENT G-1

AQUILA FDTE 1I FACTOR SCORES

NC AVO MPO RPVT Mean
Crew A

Migsion Migsion 1 -0.58 -0.88 -1.39 -0.53
Planning 2 -1.38 -1.05 -0.49 -1.25
3 -1.30 -1.03 -1.28 -0.64
4 -5.eL -1.33 -21.30 -0.28

- 0.9%9
Flight Mission 1 -0.73 -1.38 0.61 -1.05
2 -1.35 «1.43 0.87 -1.43
3 -0.35 -1.03 0.35 -0.38
4 -1.30 -1.05 1.02 0.17

-0.52

Nean -1.03 -1.14 -0.19 -0.67 -0.75

Crew 8

Miggion Mission 1 1.12 -1.10 0.95 0.32
Planning 2 -1.23 -1.15 0.43 0.65
3 0.33 -1.10 1.57 0.71
4 0.50 -1.20 1.3 -0.7

0.0v
Flight Migsion 1 1.9 -0.83 1.35 0.19
2 1.4A8 -0.%8 1.40 -0 4
3 1.79 ~0.2& 1.46 -0.86
4 1.93 ~0.42 1.41 ~0.93

0.48

Mean 1.00 -0.80 1.27 -0.33 0.28

Crew ¢

Misgion Migaion 1 1.56 -1.00 0.66 .




DATA ATTACHMENT G-2

FACTOR SCORES FOR AQUILA CREW MEMBERS PARTICIPATING IN FDTE I1

AND 0OT2
crew 1
RPVT AVO [ [
QT2 FDTEZ OT2 FDTE2 OF2 FDTEZ
Mission Planning 1.80 -0.23 -9.47 -1.21 -0.89 -1.40 -0.40
Flight 1.63 -0.30 -0.68 -1.26 -1.40 -1.37 -0.56
Taerget Detection 1.60 (.10 0.13 -0.58 -0.82 0.33
Mesn 1.68 -0.14 -0.% -1.02 -1.06 -90.81 -0.28
Crew_2
RPVT WPO
ore FOTEZ2 072 FOTEZ Mean
Nission Planning 1.7 -0.08 1.09 1.05 0.93
Flight 0.65 -1.19 1.96 1.1 0.64
Target Detection 1.4 -0.59 1.40 0.68 0.7%
Kean 1.29 -0.62 1.48 0.96 0.73
Crew 3
MPO RPVT
or? FOTE2 o2 FDTE2 HMean
Migsion Planning C.09 0.4% 0.47 0.34 0.35
Flight 0.95 0.36 1.32 0.24 0.72
Target Detection 1.97 0.76 0.55 0.68 0.99
Hean 1.00 0.54 0.78 0.42 .69
Crew 4
1 RPVT AVO
i 012  FDTE2 QT2  FDTE2  Mean
' Mission Plamning 1.35 0,28 -0.35 0.61  0.47
Flight 1.48 0.52 0.98 0.05 0.76
Target Detection 1.43 1.01 1.54 1.1C 1.30
Nean 1.42 0.60 0.76 0.59 0.84




APPENDIX H

WORKIOAD ASSESSMENT OF AQUILA REMOTELY PILOTED VEHICLE
(RPV) OPERATIONS DURING AN OPERATIONAL EXERCISE

James C. Byers

Richard E. Chrisi

Susan G. Hill

Alien L. Zaklad

ABSTRACT

Operator vorkload (GWL) assessments were made by operators of the Aquila remotely piloted vehicle (RPV) during
a live-fire exercise using two subjective rating scales: Task Load Index (TLX) and Overall Workload (OW). Ratings
were made by opergiors in the ground control station, the remote ground terminal, and the launch and recovery
subsystems. FPrincipal components analysis revealed the presence of a single factor — the OWL factor. Analyses
of variance examined the effects of several variables on the OWL factor scores and on TLX subscale scores.
Significant findings refleci upon the system and its opcration. Comparisons are made between these results and
OWL assessments made during an earlier Force Development and Experimentation (FDTE) program. These
fiadings are discussea in the context of the development and validation of a methodology for assessing OWL.

INTRODUCTION

This study was designed to evaluate the
workload of Aquila remotely piloted vehicle (RPV)
operators when the system was used outside of a
testing environment and i a situation in which the
Aquila wes actually being flown. In a previous
workload analysis of the RPV during a Force
Development Test and Evaluation (FDTE) program
(documented by Byers, Bittner, Hill, Zaklad, &
Christ, 1988), the RPV was not actually flown but
was attached to the undearside of a small manned
aircraft. (see also Appendix G of this report).
Accordingly, the results of this study were compared
with those of the previous study.

Backgroun

FIREX 88 was a major live-fire artillery
cxercise beid in June, 1988, at Dugway Froving
Ground, Utah. During its employment in FIREX
88, Aquila was employed tactically, for the firsi time
in its history, rather than used in a test and
cvaluation context. The tactical objectives of the
Aquila system during FIREX 88 were to perform
target detection, recognition, and location, call for
fire, and fire spotting tasks. In addition, an ancillary

LJ

This nppendix contains a revised and condensed vemsion of
uipublished Technical Memoraaduia Number 4, prepared by the
indiceted authors in 1989.
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objective of the Ayuiia battery was to introduce and
demonstrate the capabilities of the PPV system to
scnior military cormiranders and other interested
partics.

Rurpose

The workload study conducted during
FIREX 88 was designed to address the following
questions.

e What are the relative capabilities of two
alternative opcrator workload (OWL)
raiing scales when they are administered
in the field and in near rcal time?

e Are the OVI1. measures obtained
scasitive te acknowledged differences iv
workload resulting from crew positions in
the Aquila ground contrcl station (GCS)
and mission segments?

o Are the OWL measures obtained
seasitive to the workload associated with
different components of the Aquila RPV
system?

e Arec there differences between the QWL
data obtained during the FIREX 88
"demonstration” exercise and the Aquila
FDTE?




METHOD
Subjects

The subjects were 15 GCS crew members,
threc Remote Ground Terminal (RGT) crew
me.aubcers (one also servea as a GCS crew member
subject), and three launch and recovery subsystem
crew mcembers (one also served as a GCS acw
member subject). Takirg overlaps into account, a
total of 19 subjects provided workload ratings.

Each GCS crew consisted of three
members: the Mission Commander (MC), the Air
Vehicle Operator (AVO), and the Mission Payload
Opcrator (MPQ). During FIREX 88, however,
there were as many as Ave crew members working
in the GCS, as training in all threc duty positions
was ongoing. Two chief warrant officers alternated
over missions as MC, and the other thirteea GCS
crew members (private fist class through sergeant in
rank) rotated, somewhat irrcgularly, as AVOs,
MPQs, and trainees for all three crew positions.

The launch and recovery subsystems
subjects were two launch and recovery team chiefs
and an RFV mechanic. The RG'T subjects were an
RPV scnior non-commissioned officer, an MFO,
and an RGT specialist.

Pr T and Inst n

The workload assessment scales used for
rating workload were the Task Load Index (TLX)
*lart & Staveland, 1987) and the Overall Workload
(OW) scale (Vidulich & Tsang, 1987).

Individual workload ratings were obtained
from GCS crew mcmbers immediately after the
corclusion of each of seven Aquila missions which
wr  conducted over a period of four days. Each of
the seven missions had a different aew
configuration. Each crew member rated workload
using both scales for three or fowr iission
segments. The mission segments were Launch,
Flight Operations, Reco ery, and when appropriate,
the Flight Operation sub-segmeni of Target
Location/Call for Fire.

Individual workload assessments for the
RGT and for the launch and recovery subsystems
were obtained near the end of FIREX 88. Three
individuals rated RGT workload for two mission
segments: Power-up and Align. Another three
individuals rated launch and recovery subsystem

workload for four scgments: Activate and Check
QOut the Launch Subsystem, Conduct Launch,
Activate and Check Out the Recovery Subsystem,
and Conduct Recovery. The workload assessments
for the RGT and the Launck and Reccovery
subsystems did naot reflect workload on any onc
mission b rather an average workload over all the
FIREX 8 missions.

RESULTS

Analyses were conducted in three phases
which respectively examined: (a) the factor validities
of the two workload scales, (b) the workload
associated with different mission segmeats and RPV
componeats, and (c) the comparison of FIREX 88
workload results with those from th: 1987 Aquila
FDTE as presented by Byers et al. (1989), and in
Appendix G of this report.

Factor Validity Apalysis

Principal component analysis (PCA) was
conducted on 124 sets of workload ratings across 2ll
subjects, systems, and mission segments using
BMDP4M (Dixon, 1983). Each sct of ratings
included global measures of workload using two
different scales: TLX and OW. This analysis
revealed a single compouneat hercafier called the
OWL factor, which explained 83.4% of the tolal
variance. This analysis also yielded OWL factor
scores which were the basis for the workload
analysis reported in the next section. The results of
this initial analysis support the view that the two
workload scales essentially provide an assessment of
a single common factor. (The factor scores for
each subjeci’s workload judgments are in Data
Attachment H-1 3t the end of this appendix).

Workload Analysis

The workload analyses were conducted in
three steps corresponding to the three components
of the RPV srstem: the GCS, the RGT, and the
launch and recovery subsystems.

GCS_ workload. Repeated measures

analysis of variance (ANOVA) was uscd to cvaiuate
the effects of Mission Segment (L.aunch, Flight, and
Recovery) and Position (MC, AVO, MPO) on
OWL factor scores across all RPV flights. This
analys’s revcaled a significant segm :nt-by-position
interaction (F(4,52) = 548, p < 0.001. This
inieraction is illustrated in Figure H-1. It may be



noted that while the MC has the bighest and &
relatively constant CWL factor score across mission
segments, the workload ratings of the AVG and
MPO vary iaversely from cach other from segment
to segment.
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Figure H-1. The effect of mission segment and
crew member positionon workload.

An ANOVA of the same struciure but
using TLX subscale ratings in place of OWL fsctor
scorcs  aisp  reveais the segmen!-by-position
irteraction (E(4,52) = 4.15, p < .01), as well as
significant effects for subscale (£(5,130) = 1652, p
< 0.0001) and the scgment-by-position-by-subscale
interaction (F(20,260) = 2.70, p < 0.0005). The
subscale main effect is caused by variations in mean
weighied subscale ratings: thc mean rating for
Mental Demand (190) was the highest, followed by
those for Temporal Demand (141), Frustration
(129), Perfoimance (99), Cffost (84), and Physical
Demand (14). [Note that the weighted subscale
scores can range from G to 500 depending on the
subscale rating value (0 to 1G0) and thc magnitude
of the subscale weight (0 to 5) ]

The threc-way interaction showed that the
subscale ratings varied as a function of the joint
effect of variations in crew member position and
mission scgments. While there are several possible
instances of these joint effects, one of the more
obvious is the relatively high lcvels of Meatal and
Teniporal Demand reported by the MC in ali three
mission segments, and the shifts in these two
components of workload for the AVO and MPO as
a function of mission segments. In particular, the
MPO reported higher lewvels of Menta!l and
Temporal Demand than the AVO for Flight
segmeats, while the AVQ had bigher levels of these
two workload components than the MPO during

Launch and Recovery operations. These results
mirror the Mission Segment-by-Crew member
position interaction cffects on QWL factor scores
shown in Figure H-1.

RGT workload. Az ANOVA examined the
cfiect of two RGT mission segments, Power Up and
Align, cu OWL factor scores across three RGT
caew members. No sigaificant effects were found.
Another ANOVA checked the effects of the two
RGT wission segments on TLX weighted subscale
scores. Only the subscale main effect was found to
be significant, (F(S5, 10) = 660, p < 0.01). The
highest subscale score was for Temporal Demand
(397), foliowed in order by Performance (161),
Physical Demand (158), Efiort (149), Mental
Demand (61), and Frustration (27).

Launch and recovery subsystem workload.

An ANOVA was used to evaluate the cffecis on
OWL factor scores of two types of tasks (Activate
and Check out a subsystem and Conduct AV
operations using the subsystem) and two types of
subsystems (Launct and Recovery). A significant
effect was found for Task (F(1,2) = 78.18, p <
0.02). Mean OWL factor scores were higher for the
task of Activating and Checking out 2 subsystem
(.48} than for the task of Conducting Operations
with the subsystcm (-.42). The mean OWL factor
score for the Launch subsystem (0.35) was higher
than that for the Recovery subsystem (-0.27), but
the subsystem main effect was not significant (F(1,2)
= 79, p >.10).

An ANOVA conducted to assess the effects
of two types of tasks and two subsystems on TLX
weighted subscale scores revealed a significant effect
for Subscale (£(5,10 = 3.63, p < 6.04). As was the
case for the RGT data, the highest mean subscale
score for the launch and rccovery subsysterms was
for Temporal Demand (273). However, the
ordering of the other subscales by their respective
values was different. For the launch and rzcovery
subsystems the order of subscales after the
Tereporal Demand was Frustratioc (152), Effort
(89), Physical Demand (88), Mental Demand (72),
and Performaace (49). The mean weighted TLX
subscale scores of the launch and recovery
subsystems (139 and 102, respectively), track the
differences found for the QWL factor scores.

Comparison of Workioad Dyring FIREX 88 and the
EDIE

An ANOVA was used as the basis for




comparing OWL factor scores from the present
FIREX 88 study with thosc reported from the
Aquila FDTE by Byers et al. (1988). The analysis
was limited to the subjects who served &s crew
members (in any crew position) in both studies and
to workload ratings “or the GCS mission scgment of
Flight Operations, which was the only rating
common to both studies. This analysis revealed a
significant test-by-position interaction (E(2, 92) =
3.03, p, 0.05), as illustrated in Figure H-2. li may
be seen in the figure that for the AVO, the mean
OWL factor score is higher for FIREX 88 than for
the FDTE (though below the average OWL factor
score in both cases). For the MC and MPO, the
opposite is true.
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Figure H-2. The cffect of test condition and aew
member position on workload.

DISCUSSION

The TLX and OW workload assessment
scales were successfully applied in investigation of
the workload experienced by operators of the
Aquila RFV during FIREX 88. The nature cf the
Aquila role at FIREX 88 was many sided. The
RPV flights were used for providing specific types
of support to the field artillery, for training system
operators tor ncw duty positions, and for providing
general publicity on the capabilities of the Aquila
system to any and ail interested individuals and
agencies. Despite the presence of trainees and
many visitors in the GCS and around the other
subsystems, and many last minute changes in flight
purposes and plans, the application of the two scales
revealed a coherent picture of opcrator workload in
three Aquila subsystems.

GCS Workload Evaluation

The workload analyses indicated significant
mission segmeant-by-crew position interaction. The
nature of the interactiorn is entirely consisient with
the nature of the roles of ihe crew members during
a mission. The MC has a fairly constant high level
of workload which probably reflests the counstant
high level of responsibility over the entire mission.
The AVO has the least workload in fight segments
during which his assigned tasks are fairly routine,
and the greatest workload in the recovery segment
during which great pressure is placed on the AVO
to “put the bird into the net,” a task requiring the
preparation and execution of a precise and time-
dependent flight profile. It was not unusual for
severai factors to arise durmg this critical maneuver
which were capable of sabotaging a successiul
recovery. The MPO has low workload in launch
and recovery segments of a mission (where the
mission payload is not iu use) and higher workload
in the flight segment when the payload is used to
detect, recognize, locate, and designate targets.

The TLX subscale maia effect was
significant, with Mental Demand having the highest
mean vaiue as might be expected given the nature
of GCS operations. The mean high score on the
Frustration subscale is consonant with the FIREX
conditions, including the trainees in many positions,
visitors walking into and out of the GCS, and
various problems with communications. The
segment-by-position interaction for TLX subscale
values shows clcar differences in the sources of
workload across mission segments and crew
member positions,

RGT and Launch/Recovery Subsystem Workload
Evalyation

Though a limited sample size restricts the
usefulness of the analyses of workload associated
with operating the RGT and the launch and
recovery subsystems, several interesting results are
apparent. First of all, while Mental Demand is the
largest compoacnt of workload in thke GCS, the
main driver of workload in the RGT and the
Launch and Reccvery subsystems is Temporal
Demand. The high Frustration level for the Jaunch
and recovery tsam was, as obscrved by the
assessment team, mainly due to the difficulty
incurred in trying to maintain and operate first
generation, prototype cquipment. Sccondly, the
workload of the launch/recovery team is higher for



the activate and check oui task than in the actual
conduct of launch and recovery. This finding agaiun
teflects the probicm inherent in working with
prototype equipment; oncs it is "up and rupning” it
is not difficult to operate, but it is often difficult to
get it to that desirable state. Finally, the data
support the contention that launch operations
involve more workioad than does recovery.

Comparison of FIREX and FDTE Workload

Comparing work!oad measures obtained for
flight operations segments of Aquila missions during
FIREX and the FDTE, the expectations would be
for the AVO to have higher workload in FIREX
(because the RPV is actually being flown, for the
MPO to have lower workload in FIREX (because
target detection was pot a major objective of the
flights), and for the MC to have lower workload i
FIREX (because the MCs in FIREX were tauch
more expericoced than the MCs iu the FDTE and
because the pressure to perform flawlessly during
FIREX was not as grzat). Thc comparison of
FIREX and FOTE workload assessments confirms
these expectations,

CONCLUSION

Several conclusions may be drawn from the
present evaluation of the use of the OWL scales
under field conditions.

1. OWL measures may be successfully
applied within the ficld exercise cnvironment as
found at FIREX 88.

2. OWL on the RGT andg the launch and
recovery subsystems is principally due to time
pressure.

3. OWL in the GCS vari - by mission
segment and crew member position.

4. The AVO has more workload when tke
RPV flight is actual rather than simulated.
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DATA ATTACHMENT H-1

AQUILA FIREX 88 FACTOR SCORES

MC AVC Trn AVC MPO Trn MPO Mean

Launch 1.01 1.00 i.51 0.04 =2.00 0.31
Flight 0.70 0.52 1.43 €c.44 ~0.50 0.52
Recovery 1.01 1.17 1.07 0.52 =-2.00 0.35

Mean 0.91 0.90 1.34 0.33 +1.50 6.29

Missjon 2
MC Trn MC AVOl AVO2 Trn MPO Mean

Launch 0.97 0.78 0.01 0.26 =0.49 0.31
Flight 1.19 =-0.27 =0.22 0.32 -0.38 0.13
Recovery 1.17 0.17 1.10 0.98 -1.00 0.48

Mean 1.11 0.23 0.30 0.52 =0.62 C.31

Mission 3

Launch 0.45 0.77 0.16 =1.00 0.10
rlight i.38 0.35 1.i3 =-2.00 G.22
Target D 1.40 ~0.82 -- -2.00 -0.36
Recovery ¢.51 -1.00 =2.00 =-0.26 -0.69

Mean 0.93 -0.17 =-0.18 =1.32 -0.18

ission 4
MC Trn MC Trn MC AVO MEBO Mean

Launch 0.46 =0.04 1.38 0.15 0.34 .46
Flight 0.58 Cc.00 1.42 -0.08 1.21 0.63
Target D -0.46 0.05 1.59 0.79 1.87 0.77
Recovery 0.98 0.43 0.84 0.54 -0.99 0.36

Mean 0.39 0.11

Mission 5

Launch

Flight -0.78 =2.00 -=0.37 ~1.05
Target D =1.00 -2.00 0.239 -C.87
Recovery -=0.95 <=1.C0 -1.00 -0.98

Mean




DATA ATTACEMENT H-1 (Continued)

Mission 6
MC AVO MPC Trn MPO HMean
Launch 0.14 0.57 0.93 =0.22 0.36
Flight 0.12 0.12 1.12 0.39 0.44
Taxrget D 0.18 -0.11 -=0.15 0.11 0.01
Recovery =~0.56 0.18 1.0 =2.00 -0.33
Mean -0.03 0.19 0.74 -=0.43 0.12
issi 7
MC AV/MPO MP/AVO Mean
Launch -0.17 -2.00 -2.00 -1.39
Flight -0.90 -2.00 -0.49 -1.13
Target D =-0.55 -2.00 -2.00 -1.52
Recovery -0.59 -1.00 -0.02 -0.54
Mean -0.55 -1.75% -1.13 -1.14
\;.‘,..:«(-_ 4 _
MAOD LIy AT 7
L/R Tm L/R Tm RPV
Chf 1 Cht 2 Mech Mean
Activate Launch 1.22 0.47 0.73 ¢.81
Conduct Launch 0.38 -0.49 -0.23 -C.11
Activate Recovery 0.04 0.04 0.45 0.18
Conduct Recovery =0.57 -0.86 ~0.74 -C.72
Mean 0.21 ~-0.17 0.04 0.04
Mission 1-7
Tm ILdr RGT Crew MPO Mean
Power Up RGT 1.26 0.32 0.99 0.86
Align RGT 1.83 0.72 -0.05 0.83

Mean 1.55 G.52 0.47 0.85




APPENDIX I

OPERATOR WORKLOAD ASSESSMENT OF THE
UH-60A BLACK HAWK SYSTEM

Helene P. lavecchia  Paul M. Linton  Regina *A. Harris
Allen L. Zaklad  James C. Byers

Abstract

An empirical study was undertaken to collect workload ratings of pilots and copilots performing a resupply mission
in a UH-60A flight simulator. Real-time overall and pcak workload (OW and PW) ratings were coliected for twelve
segments of essentially identical day and night missions. Real-time ratings for day missions were compared with
OW and PW values predicted by the Task Analysis/Workload (TAWL) and TAWL Opeiuting System Simulation
(TOSS) model. Additional post-mission workload ratings using OW, PW, Task Load Index (TLX), Subjective
Workload Assessment Technique (SWAT), and Modified Cooper-Harper (MCH) techniques, along with other subject
inputs, were also coliected The TAWL /TOSS-derived estimaies of workload were highly correlated with real-time
workload ratings. Jackknife fector analysis of the post-mission workload ratings revealed the presence of only a
single factor (accounting for over 71% of the vanance). These and other findings of this study are discussed in the

context of the development and validation of a methodology for assessing worklcad.

INTRODUCTION

The ability to predict and evaluaie operator
workload (OWL) has become a serious concern as
military systems become increasing complex. The
OWL Program was an exploratory development
program sponsored by the U.S., Army Research
Institute (ARI) for the application and validation of
practical methods for assessing OWL in Army
systems throughout their life cycle. Following study
plans ducumented by Bittner et al., 1987, workload
data were collected for three Army systems in
varying stages of development. These systems were
the Aquila Remotely Piloted Vehicle, the Line-of-
Sight-Forward-Heavy (LOS-F-H) componeat of the
Forward Area Air Defense System (FAADS), and
the system of intercst in this report, the UH-G0A
BLACK HAWK helicopter.

“This appendix contains a revised and condensed vemsion of
unpublished Technical Memorandum Report 2075-4c, prepared
by the indicated authors in December, 1989. A paper based on
part of this report was presented ot and is published in the
Proccedings of (pp. 1481-1485) the 33rd Annual Meeting of the
Human Factors Socicty.

This report summarizes and documents the
OWL Program studies conducicd in an Army
aviation setting. The primary intent of this effort
vas to cxamine the relationship between workload
predicted by an analytical model avd worklcad
reported by crew members in an "operational
setting.” Additionally, this study sought to continue
the OWL Program investigalions into altcrnative
workload rating techniques and analyses of
worklcad associated with Army systems. In
performing these studies, the "idcal” operational
setting would have been an actual aircraft with the
caew flying weli-defined, pre-bricfed missions.
However, the scope of this project precluded the
time and expense associated with dedicated flight
testing. In licu of an actual flight test, an Army
training simulator was made available for the study,
specifically the UH-80A 2B38 flight simulator
located at the U.S. Army Awviation Center, Ft.
Rucker, Alabama.,

Purpose

The objectives of the UH-60A workload
studies were to:



e Determine the relationship between an
anaiytical model’s prediction of workioad
and the workload reported by the pilot
and copilot while flying a simulated
daylight mission,

¢ lnvestigate various methodological issues
in assessing workload including
differences in workload reported during
the mission versus workload recalled
following the mission, factor validity of
the workload measurements, diagnostic
capabilities of the data, and operator
acceptance of the various assessment
techniques, and

¢ Evaluate the effects of key mission
variables on pilot and copilot workload as
well as the relationship between
performance and workload.

UH:60A Svstem Description

The U.S. Army’s UH-60A Black Hawk is a
twin-engine rotary-wing utility helicopter designed
specifically for combat and combat support missions
coumprised of faciical transport of soldiers, troop
units, and required supplics and equipment.
Cockpit, instrumeant panels, and interior lighting are
all designed to accommodate both day and night
full-mission capability. The flight control system
provides maneuverability for low level, nap-of-the-
carth flying. The basic UH-60A crew consists of a
pilot, copilot, and crew chicl/gunner. The aircraft
has virtually identical control and display
configurations on cither side of the tandem cockpit,
and can be properly flown by either the pilot or
copilot.

The UH-604 2B38 flight simulator consists
of a molded two-piece cockpit mounted upon a
large motion platform. The front cockpit is a
faithful reproduction of the ficlded UH-60A vnit
consisting of a pilot and copilot station; bekind the
flight stations is an ipstructor/operator station, and
an observer station. The cockpit assembly is
mounted upon a motion system which provides
dyoamic movement and accurate cues for pitch, roll,
and yaw, along the vertical, lateral, and longitudinal
axes, as well as any combination thereof. Four out-
the-window cathode ray tube displays are provided
for the pilot and copilet stations. The displays allow
forward and side viewing of a simulated
enpvironment during dawn, day, dusk, night, and
night vision goggle (NVG) conditions.

METHOD
QWI. Measures
Empirical _measures of QWL.  Fiwe

operator workioad rating scales were uscd: the four
workload rating scales sclected for evaluation in all
of the OWL Program studies. These ratings scales
were: (2) Task Load Index (TLX), Hart and
Staveland, 1987, (b) Subjective  Workload
Assessment  Technique (SWAT), Reid,
Shingledecker and Eggemeier, 1981; (¢) Modificd
Cooper-Harper (MCH), Wierwille and Casali, 1983;
(d) Overall workload (OW), Vidulich and Tsang,
1987; and (¢) a scale develuped specifically for this
study, Peak Workload (PW), modelled after the
OW scale.

The TLX is composed of six components,
each of which contributes to workload. The TLX
compopents -- mental demand, physical demand,
temporal demand, performance, effort, frustration -
- are also individually rated on a 100-poiat scale.
SWAT measures three workload components --
time, effort, and stress -- with each measured or a
three-noint scale. Both TLX and SWAT reguire
additional data collection on individual subjects
prior to the experimental procedures. MCH uses a
decision tree structure to direct the subject to the
appropriate workload rating using a ten-point scale.
OW is a rating of the subjzct’s overall workload
experienced during a particular segment on a
unidimeansional scale of 0 to 100 with 0 representing
very low and 100 representing very high workload.
PW is a measure of the “"peak workload”
experienced during a segment on a scale of 0 to
100. The PW measuremen! scale was constructed
for this study to tap .nomestary overloads. The
concept of peak workload is important in that even
on¢ instance of momentary overload can lead to
mission failure iu certain situations, especially in an
aviation setting.

Analytical measures of QWL. The
analyticai model chosen to make predictions of
workload was based on the TAWL /TOSS techaique
(Bierbaum, Fulton, & Hamilton, 1989). This model
was sciccted for use in this study because its
previous  applications included the UH-60A
(Bierbaum, Szabo, & Aldrich, 1987). This
analytical tool requires inputs which include: (a) a
detailed task analysis defining the low-level task
activitics required for each mission-csscntial task
(e.g, contro! altiiude or perform cockpit
communication) together with the task times; (b)




estimates of the level of workload in each of five
information processing channels (i.e, auditory,
visual, kinesthetic, cognitive, and psychomator) for
each low-level task on a scale from 0 to 7 (very low
to very high workload); and (c) a set of scenario
decision rules to drive the tasks to be performed
during each half-second simulation time interval, to
include the probability of random concurrent tasks.
Given these inpuis and the generated time line of
low-level task activities, TAWL/TOSS sums the
workload values within cach channel across
concurrcnt tasks. If the sum of channel workload
values (e.g., visual) within a half-second interval
exceeds a value of 7, an overload is defined to have
occurred for that channel during that interval.

Simulator Daia Collection Effort

One week prior to the simulator data
colicction effort the crew members met as a group
for a four-hour prebrief. During this prebrief
subjects were told of the intent of the study, given
an introduction to the concept of workload and a
description of the specific methods that would be
used in the current study to measure workload. A
questionnaire was also administered to the subjects
during the prehrief period te gather information
concerning the subjects’ experiences in flying. The
questionnaire also provided the aviators wiik an
opportunity to use the OW and PW rating scales by
recalling and rat'ng their past experiences during
particular missioas (day or night) and missicn
scgments. Finally, pretest data necessary to use the
two multidimensional scales (i.e., the TLX and
SWAT scales) were coliected at this time.

The data collection test conditions are
summarized below:

® Real-time verbal reporis of OW and PW
by tbe pilots and copilots du..sg the
simulator flight,

e Recal-time performance assessment of
the crew by an instructor pilot observing
the simulator flight, and

o Post-tirce ratings of workload by the
pilots aed copilots during a mission
debrief including the OW, PW, SWAT,
TLX, and MCH scales.

Subjects. Ten two-man crews participated
in the study. All subjects were experienced UH-
oA aviators and were cwrently assigned as

instructor pilots (IPs) at tke US. Army Aviation
Center. Two additional senior IPs were sclected to
-ate the performance of the pilot and copilot during
the simulator trials and to assist in the collection of
real-time pilot and copilot workload ratings.

UH-60 missions. Each aew flew two
experimental flights -- one day missior and one
night vision goggle (NVG) mission. Half the crews
flew the day mission first and half the NVG mission
first. The two missions were essentially the same
although the night mission was confined to a
smaller, as well as different, geographical area to
accominodate the slower speeds flown at night. In
both flights, the crew flew a one-hour resupply
mission in the UH-60 flight simulator. The mission
required a team of two BLACK HAWKS to
navigate fo a pick-up point, hook up an external
sling load of fuel blivets, and deliver the cargo to a
forward drop-off point. At the stari point, the
experimental crew was notified that the second
BLACK HAWK experienced ac  equipment
malfunction anc they were to complete the mission
in a stand-alone role. This necessitated an aiternate
drop-off point, and an unauticipated visit to a
forward arming and refueling point (FARP).
Threats were simulated at selected mission
segments (4, 6, 8, and 10) along with an engine sut
emergency. The mission segmeats and their
abbreviated codes are listed in Table i-1.

Crew _procedures. During the simulated
experimental flights, the primary task of the pilot
was limited to flight management and that of the
copilot to navigation and communications. Once a
mission was uaderway, the controller TP asked both
operators to report in near real-time the OW and
PW experienced during each of twelve mission
segments. The controlicr 1P also rated the
performance of both operators for each segment.
The scale used for rating performance is siun's» (o
the cne normally used by IPs while evalu-.iag
candidate aviators during training. Following each
experimental flight, the iwo crew members gave
rctrospective workload ratings for all twelve mission
segments using the CW and PW sca'es and for only
four selected mission segments (Segments 3 through
6) using the TLX, SWAT, and MCH techniques.
Foliowing the post-mission period of rating
workload, & structured inteiview was conducted with
both crew miembers to assess operator acceptance
of the various rating techniques and io gather other
geaeral comments.




TAWL/TOSS Data Collection Effort

The baseline UH-60A model (Bierbaum et
al., 1987) was updated to include all the pilot and
copilot task activities that were employed by the
crews during the experimental flights which
occurred during daylight. The decision rules that
control wher the pilot and copilot tasks are
trigger=d during the TAWL/TOSS simulation were
also updated to reflect the specific mission
requirecments of the experimental flight. This
updating effort was independently accomplished by
Anacapa Sciences, Inc. (D. B. Hamilton and C. R.
Bierbaum, pcrsonal communication, December,
1989). Following the updates, a copy of the UH-60
application code as well as the TAWL/TOSS
software Version 2.0 were delivered to the authors
of this report for execution.

Because TAWL/TOSS is stochastically
bascd, it was necessary to ruc the model a number
of times and average the resuits. For this study, the
model for daylight operations was executed seven
times and the average output of the runs was used
in a comparison with the crew data collecte ? in the
experimental daylight flights Since TAWL/TQSS
does nct directly generate OW and PW values, it
was necessary to develop a procedure to derive
these values. To derive a TAWL/TOSS-based
estimate of OW for each mission segment, the
TAWL /TOSS workload vaiues for cach half-second
interval within a mission segment were averaged
over all fivy TAWL/TOSS channels (i.c., auditory,
visual, etc.). The derived (or predicted) CW score
was tae mcan of these half-second values over the
duratiop of the mission segmeni. To derive a
TAWL/TOSS-based estimate of FPW for ecach
mission segment, the TAWL/TOSS workload values
for each half-second interval were summed across
the five TAWL/TOSS channels. The maximum
value of all half-second summed values was defined
as the PW for that segment. All TAWL/TOSS
derived OW and PW scores were scaled to
correspond with the 0 to 100 scale used by the
crews to rate workload in the simulated
experimental tlights.

RESULTS

The results are presented in threc major
sections in accordance with the goals of the study:
{(a) TAWL/TOSS predictions of crew workload, (b)
methodological issues in workload assessment, and
(¢) UH-60A workload issues. With the exception of
the operator quecstionnaire, three crews were

climinated from the analysis of results. Onc crew
did not complete the study due to extreme simulator
sickness experienced by one of the crew membcrs.
Two other crews were excluded because the crew
members altered pilot and copilot responsibilities,
thereby creating workload conditions that diffcred
from the cther crews who flew with well-defined
and fixed pilot and copilot roles.

TAWL/TOSS Predictions and Opcrator Ratings of
Workload

Results for six of the twelve mission
segments were analyzed (Segments 3, 4, §, 8, 11,
and 12). Other segments were not considered duc
to missing data (Segments 6 and 10), simulator
failures (Segments 1 and 2), and repetitive types of
segments (Segments 3 and 7 are both Pickup Zone
(PZ) operations, Segments 5 and 9 are both
Landing Zone (LZ) operations). The average
ratings of the pilots and copilots and the
TAWL-derived values for each applicabls segment
is in Data Attachment I-1 at the end of this
appendix.

Figure [-1 graphically illustrates the
comparison of avcrage OW ratings with the
TAWL\TOSS predicted QW scores as a function of
mission segment, separately for the pilot and
copilot. The correlation across all crew members
between real-time ratings and predicted OW scores
was significant (f = 0.82; p < .01). As shown in
Figure I-1, TAWL/TOSS predictions track the OW
ratings across segments. However, with one
exception, the real-time OW ratings are higher than
the TAWL/TOSS-based workload prediction
(F(1,10) = 6.81, p = 0.026). The exception s the
pilot’s OW rating for PZ Operations -- Segment 3
For this case, the TAWL/TOSS mode predicted
higher workload than reported. This may be due to
the fact that the pilot communication was not as
complex as was originally assumed in the TAWL
UH-60 model (D. B. Hamilton and C. R. Bierbaum,
psrsonal communication, January, 1990). It is
poteworthy that the correlation between TAWL and
the real-time OW ratings increases from 0.82 to
0.95 without the pilots’ data for this scgment.

While statistically significant, the
TAWL/TOSS-derived PW scores did not predict
the crew reports as weli as the TAWL/TOSS-
devived OW predictions (1 = 0.62; g < .05). The
PW predictions are flatter than the rcal-time PW
ratings of both the pilot and copilot. That is, the
predicted PW values frequently do aot discriminate
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Figure I-1. The real-time ratings and the TAWL/TOSS model predictions of UH-60A global
workload as a function of mission segment and crew member position.

differences in workload betwecen segments as
reported by the pilots and copilois. Indeed, four of
the six TAWL PW prcdictions ate identical in both
ihe pilot and copilot cases. Fusthermore, in contrast
to OW, the TAWL-~derived measures of PW also

e T e ) s a1 -9
overesiimaicd tic ©'W fepuricd by e aews,
Mgthodological Issucs in Workload Assessmert

QW and PW Scales Au analysis of variance
(ANOVA) was conducted to determine the effect
on workload ratings of the two rating scales (OW
and PW), two rating times (real-time verbal reports
and post- mission written reports), two missions
(dav and night), ten segments (1,2, 3,4,5,7, 8,9,
1i, and 12), and two crew position (pilot and
copilot). (The mean ratings for combinations of
these conditions data ave given in Data Attachment
I-1.) The main effects of all of these facturs except
crew position were significant.

The mean OW score was 39.1 and the
mean PW score was 480 (F/1,12) = 824, p <
0001). The average rcal-time rating (46.0) was
higher than the average post-mission rating (41.0),
(E(1,12) = 597, p < .03). The average workload
rating for day missior (373) was lower ihan that for
NVG missions (49.8) (F(1,12) = 2933, p < .0002).

The mean raiings for each of the segments
are shown in Table I-1 (F(9,10) = 15.7, p < .0001).
The greatest workload was found in Segment 12, the
segment in which an engine fiilure occurred
euroute from the FARP to the start point. The

segments in which the crew flew between the pickup
zoue and the landing zone with the external fuel
bliver load (Segments 4 and 8) were also rated as
high in workload relative to other segmeats.
Refueling at the FARP (Segment 11) as wel: as the
two initiai flizht segments (Segments 1 and 2)
enroute to the pickup zonec had lower workload

ratings.

The ANOVA of OW and PW ratings also
revealed several significant interactions. The Scale-
by-Segment (F(9,108) = 1255, p < .0001),
Segment-by-Position (F(9,108) = 5.4, p < .0001),
and Scale-by-Segment-by-Position (F(9,118) = 3.95,
p < .0002) interactions indicate that workload
ratings varied as a function of varying combinations
of thc Rating Scale, Mission Scgment, and Crew
Position, The difference between the two scales,
always showing PW greater OW, was fairly constant
in magnitude except for Segment 12 whick included
the simulated engine failure; the PW ratings were
particularly greater than the OW ratings for this
segment. The average workload ratings of pilots
were always at least moderately greater than those
for copilots but were substantially so on five of the
10 mission segments analyzed: boih PZ Ops
Scgments (3 and 7), the LZ Ops and alteinate LZ
Ops (5 and 9, respectively), and the FARP Ops
(11). An cxplanation of the three-way interaction:
among these factors is not clear but are due in part
to & much greater difference between OW and PW
ratings for the copilot in Segment 12 than for the
pilot.



Table I-1

Mean Real-time Workload Ratings for Mission Segments in the UH-60A Simulation

Study
Segment

Nurber __Description Code  _Rating
1 Startpoint te Checkpoint 1 SP-CP1 36.0
2 Checkpoint 1 to Pickup Zone cP3-pP2 38.4
3 Pickup Zone Operations PZ Ops 42.5
4 Pickup 2one to Landing Zone P2-12 50.4
5 Landing 2one Operations LZ Gps 46.3
) Landing Zone to Pickup Zone L2-P2 b
7 Pickup Zone Operations P2 Ops 40.9
8 Pickup Zone to Alternate L2 PZ-Alt L2 49.5
9 Alternate LZ Operations AlL L2 Ops 48.6
10 LZ to Forward Arming & L2-FARP bkl

Refueling Point (FARP)

1" FARP Operationg FARP Ops 31.5
12 FARP to Special FARP-SP 52.9

Including Engine Faiture

Note. Segments 6 and 10 are not included due to missing data.

The only other significani effect for OW
and PW ratings was a Seginents-by-Rating Time-by-
Mission interaction (F(9,108) = 198, p < 05).
This infcraction may be attributed to a greater
difference between yeal-time and  post-mission

RO SR L 77 o I St Uy SO Ve e
ralngs (of NVO missions ihan 101 day wuisssous,

F lidi .
Principal component analysis (PCA) was conducted
on 160 sets of workload ratings using BMDP4M
(Dixon, 1983). Eack se¢t contained the ratings
obtained using .our scales: TLX, OW, MCH, and
SWAT. For comparative purposes, these four
scales were chosen to match those used in the other
Army system studies conducted for the OWL
Program. The analysis revealed a single
compoeneant, hereafier called the OWL factor, which
explained 714% of the variance. This resuit
indicates that all four workload scales provide
asseasmeants of what is essentially a single common
factor. Jackknife PCAs were conducted to evaluate
the stability of the factor loading of the four
workload scules (Le., correlations with the OWL
factor). Jackknife amalysis involves successively
dropping subjects, one-at-a-time, from a data set to
cxamine the stability of puarameter estimates
(Hinkley, 1983). An ANOVA of the jackknife
results revealed a significant difference among the
scale factor loadings (F(3,57) = 11658, p < .0001).
Subsequent analysis revealed the following ordering
of the factor loadings:

T1.X(.899), OW(:872). SWAT(.8G5), MCH(.79).

All differences are significant with the exception of
the difference between SWAT and MCH.

Analvsis _of TLX subscale results. An

ANOVA was conducted to determine the effects cn
wuorkioad raungs of the six TLX subscaies (Mental
Demand, Physical Demand, Temporal Demand,
Performance, Effort, and Frustration), four mission
segments (3, 4, 5, and 6), two missions (day and
NVG), ard two crew positions (Pilot and Copilot).
The analysis was conducted using the TLX weighted
subscale scores. (These data are given in Data
Attachment 1-2.)

The main effect for each of these four
factors was shown to be significant. The vrdering of
weighted TLX subscale values was Mental Demand
(115), Temporal Demand (112), Effort (109),
Performance (62), Physical Demand (40), and
Frustration (32), F(560) = 9.19, p < .000i.
Clearly, the major coniributors to global workload
ratings wecc due to the first three of these subscale
values.

The other three main effects have
previously becn examined in terms of their effect on
OW and PW ratings. For two factors, the results
bere show that TLX ratings are affected in about
the same way as OW and PW ratings. The average
weighted TLX subscale scores for Segments 3
through Segment 6 was 73, 93, 77, 70, respectively,
E(3,36) = 3.88, p < .02. The workload associated
with Segmeni 4 (coroute from pickup zome to
larding zone with the external fuel blivet load) was




greater than the other three seginents. The mean
TLX subscale value for day missions (70} was lower
thap that for NVG missions (86), F(1,12) = 9.99.p
< 01, These TLX subscale data revealed, in
contrast to the OW and PW ratings, that Pilot
workload (98) was significantly higher than Copilot
workload (58), E(1, 12) = 5.63, p < .05.

Two interactions were also revealed to be
significant. The interaction between mission and
mission segment, F(3,36) = 4.01, p < .05, is due to
the fact that workload is significantly lower for Day
Missions than NVG Missions except for Segment 4
where there is no difference. The mission segment-
by-TLX subscale interaction, F(15,180)= 2.51, p <
002, is illustrated in Figure I-2, This figure
illustrates the gencrally higher workload in Segment
4 than Segments 3, S, and 6, but furthermore

TLX Subdscole
RN

3

Mission Segmant

Figure I.2. The effect of mission segments and
TLX subscales on workload scores in the UH-60A
study.

indicates that the source of the higher workload is
principally due to increases in Physical Demand and
Effort. This result is reasonable considering that
the crew is flying through hostile territory and that
the platform can become unstable while carrying the
heavy external load. The high level of Physical
Demand can be attributed to vibrations i the
platform that interfere with fine motor control
and/or to physiological responses to stress.

Performance_and workload. An analysis
was conducted to examine the relationship between
the crews’ real-time workload measures (OW and
PW) and the independent rating of performance
(IRP) made by the senior IP who observed the
missions. No significant relationships were found
oetween workload ratings and the IRP (¢ = 0.0 for
the correlation of IPR to OW and FW),

Qperator _acceptance of  workload
assessinent techniques. Results of a questionnaire
coucerning crew acceptance of the five workload
asscssinent techniques employed in this study were
analyzed. The pilots were asked four questions
about scale usage. Thcse questions and the results
are presented in Table I-2. For every question, the
pilots rated each workload rating technique on a
five point scale. For Questions 1 through 4,
respectively, a rating of 1 represented the most
favored technique, the easiest technique, the most
difficult technique, and the best icechnique for
describing workload expericnces. The data
presented in Table I-2 are the mean rating response
of the crew members. The OW scale was liked the
best and was also rated easiest to use. The MCH
scalc was rated the hardest to use. Finally, TLX was
rated highest as the scale that best allowed the crew
members to rate the workload they experienced.
An interesting comment on the use of the PW scale
was that it required more time to respond to
becausc all the events in a segment had to be
recalled before a PW value could be determined.

TARBLE I-2

o TPy s A mnn et e e Yok TY RN I B o AP JCI i
WPTAaILUsr Adcuplaiiis Ul v UTRIUGU RaLlily dediCd

in the LOS-F-H NDICE Study

Rating Scale

TLXx o PW MCH SWAT

Which of the gquestionnaires did you like the oest?

2.7 1.9 2.5 4.1 3.6

which questionnaire was the easiest to fill out?

3.2 1.7 1.9 4.0 3.8

which questionnaire was the hardest to fill out?

2.5 3.8 3.8 2.1 2.4

Which questionnaire do you think best allowed you
to describe the workload you experienced?

22 2.6 2.8 3.8 3

Ngte. Date shown are the mesn rating fo. each
scale, where 1 {8 the most favorable rgting.



UH-60 Crew Member Workload

This section focuses on the segmeats with
the highest reported workload (real-time OW and
PW ratings) for the pilot and copilot. A TLX
evaluation is also provided for those scgments
where TLX data were available (Segments 3, 4, 5,
and 6 only.)

Pilot workload. For the day mission, the
segments with the highest real-time pilot OW were,
in order of highest to lowest, Segments 9, 8, and 5
(Alt LZ Ops, PZ-Alt LZ, and LZ Ops, respectively.
These results are in line with the pilots’ comments
collected during the post-mission debriefs.
Specifically, the pilots noted that LZ and PZ
opecrations bad the greater workload. There are
scveral reasons why the P2-Alt LZ segment had
high workload. First, at the start of this segment,
the crew was notified of & mission change - the
blivets were to be taken to an alterative landing
zone. This required immediate navigation planning.
Sccond, it is to be expected that high workload be
associated with carrying the external fuel blivets
through hostile territory. To avoid euemy detection,
the pilot muct fly clocs to the ground while the
blivets are suspended below the helicopter on a
cable. Aan explosion could result if the blivets
collive with the ground. Also, as previously
mentioned, the platform can become unstable if
excessive oscillation of the heavy load exceeds the
control system’s ability to maintain stable flight.

The highest real-time PW ratings for the
day mission were in line with the OW ratings with
one exccption: Segment 12 (FARP-SP) moved into
a second place ranking for PV ratings (Scgraents 8
and 5 shifted to fourth and fifth place). Relatively
high momentary workload would be expected for
FARP-SP becanse of the engine failure which
oceurred during this lust segment of the mission.

For th= night mission, the highest OW was
expericnced in Segicents 5, 3, and 7 (LZ Ops, the
first PZ Ons, ana the second PZ Ops, respectively).
The PZ and LZ Ops were more difficult at aight
because of the reduced visibility. There was a much
greater danger of cellision with trees or other
objects in the landing arezs. With the same
exception as was true for day missions, the real-fime
PW ratings at night were in line with the OW
ratings at nighl. Again, the onc _xcepiicn was for
Segment 12 (FARP-SP); this segrient which

included the cmergency situation was given a
relativcly high real-time PW rating.

The TLX results available for Segments 3
through 6 provide somc information conccrning
factors which contribute to workload ratings. The
TLX subscale results revealed that, for the pilot, of
the threce highest ratcd components, Mental
Demand and Temporal Demand were greater than
Effort in their contribution to overall workload (152
and 115, respectively). This difference was, if
anythiug, greater for pight missions than for day
missions. At night, the greater impact of Mcatal
and Temporal Demands are even more pronounced
than they ere during the day. This latter
observation is probably duc to the fact that there is
less visibility at night and therefore less time and
more mental demand to avoid collisions with
landing zone objects.

Copilot workload. For the day mission, the
three segments in which the copilots experienced
the highest real-time OW were Segments 4, 12, and
8 (PZ-LZ, FARP-SP, and PZ-Alt LZ, respectively).
The highest copilot real-time PW during daylight
missions was the samd scgaiciis, bui w the diffacnt
order of 12, 4, and 8. The highest real-time OW
and PW segments for the copilot at night were the
same as those for the daytime PW ratings. The
copilots commented during the post-mission
debricfs that earoute scgments had thc greatest
workload because of navigation and exterpal
communication responsibilities. As for the pilot, the
FARP-SP segment had high worklead, espeaally
PW, becanse it included the engine failure.

‘The analysis of TLX subscale data revealed
that, for the copilot, tke Effort component of overall
workload ratings was gecerally greater than that for
the second and third most important components,
Mental and Temporal Demands (103 and 75,
respectively). The impact of the Effort component
on overall workload ratings was particularly high for
Segment 4 during both day and night missions. This
latter finding probably reflects the additiorai effort
required by the copilot during this partcular
mission segment. Here, in addition to the standard
navigatiot tasks, the copilot had to assist the pilot
by conticuously xonitoring aircraft speed and
location, sstimatiug time of arsival, and providing
specd direstious to the pilot fo ensure that the fuel
bliveis were delivered on schedule.



DISCUSSION
The TAWL/TOSS Modcl

TAWL, it may be recalled, produces a
tumcline of workload at half-second intervals and
determincs the occurrence of "overload" for each of
several scparate chapnels ¢ componeots of
workload. The purpose of the ¢ reat siudy was oot
to investigate the model's preuiction of overload.
Rather, the study focused on validating the
underlying workload data base and the scenario
generation rules developed for the TAWL/TOSS
UH-JA model. Because the TAWL/TOSS model
does not directly produce OW and PW values for
cach mission segment, a technique was developed to
derive these values from the mode! output. The
technique used to derive estimates of OW from the
model output appeass to be a reasonable meihod to
predict real-time overall workload experiences.
Indeed, high correlations were found between
TAWL,/ TO3S-derived OW scores and actual crew
member real-time QW ratings (0.82 for 12 cases
and 0.95 for 11 cases). These results lend
confidence to the UH-60 workload data base and
the scerario generation technique underlying the

The correlations between
TAWL/TOSS-derived PW scores and actual crew
member PW ratings was significant but substantially
lower (.62) than that found for the OW case. The
inability of TAWL/ TOSS-derived PW scores to
better discriminate differences in workload among
mission segments may be atuributed to the
technique used to derive PW from the model
output. For example, instead of sclecting the
maximum PW of any TAWL/TOSS half-second
interval within a missiou segment, it may be more
meaningfe! to detennine the maximum workload
value of a longer time slice. This possibility was
suggested by the conjecture that the crew estimates
PW over a time interval longer than a half-second.
In other words, the “psychological unit* is longer
that one-hali second, ard it may be important for
the TAWL/TOSS-derived PW to match this longer
time unit. Furthermore, alternative schemes to
dctermine PW in a single time-slice may employ the
application of weights to cach workload component
before collapsing the data across components.
Since the PW scale has not previously been used to
assess workload, further research is pecessary o
determine the psychological nature of “peak
workload" and ibus the optimum PW computational
method.

Worklcad agd Qperator Performance

No rclationship was found betwecn the
independent rating of performance (IRP) and the
caew member's resl-time rating of workload.
Specifically, the IRP was uniformly high. This result
may be attributed to the scale employed by the
observer to rate performance. The experimental
performance scale was based on the rati.,. system
uscd by instructor pilots for ¢valuating students. In
comparison to the performance of students, it is not
surprising that Lie exnerimental crew members, all
from the iustructor pilot population, were given high
performance satings. That is, the pilots who
participated in this study were cxperts themselves.
They were highly profident and capable of
uniformily high levels of performance that are
independent of worlload.

Factor Validity

There were two methods utilized in toe
current UH-60A study to acquire validating
information for the empirical workload
measurement techniques. The first involved use of
principal components analysis to determire if the
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particular, a “workload” factor. Evidence for factor
validity was found: the factor loadings of the four
OWL techniques ranged from 0.8 to 09. The
ordering of the factor validities of the four workload
measures was TLX > OW > SWAT > MCH,
similar tc those found in carlicr studies on diverse
Army systems (e.g., Hill, Zaklad, Bittner, Byers, &
Christ, 1988, and Byers, Bittner, Zaklad, & Christ,
1988). This result indicates that TLX kas the
highest factor validity (for the OWL "workload”
factor) of the four measures used in the OWL
Program studies.

#han rnaen Foae~_ o
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The secead validation mcthod invoived the
collection of convergent data (Cook and Campbell,
1979). Specifically, OW, PW, and TLX cumerical
results were compared to the open-vaded
questionnaire  dawa  collected during the
post-simulator flight interview. The intervicw
results indicated a strong correspondence with the
numerical reports councerning the distribution of
workload across the missions and mission segments.
A problem with this method is the fact that the
samc populstion was used to gather both the
uumerical workload scale ratings and the verbal
interview responses. Due o time and resources
constraints, we were unable to obtain verbal
interviews concerning high and low workload




segmcats from an independent population of pilots.
This problein may limit the convergent validity, but
at the very lest, illustrates the stability of the
mcasurcmcats within the same expert population.

Simulater and Real World Workload

The crew members participating in this
study frequently commented that the workload
expericaced in the simulsior differed from that
cxpericnced in an actual aircraft. In the simulator,
there is no actual threat to life no maiter what
cquipment failures, threat, or environmental
couditions are eacountered. Further, in another
sense, performance in the actual aircraft is more
critical than in the simulator because it can impact
future carcer opportunitics. Thus, motivation and
possibly workload in the actual sircraft may bs
much bigher then in the simulator.

On the other hand, the aviators also
commented that in some cases woikioad in the
simulator may be higher than in the aircraft for
particular tasks. For example, the visual system of
the simulator does not provide all the depth cues
ihat would normally be provided in the aircraft.
Such consideraiions indicate the need to foliow-up
with the crew members wio participate in workload
investigations to cnsure that conclusions are
propesly drawn. As part of the OWL project, the
results of this sivdy were summarized and discuss=d
with the group of pilots who participated in the
study before rhis final report was written.

Real-time and Post-time Workload Ratings

Post-tuine (PT) ratings of OW and PW
collected aftcc a mission were found to be
consistently lower thae real-twme (RT) ratings
collected during the simulator flight. Ope possibie
explanation of this differcace is that PT relics on
memory which may be imperfect. This explanation
is ualikzly sincc an imperfecd memory would
produce ervors in either direction and its net effect
on pcan workload ratings would be minimal
Further, if memory had decayed, PT ratings should
bavc been closer to RT ratings for the segments
ncarer {0 the compiction of the mission. The data
do not reflect this. Workload ratings made during
the post-mission scssiou are consistently lower than
those made real-time during sll mission segments
for pilots and in the majoriiy of scgmeants for the
copilots.

Alternately, PT ratings may have been
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affected by the mere fact that the mission was
completed. During the mission, two factors may
have contributed to RT workload ratiegs: (a) the
workload associated with the specific mission
segment that was being rated; and (b) the workload
associated with the uncertainty of articipated future
cveats during the mission. In this view, mission
completion iiself may have lowered the total
subjective experience of weorkload. Thus, the PT
measures may have reflected the workload
associated with a set of specified task demands
alone while the RT measures may have reflested all
sources of workload. This speculztion is supported
by the fact that the differeace between RT and PT
ratings was greater for the aight mission than for
the day mission. The overall and geoeral incrcase
in difficulty associated with night missions may have
led *o greaier real-time workload experiences during
cach scgment of the flight as well as higher
uncertainty of anticipated future events.

| PW Workload Rati

The PW scale was a spedal measure
devised specifically for this study. An issuc
associated with the introduciion of a new scale is its
sensitivity, or its abulity to discriminate differences
in task loading as well as to provide wuseful
informatina that is otherwise unavailable. While the
PW scale was stown to discriminate differcoces in
workload, the ratings it produced were generally
about 10 points higher than those produced ty the
QW scale. However, for Segment 12, the mean
copilot PW rating was 19 poinis higher than the
meun OW rating, indicating that a momeutary peak
had occurred during that segment tnat was
qualitatively different from the peak workload that
had occurred in any cther segment. In fact, for
both day and pighi missions, Segmeat 12 is given
one of the highest ratings for PW but not for OW.
These are reasonable findings considering tht
momentary nature of the simulated engine failure.

This finding does underscore the need to
obtain measures of momentary workload as vicl] as
measurcs of workload “avcraged” over an entire
mission scgmeat or task of interest. The sensitivity
of FW to 1his difference alone, however, does not
cosure its utility. Nevertheless, further research in
the use cf PW is warranied because the concept of
pcak workload is of critical impaortance. Even one
bricf instance of overload can lead to a mission
failure in platform such as potentialiy unstabie as
the UH-60A.
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Workload Scale Acccptapce

The TLX scals received the highest overall
favorable ratings by the aviators as the best
descriptor of the workload that they experienced.
The aviators preferred TLX because they could use
it to rate workload on various subscales. The
100-point rating scale of the TLX scale was also
preferted oves the three-point scale of SWAT and
the 10-poiat scalc of the MCH technique. Tae OW,
PW, and TLX scales were also consid=red to be the
casiest scales to use. The MCH scale was rated as
the hardest to use. Some crew members disliked
the MCH scale because workload experience issues
and major systere design deficiencies were
confounded. The aviators commented that they
would have preferred that system deficiencics and
workload issues be independently addressed. Some
pilots felt ¢hat SWAT und MCH were tco time
consuring. The SWAT card sort required of the
pilots prior to tne experimental trials was also found
to be objectionable. These results, like those for
factor validity, were very similar to those found for
other Army systems in the OWL Program (Byers ct
al,, 1988 and Hill et al, 1988).

Pilni and Canilat Warklaad
gy ang Convotl Norsioas

In general, the pilots’ workload was found
to be higher for mission segrents requiring pickup
and landing zone operations, enrcute flight while
transporting an external load iv a threat
eaviroument, and for the segment which incduded a
simulated transient engine failure. For tke copilot,
workload was higher for enrouic segments with
threat and engine failure. Based on feedback from
the crew members, these findings are reasonable
aud refiect workload that wouid be found in both
the sirnulator and actual flight.

With the exception of the fuel blivet
transport and the engine failure, the copilots’
workload ratings were generally lower than the
puots’ ratings. This latter finding may reflect the
tasking of the crews during the experimental study.
That is, prior to the simulator flight, the crew
members were instructed not to sharc flight and
navigation tasks during the mission as they aormally
would have during actual flight. These conditions
were imposcd upon the crew so that a clear
comparison of pilot and copilot workload could be
mace AcFOss Crews, missions, and mission segments.
This would have been impossible i each crew used
a differcnt task allocation schewe. Thus, the finding
that copilot workload was generally lower thaa pilot
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workload may not be found in actual flight during
which the distribution of tasks (and workload)
between the pilot and copilot may nct only vary
from that imposcd during this study but could vary
differcntially as a function of mission segment.

CONCLUSION

The major coaclusions drawn from this
investigation are &s follows.

1. The TAWL/TOSS model has shown a
capability to reasonably track real-time cmpirical
measures of workload. This finding indicates that
TAWL/TOSS has substantial potential as an
analytical technique that may be applied to predict
workload early in the development cycle of a new
system.

2. Empirical workload assessment
teckniques may be readily applied in an Army
aviation setting with TLX and OW scales having the
most favorable operator acceptance and the highest
factor validity.

3. Thc PW scalc may be a uscful additior
¢hn

- ~& . ~d o
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further research and validation.
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DATA ATTACHMENT i-1

Real-time (RT) and Post-Mission (PT) Ratings vor
Gverall and Peak Workioad

Segment® oW Y]

No. Name RT Est RT® PV RT Est RT® PT

Pilot -- Day Mission

1 sp-cP1 30.7 .- 25.0 35.7 - 30.0
2 CP1-P2 3.4 -- 7. 365.4 -- 32.8
3 P2 Ope 30.3 53.0 36.4 50.0 62.&4 44.3
4 P2-12 45.0 38.1 40.7 54,.% 70.2 51.4
S L2 Ope 46.4 36.4 38.6 57.1 70.2 47.1
7 P2 Ops 38.6 .- 39.3 50.0 -- 47.8
8 PZ2-Alt LZ 46.4 38.0 43.6 55.7 MmM.2 S2.
9 Alt LZ Ops 53.6 .- 45.0 63.6 o 55.7
11 FARP Ops 32.8 29.5 25.0 46,7 70.2 30.7
12 FARP-SP 46,3 38.1  40.C 58.6 69.6 50.0
Copilot -- Day Mission
1 spP-CP1 2.3 .- 2.1 9.3 .- 30.0
2 CP1-P2 27.1 .- 29.3 32.8 . 36.4
3 P2 Cpe 16.4 15.8 25.0 21,4 48,2 3.8
& P2-L2 1.4 29.4 2.1 50.7 48.2 4%.3
S L2 Ops .3 22.7 5.7 37.7 48,2 33.6
7 P2 Ops 25.0 .- 16.4 30.0 . 23.6
§ PZ-Alt L2 38.6 35.0 3.4 4.4 50.9 43.6
9 Alt L2 Ops 31.4 .- 21.4 39.3 . 27.1
11 FARP Ops 17.8 8.8 13.5 22.8 39,2 &0.0
e TARP-SP 39.3 30.¢ 34.3 57.86 4&.2 52.8
Pilot -- Night (NVG) Nission
1 sP-cPi 43.6 .- 36.6 5.8 .- 6.3
2 CPi1-P2 42.1 -- 40.0 55.0 -- 47.8
3 92 Ops 60.7 -- 50.0 .8 -- 57.1
& P2-L2 57.8 .- 45.7 66,4 - 52.8
2 LZ Ope 66.4 -- 52.1 76.4 -- 60.7
7 P2 Nps 59.3 .- 8.6 67.8 .. 57.8
8 PZ-Alt L2 50.7 - 48.6 60.0 -- 57.8
9 Alt L2 Ops 57.8 - 50.7 65.7 - 58.6
11 FARP Ops 40.0 .- 37.8 50.7 -- 45.7
12 FARP-SP 57.1 - 56.3 70.0 -- 62.8
Copilot ~- Night (NVG) Mission
1 sp-cPi 61.4 .- 36.4 50.0 .- 4.3
2 CP1-P2 41.2 - 38.6 50.0 .- 46.6
3 PZ Ops 45.0 .- 3.3 50.0 .- 45.0
4 P2-L2 47.8 .- 46.4 £7.8 .- §5.7
S LZ Npe 39.3 .- 36.4 52.1 -- 42.8
7 P2 Ops 7.8 .- 25.6 46.4 -- 37
8 PZ-Alt LT 493 .- 46.4 60.0 -- 58.6
9 Alrt L2 Ops 40.7 .- 40.0 47.1 .- 51.6
11 FARP Ops 28.6 - 26.4 37.1 ne 3.3
12 FARP-SP Sz -- 45.0 65.0 .- 63.6
4 Segments § snd 10 wera not analyzed due to miesing data.
® Est RT rafers to VAWL/I0SS predictions of RT retings; mo such
predictions wera made for Segments 1 &.d 2 due to UH-60A
simulator failures or for Segments 7 and 9 since they were
identical to Sepments 3 and 5, respectively,




DATA ATTACHMENT 1.2

Task Load Index (TLX) Weighted sSubscale Scores

Hission Mental Physicel Tenporal Perfor- Frustra-
Segment  Demend Derard Demang mence Effort tion &

Pilot -- Day Migsion

3 137 AT 96 76 104 13
4 154 102 139 74 151 25
5 3 34 145 80 96 &5
& 192 26 159 bes 78 264
Copilot -- Day Mission
3 &4 16 46 36 &7 27
4 96 49 94 62 154 36
S 49 1} S1 3% 45 23
6 n 2 &4 26 72 &
Pilot -- Wight (NVG) Migsion
3 193 &9 156 96 140 30
4 174 88 11 &5 130 30
5 160 38 209 70 106 99
[ 146 37 200 76 11 41
Copilot -- Night (NVG) Hission
3 &3 15 74 86 74 3¢
& 104 38 €5 53 195 7
H] n 14 82 59 11 2%
6 90 34 7% 24 110 7




