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NOTICE

This report contains three volumes. Volume I, this volume, is the final report on auditory workload
assessment measures. Volume II contains pertinent non-copyrighted citations extracted from
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EXECUTIVE SUMMARY

Human Systems IAC was asked to determine the existence of a measure designed
specifically to assess auditory workload. Should no such measure be found, Human Systems IAC
was then required to give recommendations for a research plan to develop such an auditory workload
measure.

Human Systems IAC performed an in-depth literature search and consulted several subject
matter experts to determine the existence of an auditory workload measure. Based on'the available
information, Human Systems IAC was unable to locate an auditory workload metric. As a result,
recommendations were made for a developing a new metric by modifying an existing one. Utilizing
suggestions from related literature, it was recommended that an existing test, the NASA Task Load
Index (TLX), be adapted to assess auditory workload. Suggestions were provided for this adaptation.
Considerations for experimental design and selection of independent variables were also included in
the methodology provided.
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1. INTRODUCTION
1.1 OVERVIEW

This Review & Analysis (R&A) begins with a background discussion of the problem
addressed, relevant workload topics, and workload measures. It then covers findings from subject
matter expert (SME) interviews and an in-depth literature review. The recommendations for the
selection, development, and testing of a research methodology to assess auditory workload are then
presented. The document closes with a brief conclusion.

1.2 BACKGROUND

Auditory research has shown that the use of different types of auditory displays (e.g.,
monaural vs. 3-D audio) result in differences in human performance. Several Army Research
Laboratory (ARL) studies have shown that using 3-D audio displays versus monaural displays allow
the operator to process a significantly greater number of target messages with a significantly shorter
response time. However, traditional subjective measures of mental workload (e.g., SWAT, NASA-
TLX) have revealed no corresponding difference in experienced operator workload. The question is
raised whether the metrics used are sensitive to the specific demands of auditory processing (E.
Haas, personal communication, 15 August, 2000).

Although several models exist to predict the sensory components of workload (Sarno &
Wickens, 1995), ARL is not aware of a workload measure used to assess the workload demands
directly associated with auditory processing. The development of such a measure could be used to
establish a relationship between audio display design and soldier workload. This workload
assessment could then be applied to reduce workload and, consequently, enhance soldier
performance.

1.2.1 Workload

In an excellent tutorial, O'Donnell and Eggemeier (1986) define workload as the term used to
describe the portion of an operator's limited mental capacity required to perform a particular task,
given that increases in task difficulty lead to increases in resource expenditure. No matter what
definition is used, the goal of a system designer is usually to achieve "optimal" workload. Optimal
workload is defined by Hart (1991) as "a situation in which the operator feels comfortable, can
manage task demands intelligently, and maintain good performance" (p. 3). Optimal workload
enables an operator to perform at his/her full potential (Hart, 1991). The ability of a soldier to
operate at an optimal level should enhance his/her performance. Consequently, better performance
should improve effectiveness.

There are as many theories to explain workload as there are definitions. One theory
(Kahneman, 1973) suggests that workload is the drain on a system's single store of "processing
resources." These resources come from a single undifferentiated "pool" of energizing forces needed
to complete a task. Another theory (Wickens, 1991) takes a somewhat different approach in
supporting the notion that these resources exist, but that they are differentiated among multiple
"stores" of resources. The strongest empirical support is for a multiple capacity model
(Shingledecker, Crabtree, & Acton, 1982). One of the most accepted multiple capacity theories is
Wicken's multiple resource theory (MRT) (1991). MRT suggests that humans have a limited
capacity for processing information. Therefore, if an operator must perform multiple tasks at the
same time, performance on one or all of the tasks may suffer. This is because each task has less
resources devoted to it than if it were performed separately (Mitchell, 2000).




1.2.2 Workload Measures

Measures of mental workload can be divided into three broad areas: physiological,
performance/behavioral, and subjective measures (Mitchell, 2000; Whitaker, Hahus, & Birkmire-
Peters, 1997; Shingledecker, Crabtree, & Acton, 1982). Wilson and Eggemeier (1994) and O'Donnell
and Eggemeier (1986) provide excellent guidance in the selection and use of the various workload
measures.

1.2.2.1 Physiological Measures

The human body responds physically and cognitively to the demands imposed by tasks.
Some measures of physiology vary directly with cognitive demands. These potential metrics (e.g.,
eye blink rate, heart rate, pupil diameter, P300 amplitude and latency, and galvanic skin response)
can be tested. For instance, heart rate is expected to increase as workload increases. Therefore, if an
operator's heart rate increases while performing a task, it is likely that the task is increasing his/her
level of workload. However, measures often do not agree with one another (i.e., a task demand may
be reflected in P300, but not in heart rate) and agreements between measures do not occur
consistently in the literature (Whitaker, Hahus, & Birkmire-Peters, 1997). Physiological measures
also do not correlate well with performance, however, they do help identify areas of high workload
that may impact performance. These areas can be addressed by designers before a system is fielded
(Mitchell, 2000). (See Kramer, 1991, for an extensive review of physiological measures of
workload.)

1.2.2.2 Performance/Behavioral Measures

Performance or behavioral measures of workload are based on the assumption that as an
operator's workload increases, his’her performance on a task decreases. These metrics are often
employed in field settings. Performance measures are typically divided into two types of metrics,
primary and secondary task measures. Primary task measures examine the operator's ability to
perform a required task in a given system (e.g., fly a straight line in a simulator). Secondary task
measures augment the primary task methodology by asking the participant to perform a concurrent
task. This "secondary task" is designed to utilize the operator's reserve processing capability
(Mitchell, 2000). Although the primary focus of performance measures are changes in cognitive
workload, Whitaker, Hahus, and Birkmire-Peters (1997) state that, "Performance is not a sensitive
indicator of the changes in cognitive workload," (p. 5) unless the task performance is sensitive to
changes in workload. This may be due to the tentative relationship between performance and mental
workload. For example, a task requiring low mental resources can be performed well by an operator.
If the task demands are increased, the person may have the same performance, but experience a
higher level of workload.

1.2.2.3 Subjective Measures

Subjective measures of workload are instruments designed to measure an operator's personal
evaluation of the difficulty of a task. These measures have achieved the greatest success of all of the
empirical techniques of assessing workload by simply asking the operator to asses his/her own
mental workload (Moray, 1988, cited in Mitchell, 2000). These tests are also easier to administer
than the other metrics since they can be given after a task using a pencil and paper. Physiological
and performance tests typically require more complex apparatus and can have greater interfere with




the primary focus of a study. When compared to physiological tests and task performance,
subjective measures are generally sensitive, reliable, and have high face validity (Whitaker, Hahus,
& Birkmire-Peters, 1997). Face validity means that a measure looks as though it measures what it is
intended to measure (Sanders & McCormick, 1993).

' 1.2.3 Predictive Workload Models

In addition to three areas of mental workload measurement, there are also several models
that are used to help predict the levels of workload that an operator will experience when using a
given interface. These models are often used early in the development process of various interfaces
(e.g., cockpits, command and control vehicles, etc.) by predicting the various kinds of workload that
an operator might experience (e.g., visual, auditory, cognitive, temporal, etc.). Although not
applicable to the development of a measure of auditory workload, there was some question regarding
the applicability of these models in developing a measure. However through our research (Sarno &
Wickens, 1992; Aldrich, Szabo & Bierbaum, 1988; North & Riley, 1988; Parks & Boucek, 1988) it
became clear that these models are more like calculated estimates of the eventual operator workload
and do not actually measure it. Cohen, Wherry, and Glenn (1993) state that, "these estimates may
not be valid indications of the real effort levels that will be required of operators when the actual
system has been developed.”

1.3 SCOPE

Human Systems IAC is tasked with performing a literature search and contacting subject-
matter experts (SMEs) to determine whether or not metrics or measurements of auditory workload
demands exist. If they do exist, Human Systems IAC will then identify these measures and assess
their relevance to the measurement of soldier performance. If no such measures exist, Human
Systems IAC will make recommendations for the development of a research plan whose
implementation would result in such a methodology.

2. FINDINGS: IS THERE AN AUDITORY WORKLOAD METRIC?
2.1 SUBJECT-MATTER EXPERT INTERVIEWS

Human Systems IAC interviewed six subject-matter experts (SME) who have conducted or
are currently conducting work in the fields of workload or audition. The SMEs were selected based
on the literature review, suggestions made by the customer, and recommendations from other
experts. The goal of the interviews was to acquire the most current information regarding the
possible existence of a measure of auditory workload and provide any information that may not have
yet been published. Interviews were conducted over the telephone and averaged approximately 15
minutes each.

All of the experts were asked the same basic question, "Do you know of a method or scale
for measuring workload demand associated with auditory processing?" Discussions of varying
length ensued as a result of this question. While the information gathered was interesting and
informative to the author of this R&4, in the end, the answer from every expert was, "No" (see Table
1). None of the experts listed in Table 1 had worked on or knew of a metric for auditory workload.
In fact, the first response made by every person interviewed was, "Why would you need one?" This
question was asked in reference to the generally accepted nature of workload as having a global




impact on the operator. The typical use for a workload measure is to determine overall capacity
rather than assess one sensory area.

Table 1. Contributing SMEs

TExpert ofEApertie . “Kiiow of AW Meastre?.
Robert Bolia Auditory display RDT&E No
F. Thomas Eggemeier, Ph.D. Mental workload No
Mark FEricson Perception/Communication No
engineering

William F. Moroney, Ph.D. Workload/Human factors No

David Payne, Ph.D. Mental workload/Cognitive No
psychology/ Performance assessment
measures

Michael Vidulich, Ph.D. Mental workload/Cognitive No
psychology/ Performance assessment
measures

2.2 LITERATURE REVIEW

Human Systems IAC also conducted an in-depth literature review (see Appendix A:
Literature Search Strategy). The results of that search provided the bulk of the background resources
for this document. All relevant sources resulting from that search can be found in Volumes II and IIT
of this Review & Analysis (R&A). The MATRIS office of the Defense Technical Information Center
(DTIC) also conducted a search to augment the internal Human Systems IAC findings. The results
both searches can be found in Volumes II and III.

2.3 SUMMARY OF FINDINGS

Based on the survey results of several SMEs and an extensive literature search, Human
Systems IAC was unable to find a specific metric for auditory workload processing. While Human
Systems IAC found two general areas of research that were related, general workload measures and
predictive models, neither included a specific measure. Although several workload metrics that
include a mental and/or physical component were identified (e.g., NASA-TLX, SWAT, Cooper-
Harper), none of them included a sensory-specific aspect (see Section 1.2.2.3). Another area that had
potential for including an auditory workload measure was workload modeling. Several predictive
models of workload include an auditory component (e.g., TLAP, VACP, W/INDEX), however these
tests are geared toward the prediction of workload based on the recommendations of what experts
expect to experience in a situation, and not on direct measurement (See Section 1.2.3).




3. RECOMMENDATIONS FOR A RESEARCH PLAN TO DEVELOP AUDITORY
WORKLOAD ASSESSMENT METHODOLOGY

3.1 PLAN RATIONALE

The next two sections outline the rationale behind the proposed research plan.

3.1.1 Using a New or Existing Measure

Since Human Systems IAC was unable to locate an existing auditory workload measure, the
IAC must make recommendations for a research plan to develop an auditory workload measure. As
a first step in preparation for making such recommendations, it must be determined whether it is
more logical to develop a mew measure or modify an existing one. The first option, designing an
entirely new workload measure, could be a challenging undertaking. The designers would have to
develop or adapt new ways to measure auditory workload and methods to scale the information
gathered so that it is useful. The new metric would then have to be validated and proven reliable,
sensitive, selective, and acceptable to the user community (Shingledecker, Crabtree, & Acton, 1982;
Sanders & McCormick, 1993).

The second option, to modify an existing workload measure to assess auditory workload,
may be easier than developing a new metric. Changing an existing measure would only require the
designers to change the established instructions to reflect the new focus on auditory workload. Many
of the inherent problems associated with developing a new measure would be avoided. For instance,
subjective measures of workload are susceptible to contamination by experimenter and participant
expectations. Any new measure would have to be tested for this effect and adjusted accordingly
(Whitaker, Hahus, & Birkmire-Peters, 1997). While verification and validation of this modified
metric would be necessary, it should retain most of its validity and reliability. Some preliminary
pilot testing would be required to establish the modified measure's sensitivity and selectivity (F. T.
Eggemeier, personal communication, October 4, 2000).

Based on the information available, Human Systems IAC recommends that the customer
modify an existing measure. :

3.1.2 Selected Subjective Workload Measures

Given the recommendation to modify an existing measure, the next step is to select the best
measure to modify. While there are three broad areas of workload measures to choose from (see
Section 1.2.2), at the request of our customer this R&4 will focus on subjective measures. Although
there are many subjective measures of workload available, there are only three methods
recommended by Whitaker, Hahus, and Birkmire-Peters (1997) as having the most theoretical
support and the highest ratings in eight categories for successful mental workload metrics. These
categories are summarized in the five usefulness criteria (Sanders & McCormick, 1993) listed in
Section 3.2. These three measures are the Subjective Workload Assessment Test (SWAT) (Reid, et
al. 1981), the Cooper-Harper Scale (Cooper & Harper, 1969), and NASA Task Load Index (NASA-
TLX) (Hart & Staveland, 1988). All three assessment tools are multidimensional, that is they
address different components of workload, and are valid and sensitive enough to be utilized in the
proposed research plan. They also have been modified to prevent contamination by experimenter
and participant expectations (Whitaker, Hahus, & Birkmire-Peters, 1997).

SWAT, developed by Reid, et al. (1981), is a subjective measure of mental workload that
divides the operator's resources into three intuitively derived dimensions; time load, mental effort
load, and psychological stress. Participants rate their workload on a three-point scale across each of




the three dimensions. The result is a single score of operator workload. Although the three
dimensions have not been empirically validated and have been shown to be somewhat interdependent
(Boyd, 1983), SWAT has been found to be a valid, reliable, and sensitive measure of mental
workload (Whitaker, Hahus, & Birkmire-Peters, 1997).

The Cooper-Harper Scale is another subjective workload metric that might be modified to
measure auditory workload. It was originally designed to assess workload experienced by pilots in
the cockpit relative to the aircraft handling qualities. The Scale applies a decision tree and a 10-point
rating scale (scores vary from 1: very easy, through 5: moderately difficult, through 10: impossible)
to develop a workload score. With minimal rewording the metric is a sensitive measure for many
motor and psychomotor tasks as well as perceptual, cognitive, and communications tasks (Sanders &
McCormick, 1993; Cooper & Harper, Jr., 1969).

The Task Load Index developed by NASA Ames Research Center is the third metric that
could be used in assessing auditory workload. NASA-TLX provides an overall workload score
based on operator ratings of six subscales: mental demands, physical demands, temporal demands,
own performance, effort, and frustration. The overall score is often based on weighted averages,
however there is some question regarding the value of this extra step (Moroney, Biers, & Eggemeier,
1995). NASA-TLX produces consistent, reliable subjective workload rating scores (Sanders &
McCormick, 1993). NASA-TLX has been shown to be a valid, reliable, and sensitive measure of
cognitive workload (Whitaker, Hahus, & Birkmire-Peters, 1997).

While all three measures have been shown to be capable measures and could be adapted to
meet the needs of the customer, the customer has determined that NASA-TLX is the best choice for
them to modify into an auditory workload metric. This decision is based on the proven history of
NASA-TLX as a consistent and reliable subjective workload rating as well as its immediate
availability to the customer.

3.2 PROPOSED RESEARCH PLAN

The proposed research plan for adopting NASA-TLX into an auditory workload measure
will consist of two components. The first will be to recommend adapting the NASA-TLX from a
globally oriented workload measure to one designed to specifically assess auditory workload. The
second component will be to validate the adapted NASA-TLX as a viable, useful tool.

3.2.1 Adaptation of NASA-TLX to Assess Auditory Workload

The first step in adapting NASA-TLX to an auditory workload metric should be to change
the instructions for NASA-TLX to focus on the auditory component of workload. This is necessary
because NASA-TLX was designed to measure the global mental workload experienced by an
operator, not just one sensory component. Appendix C gives an example of the standard instructions
used by a global NASA-TLX survey. The instructions should be altered to reflect the new focus
desired. For example, instead of referring to a general "task" or an individual's global "experience,"
the phrases should be changed to "auditory component of the task” or just "auditory task," and the
term "experience" should be changed to "auditory experience," respectively.

These are just a few examples of the changes necessary. The experimenter should make the
final adjustments and ensure that the new instructions make sense to the operator and focus his/her
attention appropriately. It may even be worth the additional step of instructing the operator to pay
special attention to his/her auditory experiences prior to the start of the experimental conditions.
While this is different from the standard NASA-TLX methodology, it would provide for the unique
circumstances and help focus the operator's observations accordingly.




3.2.2 Validation of the Adapted NASA-TLX

After NASA-TLX has been adapted to assess just auditory workload, a methodology for
assessing its validity must be developed. Validity is the extent to which a metric measures what it
was supposed to measure (Sanders & McCormick, 1993). In addition to verifying the validity of the
adapted NASA-TLX, a test should also be designed to ensure the usefulness of the metric as
described by Sanders and McCormick.

For the metric to be be useful, it should tell the experimenter something he/she did not
already know. Shingledecker, Crabtree, and Acton (1982) and Sanders and McCormick (1993)
describe a useful mental workload metric as having five basic criteria. These criteria will be used as
the organizational framework for the recommended experimental testing of the validity of the
adapted NASA-TLX:

1. Sensitivity: the measure should distinguish task situations that intuitively appear to require
different levels of mental workload.

2. Selectivity: the measure should not be impacted by things not generally considered to be part
of mental workload, such as physical or emotional stress.

3. Interference: the measure should not interfere with or contaminate the primary task that is
being assessed.

4. Reliability: the measure should be reliable and repeatable over time (test-retest reliability).

5. Acceptability: the measuring technique should be acceptable to the person being measured.

In addition to the usefulness criteria, there are two additional considerations that should be
addressed when selecting independent variables for experiments to validate an auditory workload
assessment tool. These areas are overall system-oriented variables and specific auditory-oriented
variables.

Meister (1999) discusses three types of system-oriented variables that can be used to
describe a system's characteristics: general system variables, system structural variables, and general
behavioral variables. These variables should also be considered when measuring a system. General
system variables include factors such as requirements, functions, mission, and goals. System
structural variables include characteristics like system size, number of subsystems, system
complexity, transparency, autonomy, and dependency. The general behavioral variables focus on
factors such as tasks performed by personnel, personnel experience/skill requirements, physical
environment, and factors leading to performance degradation.

When selecting specific auditory-oriented variables, three factors should be addressed:
transmission factors, linguistic factors, and individual factors (Peters, 1991). Transmission factors
include the intelligibility and structure of the message being received. Intelligibility is the percent of
correctly identified messages (e.g., signal-to-noise ratio) and structure is a combination of the
number of exchanges and paths of communication within a given level of intelligibility (e.g.,
command, interrogative, discussion). Linguistic factors include the criticality, expectancy, and
complexity of a message with respect to the operator. Criticality can be defined as the need for the
information. Expectancy describes how prepared the operator is for the information. Complexity is
the degree of interaction of various linguistic rules in a message. Individual factors of auditory-
oriented variables are made up of the resources that the operator brings to the situation. These
include training, experience, and personal ability (Peters, 1991).

In addition to the overall research recommendations for experimental organization and
independent variable selection provided above, Human Systems JAC has also included some
suggestions for initial testing of hypotheses. Below are some example tests that could be used to
validate the usefulness of the modified NASA-TLX. While they focus primarily on individual




factors and general behavioral variables, all appropriate aspects of the system variables and auditory
factors should be addressed in the final research program.

3.2.2.1 Testing of Sensitivity

The purpose of the first group of studies would be to determine if the new instructions of the
adapted NASA-TLX are effective. They will also determine the gross sensitivity of the metric. The
method of measuring sensitivity should focus on establishing clear levels of workload based on some
empirical reasoning. The adapted NASA-TLX can then be tested against those levels. For example,
utilize workload tasks with two or more levels of task difficulty (Keppel, 1982) that have been
shown to have different, distinct levels in previous studies. Some areas that should be investigated
would be number of signals (see example study below), sound intensity (decibel level), and
interaction with background noise (Peters, 1991).

Example Sensitivity Study:

Hypothesis: Given that the adapted NASA-TLX is a sensitive metric, it will
accurately detect changes in tests with clearly distinct levels of auditory workload
and provide a numerical score for the levels.

N: 15+ (Keppel, 1982)

IV: Levels of auditory task difficulty

DV: Scores on the adapted NASA-TLX

Apparatus: Adapted NASA-TLX; tasks with levels of auditory workload that can
be varied while keeping all other aspects of task the same. We will use a flight
simulator example.

Procedure: After the usual experiment beginning (consent forms, etc.), give the
participant any pre-instructions, if applicable (see Section 3.2.1 for a discussion on
prior instructions), administer a workload-oriented flight simulator task. Keep all of
the stimuli (visual, haptic, vestibular, etc.) consistent and vary only the auditory
input. The auditory input should vary in a clear and intuitively obvious way. For
instance, low, medium, and high workload with the operator handling one, five, and
ten signals per minute respectively. At the end of the task, administer the adapted
NASA-TLX and record the results. Perform necessary statistical analyses.
Statistical analysis: One-way, within subjects (repeated measures) Analysis of
Variance (ANOVA) or parametric ANOVA, depending on the data.

Results: Theoretically, the results will correlate directly with the expected levels of
workload.

3.2.2.2 Testing of Selectivity

The purpose of this group of studies is to further assess the validity of the adapted NASA-
TLX by varying the non-auditory stimuli. If the visual, physical, etc. stimuli are changed while the
auditory stimulus remains the same, the adapted NASA-TLX results should reflect no change. These
tests also check the selectivity of the new metric. Special attention should be paid to the channel
chosen as an independent variable. Multiple resource theory (see Section 1.2.1) suggests that similar
channels will have more impact on mental resources than dissimilar channels (Wickens, 1984).
Some stimulus areas that should be addressed are visual, physical, tactile, and vestibular (Mitchell,
2000).




Example Selectivity Study:

Hypothesis: Given that the adapted NASA-TLX is a selective measure, any
increase/decrease in sensory input other than auditory will not impact the auditory
test results.

N: 15+ (Keppel, 1982)

IV: Intensity of external stimuli

DV: Scores on the adapted NASA-TLX

Apparatus: Adapted NASA-TLX; some workload task that can vary levels of
external stimuli (e.g., visual complexity), while maintaining a consistent level of
auditory workload. We will continue to use the flight simulator example.
Procedure: After the usual experiment beginning (consent forms, etc.), give the
participant any pre-instructions, if applicable (see Section 3.2.1 for a discussion on
prior instructions). Then administer a workload-oriented flight simulator task. Keep
auditory workload levels as consistent as possible (e.g., five signals per minute for
all conditions) and vary one or more aspects of the remaining stimuli (visual, haptic,
vestibular, etc.). Administer the adapted NASA-TLX after the task and record the
results. Perform necessary statistical analyses.

Statistical analysis: One-way within subjects (repeated measures) Analysis of
Variance (ANOVA) or parametric ANOVA, depending on the data.

Results: Theoretically, the results of the auditory workload scores should remain the
same, regardless of the varying sensory input.

3.2.2.3 Testing of Reliability

The purpose of the remaining studies would be to further refine the methodology used in
applying and scoring the adapted NASA-TLX. Continued tests would also be effective at
determining the reliability of the new measure by re-testing the methodology in varying situations.
The experimental components (e.g., number of subjects, apparatus, procedure) should mirror the
suggested experimental designs presented in the previous two sections. It should be noted that the
example studies focus on individual factors with general behavioral variables. Continued research
should incorporate all aspects of the system (i.e., general system variables, system structural
variables) and auditory factors (i.e., transmission, linguistic) contributing to workload as needed.

3.2.2.4 Addressing Interference and Acceptability

The described research plan and associated preliminary studies have addressed three of the
five criteria for a useful mental workload metric. The final two, interference and lack of
acceptability, are obviated by the nature of the NASA-TLX metric. Interference should not be a
factor as NASA-TLX or the adapted NASA-TLX is employed after the task is completed. It is
unlikely for the metric to interfere with the task. Acceptability should not be an issue since the test is
relatively benign and simple to take/administer. The standard form of NASA-TLX has been in use
for years.




4. CONCLUSION

This Review & Analysis described the research conducted, the findings, and our
recommendations for the development of a modified measure for auditory workload. Human
Systems IAC began this effort by questioning subject-matter experts and conducting an in-depth
literature review. Based on this review, it was established that, given the information available, an
auditory workload metric does not exist. As a result, Human Systems IAC then provided
recommendations for the selection, development, and testing of a modified metric.

If this new method of adapting NASA-TLX to measure the auditory component of workload
is shown to be effective, the method itself could lead to an entirely new battery of sensory-oriented
tests of workload. Metrics for all types of sensory input could be developed quickly and at a
relatively low cost. These tests could then be employed to completely validate predictive models
and existing areas that require measurement of sensory workload.
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6. APPENDIX A: LITERATURE SEARCH STRATEGY
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Auditory Workload Review & Analysis

Literature Search Strategy

For: Army Research Laboratory
Aberdeen Proving Ground, MD

Background:

Human Systems IAC has been asked to prepare a Review & Analysis on workload measures
or scales that can be used to assess the workload demands associated with auditory processing. This
effort stems from ARL studies showing that 3-D audio displays allow operators to process a
significantly greater number of target messages in a significantly shorter time than with traditional
monaural displays. However, the traditional measures of workload (NASA TLX [Task Load Index]
and SWAT [Subjective Workload Assessment Technique]) do not indicate any difference in the level
of workload between the two displays. This information suggests that these results are due to a lack
of sensitivity in the scales used. Therefore, a suitable and valid measure of auditory workload must
be identified and employed. The identification of this measure is the primary goal of this literature
search. ‘

It should be noted that ARL is not aware of any measurement that can assess workload
demands associated with auditory processing. Therefore this search may be an effort to determine
what is not out there. As a result, special attention needs to be made regarding the methodology of
the search to prevent Human Systems IAC from missing any major sources of information.
However, should no auditory workload scale be available, Human Systems IAC will be responsible
for providing recommendations for the development of a research plan that would result in such a
methodology that is capable of detecting auditory processing demands.

Search Terms:
See Appendix B.

Key Authors:

David G. Payne

Christopher D. Wickens

F. Thomas Eggemeier

Mark Erickson

Richard L. McKinley

Leslie J. Peters (to see her references)

Databases Used:

Aerospace Database

Cambridge Scientific Abstracts

Defense Technical Information Center (DTIC)
ISI Science Citation Index

NASA Recon

NTIS

PsychINFO

Web of Science
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8. APPENDIX C: EXAMPLE OF STANDARD NASA-TLX INSTRUCTIONS




SUBJECT INSTRUCTIONS: RATINGS (Keyboard Version)

We are not only interested in assessing your performance but also the experiences you had during the
different task conditions. Right now we are going to describe the technique that will be used to
examine your experiences. In the most general sense we are examining the “Workload" you
experienced. Workload is a difficult concept to define precisely, but a simple one to understand
generally. The factors that influence your experience of workload may come from the task itself,
your feelings about your own performance, how much effort you put in, or the stress and frustration
you felt, The workload contributed by different task elements may change as you get more familiar
with a task, perform easier or harder versions of it, or move from one task to another. Physical
components of workload are relatively easy to conceptualize and evaluate. However, the mental
components of workload may be more difficult to measure.

Since workload is something that is experienced individually by each person, there are no effective
"rulers" that can be used to estimate the workload of different activities. One way to find out about
workload is to ask people to describe the feelings they experienced. Because workload may be
caused by many different factors, we would like you to evaluate several of them individually rather
than lumping them into a single global evaluation of overall workload. This set of six rating scales
was developed for you to use in evaluating your experiences during different tasks. Please read the
descriptions of the scales carefully. If you have a question about any of the scales in the table, please
ask me about it. It is extremely important that they be clear to you. You may keep the descriptions
with you for reference during the experiment.

After performing each task, six rating scales will be displayed. You will evaluate the task by marking
each scale at the point which matches your experience. Each line has two endpoint descriptors that
describe the scale. Note that "own performance" goes from “good" on the left to “bad" on the right.
This order has been confusing for some people. Move the arrow with the right and left arrow keys
until it points at the desired location. Stop it by pressing the up arrow key. Press the down arrow key
to enter your selection. Please consider your responses carefully in distinguishing among the task
conditions. Consider each scale individually. Your ratings will play an important role in the
evaluation being conducted, thus, your active participation is essential to the success of this
experiment, and is greatly appreciated (NASA-TLX, v. 1.0).
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About Human Systems IAC

The Human Systems Information Analysis Center (Human Systems IAC, HSIAC) is the gateway to
worldwide sources of up-to-date human factors and ergonomics information and technologies for
designers, engineers, researchers, and human factors specialists. Human Systems IAC provides a
variety of products and services to government, industry, and academia while promoting the use of
human factors and ergonomics in the design of human-operated equipment and systems.

Human Systems IAC’s primary objective is to acquire, analyze, and disseminate timely information
on human factors and ergonomics. In addition to providing free basic searches, Human Systems IAC
performs other services on a cost-recovery basis:

Distribute human factors and ergonomics technologies and publications
Perform customized bibliographic searches and literature reviews
Prepare state-of-the-art reports and critical review

" Conduct specialized analyses and evaluations
Organize and conduct workshops and conferences

Human Systems IAC is a Department of Defense Information Analysis Center sponsored by the
Defense Technical Information Center. It is technically managed by the Air Force Research
Laboratory Human Effectiveness Directorate and operated by Booz' Allen & Hamilton Inc.




