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ABRSTRACT

An annotated bibliography on operator wnental woricload is presented with
suppor ing information. This bibliography is based upon two literaiure searches,
one performed in 1977 in support of a survey and aralysis catalog (AD /059-501)
and one performed in 1979 as an update.

Each literature citation presented contains reference information, an abstract,
a numerical workload techmique categuy classification, a numerical operator
behavior clamification, and a group of word descriptors. Workload methods are
divided into 28 specific techniques in four major categories: opinion, spare wental
ctpacity, primary task, and physiologicni. Applicable operator behaviors are
similarly divided into categories. ‘

The descriptors associated with each citation designate the general workload
classification, the specific workload classificaticn, tue type of presentation, the
tvpe of f‘cmties used, and the potential aircrew application. Over 600 citations
are presented. Two indexes are also provided. The first is a workload technique
index and the second is an experimental facility index. It is concluded that
pericdic updating ot the bibliography will be required and that attention should be
directed toward computerizing future workload bibliographies.
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INTRODUCTION

1.1 BACKCROUND

Technological acvances in aircraf: systems during the past several decades
have resulted in sophisticated avionics and weapons delivery subsystems which are
availabie to aid ih2 aircrew in compli«ting specified missions. The ultiruate mission
success of today's military aircraft, however, still rests on a common factor, the
human operator. To b2 effective, moder. aircraft systems, with all of their
advanced sensors and avionics, must be compatible with the capabilities and
limitations of the aircrew.

2uring the design, development, test, and evaluation of any new aircraft
system, care must be taken to insure that the new system does not place
unreasvnable demands on the aircrew bv cverwhelmiang them with too much
infermation 2nd too liitle time to srocess that information. Such comsiderations
are often characterized as 2ssessing mental workload.

It has genert.iiy beer recognized that mental workload assessment or measure-
ment is a ificult problem. First, there are difficulties in defining mental
workload. Second, there are difficulties in finding the available technology and in
select'ng appropriate techniques for measurement in any given application. And
firally, there are difficulties with the workload assessment methods themsclves.
Problems exist ir. the areas of sensitivity, irtrusion, transferability, reliability, and
validity.

The literature of mental workload is diverse and the terminology varies. What
one researcher may call mental workload, another may call attentional demand or
cognitive load. Most of the work is recent and it appears in proceedings, journals,
and reports from manv parts of the werld. Furthermore, there are numerous
studies in progress, requiring that any literature search be updated periodically if it
is to remsin current.

Because of the importance of workioad assessment in test and evaluation of
aircraft and avionics systems and because of the diversity of workload literature,
the Naval Air Station., Paruxent River, Maryland, tasxed Systemetrics, Incorpn-
rated, 1o study the availabhle literature on cperator mental workload. That initial
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study was undertaken in August 1977 and was concluded in Septewnber 1978, ThY
pioject final report contained references to more than 400 workload documents.
The report also included workload technique and operator behavior classification
schemes along with brief descriptions and typical citations for each known methad
of workload estimation, sotme 28 methods in ail.

The original survey and analysis report was printed in 150 copies, all of which
were distributed among workload researchers and users within a few months.
Because of the demand for the document, a second printing in 125 copies was
ordered. Almost all of those copies have also been diztributed, It is very clear
that the demand for documents summarizing and cataloging workload estimation
techniques is high.

In preparation for the survey and analysis report, each document selected for
inciusicn in the reference section was first abstrac{ad and categorized. Mumerical
indexes ard word descriptors were included. Each citation with its abstract,
numerical indexes, and word descriptors was then typed on a 5x8 inch index card.
The purpose oi the cards was to aid in writing the survey and analysis report and to
provide a more detailed record that could be edited and published subsequently.
Suck a record would provide more detailed information on what is contained -
each worklcad Jd~cument and, if published, would be of substantial value to
waorkload technique users and researchers.

Originally the plan was to publish the abstract cards as a companion document
to the survev and analysis report. However, when this task was undertaken in June
1979, 1t appeared prudent to update the original search and abstract all recently
available documents pricr to publishing the bibliography. It must be remembered
that workload estimation is an active :esearch area and new documents appear
frequently. Also, the origiral cards required updating and editing. Many
documents which were cited as presentations at meetizgs had subseguently been
published in journal or book form. Furthermore, experience gained in the
abstracting process could be used to increase the uwiiformiiy of indexing and
descriptor notaticns.

This report, therefore, contains an updated, annotated bibliography ot mental
workload estimation techniques. All known documeunts meeiing the selection
criteria described in Section 1.3 and available in 1979 or earlier have been
included.®* There are more than 600 citations.

While it would be helpful to read the earlier survey and analysis report, the
present roport does stand by itself and contains all necaessary formating informa-
tion regarding the annotated hibliography. It also contains a description of the
manner in which the searches were conducted.

IWierwille, W. W. and Williges, R. C., Survey and .Analysis of Operator Workload

Assessme; t Techniques, Final Report. 2lacksburg, Virginia: Systemetrics, Inc.,
5-78-101, Seprember 1978 Contract N00aZ1-77-C~0083) {AD A059-531).

*Certain 1979 dated documents may not be contained, however, because of their
publication lags.
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1.2 SEARCH PROCEDURE

To accomplish a compreliensive search of the scientific literature dealing with
various methods of ass sing mental workload, several sources were used. The
potential sources of both foreign and domestic literature that were secaiched
included booxs, scientific journals, technical reports, and proceedings of technical
meetings. Computerized information retrieval, library searches, and direct con-
tacts with the scientific community weve used to locate relevant documents.

samg ez SN N

‘ 1.2.1 INITIAL SEARCH

Computerized Information Retrievai

To provide an initial pool of workload docuwents, several co.nputerized
information search and retrieval systems were vsed. Most of these sjearches are
based on key word accessing of documents contained in the files. The user must
develop an appropriate key word index and then use various logical expressions 1in
an iterative fashion to combine these key words appropriately. The initial list of
key words chosen for use is presented in tablel. Subsequently, subsets of these
words were used in individual computeriz.d searches.

b o d
St sy g )

DIALOG system. First, a nationwide, interactive information system was
searched ihrough direct telephcne access. The particular system used is calied
DIALOG and provides 50 computer files pertaining to science, technology/
engineering, social sciences (humanities), and business/economics. Complete
reference citations, accassion numbers for ordering references, and abstracts are
readily available on request ithrough the National Technical Information Service
(NTIS).

Ay

2
v
*

v

Searches of three files, COMPENDEX (Engineering Index). N1IS including
Defense Technicai Information Center (DTIC), and PSYCIHCLOGICAL ABSTRACTS
(American Psychological Association), were conducted on DIALOG. This search
provided more than 900 titles that contained potential informaticn on mental
workload.

DTIC report bibliography. The literature contained in the dialog system
includes primarily reports published within the last 10 years. To provide a more
comprehensive survey of the techrical report literature, a broad coverage survey
of DIIC files was requested covering human operator workload measurement
methodology, research, and applications to human operator/machine systems.
Specifically, requests were made for annotated bibliographies, including AD
numbers, which cover the broad human factors, aircrew systems, man-machine
relations, psychology, personnel evaluations, ard stress/physiology areas. Three
report libliographies were obtained from DTIC covering the periods 1947-1957,
1957-19¢7, and 1967-1977, respectively. These three bibliographies combined
resulted :n a list of over 300 titles.

- P i
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Table 1

List of Kev Words

Workload

Workicad Estimation
Spare Mental Capacity
Human Information Rate
Psychological Stress
Streas Due to Workload
Stress Due to Overloading
Mental Stress

Uuman Operator Workload
Operator Workload
Secondary Task

Auxiliary Task

Primary Task

Human Information Processing Rate

Operator Loading

Operator Channel Capacity

Human Operator Channel Capacity
Extra Task Ferformance

Task Induced Stress

Physiological Measu~es of Stress

P e

Difficulty of Operator Tasks
Subsidiary Tasks

Attentional Demand

Pilot Workioad

Mental Load

Perceptual Loading

Reserve Capacity

Time Sharing Respanse of Human Operators

Pilot (Mental) Fatigue

Task Induced Stiess

Task Difficulty (Measurement Of)
Sensory Overloading
Physiological Stress

Information (Of the

Operators)

Capacity

Time Sharing
Pilot Time Sharing
Sccondary Tasks
Residual Capacity

Residual Attention

Human

;3
!
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CDIC library. A search similar to the one described for DTIC reports was
requested from the Control Dispiay Information Center (CDIC! library at the Air
Force Flight Dynamics Laboratory, Wright-Patterson Air Force Base, Ohio. This
library has a unique listing of human factors-related documents pertaining tc
aircrew z2nvironments not normally found in the open literature. Abstracts of 27
references were obtained from this search.

Tuits library. Muny of the clder lmman factors documents are available
through the Tufts library collection which is now housed at Johns Hopkins
University. Dr. Stanley Lippert, who developed a computerized search of the
complete Tufts bibliography, searched the files according to the key word structure
used on the other computerized searches. Unfortunately, these specific terms did
not appear in the Tufts bibliography to any great extent. Therefore, the Tufts
bibliography published by the Humar. Engineering Laboratories, Aberdeen Proving
Ground, Maryland, was manually searched.

Library Searches

Computerized searches are not exhaustive, largely because many of the
reference sources are no! included in the files. This is particularly true for
proceedings of professional meetings such as the Humar Fazctors Society and the
Annual Conferance on Manual Control. To supplement the computerized retrieval,
an extensive library search was made of several abstracting documents including
Ergonomics Abstracts (which includes proceedings of technical meetings), Journal
Supplement Abstract Service of the American Psychologicai Association,
Psychological Abstracts, and Dissertation Abstracts as well as selected journals
such as Acta Psychologica, AIIE Transactions, American Psychologist, Appiied
Ergonomics, Aviation, Space, and Environmental Medlcme, Ergonomics, British
Journal of Psychology, Canadian Journa! of Psychology, Human Factors, IEEE
Transactions of Man-Machine Systems, IEEE Transactions on Systems, Man, and
Cybernetics. Journal of Experimental PSE'hol__gx Journal of Motor Behavio,
Organizaticnal Behavior and Human Perforinance, Perception_and Psychophysics,
Perceptual and Motor Skills, Psychological Bulletin, and Psychological Review,

Two additional library holdings were also included in the literature search.
One library was the existing bibliography pertaining to workicad assessment
methodologies which was maintaired by Dr. S. G. Schifiett at the Naval Air Test
Center, Patuxent River, Maryland. The other libray was the AGARD index and
report holdings mainiained by Dr. J. ¥. Pollard of the Biological and Medical
Sciences Division of tne Office of Navai Research in Washington, D.C. Over 2000
pages of indexing were searched in this library holding the AGARD Index of
Putilications from 1952-1676.

Cuontacts with the Scientific Community

Several direct contacts were initiated with members of the scientific
community currently involved ir workload assessment methodeclogy. Three sub-
groups of individuals were mailed requests for reprints of their contributions to the
field. Specifically, letters were mailed to six members of the TriService T&E
Tecpnical Advisory Group, eight members involved in the TriService/NASA
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Operator-Crew Workload activities, and 52 individual scientists who were known to
have Leen involved in workload-related research. The response received from
these requests was most gratifying and provided a valuable source of information.

In addition, site visits were made to the Naval Aerospace Medical Research
Laboratory (NAMRL) facilities at Pensacola, Florida, and New Orleans, Louisiana,
to discuss current workload-related research activities.

1.2.2 UPDATE SEARCH

The update search was planned to provide maximum access tc wecrkload
literature that had become availablc between 1977 and 1979. This search was
optimized on the basis of cxperience with the initial search and consisted of three
main components: computerized information retrieval, library searches, and
inguiries in the scientific community. E-=ch of these components yiclded substan-
tial numters of document citations having a bearing on workload.

Cnmputerized Information Retrieval

A procedure similar to that used earlier was followed for the computerized
search. The LDIALOG system was again used as the main source of information.
Limits, however, were placed on dates of documents retrieved, with documents
appearing prior to 1975 being eliminated. Allowance for the years 1975 to 1977
was considered appropriate because of possible lags between document dates and
actual appearance, plus time to enter the comput*:rized information data base.

The DIALOG search included seutches of COMPENDEX (Engineering Index),
NTIS including DTIC files, and PSYCHOLOGICAL ABSTRACTS (American
Psychological Association). A set of logical expressions made up from the list of
key words appearing in table I was again developed for the search. This was
performed on line so that the number and type of titles obtained could be adjusted
prior to complete printout of all titles. The procedure increased the efficiency oif
the search substantially. In total, approximately 300 initial citations were
obtained.

In parallel with the DJALOG search, the National Aeronautics and Space
Administration was requested to perform a seach of their cientific and Technical
Information Office computerized information system in Washington, D.C. A list of
key words was provided. Because NASA had not participated in the initial search,
citations dating back to 1970 were requested. This search resulted in another 300
citations. However, because of NASA's extensive, direct experience with pilot and
astronaut workload problems, this search provided a high yield of new documents
meeting the selection criteiri.. Several of the documents cited were from foreign
sources and had not appear .d through the other information retrieval sources.

Library Searches

Because computerized searches cannot be considered exhaustive, a direct
iibrary search was instituted again in the update. The search was conducted in the
same way as the earlier search, th-* is, including abstracting documents and




Y

JOPRIY w— gl oy

T vy
TTOPRE QTN NPT FTHRE TR ST T w =

SY-27R-80

journals and pioceedizngs known to be published on the subject of operator
workioad. The publications and abstracting decuments searched were essentially
the same as those mentioned in the original library search (Section 1.2.1).

Contacts with the Scientific Community

The list of individuals to whom initial requests for documents had been mailed
was updated. In addition, the Human Factors Societv Directory was searched for
individuals who included operator workload {or similar terminology) as one of their
technical specialities. Also, contacts at technical meetings provided the names of
additional individuals, In total, approximately 100 letters were sent requesting
documents and information on workload publications for the years 1977 through
1979. The cooperation of the workload comrunity was very encouraging and
netted approximately 100 technical pagers, reports, and citations.

1.2.3 DOCUMENT RETRIEVAL

On the basis of the titles and abstracts obtained from the search, documents
appearing to meet the selection criteria were ordered from NTIS or were otherwise
obtained in a single copy. Approximately 80% of the documents cited in this
bibliography were classified on the basis of the entire document. In the remaining
cases, the documents were classified on the basis of the abstract and any other
information, such as teiephone calls to authors or direct knowledge of the ongoing
work. It was felt that classification based on all available information would be
more advantageous to the reader than no classification when the full document was
not available. While such a procedure mayv result in some slight inaccaracies in the
classifications, these are believed to be minor.

1.3 SELECTION CRITERIA

Given the large poci of documents obtained by the combined search proce-
dures; it was necessary io develop a set of criteria for inclusior of a reference in
the final biblicgraphy. Both a general set of criteria as well as a specific set of
criteria were adopted.

General Criteria

For a document to be included, it had to satisfy the criteria listed in this
section.

A. Topic. Each document had to be applicable to, deal with, or apply
workload concepts. Workload here is used in a general sense and includes
the terms: spare mental capacity, residual attention, mental load, etc.
The term "workload" or similar terms need not explicitly appear in the

document provided that a description similar to workload appears and is
used.

A.l. Topic discrimination. Each document had to involve mental work-
load, as opposed to physical workload (physical labor, for examp!le)
» hardware workload (computer workload, for exaraple).

e e L L s A BN kA o I
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A.2. ‘Topic clarification. Mental workload is assumed to occur when &
human operator performs perceptual, mediational, communication,
or motor processes, or any comkinaticn thereof.

A.3. Topic background. A document providing essential background
needed for development of a mental workload concept as presented
in a later document or a paralilel document was included.

Subject population. Each document bhad io describe work with or be
applicable to normal adults. Studies dealing with specific groups of
normal adults such as drivers, females, trained system operators, and
pilots were included. Studies dealing with nonhumans, nonadults, and
adults with physicai or mentzal disabilities or debilitating diseases were
not included.

Application. Each document had to be at least potentially applicable to
aircrew mental workload assessment in simulation, in flight test, or as
background information.

Level of contribution. Each document had to contribute to the scientific
understanding of mental workload and its measurement.

Existence. A full copy of each document must exist in print or in
copyable form. Documents appearing in summary, with sufficient detail
to make them usable, and meeting all other necessary criteria as listed
here, were included. Documents appearing in short abstract only,
personal communications, and verbal presentations were not included.

Specific Criteria

For a documeni to be included, it alsoc had to meet ai least one of the criteria
listed in this section.

A,

B.

Measurement techniques. A document relating menta! workload te any
other measurable variable was included.

Constructs and models. A document involving philosophical or mathemat-
ical constructs or models was included only if mental workload was at
least potentially assessable from the constructs or models.

Experimental design. A document involving human operator loading was
included only if specific implications were made regarding mental wori-~
load concepts. (Human operator loading is detfined here as an indepena...t
variable, that is, any controlled change in experimental conditions that
may result in changes in operator behavior.)

Design methodology. A document involving design methodalcgies

(methods eungineering in industrial engineering, or workspace desiga in
human factors engineering, for example) was included only if specific
implications were made regarding mental workload concepts.
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CLASSIFICATION SCHEME

¢ et

The classification scheme used for the annotated bibliography was developed
to provide information to the user or researcher regarding the type or types of
workload estimation employed in the cited document and the range of operator
v behavicrs to which the document may be applicable. Additional infcrmation in the
form of w..d descriptors also appears. The descriptors provide information on tie
type o! document, facilities used, and potential applications. Once the reader
understands the classification scheme, it should be pussible to determine wheather
or not a given document has bearing on a specific workload problem at hand.

2.1 WORKILOAD CLASSIFICATION

The most important dimension in the classification schemme is the workload
classification dimension. The literature on worklsad is so diverse that categoriza-
. tion on the part of the reader of this literature is almost intuitive, It is, however,
important to select a categorization which groups the various workload techniques
in a logical way sc that conflicts and discrepancies on workload concepts are
minimized. The taxonomy of workload methods that evolved from the documents
reviewad is presented in table II along with a graduated numbering designation.
Basically, the various methods are grouped into fcur major categories (subjective
opinion, spare mental capacity, primary task assessment, and physioiogical
measures) which are further subdivided into 28 individuzl techniques. Each of
these specific techniques as well as the higher-order classification terms are
described in detail in Section 4 of the earlier survey and analysis report.

P TR MREIINC ] 5 M0 I, 4R3PTI g

In the bibliography which follows, reference to the workload dimension appears
directly below the abstract as a numerical classification entitled "W/L Cat. Code."
Table III shows a typical citation., The numbers appearing in this classification
refer to the workioad techniques described in the document. The numbers !
correspond to the numbers appearing in table II. In the example, two workload '
techniques are cited. The first is 2.2.4, a secondary task of an adaptive type using
either an arithmetic or a logic task. The second is 3.1, measures taken from the
primary task, analyzed individually or singly.

PSP

v b

It should be ncted that in many documents emphasis is on one workload

technique, but additional measures are also taken cr discussed in detail. When this j
occurs, all techniques receivirng appreciable coveruge are included in the workload '
classification.
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; 1.1
1. Subjective Opinion {
' 1.2

(2.1

P

2.2

2. Spare Mental Capacityﬁ

2.3
3.1

3. Primary Task 3.2

(4.1

4. Physiological Measures J
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Table 11

Rating Scales

Classification of Workload Methodologies Dimension

Interviews and Questionnaires

2.1.1
Task Analytic {
2.1.2

iz.l
2.2.2
Secondary Task{ 2.2.3
2.2.4
2.2.5
Occlusion
Single Measures
Multiple Measures
Math Modeling
(3.1.1
4.1.2
4.1.3
4.1.4
4.1.5
4.1.6
Single Measums< 4.1.7
4.1.8
4.1.9
4.1.10
4.1.11
4.1.12
\4.1.13

Combined Physiological

Speech Pattern Analysis

11

Task Component, Time Summation
Information-Theoretic

Nonadaptive, Arithmetic/Logic
Nonadaptive, Tracking

Time Estimation

Adaptive, Arithmetic/Logic
Adaptive, Tracking

FFF

GSR

EK G

EMG

EEG

ECP

Eye and Eyelid Movement
Pupillary Dilation

Muscle Tension, Tremor
Heart Rate, Heart Rate Variability,
Blood Pressure

Breathing Analysis

Body Fluid Analysis
Handwriting Analysis

Measures

[

" ek WAL L s,

PR




SY-27R-80

Table II

Example of Annotated Bibliography Format
Using a 5x8 Inch Index Czard

Krause, E. F. and Roscoe, S. N., Reorganization of Airplane Manual Flight Control
Dynamics. W. B. Knowles, M. S. Sanders, and F. A. Muckler (eds.), Proceedings of
the Sixtecnth Annual Meeting of the Human Feactors Society. Santa Monica,
California: Human Factors Society, 1972, 117-126.

Experiments were conducted in a Singer-Link GAT-2 simulator to evaluate the
effectiveness of a system providing direct control over aircraft maneuvering
performance. Pilots performed complex navigational tasks involving the use: of a
computer-assisted area navigation system. Changing way-point storage capacity of
the simulated navigation system induced variable task loading on subjects. The
experiment was replicated with and without an adaptive, digit processing, sice task
to determine levels of 1esidual attention associated with the control modifications
and the varying levels >f workload. Tke flight performance controller yielded
greater precision of maneuvering control, fewer procedural blunders, and an
imcreased level of residual pilot attention.

boni Sued et pun Swx e g BN =N

W/L Cat. Code: 2.2.4, 3.1

Op. Behav. Code: 1., 2., 4.

o &8

Spare m. capacity Subsidiary task Experimental Flight simulator Fiight simulation

".y 4

Primary task Single measures Fligh! test
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2.2 OPERATOR BEHAVIOR CLASSIFICATION

The purpose of the operator behavior classification is to provide information
to the reader on the range of operator behaviors or tasks described or employed in
the cited workload document. To attain this purpose, it is necessary to categorize
or otherwise classify operator behavior in systems.

The range of operator behaviors and their taxonomies have been investigated
for several years. These taxonomies have been ured to obtain an 'inderstanding of
what functions an operator jerforms in a system and as a basis for task analysis.
One widely used listing of operator behaviors was developed by Berlinger, Angell,
and Sihearer (1964).2 This approach breaks operator behavior into four major
processes {perceptual, mediational, communication, and motor) as shown in
table IV. These four major processes are further subdivided into seven activities
and then into 47 operator behaviors. This classification yields good agreement
among investigators in determining specific behaviors of operators in systems.
Consequently, this approach was used to classify operator behaviors.

Early in the process of classifying documents for the survey and &analysis
report, it became evident that the literaiure on operator workload did not lend
itself to a highly detailed categorization of operator iehaviors. Generally, the
literature could only be classified down to the second level of detail. Conse-
quently, the literature was classified only according to the four major processes
and seven activities shown in table IV, instead of the 47 behaviors. Even at this
less-refined level of analysis, classification of the literature according to the
operator behaviors dimension appeared more subjective and unreliable than classi-
fication in terms of workload technique.

The second line below the abstract designated "Op. Behav. Code" contains the
behavior classification. In the example of table IIl, the general categories of
operator behaviors described in the document are 1. Searching and identifying
types of perceptual processes, 2. Information processing and problem solving types
of mediational processes, and 4. Simple and complex types of motor processes.

zBex-linex', C., Angeun, D., and Shearer, D. J., Behaviors, Measures, and Instruments
for Performance Evaluation in Simulated Environments. Paper presented at the
Symposium and Workshop on the Quantification of Human Performance,
Albuquerque, New Mexico, August 1964.

13
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Table IV

Classificetion of Universal Operator Behavior Dim tnsion

(After Berliner, Angell, and Shearer, 1964)

Procemes Activities Speciiic Behavior
1.1.1 Detects
1.1.2 Inspects
1.1 Searching for and 1.1.3 Obscrves
receiving information i.1.4 Reads
1.1.5 Receives
1. Perceptuzl processes 1.1.6 Scans
1.1.7 Surveys
1.2 Identifying objects, 1.2.1 Discriminates
actions, events {1.2.2 Identifies
1.2.3 Locates
(2.1.1 Categerizes
2.1.2 Caiculutes
p 2.1.3 Ccdas
2.1 Information procesaing{ 1.4 Caomputes
2.1.£ Interpolates
2.1.6 lkemizes
2.1.7 Tadulates
k2.1.8 Translates
2. Mediational processes
(2.2.1 Analyzes
2.2.2 Calculates
2.2 Problem solving and 2.2.3 Chooses
~ decision-making 2.2.4 Compares
2.2.5 Computes
2.2.6 Estimates
2.2.7 Pleais
3.1 Advises
3.2 Answers
3.3 Communicates
3.4 Directs
3. Communication processes 3.5 Indicates
3.6 Informs
i 3.7 Instructs
L3.8 Requests
3.9 Transmits
4.1.1 Activates
4.1.2 Closes
- 4.1.3 Connects
4.1 Simpla/Discrete 4.1.4 Disconnects
4.1.5 Joins
4.1.6 Moves
4. Motor processes 4.1.7 Presses
4 4.1.8 Sets
4.2.1 Adjusts
4.2.2 Aligns
\4.2. Complex/Continuous 4.2.3 Regulates
4.2.4 Synchronizes
4.2.5 Tracks

™
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2.3 WORD DESCRIPTORS

In oddition to the numerica! classitications tor workload technique and
operator behaviors, each citation v.as also clessified according to five categories
by means of short word descripturs. The purpose of these descriptors was to
convey information to the reader quickly on the detaiis of the cited document,

At the bottom of each citation, five cclumns of descriprors appear. Geing
from left to right, the first two columns provide wo.kload technique classification
infcrmation in easily recognizable form. The first columnn ind:cates which of the
four major categories of workload estimaaticn are described. The entries in this
column correspond exactly to those cof the first column of table II. The second
column of each citaticn provides a detailed description of the workload techniques
employed and represents a hybrid descripticn of the second and third columns of
table I. Consequently, the descriptors in table II have beesn changed in some cases
to provide the maximum infor'-atios in the least space. Also, in the second
cclumn, when five or more worklo: 1 techiiques have been ¢ mployed or described in
one document, the term "multiple" has been used.

The third column specifies the type of presentation, as either Review,
Coustruct, Experimental, or some combination. Documents presenting a brief
review prior to developing a construct or describing an experiment were not given
the Review desigi ation.

The fourth columr lsts the experimental facilities used in the experiments
described. In the case uf review articles, if the review refers in a substantial way
to earlier experiments, tlhe facilities associated with those experim:nis are
designz ied. Ca the other haad, if the veview does not extensively describe eariier
<xperiinents, no facilities are designated. Entries in this column consist of None or
some combinztion of Laboratcry?, Field, Simulatsr, Flight simulator, ar<d Flight
test.

The fifth columrn describes the potential aircrew application ernvironment.
Thuse docurrents prowviding hackground informatinn indirectly applicable to aircrew
yproblems were der'gnated by the term Background. The rerraining documenis were
classified as confaining information having dircct bearing in "Flight simulator"
experiments > "Flight test” experiments, or both.

x
If the experimental facility was a computer, the designation Laboratory was uaed.

15
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CONCLUDING REMARKS

The main purpose of the remarks in this soction is to aid researchers who may
become involved in futire workload literature reviews or who wish to gain greatar
itsight into the current review. Several matters have become apparent as a result

of completing this anrotated bibliography and the earlier survey and analysis
report.

First, it is clear that mental workload e-*imation is an active fieid of
research. The fact tha: 290 additional refarences were fou:d between 1977 and
1979 attests to this. It is suggosted that search updates should be made in eaclh
biennium. Waile timing is not critical, to wait mcre than three years to perform an
uvdate may again result in a task of snormous magnitude. When performing such a
search, it is important to allow time overlap with any previous search. Overlap
allows inclusion of publications which are dated prior to actual availability. Also,
as indicated earlier, somec papers prescnted at technical meetings eventually

appear in journals, proceedings, and books, and it is helpZul to the reader to list the
moat accessible citation.

As the size of this documeni demonsiraies, something should be done to muke
the workload literature more manageable. Prohably this document is the maximum
usable size, and future updates should be tied in with computerizing the citations.
Initial work in this area is underway using the New Jersey Institute of Technology
Telenet System: (Electronic Information Exchange System). However, this work
represents a feusibility study. A more permanent approach needs to be developed
that coald be used for the next two decades. The apprcach should ailow additions,
editing, indexing, and cross-referencing by authorized personnel as well as
accessing, read out, and print out by researchers and users.

Additiona) work should be done on bounding the topic of mental workload.
While the selection criteria presented in Section 1.3 have worked well in most
cases, certain problems remain. Foremost among these is the need for a better
definition of "esseatial background.” At present, whether or not ¢ document should
be inciuded because it represents essential background is entirely a matter of
judgment. To illustrate the difficulty; comsider the secondary task method of
werkload estimaticn and its rciotionship to dual-task performance studiad by
experimental pcychologis's. There are at least a thousand publications dealing with
dual-tasks. They address many aspects, including sense modalities, timing,
instructionr, cognitive processing, and interfereuce. Their relationship to secondary
tasks is on a continuuni. Some provid¢ more usable background than others, and It
io difficult to decide which to irnclude and whick to excluda.

16
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Alsi: . terms of bounding workicad, more attention shovld bte given o what
‘might:-be termed subsidiary defir‘ions. M mtal workloed itself can be considered as
a global term. As sa analogy, consider the woed "automation." It has distinct
meaning and yet conjures up different images to different people. It appcars that
mental workload has this problem alsu. By curefully defining subsid‘ary categories
that ninimjze overlap, progress wight be made toward resclving the difficulties in
defining woekload.

Lastly, a prodlem remaina ir terms of applicabllity of the literature. The
survey and analysis report and this annotated bibliography both use the “"universal
operator beheviors" approach as an applications dimension. However, most
literature cuts across two, three, and, in some cases, all four of the major
categories of operator behaviors. Consequently, the information contained in the
"Up. Behav. Code" notation is quite general. Future reviews siould address
refinements or alternatives to as=essing applicability.
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Adamn, R. J. and Rich, P. RNAV waypoint charting effects on pilot procedures,
training and workload. In Proceedings, Nationai Aerospace Meeting, Denver,
Color. April 13, 14, 1977, 31~37. (Washington, D.C.: Institute of Navigation).

A summary is presented of the analytical procedure used to egtablish waypoint
caarting requirvements. From this theoretical base, the paper introduces several
currently used area navigation (RNAV) Standard Instrument Department (SID) and
Standard Terminal Arrival FRoutes (STAR). The advantages gained by both the pilot
and air craffic control system through the pvoper use of pilot procedures is
quantified by umsing detailed flight test results from the Migwi, Denver, and
Chicago terminal sreas and also flight simulator results.

W/L Cat. Code: 3.1

Op. Behav. Code: 1., 2., 3., 4.
Primary task Single measures Experimental Flight simulator Flight simulator

Flight test Flight tust

Akhutin, V. M., Zingerman, A. M., Kislitoin, M. M., and Menitskii, D. N. Complex
evaluation of the functional state of a human cperator in control systems.
In Optimization of the professiounrl artivity ol . cosmonaut. Moscow:
Tedatel'stvo Nauka. 1977, 234-244. (in Russian.; i

A study of the psychophysiological reactinns of human operators performing control :
operations has indicated two fcrms of regulaticn of the heart beat rate by the
parasympathetic nervous system. The distirguishing between types cof regulatior
confirms a. analysis based on EEG indices :nd also shcws the usefulness of the i
sensory-motor tracking procedure used in tfe paychophysiological study. The use
of the experimental data to establish reguiation information evaluation criteria
and to predict the dynamics of operator tunasion 1s considered.

W/L Cat. Code: 3.1, 4.1.3, 4.1.5, 4.1.10 y

Op. Behav. Code: 1.2, 4.2

Primary task Single mrasures Experimental Laboratory Flight simulator i
Physiological EEG i
EKG g

Heart rate, g

h.r. var. '

19
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Albanes2, R.A. Mathematicel analysis and computer simulation in wilitary
migsion workload assessment. Proceedings of the AGARD Conference on Methods
to Arsess Workload, AGARD-CPP-216, April, 1977, Al3-~1 - Al3-6.

3
1
ki
i

A
1

This paper dlscusses mathematical and computer approaches to the assessment of
crew workload during military missions. Three analysis tools are discussed: (1)
estimation algorithms, (2) linear models, and (3) nonlinear/hybrid models. These
separate but interacting methods provide increasing levels of detall in an-
analysis, but require increasing levels of effort to obtain a result. A central
element in this presentation is emphasis on the notion that a significant

measuvre of crew worklcad is acceptable accomplishment of the mission plan.
Mathematical analysis and compucer simulation, properly employed, provide

several measures of workload to the investigatcr, including mission accomplish-
ment measures.

_4.,.‘
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W/L Cat. Code: 3.1, 3.3

Op. Behev. Code: 1., 2., 3., 4.

Lkl e, AT It e e At

Primary task Single mezsures Construct None Flight simulator K
! I Math. modeling Flight test
i 3
1

Albanese, R. A, Quantitative military workload analysis. In B. O. Hartman and
{ - R. E. McKerzie (Eds.) Survey of methods to assess wvorkload. AGARD-AG-24K
E: J August, 1979, 69--71.

|

| ‘ This report dlscusses a method cof tradeoff amnalysis as applied to workload analysis
1 5 in the military environmert. It 1s sguggested that workload stndies be performed

’ J: ir a tradeoff setting which allowa the analyst to estimate the return on invest-
ment he has earned through his proposed system modifications. 7The methodologies
described employ mathematical modeiing technigues. It is emphasized that these

techniques are an adjunct to, and not a replacement of, more traditional methods
of workload analysls.

L B gy,

;é » W/L Cat. Code: 3.1, 3.3

%;? Op. Behav, Code: 1., 2.

1 Primary task Single measures Construct None Background ;
1 Math. model }
1
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Allen, R.W., Jex, H.R., McRuer, D.T. and DiMsrco. R.Jj. Alcohol effects on
driving behavior and perforaance in a «ar simulator. IEEE Trancactions on
Systems, Man, and Cybernetics. 1575, SMC-5, 498-505.

A fixed-base sinulsiion was developed to test the effect of alcohol on driving
performance. Measurements of both driver control behavior and driver-vehicle
performance were cbtained for the steering tesk, and detection and recognition
indexes and reactinn time were measured on the discrete task. Preliminary rvesul:cs
on scamming behavinr are also presented. aAlcohol causes larger lane and heading
deviations, and increases detectior. and reaction times on the discrate task.

Both continuous steering contrnl and discrete peripheral "sign" response taske
were performed, singly and combined, to inveatigate the effects of divided
attention., Perrcrmance on the steeriag contol task was decreased when both tasks ‘
were done concurrently, but the sensitivity to alcohol effects was 3imilar. ‘

o

e

W/L Cat. Code: 2.2.1, 3.1, 4.1.7 ‘ i
p. Behav. Code: 1., 2., 4. |
Spare m. capacity Subsidiary task Experimental Simulator Flight simulator

Primary task Single measure Flight test

Physiological Eye movement

On the division or attention: a !

Quarterly Journal of Rxnerimental

Allport, D. A., Anronis, B. and Reynolds, P
disproof of the ringle chanmel hypothesi

Psychology, 1972, 24, 225-235.

.
-
D

In dichotic listening, subjects are appavently unable to attend simultaneously
to two concurrent, auditory speech messages. ilowever, in two experiments
reported here, it is shown thet people can attend to and repeat back continuous
speech at the same time as talking in complex, unrelated visual scenes, or even
while sight-reading piano music. In both cases performance with divided
attention was very good, and in the case of sight-reading was as good as with
undivided attention. 7There was little or no efisct of the dual task on the
accuracy of speech shadowing. These rerults are incompatible with the
hypothesis that human artention is limited by the capacity of a general-purpose
central processor in the nervous syastem. An alternative, "multi-channel”,
hypothesis is outlined.

W/L Cat. Codsz: 2.2.1, 3.1
{)p. Behav, Code: 1., 2., 3.
Spare w. capacity Subsidiary task FExperimental Laboratory Flight simuliator

Priwary task Sirgle measures Flight test
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? " Alluisi, E. A. and Morgan, B. B., Jr. Effects of practice and work load on the

g performance of a code transformation task (COTRAN). Moffett Fleld, California:
, National Aeronautics and Space Administration, Contractor's Report NASA CR-1261,
" 1969.

N The effects of practice and operator workload on the acquisition
‘\ end performance of a code~transformation (COTRAN) task are reported. The COTRAN

task was developed previously (cf. Alluisi & Coates, 1967) to provide a means for
obtaining performance measurements of that part of intellectual functioning which is
‘i typically called "non-verbal mediation”; it follcws the problem-solving paradigm.
The experiment was conducted in two phases. During the first, or acquisition phase,
27 COTRAN problems were solved on each of four (Group-4, with four subjects), eight
(Group-8, with twenty subjects), or twelve (Group-12, with four subjects) successive
l days. Performance reached asymptotic levels in four to six segsions, in general,
and t! » differences in final levels of performance of the three groups (4, 8, and 12)
vere not statistically significant. During the second, or transfer phase of the study,
‘ each of the 2R subjects solved 27 COTRAN problems on each of five successive days
while time-sharing the COTRAN task with different combinations of tasks selected from
z multiple~-task parformance battery. The results indicate that skilled COTRAN
I performance is sensitive to at least two or three levels of workload stress, and
i that different subjects may tend tu adopt different strategies in time-sharing the
COTRAN task with other tasks. '

i W/L Cat. Code:  2.2.1, 3.1
‘ Op. Behav. Code: 2.
1

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator
. Primary task Single measure

. Alluiszi, E. A. and Morgan, B. B., Jr. Eifects of sustained performance of 3

time-sharing a three-phase code transformation task (3P-COTRAN). 3
.- Perceptual and Motor_ Skills, 1971, 33, 639-651. ¥
h

The 3IP-COTRAN task was time-shared with 5 different corbinations of tasks

selected from a multiple-tagk perfor ance battery (MTPB) used in a synthetic~
work approach to the study of work behavior or sustained performance (Alluisi, 1
1969). 20 Ss previously trained to a high level of skill on the 3P-COTRAN :
task were divided at random into 5 groups of 4 S3, each of which then time~- 1
shared the task with a different combination of MTPB tasks. Results were ;
analyzed in terms of both the effects cf the time-sharing on the 3P-COTRAN ¥
performances, and the effects of 3P-COTRAN on the time-shared MIPB performances.
Evidence of the adoption of different response strategies to time-shared tasks,
especially under conditions of operator overload, or workiovad or performance H
stress, was found, and the methodological implications of this finding are ﬁ
discussed. g

F
3
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W/L Cat. Code: 2.2.1, 2.2.2, 3.1
Op. Behav. Code: 1., 2., &.

Spai2 m. capacity Subsidiary task Experimental Laboratory Background ;

Primary task Single measures
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% Anderson, D. B. and Chiou, W. C. Physiological parameters arsoclated with extended

i helicopter flight missions: an assessment of pupillographic dats. Fort Rucker, ,

& Alabema: U.S. Aimy Aeromedical Research Laboratcry, USARRL no. 77-21, Finsl -I s

% report, Soptember, 1577. (AD A052 771). 2

i Six Army aviators were used to study variocus psychological and phyeiologicazl v i

£ parameters of flight fatigue. This study reports the characteristics of ths » fi

5 pupillary reflex response to light and of the pupillary swpiitude variatior. It o4

¥ was found that the waveform characteristics of the pupillary reflex responsne to - (§

: light were relatively irregular. Qualitative analyses revealed that the biinking . W

i yate increases and the pupillary amplitude varies as a function of loadad flight g
task. The average pupillary diameter was smaller in the morning than in the . e

3 eveniug. Results from this study ghould be evaluated with other potential Ilight' ﬁ

4 fatigue parameters such as the blcod and urime tests, EKG, etc. to derive more ‘ i

¥ meaningful interpretations of the complex underlying flight fatigue mechanism. N

: £

) W/L Cat. Code:  4.1.7, 4.1.8 |

: y

E Op. Behav. Code: 1., 2. ﬁ

t Physiological Eyelid movement Experimental Laboratory Bsckgrownd &

7

Pupillary dia.

sraan.

Ancdersor, P. A. and Toivanen, M. L. Effects of varying levels of autopilot
assistance and workload on pilot performance in cthe helicopter formation
flight mode. Washington, D.C.: US Office of Naval Research, JANAIR §80610,
March, 1970.

R o

The objective of this study wae to evaluate pilot performance in manual IFR
formation flight with varying levels of autopilot assistance and pilot workload.
Man-in-the-loop simulations of these vehicles were cnnducted to evaluate pllot
performance under six levels of autopilot assistance, and three levels of pilot
workload, consisting ¢f a forced-pace, secondary concomitant task. Resulte of
this studv indicated that increasing the level of auZopilot asasistance resulted
in a less demanding task for the pilc:t and provided grester system stability.
This was borre out in terms of both quantitative performance data and pilot
opinion. Only at the highest workload level tested did autopilot assistance
serve to reduce the position errors from what was experienced under the manual
control conditions.

W/L Cat. Code: 1.2, 2.2.1, 3.1
Cp. Behav. Code: 1., 2., 4.

o m’:gq‘g;gp.-,mwww e
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Opinion Questionraire Experimental Fligit simulstor ¥light simulator
Spare m. cgpacity Subsidiary task Tlight test
Primary task Single measuresg
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Armstrong, G.C., Sams, D.D., McDowell, J.W. and Winter, F.J., Jr. Pilot
factors for helicopter pre-experimental phase. Randolph AFB, Texus: USAF
Instrumert Flight Center, IFC-TR-74-2, February, 1975.

This investigation was conducted tn estabiish the methods and procedures, to
collect pilot faccors information, and to obtain firsthand pilot opinions and
judgments concerning the present control-display systems installed in helicopters.
Four instrument insiructor pilots were used as test subjects, and seven data
gathering sorties were accomplished. The profiles flown represented typical
lieclicepter instrumenz maneuvers. The pilot/subjec” activity required in
performance of the myneuver cegments was designed to progress from simple t: :s
to complex tesks. Objective and subjective data were obtained through the 1 .. of
video, audio, and osclllograph recording equipment. This atudy documents the
characteristics and trends of the control and display devices as installed in a
light to medium utility helicopter.

W/L Cat. Code: 1.1, 3.2

Op. Behav. Code: 1., 2., 3., 4.

Opinion Mult. measures ~ Experimental Flight test Flight simulator

Primary task . Flight test

Asi:la, C.F. Advanced man-machine evaluation techniques. Paper presented at
the American Defense Preparedness Association, Huntsville, Alabama,
November 12-13, 1975.

Recent deeign/integratlon efforts have provided an advanced man/machine
evaluation technique that focuses on (1) edvanced fighter performance, (2)
mission analysis, (3) functional allocation analysis, (4) task analysis, (5)
anthropometric/visual link analysis, (6) static design aid evaluation, (7)
digital pilot simulation model, and (8) rlight (man-in-the-loop) simulation.
This advanced technique provides a tangible bhasis for development and assurance
of an optimized, integrated cockpit and traceahility of man-machine design
decisions. Current research efforts have included the development of pilot
performance model techniques that evaluatz the impact of alternate crew station
and weapon delivery configurations on pilot workload. In addition, simulated

mission profiles have yielded valuable information on the head 2nd eye motion and
workleced of operational pilots.

W/L Cat. Code: 2.1.1, 2.1.2, 3.3, 4.1.7

Op. Benav. Code: 1., 2., 3., 4.

Spare m. capacity Task comp., Review None Flight simulator
Primary task time assess.

Matn. model
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Asiala, C. F., Loy, S. L. and Quinn, T. J. Digital simulation model for fighter
pilot vorkload. St. Louis, Missouri: McDonnell Aircraft Company, MDC A0058,
September, 1969.

The Piiot Simulacion Model (PSM) was develcped by McDonnell Douglas to evaluate
workload and mission success factors in developmental afircraft. It has been
applicd to a number of military system studies such as A-6E TRAM, A-7, F-15,
Advanced Txctical Syatem (ATS), Digital Flight Control System (DFCS), Advanced
Tighter Technology In:egration (AFTI), P-18 and the Harrier. The last two are
currently undergoing periodic model iterstions in response to design updatos.

The PSM is used primarily to fill the evaluation gap baiween paper-and-pancil

and manne] simulation, in situations where system deaign status justifies a more
comprehensive technique than paper-and-pencil but does not necessarily require a
manned simulation approsch. The model provides a detailed workload analysis by
task by modality (e.g., hand, eye, information processing), and equipment utilized.
To accomplish this effectively, both s functional task flow and a task by modality
by task time analysis must be performed.

W/L Cat. Code: 2.1.1
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Task comp., Conetruct Ladboratory Flight simulator
cime assess.

Experimental

Asgset, A. M., Batejat, D., Papin, J. P. and Viard, D. Investigation cof pilot
behavior in flight-analysis of Japanese studies. Revue de Medicine Aeronautique

et Spacisle, 1976, 15, 62-66. (Ia Fremch.)

This paper describes Japanese investigations involving analysis of pilot behavior
during air flight with the purpose of estimating pilot workload and performance
conplexity. Major aspects discussed concern a description of the activity network
in the man/machine system, temporal course of pilot behavior in this system,
development of measurement techniques for evaluating pilot behavior, and data
analysis and workload estimation.

W/L Cat. Code: 2.1.1, 3.1

Op. Behav, Code: 1., 2., 3., 4.

Spare m. capacity Task comp., Review None Background
time assess.
Primary task Single measures
25
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e Auffret, R. Studies on pilot workload-psychophysiological factors. Proceedings
— of AGARD Conference on Studies on Pilot Workload, AGARD-CP-217, April, 1577,
an The different variablas which can influence human performance during the
operational use of helicopters or other aircraft having high acceleration loads
T are assessed to quantify the sum of work which can be provided at euch moment
.. during flight.
.- W/L Cat. Code: 4.1
- Op. Behav. Code: 1., 2., 4.
Spare m. capacity Task comp., Construct
.o time assess.
Primary task Single measures

Auffret, R., Seris, H., Berthoz, A. and Fatras, B. Estimate of the perceptive
load by variabllity of rate of heartbea:: Appiication to a piloting task.
Le Travail Humain, 1967, 80, 309-310.

The load undergoane by a subject during aircrew work is essentially
perceptive. Its estimate is necessary for the human factors engineering
study of an operator station. With this goal in mind we have atudiaed the
rate of nulse beat and its variability. This method doen not degrade the
performence of the subject. The measurement of the variability of the
instantaneous cardiac frequency appears a useful criterion in view c¢f the
computation of the load or the detection of the variations of load during

- pilot work. The data reduction should be carried out with a minimum accuracy

of 5 ms. Establishing means over long time periuds can mask modifications
in variability.

W/L Cat. Code: 4.1.10

Op. Behav. Code: 1l.. %2., 4.

Physiological Heart tate,\ Experimental Laboratory Flight simulator
h.r. var.

.- Flight test Flight test i
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Bahrick, H. F., Moble, M. and Vitte, P, M. Extra-tisk parformance ac a mcasure
of learning a primary task. Journal of Experimental Psychology, 1934, 48,
298-302.

The present study was uvadertaken to determwine whether performance on a

secondary task, practiced simultaneouvsly with a primary rask, can serve to

reveal learning on the primevy task that is not revealund by conventional

weasures on the primary task itself. The study was based on the widely

held notion that with continued priactice tasks become luss susceptible to

interference. To test thia hypothesis, Ss were trained ecither in a

repetitive or in a random version of a motor task. The two versions were

adjusted in such a way that a primary task performance index of the various

groups remained at a compsrable level at each stage of trairing. Concurrent

performance of an extra task was riequired either sarly or late in practice

on both versions of the motor task. The results showed thav extra-task

(arithmetic) performance late in practice was superior to extra-task performanco
tly in practice when the sequence of stimuli in the concurrent motor task was

repetitive. No such difference oicurred when the wmotor task was random. Since

scores on the motor task itself remained comparable at different levels of

training for the random and ropetitive groups, these results support the

hypothesis that extra-tssk performance car b: used to measure certain kinds

of impruvement on a primary task which are not evident frum conventicnal

score’ ' that tazk itself.

W/L C... Code: 2.2.1
Op. Behav. Code: 1., 2., 4.

., m. capacity Subgidiary task Experinental Laboratory ERackground

Bainbradge, L. Forgotten alteratives in skill and work-load. Ergonomics,
1978, 21, 169-185.

This pap < suggests that the nature of process control skill lies in the
change” 3ecision making made possible with incresssd knowledge of process
behavi. . During leaming. fezdback about process output indicates that

the process needs correcting, and also that the operator must adjust his
choice of action. An experienced operator knows the corre:t error-action
aliznment, so has less need:to check and correct both the process and his

own behav'or. He has a lower workload and a larger task capacity. Choice

of appropriate control actions requires knowledge of the effecte of hia own
behavior as well as that of the process, and assesement of the task contsxt.
If behavior is chosen to maintain the operator's mental and physical state,

a8 well as to maintain the process, this requires further knowledge about

his own potential behavior, his internal state, and criteria for aceeptability
of his own state. High task demands may lead to performance breakdown because
they cause unfamiliar decision situations, so the operator is returned to
inexperienced, lees effective types of behavior.

W/L Cat. Code: 3.1
Op. Behav. Code: 1., 2., 3., 4.
Primary task Single measures Coustruct None  Background
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Baker, D. L. and Intano, G. P. Helicopter yaw axis augneututirn investigution -
CDG-PH-~4. Randolph AFPB, Texas: USAF Instrumunt Clighce Cencer, I¥C Test Plen
74-11, December, 1974.

A test plan is presented for a flight tsst, The otjectives of the helicoptev

' yaw axis augmentation investigacion ere te Jdetermine the v¢mount of change 1ir
performance pilot activity and pilot acceptance by augmenting the yaw axis; determine
the value of a heading-hold feacure during lover, take-off, climbs, descent, and

[ craise; and to assess the degrece of value of turm coordination when climbing,
descending, and level turns are executed. A series of in-flight, postfliight,
and subject pilot qu~stionnaires will be used.

I

W/L Cat. Code: 1.2
Op. Rehav., Code: 1., 2., 4.

Opinion Questionnaire Construct None Flight test

Flight simulator

Barnes, J. A. Use of eye-movemeut measures to establish design parameters for
helicopter instrument panecis. Proceedings of the AGARD Conference on Methods
to Assess Workload, AGARD-CPP-216, April, 1977, A3-1 ~ A3-8.

Recording the pilot's eye-scan paths and fixation points during actual helicopter
flight provides an accurate amessure of the visual workload imposed by a particular ¥
panel design. This toel is not limited to aircraft instrument panels; it can be :
- used to evaluate any uperator control panel or even the design of a multi-
information display within a panel. Initial work was done in the UH-1 helicopter
uging experienced instrument-rated pilots flying actual maneuvers ox instruments.
The knowledge gained from these duta allowed for design c¢f a helicopter instrument
panel in which the most referred to instruments wers placed so that the eye-scau
ns paths were minimized. Thirs design considersbly lessems the pilot's visual
workload, reduces fatigue, and allows more time for other tasks.

W/L Cat. Code: 4.1.7
Op. Behav. Code: 1.1, 2.1, 4.2
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Physiological Eye mcvement  Uxperimental  Flight test Flight simulator
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Baron, S. and Lavison, W. H. An optimel control methodo’ogy for analyszing the
elfects of display paramaters on perforuance and workload in manusl flignt

control. IBEE Transactiuns on Systems, Man, snd Cyburnetics, 1975, SMC-5,
423-43Q.

An approach to the analysis of the effects of display paraneiers on manual
centrol based on au optiual control model of che human operator and a relatad
model for task intarferencs is presented. The methodclogy allows cne to predict
the effects of chargas in display varigbles on both performance and attentional
demand or workload. The methodology is applied to vertical situation displays
for STOL approach~to-landing. Both status displays and displays of command
information are examined and compared in teams of aprrcach svccesc piobadbllity
and workload requiremente.

14
+

b
i
L
o

W/L Cet. Code: 3.3
Op. Behav. Code: 1., 2., 4.

F it

Primary task Mairh, model Construct Laboratory Flight sizulator ]

Experimental

et st o b T

Baron, S., Muralidharan, ., and Xleinman, D. Closed loop models for
aualyzing the effects uof simulator characteristics - pilot performance/
workload prediction. In Flight Technologies Conference, Arlington, Texas,

September, 1978, 138-148. {American Institute of Aeronavtics and Astronautics,
New York.)

P |

The optimal control model (OCM) cf th: human operator is used to develop closed-
loop models for analyeing the effects of (digital) simulator characteristics on
predicted performance and wnrkload. Two approaches are conaidered: the first
utilizes a continuous approximation to the diacrete simulation in conjunction with ?
the standari optimel control model; the second involves a more exact discrete ' .
description of the simulator in a closed-loop multi-rate simuclation in which the ‘
optimal control model 'simulates' the pilot Both models preiict that simulator }
characteristice can have significant effects on performance and workload. i
i

W/L Cat. Code: 3.3

5 iimear e T ‘;.-"v:n“.; R Caimgaran e il

Op. Behav. Code: 1., 2., 4. E

Piinary task Math. model Conse.ruct None Flight simulator
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Baschara, F. and Grardjesn, K. Effects of repatitive choice reaction tasks on
activation levsl and subjactive »tate. 2aper presentad st the 7th Congress
of the laternational Ergonomics Ascociation, Warsaw, Pcland, August 27-31, 1979.

The cffects 5f vepetitive choice reaction tasks with different degrees of difficulty
on activation level and subjective state were investigated. As iundicea of
activation level critical flicker frequaucy and hoart rate variability were

used; gsubjective state was studied wvith a questionnaire. The tack with the lowest
degree of difficulty produced the greatest decrease i CI¥ and the smallaut
impairmont of subjective state. The tesk with the higimst degree of difficulty

also produced a large decrease in CFF, but it greacly impaired subjective state.
Heart rate variability increased most on tha task with the lowest degree of
difficulty. -

W/L C&t. COdG: 1.2. 4-1-1’ 601'10

Op. Behav. Code: l., 2., 4.1
Opinion Questionnaire Experimental Laboratory Background

Physioclogical FF?

Heart- rate,
h.r. var,

R e

Bate, A.J. and Self, H.C. Effects of gsimulated task losding on side-looking
rvadar target recognition. WVWright-Patterson AFB, Ohio: Aerospace Medical
kesexrch Laboratory, AMRL-TR-57-141, June, 1968. (AD 673873)

Thie study was conducted to determine the effects of simulated task loads that r
prevented observers from devoting all of their time to searching a radar display !

" for targnts of opnrortuynity. 1lask loads taking up 0X, 25X, 50X and 75X of &
nbservers' screen viewing time were simulated by turning the display on and off s

in a programaed random pattern. The radar plcture depicted a strip of terrain i
»e 2%5-pautical-miles wide and traveled from the top to the bottom of th: screeu at |
|

'

a simulated aircraft apeed of 1300 knots. The number of correct responses and
= nurber of false responses were both approximately lirear functions of accumulated

viewing time. Mean distance traveled dcwn the screen by targets and nontargets i
prior to responses was also significantly sffccted by viewing time. Since the
an numbers of correct and falese rasponses decreased in approximately the same i
proporticn with each decresse in viewing time, overall accuracy of responses

wae nearly constant for all viewing times. i
* W/L Cat. Code: 2.3, 3.1 ﬁ
e ‘ E

opo BQ?IBV. COdQ: 11; 2-‘ 3. mj
T i
‘_ Spare m. capacity Occlusion Experimentali Laboratory Flight simulatov "
l: Primary task Single measures f
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Bateman, R. P. An heuristic approach to work analysis. Proceedings of the 23rd

Annual Meeting of the Bg!%g FYactors Soclety, Boston, Massachusetts, Cctober

Nine experienced pilots served as subjects in an experimert designed to evaluate
differencss between multifunction keyboards by measuring the objective performances
of the aubjects. Subjects perfcrmed tracking tcsks and used the keyboards for
secondary tasks. Measurements of tracking paramsters and of performance time and
aerrors using the keyboards were taken. The results shcsed that no single veriable
consistently reflected changer in task difficulty. The observed tendency of
subjects to employ different, changing strategies during the multiple task
performance led to a tentative hypcothusis that work was a craposite of all of the
parameters. A regression cnalysis was used to develop an equation with weighting
coefficients for the periameters. The squation was found to be in agreement with
subjective perfcrmance evaluations.

W/L Cat. Code: 1.1, 2.2.1, 3.1, 32.

Op. Behav. Code: 1., 2., 4,

Upinion Rating scale Experimental Flight simulator Flight simulator
Spare m. capacity Subsidiary task
Primary task Single measures

Multiple measures

Baty, D. L. Human transinformation rates during one-to-four axis tracking with
a concurrvent audio task. Proceedings of the 7th Annual NASA-University
Conferaonce on Manual Control, University of Southein California, June 1071

- fadian el J
293-368. (NASA SpP-281).

An experiment was conducted to determine the information processing rates of
six subjects performing one-, two-, three-, and four-axis compensatory

tracking tasks, with and without a concurrant four-choice auditory task. The
purpose was to obtain further evidence conceming the nature of an hypotheslzed
ceiling on human transinformstioa rates. Interference was found among tasks,

bul the evidencs concerning a ceiling on information processing rates was
inconclusive.

W/L Cat. Code: 2.1.2, 2.2.1, 3.1
Op. Behav. Code: 1., 2., 3., &.

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator

Primary task Single wmeasures Flight test
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Beatty, J. Pupillometric messurement of cognitive workload. Proceedings of
the 12th Annual NASA-Unive:rsity Conference on Manual Contccl, University of
Illinois, May, 1976, 135-143. (RASA TM X-73 170).

The momentary workload that is imposed by a cognitive task upom the¢ limited
capacity human information-processing system appears .o be accurately reflected
in the momentary level of central nervous system activation. The utility of
pupillometric methods of workload assessment is evaluated and several iines

of experimental evidence relating activation and cognitive function are reviewed.

i
K

3
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— -

o a

W/L Cat. Code: 4.1.8
Op. Behav. Code: 1., 2., 3., 4.

Physiological Pupillary dia. Experimental Laboratory Flight simulator

Flight test

JRET W S TIPRI TSI OIS

Beatty, J. Pupillomeuric methods of workload evaluation: present status and ;
future possibilities In B. O. Hartman and R. E. McKenzie (Eds.) Survey
of methods to assess workioad. AGARD-AG-246, August, 1979, 103~-109.

This paper discusses the use of purillometric measures in the evaluation of pilot

workload. First the innervation of the pupil with respect to its connections

wiih brainstem activation systems is described. Modern methods for pupillomet.;ic

measurement are then described. Next, a series of experiments describing pupillary
response in a variety of information-processing tasks 1is reviewed. Finally
some possibilities for the use of puplllometric methods in the measurement of

pilot workload are discussed.
W/L Cat. Code: 4.1.8 :
Op. Behav. Code: 2.

Physiological Pupillary dia. Review Laboratory Flight simulator
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Bell, P. A, Effects of noisa and heat stress on primary and subsidiary task
performance. Human Factors, 1978, 20, 749-752.

A primary pursuit rocor task and concurrent subsidiary number processing task were
performed by 72 male and 72 femalsa paid volunteers who ware experiencing ambient
temperatures of 22°C, 29°C, or 35°C and noise levels of either 55 dB(A) or 95 dB(A).
Performance decrements associated with high noise levels and high ambient
temperatures were additive for the subsidiary task. Neither noise nor heat stress
affected performince on the primary task. Results are interpreted in terms of

an overload framework.

W/L Cat. Code: 2.2.1, 3.1
Op. Behav. Code: 1., 2., 4.
Spare m. capacity Subsidiary task Experimental Laboratory Background

Primary task Single measures

Benel, R. A., Colus, M. G. H., and Benel, D. C. R. Electrodermal lability and
individual differvnces in simultaneous monitoring and tracking. Proce~dings
of the 23rd Anniual Meeting of the Human Factors Society, Boston, Massachusetts,
October 29 - November 1, 1979, 518-522.

Electrcdermal (galvani. Ski') responses conveniently index sympathetic arousal.
Individuals with high levelas of resting electrodermal activity zre designated
"labiles,” while those with low levels, ‘“stabiles.' Labiles appear resistanc to
performance decrement over time in vigilance tasks. Thus, increased electrodermal
responsivity may represent enhanced attentional capacity during such tasks. The
vesponses of 10 lebiles and 10 stebiles were collected during a simple reaction
time task and under gingle and dual task monitoring and tracking conditiomns.
Subjects monitored an automatic tracking task for dynamic system failures. Tracking
was the Critical Task with a subcvitical level of instability. The reaction

time date paralleled the previously reported findings of inferior performance

for stabiles. The data for complex single and dual task conditions did not revesl
a similar trend. Generally, stablles performed better.

W/L Cat. Zods: 2.2.2, 3.1, 4.1.2
Op Behav. Code: 1., 2., 4.

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator
Sirgle measures Single measures
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Benson, A, J., lluddleston, J. H. F., and Rolfe, J. M. A psychophysiolcgical

study o{ compensatory tracking on & digital display. Himman Factors, 1965,
7, 457-472,

Comparable performance on a compensatory traciing task was achieved with a
purely digital altimeter display and with a combined digital and scale-pointer
display. Performance of a subsidiary, light responding, task was degraded
significantly whken the digital task was employed. In the presence of the
subsidiary task a larger change was recorded in a number of physiological
variables (heart rate, muscle activity, skin resistance and respiration) with
the digital than with the counter-point diaplay. Thus, both performance and
physiological measures indicated that parity of performance on the primary
task was achieved by increased "effort" when using the digital display.

W/1. Cat. Code: 2.2.1, 4,1.2, 4,1.4, 4.1.9, 4,1.10, 4.1.11
Op. Behav. Code: 1.2, 2., 4.

Spare m. canacity Subsidiary task Experimental Laboratory Flight simulator

Physiological Multipla

Bergeron, . P. DPilot response in combined control tasks. Human Factors, 1968,
10, 277-282,

Pilot response in a wmulti-task simulation, which consisted of a primary control
task combined with one or two secondary or side control tasks, was investigated.
4 general description of the response characteristics of each of these tasks

was obtained and this informatior was used to determine the workload requircments

of the tasks. Two different control tasks were used as the primary control task,
either a fixed-base simulation of a lunar letdown or a simplified multi-loop
tracking task which wae similar to the end of the lunar letdown. The simplified
tvacking task was in lieu nf the more compiicated lunar letdown because it could
be represented and reproduced analytically. The gecondary or side tasks
consisted i a system-failures task and motor regponse task, The system-
failures .ask was incovrporated from those systems present in a vehicle known

as the Mercury Procedures Trainer. The motor response task consisted of using

o pencil-like device to make impacts on two separated, vestricted columns.-

Ww/1. Cat. (ode: 2.2.2, 3.1
Op. Bebav. Code: 1., 2., 4.

Spare m. capacity Subsgid!ary task Experimental Flight simulater Flicht gimulator

Primary task Single measures

34

or kit sl N, ki

[

R ORI PO~

T e e




T T T T TR AT e

foee

SY-27R-80

Bergstroem, B, and Arnberg, P. Hecrt rate and perfocrmance in manual missile
' guidance. Perceptual and Motor Skills, 1971, 32, 352-354.

Earlier stress studies under laboratory conditions show that heart rutes from
100 in» 110 bpm are associated with significant decrements in missile-tracking
performance. Data from real missile triacking by eight operators with no
stress deliberately induced indicate, however, that performance is unaffected
up to 135 bpm., and only moderately affected in the 135~ to 170-bpm region.
The disagreement betweean the two sets of results highl ghts the difficuities
in generalizing from stress experiments.

W/L Cat. Code: 3.1, 4.1.70
Op. Behav. Code: 1., 2., 4.
Primary task Single measures Experimental Laboratory Flight simulator

Physiological Heart rate, Flight test
h.r. var.

Beringer, D. B. The design and evaluation of complex systems: application to
e man-machine interface for aerial navigation. Proceedings of the 23rd
Annual Meeting of the Human Factors Soceity, Boston, Massachu:setts,

October 29-Nuvember 1, 1979, 75-79.

Systematic and economie design and evaluation stiategies were applied tv a coaputer-
generated 4-D serial navigation system. Experienced i{nstrument pilots received
trairing in a PLATO-based digital flight simulator using either a keyboard entry/
static map, keyboard entry/dynamic map, or touch entry/dynauic map system.

Digital data entry training time was comparable for all three systems but the
touch-map proved superior for the plotting tasks, greatly reducing training and

-a8k execution times while virtually eliminating errors. Subsequent performance
evaluation showed that the touch-map reduced flight path tracking error, increased
processing rates on a digit-cancelling secondary task, and lncreased the accuracy

ol manual plotting operations. It was concluded that a touch entry system could
sigaificantly reduce cockpit workload across a wide range of operational environments.

W/L Cat. Code: 2.2.1, 3.1
Op. Behav. Code: 1., 2., 4.1

Spare m. capacity Subsidiary task Experimental Flight simulator Flight simulator

Frimary task Single measures Flight teat
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Bermudez, J. M., Harris, D. A., and Schwank, J. C. H. Peripheral vision and ;%
tracking performance under stress. Proceedings of the 23rd Annual Meeting 5

of the Human Factors Societz, Boston, Magsachusetts, October 29-November 1, "y
1979, 402-406. ’ .

The complexity of mocdern aircraft systems places substantial information proccessing W

| 4
4

% lnads on the pilot. Physiclogical and behavioral evidance for two humen viasual ﬁ
i gystems that may differ in susceptibility to psychological strees suggests the E
¥ possibility of a natural stress reaistant informatiou channel that could be used e

to imput information during stressful flight situations. It follows thac the

extreme peripheral visual fields could be a possible locacion for adjunct viesual

displays that serve to orient expediticusly the pilot's focal vision and
attenticn. 7Two experiments involving male cadets were conducted. The data

e concern the effects of three types of instrument displays used under varying

levels of stress during a simulated instrument landing. Stress was defined as

demand for primary task-related cognitive activity. A modified Sternberg memory

o e e e TR

“a probe techniqre was used to impose these demends. ;
b

W/L Cat. Coda: 2.2.1, 3.1 :

. Op. Behav. Code: 1., 2., 4. i

Spare m. capacity Subsidiary task Experimental Flight simulator F'izht simulatov !

|
Primary task Single measures

Beyer, R. A study of pilot's workload In helicojpter operation 'mder simulated
IMC employing a forward looking sensor. Proce: lings of AGARL Conference on
Studies on Pilot Workload, AGARD-CPP-217, April, 1977, B6-1 - BbS-1li1.

Vericus measures of pilot workload are known which are presently applied to human
engineering investigations. It is difficult, however, to find a weasure which

- has proved to be universally applicable and adequately validated. Primary task
and rating measures tailored to a specific application may be less flexible but
can provide relevant and sufficient information on pilot workload. Thig 1s

.. demonstrated by referring to experiments with advanced helicorter displays
which were tested in flight.

W/L Cat. Code: 1.1, 3.1
Op. Behav. Code: 1., 2., 3., 4.

Opinion Rating scale Review Flight test Fiight simulator

Primary task Single measure Flight test
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Bisseret, A. Ausiysls of mental processes involved in air traffic coutrecl.
Ergonomics, 1971, 14, 565-570.

The regearch which is briefly presented here has been carried out, during the

last ten years, by a team of peycholougists at the Centre d'Experimentation de la
Navigetior Aerienne, whose aim is the automation of the aiy vrsffic control
systea. The general topic refeirs to the operator-computer's inceractions in a
complex system. The type of contribution that psychology may provide is shosm

by indicacing the three interdependent aspects of the research: 1) the definition
of the operator's algorithms; 2) the analysis of his "mental representation”; and
3) the study of the effect c¢f the workload on the mental processas. The general
methodology of the studies of mental processes is presented; and an experiaent

on operative memory is discussed.

W/L Cat. Code: 2.1.1
Cp. Behkav. Code: 1., 2., 3., 4,

Spare m. capacity Task comp., Construct Field Background
time assecss. .Review

Blaaw, G. J. Godthelp, J. and Morall, J. Driver's latersl contrcl strategy as
affected by taek demand:z and driving experience. Society of Autumotive
Engineera, Paper nc¢. 770876, 1977. :

Driving behavior may be described as the rvesult of a process in which werformance
is optimized to meet geveral task demands at the same time. The present study
investigated how different task demands interact, particularly in ccmbination with
driving experience, the latter factor being indicative for driving skill develop-
ment. The results showed that driving experience as a mgin experimental factor
interacted significantly with task demands fo: latersl and longitudinal control.
The results may be importart for the discovary of characteristic performance
patterns of experienced and inexperienced drivers und therefore for the
development of driver e‘lucation and training programs.

W/L Cat. Code: 3.1
Op. Behav., Control: 1i., 2., &.

Primary task Single measures Experi.aentel Field Background
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Bloszceymeki, R. M. and Kozerenko, 0.P. A psychophysiological study of pilot
behavior in conditio~s of combined activity. In Optimization of the

professional activicy of a cosmonsut. Moscow: Izdatel'stvc Nauka, 1977,
160~169. (in Ruseiom.)

The behavior of pilots pecforming two different kinds of tasks simultuneonsly is
described. One task iavolved reception, working, and transmission of oral in-
formaticn, and the other involved visual tracking and psychomotor compensation
duriag control maneuvers usiag a simulator. Contianuous monitoring of psychomotor
compensstion indicee {conircl hand movements) and of phvaiclegical functions
{pulse, arterial prasrures, oral tempersture) ls described. It was found that

the quality of compensatcry tracking during conditions of semantic loading depends

on the initlal level c¢f performance.

W/L Cat. Code: 2.2.1, 2.2.2, 3.%

Op. Behav. Code: 1., 2., 3., 4.

Syare m. capacity Subsidiary cask Experimental Laboratory Flight simulator

Primary task Single measures

1w, A. S., Stromme, §. B., and Ursin, H. Additional heart rate-an indicater
of usychologicsl activation. Aexospoce Medicine, 1974, 43, 1219-1222.

Heart ratc and oxygon consumption of helicopter and transport sircraft pilots
were measured. buring flight operations, the heart rate acrelerated without a
correspouding increare in oxygen coasumption. This heart rate increase beyond
that expected from the oxygen uptake is therefore used as an indicator of
psychological activation. This activation did not depend only on the actual task,
bur also on the experience lev-]l of the pilot himself. The levels of heart rate
(and blood rvecesurz) recorded indicate that even routine missions may juwpose a
hazard to piiots with unmanifested or laten: heart fallure. This obvisusly calls
for frequent workload~ECG examinations of flying personnel.

W/L Cat. Code: 4.1.10

Op. Pehav. Code: 1., 2., 3., 4.

Physiologi.cal Heart rate, Experimental Flight test Flight simuiuior
h.r. var.
Blood pressure Flight test
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Boller; H. E. and Kruger, W. Investigation of a coatrol device with force imput
! and displacemmt feedback in steering-low-frequency systes. Paper presented
i ' at the 13th Am .el Confarence on Manual Control, Wright State Univarsity,
Dayton, Ohto, March 20-22, 1979. (See also Zeitschrift fur Arberlswissenschaft,

1978, 32, 254-260, In German).

In manual control information about the vehicle dynamic behavior can be advantageous
for the operator. Wi*h low frequency systems it must be determined whether the
advantage of kinesthetic feedback can be utilized for the slow movements, Vacause
technical complexity and costs involved are at a velatively high level. This study
compares vwo two-handed yoke controls with the control fumctions of (1) displacement
input and (2) force input with positional feedback as a kinesthetic display of
vehicle respouse. Eight gubjects had tc raach command values as quickly as possible
controlling the low frequency system output variable and its derivative (depth and
vertical rate of & simulated submurine). The values obtained show that the
technical complexity involved in a contrsl wich force input and positional feed-
back is not worthwhile for the single~axis vehicle dynaric ~hosen.

W/L Cat. Code: 2.1.1, 3.1

Op. Behav. Code: 1l., 2., 4.

Spare m. capacity Task comp., Experimental Simulator Flight simulator
time asanas.

Primary task Primary task

Boxg, G. Suhjective aspects of physical and mental load. Ergonomics, 1978, .
21, 215-220.

Methods of measuring subjective difficulty, effort and other aspects of
work~load which have baen developed by the author and his collesgues ave
described, and the use of these methods as means of distinguishiny between
individuals, and their relationships to paychometric measures, are discuassed.
Applications are noted to both physical and mental work.

T I .

[ ronrruvaiurre

W/L Cat. Code: .11

Op. Rebhav. Code: 2., 4.

Opinion Rating scale Review None Flight simulator
Flight test oo
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Bowser, D. X. Limiting flight control systems. In AGARD Conierence Proceaedings

No. 199, Stall/Spin Problems of Military Aircraft, (AGARD-CP-199) June, 1976, E?
1-1 - 11-12. (AD A029 071). 5

This paper addresses the development and application of varicus types of :
automatic flight control systems for high-angle-of-attack augmentatiun and limitiag. ’
Considerations included are improved handling qualities for maximum trsacking

sffectiveness, redeced pilot workload, control-configuzed vehicles, stull int.ibitors,
and departure prevention systewms.

[
|
l
I

i
YN

W/L Cat. Code: 1.1, 3.1

ORI

Op. Behav. Code: 1., 2., 4.

- acattatame ) g

.o Opinion Rating scale Experimental Flight tesc Flight simulator

Primary task Single measures Flight test

e e —

Boyce, ¥. R. Sinus arrhythmia as a measure of mental load. Ergomomics, 1974,
17, 177-183. ,

This experiment examines the proposition that sinus arrhythmia is a measure of
mental load. The experiment involved a subtraction task in which the physical
and mental loads could be varied independently. The results indicate that sinus
arrhythmia does decrease with an ircrease in mental load. However, heart rate
can also be used to differentiate between the mental loads. In addition it was
found that both heart rare and sinus arrhythmia increased for an increase in
physical load. This increase in sinus arrhythmia can be explained by the static
work component of the physical load and the scoring sysizin used. It is concluded
that changes in heart rate and sinus arrhythmia are best regarded as generalized
responsges to the imposition of a load.

W/L Cat. Code: 1.1, 4.1.3, 4.1.10
Op. Behav. Code: 1., 2., 4.

Opinion Ratiag scale Experimental Laboratory Flight simulator
Physiologicel EKG

Heart rate,
h.T. var.
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Boylan, R. J. A review of crew systems snalytic methods. Seattle, Washington:
*  Boeing Aerospace company, D180-17523-), January, 1974.

The purposes of crev system analytic methods are to provide a valid methodolog
for evaluatirg design/operational requirements, and to pinpoint potential trouble

spots earlv in the design cycle before the system reaches the hardware stage.
The impleaentation of this methodology requires a firm analytic base if the
results are o have a bearing on operational perforuance. It is to this end
thet the present review was undertaken, attempting to compile, in summary
foim, a collection of effective, easily ade;tible analytic wethods for use

in man/machine or system analyses. The second purpose of the document is to
present the initial development wcrk on a general mission profile, designad
for appl:cation over a cross section of civilian and military aircrafc. Use
of the profile by the crew systems analyst will result in & considerable
saving in Jevelopment time, as task and functicnal commonalities are maximized
and prevent needless duplication of effort.. In using the genersl mission
profile, the snalyst can plug in aircraft specific parameters where applicable,
thus approximating the function of contemporary "user-interactive" design programs.

W/L Cat. Code: 2.1.1
Op. Behav. Code: 1., 2., 3., 4.

Spare m. capacity Task comp. , Review None Flight simulator
time assess.

Boylan, R. J. Introduction to Boeing operator workload and workspace evaluation

Ouils. Seattle, Washington: Boeing Aerospace Company, D180-17526-1,
Tamaary, 1074,

“ “wo analytic and computer aiding programs described in this document were
0w -loped in resp...ce to a growing requirement for a quick, efficient method
for designing and evaiuating the man/machine interface in contemporary
aerogpace systems. Not only are the capabilities of such programs in demand
today as integral t~ois in human engineering endesvors, but it is anticipated
that they will be coniractuaily required in the rear future. In order to
meet this challenge, the Boeing Crew Systems Group has pursued a program
aimed at the development and refinement of computerizead, operator evaluation
programs. The two prowrams nrzsented in this document constitute examplus

of these effr: : cu ng workload evaluation of cockpit crews (WECC) hased
on task ;. .wanc. .auwes, and workspace accessibility (TX-105) basad cn
operator/control distance and movement sequencus.

W/L Cat. Code: 2.1.1
Op. Behav. Code* 1., 3., 4.

Spare m. capacity Tacsk comp., Censtruct Laboratory Flight simulacor
tize assfess.
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Bradshaw, J. L. Load and pupillary changes in continuous processing tasks.
British Journal of Ysychology, 1968, 59, 265-271.

The interaction of rate of presencatior., and number of transforms and possible
responses was examined in counection with the effect of cognitive load upon
pupillary dilation. T7The task involved continuovs processing of auditorily
presented material. ‘The two criteris of task aifficulty both contributed to
raising pupillary dianeters, which were further incrrased at the moment of
button-press responding. That variations in level arousal were involved was
further borne out by the tendency for certain regular changes to occur in
pupillary dilation in the course of the proceesing tasks.

W/L Cat. (.ode: 3.1, 4.,1.8
Op. Behav. Code: 2., 3., 4.

Primary task Pupillery dia. Experimental  Laboratory  Flight simulator

Fhysiological Siagle measures

Branscomb, H., H. The development of a measure for task induced stress in
speech, Mas_:r's thesis, Massachusetts Insvitute of Technslogy, Cambridge,
Massachusetts, Fekruary, 1976.

In an experiment involving responses to instructions presented on a video terminal
and clicks presented in a pair of headphones, subjects were tested for changes in
speech patterns as a function of task load. Opinion ratings and task scores

waere also obtaincd. Results indicate that there is a systemati: and reliable,

but not very accurate, way to detect the influence of task difficulty on speech.
Larger sample sizes and average times appear to be required.

W/L Cat. Code: 1.1, 3.1, 4.3

Op. Behav. Code: 1., 2., 3.

Opinion Rating scale Experimental Laboratory Flight simulator
Primary task Single neasures
Physiological Speach pavt.

anal.
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Rracht, M. Cardiac arrhythmia and secondary :asks as measuraes of mental load.
Master's thesis, Califoraia State University at Northridge, August, 1977,

Five methode of scoring cavdiac arrhythmia, and both selt-paced and gdaptive
versions of the secondary-task method were compatred as meaocures of mental load.
Each was used to differentiate among easy, madium, end difficult versicns of a
mental arithmuetic task. In this standardized task situatiorn whers task difficulty
was a function of romplexity (load stress), only the secondary-task measures
reflected ctienges in mental loading which cerresponded to the increasing
difficulty of the arithmetic task. The self-pacad and adaptive wecondary task
versions were quite similar as indices of the mental load imposed. Interference
of che self-paced secondary task with the primary loading task was not a problem.

None of the cerdiac arrhythmia measures consistently nor accurately quantified
levels of task difficulty.

W/L Cat. Cola: 2.2.1, 2.2.4, 3.1, 4.1.10
Op. Behav. Code: 1., 2., 3.

Spare m. capacity Subsidiary task Experimental Laboracory Flight simulator
Primacy task Single measures
Paysiological Heart rate,

h.r, var.

Brenner, M., Branscomb, H. H., and Schwartz, G.E. Psychological stress
evaluator—-two tests of a vocal measure. Psychophysiology. 1979, 16, 351-356.

The Psychological Strees Evaluator {PSE), a commercial lie dectector euwploying
voice analysis. was tested on two laboratory tasks. On the guilty knowledge task
of Lyk«en, 20 subjects were interrogated on personal information after Leing
offersd a reward to fool the inturrogator. PSE analysis failed to identify correct
responses beoyond chance levels. On the mentil arithmeo:tic task of Kahneman,

Tursky, Shapior, and Crider and Tursky, Schwartz, and Crider, 16 subjects performed
arithmetic problems which varied in difficulty but were performed under identical
pacing. According to PSE scoring, stress increased with task difficulty. In
addition, the PSE-measured differences occurred with high consistency across
subjects. Some aspects of PSE analysis may be valid for the measurement cf stress,
although the validity of the analysis for practical lie detection is questionable.

W/L Cat. Code: 3.1, 4.3
Op. Behav. Code: 1., 2., 3.
Primar; task Sirgle measures Experimental Laboratory Flight simulator
Physiclogizal Speech patt.
anal.
43
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Breanner, M., Branscomb, H. H., and Wright, R. A computer based msasure of vocal
stcess. (Unpublished aummary report, NASA Ames Research Center, June, 1978-
June, 1979.)

The puipose of the program ic to Jevelop an automated measure of workload based
oa the voice. This measiure might be smployed in aviation eiftustions wlthout
atteching moniiters to a subject of intevfering with cockpit activity. The first
year project consisted of three parts: A) automstion of the available procedures
iuto a prototype measure (“automation"), B) collection cf high-fidelity voice
data from s laboratory workload task ("data collection"), and C) initial testing
of the prototype measure against the laboratory reeults "“tearing").

W/L Cat. Code: 4.3

Op. Behav. Codas: 1., 2., 3.

Physiological Speech patt, Experimental Laboratory Background ]
anal.

Brichcin, M. and Hampejsova, 0. Results of two kinds of mental load measurements.
Ceskoslovenska Psycholegie, 1970, 14, 19-31. (In Czechos.lovakian).

]
N |
> The experimenral project with 51 men waz 2onceived tc verify whether it was ﬁ
possible to differentiate in secondary task conditions the effect of mental load i
on various types and the degree of difficuity. The model of the mantal sctivity 3
- consisted ¢f gradual deduction of number 7 for a 6 minute period (the 7:- test) and §
of searching and ranking of three-figure numbers in a specially constructed 5
. nmberical square., The secondary activity consisted of a periodic reaction to an }
- accustic signal (voiuntary reaction: the flexion and extension cf tne right iy
forearm)., The course of each reaction was measured by 24 different parameters E
.- (position, time, speed and force). The personality tralts of the invesiigated ﬁ
men were tested by Cattell's 16 P.F.Q. Pesults of the statistical analyses zre I
o described in detail. i
A W/L Cat. Code: 2.2.1, 3.1 s
- ¢
Op. Behav. Code: 1., 2., 4. I
w l
é_ Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator L

Primary task Single measures
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Brictson, C. A. Pilot landing performance under high workload conditioms.:
La Jolla, Califoraia: Dunlap and Associates, Contract NC0014-73-C-00353,
April, 1974. (AD/A 001 BO02).

A longitudinal study of pilot carrier landing performance was conducted to
describe tha influexnce of prolonged operations on pilot performance. A landing
performancs critarion previously validated in a fleet enviconment was used to
measure and compare pilot and squadron performance variations over time. Three
levels of cumulative workicad wera defined to evaluate concomitant changes ir
performance associated with each workload. Pilot landing performance improved
over time with more improvement found in night performance than day. The
influence of practice on carrier landings is discussed in relation to high
cunulative workload. The performance criterion was used to identify potential
night pilots on the basis of landing proficiency. High and low pruficiency
pilots also were identified and diagnostic training information provided. A
statistically significant increase i night landing purformance during high
cumulative workload may be due to practice effects as well as workload.

W/L Cat. Cude: 2.1.1, 3.1
Op. Behav., Code: 1., 2., 3., 4.

Spare m. capacity Task comp., Experimental Flight test Flight simulator
time ~3sess.
Primary task Single measure Flight test

Brictson, C. A. Pilot landing performance under high workload conditions. |
Proceedings of the AGARD Conference on Simulation and Studv of Hioh Workload %

i et

A longitudinal study of pilot carrier landing performance was conducted to
describe the influence of prolonged operations on pilot performance. A Landing
performance criterion previously validated in a fleet environment was used to
measure and compare pilot and squadron performance variations over iime. Three
levels of cumulative workload were defined to evaluate concowmitant changes in
perforrance associated with each workload. Pilot landing performance improved
over time with more improvement found in night performance than day. The
influence of practice on carrier landings is discussed in relation to high
cunulative worklcad. The performance criterion was used to identify potential
night pilots ovn the basis of landing profi.iency. Righ and low proficiency
pilots also were identified and diagnostic training information provided. A
stetistically significant increass in aight landing performance during high
cumulative workload may be due to practice effects as well as workioad.

W/L Cat. Code: 3.1
Op. Behav, Code: 1., 2., 4.

T e g e e e o e
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Primarvy task Single measure Experimental Flight test Flight simulator

Flight test
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Brictson, C. A. Msthods to assess pilot worklcad and other temporal indicators

cf pilot performance sffectiveness. Proceedings of AGARD Conference or Studies
on Pilot Workload, AGARD-CPP-217, April, 197/, B9-1 - R9-7.

A systamatic approach to define, measure and describe how certain pilot-related

I variables influence carrier landing performance during sustained overations is
briefly outlined. Previous exploratory research on the interrelations between
pesychophysiclogical variables, pilot experience and performance is described.

I Pilot work activity, mood and sleep are identified as indicatoxs of a pilot's
temporal state of readiness. A field study design and techniques to measure and
describe temporal readiness during prolonged flight operations sare provided to

I demonstrate the methodology in an operational environwent. Potential applications
of the rasearch are discussed along with the future role of temporal, psychological
and nther moderator variables in estimating pilot flight status.

L

W/L Cat. Code: 101. 102, 3.2, 4.2
Op. Behav. Code: 1., 2., 3., 4.

Opinion Multiple Construct Flight test Flight simulator
Pyimary task : Flight test
Physiological

e e

, Brictson, C. A. and CTiavarelli, A. P. Aircrew performance research opportunities
3 using the air combat maneuvering range (ACMR). In B, O, Hartman and R.E.
McKinzie (Eds.) Survey of methods to assess workload. AGARD-AG-246, August,

- 4
1979, 111-113.

Three years of aircrew performance measurement related to air combat effectiveness
using the Navy's /ir Combat Maneuvering Range (ACMR) are presented. Performance ¥
assessment mz:thods used to evaluate pilot proficiency are described. The aircrew i
assessment methods have been used to identify squadron performance differences, L
evaluate competitive exercises, and provide diagnostic training feedback to

operational users. The availability of objective performance criteria promise
to be of substantial benefit to both the operational user and the resesrch

community in such ar:as as pilot szlection and training, fleet combat readiness,
and pilot workload and stress.

P

e s

- . R
o o i

W/L Cat. Code: 3.2
Op. Behav. Code: 1., 2., 3., 4. i
Primary task Mult measures Review Flight test Flight simulaior F

Flight test

46
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Brictson, C. A., McHugh, W. and Naitoh, P. Prediction of pilot perfbrnnnée:
Biochemical and sleep-mood correlates under high workload conditions.
Proceedings of the AGARD Conferen~e on Simulation and Study of High Workload
Operations, AGARD CP-146, April, 1974, Al3-1 - A13-10.

A preliminary lemgitudinal study of the factors affecting the carrier landing
perforsance of naval aviators under high workload conditions has been carried
out. Using stepwise multiple regression techniques, a substantial portion of
the variability in landing performance could be accounted for by six factoercs
under zerc cumnlative workload conditioms and by seven factors under moderate
cumulative workload conditions. High cumvlative workload conditione sharply
reduced predictive ability. Although specific aircraft experience and totesl
flight experirnce were important predictors of averaga landing performance,
blood biochewical levels and emotional states had significant predictive sbility.
Sieep patterns relate strongly to performance. The factors that determine landing
performance change as cumulative workload increasses. Suggestions for further
research in this area are diacussed.

W/L Cat. Coda: 4.2
Op. Behav. Code: 1., 2., 4.

FThysiological Mult. measures Experimental Flight test Flight simulator

Brigham, F. R. COPTEC-A controller cverload prediction technique.
Loughborough, England: Human Sciences and Advanced Technology
Research Group, Department of Human Sciences, University of Technolegy,

HUSAT Memo. No., 67, February, 1974,

During the course of a number of field studiee of control tasks, it became
clear that controllevr overload was an important problen. (me of the reasons
for controller overload was the occurrence of simultarczcus high priority ?
demar.ds. Since the human opersztor tends to behave as a single channel .
information processor in situaiions of this type, he can only satisfactorlly '
attend to one demand at a time. Given the existence and the importance of

the problem, it would be useful if this type of overload could be predicted
in advance, so that due account cculd be taken during task design and manpower
planning. This is the purpose of the technique described in this report.

W/l Cat. Code: 2.2.1 .?
Op. Behav. Code: 1., 2., 3., 4. k

Spare m. cgpacity Subsidiary task Construct Field Flight simulator j
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Broadbent, D.E. and Heron, 5. Kffects of a suhaidiary task on performanca

irvolving lnnediate memory by younger and older men. Britieh Journal of {

Paychology, 1962, 53, 189-1%8,

Most situations daviced by paychologluts xumine either reaction to signale
witbout memory, or memory without resction. A task hes baan devised in which both
functivns are involved. Sats of random numbers are observed through a amall slov
aliowing only a few numbers at a time &2 ba visitla. The rzubjoct bas to croag dut
particular digita, and has to remember which digit he ie seaking at sny particular
instant. This type of task is compasred with a moxe ~onventional number arocasing
cask. In thae prasent oxpariment it was found chat the tagsks involving mamory

ar¢ very vulnarable to distraction., The older subjects diffored greatly among
themselvas, some being sexiously lafarior in performance to younger subjects;

a6 wuch differerce in variance eppoars in the similar task without memory load.
Whan a diatracting task is presented togother with a rain task involving memory,
nlder aubjects do very badly at one or the othev, whereas young subjects do
rassonably ot bath,

W/L Cat, Code: 2.2.1, 3.}
C’P. Aehav. COdvi‘ j" 2;; ‘o
Spare n, capacity Subsidiacy tnak  gxperimental Laboratory Background

Primary tesh Single measurss

wremberger, R. A. LAMES sinmulaticna: VI Pilot perfcrmunce in the :AMPS
simalator. Warminster, Faansyplvania: Naval Atr Devzlopment Certerz,
NADC~16191~A0, Octobar, 1%76,

Thin report wkaminos the pllot's ability to follow a predetarmined €1ight peth
under five Inatrument panel confizurationa. Thres vartables: (1 sreasnce ox
absanca of a pllot's view of tha LAMPS ASW tactice, (2) ground va, aircraty
atabilised format for tacticwn, {3) traditional flight icstruments vs, an
elactronic prewsntation of flight information wers tested. f{t was concludad
otjactive nosaures uf parformance {(deviatisns from prudersvuined flight paths)
revéawled wo practical differenuwa In perfurmance. Subjective opinion suggested
¢ prefurwnce for traditional fnatrumentation and a ground stabilixed view, {f
view of tactlces is itacluded.

W/L Cat- (;Qdf: 102‘ 301
Gp. Bohav. Code: 1., 2., 4.

Opinion Quesicionnaire Expervimental  Flighs simulator  Flight sbmuistor
frimary task  Single measure Flight toesr
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brown, E. L., Stone, G. and Pearce, W. E. Improving cockpits through flignt
crev workload measurement. Paper presented at the 2nd Advanced Aircrew
Pisplay Symposium, U.S. Naval Air Test Center, Patuxent River, Marvland,
April 23~25, 1975. (Douglas Papar 6355).

This project is dicected toward dev:loping the capability to measure cbjectively
the flight crew workload with sufficient sensitivity to differentiate between
alternative crew station layouts, controls, and displays. The cumputerized
technique concentrates on design factors under the coutrol of crew station
designers and provides for quick and low-cost iteration of alternatives. The
program provides workload as related to specific equipments and systems,
permitting special attention to be given to high workload items during the

early development of concepts and hardware before simulation is available.

The technique and program is also applicable tv integrated displays, including
those where programming to meet information requirements is an element.

W/L Cat. Code: 2.1.1
Op. Behav. Code: 1., 2., 3., 4.

Spare m. capacity Task comp., Construct Laboratory Flight simulator
time assess.

Brown, 1. D. Measuring the spare mental capacity of car drivers by a subs!diary
auditory task. Ergonomics, 1962, 5, 247-250.

We have attempted to measure spare capacity by giving the driver a subsidiary
auditory ctask io perform when he could, Our first experiment was devoted to
finding out whether the method was sufficiently sersitive, und safe, for £ield
studlee of driving. As a report of this expe.irent has already been publiched
(Brown and Poulton 1961), and the experiwent i3 being demonstrated at this
congress, I need not go into details. We gimply gave drivers an auditory task

to perform in two different levels of traific. In a second experiment tho wmethod
is being used ir a study of fatigue. Thie experiment sisdc nax a scconé objective,
which is to cumpare two quite differrent typcs of subsidiary auditory task. Wwe
conclude that relatively small _aanges in a ariver's spare cepaclty can be
detected by scoring his performance un a sutsidiary tusk vhich has nn sdverse
effect upon driving. We can mearure the change in his lev«l of concenfration
which results from a change in the level of tunffic. und we think that we can
measure the effect of fatigue uvpon .pare capacity, althouph tetter concrolled
experiments are needed to answer the real questicons hera.

W/L Cat. Code: 2,2.1
0p. B:hav. Code: 1., 2., 4.
Sp:are m. capacity GSubsidinry tusk Ixperimental Field Fligat simulator

Flight test
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Brown, I. D. A comparison of two subsidiary tasks used to mezszure fatigue
in car drivers. Ergonomics, 1965, 8, 467-473.

Car driving has bcen studied by combining it with & subgldiary task. performance
on which 13 negatively correlated with the perceptuel load {mp~.ed by changing
conditions of traffic. The present experiment compares a svwbsitiscy task which
required almost contiuuous attention to an auditory display, and which involved
memory spans of only 3 sec, with an alternative task which did nce require
continucus attention, dvt which involved memory spans of up to 55 sec. The
former was found to have some advantages. This comparison was cewbined with

a etudy of men engaged in 8-hour spells of car driving. Some explanetions

o ]
1

e are offered for the finding that performance on the subsidiary tsska was better
at the end of the work-spell than at the beginning. {

:; W/L Cat. Code: 2.2.1, 3.1

- COp. Behav. Code: 1., 2., 4.

-é. Spare m. capaciry Subsidiary task Experimental Field Flight simuiator

- Primary task Single measures F:ight test

oy

. Brown, Y. D. Subjectiﬁe and objective comparitons of succezsful and unsuccesaful

trainee drivers. Ergonomics, 196€, 9, 49-~56.

Twenty-iwo men vere tested at weekly intervals during their 3 wroks' course cf

instructicn in bus-driving. Tue use of the vebicle's controls ard time taken ove. b
. a standard circuit in traffic wers recorded ut =ack test, and the trainees' j
reserve capacity was measurad by scoring thei: performaace oa a suugidiuxy ]
e auditory rask. fetalis wer: availabl= o: previous Ariving experience with other ;
vehi-les and the treinees verz also suhjectively azsessed at weekly progress
checks given by enperienced examiners. Th: object was to cuppare scores

-~ obtained bty trainces who passed tne indersndent driving test for Public Service %
Vericles, glven at the end of thel: rourse, with the scores of those whn failed. :
a Succeus on the P.5.V. test was slipificantly relatxd to previcus experience of y
any kind (p~;.0N4), anl to the result of thke progress cherk given after 1la days’ b
l tratning (p~0.0002). The reserve capscity of the successfnl sroup was significantly f

b it

greatey than that of the unsuccessful, at the first test given on the 7tk day
(p<0.025). At uc stage during training could the two groups be discriminated on
the objective measurements made directly on driving performence. The relative
merits of these methods of assessing 4-lvirg potential are briefly discussad,
with a view to the design of simple selention tests for professional drivere.

W/1, Cat. Codln: 2.2.1, 3.1
Op. Behav. Cnde: 1., Z., 4.

-

ey

s
. o

spare m. czpacity Subsidiary task Expariveactal ¥ield Flight simulator

L T

Frimary task Single meatures Flight t~st

=

e I S I S

SR

t | 50

N RSO RO e

L b g, e sl




SY-27R-80

Brown, I. D. Dual iack methods of sssessing work-load. Ergonomics, 1873,
21, 221-224. '

Various applications and design factnrs of dual task situations are critically
surveyed., It is concluded that many applirations make questionable a:sunptions
ar.d that many frequently used features of design are unsaticfactory. However,
the technique anpears to be valid and useful for the study of indivigual
differences in processing ressurces, whan the additionel taek is secondary,
presents discrete stimuli which impose constant load, 1g carried out ar a
forced pace and competes with the primary task for processing rasourzes only.

W/L Cat. Code: 2.2
Op. Behav. Code: 1., 2., 4.
Spare m. capacity Subsidiary task Review None Viight simulatox

Flight test

Brown, 1. D. and Poulton, E. C. Meaéuring the space mental capacility of ecar
drivers by a subsididry task. Ergoromics, 1%}, 4, 35-%4(.

it is impossible to determine the degree to which a driver is abscroed irn
his driving by measuri.g his overt responses directly. MYow.:vor, relatively
small changes in his spare “mental capacity" can be letected hy scoring his
performance oa & subsidiary task, vhick Yt no sdverse effecr uwnn driving.
Ti:is technigie is sufficlentiy se2nsitive to r-veal the Ligher level o:
consenfration required in w shopp/x, arca ae compered with that required in
a reridenttul ar2a.

W/i. Cat. C~de: 2.2
Op. Behav. Code: 1., 2., 4.
Sgare m. capacity Subsidisvy tas:t FExperiwental Fielu ¥Flzyt siuilator

Flight (est
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Buckliey, E. P., 0'Cor~cr, W. F, Individual and system performesnce indices for
the air traffi: control s, stom. In B. O. Havtman and R. E. McKengie (Eds.)
Survey of Methods to Assess Workioad. AGARD-AG-246, August, 1979, 135-136.

This study examired the relaiionships between fiuld air traffic controdler
Performance iudices and system performance measures. The study encowpassad per-
formance criteris developed within two distinct environments, the controller's

hore facility vhere he contrelled live tra€fic, and a wpecially designed
micrngysiem or "one-man ATC system” with eimulated traffic. ‘This microsystem
Simulation was done at thé Natiomal aviation Faciiities Experimentai Center.

The esperiment reprerented a comparative examination of several quantitative measures
of uvyatem fuicticning derived from air traffic conirol simulation and an
investigation of these wezsures as Indices for the objac:ive evaluation of the
indivifaual air traffic controller,

e

WI'L UR:. code; 3-1, "'01.2’ 4.1-10

Up. Behav. Code: 1., 2., 3., 4.
Prinary task 51nglenmeasures Experimental Simulation *light simulator
Physiologleal GSK , Flight test
Heart rate, ’
h.r, var.

A e S o

Burke, J. E. Use of Eye Mark,/Cony Videoccrder System and related data
reduct{on. Dallas. Trxas: &IV Azrospace, Vought Syziems Division,
VSI Report 2-57110/3R-3107, August, 1973.

i

.

.
i
i
i
i
i
I

SRR A0 1T L2 ST RIS

Racent VSD exna.ien:e with dn-flight recordirg of pilot viewing requirements

in U. §. A'my %elicofers has demousirated the feasibility of the equipment
used (nd the related Jote reduction prncedurss. This document summarizes the
vuewledge pained. 1t i+ a compilation 0¢ salected portions of the draft
versicn ~f 7SD Report 2-57110/2%-3107, Stndy to Analytically Derive External
Visfon Requirements for U. S. Army Holicoprers. This effort was conducted

¥or tiie U, S. Army Aviation Systems Commanc under ccntract No. DAAJO1-72-C-0887.

W'L Cat. Code: 3.1, 4.1.”
Op. Behav, Code: 1., 2., 4.
Primary task Single neasures Expevimental  Flight tesc Flight simulator

Physiviogical Eyu movement " Flight rest
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Burke, J. E. In flight acquisition of task seyuences and task times. Paper

presented at the mesting of the Aeaxospace Medical Association, las Vagas,
Ravada, m’, 1977.

The human engineering of pilot provisions in current aircraft is based upcn
analytical definition of pilot contribution to system operation. A tectnique
is proposed to gather smpirical data on pilot operations, so that follow-on
analyses, simylations, and hardware developments will 'iave a solid cperational
“? rion. Vought has demonstrated key features of the proposed system,
< g existing equipment, in a recent helicopter vision study for the U. S.
- cmy Aviation Systems Command under contract No. DAAJO1l-72~C~1)887. This study
used a siagle point NAC Eye Mark recorder and Sony video/audio taping system.
The helmet mounted Eye Mark recorder provides pilot fleld-of-view, which alse
picks up hand motion, and point of visual reference. This visual/auvdio data
needs to be supplemented, complemented, or verified with other system measures

which are common to the instrumentation of all new military aircraft.

These
include:

atick/rudder/throttle positions, rates of deflection, and forces;
aircraft flight profile; aircraft subsystems moding and performance.

W/L Cat. Code: 3.1, 4.1.7
Op. Behav. Code: 1., 2., 4.
Primary task Single measures Experimental Flipht simulator Flight simulator

Physiological Eye movement Flight test Flight test

Burke, M. W. An investigation of visual/tactual multi-modal information processing
using dual cross-adaptive critical tracking tasks. Columbus, Ohic: Th

Ohio State University Aviation Psychology Laboratory, Technical Report No. 2,
March, 1979. ‘

This investigation compared performance on a secondary subcritical tracking task
using a visual display when the ) imary subcritical task either also used a visual
display or instead used a velocity--id kinesthetic-tactile (KT) display. The
primary and secondary tasks were cross-adaptively coupled. Four visual display
conditions were examined to isolate the contributioms of peripheral scanning and
alding factors to cross-modal workload relief. After four days of dual-task
tracking, the subjects using a KT primary display had significantly higher
secondary task workload capability with integrated and separated visuzl displays

indicated that the superiority of the KT display was not simply cue to the
elimination of scanning.

WIL C&t. COde: 202.5’ 3.1
Op. Behav. Code: 1., 2., 4.1

Spare m. capacity Subsidiary task Experimental Laboratory Background

Primary task Single measures
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Busterbeugh, L. €, Crew workioed-technology review and probler assessment.
Wright-Patterson Air Force Base, Chic: Flight Dynamics Laloratory, Technical
Menovrandum, AFFDL--TM-78~74-FGR, Janvary, 1978.

The applications and resulting technical requiremenis of rilot/crew workload
measurement/prediction methods are reviewed and discusrei. Iu addition, existing
pilst/crew workload measurement/prediction technology is identified and reviewed.
An assessment of the adequacy of thcse techniques relative to the identified
requirerents js performed. Generally, the state of wcrkload measurement/predicrion
technology is not sufficlently developed for measuring: . :dicting total mission~
derived workload, but is sufficient for part-task applica.. ns.

W/L C‘tl (‘-Odez lo, 2., ’;-, ll.

Op. Behav. Cade: 1., 2., 3., 4.

Gpinion Multiple Review Ncne Flight simulator
Spare m, capacity Fiight test
Primery task

Physilological

Canniﬁgs, R. Speecrn patterns and alrcrew worklozsd. In B.0. Hartman and R.E.
McKenrie (Eds.) Survey of wethods tc assess workload. AGARD-AC-246,
August, 1979, 115-127,

The uge of gpeech patterne .3 the aualysis of workload is examined. The rather
gparse amount of reszarch effort expended in this field is revievred in terue of

a simple wodel of speech productieon and the applications of current analysis
techniques are considersd. There is intuitive evidence tn suggest thac high work-
load or stress may chenge the fundamental characteristica of speech. Although the
voice mey not exhibi’ obvicus varieticna ducing normal flight rrofiles, a search
for change in speecn may prove to be A worthwhnile apprcach in the investigzation

of workload in air operations. Rowaver, centrael :o the poseible use of speech
patterns 1is the requirament 7o reduce comple:: speech dsta to parameter sets of u
mauageable size, and to relste these sets to the psychological and physiological
stace of the pilot. Optimun choice of parwmeticr sets constitutes a difficult
task, but there is an ever incresaing litcrature concerned with speech processing
which provides many techniquas ¢f analysis.

W/L Cat. Code: 4.3
Op. 3ehav. Code: 1., 2., 3., &.
Physiological Speech patt. Review Laboracory Flight simulatcr
anai.
Construct Flight test
54
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Cannings, R., Borland, R: G., Hill, L. E. and Hicholsor, A. N. Pitch and
formant snalysis of the voice in the investigation of pilot workload.

2roceedicgs of the AGARD Confexence on Methods tc Assess Workload, AGARD-CPP-216,
Aprtl, 19;7. A5-1 - A5-10.

Computer techniques are described which extract parameters from the speech
waveform which are amenable to statistical analysis and cen be compared to the
structure of the pilot's speech waveform at different points in the flight
profile. Phyeiological daca and subjerriv> assessment may be used to indicate
the workload of the flight p~ 1’ > that the voice parameters can be correlated
with known workload levels. In .+ present study the call sign of British
Airvays "Speedbird" was amalys.’ >th in terms of pitch and format information.
It was concluded from pr:'imira. sxamination of in-flight recordings that this

technique is useful for :lassifyirg specific phonemes and is effective despite
the noise corruption of the raw data.

W/L Cat. Cede: 4.3
Op. Behav. Code: 3 2., 4.

dog Loy

Physiological Speech patt. Experimental Laboratory Fiight simulator
anal.

Flight test

Cantrell, G.K. and Hartman. B.O. Applicaticn of time and workload analysis

technics to transport flyers. Brooks AFB, Texas: WSAF School of Aviation . h
Medicins, Technical Report SAM-TK-67-71, August, 1967.

Two zroups of Military Airlift Command aircrewmen reported oa their activities , 3
in half-hour blocks around the clock--one group for 15 congecutive days,. che 1
other for 20 consecucive days--to provide data on the typical transport flyer's
workload. Mean times on approximately 50 different activities are presented. {
Crew avallabilfty, level of job-satisfaction, and fatigue are snalyzed. It ' g
is conciuded thst: crew availability is nearly 100X and does wot limit d
airframe utilization; certain factors are sources of contiruing frustration ‘
to aiircrewmen; persistent complaints of fatigue appear to arise froa frustration
rather than overwork; any improvements resulting in a decrease in aircrew
frustratinn should improve aircrew morale and level of job-satisfaction; changes
designad to increase airframe utilization rates may increase the level of sircrew
frustration; and consideration should be given to training as aircrewmen only
thoae individuals free from excessive sensitivity to fruatracing conditioms.

W/l Cat. Code: 1.2
Op. Behav. Code: 1., 2., 3., 4.

3 e i g e e

e i S e emitilen
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Opinion Questionnaire Experimental Fleld Flight simulator

[iout g/

Flight test
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Caplan, R. D. and Jones, K. W. Effeccs of work load, role asbiguity, and type
a personality on anxiety, depression, and heart rate. Journal of Applied

Type A pergonality (hard driving, persistent, invoived in wnrk) was atudied as

a conditioner of the effacta of quantitative workload and role ambiguity (srmsses)
on anxiety, depression, reseatment, and heart rate (strains) among 73 male ugers
of a university computer syatem that was approaching an iwriinent 23-day shutdowm.
Each respondent was his owmn control. Stress, personslity, and nsychological
strain were assessed by questionnaire, and heart rate was measured. Change scores
were then analyxed. ole ambiguity vas positively associated with anx’ety,
depression, and rementment; subjective 'workload. was positively associated only
with anriety. Arxiaty was positively related to hesrt rate. The relationship
batwean workload ard anxiety was greatest for Type A persons, and a similar, but
nonsignificant trend appeared for the effects of anxiety on heart rate. Response
and respondent specificitvy are discussed.

W/L Cat. Code: 1., 4.1.10
Op. 3ehav. Code: 1., 2., 3.

Cpinion ' Rating scale Experimertal Field Background
Physiological Questionnaire
Reart vate
h.z. var.

Casey, S. M., Breitmaler, W. A. and Nason, W. E. Carebal activation and the
placement of visual displays. Warmirster, Prnnsyivania: U.S. Naval Air
Development Center, NADC~77247-40, August, 1977.

Previous studies have shown that the human ceretral hemisplerzs are funciionally
asymmetyical. In addition, differential hemisphevic activation has been
brought about by shifte in lateral visual oriemtation. In view of tiis Information,
an experiment was conduvcted to study the effacts of tha lateral placement of
displays with spati.al-type information on human performance. Thirty two right-
handed males were renulred to respond to peripherally-~located engine monitoring
displays while performiag a zentrall -located compensatory tracking task. For
half of the subjects the engine moni.oring displays were presented to the left
of tke tracking display and for the other half the engine monitoring displaye
werr presented tc the righc of the tracking display. Performance was found to
be better for those subjects who were recuired to orient to the left than for-
those who were required to orient to the right. The results of t'»1s expcriment
support the thzory that cerebral activation may be an important ccmsideration
when locating certaia types of visual displays in a high werkload cockpit

environment.

W/It Cat. Code: 301. 401-7
Op. Behav. Code: 1., 2., 4.

Primary task Single meas.res Conatruct Flight simulator Flight simaiator
Physiological Experimental Flight test
56
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Citlctt: R. L. Application of information thedry co&cnpto to study work complex
versus oparator action time. Red River Army Depot, Texsrkana, Texas: USAMC
Intern Training Center, USAMC-ITC-2-73-08, March, 1973. <(AD 786 286).

Infurmation Theory Coucepts are currently being applied to obtain a quantitatcive '
measure of work difficulty or complexity. This paper uses information theocvy to
investigate the relacionship betvaen infurmatica iuput and operator response time.

To investigate this relationahip, twelve malc subjects were tested for reaction

time. Stimull were any pocaible pattarn of eight lights. Regponses were

corresponding patterns of stimvltaneous ey depressions in an eight-key keyboard,

(one key for each finger). The conclus.on drawm from these experiments was that

there s2ems to be a linesr reletionship between information input (logyN, where

N is the number of ejually likely alternatives) and opevavor reaction time for

an unlearned task.

W/L Cat. Tode: 2.1.2, 3.1
Op. Behav. Code: 1., 2., 4.1

Spare m. capacity Inform. theory Experimental Laboratory Flight simulator

Primary task Single measures Flight test

Cavalli, D. Discrete time modeling of heavy transpcrt plane pilot behavior-
workloads during lunding. Proceedings of the 13th Annual NASA-University
Conferance on Manual Control, Massachusetts Institute cf Teclinvlogy, June i
15-17, 1977, 321-328. ¥

1

A digital computer program simulating the reactions of the pllot of a tyansport
aircraft during final descent is described. Experimental data obtained from |
aonitoring human pilots during simviated final descents permit formulation of a |
model decision-makiang strategy involving nine instrument readinys (localized ,
deviaticn, glide path deviation, roll, pitch, yaw, vertical speed, thrust, |
altitude, and airspeed). Recognitisn of a difficulty and the sequence of |
corrective prncedureg undertaken are also desaribed. It is concluvied that a tetter }
information diecplay could sigwificantly decrease the pilot's wo:-kload and thus t
improve flight safe.y. |

W/L Cat. Code: 3.1, 3.3, 4.1.7 :
Op. Bel.av. Code: Loy 2.0, 4. X
Primary task Single measures Congtiuct ¥light stwulator Flight simulator ﬁ
Physiological Math. mcdel Yxperimentsl : ;

Ey= moveuent

57




SY-27TR-80

e in ]

Ceder, A. Driver's eye movements as relatad to attention in sinulated
traffic flow conditions. Human Factors, 1977, 19, 571-581.

Drivers' eye-movement amplitude end fixation duration are stuldied in four
simulated traiffic flow conditions: (1) withir free-flow mode, (2) under
maximum flow conditions, (3) within congested-flow wmode, and {(4) on «n urban
street between signalized intersections. Of major interest 18 the possible
correlatiou between eye-movement data and drivers' attention demands. Thias
correlation is based on aa uncertairiy theoretical model which provides a
quantitstive approach for evsluating drivers® attention level in variocus
traffic flow conditions. Some applications te t-affic flow phenomena are
presented.

4 R P Y

$ma o= ey oy OGN O W

W/L Cat. Code: 4.1.7
Op. Behav. Code: 1., 2., 4.

Physiological Eye movement Experimenti2zl  Laboratory Flight simulator

Gt

. Chainova, L. D., Komarova, 1. A. and Zonabend, F. I. Complax pasychophysiological
? evaluation of the readability of sywmbolic informaticn (Kompleksnaya
o Psikhofiziologicheskaya Ctsenka Chitaemosti Znakovoy Informatsii). Voprosy

T 2 P - - - [ ——
Pgikhologii, 1970, 36, 1€2-168. (Royal Aircraft Establishment Library

Translation 1777, 1974;.

3 -4

Slides of conventional cartographic symbols varying {n nmumteyr were exposed f
for two seconds and theilr recognition difficulty determined. Twelve such P
symbols were selected experimentally to cover the range of difficulty.
Recordings were then made on ten subjects of their EEC, GSR, EMG and electro- E
oculogram (EOG) in £ recognition task in which the number and difficulty of i
the symbols were varied. The GSR, EOG anc EEG measures were found to reflect !
the condition of the visual system best. The results obtained make it possible {
to make decisions regarding information saturaticn of the visual field, ways

of representing symbola, expoavre time, and individual differences.

Bl b

— s -t

W/L Cat. Conde: 3.1, 4.1.2, 4.1.4, 4.1.5; 4.1.7, 4.1.10
Op. Behav. Code: 1., 2., 4.

Primary task Multiple Experimental Laboratory Flight simulator
Physiologtical Flight test
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Childs, J. M. The development of cbjactive inilight performance assessmant
procedures. Proceedings of the 23rd Annual Meeting of the Human Factors
Scciety, Bostor, Massachusetts, October 29-Novewber 1, 1979, 329-333.

The purpose c¢f this rescarch was to develop p-ocedures for objectively evaluating
Initial Entry Rotary Wing (IERW) student periormance in flight. Maneuvers of the
Basic Instrument phace were addressed. [Iescriptive inflight scoring procedures
to assesa abso.ute duviations of desired values from obacrved values at designated
times, were developed. Desired values were determined vn the basia of the rates
specified in IEW training guides. Observed values were instrumewt indications
of airspeed, altitude, o>r heading at those times. Four tolerance categories were
{ucorporated int) alternatiive six-point maneuver scoring algorithms designed to
assess aircraft control precision. The criterion for acceptable proficiency wus
the maintena®: (f each sampled measure within standard IERW tolerance iimiis for
each samplin, pcint of a maneuver. Tests of the objective scoring procedures
were conducted i1 the UH-1 flight simulator.

W/L Cac. Code: 3.1
{

Gp. Twhav. Code: 1., 2., 4.

i ¢Yrimary task Single measurcs Experimental Flight simulator Flight simulator

Chiles W. D. Objective methods for developing irdices of pilot wprkload.
Oklahome City, Oklahoxa: Federal Aviation Adwinistration, Civil Aeromedical
oa Institute, FAA-AM-77-15, July, 1977.

This paper discusses the various types of objective methodologies that eitber
have been or have the potential of being applied to the general problem of the
measurement of pilot wurkload as it occurs on relatively sliort missions or f
mission phases. Selected studies that have cealt with the workload measurement I3
problem or scme gimilar probiem are reviewed in relation te their applicability
to securing answers to operational questions. The types of methods are !
classified as: laboratory, analytic and syutheric, simulatror, and in-flight. E

|

|

The paper concl:idazs with a general dissucsion of the relative merits and some
of the cautions to be obaerved in attempting to apply these methods and in ,
trying to intermret the results with a view toward generalizing to operational ¥
situations. i

W/L Cat. Code: 2., 3.
Op. Behav. Code: 1., 2., 3., 4.

: < letor :
Spare u. capacity Multiple Review None Flight simu s
Primary task Flight test &
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Chiles, W.D. Objective methods. In A.H. Roscoe (Ed.) Assessing pilot
workload. AGARD~AG-233, February, 1978, S54-77. (AD A0Sl 587).

The genaral approaches that we have labelled "laboratory methnds' are probably
best suited to conducting background research cn more general questions pertaining
to workload. Wherever they are appropriate they are the method of choice because
of the typically high degres of control posaible and the attendant high levels

of ralilbility. The synthetic work method is especially well suited to examining
general workload questions because, by its nature, tasks caft be added, removed,
and modified with relative ease, and, depending on the overall level of complexity,
large investments in training time are not required. Tha analytic and the
synthetic methods both appear to yield reasonable results, but both techniques
»est on relatively fragile data bases. Simulators, especially those controlled

by general purpose digital coaputers, have the potential of generating large
amounts of very vseful information on workload. However, whether the programs
that resulted in their acquisition will allow adequate access to such systems for
rescarch purposes remains to be seer. Except for some of the safety Limitations,
in-flight methods can be used on virtually any problem suitable for investigation
in 2 simulator. However, the recording of data of demonstrated reliability is

a significant problem.

W/L Cat. Code: 2., 3.

Op. Behav. Code: 1., 2., 3., 4.

Spare m. capacity Multiple Review None Flight simulator
Primary task Flight test

Chiles, W.D. and Alluisi, E.A. A review of methods for specifying operator or
occupational workload. Paper presented at XIXth International Congress of
Applied Psychology, Munich, Germany, August, 1978.

Laboratoryv, analytic, svnthetic, simulation, and opsrational-system methods
employed in the specificacion of performance workloads are reviewed. It i3
concluded that laboratory methods re the methods of choice, with the synthetic-
work technique especially well sui.ed to examinations of general workload.
Analytic anéd synthetic methods yield reasonable results, but both rest on
relatively fragile data bases. Simulation methods have the poteutial of providirg
quite useful information on operator workload, but simulators have not gererally
been empluyed for this purpose, and some of the difficulties implicit to their
use are discussed. Operational-system methods can e uged on virtually any work-
load-specification problem suitable for investigation in a simulator, but the
problems of data recording can be substantial.

W/L Cat. Code: 2., 3.
Op. Behav. Code: l., 2., 3., 4.
Spare m. capacity Multiple Review None Flight simulator
Primary task Flight test
60
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Chiles, W. D. and Alluisi, E. A. On the specificasion of opsrator or occupational
workload with performance-measuremsnt methods. Human Factors, 1979, 21,
515-528,

Five system-output or performance-measureaent methods have been described in the
literature for use in operator or occupational workload specifications: laboratory,
analycic, synthetic, simulation, and oparational-svwstem methods. A review and
analysis of these methods indicates that lzboratory methods, whare appropriate,
are the methods »f choice, with the synthetic-work technique especially well suited !
to examinations of general workload questions. Analytic aud synthetic methods "
appear to yeild reasonable results, but both rest on relacively fragile data
bases. Simulation methods have the potential of providing quite useful informatior
on operator workload, but simulators have not generally been employed fer this

. purpose, and some of the difficulties implicit to their use are discussed.

} Operational-system methods, excupt for sore possible safety limitations, can de

© used on virtually any workload-specifization problem suitable for investigation
in a simulator, but the proLlems of data recurding can be substantvial.

s
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wfIIl Cato COdE: 2-:-’ 2.2, 3.1, 3-2 ¢
Op. Behav. Code: 1., 2., 3., 4. l
Spare m. capacity Multiple Review None Flight simulator

Primary task Flight test

Chiles, W. D., Jennings, A. E., asd Alluisi, F. A. Measurcment and Acaling of
workload in complex performance. aviation, Space and EInvironmentai Medicine,

1979, 50,.376-381.

A method is develuped for scaling different lerels of werkload on human operators

involvid in man-machinc systems. A multiple task perforwance battery is used

to provide several tasks (monitoring lightc, woaitoring meters, two-dimensioaszl ;
compensatocy tracking, pattern identification, mental arithmetic, and pronblem i
solving) in different combinations to gcaecate verylng job demands and,
presumably, varying ievels of workload. A total of 94 vcluateer male subjects
is tested, Aivided in two gioups tested on one and two days, respeztively. A |
scale of workload is derived for five complex task combiia’.lon conditicns. The
scale provided reliahls values that were stable cn replication. The mejor
restriction to the method's use is the reouireuent of employing at least 5C
subjects to yield stable scale values.

W/L Cat. Code: 2,2, 3.1. 3.3

Op. Behav. Code: 1., 2., 4.

Spave m. capacity Secondary task Experimental Laboratory Fligat simuiator
Primary task Single weasures

Multiple measures
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Chu, Y. and Rouase, W. B. Optimal adaptive allocavion of decision making
responsibility betwean human and computer in multi-task situations
Proceedings of the 1977 Intarnational Conferepce on Cybernetics and
Sociexy. Naahington D.C , September, 1577, 168-175.

It is suggested that the computer serve as & buckup decision maker in multi-
task situations. accepting respoanibility when workload becomes sxcessive
and relinquioning respona‘o.’ity when worklnad becomes acceptable. A
queueing theury formulation of multi-rask decision making is used to develop
a procedure for determining when the computer shculd be assigned decislon
naking responsibility. The prccedure is illustrated by application to 2
conputer-aided flight management situation.

W/L Cat. Code: 3.3
Op. Behav. Code: 1., 2., 1., 4,
Primary tack Matk. model Comstruct Laboratory Flight simulator

Experimental

Clark, L. A., Arwle, E. L., Fculds, E. L., Jr., Brown, D. M., Eastmesad, D, R.,
and Parry, BE. M. Aviction, Cpece, and Environmental Medicine, 1975, 46, 1044-
1048,

Studies weis conducted to auturmine the psychological correlutes of elevated

serun urate and choleaterel levels. Elevations of uric acid level appeared to
reflect scress that excited fear or insecurity, whiie high chclesterol levels
scewmed to reflect a stress which the individual perceived as requiring a sustained
Increase in physical and/or mer.al performance.

WiL Cet. Code: 4.1.12
opt BehaVD Code: 1.) 2"' 3!. 60
Physinlogical Fody fluid Exparimental Laboratory Flight &imulator

anal.
Flight test
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Clark, W. E., ’r. and Avmetrong, G. C. Thrae-mue helicopter flight director
evalustion. Randolph AFB, Toxas: YSAP Instrumen. Flight Center, IFC TR
77-3, July, 1977.

Thin repuwt covers the work accomplished during an inflight investigation

concerulng the evaluation of the changes in pilot performancz, controi activity

and biochemical chacges while flying with varfons display configurations of a
helicopter Three-Cue Flight Director System. A series of objective, subjactive,

and physiological measures wure used to evaluate the various display configurationa.
W/L Cat. Code: l.z, 3.2, 4.1.10, 4.1.12

Cp. Bzhav. foue: 1.2, 2., &,

Opinion AQuestionnaire Experimental Flight tent Flight simulator

Primary task Malt. mcesures Flight test

Physiological leart rate
h.1. var.

dody fluid anal.

situation indicater Iin simulated powered-lift short-haul operations.
Proceedings of the 12th Annua: NASA-University Conference on Manual Control,

tiniversity of Ililinois, May, 1976, 201-724. (NASA-TMX-73170),

K]
; Clement, W.F., Investigating the use of a moving map display and a horizontal

| This resesrch invesztigates the use of & moving map display from enroute through
1! the tevminal area, including aporoacii and go-around. Various features of each of
the primary STOLAND displays, thc elecironic moving map multifunction display

5 E
E (MFD), horizontal situati~a indicator (HSI), and el=2ctronic attitude director ii
R indicator (EADI), are uscu in the three phases of flight mentioned above when the i
3 STOLAND rystem ie operated in esch of three ways: a) flown in ths fully automatic "
? node with the pilot(s) in a moultoring roie; 5) flown manually using fiight 3

director guidance to reduce workload and task requirements in zn acceptable level; p

3 of ¢) flown manuvally uvaing raw instrument situatien data., Eye-voirt-of-~regard b
1 and workload measurements, couplid with task performance measurements, pllot e
3 opinion ratinga, and pilot comments are presented. The medsurements, ractings, and f§
a comments provide an indication of the utility of the MFD as & supplement to the i
1 HST for improving flight safety. 'i
3 i
ﬁ, W/L Cat. Code: 1.1, 2.2, 3.2, 4.1.7 ii
3 Op. Behav. Code: 1., 2., 4. f
L Opinion Multiple Experimental Flight simulator Flight simulator "3
y Spa- = m. capacity Filight test ]

Primary task 3

Physiological R
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Clexent, W. Annotatel bibllography of procedures which assess primary task
performancs in some mauner &s the basic elument of a worklcad measurement
rrocedure. Hawthorne, Calif.: G&ystema Technology, Inc., Technical Report
No. 1104-2, Jznuary, 1978.

The survey endeavors to include all contributions back to 1970 with

spacial effort to ideutify papers no:r contained in fcrmal journals; that is,
papers presernted at meetings or only available in non-archival proceedings,

etc, Major theoreticsl or bibliographic review articles including sources
extending hack t¢ 1950 have bertt included in the search. The annotated
biblingraphy provides complete re=ferences tc each relevant cont.ribution and

an absatract nf eacli with a brief summary of results or fludings. Except for

the major asvrveys and conference proceedings, which are arranged chronologically,

the contributions within sach subtopic are arrangrd alphabetically by the firat
autiior's name.

W/L Cat. Code: 2.2, 3.1, 3.3, 4.1.7
Op. Behav. lode: 1., 2., &.

Primary task Multirle Review Ncne Fiight simulator
Sparec m. capacity . Flight test
Physiological

Clement, W. F., Hofmann, L. G., and Graham, D. A direct procedure for
partiticning scanning workload with a flight director. Proceedings of the
IEEE Cybernetics and Scclety International Conference, Buston, Massachus?tts,
Novemoer, 1973, 38-43.

Recent exparimeatal eye scanning measurements from simulated approaches in a
flight-1ike cockpit representing & contemporary jet transport have nade it possible
to simplify the procadure for predicting the pariition of the pilot's scanning
worklead required for monitoring and contrclling a task with status displays and
a flight director. When thare is but a single director contro) diapiay, th2 new
procedu~e eliminates iteration in the preliminary design computaticns. The
prelimirary design computations are based on predictions of closed~loop input-
correlated errors in displayed variaklzs with respect to the trimmed fligh.
values. Also included are methods Zor predicting multileop error coherence, and
for correcting the predicted jartition of scamning workload when the pilot's
scanning remnant centribution is significant.

W/L Cat. Code: 2.1.1, 3.3
Op. Behav. Code: 1., 2.
Spare m. capacity Task comp., Construct None Flight simulator
time ass=8s.
Primary task Msch. model
f4
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Ciement, #. F., Jex, H. R. and Graham, D. A manual control-Display theory applied
» to ip2trovent landings of & jet transport. {IREE Transactions on Man-Machine
Systems, 1968, MMS-9, 23-109. - ‘

This puper vvesents an illustrative application of a theory for manual control
displays to che instrument landing approach of a large sul:sonic jet transport.

A methodical procedure is disclosed for formulation of compencatory dinplay-
contrcl systems. Manual approaci. height and lateral position control are treated
in multiloop dynam_c analyses so as to select preferred variables for measurement
and display. Closed-loop system performaxce ard pilot scanning and worklocad
measures are also evaluated. The example concludes with the "predictior" of a
preferred display arrangement. Comparison with an FAA Category II instrument
panel arrangement selected by an airline overating the example aircraft shows
the predictions to be remexkably accurate. “n regard to workload i procedure .
-similar to that of Senders is used. Fracticiil workload techniques are developed
on the basis of sumnatinmm of fixation frequency-mean dwell time products.

W/L Cat. Code: -.1.1, 3.3
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Task comp., Construct None Flight simulator
time assess.
Primary task Math. model

Cliument, W. F., Jex, H. R. and Grahsm, D. Application of a systems analysis
theory for manual cortrol di- leys to aircraft instrunent-lauding. [Iroceedings
nf the 4rh Annval NAGA-University Confe.epce oo Manual lontrsl, Aan Arber,
Mishigea, Maichk, 1965, 69-94. (NASA S§™-192).

This paper preeents 8u illustrative wprlication c¢f a theery for msaual control
displays to the inatrunent landing approach of a large subsonic jet trinsport.
A xecthodicai procedure is divclored ror formulation of cowpensatory Jusplay/ E
cenirol eystame. Marual approach heaght and lateral position control are 5
treate¢ in m.ltil,op dyramic analvses so ar to select preferred verlables for ’
measurem=nt snd display. Clcsed-loop system perfermasice and pilot scanning i
and workload weasureu are alsp evaluated. %Tha exemple ccncludes with the Hy
prediction of g preferred diszlav arrengement. Comparison with an FAA category G
11 instrupent panel arrangemenc selected by an aliviine opevating the eremple iy
eircra¥t ghows th2 predictizns to be remarkasly accurate.

W/L Cat. Codc: z2.1.1 3.3 1
up. Behav., Code: 1., 2., &.

Spare & capacity  Task comp., Construct None  Flight simalator R
t:ime assess. }
Primary task Math, model ,j
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Clement, W.F., McRuer, D.T. and Kiein, K.H. Systomatic manual control display
design. Proceedingp of the AGARD Conference on Guidance gnd Control Displays,
AGARD-CE-96, 6~1 - 6~10. , :

A theory of displeys, together wita validated techniques for analyzing cleosed-
loop nilot-vehicle dynamic perfrrmance, provides & systematic procedure for
improving the guidsuce and countrol dispiay design prucess. Ceatrcl to this

theory is the votion that display design is fundamentally a guildance and control
problem which has intéraciions with our knowledge of human psychomotor activity.
We review the inspiratiorns for eye movement studies in flight control and
monitoring tasks and .ummarize the relationship of eyve scanning phenomena to pilot
describing functions and remmant. Several mesasures of pilet workload in control
tasks are discuss.:d. One measure, !n particuwlar, has great promise in quantifying
a practical definition of workload. This is excesa contvol capacity. We conclude
by {llurtrating the further connections with lead equalizatior, scanning workload,
physiologicesli measures of neuromuscular tension, and the effects of additional
modalitjes on visual workloaud.

W/L Cat.. Coce: 1.1, 2.2.5, 3.3, 4.1.7, &£.1.9

Op. Be:hav. Code: 1., 2., 4. ‘

Opiiion Multipla Construct Laboratory Flight simgiator
Spare m. capacity - Experimental Flight simulator Filight test
Frimary task

Physiological

Cliff, R. C. Tbe effects of attention sharirg in a dynamic dual-task environment.
Freceedings of the 7tn Anuual NASA-University Conference on Manual Control,
University of Southern Califormia, June, 1971, 307-325. (NASA SP-281).

There are nuw:rous =xamples of cases where the human operator is confronted

with several tasks occurring simultaneously and continuously in time. The
curvent study iz an fnvestigution into the nature of attention sharing between
two coutinuous tasks with independan: input-output modes. Eleven subiects

wety tested using a zero crder comrensatory control task with three levels of
difficulty (inpst bandwidth) for cach subje:t As a secondary task on half of
the trials, the subjects weie zlso required t.. verbally shadow 2 random auditory
{oput. Results from an extensive time and frequency domain analysis of the

data are presanted and discussed. The evidence supports a single channel model
for continuous dual-tarnk control.

W/L Cat. Code: 2.2.1, 3.1
Op. Behav. Code: 1., 2., 3., 4.

Spare m. carpdacity Subsidiary task Experimental Laboratory Flight asimulator

Primary task Single measures Flight test
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Cohen, S. I. and Silverman, A. J. Measurement of pilo: mental effort. Paris,
France: North Atlantic Treaty Organization, Advisory Group for Aeronautical
Research and Development, Report 148, May, 1957. (AD 200 672).

This oaper discusses the factors which affect a pilot's ability to respond
to situations demanding effort and methods of measuring his total paycho-
physiologic response. A description is given of some methods and quantitative

results obtained in research at the Aeromedical Laboratory of the Wright-
Patterson Air Force Base.

wIlL Cat- Code: ‘00102. 4-105

Op. Behav. Code: 1., 2., 3., 4.

Physiological GSR Construct Laboratory Flight simulator

EEG Experimental Flight test

Colle, H.A. and DeMaio, J.C. The use of dual-task performance operating curves
to assess workload. Paper presented at the 1978 Review of Air Force Sponsored
Basic Research in Flight and Technical Training, U.S. Air Force Academy,
Colorado Springs, Colorado, April, 1978.

A preliminary study generated performance operating curves (POC) for two digit
transformation tasks (repeat the digit, add three and report the sum) weach of
which were combined with a tone classification task. Two POCs were generated
which allowed the two digit transformation tasks to be equated in attentional
demand over a wide range. Pilots also were tested in a formation flying
simulator together with the tone classification task. Although the formation
flying tasks did make workload demands, they were small in comparison with those
made by the digit transformation tasks, as would be expected for an overlearned

task. Currently, the additivity of the equivalent demand procedure is being
investigated.

W/L Cat. Code: 2.2.1

Op. Rehav. Code: 1., 2., 4,

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator
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Control-display pilot factors progrum. Randolph AFB, Texss: USAF instrument
Pillot Imetructer School, Instrument Evaluatica Project NR.63-1, Decnmber,
1963.

Intarvening levels of control between full manual and full automatic were
examined for the purpose of determining the compctibility of the human pilof
vith an automatic flight control system using Force Wheel Steering as the link
between the two elements. Two identically equipped T-39 aircreft were utilized
in the inflight examination. Twenty-six pilots representing commercial airlines,
FAA, and the USAF flew every possible combination of the two levels of control
in pitch, and three levels of control in roll, a total of five times; two times
were for training and three times for record. The staudard T-39 panel, featuring
the USAF FPlight Diiector Display, was used. The profile ccnsisted of the TLS
final approach. All approaches were made under the hood. Standardized briefings
and procedures were utilized. Both supjective and objective measures were
obtained for describing the effects of intervening levels of control upon
cyrtormance. Comparable performance was obtained across the intervening levels
of control indicating compatibility. A reduction in pilot work load, unburdening,
was obtained as a function of increasing levels of automation.

W/L Cat. Code: 1., 3.2
Op. Behav, Code: 1., 2:, 4.

Opinion Rating scale Experimental Fiight test Flight simulator
Primary task Questionnaire Flight test

Mult. measures

Cooper, G. E. and Harper, R. P., Jr. The use of pilot rating in the evaluation
of aircraft handling qualities. Moffett Field, California: National

Aeronautics and Space Administration, Ames Research Center, NASA TN-D-5153,
April, 1969.

Pilot rating scales and their use in assessing aircraft handling qualities are
reviewed historically, and objections that have been raised to limitations of
earlier scales are considered in the developmer of a revised scale. Terminology
used in the evaluation of handling qualities is reviewed and new definitions
are proposed to improve communication and international understanding. Of
particular significance is the new definition of handling qualities, which
emphasizes the Importance of factors that influence the selection of a rating
other than stability and control characteristics. The experimental use of
pilc. rating is discussed in detail, with special attention devoted to (1)
clarifying the difference between mission and task, (2) identifying what the
rating applies to, (3) considering the pilot's assesswent criteria, and (4)
defining the simulation situation. The important elements of the report are
then summarized in a suggested "Briefing Guide," designed for guidance ir
planning and executing handling qualities experiments.

W/L Cat. Code: 1.1
Op. Behav. Code: 1., 2., 4.
Opinion Rating scale Construct Flight test Flight simulator
Flignt test
68
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Corkindale, M.G.G. A fljight simulator study of missile control performance as
" a function of concurrent workload. Proceedings of the AGARD Conference on
Simulation and Study of High Workload Operations, AGARD-CP-146, April, 1974,
A5-1 - A5-6. '

Eight pilots took part in a simmlation of the delivery of a stand-off air-to-
surface guided weapon. The attack phase of a sortie was simulated. Four levels
of workload were studied. The results show that performance at the missile control
tasks was degraded by increase in concurrent workload, and manual flight coatol
and auto-pilot monitoring were adversely aifected by concurrent missile contrsl
tasks. A small group of noan-pilots was put through the same experimental program.
4 similar pattern of resuits tc those of the pilot group were cbtained but the
absclute leveic of performance werz predictably different. Fye movement data and
subjective dat:z allow the detericration in two-task performance to be explained.
The results of this study confiru laboratory secondary task experiments in that a
detecioration in primary task performance is associatec with the occurrence of a
secondary task. '

W/L Cat. Code: 1.2, 2,2.2, 4.1.7

Op. Behav. Code: 1., 2.. 4.2

Opinion Questionnaire  Experimental Flight simulator Flight simulator
Spare m. capacity Subsjdiary task Flight test
Physiologicel Rye movement

Corlett, E. N. Cardiac arrhythmia as a {ield technique: Some comments on a
recent symposium. Ergonomlcs, 1973, 16, 3-4.

The seminar on "Heart Rate Varigbility and Mental Load" at which the papers

in this issue were presented was attended mainly by research workers and
presented by researchers. The examples given and problem areas posed in these
papers are either actuval fileld studies or analogues of field situations. It
is not unr=asonable therefore to look at the work reported in relation to 1its
contribution %o the study of mental work and mcntal load, not in any carping
spirit but to indicate the enormity of the task facing the field worker who is
studying mental work. This approach will also indicate the quality of personnel
vhich will be needed in industry 1f this area is to be adequately treated. To
say the least, it seems unlikely that industry will be able to continue with
the use of simple techniques and technician level persounel for the study of
vork loads arising from modern industrial jobs. The seminar gave a clear
indication that the study of wnrking stress requires a professional level of
training, i.e., one equivalent at least to a chartered engineer in quality, if
the effective interpretation of data, which are in themselves reliable, is to
be achisved.

W/L Cat. Code: 4.1.10
Op. Behav. Code: 1., 2., &.

Physiological Heart rate, Review None Flight simulator
h.r. var.
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Couluris, G. J., Rataer, R. S., Potracek, S. J., Wong, P. J. and Ketchel, J. M.
Capacity an¢ productivity implications ¢n enroute air traffic control

autynstion. Washington, D.C.: PFaderal Avistion Adrinistration, FAA-RD-7/~196,
December, 1974. (ADA 016 622).

This report documenis the work perforuwed by Stanford Research Institute (SRI)

to evaluate controller productivity and capacity benefits potentially realicabdle
from postulated evoiution of enzoute aiz traffic control (ATC) automation. This
work focused on the workload iimitetions of human controllers and the affects

on controllers of various automstion applications to National Airspace Systew
(NAS) Stage A3d.2 ATC. Empirical measurements of routine, surveillance, and
conflict processing nctivities were used to develop workload models of control-
tecrn operations. These swodels are extensions of the Relative Capacity Estimating
Prccess (RECEP) previously developed by SRI. They were used to assess the
potential berzfiits of enhancenments including an electronic tabular flight data
displav. The worklond models were incorporated into the SRI Air Traffic Flcw
(ATP) network simulation model to assess the potential benefits of a computerized
facility-lavel traffic flow control method termed planning coutrol.

W/L Cat. Codc: 2.1.1
Op. Behav. Code: 1., 2., 3.. 4,

Spare m, capacity Task comp., Experimental Field Flight s .mulator
time assess.

v o v e e g AN TR WS

Crabtree, M.S. Human factors evaluation cf several control system configurations,
including workload sharing with force wheel steering during approa-a and flare.

. Wright-Patterson AFB, Ohio: USAF Flight Dynamice Laboratory, AFFDL-TR-75-43,
April, 1975.

3 An experiment was conducted to cvaluate the performance and workload
' characteristics of six types of control system cnnfigurations during :imulated

!
IFR approaches. The six types were, (1) manual ILS, {2) manual approach with i

? flight director,.(3) semi-automatic approach with flight director ‘a which the

. pitch, roll, and yaw axes of the autupilot were controlled by the pilot through

e

force wheel steering, (4) and (5) two workload sharing approache. with force
wheel steering and flight directors where, in one case, the pilot controlled
pitch and power while the co-piiot controlled roll ané yaw and, in the cother case,
the roles of the pilot and co-pilot wera interchangad, and finally (6) a fully
sutomatic approach. Conclusions were that the full sutomatic mode provided the
best performance and lowest workload while the manval ILS mode and the semi-
aucomatic mode provided the worst perfocrmance and the highest workload.
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3 W/L Cat. Code 1., 3.2 q
s Op. Behav. Code: 1., 2., &. B
: Opinion Rating scale Experimental Flight simuiator Flight simulator é
? Primary task Questionnaire i

Flight teat
Mult. measures
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Crewford, B, M. Workloid assessment metlodology development. In B. O. Rartmen

and k. K. %cKenrie (£ds. ) Survrv of mathods to assess worklosd. ACARD-AG-
24€, August., 1979, 55-€7.

This presentation provides a brief review of several concerts useful in workload
estimstioa. The first concept is that of perforrmance theory, incluiing the work
of Teichner and Dondus. The second concept is that of divided attention with
emphasis on the work of Hick, Krowles, and Sternberg. Experimertal results using
the $ternberg paradigm are described. Finally, physiological corrclates of
performance and analytic uethodologies are briefiy reviewed.

W/L Cat., Code: 2.1, 2.2.1, 3.1, 4.1

Op Behav, Code: 1., 2., 4.

Spare m. cagpacity Multiple Review Mone Flight simulator
Primary task Ccnstruct Flight test
Physiological

Crawford, 3. M., Pearsor, W. H. und Hoffanan, M. Multifunction switching and
flight contrecl workload. Paper prezented at the 6th Psychology in the DOD
Symposium, U.S. Air Force Academy, Colorado Springs, (nlorado, April, 197:.

Four subiectrs were tested in u cockpit simulateor using a secondary tasr. to
r-:asure reserve information processing capacity under two levels of flight
coutroi and four levels of multifunction switching. Results suggest .hat
flight control impacts both input—output and central processing stages whereas
mere snticipation of switching casks affects input-output only. Difficult
flight control reduced the effective information processing reserve by 54
peicent on thc average. The corresponding losses attributable to anticipation
oif multifunction switching were 20 and 31 perceat for simple aud complex tasks

respectively. The study has implications for design of effective processing
alds and mental workload mcasurement.

W, L Cat. Code: 2.2.1
Op. Behav. Code: 2.1, 4.1, 4.2

Spare m. capacity Subsidlary task Experimeuntal Flight simulator Flight eimulator

Primary task Single measurss Flight test
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Cross, K.D. and Cavallero, F.R. Utllity of the vertical contact analog display
for carrier lundings - a diagnostic ~valuation. Proceedirgs of the AGARD
Conferance on Guidance and Control Visplays, AGARD-CP-96, 21-1 - 21-11.

(AD 739-779).

An experiment was performed to evaluate the accuracy with which simulated carrier
landirga could be performed with the Vertical Contact Analog Display ¢ V7CAD), a
pictorial vertical situation display generated by a digital computer. A secondary
objective was to generate diagnostic data to dafine the relative magnitude of
differeat potential contributors to total svatem error. Position and attitude
errcrs were measured under each of five experimental conditions, a full-scale
simulated carrier landing task and four part-tasks. The results revealed that
all thrze attitude parameters were controlled with a high degree of accuracy under
all conditions. Control of vertical and lateral positivn in the full-scale
sinulation condition was accomplished with about the suam¢ accuracy and precision
as that reported for actual (day) carrier landings in F-4 aircrafts. The part-
task data revealed that the largest contributor to lateral error was Control
Complexity.

W/L Cat Code: 3.2
Op. Behav. Code: 1., 2., ..

Primary task Mult. measures Experimental Flight simulator Flight sirulator
Flight test

Curry, R.E. Mental load in monitoring tasks. In N. Moray (Ed.) Mental
worklioad: its tueory and measurepent. New York: Plenum Press, 1979, .
117-124, .

This paper describes issues involved in defining, predicting, and measuring
mental workload. Cuncepcs presented include dividing workload into task demands,
effort, and performance. Goals of measurement and current methods used are

reviewad. :

W/L Cat. Code: 1., 2.2, 3.1, 3.2 m
On Betiav. Code: 1., 2., 3. l
Cpinion Multiple Review None Fiight simulator E?
Srare m. cagpac 'ty Construct Flight test 1%

Primary task
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Curry, R. E., Kleioman, 0. L., and Huffman, W. .C. A design procedure for nontro/
' diaplay systems. Human PFacto:s, 1977, 19, 421436,

This paper proposes a desiga procedure for control and digplay systeme in which
levels of automation vary over a significant range. The elem=ants of “he prinary
analyais tool are briefly reviewed, and the une of the model at three levels of
specification (inforration level, display-element level, snd display-format level)
is discussed. Based on obs:rvation and pilot commentary, it is assumed that tha
pilot allocates his attenticn to control the aircraft to the desired level of
performaice, and then, with remaining capacity, to monitor displsys. The design
procedure is appliad to the longitudinal control of a CH-47 helicopter. The
procedurce points out the need for performance-workload relations for control,

which are fairly well understcod, and rerformance-workload relatione for monitoring,
about which little is known.

W/L Cat. Code: 1.1, 2.1, 3.3
Op. Behav. Code: 1., 2., 4.
Opinion Rating scale Construct Flight simulator Flight simulator
Primary task Single meesures Experimental
Math. model
N

Dahm, A. E. Study of the field vse of the psychological stress evaluator.
Dektor Counterintelligence and Security, Inc., Springfield, Virginia,
Unpublished manuscript, 1974.

This paper summarizes the results of a questionnaire sent to 153 users of

the Psycholuzical Stress Evaluator (PSE). TForty-six users responded to the
questionnaire. The users were categorized into four groups: (1) privately
empioyed individuals or firms conducting investigations on a hired basis,

(2) law enforcement agencies, (3) retail/industrial firme, and (4) «linics

and ruesearch individuals or firms. The resuvlte of rthe ten questions contained
in the questionnaire are individually reported.

W/L Cat. Coge: 4.3
Op. Behav. Code: 2., 3.

Physiological Speech patt. Review None Background
anal.
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Damos, D. Res:dual attention as a predictor of pilot performance. Hunan
Factoras, 1978, 20, 435-440.

Sixteen student pilots performed a task combination designed to measure residual
attention. Scores on this combination were correlated with performances on flight
checks siministered periodically during flight training. The multiple correlation
batween performances on the flight checks and the t¢ask combination increased as
the studeats progressed through flight training. The usefulness of residuai
attention as a predictor of pilot performance is discussed.

W/L Cat. Code: 2.2.1
Op. Rehav. Code: 1, 2., 4.

Spare m, capacity Subsidiary task Experimental Laboratory Flight simulator

Damos, D. and Wickens, C. A quasi-linear control theory analysis of timesharing
skills. Proceedings of the 13th Annual NASA-University Conference on Manual
Control, Massachusetts Institute of Technology, June 15-17, 1977, 35-43.

Human involvement with complex systems ofter requires the operator to timeshare
or perform several tasks concurrently. While it is apparent that performance
under wulitiple- or dval-task conditions often benefits dramatically from practice,
the precise sources of improvement are not clear. Ore possible source is further
mastery of the single-task skills themselves. A second possible source is time-
sharing skills, which are hyporhesized to contribute only to multiple-task
performance and which do not develop under single-task conditions. To date, the
identity, development, and generality of timesharing skilis have not been clearly
igolated experimentally. The present study examines performance with practice
on two dual-task combinations -~ dua’ -axis tracking and two discrete information
processing tasks -- in an effort to identify the presence and development of
specific timesharing skills, such as parallel information processing or rapid

i _.ertask switching. The generality of timesharing skills also is investigated
by examining transfer of these skills between the two qualitatively different
task combinatijoms.

W/L Cat. Code: 2.2.1, 2.2.2, 3.1
Op. Benav. Code: 1., 2., 4.

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator

Primary task Single measures Flight test
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Damos, D. L. aud Wickens, C. D. Dual-task performance std the hick-Hyman .
' lew of choice reaction ctime. Journal of Motor Behavior, 1977, 9, 209-21°5.

The alope, intercept, and linearity of the function relating RT and atiwmulus
infornation reflect different aspects of information processing. This
experiment determined which sspects of information processing are affected by
the presence of a secondary task. Subjec<s (n=12) performed a one-dimensional
tracking task concurrently with a choice RT task. Subjects also pexformud each
vask singly. Haif of the subjects performed under Cual-task conditicns with
adjacent displays, half with separated displays. For the adjacent group the
tracking task had no reliable effect on either the glope, intercept, or linearity
of the relation. Scanning affected only the intercept fov the separated group.
Error on the tracking task was found to increase linearly with increased
processing load on the choice RT task for both groups. The results are
interpreted as supvorting a modiZfied single-chanmnel theory.

W/L Cat. Cod=: 2.2.1, 2.2,2, 3.1
Op. Behav. Code: 1., 2., 4,
Spare m. capacity Subsidiary task Experimental Iaboratory Fl{ight simulator

Primary task Siugle measure Flight test

Danev, S., Radceva, R., Zlatarov, I. Changee in heart rate variability duve to
informational, physical and emotional load, in laboratory and field
conditions. Activas Nervosa Superior, 1975, 17, 187-1886.

Results of these experiments corroborate the results of r£n earlier experiment by
C. F. Wartna and S. G. Danev which showed no difference in sinus arrhythmia
according to most of the scorirg methods in 5 expevimental conditions (including
rhysical as well as mental components). The present results do not support the
work of J. W. Kalsbeek who found a progressive suppression of g£inus arrhythmia
and an increase of heart rate when subjects went from res” to higher loading
conditions. '

W/L Cat. Code: 3.1, 4.1.10

Op. Behav. Code: 1., 2., 4.1

Primary task Single measures Experimental Laboratory Flight simulator
Physiological Heart rate, Flight test
h.r. var.
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Danev, $.G. and Wartni, G.F. Information load and time atresa: Soue
peychophysiological consequences. ITN)-Nisuws, 1970, 25, 389-395,

An autcmatisation in industry is progressing, there exists a growing need for
ohjactive meusures for the mantal demands imposed upon the worker. Changes in
psychophysiological functioning of the human organism may be an indication of this
mental load. Theoretical backgrounds and problams ara discussed. In an
experimental setting the relative contrikution of two groups of factors was studied.
These two groups ware: emotional (time atress) and informaticnal (arithaetical
cperations). The results are indicative of the fact that chaages in psycho~
physiological functinring during the task pazformance are more attributable to the
experienced time stress and the induce\ aractional tension than to the pure
processing of iuformation.

W/v, Cat.. Code: 3.2, 4,2
Op. Behav, lode: 2.
Primury task Mult. measuraes Experimental Luboratory Fiight simulator

Phyaiological

Janiel, J. Nawer apyroaches to reaesrch of mental load, Proceedinga of the
2nd meeting of Psychologists from the Dunubias Countriaes, Smolenice,
Czechnslovakia, Saptember, 1970.

in regard to thre problem of stress, the terminology can iw made more exact:

(1) the term stress should be reserved ior a heavy paysiological and psychological
Jcad whare, for instance, danger to life is involvad. (2) Situations involving
the solution of exacting tasks should ba snoken of ae ‘mental load'. (3) Load
deriving from current activities should be tormed ‘'light weatal load'. This paper
deals with results of experimenta’. research wvhich may be sub-headad under the
second group cf load. It involves stimulatina of an operator's activity in a
chemical company under normal conditicns and under an increased mental load.
Ccirelations of statictical aignificance were found between results of laboratory
research (simulated panel, varioua rodifications of Siroop's interfersnce test,
oncillating curve of attentiveness) and racing of the operator at hia workplace,
done by his lorsman

W/1L Cat. Coda: 1.1, 2.2.1
Op. Beha . Code: 1.5, L., 2.6
Oorinion Ratiuy Scale Exparimentel Laboratory Flight simulator

Spare m. capacity Subsidiary task
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Daniels, A. F. Crev workload sharing assessment in all-weather, low-level

strike aircrait. In Probleas of the Cockpit Environment, AGARD Conference
Proceedings No. 55, March, 1970, 17-T - IE 9. (AD 705 36

Thia paper describes the first phase ¢f sn exparimental program undertaken
by the British Aircraft Corporation to investigate various aspects of crew
workload and workspace assegsment. In particular, the use of the time-lapse
filming technigues of primary task performance to assist in the evaluation of
workspace utilizution is detailed. The results obtained and the limitations

encountered during a relatively inexpensive study in the early feasibility
stages of an aircraft program are discussed.

W/L Cat. Code: 3.1

Op. Behav. Code: 1., 2., 4.

Primary task Single measures Experimental Flight simulator Flight simulator

Defayolle, M., Dinand, J:P., and Gentil, M.T. Averaged evoked potentisls in
relation to attitude, mental load, and intelligence. In W.T. Singleton,

J.G. Fox, and D. Whitfield (Eds.) Measurement of man at work. London:
Taylor and Francis, 1973, 81-91.

Various measures of the state of arousal, such as variations in heart rate and
rhythm, in skin conductance, and in E.E.G. activity, have been suggested as
indicators of mental load. At the very least, we can argue that arousal level
varies with the intensity of mental strain the subject accepts, spd tl.at is
partly reflects the working of some informational processor. This is the
quantitative aspect of mental load. But no less important to explore 1is the
qualitative aspect, that is the nature of processed information. Processing of
information, to be effective, implies that mental load is mainly devoted to
pertinent information. Thus, the notion of mental load sceme to involve two
components: or the one hand, the level of excitstion of some hypothetical
mental processor, on the other hand the selective value of the attention focused
on the task. This paper describes the role of average evoked potentials (ABP)

in dual task paradizms. A vector description of the dusl task is developed,
and its relation to AEP described.

W/L Cat. Code: 1.1, 2.2.1, 4.1.5, 4.1.6
Op. Behav. Code: 1., 2., 4.
Opinion Rating scale Experimer:tal Laboratory Flight simulator
Spare m. capacity Subsidiary task
Physiological EEG
ECP
77
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Dick, K. O. and Bailey, G. A comparieon betweer. oculometer data and pilot
-oplaion on the usetulness of instruments during lancing. Rochester, New

York: University of Rochester, Center for Vieual Science, Technical Report h

A comparison wss made between an objective measure of instrument scanning and
pilnots' opinions about how they used the instruments. The data show a high
degree of consistency within and among pilots for both the cbjective measure
and for the opinion measure. The data show much lower agreeaent between the
opinions and actual use.

W/L Cat. Code: 1.2, 4.1.7

Op. BehQVQ Code: Ao’ 2-. 4.

Opinion Questionrnaire Experimental Flight simulator Flight simulator

i L T

Physiclogical Eye movement. Flight test

Dick, A.0., Brown, J.L. and Bailey, G. Statistical evaluation of contxol
iunputs and eye movements in the use of instrument clusters during aircraft A
landing. Rochester, Rew York: University of Rocnester, Center for Visual i
Scisnce, Technical Report 4-76, 1976.

Two different types of aunalyses were done on data from a study in which eye ;
movements and other variables were recorded while four pilots executed landing :
asequenceg in a Boeing 737 simulation. Various conditions were manipulated, (
including changes in turbulence, starting position, and instrumentation. Control
inputs were analyzed in the context of the various conditions and compared againust
ratings of workload obtained using the Cooper-Harper scale. The results show
clear differences as a function of conditions. A major portion of the workload
rating variance could be predicted by the number of control inputs. There wes
also clear evidence for different strategies on the part of the pilnts. Overall
the results show a differentiation between contrcl inputs and eye-scanning
tehavior, indicating the need for an improved definition of workload.

W/L Cat. Code: 1.1, 3.1, 4.1.7

Op. Benav. Code: 1., 2., 4. |
Opinion Rating scale Experimental Flight simulator Flight simulator

Primary task Single measures Flight test

Physiological Eye movement !
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Donnell, M.L. The application of decision~analytic technigues tc the tast and
evaluation phase of the acquisition of s major alr system: Phase III. McLean,
Virginia: Decisions aud Designs, Technical Report PK79-6~91, May, 1979.

This resport extends the development snd application of decision-snalytic techniques
to assist in the test and evaluation of a major air system, the F/A-18 Hornet
multimission fighter/attack aircraft. Barly portions of the stuly dealt with

two developments. First was the development of a hierarchial evaivation structure
in which wissiors were decomposed into setas of specific tasks. Second was the
development of 4 rating scale which incorporated considerations for both pilot
workload and system effectivenesa. Thae F/A-18 Pilot Task Inventory was modified

to make it appropriate for the A-7E, and ratings for the reduced task inventory
were gathered from eight pilots. It is the exercising of the computerized evaluation
system on the A-7 Echo which is the primary focus of this Interim Report. Refine-
ments in the evaluation mechanism are also discussed.

W/L Cat. Code: 1.1, 2.1.1

op- B‘hav- mde: 10’ 20’ 4'

Opinion Rating scale Construct Flight test Flight simulator
Spare m. capacity Task comp., Experimental Flight test

timg assess.

Donnell, M. L. and O'Connor, M. F. The application of decision analytic
techniques to the test and evaluation phase of the acquisition of a major
air system: Phase IX. McLean, Virginia: Decisions and Designs, Technical
Report TR 78-3-25, April, 1978.

The purposz of this work was to complete the development and implementation
of a prototype computerized Pilot Task Inventory, appropriately structured
and applied to the fighter version of the F18 aircraft. In doing so, &
general methodology applicable to other system acquisition problems was
developed. The two major problems involved in such an effort are: (1)
development of a valid, complete, coaputerized inventory, appropriately
structured and readily usable by test pilots; and (2) development of a
valid rating scale for use in rating the air system wich respect to
suitability for task accomplishment.

W/1. Cat. Code: 1.1, 2.11

Op. Behav. Code: 1., 2., 3., 4.

Opinion Rating scale Construct Flight test Flight simulator
Spare m. Task comp., ' Flight test
capacity time assess.
79
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—':'MW. Deduy hry, J.8. cul Gunh. J.G. Comparison of parceptual
+ worklbpsd 1a flying standard mcmwm and the contact analog vertical
display, Wsahivgton, D.C.:  Joint Army Navy Aircraft Instrumentation Resaarch,
D2‘2H21-019. Dacember, 1964. (Bell Helicopter Co., Fort Worth, Texas.)

= - Iwe. :I.utrnnm: pagels ave compared (the JANAIR vertical display and the standard
instrumant flight display) in terms of the amount of visual free time which vas
available when performance using these two displays was equal. The task was
performad in tha JANAIR dynamic flight simulator. Pilots were required to fly s
straight and level course =maintaining altitude, headiug, track and afrspeed. A
forcing function introduced a rough air component to this task. Perfroimance on
both displays was equated in a testing period. The subjects wers then tested to
determine their free visual time. This was achieved by introducing s secondary
visual task which required an or-sl reading of numbers. These were presented at
rates varying from zero to two per sccond. Result: indicated that the pictorial
JANAIR display was by far the superior display as the visual work load increased.
This. was reflected in the decrement of performance on the prinury flight or visual
task,

W/L Cat. Code: 2.2.1, 3.1
Op. Behav. Cdde: 1., 2., 4.

Spare m. capacity Subsitdiary tack Exparimental Flight simulator Flight simulator
Primary task Single measures Flight test
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Drenncn, T.5., Curtin, J.G. and Warner, H.D. Manual control in target tracking
- tasks as a function of control type, task loading, and vibvation. St. Louis,
Missouri: McDonnell Douglaz Corporation, MDCE 1713, August, 1977,

.- An 1n§nstigation was conducted on the use of fingertip tracking controls which
wvere integrated into an aircraft throtile grip under different levels of task
. losding and vibration. The experimental variables included two types of control

(force and displacament), two levels of task loading (low and high) and four
levels of vibration (static, moderate and heavy turbulence and braodband). The
- low task loading condition required the pilots only to track the displayed
targets or to fly the simulated aircraft, while the high ta-. loading condition
required simultaneous target tracking and aircraft attitude and airspeed control.
In the evaluation 16 pilots performed the target tracking and aircraft contrel
taske in a motion base simulator. Significant differences between the conirol
types were obtained fcr only two measures; time-on-target and airspeed scores.
The force coentrol provicded zignificantly better tracking performance than the
displacement control as indicated by the percent time-on-target scores.

W/L Cat. Code: 3.1
Op. Behav. Code: 1., 2., 4.

o Prinery task Mult., measures Experimental Tlight simulator Flight simulator
l Flight test
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By 8, GLLbon, A dqhtot ntedy of htlleq»:or plot
mu th ﬂlug s wstnc ethpny. . , _pf the
nivare. ' 1, !hivmity of nlinou. May,

THIS h » bl nport of a limtted sisulation experiment intended to test the

feasidility of a tactile display. It had two objectives: to determine whether
the adaptive tisasurement procedure could be used to evaluate novel display devices

. in tactical operations; and to determine whether a tactile display could provide

useful reductions in visual workload in tactical helicopter operations. To
estimate the éffect of the tactila display on visual workload a visual secondary
task wvas employed as the dependent varisble. As before, the adaptive circuits

'computed primary task performance and provided a weighted sum of error scores.

But the output was not used to alter the vehicle handling qualities and no time
deldys were applied. Instead, the adeptive measurement procedure was used "o
alter the difficulty of a secondary task by turning the task on and off. As might
be expected, the basic flight task proved to be very difficult with the narrow
field of view visual display and no motion cues. It is important to note, however,
that the cross-adaptive procedure resulted in stable system performance at or near
the =rror criteria for all these subjects. Each one perforwed the task six timea
with the visuel cue and six times with the tactile display.

W/L Cat. Code: 2.2.4, 3.1
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Subsidiary task Rxperimental Flight simulator Flight simulator
Primary tasx Single measures Flight test

\

Dyer, R. F., Matthews, J. J., Wright, C. E. and Yudawitch, K. L. Questionnaire
construction manual. Fort Hood, Texas: U.S. Army Research Institute for the
Behavioral and Social Sciences, Field Unit, Technical Report P-77-1, July, 1976.

This manual has been prepared primarily fer the use and guidance of th.3e who
are ssked to develop or administer questionnaires as part of Army field tests
and evaluations. The general content and concepts, however, should be useful
to anyone involved in constructing or administering surveys, interviews, or
questionnaires. Chapters 2-10 pzesent guidance on preparing, assembling, and
arranging items in questionnaiies. Chapter 11 discueses the importance of

and procedures for pretesting, and Chapter 12 gives respondent characteristice
that influence questionnaire results. Chapter 13 deals briefly with analysis
and evaluation of responses, and Chapter 14 discusses interview presentation.

W/L Cat. Code: 1.1, 1.2

Op. Behav. Code: 1., 2., 3., 4.

Opinion Rating scale Review Field Flight simulator
Interview Flight test
Questionnaire
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_géagq,-ﬂ.'l. The Doktor ppychologicnl'ltr--a evaluator (voicn‘ntrncn analyzer)

capabilltiec, its limitations, ond ite suitsbility to his particular research

a0 a research instryment. Unpublished master's thesjs, National Graduate
“ni”tlity ’. Apt:ll » 19 76 .

Tﬁigggggu-pu; reviews the actual and poteutial applicatisns of the woice atress
analyzer as a research instrument. The document is inteaded to provide the
potantial uger with information that will enable him to undarstand its

neads. Considerable attention has been given to deception detection, because
this has bagn the primary area of application thus far.

W/L Cat. Code: 4.3
Op. Behav. Code: 2., 3.

Physiological Speech patt. Review None Flight simulator
anel.

Flight test

Edwards, L. R., Pilette, S. 5., Biggs, B.E., and Martinek, H. The effect of
workload on performance of operators monitoring unattended ground sensors.
Alexandria, Virginia: U.S. Army Research Institute for the Behavioral and
Social Sciences, Technical Paper 321, September, 1978. (AD AO61 694).

The purpoge of this research project was to investigate the effect of workload on
operator performance as defined by target activity level and number of unattended
ground sensors (UGS) used. Fallowing an corientation and training session,
experienced UGS operators monitored, in sequence, each of three event recorder
displays showing activations of UGS used in grids. Operators reported each target
they detected and estimated speed and direction of movement. The number of sensors
monitored and the target activity level significantly affects UGS operator per-
formance. The operators' ability to detect targets decreased as either activity
level of number of sensors increased. Operators' ability to estimate target
direction also decreased as activity level increased.

W/L Cat. Code: 3.1

PROTITOHNIE | YRR TOR M Y- ST N

Op. Behav. Code: 1., 2., 3., 4.1

Primary task Single measures Experimental Simulator Bacikground
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 ‘Rgeth, ‘B B hrmt!on and atteation. mr.hou, Maryland: The Johns Hopkins
- * University, Departmant of Peychology Report'No. 81, August, 1975.  (AD MO14 215).

‘The putpoas of this paper is to provide the reader with an up-to-date account of
“the ampirical and theaoretical status of the concupt of attention. The emphasis

in thia review is on the propnrttcl of attention that are manifested in studies
‘of human perceptual processes.

W/L Cat. Code

2.
Op. Behav, Code: 1., 2.
Spare m. capacity Multiple naview None Background

Construct

Elkir, P. A., Zlochkov, A. M., and Zhelezniakov, V. D. Application of EEG spectral
characteristics and derivatives in aviatioa physiology practices. Zhurmal
Vysshel Nervnoi Deiatel'Nosti, 1971, 21, 560-565. (In Russiar ).

In this paper EEG and derivative specrral characterigtics are evaluated in an
effort to determine pilot mental activity during flight. (Paper was not
obtained in time to allow abstracting.)

W/L Cat. Code: 4.1.5

Op. Behav. Code: 1., 2., 4.
Physiological BEG Experimental Flight test Flight simulator

Flight test
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Ellis, G. A. Subjective asseasment. In A. H. Roscos (Bd.) sing pilot
workldad. AGARD-AG-233, Pebruary, 1978, 11-22. (AD Yt ) e

Worid.oad should be clearly defined, znd the definitions ehould be operacor-
related rather thsr task-~related. The wmost suitable definition comes from
Cooper and Earpsr: ‘“The integrated physical ana mental effort required to

, porfor- a speciiied pl.oting task". The bust way to expreses ¢ oubjoctivs

asssssment is through a simple raticg scale amplified by pilots' explanatory
comsents. Pilat ratings are qua’itecive, and attempts to .ubject them to
inappropriate forme of numerical anaiysis should be resisted. Any rating scale
should he designed using the principlee employed in the Cooper-Harper rcale.
Pilots should not be overburdened and should be asked to answer only a strictly
limited number of questions in any assessment. Subject pilots should be carefully
chnsen. The best results will be obtained by using experienced evaluation t:at
pilots. Great care should be taken with extrapolating the results of simulator
exarcises.

W/L Cat. Code: i..
Op. Behav. Code* 1., 2., 3., 4.

Opinion Raticg scale Review  None Flight simulator
‘Questionnaire Fligst test

-1
|

Enstrom, K. D. and Rouse, w. B. Telling a computer how a human has allocated
his attention between control and monitoring 'asks. Proccedings f the 12th
Aunual NASA-Universi;x,Conferevce on Munual Control, University of leinoia,
May, 1976, 104-123. (NASA .M X-73, 70;.

The computer's knowledge of how the buman has allcrated his attention is posed
as an important issue in the design of human-computier systems where the two
decision makers have overlapping responsibflities. It is argued that ic is
inappropriate to require the human to continually tell the computer how he

has allocated his attenticn. Instead, a computer elgorithm employing fading-
memory system identification and linear discriminant analysis is proposed for
real time detection of human shifts of attention in a control and monitoring
situation. Experimental results are presented that validate the ugefulness

of the method.

W/l Cat. Code: 2.1.1, 2.2.4, 3.3

Op. Behav. Code: 1., 2., 4,

Spare m. capacity Task comp., Experimeutal Laboratory Background
Primary task time assess.

Subgidiary task
Math. model
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Bustrom, K. D. and Rouse, W. B. keal-time dezermination of how a humen has
allocated his attention datwesn control and monitoriag tasks. IRBE ‘‘rdnsactions
' on Systems, Man, snd Cybemstics, 1977, SMC-7, 153-161/

A computer algorithim employirg fading-memory system iaentification and linear
discriminant analysis is prorosed for real-time detection of human shifts of
attention in a conirol and wonitoring situation. Experimental results are prasented
that validate the usefulness of the method. {pplication of the method to computer-
aided decision-making in multitask sltuations is discusead.

WIL Cat. OOdli. 2-1.1. 2.2.4. 301’ 3.3
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Task comp., BExperimental Laboratory Flight simulator
time assess.
Primary task Subsidiary task
Single measures
Math. model

Ephrsth, A. R. Pilot workload during an instrument approach. Storrs, Connecticut:
Univeraity of Connecticut, Cyberlab, Unpublished asuscript.

This empirical study documents the changes jn the instantaneous workloud of a
pilot executing an Instrument Landing System approach. The results show & marked
increase in the pilots' workload (measurad by a subsidiary tasx) as distarce to
touchdown decreases. This increase in workload is present to diffarent degrees
both during coupled (autometic) snd munually-flown approaches.

W/L Cat. Code: 2.2.%

Op. Behav. lode: 1., 2., 4.
Spare m. capacity Subsidiary task Experimental Flight simulator Flight simulater

Flight test
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Zphrath, A, R, %%;gs_g§;§g§!sgg roach (NASA
CR=137739). Dogtoral dicsertation, Massachusetts Institute of Technology,
Juos, 1975, : I ' '

This research consisted of an experimental investigation which was carried

ord in a ectatic ground simulator. Fifteen airline pilots flew sero-visibility
landing spproaches with different degree: f automation and at different workload
levels which wers induced by simulated w . disturbances. The pilots' ability

to detect failures and to provide a reliable manual back-up capability was
monitored and recorded. To measure the pilot's workload, a "warning light"

type subsidiary task was selected. There was a very marked increase in workload
scores at altit:ades below 500 feet AGL, which vas inversely related to distance-
to—-go. ‘

W/L Cat. Code: 2.2.1
Op. Behav. Code: 1., 4.

Opinion Rating scale Experimental Flight simulator Flight simulator
Spare m. capacity Questionnaire Flight test
Primary task Subsidiary task

Single measures

Ephrath, A, R. A novel approach to the cross-adaptive auxiliary task, Proceedings
of the 12th Annual NASA-University Conference on Manual Control, Univeraity of
Illinois, May, 1976, 63-71. (NASA TMX-73,170).

This paper presents a scheme for modulating the difficulty of a primary manual-

 control task by means of an auxiliary task feedback. The method may find useful

applications in operator workload research, in part-task simulation studivs and
in personnel training. Primary task difficulty was controlled by modulating the
noise content of the forcing function, and results suggest that a stable work-
load level may be achieved by proper selection of the subgidiary task to be used
and by proper design of the adaptive logic. Other methods of controlling the
primary task's difficulty - such as changing display and control gains o~ varying
an unstable mode ~ may perhaps also be used. Finally, this study raised an
interesting questicn about human perception of the correlation between control
inputs and the output, its dependence on the dynamics of the plant and the effects
of the ussociated time lags. While this question is basic to the study of human
performance in manual control tasks in areas such as system identification,
adaptation and fault detection, it has never been addressed explicitly, to our
knowledge.

W/L Cat. Code: 2.2.5, 3.1, 3.3
Op. Behav. Code: 1., 2., 4.

Spare m, capacity Subsidiary task Construct Flight simulator Flight simulator

Primary task Single measures Experimental
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Rphrath, A. R. and Curry, R. B. Detection by p:l.iotl of system failures during

+ instrument landings. 'IERE Transactionc on Systems, Man, and Cybermetics,

1977, SMC-7, 841-848.

The effects of gust disturbances and the pilot's participation wode in the control

task on his workload level and failure detoction performance during a simulataed

low vigibility launding approach are examined. It was found that the participation
mode had a strung sffect on the pilot'o workload, the induced workiocad being lowest
when the pilot acted as a monitoring element during a coupled aprroach and highest
wvhen the pilot was an active element in the control loop. The effects of differential

wvorkload and participation mode on failure detection were sarparated. The
participation mode was shown to have a dominant effect on the failure detection
performance, with a failure in a monitored (coupled) axis being detected
significantly faster than a comparable failure in a manuvally controlled axis.
W/L Cat. Code: 3.1

Op. Behav. Code: 1., 2., 4.

Primary task Single measures Experimental Flight simulator Flight simulator

Ettema, J. H. Blood pressure changes during mental load experiments ir man.
Psychotherapy and Psychosomatics, 1969, 17, 191-195.

Several experiments are discussed showing an increase in systolic and diastolic
blood pressure as a function of the amount of Information handling per time uanit.
In short-term experimenta, this rise in blood pressure is not very impressive
and remains within the normal physiclogical range. There are some indications,
however, that prolonged intensive mental load induces a more important incraase
in blood pressure. Increase in blood pressure, together with changas in other
physiological phenomena such as heart ratc, sinus arrhythmia, etc., indicate
that mental load may alter the level of activity of the autonomic nervous system.
In the experiments, an auditory binary choice task (high or low tone in random
sequence and of differing frequency) was used to evoke mental load.

W/L Cat. Code: 4.1.10
Op. Behav. Code: 2., 3., 4.

Fhyaiological Blood pressure Experimental Laboratory Background
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Ettewma, J.H. aad Zielhuis, R.L. Physiological paramsters of mental load.

The essential aspects of the terms "load" and “capacity", as used in work
physiology, &re valid for mental load in the following ways: the question of the
physiological "costs" (biological consequencas) of a given performance; extscrnal
load to be messured in unite of performance/time (signals/tims, choices/time);
capacity, dependent on time of endurance; physiological changes corralating with
load,; pathological aymptoms dus Lo extreme load. An experiment is discussed,
vhere a siwple binary choice task is used with several frequencies of signals to
be answered; thus providing different loads. Systematic changes were found in
heart frequency, sinus arrhythmia, systolic and diastoli~ blood pressure, rate
of respiration, and so on. Arguwents are put forward that these changes are due
to a simultaneous rise in sympathetic and in vagal tone.

W/L Cat. Code: 3.1, 4.1.10, 4.1,11

Op Behav. Code: 1., 2., 4§,
Primary task Single megsures FExperimental Labora’ory Flight simulator
Physiological Heart rate,

h.r. var.

Breathing anal.

Farber, E. and Gallagher, V. Attentional demands as a measure of the influence
of visibility conditions on driving task difficulty. Highway Rescarch Record,
1972, 414, 1-5.

Six drivers were required to negotiate a slalom course at an automatically
controlled speed (30 or 45 mph) while wearing goggles fitted with various
neutral-density filters and a motorcycle helmet with a gas piston-operated
translucent face shield. The face shield could be moved from its normally
occluding position for a 1/2-gec "look" by meuns of a foot switch accessible
to the driver. Attentional demand as measured by frequency of looks increased
significantly with increasing goggle density at both 30 and 45 mph. The
effect of the goggles on attentional demand was stronger at 45 than at 30 mph
and for frequently loocking than for infrequently looking subjects. Vithin
subjects (error) variability was very low. Other measures of perfornance
were not influenced by the goggles. It was concluded that attentional demand
provides a measure of control task difficulty or operator skill to which
conventional measurements may be insensitive.

W/L Cat. Code: 2.3
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Occlugion Experimental Field test Flight simulator
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- Paulkner, W. H. and Onatott, K. P. Brror rate information in atteation
allocation pilot -ouh. He 13th NASA-University
assachusatts Institute of Technology,

The Northrop urgency decision pilot model was used in a command tracking

task to coupare the optimized performance of multi- axis attention allocation
pilot models whose urgency functions were 1) based on tracking arror alone,

and 2) based om both tracking error and error rate. A matrix of system

dynamics and command inputs was employed, to creataboth symmetric and asymmetric
tvo~aiis cospensatory tracking tasks. All tesks ware single loop on each axis.
Analysis showad that s wmodel that allocates control attention through nonlinear
urgency functions using only error information could not achieve performanc:

of the full model whose attention shifring algorithm included both error snd error
rate terms. Subseauent to this analysis, tracking performance predictions for
the full model were verified by piloted flight cimulation. Complete model and
simulation data are presented.

“n Cat. Code: 20202’ 3.3
Op. Behav. Code: 1., 2., 4.
Spare m. capacity Subsidiary task Construct Flight simulatcr Flight simulator

Primgvcy fuk Math. model Experimental Flight test

Fergenson, P. E. and Gold, L.S. Perception of task difficulty. Proceedings of
the 21st Annaul Meeting of the Human Factors Society, San Francisco,
Claifornia, October 17-20, 1977, 48-52.

Twenty male subjects were shown the operation of a rotor-pursuit apparatus under
two states of thres different task conditions; rotor speed, target shape, and hand
used. Pre and post-performance estimates of task difficulty were obtained. The
results indicated that subjects had trouble in estimating the relative affects

of as few as three different task variables on performance.

W/L Cat. Code: 1.1, 3.1

Op. Behav. Code: 1., 2., 4.

Opinion Rating scale Experimental Laboratory Flight simulator

Primary task Single messures
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Finkelmau, J. M. and Glass, 0. C. Reappraisal of the relationahip between noise
and human performance by means of a subsidiary task measure. Journal of
Applied Puychology, 1970, 34, 211-213.

Previous research has generally shuwn thar broad-band noises has unly minimal
effects on task performance. However, this relative absence of effect may be
attributable to the way in which earlier investigators measured performance
decrements. The present study was based or the notion that where demands
imposed by the task and concurrent environmental stvess are within the operator's
total inforwsation-handling capacity, the task can be performed substantially
without errors. For performance degradation to occur, the operator's chunnel
capacity must pe exceeded. It was assuamed that unpredictable ncise in
combination with multiple task performance wonld result in such an overload,
whereas the introduction ¢f nredictabie roise would not have such &u zffect.

A subsidiary task meihod consisting of the delayed recall of vandomly presented
digit+ wae used to measure overlcad. As expectec, the uce of unpredictable,

a8 -oppitrd to predictable noise resulted in performance degradation on the
subsidiary task. Performance on the primary task was unalfected by either
type of‘noise-\_Theec results were interpreted as reflecting a reduction {u
gpare melital capiasicy as a function of the aversiveness of the wovise stressor.

WfL'0st. Code:  2:2.1, 3.1
. Op. Bchav. Code: I., 2., 4.

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator

Primary task Single :™casures Flight test

Firth, P. 2. Psycholpgical factere influencing the reiamtioncaip between cardioen
arrauythmia and mental load. Ergounomlcs, 1373, 16, 5-16.

This paper examines the davelobmeuc“and use of cardiuc arthyrhmia as an index

of mental workload in terms of several isecues. These iiclude the relevaice of
autonomic responge to the measurement of task difficulty and the implications

of general nriuciples of psychopiysiniogy tn the application of cardiac
arrhythmia as an applied measuce. In addition the couplexity of the paychological
factors which may influence task difficulty is discussed with particular reference
to second-by-second changes in heart rate variability. In conclusion it 1is
suggested that the usefulness nf global concepts of task difficulty such as

mental load may be questionable. ltiorecver that a greater understanding f what

a task entails, with reference to increased psychophysioclogical knowledge, is
uecessary in order that global changes in cardiac arrhythmis may be interpreter
in relation :¢ task difficulty.

WIL Catc Code: “vla 10
Op. Behav. Code: 1., 2., 4.

Paysiological =  Hzaart rate, " Review Nornk Flight simulator
g h.r. var.
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Floxa, C. C., Kriechbaum, G. K. L. and Willich, W. A flight investigation of
systems developed for reducing pilot workload and i ~roving tracking accuracy
during noise-abatement landing approachea. Moffett Field, California: National
Aeronautics and Space Adminiastration, Ames Research Center, Contractor's Peport

This study was directed at evaluating varicus systems developed to reduce the
pilot workload while maintaining tracking accuracy under simulated instrument
conditions during noise-abatement landing approaches. Freliminary results of

tha study showed that steeper than normal approaches could not be performed

at the sar.e pilot workload level as a conventional approach without improvements
in che path guidance syster., flight inaztrument displays, and automatic flight
controla. The reaults of further flight evaluations showed that when the pilot
was given an appropriatc combination of system aids he was able to perform steep,
two-beam or decelerating approaches with workloads and accuracies comparable to
those cf conventional approaches.

W/L Cat. Code: 3.1
Op. Behav. Code: 1., 2., 4.

Primary task Single measures Fxperimental Fligh: simvlator Flight simulator

Fowler, R. L., Willfams, W. E., Fowier, M. G. and Young, D. D. An investigation
of the relaticonsbin between oprratcr performance and nperator panel layout
for contiaunus tasks. Wright-Patterso. ATB, Ohio: Aernspace Medical Researct
Labo:arory, AXRL-TR-68-17C, December, 19£8.

This otudy defiv.® and evaluated four principles of control parel layout: sequence
¢ use, functional grouping, optimum location by frequency of use, and optimum
location by importunce. The four principles were evaluated by factorial
experiments which iuncluded strese conditions and three levels of a-.ylicatiom of
each of the avrangemvat principles. Systematic procedures for applying each
principle in the lasout process were developed. Analyasis of the final trials
indiceted that when optiwized, sequence of use leads to consistently superior
rerfcrmarce. Stress dierupts periormance on control panela layed out on the

basis of uvptimum lccation by rrequency of use and on the basis of optimum location
by importauce of use, but not on panels where the layout priaciples sequence of
use and functional grouping were used. Prectical applications of the datz to

the panel design process are sffered.

W/L Cac. Code: 3.2
Op. Behav. Code: 1., 2., .

Primary tusw Mult. vezgures Experimental Laboratory Background
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Franksnhasuser, M. and Johansson, G. Task demand as reflected in catecholamine
excretion and heart cate. Journal of Humen Stress, 1976, 2, 15-23,

Immediate effects and aftereffects of exposure vo a color-word conflict task

were studled in two groupes of subjects, one of which performed the task without
auditory interference ("single conflict"), the other with auvditory interferonce
("double ronflict"). Physiologizal arousal indices were more susceptible ithan
performance measures to the level of task demand. Thus, the higher demand imposed
by the double-conflict task was refiected in relatively larger increases of
adrenaline excretion and neart rate, both during the conflict task and during the
subsequent srithmetic task, whereas the performance messures remained unaffected.

W/L c&t. COde: 341, 4.1-10’ 401.12 .

Op. Behav. Code: 1., 2., 3.,

Primary task Single measurss Experimental Latoratory Background
Phy siological Heart rate,
h.r. var.
Body fiuid
anal.

Frolov, N. I. Evaluacion of the workiug caracity of a pilnt during flight duty.
vYoenno~Medituivakii Zhuvxmel, Juiy, 1976, 54~68. (In Russiaa.)

The working capacity cf a pllot during the time he i at the coatrals (ia the
presence of sufficient level of health, training, and motivation) may he cefined

as his ability to perform the required tasks with & given efficiency and propen
tension of the psychophysieclogical syatems of the body. The paper stresses tust
the working capacity shou!: be assessed dynamically, basad ¢n a complex postiliignt
snalysis of the pilot's activities observed by automatic flight paramete: recording
sygtema, along with an analysis of the relevant changes in the physioclngliial
functions of the piiot's body. Attention should he directed to the rvaluation

of the pilot's "attention potentiality" and to the structure of his control
movements through the use of the stabilizer and manual controls.

W/L Cat. Code: 3.1, 3.2, 4.2
Op. Behav. Code: 1., 2., 3., 4.
Primary tacw Mult. measures Construct None Flight aimulator

Physiological ‘ o . , - ?1ight teat
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low altitude and high speed maneuvers of F-1 pupersonic dat fighter. Tachikawa,
L Japan: Japan Alr Self-Defense Force, Aeromedics). Laboratury Reports, 1978,

Fujihare, 0., Sakurai, I., and Kakimoto, Y. Mewsuvements of pilot workload during ) a
19, 101-113. (In Japtnsse.)

™ " SRS

In & st ly designed to reveal the relationships between the mental vorkload of

F-1 jet fighter pilots mnd flight altitude, four pilots flew four ¢ifferent
rititude flights (5000, 2000, 1000, and 500 ft), performing the name mission

with the same flight patterns. Chenges in heart and voice characteristics of the
vibration-space shift rate (VSSR)} were measured. The heart rate vas found to
increase as the flight sititude decreased. The heart vate showed anission-dependent
behavior, and in the case of tho easiest mission the increase in heart rate as
altitude decreases i3 minimal. The analysis nf VSSR showed that the emotional
stete during flight mancuver Lad no significant differeuces at the thrue higher
altitudes, but at 500 ft the puychophysiological tension increased graatly.

R

Lo,

i

:

W/L Cat. Cude: 4.1.10, 4.3
Op. Behav. Code: 1., 2., 3., 4.

Physiological Heart rate, Experimental Flight test Flight simulator é
h.t’. VAY . .
_ Opeech patt. Flight test
anal.

RO sps . 0Py

Gabriel, R. F., and Burrows, A. A. Improving time-sharing performance of
pilets through traiping. HRuwsn Faciors, 1968, 10, 33-40.

TE IR Wl

Even with special display devices in gestation, a pilot must satisfy his
complete visvol information needs by "time-gharing" between the intra- and
extra-cockpit data sources. A ssaple of aixty military attack pilota,
salected with the variable of flying experience in view, was divided into ;
control and trainee groups. Using simple, generalized but adaptive simulation ’
devices, the trainee group was traired over an eight-week period in display ’
reading and in hazard detection. A comparison of the traince group with the
control group in a highly specific and complex simulated flying task, showed
that hazard de:nction (such as collision) was improved significantly without
in any way compromising other flying tasks.

W/L Cat. Ccde: 2.2.1
Op. Bohav. Code: 4.2

Spare m. capacity Subsidiary task Experimental Simulator Flight simulator
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Oale, A., Davics, R., and Smallbons, A. EKEC com\'-hua of signal rate, times .
in task and ivdividual differences in resctign time during a five~-stage sustained
atteation task. Rrgovewlos, 1977, 30, ¥63-376.

The ERG nf 20 subjects was monitored continuously while they psrformsd a sustained
attenticn task in vhich esch subject parformad five conditions in different ordsr.
All cornditions invelved regular pressatation of digits (stimuli). Subjects were
required to zespond to particular digits (signals) snd signal ratios varier between
10 and 30X ovar the five conditions. The Results were: 1. Msan veaction time to
vantad signals increased following the first condition (independent of signal ratio)

and was also longest for the 50Z signal ratio condition (independent of ordar of
pecsentaticn). 2. Brrors (false positives and miises) increased as a function of
sighal ratio but not ss a function of order of presentation. Subjects with faster
wean reattion ~ime cowmitted more arrors. 3. BEEG abundanca for the lower msasured
alpha frequancies increased as the task progressed, and mean dominant alpha fre-
qusncy, decreasad. ¢. ERG abundancs for the higher msasured alpha frequencies
increased as a function of signal ratio i.e. the higher the ratio, the higher the
abundance. 5. SJubjects with higher EEG abundance and lower mean dominant alpha
frequency ware faster (mean RT) than subjects with lower abundance and higher msan
dominant alpha frequency. 6. EEG trends were differemt for fast and siow subjects;
fast subjec’s gave EEG effects for both signal ratio and time in task, wvhereas

slow subjects showsd only time effects.

W/L Cat. Code: 3.1, 4.1.5

Op. Behav. Code: 1., 2., 3., &.

Prime.y task Single measures Exporimental Laboratcry Background
Physiological EEG

Gardner, R. M., Beltramo, J. S., and Krinsky, R. Pupillary changes during

enciding, storage, and retrieval uf information. Percaptual and Motor
Skiile, 1975, 41, 95i-955.

Six asubjects 'wbeternch auditorily presentud six lists of 7-digit numbers for
retention intervals of 0, 5, and 10 sec. Pupil size was recorded duriag
stimulus presemtation, retention interval, and recall of items. Results
indicated that pupil dilation occurred during encoding and retrieval of
stimulus items. Pupillary comstriction wan found during the retention
interval whan rehearsal was presumed to occur.

W/L Cat. Code: ~ 4.1.8

Op. Behav. Code: 1.1, 2., 3.

Physiological  Pupillary dia. Experimental Laboratory Flight aisulator

9

Y atts ~ET e 0N

T AT T R T T e L e




SY-2YR-80

Gartner, W. B. and Murphy, M. R. Pilot uorklpnd-nqd fatigue: A critical
survey of conceptas and assessment techniques. Moffett Field, California:

* National Aeronautical and Space Aduinistration Ames Research Center, NASA
TS 18365, November, 1976.

: This study addresses the principal unresolved issues in conceptualiszing and

; massuring pilot workload and fatigue. Thesa issues arc seen as limiting

| the development of more uweful workiny' concepts arnd techniques and their

| application to systems engineering and management activitiee. A concéeptual
analysie of pilot workload s«nd fatiguc K an overview and critiquz of appreaches

. to the sssessment of theas vhonomena, and a discussion of current trends in
the management of wwanted workload and fatigue effects are presented.
Refinements and inaovations in ussessment methods are recoumended for
enhancing the practical significance of workload and fatigue studies.

W/L Cat. Code: 1., 2., 3., 4.
Op. Behav. Code: 1., 2., 3.

Opinion Multiple Review None Flight simulator
Spare m. capacity Flight test
Primary task '

Physiological

Gartner, W. B. and Murphy, M. R. Concepts of workload. In B. O. Hartman and
R. E. McKenzie (Eds.) Survey of methods io assess workload. AGARD-AG-246,

Pilot workload refers toc how much a pilot must do to perform a mpecified flight
operation. Fatigue i1 widely undcratood as a feeling of tansion or weariness,
often accompanied by ua obvious unwillingness or inadility to continue to work or
perform. However, when attempts are made to quantify the workload imposed on a
pilot by a particular aircraft design, or opera:innal procedure, or to a:cess the
effects of fatigue upon system performance, important unresolved issues srise in
regard to the more precise specification of workload and fatigue concepts and to
the adequacy of assessuent criteria and techniques. This chepter addresses the
principle of operator workload concepis, Jahms has formd it useful to characterize P
vorkload as "an intaegrative concept for evaluating the sffects cz che human operator )
associated with multiple stresses occuring within man-michine envirosments." i
While broader conceptions may be considered useful for indicating the range and :
diversity of workload reference, the purpose here is to outline tha principle
ways in which investigators have elected to restrict che use of the term.

. . - A . . . . . . B . - . - Ay, Goedida, L
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W/L Cat. Code: 1., 2., 3., 4. :
Op. Behav, Code: 1., 2., 3., 4. {

Opinion Multiple Construct None Background :
Spare m. capacity M
Primary task
Physiological
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Gauma, J.G. and White, R.''. Mental workload assesswment, Il. Physiological
correlates of menutal workioad: Raport of three preliwinary laboratory taste.
St. Louis, Miassouri: M:Doanell Douglas Corporation, Raport MDC J7Gz3/01,
Dacember, 1975,

Describes the results of three praliminary laboratory tests of physiclogical

changes under various types and levels of mintal workload. Subjects were testad

on two configuratlons of a :mntui workload apparatus in a aultiple-task situation

4n which they wonitored four or six sing. ~-digit light-emitting diode counters

to pravent errors. Meaial vorkload was varied by changing the rates of the countaers.
Repeatsd readings taken under a single worxkload level revealed only slight

evidence that blood pressure incressed as a result of increased workload. No
consistent relationships were found botween pulse rate and wsental workioad.
Reapiration rates were very stable across all levels of workload. Skir xwaistance
tended to decrease with an increase in workload.

W/L Cat. Code: 2.2.1, 4.1.2, 4.1.10, 4.1.11
Op. Behav. Code: 2.1, 2.2 :

Spare m. capacity Subsidiary task Experimental TIaboratory Fligh: simulator
Physiological GSR .

Blood pressure

Breathing enal.

Geer, C. W. Navy manager's guide for the test and evaluatiun sectfons of
MIL-H-46855. Seattle, Washington: Boeing Aerospace Company, Technicel
Report D194-10006-2, June, 1977.

Assistance is provided to HFE Navy managers in planning, ¢cheduling, and
performing HFE T&E in accordance with the requirements of WIL-H-46835. The
emphasis of this guide (as compared to the user's guide) .i: jlaced un the
planning and scheduling necessary to produce the most cost eirective total
T&E effort. Both formal and technical T&E program raquirements are indicated.
Bagsic T&E considerationa such as data inputs, level of detail, timing, and
applications are described. Types of HFE T&E techniques are irdicated and a
aystem for choosing or evaluating particular techniques is briefly descrihed.
33 techniques are listed along with brief descriptions of each. A fold-out
chart, which integrates much of the guide content into a Navy manager's program
planning decision tree, is provided and may be used a2 a checklist to assist
him in his job. A list of personnel surveyed to obtain much of the guide
material is included in the appendices.

W/L Cat. Code! 1.2.1, 3., 4.
Op. Behav. Code: 1., 2., 3., 4.

Opinion Multiple Review None Flight simulator
Spare m. capacity Flight test
Primary task :
Physiological
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Geer, C.W. Uner's ‘guida for the test and avaluation sections of MIL~d-46b55.

Seattle, Washington: Bosing Asrospace Company, Technical Report D194-10006-1,
Juwe, 1977,

Assistance is provided tn HPF engineers in planning, scheduling, and performing
HFE TSE in sccordance with the requivements of MIL-H-46855. All appropriate
aspects »f the total EFE T&R process are indicated with emphacis being givsa fo
| 33 BFE T&E tschniques which may be used. Detsilas of technique selection and

uIe are included along with tachniqus samples where appropriats. The emphiels of
this guide (as compared to the Navy manager's guide) is placed on the HFFE evaluator's
task of performing the moct cost effective total TSE effort. Both formal and
tachnical TSE vrogram requirements ave iandicated. Basic T&E considerations such
as data inputs, level of detail, timing, and applications are decailed. T pes

of HFE TSE are indicated and a system for evaluating aa! categorizing techniques
1s preseated.

W/L Cat. Code: 1., 2.1, 3., .

OP. B!hl‘V. (bd‘: 1:. 20; 3.. bt .
3

Jpinion ‘ Multiple Review None Flight simuiator i

Spare u. capacity , Flight test ’ '3

Primary task E

Physiolugical h

Geiselhart, ‘R., Koatesuw, R. i. and Schiffler, R. .. A study of task loading
usivg a four-maun crew ca a KC-135 aircrart (CIANT BOOM). Wright~Patterson
AFB, Uhlo: Aeronautical Systemn Division, ASD-TR-76-33, April, 1977.

e

At the requeat of Strategic Air Command (SAC), human factors eaginesvs and
engineering psychologiste participatad in this KC~135 crew corpositica and
task load gailysis entitled GIANT BOOM. GIANT BOOM, s follow-on study to
SAC's earlier CIANT CHANGR, detsrmined the feasib:lity of & four-man KC-i35
crew consioting of two pilots, a hoow operatc=, snd an enlisted Flight Systems
-Opsrater. This crew complement . with inexztial nyvigation systems and raders
for the pilot> and Flight Svatenma Opcrators, demonstrated significantly reduced
task louds on both pilote from those nbasarved in GIANT CHARULE.

e T T s

— e

LTI

W/L Cat. Code: 1.2, 2.1.1
Np. Behav. Code: 1., 2., 3., 4.

Opinion Questionnaize Bxperimental Flight test Flight simulato:

Spare m. cgpacity Task comp., Flight test
time Assera.
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Geiselhart, R., Schiffler, P. J. and Ivey, L. J. A study of task loading using
a thres-man crew on a KC-135 aiiscraft. Wright-Pacterson A%, Ohto:
Aeronautical Systems Division, ASD-TR-76~19. Gctober, 1976.

A series of fiighr tests was conducted to sssess the feasibility of raducing
the crew size on a KC-135 when & dnal Inertial Navigation Syatum {INS) was

g poq gug WG 0N

iostellad. .Test crows consisted of pilot, copilot, anc boom operavor only. 3

Crew psrformance during eir refveling missions wes asseesed through A
questionnaives and inflight observation of crew memba :. Test nissious inciuded IJ

Cell, High Letitude, Coronet, and EWO/Miassion Change a2 uaxios. During criti-~al 3

phases of the missions, savarc task ovarloading ruul\.ed in the dvletion or 4

- deferrcl of many noysal dvties, |

we

W/L C-t. Code: 1.2, 2.1.1 ']

Op. “h‘v-»_ Code: 10' 2‘. 30’ d. "i

X

) it ,
Opinion Questionnaire Experimontal Flight test Flight simulator ‘

Spars w. capacity Task cump., fligh cest }

time assear. '

Gersthmwohl, 8.J. Definition and measurement 9f cverceptual and wantsl workload ! J
in aircrews and oparatorr of Air Force weapon systrms: A status rapart. Inm -
B.0. Fartman (Ed.) Higher Mental Purctioning in Operational Ecviroraents, ; ‘z’g

’ ns

AGARD Conference Proceedings No. 181, April, 1976, Gl-1 -~ Ci-/. (.D AJZ5 683).

It is recognized that evary flight nissiun places certein purceptual -rd nental E ?)
demands on the pilot and the crew, which depend ou a cariety of varisblas aud i
conditiona. Morecever, every mission involves certuin tasks, which ace eicher : ii
flight oriented or combac oriented. This classification lends iteself to a
definition of activities as primary or _econdary tasks, which has been successfully
used in experimenta for quantitative determinations of worklcad. Tie determinsition
of pilot and aircrew workload using puychological, physiolngical, and oparational

ppd T

T e

P

]
criteria has yielded valuable results. isthode used in civil aviation cuan be ? i
.. applied with appropriate acdifications to military oroblema. However, data are 3K
not available from actual combat missions. The resulty obtained by siwuiation i
are promising und may be improved by the staudardization of wmethods and the & ;
. application of statistical approaches and mathematical modelia. %g
3
W/L Cat. Cude: 20 3., 4. ;
Op. Behav. Code: 1., 2., 3., &. -3
Spare m. capacity Multipla Review None Flight simuvlator i
Primary task : &

- : Physiological
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Gorathewohl, 8. J., "rowr, K. L., Burke, J. E., Fimball, K. A., Lowe, W. F.,
and Stackhouse, 8. F. Inflfzht weasurement of pilot worklosd: A panel
discusmion. Avistion, Spac , and Baviroowmentsl Medicine, 1978, 49,
810-222.

A grecup of U.S. scientiats wngaged in inflight measurements of pilct workload
discugsed the prohluns snd aspects of workload; the tachniques used for
infilght medsuremsnts; the various worklosd models, such as design-oriented,
operational, psychological, and physiologicel concepts; different experimantal
approarhes; snd exveriences, results and further plans, during the 48th Annual
Scientific Meeting of the Aerospace Medicel Association in Las Vegss, Nv. on
May 10, 1977. The contcibutions by the chairman and the five panel members

are sumsarised.

RIIL C‘to COde: 2-1.1’ 2.201. 6.1.7, 602
Op. Behav. Code: 1., 2.1, 4.2

Spare m. capacity Task component Review Flighc simulator Flight simulator
' Phyaiological Subsidiary rask Flight teat Flight test H

Lye movement

Mult. measures 1

Garathewoi.., S. J., Chilas. W. D., and Theckarxay, R. 1. Asanssment of E
percepturl and mental performance in civil aviation persomnel. 1In B. O,
Hartman (Ed.), Higher Hental Functioning in Gperational Environments. AGARD -
Conference Proceedinga No. 181, April, 1976, C-7. (AD-A025 663).

Experim:ncs were concucted to study functions of relovance tc aiwvcres, pilot, and g
ATC performance. They conceined the assessmant of wantal functions and complex ;
performance on cingle operators and five man crews while monitoring static and !
dynamic proceasesa, of perceptual moror tracking ability, as well as group problem !
solving. Operaiox proficiency was messured at various lavels of demand induced i
by the elmultaneous perforaarce of different combinatious of tasks, requiring the .
exarcise of psychological and mental procasses. It was found that multiple task !
rerformance varied cignificantly a: a function of information input and grow !

intersction. Substantial nsorrxlatiose were obtained between perceptual motoy W
type problem solvirg and mental ability tests. Moreover, the resulte obtainad h
froem twe tracking taske suggest that a central procuss exerts a regulatory influence l;
onn a veriecry £ physiclogizal variables during increased attention demand. i,

H/L c‘to ’.:Oﬂﬁ.‘ 3'1, 3-2 "
Op. Bensv. Uode: L., *., 4. 1
fouary task Single measures Erpe..mental Laboratory Fligh* simulator f

Mult, weasures Flight simulator i
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Gilson, R. D., Burke, M. W., and Jagacinski, R. J. Secondary visual workload
capability with primary visual and kinesthetic-tactual digplays. Proceedings
of the 22nd Aunual Meeting of the Human Factors Society, Detroit, Michigem,
1978, 293-:97.

Subjects performed a cross-adaptive tracking task with a visual secondarv display
and either a vieual or a quickenad kinesthetic-tactual (XK-T) primary rfisplay. The
quickened K-T display resulted in superior secondary task performance. Comparisons
of secondary workload capability w'th integrited and separated visual displays
indicated that the superiority of the quickened K-T display was not simply due to
the elimination of visusl scsuning. When subjects J1id not have to perform a
secondary task, there was no significant diffsrence betwsen visual and quickened
K-T displays in performing a critical tracking cask.

© e o

W/L Cat. Code: 2.2.4, 2.2.5, 3.1
Op. Behav. Code: 1., 2., 4.
Spare m. capacity Subeidiary task Experimental Laboratory Background

Primary task Single measures

eimulator volume VIII: Applications to assessment of operator loading.
Willow Grove, Pennsylvania: Analytics, Technical Report 1233-A, June 1977.

o bt

This study was undertaken as part of a continuing serles of studies designed \
to validate the Human Operator Simulator (HOS). HOS is intended to be used .
as a systum evaluation tool that can be applied to a detailed system design
prior to the development of a hardware prototype. Consequently, an assessment i
of its ability to model operator workload problems realisticaliy was considered
to be of prime importance. The study was designed to show that HOS, a general-
purpose model of human performance, can accurately simulate the kiads of i
complex interactions between competing .ask demands experienced by a humanr
operator performing a complex mission.

RUIGPIOE. NS

SR, R

W/L Cat. Code: 2.1, 2.2.2, 2.3, 3.3 ¥
Op. Behav. Code: 1., 2., 4. 5
Spare m. capacity Task comp., Construct None Flight simulator %
Primsvy task - time assess. ?
Subsidiary task g
Occlusion R
Math. model
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Gobuty, D. R. TADRAF: A computcr-aidud techniquae for reducing aircrew task

apalysis data. In AGARD Operationsl Helicoper Aviation Medicine,
AGARD~CP-255, May, 1978, 28-1 - 28-9.

During the desiygn of che YAH-64 advanced attack helicopter, a techniqua vas ;
developed for the computer ajiled reduction of aircrew task analysis dats. The
sask Analysis Data Reduction and Analysis Program (TADRAP) begins with the
procassing of raw date from a classical tawk analysis which was structurad around
a five-tinred pyramidal scheme for wission description. TADRAP counverts the

task analysis data into estimates of operator workload bssed upon expected task
completion time, plus weighted values representing the complexity factovs of
sction cycle, sensory modality, and task position. Tha TADRAP facilitates task
analysis validation and presents workioad data in tabular form.

,.‘,
5 R~

PP S

W/L Cat. Code: 2.1.1
Op. Behav. Code: 1., 2., 4.
Spare m. capacity Task comp., Construct Laboratory Flight simulator

time assess. | §
fxperimental

i i Tt B e

Coerres, H. P. Subjective stress assessment as a criterion for measuring the
psycholophysical workload on pilots. Proceedings of the AGARD Conference on
Studiea on Pilot Workload. AGARD-CP-217, April, 1977, Bl12-1 - B12-8.

The psychophysiological workload induced by an accivity depends not only on the
duretion and inteneity of stressing stimuli, but also upon intra-individual factors
in the stressed subject (physical features, functioning of sensory organs,
vegatative status, and present state of health 4s a prerequisite to physical
performance; job-related knowledge, abilities, skilis, need for achievement,
experience, emotional streass resistance as psychic and mental determinants of .
strain). The results obtained by uning standardized interviews and questionnaires
to assess thes=» psychoplhysiological strain parameters in 217 pilots of various
typa aircraft used by the German Federal armed forces are presented.

W/L Cat. Code: 1.1

S arnaoie

Op. Behav. Code: 1., 2., 3., 4. ‘
Opinion Rating scale Experimental Laboratory Flight simulator d

*
Questionnaire ;
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Goerreas, H. P. Subjective stress assessmeiat-2 new, simple method to determine
pilot workload. Aviation, Spacz, and F.vironmental Medicine, 1977, 48,
588-564.

Ak group comprised of 117 jet pilots, 41 multiple-engine prop pilots, i4 single-
angina prup pilots, and 45 hellcopter pilots was interviewed and asked to complete
questionnairea to provida suvbjective assessments of workload. The pilots pliaced
the effect of individual stressurs and the severity of tension symptoms during
different type: of missions on & -~ .2 of zero to aix. They werc«. then asked to
respond to the same questions fronm the point 27 view of pilots flying uifferent
types of aircraft. A combined scoring table waa constructed. On a percentage
geale, with 100X assigned to jet pilots, who had the highest strain and workload
scorss, the relative worklcad for instructor pilots (regardless of alrcraft type)
ir. 95%; helicoptar pilotas, 90%, multiple-erzine prop pilots, 75X, and single-
engine prop pilots, 60%.

W.L Cat. Code: 1.1, #.2
Op. Zehev. Code: 1., 7., 3., 4.
Opinion Rating scale Experimental Laboratory Flight simulator

Queetionnaire

Graters, K. 3. Relation between puise rate during the complex coordinaticen

test and several psychelegical weassures of «Ffort and strese, Scilew 'fic
and Techunical Aerospace Reports, Regort No. DLR-IB~355-75/04, 197 ., (In

Gerwan. )
The counection between physiologiral activation in a test situation and psychological
neasures of effort and stress was investigated for 33 applicents for flight navigator
training. The object of this work is to raplace psycholgical measures with strong
subjective components bty objective physiolog?cal paremeters. Physiological
activation was rclate’ *o pulse rate. 1. was found that no v.al correlation
exists, end that pulse rate changes arc always ambiguous.
W/L Cat. Code: 4,1.20
Op. Behav. Code: 1., 2., 4.

Physiological Heart race, Experimental Laboratory Background
! h.l‘. val.
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Goldscein, I. L., Dorfuan, P. W., and Price, A. Spead and l.ad stress as

: determinants of performance in a time sharing task. Human Factors, 1978, 20,
\ 603-609.

\ The effects of speed and 1,ad stress were investigated in a task vhere oparators
responded to moving visual stimuli that entered critical zones in each of three
visual displays. As expected, increases in either apeed or load stress resulted
in significantly poorer performance. Mcre importantly, the effects of spead
atreos were made apparent by a speed by ioad stress interaction. At the lowest
level of load stiess wherve the operator was omly vequired to atteud to vne diaplay,
increases in specd stress did not have any appavent effect. Howevar, as load
stress increased to two displaye and especially tc three displays, increases in
speed stress had a significant negative impact on performaence. Data concerning the
timing 31 these respcnses further supported this analysie., Futurz generalizations

about the effects of speed stress much consider the level of load stress present
in the task. '

%/L Cat, Code: 2.2, 3.1

Op. Behav. Code: l., 2., 4.1

Spare m. capacvity Secondary task Experimental Lzboratory Flight simulator

Primary task Single measures ‘
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Gorer, F. E., Pelideman. L. R., and Levinc, S. H. The application of
bilocybernetic techniques to enhance pilot performance during tactical wmiesions.
St. Louls, Missouri: McUonnell Douglag Astroaautics Company. MDC E2046,

Finai Report, October 1, 1979.

- o
5 e e A S ALE B

This report Jescribes a novel means of enhancing man's performance in highly
complex, crew station environments. The bemefits of on-line evaluation of
physiologlical data are related to projected mission requiremente for s 3990
tactical aircraft. The pilot's effectiveness may be monitored for fluctuctions in
attentiveness and ability to procexa informairion. The report sumarizes research
which has demonstrated that these =«arai activities are manifest in distinct
electrophysioicgical signals, and thet such signals, recorded noninvasively and
uobtrusively, csn be analyred and interpreted in real-time.

WIL Cato COdl‘H 20101. 4.1.5, 4.106. 4-1.7
Op. Behav. Code: 1., 2., 3., 4.

Spare m. capacity Task comp., Construct None Flisht simulator
time assgess.
rhysiclogical BEG
ECP

Eye movewettl
Evelid movement
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Gbpher, D. FEye movement patterns in geleciive listeaning tasks of focused sttenmtioen.
Perceptiou and Peychophysicu, 1973, 14, 259264,

Three experimcats are described in which e¢ye movements (Ems) ware racorded in
conjunction with either monaural of dichotic tasks of forused attention. Two main
effects wer: obsevved in the Dms rgcords: (1) Listeniag to arditory messages
reduced the occurrence of spontaneous Ems. (2) Selective monitoring of one zar in
the dichotic task was accompanied by a consistent pattern of directional Ems
characterized by big saccade:s and long changes of eye fixation in the direciion of
the relevant ear. The pattern of Fus is affected by the following variables: the
presentatior rate of the auditory intogmation, the frequency oi demands to switch
orientaticn between the ears, aad the compecition of the irrelevant chamtel in

the dichotfc task. It is suggested that the eye-movement mechauism is used in
selective listening taske as a genevul srisntation icdicator, when the adoption
or maintenance of a certain seiactive set ls difficult and demanding of effort,
The Ems response is part of a general orientation pattern, although its usual
function is in the field of visual perception.
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W/L Cat. Code: 4.1.7 !
Op. Behav. Code: 1., 3. ;i

Physiological Eye movement Experimental Laboratory Flight simulator i

=t

Flight test

central capacity. Hhaifa, Israel: The Technion, Report No. HE1S-78-11,
“» Decembexr, 1978.

I
|
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. Copher, D. and Nevun, D. How is performance limited: tegting the notion of ?

|
A two-dimencional pursuit tracking task was amployed in three experiments
- designed to test three predictions of a central capacity zpproach to performance
limitations under time-sharing conditions. Each of simultaneously performed
tracking dimensions (horizontal and vertical) was treated as a separate task and
manipulated independently. Tracking difficulty on each dimension and the relative
emphasis were jointly investigated. Negatively accelerated effects of task
priority and limited tradeoff between tracking dimensions were obtained when
frequency and velocity of target movement served as difficulty parameters. Direct
linear rradeoffs were observed when control complexity was increased by changing
control dynemics. These results cannot be easily accommodated within a strict

central capacity model. An alternative interpretation which relies on a multiple
capacity approach is outlined.
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Op. Behav, Code: 1., 2., 4.
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Spare m. capacity Subsidiary task Experimental Laboratory Background
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Primary task Singie measures
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Gopher, 'D. &nd Navon, D. ' Cer you control your tontrdl: on the efficlencs of
attention allccation between trucking dimensione- Paper pressnted at the
Fifteenti: Arnual Coaference on Marusl Control, Wright State University,
Dayton, Ohio, March, 1979,

T a efficiency of attentis” gllocation burween tracking dimensicus was investignced
.2 & two dimencional pursuit tracking iask where sach of the dimensions was treated
as a separate task and manipn’ated independently. Tracking difficulty on each
diinenrion and their relazive emplasis were jointly munipulated in a central com-
posite response surface desiz:,. Negatively accelsrated effects of tesk priority
and limited tradeoff between tracking dimensions werz obtained when frequency and
valocicy of target movement served as difficulty parameters. Direct linear
tradeoffs were ohserved when control complexity was increased by changing controel
dynamics. These results provide strong eviduence of the ability of himan subjeczta
to control their responses separataly. The differential effects obtained for the
three difficulty manf{pulations suggest that the locus of load in the time-sharing
performance of tracking tasks resides primarily in the respouse selectlon stage.

W/L Cat. Code: 2.2.2, 3.1
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Subsidiary task Experimental Laboratory Background

Primary task Single measures

Gopher, D., Navon, D., and Chillag, N. Tracking in two ¢imensions as a function
of dimensiocn priorities and tracking difficulty. Proeceedings of the 2ist Annual
Meeting of the Human Factors Soceity, San Fraacisco, California, Oct. 17-20,
1977, 118-122. .

The present paper develops the argument that an effcccive evaluctior of performance
under time-sharing conditions raquires a joini manipulation of tasks difficulty

and operator's resources allocation. An experiment is presented in which each

of the dimensions in a2 two dimensional pursuit tracking task was manipulated and
controlled separately. Single and dual task conditione were crestad by presenting
one dime~nsion or two dimensions simultuneously. Time-sharirg efficiency was
assessed under a joint manipulstion of tvackiang uifficulty on each dimenaion and
their relative prioritics. Results are discussed In terms of their implications

to the problem of measuring capacity, aad their contribution to the understanding
of tracking behavior.

W/L Cat. Code: 3.1, 2.2.5
Op. Behav. Code: 1., 2., 4.2
Primary task Single measures Experimentel Laboratory Background

Spare m. capacity Subsidiary task
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, Gopher, D., Navon, D., Chiilag, N. and Dotan, H. Tracking in two dimensions
as a function of dimension priorities and tracking difficulty. Haifa, Israel:
!i Technlou~Isruel Institute of Techooiogy, The Center for iIndustrial Safety
Research, Teuhnical Report AFOSRv77-~, December, 1977.

i
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" The present zeport dnvelopa the argusent chat a comprehensive assegsment of

perfurmance limitations under time-sharing conditions requires an ev.luation

of the joint affects of task difficulty and operator’s resources allocation.

Av experiment 1s presented in which each of the dimensions tracking task was

treated as & reparate time-~shared task, and manipulated independently. Tracking

sccuracy was assessed under a joint manipulation of target frequency on each

di{mension and their relative priorities. The resulis showed that che priority
I: variable had the most robust effect on performance. However, thie effect was

negatively accelerated. Subjects degraded performance on an axis vhen its

priority was reduced, but the releascd resources could not be effectivaly trans-
]: ferred to improve perfurmance on the high pricricy axis.
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) W/L Cat. Code: 2.2.2, 3.1
]. Op. Behav. Code: i., 2., 4.
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Spare m. capacity Subsidiary task . Experimental Laborutory Flight simulator
J - Primary task Single measure:

o ©' Gopher, D. and North, R. A. Mauipulating the conditions of traiuning in
time-sharing performance. Human Factors, 1977, 19, 583-593.

A one-dimensional compensatory tracking task and a diglt~proceesing, reaction
time task were combined to assess three aspects of training under time-sharing

o s A, v, | 2SS Rl

.- conditiors: (1) manipulation of desired levele of dual-task performance; (2)

, training under equal and unequal task prioritiee; and (3) repeated sequencing

v cf single/dual-task prezentatiocns. Six groups of 10 subjects each participated i
i the experiment. Larger performance improvementg under tlme-gharing i

) conditions were observed when desired perfurmence indicators were computed

av reiative to a dual-task rather thea a single-tusk reference. ‘Training under ’
unequal task piriorities revealed that tracking was more sengitive than the h

.- digit-precessing task to priority differences. Tracking performance continued ,

to improve during repeated single-task presentation, whe:reas digit processing
inproved only in the time-sharing conditlons. These findings suggest that
improvement on the tracking task is in the specific skill of tracking, while
digit-processing improvement results from improved time-gharing ability.

W/L Cat. Code: 2,2.4, 3.1
Op. Behav. Code: 1.,:2., 4.
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Spare m. capacity Subsidiarr task Experimental Laboratory Flight simulator :

Primary task Single measures
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Graham, D. K. Transport airplana flight deck developwent survey and aralysis:
Report and rucosmmendations. Noffett Field, California: MNational Aeronautical
and Space Administration, NASA CR-145 121, January, 1977.

This: document reperts results of a survay and analysi= of current research
and development work in the U.S.A. related to improving transport zirplane
flight deck equipment and aircrew performance. This survay and analysis
was performed for the NASA Langley Research Center's Terminal Configured
Vehicle (TCV) program, which was established to study, test, and evaluate
concepts for more efficient and wore acceptable terminal-area transport
operations. Specific recommendations are made for future TCV program work
in flight deck devslopment, based on survey results. Methods of workload
analysis that seem wmost appropriate for further development include the
oculomecer, time-line analysis program, physical cost evaluations of workload
which include measures of IZKG, muscle activity, and respiration rate.

W/L Cat. Coie: 2.1.1, 4.1.3, 4.1.7, 4.1.8, 41.19, 4.1.11, 4.2
Op. Behav. Code: 1., 2., 3., 4.

Spar@ m. capacity Multiple Review None Flight simulator
! .
Phys?ological

I
|

|

Gre i. R. and Flux, R. Auditory communication and workload. Proceedings of
the: AGARD Conference e¢n Methouds to Assess Workload, AGARD-CPP--216, April,

This| paper discusses the general problem of assessing how paychomotor workload g
ray interfere with the performance of an auditory communications tausk. Two ‘ i
experiments are described. The first illustrates thet an suditory task from
which a cumulative response time meagure is taken is affected by changas in : E
signpl qualiiy and the second experiment shows that the same auditory task j
is allso affected by a reaiistic form of workload (flyinr~ an aircraft simulator). ’ :
The lications of these findings are discussed both iaterms of assessing the
quality required of a communications system and in terms of the use of secondary
taskp in the assessment of workload.

W/L Fac. Code:  2.2.1, 3.1
Op. Behav. Code: 2.1, 3., 4.
i
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Primary task Single measures Flight simulator
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Graening, C. P. Aoalysis of crew/cockpit wmodels for advanced aircraft.
China Lake, California: RNavsl Wecpons Center, KWC TP 6020, Pabruary, 1978,

The purpose of this scudy was to axsmine five active computer models of the
atrcrew/cockpit aystem, and to determine cheir relevance to current and juture
attack aircraft. The models were compared in terws of thsir general structure,
itput requirements, output options, and their censitivily to a wide variety

.. of equipment, mission, and operator characteristics. Tht models reviewed are

similar in several important respects: They all require s detailed mission
scenario and task analysis to steer the gimulation; &)l require data on
perfocrmance time and accuracy as inputs; and sll generate cutputs related to
operator task load. The models differ widely in their senslitivity to
significant variables.. Recommendations for future work are presented.

W/L Cat. Code:  2.1.1

Op. Behav, Code: 1., 2., 3., 4.

Spare m. capacity Task comp., Review Laboratory Flight simulator

time assess.
Flight simulacox

Gregoire, H.G. Is man the weakest link? Proceedings of AGARD Conference on
Methods to Assess Workload, AGARD-CPP-216, April, 1977, Al-1 - Al-3.

The advantnges of smsll battery-powered video tape analysis during in-flight
operations are presented with emphasiez on worklocad relationship t- human
engineering. Of particular interest are the differences between .uircrew debrief
accuracy with vs. without the videotape utilization. Datz were obtained during
passive acouatic submarine search and track operstions during actual ASW test
flights. These data indicated that during passive acoustic search and tracking,
individual control tasks requiring one or more pushbutton operatiouns were per-
formed from 6 to 10 times per minute. Display mode changes occurred at intervals
of approximately two minutes. With the exception of a few particular pushbutton
inputs, every individual pushbutton operation .sas guided visually. Keying tasks
which occurred with the highest frequency were KEYBOARD numberical entries.

The following potential applications are identified: 1) Capability of real time
activity recording with slow time analysis, 2) Actual in-flight data sampling,
and 3) Capability for accurate and detailed time-liie analysis to be correlated
vith human engineering design limitations of controls and displays.

W/L Cat. Code: 1.2, 2.1.1

op. Beh‘v- COue: 1.1, 2-, 401

Opinion Questionnaire Experimental Flight vest Flight simulator
Spare m. capacity Task comp., Flight test

time assess.
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Cunning, D. Time estimation as a technique to measure workload. Proceeding of

the 22nd dnn of the H "g_Society, Detroit, Michigan,
mt ) 3 1 » ’ - 5.

A gecondary task which iavolves time estimation was used as a measure of workload
in a flight simulation study. The results of the time estimation task were compared
with performance scures and subjective workliocad ratings to evaluate the adequacy

of the task. The successes and fallures of the techniques are discussed.

W/L Cat. Code: l.i, 2.2.3, 3.1

Op Behav. Code: 1., 2., 3., 4.

Opinion htins scala Experimental F1i3ht simulator Flight simulator
Spare m, cepacity Time ostimation

Primary task Singl: measures

Guttmann, H. E., Easterling, R. G. and Webster, R. G. The effects of t.icker
on performance as a function of tash-loading. Albuquerque, New Mexizo:
Sandia laboratories, SC-TM-72 0617, November, 1972,

Subjects performed a tracking task and a search task in a light-tighe
chamber that was arranged to roll on its longitudinal axis, and were
required to maintain the chawher vertical, The trackiag task was
individually adjusted for each subject to impose a substantial amount
of task-load., During the experiment, subjects were exposed

to flickar at rates of 3, 7, 11, 15, 19, and 23 pulses per second.

At rates of 11 pulses per second and higher, performance on the
tracking-task was markedly degraded. No degradation in performance
of the search task or maintenance of verticality was observed.
Degradation of tracking was greatest when subjects were engsged in
the three tasks simultasnecusly, indicating that task-loading is an
inportant variable in the behavioral response to flicker.

W/L Cat. Code: 3.1, 4.1.1
Op. Behav. Code: 1., 2., 4.
Primary task Single measure Experimental Laboratory Flight simulator

Physiological FFF
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Rackar, W. Determining tiis paychic voxkload: Pressnt atatus and perspectives.
Socialistiische Arbajtewiesenschaft, 1974, 18, 17-28. (In Sermsn). -

Whersas establighed concepts and measuring mathods are available for the
physiological workload, no such criteria axist for as: .3sing the load duz
to mental activity. The author defines the terms (.ashk, demands, load,
and stress) from tba standpoint of psychic workloed and examires the
poesibilitias of cvcermining itc affects.

"I’L c‘t. COdQ: 10' 2". 3». ‘.

Op. Behav. Code: 1., 2., 3., 4.

Opinion Multipla Construct None Fliglt simulator
Spare m. capacity Flight test
Primary task

Physiological

Hacker, W. et. al.* Internal repreaéntation of task structure and mental work-

load: approaches and methods of assessment. le Traveil Humain, 1977, 40,
239-248. (In Fremch).

A survey is presented of research designed to eluc‘date problems of wental load
in industrial work, using both laboratory experiments and fiald studies, and
examining rclationships between the mental demands of jodbs and changes of vurious
indices of performance and of subjective and physlological effects. An initial
enunciaticn of general principles stresses the importance of intercal models,
strategies and goals in the orgsnization of work activities. This followed by
brief accounts of four experimental studies. Of chese, one showed that the sffects
of load sre aultidimensional, a second gavae avidence of shifts of aspirstion and
wotivation, a third illustrated the value of adequate internal models ac a means
of preventing fatigue, and a fourth indicated that job enrichment which increases
the mental demands made by industrial work need not produce undue mental load.

W/L Cat. Coda: 1.1, 3.1, 3.3, 4.1
Op. Behav. Code: 1., 2., 3., 4.

Opianion Multiple Review Laboratory Background
Frimary task kxperimontal Fileld
Physiological

*Nanas of othar authors not available at tiwe of publication.
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Rasyer, W., Plach, N. K., Richter, P. ‘aad Zism'y. .. Internsal representation
of task s ructurs and menial losd of work: s, proaches and metlods of ‘
arsesseani. Srgonomice, 1978, 187-194.

» svxvey is presented of research deaigred to elucidate problems of mental
load ir indust:ial work, using both lsborstory exveriments mud field studies,
and sxamining rslationships between the mentel demauds of jobs and changas
duving & working spell of various indices of pertorsunca and of subjective
and phyviologisal effects. in initial enuacietion of general principles
strasses the importance of intermal models, st stegies and goals in the
organisetion of work activities. This is followred by brief accounts of four
experimentel studies, Of tbasc, one showed that the effects ¢ load aze
multidimensionsl, a second gave evidence of shifts of aspiration and motivation,
a third {llustrated the vaiua of adequats internal iwlels as s means of
preventing fatigue, and & fourth ‘ndicated that job enrichment which incrsases
the mental demands made by industrial work naed not produce undue mental load.

W/L Cat. Code: 3.1
Op. Benav. Code: 1., I., 2., &.

Frimary task Single measures Review Laboratory Flight simulator

Fiald

Hagun, J. F., Moe, P, J., and Woratschek, R. i1light evaluation. MF-2 integrated
control. el {uacalled in un OH-58A helicopter. 3Xdwards Air Force Barse,
California: U.S. Army Aviation Pagineeving Flight Activity 77-11, Finzi
Repori, Apiil, 1578. {(AD-A-05 0V2Z).

This activity conduced a han.ling qu-lities and pilot workivad esvaluation of the
MK II integrated zoncroller iustaliel in an (3-58A bReli:pter. The OH-38A could
be safely "lown through:i.c tiw rocornendel flight anvalope usfag the integrated
controller. The pilot workload when using the iutegrated contreller with two
hands was not raduce: fros and was scmelimes greavar than tte workload whan using
convantional controls for all maneuvers exceprt luvel forwa:id fligth. Single
hand control during {Ligth and lamding could be safaly accozplished, but required
incressed pilot werk.cad in all casas. ThLu tun 10st sericus unsatisfactorxy
characteristica ideutifiud were lack ui an adequate aystem~decoupled werning &nd
excessive workload during *=ft s.devird flight Letween approximacely 13 to 23
wnots true airspeed.

W/L Cat. Coda: 1.1, 1.2, 3.1
wt l.h.v. md‘: 14. 27' ‘l

opiuion Rating scale  Raperimeatal Flight test Flight siaulator
Priwvary task Questicnnaire Flight tuat
Sirgle measnures
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Hale, H. 2., Andorsvm, C. A., Williams, B. V. and Tanne, E. Endocrine-metabolic
affecta of uausually loug or frequent flying missions in C-130% or C-133B
sircrafc. Astoppace Medicive, 1963, 39, 561-370.

Flight-strass apirajsal was made by msans of s ovattery of urinary Adeterminations
(epinephrine, nurepiraphrine, 17-ORCS, urea, uric acid, phosphorus, magnesium,
sodium, and potassium) for flyers vho participated in (a) 20-hour missions in
C-1308 atveraft (fiights from New Zealand to Antarctice, and back), (b) 6-day
nireions fn 3-13%3 alrcraft (earth-circling missious) or (c) 7-week missions in
£-1338 aircraft (overfraquent transoceanic and transcontinenral flying). The
adranal madulla (judging By urinary epinephrine) consistently showed flight-
saneitivity, but other endocrins-metabolic functions varicd iv ways indicative
of auuptation. With flight circumetimces stendardised (partic.ilorly with respect
to tims of day), flight eifects tanded tv be yeproducible. With craw rast
limited to 2 days, recovery from fiight-stress tended %o be iancomplete. Slesp-
deprivation oud crew position werc shuwn to bhe factors which wmodify flight-st -ess
reactione. Rastbound and westbound earth-circling missions did not induce
different degrees of flight-siresc, aec judged by these endocrine-metabolic indices,

W/l Cat. Cude: 4.1.12
Op. Bekav. Code: 1., 2., 3., 4.

Physioclogical Body fluid RExperimental Filight test Flight simulator
anal. \
Flight cest

Hale, H.B., Hartmsn, B.0., Harris, D.A., Williams, E.W., Mirandz, R.E. and
Hosenfeld, J.M. Tine zone entrainment and Zlight stressors as interactants.
Aarcspace Madicine, 1972, 43, 108%-1094.

Physiolog.c rcsponsivensss to flying was studied, using the menbers of a double-
crew of a C-141 aircraft duving six flights, each of which lasted 54 hours and
invoived bi- or tri-dirmsctional transmeridian flying. Reaponsivaness wan
quantified by means of endccrine-matabolic indices (urinary epinephrine,
novepinaphrine, l7-hydroxycorticosteriods, urea, sodium and potassiue), using

urine specimens which were collected at 4-hour intervals during the flight.
Phyuiologic entrainment was shown to be a factor contributing to relponaivaﬂccu.
for there was “hythmic variability which related to time of day at the crews®
howe base. The wavefoims, amplitudes, time relations and overall levels, however,
did not agree with those of unsiressad persons. As Judged by epinephrins,
norepineptrine snd 17-01CS, refractorines: toward {light stresaors consistently
developed 't 2200 hours (Eastern Standard Time), even after the crew had crossed
many time sones (flying either ractward or westward}. These hormones ixdicated
Jyper-responsiveness regularly at 0600 hours KST; at other timec respousiveness
was shown (by these sime indices) to be moderate in grade. Patterus energed for
the other indices as weall.

W/L Cat. Code: 4.1,12

Op. Behav. Code: 1., 2., 3., 4.

Physiological Body fluid¢ Experimental Flight Zest Flight cimlator
anal. Flight test
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gq‘. B.l... Haromem, 5.0&. mr“. D&A‘. Will.’.“. EJ-. lﬂ.rlnd&, RQE.. ,
“veer’ d, J.M. and S$ith, F N, Physiologic stresd during 3C-hour dovble- .
crew wissions in C-1%i aircraft. Brooks AFB, Texas: USAF School nf
Aarospace Madicine, 3AW-TR-7i-387, Cctober, 1971,

By use uf a bairtery of urinery techoiques, the physiologic ccst (etress) of
prolongad C~141 flyiug cperations (sither staged or nearly-continuous) ‘ras

show to be mild-to-moderate in dejree. Staged missions lasting 5 or 7 day:-
toxied to ba less strasaful tham double-crew nearly-continuous 50-hour wissions.
The two axtremely different work/rest schedules, namaly, 4/4 and 16/16 hours,
induced similar degrees of physiologic atress. Anticipatory strass tended to

be higlier than tha flight stress that followed. Crew position was a contributory
froror. slightly modifying flight and postflight trands. Pre-existing cirvcadian
parindicity parsisted, although flight hed modifying influencse. Time of day
that representad night at home were the times of highest sensitivity to flight.
Recovery fr~m prolonged nearly-continuous flying operations appesrs to require
4-5 days, and it appear? to be a multiphasic process, w. th endocrine-metabolic
depression appearing first, after which chere was oscillation and final

gattling at the control level.

W/L Cat. Coda: 4,1.12
Op. Behav., Code: 1., 2., 3., 4.

Physiological Body fluid Experimental Flight simulator Flight simulstor
anal. Flight test Fiight test

Hale, H.B., Hartwan, B.0O., Harris, D.A., Williewr ZE.W., Miranda., R.E
Hoseufald, J.M. and Smith 3. K. Fhysiologi: stress during 50-hour double-
crew missions in C-141 aircraft. Aerospace Medicine, 1972, 43, 293-299.

By use of a battery of urinary techniques, the physiologic cost (stress) of
prolonged C-141 flying operations (either staged or nearly-continuous) was

shovn to be mild-to-moderate ir degree. Staged aissions lasting 5 or 7 days
tended to be less atressful than douvble-crew nearly-continuous 5%hour missioas.
The two exirvemel; different work/:est schedules, namely, 4/4 and 16/16 hours,
induced similar dagrees of physiologic stress. Anticipsatory streas tendel to

be higher thau the flighkt stress that followed. Crew position was a coniributery
facror, alightly wodifying Flight and postflight trends. Pre-existing circadian
pveriodiclity persisted, although flight had modifying influence. Time of day
that rep.esuntad night at hame were the timea of highest sensicivity to flight.
Recovery from proloanged nearly-continuwoua flying operationa appears to require :
4~3 days, and {: appears to btz a multiphasic process, with endocrine-matabolic

duprassion appsaring first, after which there was oscillation and final

settling at the control level.

W/l Cat. Code: &.1.12
On. Behav. Code: 1., 2., 3., 4.

Fhysiological BRody fluid Experimental Flight aimulator Flight simulator
anal. Flight test Flight test
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R\d.’ ﬂ.‘., m. RlCo. HIMg J.Po. Jl‘., hllin‘.t‘, RoRu Md ﬂ&l’tlln. 'IQ‘
Axdocrin-metabolic indices of aivecres workload: An cnalysis acroes studies.

Proceadings of the AGAL} Coaference cn S¢wdation and Stuly of Righ Workload
rations AGARD-CP-146, April, 197a, AlO-1 - AlO-c.

EBudocrine-metabolic mesasures have been used in field erd laboratory studies
involving different kinds of militery aircraft as well es uivaions of varying
nature sand length. The deta accumulated in the ten-yuar periud nave now been
subjectad to a cross-sectional analysis in an effort to ascartain the basic
relation of endocrine-metaboli~ activity to the workload in either actuai or
simulated flights. For the present purpose, load represents degree of flight
difticulty multiplied by duration. Difficulty was based upon USAF expert
rankings, acd duration -was based upon fractions of a day. Multiple linear re-
grassion analysis was performed on date for urinary epinephrine, norepinaphrine,

17-~0HCS, urea, Na, K, and tha Na/X ratio. This report presents the findings
in the first phase of the cross-sectional study.

W/L Cat. Code: 1.1, 4.2

wi mv. COdQ: -‘-lb 2'. 3., 4.

Opinion Rating scale Review Flight gimulator Flight simulator
Physiological Mult. neasures Flight test Flight test

Hale, H.B., McNeae, R.C., Ellis, J.P,, Jr., Bollinger, R.K. and Hariman, B.O.
Endocrine-matabolic indices of aircrew workload: An znalysis across studies.
Brooks AFB, Texas: USAF School of Aerospace Medicine, Unpublished report.

Turing che past decade the USAF School of Aerospace Medicine has cunducted,
under either field or laboratory conditions, etudies of human responses to
flight. The working hypothesis has been that flying operatious act in the
nanner of stragsors, eliciting interrelated endocrine-metakolic responaes
which are compensatory in nature, tending to maintain a state of physiclogic
balance (homeostasis). A battery of urinary determinzcions was used to assess
the physiologic cost in a wide variety of circumstsuces, including flying
operations of various types and durations which took place at various time

of day and utilized a variety of aircraft. Statistical evaluation consistentliy
indicated elevation in physiolugic "cost" which apparently related to (a) type
of aircraft, (b) flight complexity, (c) flight duration, (d) time of day,
and/or (e) crew position. Addicional factors also seemed to be contributory,
affecting some or all of the endocrive-metabolic functions under study.

W/L Cat. Code: 1.1, 4%4.1.12
op. n‘h‘v' code: 1" 2.’ 3." 4-

Opinion Ratiag scale Experimantal TFlighi simulator Flight simulator
Physiological Body fluid rlight test Flight test

anal.
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Hale, H.B., Williems, E.W., Smith, B.N., and Melion, C.E., Jr. BExcretion
patterns of air traffic controllers. Asrospace Madicire, 1971, 42, 127-138.

Tweaty air traffic controllers at O'Hare Airport, Chicago, Ill., were studied
daily during two t-day work periods. During one of these periods they workad
from 1500 to 2300 hours (evening shifi); in the ochar period they worked from
2400 to 080 hourc (morning shift). Traffic density {workload) was maximal
during the eariv part of the evening shift, and it vas minimsl during the

eavly part of the worning shift. 3tress appraiss’® was male by means of
urinalysis, using a battery of detemminations which included epiunephrine,
norepinephrine, l7-hydroxycorticosteroids, urea, inorganic ;“osphate, potassium
and sodium. Direct relationship to workload was indicated for epinephrine,
norephinephrive, urea, potassium and sodium. Urinary catechiolamines provided i
avidence of sympathoadrenomedullary hypersctivity during each work shift, ‘
with full reversal in-the ‘postevening' recovery period and incompletz reversal :
in the 'postmorning' recovery period. Adrenocortical hyperactivity was evidenc B
only during the morning shift, and it was late in onset. Relatively high urea |
output characterized tower work, suggesting high protein catabolism,
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W/L Cat. Code: 4.1.12 _. |
Op. Behav. Code: 1., 2., 3., 4.1

O g

Physiological Body fluid Experimental Field

Flight simulator
P anal.

Flight test

AL

Hall, T. J., Passey, G. E. and Meighan, 7. W. Performanc: of vigilance and ' R
monitoring tasks as a8 function of worklo:'d. Wright-Parterson AFB, Ohio: i
Aerospace Medical Research Laboratories, AMRL-TR-65-22, March, 1955. (AD 615 921).

- }
This study investigated performance of 6 tasks. Three of these tasks were ;
passive in nature, requiring only vigilance or wonitoring by the operator '
for detection of a critical signal; these were: auditory vigilance, warning- _ 3
lights monitoring, and probability meter wonitoring. The other 3 tasks--
arithmetic computations, target identification, and code-lock solving--required -
more active attention, and 2 of these tasks (target identifications and code~ . 1
lock solving) ware group tasks requiring interactions among the crewuembers. T ‘
It was hypothesized that concuivent presentation of active and passive task. :
would have a deétrimental effect on vigilance and monitoring performance. The r
urincipal purpose of this study was the evaluation of vigilance and monitering i
performance for 3 such rasks with and without simultaneous presentation of the
wore antive tasks. On the basis of results obtained, the following conclusioans 4
Jeem justified: (1) Presentaticn of vigilance and monitoring tasks concurreut.y #
with tasks reqQuiring more active attention of an operator has a detrimental ;
effect on the operator's monitoring performance. (2) The detrimental effects of
increased task load do not appesr to be long-term in nature, since removal of the !
additional (active) tasks frowm the task program invariably resulted in recovery !
to pceviously attained performance on the vigilance and monitoring tasks. i

W/L Cat. Code: 2.2.1, 2.2.2, 3.2
Op. Behav. Code: 1., 2., 3., 4.

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator ;
Primary task Muli. measures Flight teat L
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Hamilton, P. Process 2rtzopy and cognitive control 1In N. Moray (Ed.) Mental
werkload: its theory sad measurement. New York: Plenum Press, 1979,
28¢...97,

While acknowledging the extreme imprecision of informarion theory formulation
it bas the twin merits of incorporating into our discussion of mertal workload:
(1) Thc contention that internalized thought as well as the stock perc:ptual/
wotor skilis experiment must be msde the province »f the workload theorist.

(2) Some overdue acknowledgemeut of the role of effort, or {ntensive processes,
in a field which has had for too long as its goal the portrayal of man as
compalter.

W/L Cat. Code: 2.1.2
Op. Behav. Code: 1.. 2., 3., 4.

Spare m. cavacity Inform. theory Construct Noae Flight simulator

Harris, D.A., Pegram, G.V. and Bartman, B.0. Performance and fatigue in
experimental double-crew transport missions. Aerospace Medicine, 1971,
42, 980-986.

Six experimental transport missfons using a double crew were flown in a C- ‘41
on routes generaring various combinations of long and short iegs. Crews »>llowed
c 4f/% or 16/16 work/rest schedule. On-board crew-rest facilities were provided
80 that the plane could fly through the alrlift system without crew chauges.
The flying time averaged around 43 hours. Performance was evaluated by ratiugs
made by an on-board fiight examiner. There were no significant differences in
flight exa~’ner ratings. Subjective fatigue was measured by a rating scale.
There vere not significant differences related to work/rest cycles. There were
significant difierences related to mission profile and crew position. Sleep
EEC's were recorded on the twe navigators. There was a marked reduction in
total sleep as well as Stage 1-REM and deep sleep.

W/L Cat. Coce: 1.1, 4.1.5

Up. Behav. Code: 1., 2., 3., 4.

Opinicn Fating scale Experimental Flight test Fli,«: :* Llator
Physiological ZEG F1'- .t tes
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Harreis, R. L., Sr.; Mixon, R. W. Advanced transport operation effects on pilot

scan patterns. Proceedings of the 23rd Annual Meeting of the Human Fectors
Society, Boston, Massachusetts, October i9 - November 1, 1979, 347-351.

Long straight-in and close-in, curved, descending instrument approsches were made
in NASA's fixed-bise Terminal Configured Vehicle simulatcor. The pilot either
manually coutrolled the simulator c¢r monitored the automatic system control of

the simvlated aircraf during the approach. Tests were performed with >r without
the display of traffic. The results indicate that the pilots' use of the Elactronic
Horizontal Situation Indicator (EHSI) incressed appreciably for the close-in,
curved, descending approach compared to the conventional straight-in approach.

When operatiung as a wonitor of the autopilot system, the pilot scanned more with

less actention fiavoted to the Electronic Attitude Direction Indicater (EADI).
The pilots preferred the manual mode. The addition of displayad traffic to the
EBHSI increased the pilots' use of the EHSI,

Also, the pilot's pupil diameter
increased during the landing flare indicating a higher stress leved even though

the tests wevre coaducted in a fixed-base simulator.

W/L Cat. Code: 1.2, 4.1.7, 4.1.8

Op. Behav. Code: 1., 2., 4.

Opinion Interview Experimental Flight simulator Flight simulator

Physiological Eye movement Flight test
Pupillary dia.

Harris, S. D., North, R. A. and Owens, J. M. A system fur the asgsessment cof
human performance in concurrent verbal snd manual control tasks. Paper

presented at the 7th Annual Meeting of the National Confurence on the Use
of On-Line Computers in Psychology, Washington, D.C., Novemwber 9, 1977.

A multi-purpose laboratory system incorporating a voice interactive terminal
and graphic display system iy described. Tne facility ls designed to

investigate some aspects of human performance of concurrent verbal and

tracking tasks. The results of a pilot study showing decrements in dual-
task performance are reported.

W/L Cat. Code: 2,2.2, 3.1, 4.3

Op. Behav. Code: 1., 2., 3., 4.

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator

Primury task Single measure Construct

Flight test
Physiological Speech patt,
anal.
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Hart, 8. G. Time estimation as a secondary task to measure workload-attention
sharing effect ¢n operstor performance. Procesdings of the Eleventh
Conferance on Msnual Control, NASA-Ames Research Center, May 21-23, 1975,
64-77. (NASA TMX-62,464),

Al

Variation in the langth of time productions and verbal catimates of duration was
investigatad to determine the influence of concurrant activity on operator time
perception. The length of 10-, 20-, and 30-sec intervals produced while
performing six different compensatory tracking tasks was significantly longer,
232 on the average, than those produced while performing no other task. Verbal
estimates of sessiion duration, taken at the end of each of 27 experimental
sessions, reflected a parallel increase in subjective underestimation of the
passage of time as the difficulty of the task performed increased. These data
suggest thit estimates of duration made while performing a manual control cask
provide stable and sengitive measures of the workload imposed by the primary
task, wi:h nlnimal interference.

4 3 Py ey Py D NN

W/L Cat Code: 2.2.3
Op. Behav. Code: 1., 2., 4.

4

¢

-

Spare m. capccity Time estimation Experimental Laboratory Flight simulation

Hart, S. G. A cognitive model of time perception. Paper presented at the
‘- 56th Annual Meeting of the Western Fsychological Association, Los Angeles,
California, April, 1976.

G,

Four methods have Leen used extensively to measure individual's ability to
estimate or produce specified intervals of clock time. The verbal estimation
method requires that one vocalize a judgement of the duration of an
operationally presented interval. The method of production requires

x operational production of an interval whose duration has been specified
verbally. The method of reproduction requires the operational production

of a standard interval that was operationally presented. The methea of

o, comparisen involives a relative judgement between the durations of two
onerationally presented intervalus. Th s paper reviews these methods.
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W/L Cat. Code: 2.2.3

.- Op. Behav. Code: 1., 2., 4.

L D TR IR

- Spare m. capacity Time estimation Conatruct None Flight simulator

s

Flight test
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Hart, S. G. Pilot workload during final approach in congested airspace.
Proceedings ¢ the 1978 IEER erence on Decision and Control, San Diego,
Calizornia, January 10-12, 1979, 1345-1349.

Time estimation has been proposed as a measure of pilot workload and it appears
that the production method provides a wseful measure. The verbal estimation
method liss also been invescigated and it appeary that ir does not provide ss
sensitive a measure of worklrad as does the production method. Overestimation may
either reflect boredom during the interval, or the fact that a great Geal of
activity vas parformed Auring the interval {tat was remembe.ed. Underestimetion
may cither reflect a feeliny that time passed quickly because interesting
activities were cugaged in, or that so iittle activity was performed or remembered,

that very little time passes.
W/L Cat. Code: 2.2.3

Op. Behav. Code: 1., 2., 4.
Spare m. capacity Time estimation PExperimental Flighi simulator Flight simulator

Hart, S. G. and McPherson, D. Airline pilot time es*imation during concurrent
activity inclnding simulated flight. Peper vresented at the 47th Amnal
Yeeting of the Aerospaca Medical Association, Bal Harbour, Florids, May,

1976.

Bumar factors researchers huve sought an unchrrusive and minimally loading
additional task that is sensitive to differences in flying conditions and
airzeceft instrumentation associated with complex plloting tasks. The prasent
research wvas aimed ac clarifying the functional relationships hetween the
length and varichility of time estimates and concurremt task variables.

Time estimation is an unobtrusive and minimally loading task. Th2 cantral
tendency, variability, and shape of the distributions of time productions
provide indices of concurrent task processing requirements. Thus, time
estimates may prove useful to human factors rasearchers interested in
comparing different combinations of displays and controls associated with

complex piloting tasks.

W/L Cat. Code: 2.2.2, 2.2.3

Op. Behav. Code: 1., 2., 3., 4.

Spare m. capacity Time estimation Experimental Flight rimulator Flight simulator

Primary task Single measure Flight test
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Hert, 8.G., McPherscn, D., Kreifeldt, J. and Wewpe, T.E. Multiple curved
descending approaches and the air treaffir control problam. Moffett Fleld,
California: National Aercnsutical and Speace. Adn&nistration. Amas Research
Center, NASA TM-78, 430, August, 1977.

Tha concepts investigated in this study included: 1) multiple curved descending
final spproaches; 2) parallel runways certified fox imdcpendent and simultansous
operation uader IFR conditione, 3) closer spacing between successive sircraft,
and 4) a dlstributed management sysztem batween chc airx and ground. Piloted
simulators werc supplied with computer gemerated traffic situation displays and
flight ifustrumente. The controllers were supplicd with a terminal aree map and
digital gtatue infermation, Intercrossing time variability was greater under
centralized, ground-based managemant, than under dist.'ibuted, pilot-spaced
management. Pilots and controllers also reported that the distributed managen
was more orderly than the centralized managemert. Flying procision increased

as the amount of turn rejuired to intezsect the outer marker decreased. Pilots
preferred the altermative of multiple curved descending approaches with wider

spacing between aircraft. Both pLllots and controliers felt chat parallel
runways were acceptable.

W/U Cac. Code: 1., 2.2.3, 3.1

Op. Behav. Code: 1., 2., 3., 4.

Opinion Rating scale Experimental Flight simulator Flight simulator
Spare m. cepacity Questionnaire, Flight test
Primary task Time estimation

Single measures

Hart, S. G., McPherson, D., and Loomis, L. L. Time estimation as a secondary
task to measure workload: summary of research. Proceedings of the Fourteenth
Annusl Conference c¢m Manual Control, April 25-27, 1978, University of Southern
California, Los Angeien, 693-712. (NASA Confereuce publication 2060, Ames
Research Center, Moffett Field, California.)

Actively produced intervals of time were found to incredse in length and variability,
whereas retrospectively produced intervals decreased in length, although they also
iuncreased in variability with the addition of a variety of flight-related tasks.

I1f pilots counted aloud while making a production, however, the impact of con-
current activity was minimiged, at least for the moderately demanding primary

taske that were selected. The affects of feedback on estimation accuracv and

consistency were greatly enhanced if a counting or tapping production technique
was used,

W/L Cat. Code: 2.2.3
op. Behlv. COde: 1., 2!, 4.

Spare m. capacity Time estimation Experimental Flight simulaior Flight simulator
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Hart, §. 6. and Simpesa, C. A.' Effects of mmuuc redundancy cn syathegized
:cc&nt warning mqo cuwhmam u\d concurrent time sstimation.
~ ual '

ausl Coperol,

The relative amounts of attention required to comprehend and recognize two ‘
types of speech massages that diffared in liaguistic redundancy wers svaluated
with two concurrent tims estimation tasks. Two~word and sentenca-length :
syrthesized-spesch cockpit warning messages were presented to 12 commercial
rgirline pilots with and without competing westher broadcast. The pilots had
two tusks: a) to road back and write down the warning messages and b) to give
two types of time estimates. It was found that the intelligibility of messages
prssented in a redundant sentence-length format was higher, and that listening
tine and number of repetitions was less, Juring the Yamiliarization Phase.
Sentences were also more intelligible thian two-word messagce when presented in
a background of competing weather brosdcast for recognition. Differences in
verbal estimates of session length and in the length of 10-sec estimates
produced by pilots indicatad that messages presented in a sentence format
required less attention fcr comprehension than did two-word messages.

W/L Cat. Code: 2.2.3
op- BChaVo Cﬂdeg 1.’ 2.’ 3.;, Al

e i, et

Spare m. capacity Time e¢stimation Experimental Laboratery Flight simulator

Flight test - E

Hartman, B. O., Hale, H: B. and Johnson, W. A, Fatigue in FB~1ll crewrembers.
Aerospace Medicine, 1974, 45, 1026-1029.

Fiiteen Liomedically dedicated missions of 8 h duration were flown in the
FB-111 as part of its initial operational evaluation. Each two-man crew
provided data on subjective fatigue, discomiort, efficiency, and pre- and :
post-mission sleep. In addition, urine samples obtained from one crew on an
unusually demanding mission were analyzed for epinephrine, norepinephrine, 17-
hydroxycorticosteroids, sodium, potassium, and urea. The data showed that the
crews experienced moderate fatigue and stress, aggravated by physical discomfort,
from which they recovered after one night of sleep.

W/L Cat. Code: 1.1, 4.1.12
opo Behav. Code: 1-’ 2-, 3-, 4,

Primary task Rating scale Experimental Flight test Flight simulator

Physiological Body fluid Flight test
m‘l- ’
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Hartman, B. O., and McKanzie, R. E. (Eds., IJurvey of msthods to assess workload.
AGARD-AG~246, August, 1979. ' ~

This ACARDograph repressnts an overview of workload assesssent. It is current

in the senss that each chapter is a condensation or modificaticn of recent papers,

prepared by individual authors. The msasurement domain has been broken iato

sansory threshold function tests, motor function and responsees to psycho, physio

and chemical excitation. The methodology includes a wide range of instrumentation,

laboratory, inflight measurement and wodeling methods, with the goal of compiling

systematically and evaluating the multiplicity of approaches and techniques.

e

A £

W/L Cat. Code: 1., 2., 3., 4.

R Tt

OPt B.hwu C\N“%t 10’ 2_., 3., ‘c F

1

Opinion Multiple Review Flight simulator Flight simulator t

Spare m. capacity Construct Flight test Flight test $

Primary task Experimental ﬁ
Physiological i

- Hartzell, E. J. Helicopter pilot performsnce and workload as a function of night ‘i
vision symbologies. Paper presented at the Coaference on Decision &nd Contrel, ‘

ne December, 1979, Fort Lauderdale, Florida. i

The exp>viment reported was designed to assess pilot performance, training

. requirements, and workload as a function of the three symbologles. FPllot workload
1is addressed in this paper. The results of the time estimation techniques usad

.- aupported the predicted levels of difficulty designed into the flight scenario.
Time estimation provided a relacive scale of workload between the hover maneuvers :

ne and suggests that there is no significant difference in workload between the j

three symbology types studied. i

- e IR e, saat

- Op. Behav. Code: 1., 2., 4.
. "
- :

Spare m. capacity Time estimation Experimental Flight simulator Flight simulator

Primary task Single mearuies Flight test /
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Hatsell, C. P. An information theoretic humsh oparhtor m.del. Conferency
Recoxd, Annual Asilomar Conference om Circuits, Systems, and Computers,
Pacific Grow:, California, November, 1976. North Bollywood, California:®
Western Periodicals Co., 1977, 479-483.

By applying information thaoretic concepts to control theory, a human operator
model is daveloped which describes the effect of stress on the rperator in terms of
a partitioning of total information procesaed by the operator. The nodel requires
very little a priori imposed structure and is conwistent with the fraquently
observed phenomenon of caiastrophic failure of the human opaerator at some critical
level «f stress.

W/L Cat. Code: 2.1.2, 3.3
Op. Behav, Code: 1., 2., 4.
Sparez m. capacity Inform. theory Construct Laboratory Flight simulator

Pri~ary task Math. model Experimental

Havkins . L., Church, M., and delemos, S. Time-sharing is not a unitary
abil: . Eugene, Oregon: University of Oregon, Canter for Cognitive and
Perceptual Research, Technical Report No. 2, June 30, 1978, (AD A056 632).

The : . objective of the three experiments reported here was to further our
undere dings of the nature of these limitactions. The reaults of the experiments
lead to “e conclusion that time-shar'‘ng is not a single generzl ability, but
rather _. deperdent upon several mo.. .ntecific processing limitatious. These
include: (1) an inability early in pr. :tice to simultaneously select, or retrieve,
multiple re-ponses from memory; (2) a persisrting inability to initiate multiple
independeni responses simulCaneously; (3) &. inability to process, or at least
efficient? process, contiguous inputs from separate modalities owing to the

reed for odality-apecific attentional focus; and (4) an inability to efficientl;
prncess multiple inputs from within the same modality owing to the existence of
struetural interference. It is suggested that the prediction of performance on
complax criterion task combinations such as entailed in piloting or air traffic
control ruquires specification of whichk of these component abilities is required
by the critsrcion situations.

W/L Cat. Code: 2.2., 3.1
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Subsidiary task Experimental laboratory Background

Primary task Single measures
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Havkins, H. L. Rodriques, K., and Reicher, G. M. Is .l as-sharing a general
capability? Procoedings of thu 2'vd Anpual Mesting o the Huxsn Pactors
Society, Boston, Massachusotts, Gctnber 29-Novembe: 1, 1979, 3532-338.

The tima-sharing ability of subjects was mssasursd under oight separate dual-task
conditions. Three distinct teak characteriscics were systematically varied aczoss
conditions in an effort to manipuliste tho matura of the specific time-sharing
demande imposad. EKach condition contained two of these characteristics in common
with three of the remaining sevenr conditions, one of the characteristics in common
with three others, and none in cosmon with the last condition. Time-saaring
afficiency correlated actoss conditions that impose similar processing demsnds

on the individual, but not across conditions iuposing relatively dissimilar demsnds.
We conclude that time-pharing performance under present conditions is determined

by several poorly correlatad, task-specific subcapacities rather than by a single

genercl ability.

W/L Cat. Code: 2.2.1, 3.1

Op. Bheav. Code: 1., 2., 3., 4.

Spare m. capacity Subaidiary task Experimeatal Laboratory Flight simulator

Primary task Single measures

Hayashi, E. and Ogawara, Y. A study of the workload of shear line inspectors
based on eye-movement analysis. Journal of Humen Irgology, 1977, 6, 121-126

The wuorkload involved in inspacting surface defects of cut sheets in a flying
shear-line used in the ateel industry was studied. The effects o~ varicus factors
such as workplace conditions and operational and human factors on the vigual
ingpection performance was investigated according to tha type and nature of surface
defects to be inspected. The results revealed that both pursuing and saccadic

eye movements were essential in identifying defects. The pursuing movements
apparently played a major role in finding defects on the running steel sheets, while
seccadic movements took place at very high rate near the upper limit of eye
movemants of 3.3 times per sacond. The line epeed was a decisive operational
factor for the inspection performance. Further, affects of other factors including
defacts per se, duration of inspection, and duration of inspection and eye-to-
defects distance were studied. The results were suggestive to reducing the
inspection workicad and establishing optimum corditions for future autcmation

and nechanisation of the line inapection.

W/L Cat. Code: 4.1.7
Op. Bahav. Code: 1., 2.

Physiolcgical Eye movements Experimuntal Field Background
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Holandaz, M. 3. Physiological reactions of 'irivers as fadicators of road traffic
demans. In Driver performsnce studies: Transportation Researc!: Record 320.

Wasbingtoa, D.C.t U.8. Transportation Research Board, Technical Rsport
TRB/TRR-530, 1975, 1-17.

Sixty drivers, all accuctomad to & certain meke of car, performed test drives
slong a certain test road. A digital tape recordur was usad fcr real-time
recording of the driver's physiological characteristics (electrudermal response,
heart rate, and muscle octivity), steering, snd braking; the vehicle respouse
(accelerations in three directionu, velocity, and distance traveled); and traffic
events as coded by the esperimenter, The characteristics of the test road were
msasured in the fiuld. Average rasponses were calculated frr the test road, snd
significent covariations were demonstrated by using the prysiological measures
as the dependert variable and vehicla behavior on the rrad as the independent
variable. 1 was also found that the difficulty of a traffic event affects both
the driver's bruke use and physiological responses. Stress-inducing voad
characteristics are downhill gradas and short sight distances. It is supgested
that the driver's capacity to process information varies flexibly as task demand
changes. Sudden increases in task demand can be leveled out by modeling the road

environment, and this mzkes tha driver more conmpetent at dealing with ha.ardous
situations. .

W/L Cax. Code: 3.1, 4.1
”. B‘h.v. Cod‘: 1. ’ 2.. 6‘

Primary task Multiple Expervinenial ield Flight simulator
¢hysiological Flight test

Helm, W.R. Human factors test and evaluation, functional description inventory
25 2 test and evaluation tool developoent and initial validacion study.
Volime I and II. Patuxent River, Marylsnd: U.S. Naval Air Teat (Center,
SY-77R~75, September, 1975.

A new evaluation method was adapted %o assist in ficld testing of the human
factors aspects of aircraft man-machiue systeng. The method is known as the
Functional Descripticn Inventory (FD’) and requires a series of iavestigations
analyzing the operational functions of the crew wmembers. The wmethod ae¢ rested
consists of a zeries of investigationu auslyziug the operational functions of
each S-3A crew mgmber, with an essential part iavolving the determination of
roles, duties, and tasks perforued by each crev member. Lext, crew members'
judgnents wern compiled on how important these roles, duties, and tasks are for
mission success, how frequently they are performed on a typical miesion, how
adequate the training has been to insure effective performance of the task,
and finally how effective the system is in accomplishing thess operational
functionz. Apalywsis of roles, duties, end tasks across these four dimensions
provides, to & certain degree, an in-depth evaluation of the interrelate’
problem within the rian-machine systam. The FDI as developed for the S-3A aircrew
has potential as a tool for providing quantifiable assessment of the human
factora aspecta of aircraft man-machine system.

W/L Cat. Code: 1.1
Op. 3ehav. Code: 1-. 20’ 3., 4.

Opinion Rating scale Experinental Flight test Flight simulator
Flight test
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Helm, W.R. Human factors evaluation of model P-3C UPDATE 1 airplane: Third
ivterim report. Patuxent River, Maryland: U.S5. Naval Air Test Center,
§Y-122R-75, February 1976.

An evaluation of the P-3C UPDATE I aircraft was conductad to determine the
workload implications resulting from design modificatious. A method knovm as
the Functional Description Inventory (FDI) wvas uszed. This method requires
serins of investigations analysing the salected operational functions of specific
P-3C crew nambers, with an essential part involving the determination of roles,
duties, and tasks performed. Next, crew members' judgments were compiled on
how inportant these roles, Juties, and tasks are for mission success. 1t was
concluded that for the SINSO 1 and SENSO 2 the design wodifications produced a
moderate increase in system affectiveness but operator workload requirements
wore increased substantially; for the SENSO 3 the design modifications produced
substantial improvements in system effectiveness while substantially reducing
operator worklvad; and for the TACCO the design modifications produced improved
system cperation.

k4
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W/L Cat. Code: 1.1, 2.1.1, 3.1
Op. Behav. Code: 1., 2., 3., 4.

s pwngs.

-4

Opinion Rating scale Construct None Flight simulator
Spare m. capacity Task comp.,

time assess.
Primary task Single measures

Helm. W.R. Function description invertery as a human factors test end
evaluation tool: An empirical validation gtudy. Patuxent River, Maryland:
U.S. Naval Alr Tect Center, SY~127R-76, July, 1976.

The Function Description Inventory (FDI) i3 a new assessment methodology. In
this study the method was modified tu sugment the traditional human factors
engineering fieald testing on tlhie S~3A airplane. The FDI requires a ceries of
investrigations analyxiag the operationsal functions of crewmambers, with an
essenticl part involving the deten ination of roles, duties, and tasks performed
by each crewmember. Subsequent to this analysis, crewmembers' judgmints were
compiled on how important these rcles, dut.es, and tasks were for mission success,
how frequently they were perforwmad on a typical mission, how adequate the
training had bean to insure effective performance of the task, and finally, how
effective Che system had been in accomplishing these operational functions. The
problems identified by the FDI were then compared to the actual engineering
deficienciea reported during the BIS Trials for the S§-3A aircraft. The FDX
identified the same systers and reisted problems in which numerous design
deficiencies were reported.

W/L Cat. Code: 1.1
Op. Behav. Code: 1., 2., 3., 4.

injon Rating scale Experimental Flight test Flipht simulator
op
Flight test
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; Helm, W. R. The application of computer aided avaluative techniques to system
g test and avaluation. Procesdings of the 2lot Annusl MNeeting o; the Human

] Factoxs Society, San Franclsco, California, October, 1978, 92-94.

Adequats asscasment of operator workload in a complex system requires a ;”
substantial testing program vhich in turn yields large amounts of data. 7The

different pieces of data regarding operator workload nave different reziative :
importance in terms of implications for required decisions such as system q
i

redesign cr compensatory training. Since no single metric existc that summarizes
the data along the relevant dimension, a neans must be employed to gather and
crganise duta in a comprehensive fashion that facilitates decision making about
such factors. This paper reports on the feasibility of the application of

compuisr alded evaivative techniques in combining precise pieces of test E
information into sumary measures at differing levels of generality to 3
facilitate decisions about operator workload and system acceptability. ks

W/L Cat. Code: 1.1, 2.1.1, 3.2
Op. Behav. Code: 1., 2., 3., 4.

Opinion Mult. measures Construct None Flight simulator ‘
Spare m. capacity

Primary task

Henry, P.H., Davis, T.Q., Engelken, E.J., Triebwasser, J.H. and Lancaster, B
M.C. Alzohol-induced performance decruments assessed by two link traiier
tasks using experiencad pilots. Aerospace Madicine, 1974, 45, 1180-1189.

4
|
The degrading effects of ethanol on performance of two separate tasks developed ;
around the Link GAT-1 trainer were studied in 12 USAF instructor pilots. The 1
subjects were tested at three alcohol dose-levels. Statistically significant !
performance decrements were found for only the moderate and high alcohol doses. i

Ay

The magnitudes of tie decrements corresponded closely to those reported for

previous axperiments using the same tast conditions but with subjects who had :
no previous flying experience. An assessment of the operational aignifi: ance H
of the performance measuring scales was also attempted through the use ot special »
questionnaires and by concurren: rating of performance by flight examiners. :
Limits were established for decrement scores indicative of an operationally b
significant hszard.

P T T

;i

W/L Cat. Codea: 1.1, 3.1 i
Op. Behav. Code: 1., 2., 4. !
;:‘_1!

Opinion Rating scale Experimental Flight simulator Flight simulatoxr E
Primery task Single measures Flight teat [
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: Herman, L. N. Study of the single channel hypothesis and input regulation within
: & continuous, simultaneous task situation. Quarterly Journal of Experimeutal

: Peychology, 1565, 17, 37-48.

Subjects performed simultaneously on an suditory tracking and an auditory .
discrimination task, with each task presented to a sepsrate ear. Information ‘
transuitted in the tasks was msasured as a function of ability to predict task

e

& 1
: characteristics, input information-rate, and input discriminability. Bused on .
ll comparison of single- versus simultunecus-task performancs, support was found for 3
1 a single, central decision-type channel in information processing, having as one »
4 primary limit the rate at which information can be accepted. Discriminability 1

of inputs also was found to be a limit on information processing rate. Although i
ability to predict a task's characteristics facilitated performance on that task, ,
in this experiment it did not result in facilitatior. of performance in the !
second task.

——
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HW/L Cat. Code: 2.2.1, 2.2.2, 3.1

op. n.h.v. COd‘: 1.’ 2.’ 3.. 4'

Spare m. capacity Subsidiary task Experimental Laboratory Background

Primary task Single measures

S e

Hess, ii. A. and Teichgraber, W. » Error quantization effects in compensatory
cracking tagks. IERE Transactions on Systens, Man, and Cybernetics, 1974,
SMC=4, 343-349.

Experiments were performed to determine the effect of error signal

quantization on human operator compensatory tracking performance. Single-axis,
dual-axis, and cross-coupled critical tracking tasks were utilized with a '
variety of quantization formata. The controlled element dynamics were chosen
to force the operator to incorporate varying amounts of l-ad equalization.

The single- and dual-axis critical tasks served as sensitive indicators of
display format effects, with single-axis task yielding information concerning
the operator's affective time delay while tracking. The cross-coupled task
allowed measurement of the operator's attentional workload margin while using 4
error quantized displays. The results indicate increased operator time delays :
and attentional workload when using the quantized displays.

PP

W/L Cat. Code: 2.2.5, 3.1
Op. Behav. Code: 1., 2., 4. v

Spare m. capacity Subsidiary task Experimc.tal Laboratury Flight simulator

Primary Cask Single measures Flight test
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Eickok, J. H. Grip pressure as a measure of task difficulty in compensatory f
tracking tasks. Nast~r's thesis, Naval Postgraduate School, Monteresy, i
California, Septembar, 1973, (AD 769 744).

The feasibility of utiliszing tha grip pressure exerted on a rigid control atick
as a measure of tracking task difficulty was investigated. A device was
engineered to measure grip pressure indepandent of contrrl force. A hybrid
computer vas usad to produce the tracking tasks necessary in the research and
on-line data computation. Compensatory tracking tasks using K/s, K/s(s+2) ard
K/s2 controlled elements provided the difficulty levels, from easiest to most
difficult. Results indicata that grip praossure increases significantly with
task difficulty as the operator attespts to reduce hig effective time delay.
However, grip pressure also appears to be dependent upon the "gain" which a

human adopts in a particular tracking task. This gain-related grip pressure
may not be relsted to task difficulty.

|
W/L Cat. Code: 3.1, 4.1.9 '
Op. Behav. Code: 1., 2., 4.

Primary task 5i.gieneasures Experimental Laboratory Flight simulator

Physiological Muscle tension Flight test

Hicks, J. A., III and Soliday, S. M. An eviluation of asinus arrhythmi~ as a
measura of mental loa.. Iu W. B. Knowles, M. Sanders, and F. Muckler (Eds.)

Proceedinze of the Sixteenth Annual Meeting of the Human Factors Soceity,

1972, 191-196.

The primary purpose of this invastigatlou was to provide an evaluation and
validation of sinus arrhytliuis as a measure of mental workload. Sinus arrhvthmia
refers to thc irregularity in the langth of the inter-beat intaervals fournd in the
heart rate pattern of a normal individual sitting at rest. Previcus research had
indicat:1 that this irregularity disappears as a function of the mental load
imposed on the individual. A secondary purpose of this investigation was to

compare the sinus arrhythmia approach to estimating mental workioad with a
secondary task loading techniqua.

W/L Cat. Cude: 2.2.2, 4.1.10

Physiological: l., 2., 4.

Spere m. capaclty Subsidiary task Experimental Laboratory Flight simulation

Physiological Heart rate,
h.r. var.
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Hicks, T.G. and Wierwille, W.W. Ccomperison of five mental workload assescsment
i procedures in a moving-base driving simulator. Human Factors, 1979, 21,

129-143.

Five methods of measuring mental workload (secondary task performance, visual
occlusion, cardiac arrhythmia, subjective opinion rating scales, 2nd primary
task performanc2) were compared for sensitivity to changes in operator loading.
The driving task was produced using an automobile driviig simulator with & sax-
degree of freedon couputer generated display, a four-degree of freedom physical
motion system, and a four-channel sound system. Subjects were presented with a
within-subjects factor of wind gust placement. The results showed significent
differences among workload levels for subjective opinion scales and primary
performence measures of lateral deviation, yaw deviation, and steering reversals.
A relative sensitivity cestimate of these would be, from highest to lowest
sensitivity, steering reversols and yaw deviation, rating scales, and lateral
deviation. The techniques of occlusion, cardiac arrhythmia, and aecondary task
performance yielded no significant workload effect.

1 W/I. Cat- COde: l.].’ 2.201, 2.3’ 3‘2, 4.1-10
d Op. Behav. Code: 1., 2., 4.

Opinion Rating scale Experimental Simulator Flignt simulator K

- Spare m. capacity Subsidiary task Flight test H

Primary task Occlusion '

Physiological 11.t. measures
.- Heart rate
h.r. var.

ki s

Hilgendorf, E. L. Information processing, nrractice, and spare capacity.
Australian Journal of Psychology, 1967, 19, 241-251.

A b 2P ST e i 8l Mt 2 1R,

The relationship between information input and response time way studied during

extended practice, using visual stimuli of up tc ten bits of information per

stimulus. Response time was found to be directly related to information input

and the relationship was found to persist after practice, contrary to findings

-y reported in peveral recent studies. On the final trial a secordary auditory
task was introduced. Performance on this task was inversely related to the

" information content of the primary task, which showed a significant decrement

when both casks were performed concurrently., Five hypotheszs derived from

ear .ier work are examined in the light of the results obtained.

R s
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W/L {at. Code: 2.2.1, 3.1

Op. B hev. Code: 1., 2., 3., 4.

—

Spare m. capacity Subsidlary task Experimental Laboratory ¥iight simulator

3

Primary task Single measures Flight test
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Hinton, D. A. and Shaughnessy, J. D. Adaptation of time-line analysis program
i to single pilot instrument flight research. Hampton, Virginia: National

Asronautics and Space Administration (Langley Resaarch Center), NASA-TM-
78748, August, 1978,

A data base was developed for SPIRF operation and the program was run., The
ouiputs indicated that further work was necessary on the wnrkload models. In
particular, the workload model for the cognitive channel should be modifisd as
rthe output workload appears to be too omall. Included in the needed refinements
are models to show the workload when in turbulence, when overzhooting a radial
or glideslopa, and when copying air traffic control clearances.

W/L Cat. Code: 2.1.1

Op. Behav. Code: 1., 2.. 3., 4. 1

Spare m. capacity Task comp., Experimental Laboratory Flight simulator
: time assess.

Hoffman, E. R. and Joube}t, P.N. The effect o{ changes in some vehicle

handling variables on driver steering poerformance. Human Factors, 1966, 8,
245- 262,

Yhe literature on vehicle handling is summarized. Experiments were carried out
to determine the effect of veshicle response time, steering gear ratio, and near-
and far-sight distances on driver performance on a tracking task consisting of
driving through a narrow winding course murked by traffic cones. The vehicle
response time was found to affect greatly the number of comes touched by the
vehicle during a set testing time. Increasing near-sight distance produced poorer
driver performance. This also occurred for the case of decreasing far-sight ‘ :
distances with fixed near-sight distance. Tests with variations of steering ratlo !
and steering torque produced little change in driver performance.  Spare mental
capac’ty was measured during the test period. For this indirect measurement of
task difficulty, changes in the spare mental capacity of the driver wer.: found

§
to have the same sensitivity to changes in the vehicle, as did the change in the i;
number of cones touched by the vehicle.

T RS TP JOR SR SR ENTE Y

W/L Cat Code: 2.2.1, 3.1 ?
Opi Behav- COdel 10’ 2., 4. i
Spare m. capacity Subsidiary task Experimental Field Flight simulator f
Primary task Single measures Fiight test ‘
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Holden F.M., Rogers, D.B. and Replogle, C.R. Simulation of high workload
operations in air to air combat. Proceedings of the AGARD Conference cun

Simulatfon and Study of Hizh Workload Operations, AGARD-CP-146, April, 1974,
A6-1 - A6-4.

General methods and techniques for predicting the mis:zion effectiveness of
candidate systems in the preliminary design stage and predicting the human
operator's subjective preference for the candidate designs are not generally
available. For those techniques which have bLeen used, with some success, there
exists the question of validatior and general applicability. This report
discusses the problems associated with workload measurement, provides a

structure for the study and analysis of human performance and describes the tools
and techniques used by the 6570th AMRL/EM to provide effectiveness versus design

data.

W/L Cat. Code: 3.3 E
Op. Behav. Code: 2.2, 4.2
Primary task Math. model  Experimental Flight simulator Flight simulator :

Hollaad, M. K. and Tarlow, G. Blinking and mental load. Paychological %
Reports, 1272, 31, 119-127.

g

A

e The ‘rate of blinking is related to certain mental activities. One common 1§
feature of states associated with low blink rates is the presence of con- ﬁ

. centrated cognitive activity. The purpose of the present study was to ﬁ

determine how blianklug is affected by variations in mental load; it was
hypothesized that, for a given nonvisual task, blinking would decrease as
mental load increased. The first study rcported here manipulated memory
load by requiring Ss to retain a sequence of 4, 6, or 8 digits. The secon?

et A e

. study involved mental arithmetic vnder time pressure; half the trials
contained zeros in the sequence of uumbers to be summed. Irn both studies
. the rate of blinking was low when mental load wus high and the rate was high

wher mental load was low. It is speculated that blinking way disrupt
certain cognitive proceises and may cherefore be inhibited when these

- prncesses are active. When mental load is increased, the inhibition of
blinkirg may be an adsptive mechanism which protacts vulnerable cognitive
processes from interference.

e
W/L Cat. Code: 3.1, 4.1.7
1. Op. Behav. Code: 1., 2., 4.

e e B Finie e MM e 2

e

PO A

Primary task Single meesures Experimental Laboratery  Fiight simulator

Physiclogical Eye movement
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Eopkin, V. D. Mental workload messurement inr air trnffic control.

(Bd.) Meutal workiosd: 1ts theory and measuremeot. . New York:
1979, 381-38S5.

In N. Moray
Plenum Preae,

Most possible measures of mental workload have been proposed and tried in
air traffic control dbut have not provad to be helpful. This note outlines
some of the current practical problems in assessing mental workload in air
traffic concrol, while emphasizing the vital need to have impartial
quantitative measurcs fcr dolng so, both to ensure the safety and efficiency

cf future systems and to design jobs which have an optimum blend of workload,
utiligation of skill, and job satisfaction.

W/L Cat. Code: 1., 2., 3., 4.

Op. Behav. Code: 1., 2., 3.

Opinion Multiple Conatruct None Flight simulato1i
Svare m. capacity Flight test
Primary task

Physiological

Hopkin, V. D. and Napier, A. W. Tiwe estimation in a flight simnlator.

Farnborough, Hants, England: RAF Tnstitute of Aviation Medicine,
IAM-R~232, 1963,

Subjecte made their own unaided estimate of time while performing simulac.ed
manoeuvres. The entire flight plan had a demanded time of 40 minutes. Each
subject parfcrmed the whole flight task twice. In one case he was instructed to
take all the denanda¢ time to complete each manoeuvre and to set his rate of change
accordingly. In the other case he was told to complete the manoeuvres as quickly
as poasible and then to majintzin that position until he thought the demanded time
had elapsed since the beginning oF the manoceuvres. Deviations from the Jdemanded
height, heading and time were used as performance criteria. It was found that Cime
estimates were related to the complexity of the demanded flight manoeuvves, to

the subject's previous experience with a flight simulator and to the instrcuctions

given, but errors In the timc estimation did not relate systematically to the
length of the demanded time.

W/L Cat, Cede: 2.2.3, 3.1

Op. Behav, Code: ., 2., 4.

Spare m. capacity Time estimation Experimental Flight simulator Flight simulator

Primary task Single measures Fligit test
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Hosman, R. J. A. W. Pilot's tracking behavior under additional worklouc.
Delft, The Netherlands: Delft Univarsity of Technology, Department of
Aeronautical Engineeri: .o, Report UTH~199, June, 1975.

An expariment to study the inflvence of task interfeience on the iuformation
processing of the hvman pilot is Jdzscribed. Two hypothetical limited
capacity models of human information processing, the multi-channel model

and the single~channel model, are reviewed and the resulis of the experiment
sve discussed in relation to these mddels. The experimental task consisted
of a single axis tracking task under additional workload. The three
coptrolles elements used wers a simulated transport aircraft at three
different center of gravity positions, at which it was stable, neutral, and
unstable, respectively. The forcing function was a gvst signal acting on the
simulated aircraft. The additional loading task was an suditory binary
choice task. The results of the experiment tend to favor the single-channel
model of human informatior. processing.

W/L Cat. Code: 2.2.1
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator

Howells, R. A., Knight, J. L., Jr., Wetss, S. M. Micro-timesharing within a
single task. Proceedings uf the 23rd Annual Meeting of the Human Factors
Society, Boston, Massachusetts, October 29-November 1, 1979, 523-526.

In continuous, recilprocal Fitis' law tapping, movement timing and spatial accuracy
contiol may be considered as two micro-tasks within an overall psychcmotor task.
Usually, timing demands are secondary while the spatial accuracy is stressed.

In ar experiment in which beth timing and spatial demands were manipulated and
equally important, subjects were required to divide available attention bSetween

these performance dimensions. Results are discussed in terms of curreat time-
sharing models. :

W/L Cat. Code: 2,1.2, 3.1
Op. Behav. Code: 1., 2., 4.
Spare m. capacity Inform. theory Experiment Laboratory Background

Primsry task Single measures
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Howitt, J. 8. Flight-deck workload studies in tivil’transport aircra’t.
Proceedings of the AGARD lonferencs on Maasure of Aircrew Performance,
AGARD‘Q-SS’ D.cub.l’. 1969. 1-1 - 1"7‘0

The term 'Work Load Study' can be interpreted in many ways depending on
one's particular interest ..d point of view. During the past four years
a small tean has been conducting field studies in civil airlines during
both long-heul and short-haul operations. The team have found such studies ';
can be conveniently divided into three main areas: (1) that associated
with short term, or instantuneous workload; (2) that associated with
accumulated effects of workloais over a particular period; and (3) that
asgociated with the total working emvirooment. Some of the methods used
and the indications for further areas of research are discussed.

W/L Cat. Code: 1.1, 2.1.1
Op. Behav. Code: 2.

Opinion Rating: scale Review Field Flight simulator §

Spare m. capacity Task comp Flight teg'.
time assess.

Howitt, J. S., Hay, A. E., Shergold, G. R., and Ferres, H. M. Workload and
fatigue-in-flight EEG changes. Aviation, Space and Environmental Medicire,
1978, 49, 1197-1202.

Continucus recordings were made of the EEG and ECG of one pilot during a series

of instrument flights in a feeder-type transport aircraft. The flights were
arranged to contain epochs of distinctly differing levels of workload. Some flights
were made after a night of sleep deprivation and others were made as the second

sad third flights of the day. Subjectively, there appeared to be marked differences
in performance between the two types of tired flight. The EEG analyses showed
changes that correlated well with differences in workload. In the highest workload
areas during fresh flights, EEG activity increased by approximately a factor of

4 over that of the preflight resting values. This large increase did not occur

in the tired flights.

W/L cat' md‘: 1.2’ 4.1.3’ 4.1.5

Op. Behav. Code: l., 2., 4.

Opinion Questionnaire Experimental Flight test Flight simulation
Physiological REG Flight test
EKG
135 :
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Buddlerton, J. H. F. Personality and apparent operator capacity. Perceptual
and Motor Skille, 1974, 38, 118%-1190.

Twenty-four adults were required to perform a pursuit tracking task and
given the opportunity to accept a concurrent second one as soon as they
felt themselves capable of doing so. Personality tests showed that the
more anxious individuals delayed acceptance of thin secondary task. No
rela:ionships were found batween peraonality and tracking skill as such.

W/L Cat. Code: 2.2.1, 3.1

Op. Behav. Code: 1., 2., 4.

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulacor

Primary task Single measures

Ruddleston, H. F. and Wilson, R. V. An evaluation of the usefulneas of
four secondary tasks. in assessing the effect of a lag in simulated
aircraft dynamics. Ergonoamics, 1971, 14, 371-380.

Eight male subjects were required to perform a tracking task uasing an
electronic windshield display. The task had two levels of difficulty, an
essentially unlagged condition and a condition, chosen to be perceptitility
more difficult, having an exponential lag of 0.5 sec. Integrated tracking
error scores alone were unable to distinguish between the two difficulty
levels. Four secondary tasks were utilized involving a response to digits
presented in the forward field of view. The four tasks were arranged to be
of comparable difficulty level in pretests using the same subjects. Two
secondary tasks indicated a difference between the primary task conditioms.

The addition of a secondary task also permitted tracking error scores
themselves to indicate a difference.

W/L Cat. Code: 2,2.1, 3.1
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Subsidiary task Experimental Laboratory Flight asimulator

Primary task Single measures Flight test
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Hughes, H. M., Hartwan, B. 0., Garciae, R. and 'Lonnb. P. Systems gimulation: A

glodbali approach to aircrow workload. Procesdings of the AGARD Confersnce on
Shuhti;n and Study of High Workload Operatioms, AGARD-CP-146, April, 1974,
Al"l - "1‘.

Aircrew workload can be studied at many different levels of detail. In the 3
most general sense, it is a function of the total workload impcsed upon a unit '
in relation to the number of crews in that unit. An airlift system simulation

[, VN

program has been designed using this global approach and a number of simulaticn L
studies have been performed. Outcomes in terms of systems effectiveness i
measures, crew workload, and crewx welfare measures are presented. ‘{;

R

i il m

W/L Cat. Code: 2.1.1
Op. Behav. Code. 1., 2., 3., 4.

Spare m. capacity Task comp., Construct . Flight simulator Flight simulator
time assess.

e g

Experimental Flight test ot

~
o o Pt (i

Hurst, M. W. and Rose, R, M. Objective workload and hehavioral respouse in
airport radar control rooms. Ergonomics, 1978, 21 559-565.

T e s

Previous research indicated that peak traffic and the duration of radio-communications
were good predictors of behavioural response of air traffic controllers working

in air route traffic control centres. In this study we investigated if these two
measures - ' trkload were generalizable to controllers (ATCs) working in radar
faciliticc earving major airports. 3,110 observations were made on radar sectors

at the ”. .~ re control rooms in the U.S.A. A large number of air traffic
varia*” ... wad couuunication tasks were measured. Behavioural ratings were made

by expe. . rbserver ATC's. The results replicated previous findings that peak
traffic a.d the duration of radio-communications functioned as behavioural stressors.
Careful consideration of these and other results led to the conclusion that peak
traffic 1s the most generalizable environmental -tressor for ATC's behaviour

whereas the other workload measures are more correctly viewed a2s concomitants.

. W/L Cat. Code: 1.1, 3.1 &
O'Po Behav- COdQ: 10) 2-’ 3.. 4. “
Opinion NOPS § . T JN - Experimental Field Flight simulator &
Primary task Single measures E
137 .
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Hurst, M. W. &td Rose, R. M. Oblective job difficulty, behavioral rsepouse, and

sccto? characteristics (n air route treffic coairol centres. Ergonceics,
19\'8, .gl. ‘9"7“\ ' l

Observations on 47 radar sectors in Boston and Nev York were used to datermine

the principal behaviorei strossors ir the .air treffic control environment.
Predictor variables included pealk truffic, mean airspeed, sector area. Sactor type,
radio-communication time, 3ud theoretically derived control load factors. Expert
obsarvers rated the degre=e of activity and behavioral arousal of ATCs working the
47 radar sectors at the same time the odjectiva measures wera made. These 'pace'
ratings were significantly relsted to pevk traffic count and duration of radio-
comumications. The contrecl load factors were not relztcd to behavioral responses.
Statistical analyses indicataed several refinements for the definition and
masurement of the control load facters. For example, airspace coutrol load was
raliably estimated by sector type and numbter o«f tranaitioning planea, while
co~ordination control load was moat appropriately estimated by during of radio-

communications. The results suggest thaz estimavion of workioad wmay be male by a
relatively few objective measures.

W/L Cat. Code: 1.1, 3.1

Op. Behav. Code: 1., 2., 3., 4.1

Opinicn Rating scale Experimental Field Flizht simulator

Primary task Single mcasures

Hutcherson, R. C. Statistical analysis of ateroid levelia in parotid secretions
of humans under prolonged mental stress. Master's theuis, Texes A & M
- University, College Station, Taxss, December, 1971. (AD 747 582).

Ten subjects of approximately the same age, site =ud education yroup, were
exposed to an unchanging mental stress fcr = two hour neriod. Using svur candies
to stimulate parotid zland activity, paiovid flnfd samples were collected at
thirty minute intervals. Statisticai analysis of the steroid lev=ls showed that

there was no significant change in cortisol levels in parotid fluid cver the
tvo hour sampling perioid.

W/L Cat. Code: 4.1.12
Op. Behav. Code: 1., 2.

Physiological Body fluid Experimertal

Laboratory Background
anal.
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Hyndman, B. W. and Cregory, J. R. Spectral analysisv of sinus arrythmia during
mseutal Joading. Rrgonomics, 19735, 18, 253-270.

A technique is presented for digitally processing cardiac intervals to produce the
low-pass filtered cardiac event saquai.:e (LPFCES), a regularly sampled (in time)
hand-limitsd signal, repraesenting in e standard form the informetion contained

in the cardiac intervals. The technique takes into account the physinlogical
nechanisme of informatinn transfer across the pacemaker, and thereby produces a
signal that has a phyeiological counterpart: autonomic activity converging on the
sino-etcial node. The scoring technique is shown to give a reliable indication

of mertzl loafing (and porxibly reserva capacity) ir decision-making tasks.
Posaible mechanisms of reduced sinus arrythria with mental loading are sxplored.

W/L Cet. Code: 4.1.10

Op. Behav. Code: 1., 2.

Physiological Heart rate, Experiwental Laboro‘ory Flight eimulator
h.r. var,

Inbar, G. F. and Eden, G. Psychological stress evaluators: EMG correlation
with voice tremor. Biological Cybernatice, 1975, 24, 165-167.

Temporal messurements of fregueancy changes in the human voice and trewur in the
muscles of the vocal azea suggest that these phienomena are corxelaced. A mecssure
of muscular activity was obtained using a non linear filcter on the EMG wave.
Frequency changes were detected in the rhird foruant of the voice spectzum. The
crosscorrelation results icdicate that the voice vibraticns arev forced oscillations

genevated by centrel nervous activity, explaining the detection of stress frem
voice records.

W/L Cat. Code: 4.3

Op. Behav. Code: 1., 2., 3.

Physioiogical Speech patt. Experimental Lsboratery Background
anal.
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Inowate, O. M ovaluation of hnr: rate variability in different levels of

mental lowding. Journal of Humap Rrgology, (Studi. Pnycholog:lcn). 1977,
6, 202-210.

Six adult male subjects took part in visual iearch work demanding four levels of
short-tarn sswory. The task was to delate one, two, three, or four kinde of
numerals included in a table of 3¢ two-digit numerals which were randomly arrauged
in 10 vows. Of 300 numerals, 60 were to be deleted. Those sixly numeraic consisted
of a sizgle two-digit number in task W1, two nunbers in cask W2, three numbers

in task W3, ond four numbers in task W4. Of the four lndices, only the irregularity
scors decressed significantly as the task difficulty increased. This would mean
that particular rhythms {n heart rate fluctuation could be more eens{tive to mental
strain than other sspucts of heart vate changes. Thus. for application uf the
avaluation method, excluaion of heart rate fluctuations vriggered bv physical
movementc or other external factorn seems necessary. In addition, the large inter-
indiyidual differeaces in changes of hear: rate varisbility should be properly

taken into consideration.

W/L Cat. Coda: 4.1.10
Op. Behav. Code: 1., 2., 4.

Phsytological Heart rate, Experimental Laboratory Flight aimulator
h.r. var.

Toseliani, K. K. Tim: deficit as a stress factor during an operator's mental

activity iu the mav~-fiight vehicle system. Xosmicheskaia Biologiia i Meditsina,
1971, 5, 40-43. (iIn Russian.)

The affici~ncy in handling cowbina:icns of control signals on a panel was
evaluated in evperiaents with a group of 250 healthy subjects performing various
task seauences under stresg due tc time pressure. According to the gquality of
their operational behavior the subjects ware graded in a high performance group
of 135, a medium performance group of 95, and a low performwance group of 20,
vith 8 subjects beinsg coo hastv and 12 subjects being too slow in the las: group.

W/L Cat. Code: 2.1.1, 3.1

Op. Behav. Code: 1., 2., 4.

Spare m. capacity Task comp., Expevimental Labcratory Filight simulatcr
times assess.
Primary task Single measures
140 .
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Iareal, J. B., Cheensy, G. L., Witkens, C. D., and Donchin, E. P30C and tracking
difticvicy: eviseace for multiple vesources in dual-task performance.

Peycholophysiology (in press).

Subjecta psrformed & visual tracking task while performing a concurrent task

in which tonesr ware covertly counted. The P300 component of the event-related
potuntials elicited by the toncs was exaxined to determine the extsnt to which
its amplitude vas atfected by veriations in the forcing-function bandwidth, o:
difflieulity, of the tracking task. P00 decreased in magnitude whea “ones wern
tounted! in conjunction with the performance of the tracking task, raiative to a
single--task cowntiug condition. Increasing tracking difficulty failed to reduce
P30 amplitude further. A second experiment obviated the possibility that
sovisant-ralasted potantials caused tue P300 attenuation resulting from the
introduction of the tracking task. In the third experiment, subjecte performad
a reaction time task in conjunction with tracking to establish the validity of the
tracking difficulty asnipuwiation. The resalts ara Intorpreted in terma of a
theory cr functionally-specific prvocessing resources.

W/L Cat. Code: 2.2.1, 4.1.6
Op. Behav, Code: 1., 2., 3., 4.

Spare m. capacity Subsidiary task ﬁxperimental Laboratory Background

Physiological EC?

Isreal, J. B., Wickens, . D., Chesnev  G. L., and Donckin, E. The event-related
brain potential as sn index ~. d!rplay-monitoring workload. Human Factors
in press).

As an index of task w:.rkload, the possille advantages of the event-related brain
potential (ERP) ove: traditional secondary task and physiological measures sre
described aud previous efforts to validate the use of ERPs in this context are
discussed. An arperiment is then reported in which perceptusl load, incurred by
monitcring a simulated air-traffic coatrol display for discrete events, is asseased
using (a) meuiures of the P300 comporent of ERPs elicited by auditory probe stimuli,
and (b) a resction time seccndary task. The ERP measures were found to reflect
systématically differences in task wurkload and to vary in agreement with the
rcaction time measure. The results are discusss i within the framework of a multi-
dimensivnal conception of humsn procesaing resources and task workload.

W/L Cat. Code: 2.2.1, 3.1, 4.1.6
Op. Behav. Code: 1 , 2., 3., 4.

Spare m. capacity Subsidiary ==k Experimental Laboratory Flight simulator
Primary task Single measures

Phayiological ECP
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Isreal, J. B., Wickens, C. D., and Donchin, BE. The event-related brain
potential as a selective index of display load. Proceedings of the 23rd

Annual Meeting of the Human Factors Society, October 29-November 1, 1979,
Boston, Massachusetts, 558-56%.

As an indaex of task workload, the possible sdvantages of ths event-related brain
potential (ERP) over traditional secondary task techaniques and psychophlysiological
measure® are described and previoua efforts to validate the use of ERPa iu this
context are discussed. A series of six experinents is then reported in which the
effects of tracking difficulty and display-monitoring load manipulations on
secondary-task reaction time and ERP msasures are compared. The results are
interpreted within the framework of a "multiple reswuivoir" conception of
processing vesources and task workload.

W/L Cat. Code: 2.2.1, 3.1, 4.1.6
Op. Behav. Code: 1., 2., 3., 4.

Spare m. capacity Subsidiary task Review Laboratory Flight simulator
Primary tasx Single measures Experimental
Physiological ECP

Ivanov-Muromskii, K. A. and Lukianova, O. N. Man in the state of operational
stress. Fiziclogiia Chelovekas, 1975, 1, 459-568. (In Russian.)

The paper investigates the activity and functional state of individuals under
conditions of cperational stress induced by time deficit in carrying out a anumber
of alge.raic operations. Best results are obtained by the testees characterized
by a high lability of nerve processes. In the case where the cperation is carried
cut under conditions of sound noise, selection of operator requires an individual
with a high lability and with a high-intensity nervous system with respect to
stimulation. Human stress condition is shown to entail changes in functional
state, which is reflected in a substantial change in the parameters of different
systems in the human body.

W/L Cat. Code: 2.1.1, 3.1, 4.1

Op. Behav, Code: 1., 2.

Spare m. capacity Multiple Experimental Laboratory Flight simulator
Primary task Construct
Physiological
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Jahns,; D. W. Operator workload: What is it and how should it be messured?

In K. D. Cross acd J. J. McGrath (REds.) Crew System Design. Santa Zarbara,
California: Auscapa Sciences, Jily, 1973.

The term "operator workload" generally refears to an integrative concept for
evaluating the effecis or the human operator associated with the multiple
stresses occurring within man-machine operating enviromments. Viswing the
humen operator's ro'e in man-machine systeas as that of an informetion transfer
and transformation component, a casc is made for coasidering workload as
conaiating of three functionnlly relatable aspects: input load, operator
wilvii, ami e louirt. wurxicaa measuring techniques having their basis in
time-and-motion analyser, information processing expsriments, and direct
pbysiclogical wmeasurement of the operator state are briefly discussed. The
initial conceptuaiigations of a long-range research program are indicated,
where the objective is the systematic investigation of operator effort exerted
relative to specifiable input loads and performance criteria.

W/L Cat. Code: 1., 2., 3., 4.
Op. Behav. Code: 1., 2., 3., 4.

Opinion Multiple Review None Flight simulator
Spare m. capacity : Flight test
Primary task '
Physiological

Jahns, D. W. A concept of operator workload in wanual vehicle operations.
Meckenheim, Germany: Forschungsinstitut fur Anthropotechnik, Report No.
14, 1973.

A conceptual structuze (or model) of operator workload relying on the data
available in workload literature is presented. The interrelaticonships among
various workload assessment tectniques including time-and-motion, irformation
processing, operator activities, and equipment design studies are pointed out
systematically. It is concluded that each of the aspects of workload: input
load, operator effort, and work result, must be quantitatively scaled before
the complex problem of task interference and crew system design criteria in
vehicle operations can be ‘treated comprehensibly.

W/L Cat- Code: 1-’ 20’ 30' 4.

Op. Behav. Code: 1., 2., 4.

Opinion Multiple Review None Flight simulator
Spare m. capacity Flight test
Primary task
Physinlogical
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Jenney, L.L., Older, &.J. and Cameron, B.J, Measurement of operator workload
in an information processing task. Washington, D.C.: National Aeronautics
and Space Administration, Contractor's Report NASA CR-21%0, December, 1372,

This was an experimental study to develop an improved methodology for messuring
worklosd it an information procassing task and to assess the effsccs of shift
length and communication density (rate of informartion flow) on the ability to
proness and classify verbal messaxes. Each ¢f twelve subjects was exposed Lo

s

.

4

combinations of three shift lengths and two communication densities in a counter- gﬂ

]‘ balanced, .epeated messuroments cxparimental design. iIn addition to task-specific ¢
: mengures, subjects ware administared a battery of perceptual-motor, cognitive ‘j
and sensory tests on a4 pre- and post-shift basis. Physiological measures and K

M subjective magnitude estirates o>f three workload variables were also obtained. .
an Resvlts indicated no systemstic varlation in task performance measuras or in &

other dapendent measures as a function of shift le:gth or communication deasity
This is attributed to the absence of a secondary loading tasl, &n insufficiently

. taxing work schedule, snd the lack of psychological atrese. Subjective magnitude

{ - estimates of workload showed fatigue (and to a lesear degrea, tension) to be a

é 1 power lunction of ahift length.

g

! W/L Cat. Code: 1.1, 2.2.1, 4.1i.1, 4.2.10

F Op. Bahav, Code: 1., 2., 3.

| Cpinion Rating scale Ixperimental Laboratory Flight aimulator

: is Svare m. capacity Subsidiary task Flight test

Phyaiolegical Heart rate, “

h.r. var,

Jeanninge, A. E, and Chiles, W, D, An inveatigatiov. of time~szharing ability
aa o factor in complex performance. Human Factoers, 1977, 19, 535~347.

A S

Thirty-nins men were tested on a tutal c¢f six tasks; performance was measurad
ott wuch task presented individually and on two complex tasks mada up of three-
task subgats. A factor analyuis performed on the resultant data vevezled a
factor that showed high lesdings for two differsat wmonitoring tasks for
complex performance but negligible loadings for these tiaka for aimple
performance; ssparate, orthogunal factors were found for the two monitouring
tasks wvhean they were performed under simple~taak conditions. The monitoring
meagures, thus, appedar to posaess properties that would be expected of
meagures of & time-sharing ability,

ol i T LS sl b ED i At -

e
Prs

W/L Cat. Codu: 2.2.1, 2.2.3, 3.1

Op. Behav, Code: 1., 2., 4,

Spare m. capecity Subsidiary task Experimental Laboratory Flight simulator

—e = “*,,.
ot Sl e oiei it —

Primary .aak Single moasures Flight test
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Jex, H, R. Two applicatione of a critical-instadbility task to secondary wprk

ioad research. IESE Trensactions on Human Factors in Electronics, 1967,
HFE-8, 279-282. '

This exploratory application of the critical task concepts to the secondary
workload problem results in ths following main conclusions. 1) A subceritical
task makes an e~nsily quantifisble seccndary task, whose attentional demand
(measured by secondary contro! sctivity) is directly, but not linearly,

related to the degree of instability. 2) The autopaccd critical rask score
decreases with increasing secondary task instability, and may be used as an
aiternative indax of the secondaxy task loading., J) Three very experienced
pilots (astronsut candidates) all showed similar decrcments in performance
with secondary task instability, implying chat the effects inight be standardized.
4) There was evidence cf discrete control actions and display scanning, but the
onset of secondary control changes seeamad moro relsted to the avcondary task
error rate and direction rather than the error's magnitude or nesrness to

the diasplay limit. The gross control meticn was, nevertheless, proportional

to the delayed error, as predicted.

W/l Cat. Code: 2.2.2, 3.1
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Subsidiary tssk PExperimental Laboratory Flight simulator

Primary task Single measures Flight test

i
i
.

Jex, H. R. A proposed set of standardized sub-critical tasks for tracking
workload ralibration. In N. Moray (Ed.) Mental worklcad; its theory and
measurcment. New York: Plenum Press, 1976, 179-188.

A set of subcritical tracking tasks are proposed as one portion of a future
standardized battery of different types of task:, each having graded levels of
mental worklead, against which various investigetors could calibrate and
validate their measures of workload. This paper provides thz vecommended task
description, mechanization, inputs, operating procedures and rvaluation criteriz
so that measuremerts mads 'in different locations can be validly made.

A S T i ol e ok Titton s e WA T Es
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w/L Cat. Code: 2.2.5. 3.3.

et

oo e -

P SN 2 = V.o o

Op. Behav. Code: 1., 2., 4,

Spara m. capacity Adaptive tracking Construct None flight simulator

e

o o 4 4

Primary tesk Flight rasx
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Jex, H. R. and Allen, R. W. Research on a new human dynamic response test
battery. Part I. Test dsvelopment and validation. Proceedings of the 6th

Annual NASA-Univeraitz Conferencs op Msnual Control, Wright-Patterson AFB.

A battery of autopaced critical-instability tasks, subcritical tracking tasks,
and step reactior~tiuve tests wac developed to perrzit erf.clent measuremert of
the limiting humen dynamic resporse properties. Standard test parameters for
first-, second~, and third-order controlled elements (the latter requiring
double lecad equalization) 2re given. Comprehensive "baseline" measu.ements
were mada on four well-tra’ned subjects (three were vilots) using a specially
built Controlled Element Computer and an on-line Describing Function Analyzer.
The resulting data includes: tracking errors, describing functions (and derived
loop closure and model-fitting paramerwucs), ~cmnant, critical instabilities,
and reaction times. Remarkably simple correlasticsnn ara shown between the
critica) instability and various other closed-loop dyuamic performance metrics.
Thece tasts and results coustitute tha foundatior for a series of continuing
exparimeats on effecie of environmental strosses and worklead.

W/L Cat. Code: 2.2.5, 3.2, 3.5
Op. Behav. Code: 1., 2., &.

Spare m. cupacity Subsidiary task Experimental Labovatory Flight simulator
Primary task Marh, model. Flight test

Jex, H. K. and Allen, F. W. Research un a new human dynamic response test battery.
Part II. Psychophysiological corrxelates. Proceodings of the 6th Annual NASA-

University Confereace on Manuai Control, Wright-Pattersor AFB, Chio, April,
1970, 757-7177.

During a comprehensive set of tracking tasks for three orders of controlled
element with four trained subjecis (reported separately), a auvmber ¢f simulta-
neous psychophysiological measuremeants werz tsken. These inciuded: electro-
cardiogram, "instentaneous" heart-rate, breath ‘low, electromyograms, average

grip pressure, and palmar skin resistance. These data shiwed consistant increases
in the neuromuscular temsion indicators during tracking. Breathing was usually
faster and shallowver. The average heart rate increased for duly two nf the four
subjects, but distinct increases in the cardiac "sinus arrhythnia" vere noted,
which were corpletely correlated wich breath flow.

W/L Cat. Code: 4.1.2, 4.1.3, 4.1.4, 4.1.93, 4.1.10, 4.1.11
Op. Behav. Ccde: 1., 2., 4.

Phyriological Multiple Experimental Laboratory Fiight simulator

Flight tesat
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Jex, H. R. and Clement, W. F.' Defining end medsuring perceptual-motor load
in manual conirol taske. In N. Moray (Fd.) Mental workload: its theory
and measurement. New York: Plenum Press, 1979, 125-177.

Basic concepts for defining and measuring the "ucntsl vorxload" in simple and
complex tracking-type tasks are reviewed. The basic concept is that subjecctive
mental effort can only be meaningfully defined in terws of itg margin with
respect co some form of control-workload limit. The iaternal allocation of
attentional resources to maximize the margin of capacity is assumed to be under
the control of a supervisory "meta-control-system.”" Means for measuring the
"excess control capacity" are described (especially the Critical lastability
Task and Cross-Coupled-Instability Task), and their application tc workload
research and practical evaluetions of pilot/vekhicle/display systems is
summarized. Extensions to discrete task workload are discussed, along with
implications of sampling errors on task workload and performance.
of psychophysiological measures during tracking tasks are given.

W/L Cat. Code: 1., 2., 4.
Op. Behav. Code: 1. 2., 4.

Some examples

Opinion Msltiple ~ Review Laboratory Tlight simulator
Spare m. ‘capacity Flight test
Physiological

Jex, H. R., Jewell, W. F. and Allen, R. W. Developmeni >f the duai-axis and
cross-coupled critical tasks. Proceedings of the Eighth Annual] Conferencs
on Manual Control, University of Michigan, Ann Arbor, Michigan, May 1977,

Multiaxis offspring of the well-establishad singiuv-axis Critical Iaatability
Task are Jescrided. The Dual-Axis Critical Task requives the nperator to
stabilize simvltaneously two identical, incressingly unstable, ccatrolled
elements (one in each axis), using idertical control and display gains. The
dual-axis score, Ap, is the levei of instability at which control is lost

in either axis. Pilot experisents show that Ap is s sensirive indicator

of display format and control stick effe¢ :ts. The Cross—Coujjed-Inctability
Task involves any arbitrary primary control task (which may itseif be suitiloop),
with a "suberitical"” secondary task whose inscability level is sdaptively cross-
coupled to the primary task performunce iadex. Tue wross-coupied score, )X,

is the asymptotic level of secondary task instability, which is shown to be
scasitively related to the gttentional workload margin of the primary tesk.
Subtle initializing and adapcive jcgic rere uneeded to permit a single
mechanizatioa to handle a wide variety of primary isske and individual skill
leveis. Some early applications of these tsks are reviewed.

W/L Cat. Code: 2.2.5, 3.1
Op. Behav. Cods: 1., 2., &,

Spare m. capacity Subsidiiry rask Experimental Laboratory Flight simulator
Primary task Single measnres
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Jex, @.R., McDonnell, .'.D. and Phatak, A.V. A "ecritical' tracking task for
man-machine research reiated to operator's effective delay time. Procoedings
of the 2nd Annual NASA-Univeraity Conference on llanual Control, Messachusetts
Inotitute of Technology, March 1966, 361-377. (NASA-SP-128),

A closed-loop compensatory tracking task has haen developed which ylelds a measare
of the human cperator's tima delay characteristics while tracking, comstrains his
behavior to within very narrow limits, and provides a low variability indicator

of the operator's tracking ability. The procedure is called the critical task
because the operator is vequired to stabilize an increasingly unstable controlled
element up to the critical point of logs of control. Based on recont human
response research, u theoreticsal analysis of this man-machine system is performed,
and the vesults of an experimental program are described, which enables describing
function and critical task measures to be compared. An "autopaced" critical task
mechanization and cperating procedure is described which yields consistent, reliable,
and very low variance medsarements of the critical levels of instability. An
analysis of the measured human operator describing functions shows that, when
operating near criticality, the subject's behavior is adequately represented by
the most recent human-operator describing-function models and adaptation laws.

W/1L. Cet. Code: 2.2.5, 3.3

Op. Behav, Code: 1.. 2., 4.2

Speve w. capacity Subsidiary task Construct Laboratory Flight simulator
Primary task Math. model Experimencal

Johannsen, G. Ncbensufgaben als Beanspruchungsmessverfahren in Fahrzeugfllhrungsauf-
acben. Zeitschrift filr Arbeitswissenschaft, 1976, 30, 45-50.

A conceptual differentiation between input load and operator effort is stated.
Workload measires are contrasted to the performance measures. HMethods for
workload measuremen: are classified. Secordary tasks for workload measurement
are deairt witn extensively and m2rginal conditicas are explainec which have to
be considered in using secondsry tasks. Examples given Ifor secoundary tasks

are the tapping task, cuclce reaction tusks and cross-adaptive secondary tasks.
Rocent results using the tapping task as workload indicator in simulated 6 (grad)
landing approache: are presented. The irrsgularity in tapping increasecs more,
wheii the priwary tavk gets more difficult,

W/L Cat. Code: ©.2., 2.1

Op. Behav, Code: 1., 2., 4.

Spare m. capacity Subsidiary task Construct Flight simulator Flight simulator
Primary task Single mersures Experimental Flight test
' 148
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Johannsen, G. Workload and workload measuremunt. In N. Moray (Ed.) Mental
workload: its theory and application. New York: Plenum Press, 1979, 3-11.

Workload is defined and various measures are classified in terms of time-line
analysis, information processing, operator activating-level, and sudjactive
effort ratings. An application~orienied procedure of workload assessment and
relationships among measuring teczhniques are presented.

W/L c&t- md‘: 1-. 20’ 3'.’ 4.
Op. Be" T des 1., 2., 4.

Opiniow, Multiple Review None Flight simulator

Spa.> m. capacity Flight test

Primary task

Physiological

Johannsen, G., Pfendler, C. and Stein, W. Human performance and workload in ’
simulated landing-approaches with autcopilot-failures. In T. B. Sheridan

ard G. Johannsen (Eds.) Monitoring behavior and supervisory contiol. o F
New York: Plenum, 1976, 83-95. .

{1

i

! A fixed-based simulator of a small STOL-aircraft was used ro assess a simulated . 5
{ instrument-landing-system (ILS) with autopilot failures of a stability |
augmentacion system (SAS). Various contvol and monitoring task configurationa ,

were evaluated in terms of pilot workload measures and deviations from glidepath. |
Both subjective pilot ratings on a five point workload rating (WLR) and a '
tapping task for perceptual motor load (PML) were used to assess workload. The : ;

results showed reduced perforwance and increased workload immediately after
fallure detection and manual take over.

e e ot L, o 05 -

W/L Cat. Code: 1.1, 2.2.2

Op. Behav. Code: 1.1, 2.2, 4.2

i
Cpinion Rating scale Experimental Flight sinulator Flight simulator 11
Spare m. capacity Subsidiary task Flight test 4
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Johnston, D. K., Klein, R. K., and Hoh, R. H. Manual snd autosatic flight
control during severe turbulence penstration. Hawthorne, Californiar
Systems Technology, Inc. TR-1049-1, (Pinal Report, NASA-CR-2677), April, 1976.

An analysis and experimentul investigation of possible contributing factors in
jet aircraft turbulence upsets was conducted. Major contributing factors identified

" included autopilot and display deficienciés, the large aircraft inertia and

associated long response time, and excessive piloct workload. An integrated flight
and thrust energy managewent director syutem was synthesized. The system vas
incorporated in .a woving-base simulation and evaluated uging experienced airline
pilots. The evaluation included cowpariscn of pilot workload and flight per-
formance during severe turbulence pemetration utilizing four comtrol/display
concepts. Simulation results show improved performancs, re¢.:~cd pilot worklcad,
and a pilot preference for an autopilot system controlling to -~ flight director
command, and manual control of thrust following the trim thrust director.

W/L Cat. Code: 1.1, 3.1, 3.3

Op. Behav. Codef 1., 2., 4.

Opinion Rating scale Construct Flight simulator Flight simulator

Primary task: Single measures ﬁxperimental Flight test
Math. mcdel

Jones, E. C., Jr. and Schuster, D. H. Design and development of an adaptive,
auditory, and distractive stressor. IEEE Transactions on Man-Machine Systems,

1970, MMS-11, 161-163.

An auditory, distractive stressor vas developed that automatically adjuste

its rate of presenting random digits to humaa subjects. The rate of digit
ptegsentation serves as an inverse index of the amount of attention the

subject can spare from a primary task, such as driving a eimulated car. The
auditory pattern recognition of the uevice was evaluated under several speaking
conditions and for a variety of humen speakers. The distractive stressor has
a satisfactory digit recognition accuracy, and consequently adapts its digit
presentation rate quickly according to how well a subject repeats its given

numbers.

W/L Cat. Code: 2.2.4
Op. Behav. Code: 2.1, 4.2

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator

150

o re i

;
]

0
-
b

R e T

AR

i

-

R STt St D Sk et

At PRS- 4

TR T




SY-27R-80

%
i
E

Joslin, R,, Ohmiya, H., and Kildis, D. R. A etudy of simplified methods for
longitudinal control dscoupling. Society of Automotive Engineers, Inpunt
nusber 770468, March, 1977.

Using an inflight simulator, a simple longitudinal decoupling concept was compared : g
with conventional airplane characteristics for the appreich and landing tasks.
The decoupling system allowed the pilot to command iight path arjle chinges with '
the stick with little or no accompanying speei change; likewise, speed changes e
with only small accompanying flight path changes could be made with throttle only.
The unique feature of the concept iz that it is an open loop control system.
Reswlts indicate that in calm =ir end yp tr mederate levels of turbulence the
decoupling system provides « su™< .. .:.. reduction in pilot workload.

s AT BTN T T A W T,

W/L Cat. Code: 1.1, 3.1

s o X GUEREWI i

gt

Op. Beh-,. Cnde: i., 2., 4.2

vpinion Rating scale Experimental Flight test Flight simulator

ST

{ Primary task Single messures Flight test

R

Juris, M. and Velden, M. The pupillary response to mental overlaod. i
Physiviogical Psychology, 1977, 3, 421-424. ' |

PESGETE AN L et A N

The hypothesis that the pupil constricts below basa level in situations of mental ]
overload vas tested. Subjects had to perforr in a four-alternative forced-choice : I
taek at 75%, 10X, and 125% the speed of their maximum processing capacity. No i
indication of a pupillary constriction in the overload situation was found. The |
; pupil dilated under all three conditions. The pupil diameter of male subjects

significantly decreased after the sharp increase at the beginning of the 1
experimental phases, while thc female subjects' pupil disxeter remained at the ;
same level after the initial Increase. The amount of dilation depended on 3
information loscd for mzle subjects only.

W/L Cat. Code: 4.1.8

o

Op. Behav. Code: 1., 2., 4.1

Fetow i

Physiological Pupillary dia. Experimental Laboratory Flight simulator

Flight test
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Kahneman, D. At# tion and effort. BEnglewood Cliffs, New Jersey: VPrentice~
ml, Inco’ 19 3. ‘ . O

This book deunls with the vasic issues in the study of attention and effort.
Chapter 1 describas an integration of the intaneive and selective aopects of
attention. Chapter 2 and 3 discuss some intensive sspects of attention :and
elacorate on the capaclity model of attention and mental eftort. Char<er 4 is
devoted to looking hehavior. Some variants of selactive attention are discuased
in Chapter 5, which presents a model of ths role of attention in perception. A
brief review of attemtion to attributes in Chapter 6 is followed bv a more
therough review of focused and divided attention with simultaneous inpnts
(Chapters 7 and 8). The division of attention between simultaneous or
immediately successive speeded responses i3 discussed in Chapter 9. Chapter

10 returns to the concept of effort and its measurement by tesk interference.

W/L Cat. Code: 2.2, 3.1

Op. Bz2hav. Code: 1., 2.

Spere m. capacity Subsidiary task Review Laboratory Background
Primary task Single measures Construct
Experimental

Kahneman, L., Beatty, J. and Pollack, I. Perceptual deficit during a
mental task. Science, 1967, 157, 218-219.

Subjects monitored for a visual signal while engaged in a demanding mental
task. The probability of dutecting the signal depends on the time of ita
presentatjon during the 8 seconds of the task. A similar time course is
observed for failures to detect and for changes of pupil size. Momentary
variations in the load that the task imposes on the subject are reflected
in both indices. Detection failures are not expluined by the punillary
changes.

W/L Cat, Code: 2.2.1, 4.1.8
Op. Behav. Code: 1., 2., 4.1
Spare m. capacity Subsidiavy task ZFuperimsrtai Laboratory Flight simulator

Physiological Pupillary dia. Flight test
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Kabneman, D., Tuvsky, B., Shapiro, D. and Crider, A. Pupillary, heart rate,
aud mkin ~esistance changes during a mertal task. Journal of Experimental
_r_m@‘_l'm. 1’69. 22. 1&“'16?0

Subjects performed a paced mental task at three levels of difficulty, while .
time-locked recordings of puplil diamecter, heart rate, and skin resistancs

were nade. A similar patteru of svmpatbeticlike increase was found in the

three auionomic functions during information intakse sad procezsing, followed

Oy a decresse during the report phase. The peak respimse in each massure

wae ordered as a function of task difficulty. ‘

WIL c‘to cod.: ‘5102‘ ‘nlus. ‘-1-10
Op. Bahav. Code: 2..

Physiological GSR Experimental Laborstory Plighct simulator
Pupillary dia.

Heart rate,
h.r. var.

Kalsheek, J. W, H., Objesctive measurement of mental workload: Possible

applications to the flight task. Proceedings of the 55th AGARD Ccnference,
Amaterdam, The Netheriands, 1968, 4.1 - 4.6.

Methods and techniques ars develcped and applied in simulation experiments ’
to evaluate cockpit workloud. Heart beat f{rregularity patterns are

scored as a function of the number of signals per minute inawered by six

subjects in a laboratory test situastion. Distraction stress is evaluated in

relation to the step-by-step disintegration of writing perfoimance. A

description is given of the mental task simulator which is applied to

cockpit design.
W/L Cat. Code: 4.1.19, 4.1.13
Op. Behav. Ccde: 1., Z.

Physiological Heart rvate Experimental Laboratory Flight simulator
h.r. var,

Handwriting Flight test
anal.
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Kalsbesk, J. W. M. Msasiremsut of mentsl work load and of acceptable load:
Possible applications in industiy. Internationai Journal of Production
Ressarch, 1969, 2, 33-45,

In the &ssessmant of nental workload in which consideration of humau *rain
as an input-output system of information-handling is 2 prerequisite, the
effect of the central choice making systeam being the weakeat link is
demonstrated, ueing a binsry choice generator. It wag found that increasing
the number of binary choices per wminute diminished the irregalarity of the
rest pattern (einus arrhythmia) without affae:ting the level of haart rate.

A simple scoring method for the use of sinus arrhythmia is put forward and
different tasks are scaled accurding to the progressive suppression of sinus
srvhythmia. '

W/L Cat. Coda: 4.1.10 H

k
Physiological Heart rate Experimental Laboratory Flight simulatoz ‘1
h.v. var,

: Kalgbeek, J. W. H, Standards of acceptable load in ATC tasks. Ergonomics,
Do 1971, 14, 641-650.

} Mental load in ATC tasks is described as the brain controlling the controller's
-- controlling performance. A moment of conscious brain control is put forward
as a unit to quantify this kind of mental load. New actinn programs are
nr supposed Co require conscious brain control at every step of theilr execution;

vitk routine this would be less and less the case. The cduration of & mot:ant

of conscious control varies according to the complexity of the control tc e
exercised and the number of considerations whicn have to be taken into account.
Propositions are made on hew to think aboat selective attention, identification
.- and cognitive processes in terms of executing programs. A job description
method is put forward in terms of such executing programs. Why moments of
conscious brain control as units are more suitad to the problem of mental load
- than are units like bits, choices and decisions ie discussed. PExperiments are
. described with physiological and gsycholcgical variables as a function Gf the
. number of momants of conscious brain countrol per minute.

W/L Cat. Code: 2.1.1
Op. Behav. Code: 1., 2., 4.
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o Spare m. capacity Task comp., Construct None Flight simulator g
time aszess. '
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Kalsbeek, J.W.H. Do you believe in sinus arrhythmia? Ergonomics. 3973, 16,

Problams raised by the use of heart rata irregularity as & dependent variable
in experiments are described. Raferiing to experimental results it is argued
that mental load is not an indivisible concept. In laboratory studies a binary
ci.oice task ie often used to provide the level of mental load as an
indepandent varigble. Thic kind of task is dependent on the capacity of the
single channeél function. Other types of icformational load sre cv-_.eivable.
Special attantion is given to the phéenomenon of peak ioad. Finally, heart rate
variability is accepted as an indicator of the proportional occupation of an
individual's single channel capacity during rest and work. A plea is made that
it is necessary to te very careful in using terms like the sinus arrhythmia and
the mental load and in uning Leart vate variability in field applications.

W/L Cat. (zde: 4.1.10 :

p Jp. Behav. Code: 1., 2., 4. ]

, . Physiological Heart rate, Review None Flight simulator i
h.r. var.

Flight cest

e

Kalsbeek, J. W. H. Sinus arrhythmia and the dual task method in measuring
mental load. In W, T. Singleton, J. G. Fox, and D. Whitfield (Eds.)
Meagurement of Man at Work. London: Taylor and Francis, 1973, 101-113.

The heart rste pattera of normal healithy subjects sitting at rest ie irregular.
Momentary irregularity of -up to ten or fifteen beats per minute can occur. In
the medizul literacture this phenomenon is generally referred to as sinus and
respiratory arrhythmia. If one concen:rates one's attention on a perceptual
motor task the irregularity of theheart rate pattern tends to disappear aa a
function of the number cf signals per minute one has to deal with. The mean
heart rate, howevur, changes little if at all.

W/L Cat. Code: 2.2, 4.1.10, 4.1.13

R VST AV T VT U TPy

Op. Behav. Code: 1., 2. L

Spare m. capacity Subsidiary task Experimental Laboratory Flight sim:lator

Physiological Heart rate, Flight test !
h.r. var. ?
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Kalsbeek, J.W.H. and Sykes, R.N. Objective measurement of mental load.
Acta Psychologica, 1967, 27, 253-261.

Two maiu lines of research are mentioned: 1) the detailed study of deterioration ]
of performance caused by what has been called "distraction stress"; 2) physio-
logical measurements as functions of increasing quantity of information handled. '
Regarding the first, a simple repetitive task serves to distract the subject from 3
his carrying out a normal task by occupying his information handling capacity.
Regarding the second line the best physiological parameter was the scored
regularity of the heart rate pattern. The following aspects of the dual task
situation are studied: 1) the effect of training and instructions; 2) the effect f
of increasing demands in the primary task in a dual tesk situation.

L -

W/L Cat. Code: 2.1.1, 2.2.1, 3.1, 4.1.10, 4.1.13

Op. Behav. Code: 1., 2., 4.1
é Spare n. capacity Multiple Experimental Laboratory Flight simulator i
: Primary task Flight test L
i Physiological
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Kantowitz, B. H. and Knight, J. L., Jr. Testing tapping time-sharing.
Journal of Experimental Psychology, 1974, 103, 331-336.

3

i
A Fitts' law tapping task was combined with a serial digit-naming task having !
four levels of stimulus-response complexity. Baseline data were also established i
for tapping and naming tesks performed singly. In simultaneous-task peszormance, A
an increase from 2.2 co 10 bits/sec required by the tapping task was accompanied *i
by a decrease in performance on the naming task. Wher single- and simultaneous- F
task performance were both analyzed, an interaction between tapping and naming !i
was obtained, supporting a limited-capacity channel. However, when only :
simultanecus-task performance was evaluated, effects of tapping <.d neming were J
additive, supporting a estage model of in >rmation processing. Results stressed ’
the processing demands of a response execution and control stage. i

W/L Cat. Code: 2,2.1, 2.2.2, 3.1 o

Op. Behav. Code: 1., 2., 4.1

R
Spare m. capacity Subsidiary task Experimental Laboratory Background !
Primary task Single measures @
]
i
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Kantowitz, B. H. and Knight, J. L., Jr. On experiments-limited processes.
Fsychological Review, 1976, 83, 502-307.

Norman and Bobrow have proferrad a distinction between data-limited and resource-
limited processes. This papar notes some limitations in the application of their
framework to data, especially data obtained fiom dual-task timesharing experiments.
Four issues are discussed: (a) the need for eingle-stimulation baseline control
data, (b) problems in the definition of data-limited procasses with strong signals,
(c) empirical difficulties in distinguishing movement along a performance operating

characteristic (POC) from movement between POCs, and (d) the utility of distinguishing
between macro- and micro- POCs. Consideration of these issues increases the
efficacy of Normun and Bobrow's distinction.

W/L Cat. Code: 2,2, 3.1
Op. Behav. Code: 1., 2., 3., 4.1
Spare m. capacity Subsidiary task Construct None Background

Primary task Single measures

Kantowitz, B. H. and Knight, J. L., Jr. Teating tapping timesharing, II:
suditory secondary task. Acta Paychologica, 1976, 40, 342-362.

Two experiments were conducted to extend earlier time-sharing results of Kantowits
and Knight., The simultaneous performance of a paced tapping task and a digit-
naming task with auditorally presented digits was required in dual-task conditions.
Single—~task conditions required only tapping or naming. When a verbal naming
response was required (Experiment 1) additivity between tapping and naming was
obtained for single- vs. dual-task comparisons and for dual-task cumparisons.

When the naming response was made by moving a levar (Experiment 2) the additivity
for only dual-task comparisons remained while an interaction was obtained for
single~ vs. dual-task comparisons. Results support a hybrid processing model with
serial and paralleil arrangements of stages.

W/L Cat. Code: 2.2.1, 2.2.2, 3.1
Op. Behav. Code: 1., 2., 3., 4.1
Spare m. capacity Subsidiary task Experimental Laboratory Background

Primary task Single measures
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Kantowitz, B.H. and Knight, J.L., Jr. Testing tapping :imeshaving: Attention
demands of movement amplitude and target width. In G.E. Stelmerch (Ed.)
Information Processing in Motor Legrning and Control. New York: Academic
Frass, 1977.

A dusl task methodology was used to assess attention demands of movement
amglitude end target width ia a diacrate target tappiug task. The purpoce was ]
to Jeteralae if Che secondeary task, involving digit naming pewrformance, is 4
dependent wpon tla manner in which the Index of Difficulty (Fit=e) was .
manijulated. Ir was found that the digit namirg scores remained esszencially
the sume whather amplitude or width wac changed. It is concluded that the
index of difficulty is a better measura of attentional demand than is an
index involving a nuaber of movements.

W/. Cat. Code: 2.2.2, 3.1 |
Op. Rehav. Code: 1.1, 2.1, 4.1
Primary task Single measures Experimental Laboratory +v1ight simulator E

Spare m. capacity Subsidiary task . Flight test

e

Kantowitz, B. i, and Knight, J. L., Jr. VWhen ig an easy task difficul: and
vice versa? Acta Paychologins, 1978, 42, 163-170.

Lane has avzued that Kantowi 2 and Knight incorrectly predicted an interaction
between primary and secondary task difficulty for the variable-allocation model !
of attention. It is shown {hat such an interaction is indeed obtained if task-
performance difficulty im defined in terms of capacity and only reasonable
transformations of data are permitted. This interaction holde for any set of
monotorlec resource operating characteristics.

SO S UPPIR Voot OISy

W/L Cat. Code: 2.2, 3.1 3
On. Behav. Code: ey 2., 3., 4. E
Spare m. cspacity Subsidiary task Review Norie Background é
Primary task Single measures Construct i
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Kelley, C.R. Design applicaticns of adaptive (self-adjusting) simulatozs.
Pro.:eediugs of the 2nd Annuul NASA-University Conference on Manual Control,
Massachusetts Institute of Technology, March, 1966, 379-401, (SASA SP-128),

Adaptive eimulators have beea previously applied to problems of training. This
study explores thair usefulness for manual control systen design. The history

and development of the field of adaptive vehicle simulstion is reviewed. The
technique of adaptation most suitable for design scudies is one in which operator
performance is kept at a preset criterion ievel by means of adaptive changés in
task difficulty. Tne performance criterion used to measure operator perfnrmance
is important in adaptive as well as nonadaptive simulation. Tim.-on-target scores
were analyzed and found to be excessively imprecise. The recommenic? performance
criterion for many applications 1s rms error in one axis ané vector error in twe i
or more independent axes. Adaptive system changes are a compromise between speed Hy
of adjusting to change in operator performance and stability of tha adaptive 1
level achieved. Example design datas are presented. The relation of each design i

varigble to forcing function amplitude, with operator error cunstant, is described
for the example task.,

ot k2 R

W/L Cat. Code: 2.2.45, 2.2.5
Op. Behav. Codz: 1., 2., 4.

Spare m. capacity Subsidiary task Experimental Latoratery ‘Flight simulator

Keiley, C. R. and Wargo, M. J. Cross-—adaptive operator loading tasks. Human
Factors, 1967, 3, 395-404.

T R T L T T T LS

Performance measures often fail to indicate the amount of effor: expended by an
operator in reaching various levels of task performance. Secondary or loadirng ;
task techniques have Leen developed to covercome this problem. However, with the
loading task technique, a problem of interpretation arises wher both pcimary

and secondary tasx measures vary with operator performance. The cross-adaptive
operator loading technique, which automatically adjusts the difficulty level

of the loading task on the basis of primary task performance, is suggested as a
solution to this problem. Data are presented which democastrate that the cross-
adaptive technique effectively -tandardizes scores on the primary task while
casting all the variance in per.ormance to the loading task scores. The crossc-
adaptive gecondary scores thereby become a single unambiguous and sensitive
index of 2fforc expended to reach a pre-established level of task performance.
Procedures for the implementetion of the cross-adaptive technique. are discussed
and guidelines for its use are suggested.

W/L Cat. Code: 2.2.4, 2.2.5, 3.1
Op. Behav. Code: 1., 2., 4.
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Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator
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Kennedy, 5. P. Time--sharing effects on pilot tracking performance. Master's
thesis, Naval Postgraduate School, Monterey, Caiifornia, September, 1975.
(AD AO16 378).

Subjects were required to perform simultanecusly & two-dimensional tracking
task and respond to a set of lights witk toggle switches. Five levels cof
difficuity and two stimulus presentation rates were involved in the secondary
task. Tht purpose of the experiment wan to examine time-sharing performaance
of experienced military pilots and to investigate differences in performance
by pilots of different types of aircrafc. Analysis of the data coliected
from 20 subjectc showed that cnrrelation between elements of a complex task
is weak, performance levels drop as tusk load increases, and there was only
one difference found between any of the pilot type groups. Dual-crew fighter/
attack jet pilote took signiticantiy longer to respond to stimull when time-
sharing. ‘

W/L Cat. Code: 2.2.1, 3.1
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Subsidiary task Experimental Laboratory Flight simulator

Primary task Single measures . Flight test

Kennedy, R. S. Two procedures for applied and experimental studies of strese.
Pt. Rucker, Alabama: U.S. Army Aeromedical Research Laboratory, 70-11
NAMI 1099, Pebruary, 1970.

To compensate for the low roliability of physiological manifestations of
aympathetic nervous system activity two methods are offered. The first method
requires a majar research program by which a valid criterion of stress would be
determined by experimentation, and then predictors of this criterion would be
obtained empirically by correlstional techniques. These predictors could then

be crossvalidated. By using the predictors, the influences of psychological
stress and physfological streass could be geparated. whether a functional
relationship exists bhetween tlie magnitude of the response to streas and the
probability of its occurrence could then be determined. The second metbod 1is
similar but less exact. It nas been used successfully in motion sickness studies
and avoids the necessity of a leug exploratory pregram with numerous pilot astudies.
A procedure for the control and the regulation of the perception of the magnitude
of the stress to the organism (human and infrahuman) is offered for use with the
two methods. The lack of suitable control of this factor is discussed in
connection with previous research.

W/L Cat. Code: 4.1
Op. Behav. Code: 1., 2., 4.

Physiolcgical Multiple Construct None Flight simulator

Flight test
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Kennedy, R. S. Bicelectric indicantr of diver's ability to perform useful work.
Paper presented at the Unde:sca Medical Society Workshop, Bethesda, Maryland,

March, 1978. (AD A060 475).

TP IR AT Py

In the future increasing demands will be made of the diver for information pro-
cessing and decisio: making. It was Lypothesized that a neglected indicant of an
operator's ability to perform useful work in air is eye movement activities. It

was felt that aspects of ~ye movenents could provide a useful indax of the level 4
of invormation processing or mental load of a diver and secondly, that research ol
4 into eye movements might aid us in understanding beiter the effects o>f the i
1 physical environment experienced by a diver. This paper reports recent research i;

3 in air between eye movements and performance. The findings are positive and offer
promisc that spectral aualysis of eye movement velocities could provide valid .
early indicarjon of behavioral dysfun:tion in compressed gas and under water. :i

LT ey

W/L Cat. Code: 3.1, &.1.7 «T

Op Behav. Code: 1., 2.
X

é

E Primary task 3ingle measwies Experimental Laboratory Background F
3 Physiological Eye and eyz1id | &
3 movement &

Kerr, B. Processing demands during wental operations. Memory end Cognition,
1973, 1, 401-412. 1

Man possesses a central system of limitel capacity. Theoriscs at {irst

described this system as a single limited capiacity channel. Two current

theoretical alternaties to single-chaunel theury ar: (1) the undifferentiatead

capacity hypothesis that man pospesses a pool of capacity units so that ;
interference occurs only if the total number of capacity units that mental
operations dewand exceeds the system limit and (2) the hypothesis that soue,
but not all, mental operaticns require space in a limited capacity central
mechaniam and rhat any operezion that requires space will inrerfere witn any J
other operation that also demands space. Tiue on tausk fails as a sensitive : J
meagure of capacity demands tecause some task compouents require time but §
not full processing capacity. The cecondary task technique usee the inter- [
ference between o primary task and a secondory task to aszess the extent to o
which the primary taik makes processing demands omn the central limited H
aystem. Processing ‘iemand3 have veen measured for five categories of mental

A i AT T

)
EH
and (5) responcing. i

operation: (1) 2amceding, (2) multiple input, (3) rehearsal, (4) transformationm,
W/L Cat. Code: 2.2, 3.% e i
Op. Behav. Code: 1., 2., 4. f
Spara m cepucity Subsidiary task Review None Background E
1
Primary task Single measures Coastruct ﬁ
']
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Kikolov, A. I. Mental work and ewotions. Mosccw: Izdatel-stvo Yeditsina,
1978. (In Russian.) '

This book outlines the possibilities for the occurrence of informational
neuroemotional stress and mental fatigue using the example of mental and
erotional activity of individuals performing high-responsibility tasks, such as
traffic controliers. Available data are used to formvlate and refine the concept
of neuroemotional overstress. Attention is given to a discussion of the
characteristics of the develnpment of overstress into a neurotic state upon ex-
posure to chronic informational overload of the brain. A number of methodological
approaches are described for assessing subjects engaged in emotionally stressed
mental activity. Problems of dlagnosis and estimation criteria for the functional .
state of the human organism exposed to emotional stress are discussed. '

‘ S
W/L Cat. Code: 1., 2., 3., 4. 4

Op. Behav. Code: 1., 2., 3., 4. '3

!
!
!
i
!
I
!
I

Opinion tultiple Review Nome Background ]
Spare m. capaclty Construcc k
Primary task
Physiological Y
e '
¥ ‘
Kirchner, J.H. ard Laurig, W. The human operator in air traffic control f
- systems. Ergonomics, 1971, 14, 549%-556. g’
i .
A system anialysis of the air traffic control system with respect to its purpose |
= and realization shows the role which the human operator plays. The task of e
man in this system is cne of information processing. Evaluation of the ¥
. operator's task is importzat for selection of persomnel, for job evaluation, K
: o and for red=signing taske and jobs. Evaluation of man's task can be regarded H
d from the demanas of tha job cr from their fulfillment and effect for man. H
‘ .- Both aspects hava to be connected to get objective results which are viilia for E
; man. Speclal research problems arise from the influence of the individual 5
" e abilities and from the correlation of stress as a workload factor and strain :
| .. as an effect of this workload on man, ;
h " W/L Cat. Coda: 2.1,, 3.3 i
i i
! Op. Behav. Code: 1., 2., 3., 4. 1
i ;
ﬁ Spare m. capacity Task comp., Construct None Background 1
I time assess. 4
ﬂ Primary task Math. model !
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Klein, 7. J. A workioad simullation model for prediiting human performance
requirements in the pilot-aircraft environment. Paper presented at the
1l4¢ch Annual Meeting of the Human Factors Society, Sen Francisco, Califormnia,
October 13-16, 1970.

A computerized workload simulation model for relating system performance
rsquirements to task performance requirements is discussed. The mouel,
Continuous Assessment of Task Time-Stress (CATTS), affords a quantitative
agsegsz;nt of instantaneous operator time-stress expected during all segments
of a specified aircraft mission. A unique festure of the model is its
capability far determining continuous-control error-nulling rate requirements
imposed upon the operator by aerodynamic and cockpit design characteristics,
by the equaticna of motion of the aircraft, and by specified tolerances in
the continuous-control channels. The paper also discusses the ralationship
of task difficulty to time-stress threshold levels, and how the model can be

vpplied to »ulti~-crew trade studies as well as tc human-autoisatic functional
mix trade-ofifs.

¥/L Cat. Code: 2.1.1
Op. Behav. Code: 1., 2., 4.

Spare m. capacity Task comp., Construct None Flight simulator
time assess.

Klein, T.J. and Cassidy, W.B. Relating operator capabilities to system
demands. Proceedings of the Sixteentl Annual Meeting of the Human Factors
Society., Santa Monica California, Human Pactors Soclety, 1972, 324-334.

An exploratory study of operator proficiency in tasks analogous to piloting

an aircraft is discussed. Task performance was measured while task difficulty
(system workload demand) was varied from easy through moderate and hard levels.
From these measurements, preliminary workload capability limits were derived
for single and two-axis control tasks and for several combinational mixes of
control and procedural tasks. The data also provided a basis for development
of mathematical equations for (a) predicting work response levels from known
system demands, (b) relating tracking accuracy to system workload demands

and (c¢) combining tracking and procedural workload components.

W/L Cat. Code: 2.1.1, 3.1

Op. Behav. Code: 1., 2., 4. ) :

Spare m. capacity Task comp., Conatruct Laboratory Flight simulator ?
time assess. : -

Primary task Single measures Experimental
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Klein, T, J. and Hall, A. A. An analysis of pilo: performance zequirements

in the A-7F tram. Dallas, Texas: LTV Aerospace, Vought Systems Division,
VSD Report No. 2-542201 S5R-5777, April, 1975.

This report was prepared by the Human Factors Group of Vought Systems Division,
LTV Aerospace, to supplement the Preliminary A-7E TRAM Human Factors Report.

The ot jective of the effort was to assess pilot vorkload relative to the

A-7R TRAM and to compare it with the workload requirements encountered by the
pilot during & typical A-7E attack mission. To moet that objective, a common
CEP wgs chusen as the bYasis for comparison. Dive angles and air sgpeeds are
different between the day and night attack modes due to environmental conditionms.
The 20° night dive angle was used because it proved to be the most realictic

and comfortable type of attack during preliminary simulation and flight testing.

W/L Cat. Code:  2.1.1, 3.1

Op. Behav. Code: 1., 2., 4.

Spare m, cnpacity Task comp;, Ccﬁstruct Laboratory light simulatory
time assgess.
Primary task Single measures

Kleinman, D. I. and Curry, R. E. Some new control theoretic modeis for human
operator display monitoring. Proceedings of the 1976 IEEF Conference on
Decisjon and Control Including the 15th Sympeosium on Adaptive Processes,
Clearwater, Florida, December 1-3, 1976, 1023-1029.

Control theoretic techanlques are applied to develop two new models for predicting
human operator performance when monitoring an automatically controlled systcm.

In ove case it is assumed that the human monitors the instruments in ordex to
rapidly detect failures. “The 'second approach assumes that the instrusents are
sampled to best reconstruct the system status information. The relation of

these models to existing prediction schemes, e.g. equal attention and the Sender's
model is explored. It is concluded that a combination of failura Jdetection and
status estimation models offers the best potential for h 1an operator appiication.

W/L Cat. Code: 2.1.2, 3.3

Op. Behav. Code: 1., 2.

Spare m. capacity Inform. theory Construct None Background

Primary task Math. model
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Klotsbucher, E. and Roloff, D.. The efrect of mental wurk with and without
time pressure on salectad physiologicai functions. Zeitschrift fur die
Gisante Hygiene und Thre Grensgebiete, 1977, 23, 8-11. (In Gernem).

Methods snd results of calculation tents under time pressure with telemetric
racording of cardiac and respiratory rates are described. There were no
significant changss in cardiac rate and arrhythmia or in catecholamine excretion
in tests with and without time pressure. Respiratcry arrhythaia increased
markedly, to a greator extent with than without time pressure. In contrast to
the cardiac rate and arrhythmia which apparently change only on savere mental
stress, respiratory arrhythuia appears to reepond tc differences in stress even
wvhen the mental work itself is not impaired.

W/L Cat. Code: 3.1, A.1.10, 4.1.11, 4.1.12 '3

R M g AT TR

Op. Behav. Cnde: 1., 2., 4. i?
Primary task Single measures Experimental Laboratory Fiight simulator B
Physiological Heart rate, 1
3 h.r. var. ﬁ
Jiﬁ: Breathing anal. 8
& Body fluid : \
%‘ anal. 3
4

Knowles, W. B. Operator loading tasks. Human Factors, 1963, 3, 155-16i.

The purpose of this paper is: (1) To rev =w the rationale of measuring

operatcr workload in terms of auxiliary, or secondary task performance ;
scores; (2) To summarize the important characteristics of suitable loading .
tasks; (3) To describe several loading tasks wkich havs been used or which ti
are potentially useful; and (4) To suggest the development of a set of ]
standardized tasks which would be useful in cobtaining more nearly ¥
comparable measures over a wide range of primacy taaks. H

W/L Cat. Code: 2.2
Opo Behav. Code: 1-. 2-. 3-. 40 |
Spare m. capacity  Subsidiary task Review None  Flighkt simulator @

Flight test :j
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Kopala, C. J. The use of color-coded symbols in a highly denss situation display.

Procsedings of the 23rd Annusl Mseting of the Human Factors Society, Boston,
Magssachusetts, October 29-~Nuvember 1, 1978, 397-401.

The effectiveness of redundant color-coding for displays used by highly-loaded
operators performing a series of complex tasks has never been clearly demonstrated.
Pilot flight performance and threat vecognition perfoimance using two ccding
conditions for a threat display were compared in a simulated mission. One coding
condition consisted of shape~coded symbols. the other of symbols that were both
color- and shape-coded. Redundant color-coding was found to significantly reduce
both response time and error rate.

W/L C&t- CCde: 101" 3.1
Op. Behav. Code: 1., 2., 3., 4.1
Opinion Rating scale Experimental Flight simulator Flight simulacor

Primary task Single measures Flight test

Kornstadt, H. J. and Pfennigstorf, J. Evaluation of an integrated fl¥ght display
for the manuc) IFk-landing of VIOL-aircraft. Proceedings of the AGARD Conference
on Guidance and Control Displays, AGARD-CP-96, 10-1 - 10-8. (AD 739 779).

An integrated flight-display for the hovering-phase of a VIOL-landing was
deveioped. The presentation of information to the pilot has been evaluated
in simulation by three criteria: landing performance, pilot rating and
measurement of the pilot's mental workload. Adaptation of the display-
dynamics and the desired landing-profile lead to higher level of pe:formance
at a decreased workload.

W/L Cat. Coda: 1.1, 2.2.1
Op. Behav. Code: 1., 2., 4.
Opinion Rating scale Experimental Flight simulator Flight simulator

Spare m. capacity Subsidiary task Flight test
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Koym, K. G. Fauiliarity effects on task difficulty ratings. Brooks AFR, Texas:
USAF l;man Resources Laboratory, AFRRL-TR~’7-25, June, 1977.

TN T e

This report examines interrater reliability estimates for task difficulty raters
having differing levels of femiliavity with rated tascks. Data were collected
from 455 NCO supervisors whn rated the difficulty sand familiarity of 424 tasks
in the Aircraft Electrical Repair carzer ladder task inventory. The results
showed that the interrater veliability estimates (Byy) decreased from .930 to
.802 for six task difficulty rating scale conditions in which ratings wers
elimirated due to lavels of familiarity. This finding suggests that litctle

is to be gained from eliminating task difficulty ratings based upon an
experienced judge's level of familiarity with tasks.

W/L Cat. Code: 1.1
Op. Behaw, Code: 1., 2., 3., 4.

Opinion Rating scale Experimental Field Flizht simulator

Flight test

Kradz, M.P. The psychological stress evaluator. BRllicott City, Maryland:
Howard County Police Department, Unpublished manuscript, 1974,

The aim of this study was to investigate the validity of the Dektor Psychological
Stress Evaluator (PSE) in law enforcemant as a stress measuring device.
Supposedly, involuntary physiological responce messured directly is related to

the degree of psychological stress induced in the subject by the questions cuntained
in a properly comstructed "lje detaction" examination. Another zim was to compare
the validity of the Dektor instrument with thac of a polygraph usa2d in the same
sitcation. All other components of the "lie detection” system remained constant,
leaving the irstrumeatation as the only variable. The hypothesis tested, there-
fore, was that the voice stress reactione indicsted by Dektor PSE would correlate
with the degree of stress contained in answers to questions regarding a real

crime in which the subject was a suspact. It is concluded that the PSE is a
valid component worthy of inciusion in the lie dection application systeu, either
in tandem with the polygrapa or used as a singie maasure.

W/L Cat. Code: 4.3
Op. Behav. Code: 2., 3.
Physiological Speech patt. Experimental Fileld Background
anal.
167
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l Xraft, C. L. and Elworth, C. 1. Flight deck workload and night visual
[ approach performance. In AGARD Measure cf aircrew performence. Report
!

Ro. N7C-19786, December, 1969.

Research with a night visual approach simulator has provided data supporting

« logical explanation for about 161 of air transport accidents. The explanation
is in the form of a two-part hypothesis: a descent path that nulls out some
visual informaiion and a delay in relative motion supplement of the same
information. The nissing tcpographic information cllows incorrect interpretation
of altitude and distanca. Most operational examples of this class of accidents
inciude information about crew dietractions, critical intrusions and workloads.

.- In recent investigations, the flight dock worklosads were aliered by varying !
the frequency of appearance of other traffic which the pilot was instructed to 1
*n detect and report to ground control. Analyais of the effect of workload on A

performance revealed this to be a significant factor only as *t interacted
with terrain slope and pilot differences, but not otherwise.

W/L Cat. Code: 2.2.1
Op. Behav. Colde: 1.1, 1.2, 4.2

Spare m. capacity Subsidiary task Experimental Flight simulator Flight simulator

Krahenbuhl, G. S., Marett, J. R., and King, N. W. Stress and performuance in
. T-37 pilot training. Brooks Air Force Base, Texas: Air Force Human ¥
Resources Laboratcry, AFHRL-TR-77-3, May, 1977. (AD AO41 734). H

Catecholamine excretion was determined for student pilots (N = 8) during training i

conditions. When viewed as the dependent variable, catecholamine excretion patterns 3

.. support the conclusion thut the Basic Cockpit Training Emergency Procedures umit .
was not stressful. The remaining lesson units, including Power-on Stall and

a - Spin-recovery, First Solc, and Instrument Check lesson units, resulted in a

pronounced stress response., When catecholamine excretion data were interpreted

for psychological significance, it was concluded that the lesson unit which

- included Power-on Stalls and Spin-recoveries created the highest arousal, anxiety,

and approhension. Student pilot observations support this interpretation. The

relative production of epinephrine and norepinephrine showed changes accompanying

. pilot training which may te interpreted as demonstrative of successful coping ﬁ

behavior. F
) W/L Cat. Code:  4.1.12 .
:' Op. Behav. Code: 1., 2., 3., 4. i
- Physiological Boly fluid Experimental Flight teat Flight simulator f

anal.
Flight test
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Krasuse. E. F. and Roscoe, S. N. Reorganizaticn of ajirplane manual fliput
control dynamtca. W. B. Xnowles, M. S. Saarders, and F. A. Muckler (Eds.)
Proceedings of the Sixtaenth Annual Meeting of the Human Factors Society.
Santa Monica, Californiz: Huwuan Pactors Society, 1972, 117-126.

Rxperiments were conducted in a Singer-Link GAT-2 simulator to evaluate the
effectiveness of a syotem providing direct control over aircraft maneuvering
performance. Pilots performed complex navigational tasks involving the use

of a computer-assisted ares navigation system. Changing way-point storage
capacity of the simulated navigation system induced variable task loading on
gubjects., The experiment was replicsted with and without an adaptive, digit
procesaing, side task to determine levels of residual attention associated
with the control modifications and the varying levels of workload. The flight
performance coutroller yislded greater precision of maneuvering control, fewer
procedural blunders, and an increased level of residual piiot attention.

W/L Cat. Code: 2.2.4, 3.1
Op. Bshav. Code: 1., 2., 4.

Spare m. capacity Subsidiary taskk Experimental Flight simulator Flight simulator

Primary task Single meas:-os Flight test

Krebs, M.J. and Wingert, J.W. Use of the cculometer in pilot workload

measurement. Washington, D.C.: National Aeronautics and Space Administration,
NASA CR-144951, February, 197u.

This study investigated relatlonships between eye benavior and pilot workload.

A Honeywell Mark IIA oculometer was used to obtain the eye data in a fixed base
transport aircraft simulation facility. The data were antlyred to determine thouse
parameters of eye behavior which were related to changes in level of task
difficulty of the simulated manual approach and landing on instruments. A number
¢f encouraging trends and relationships between eye variables and pilot ratings
were found. A preliminary equation was written based on the results of a step-
wise linear regression. High variability in time spent on various instruments
was related to differences in scanning strategy among pilots. A more detailed
analysis of the obtained data for individual pilots was suggested as the next
step in the process of building a model] of visual workload.

W/L Cat. Code: 1.1, 3.1, 4.1.7, 4.1.8

Op. Behav. Code: 1., 2., 4.

Opinion Rating scale Experimental Flight simulator Flight simulator
Primary task Single measures

Flight test
Physiological Eve movement

Pupillary dia.
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Krebs, M.J., Wingert, J.W. and Cunningham, T. Exploration of an oculomeei-
based model of pilot workload. Washington, D.C.: National Aeronautics and
Space Administration, NASA CR-145153, March, 1977.

This study investigated relationships between eye behavior and pilot worklcad.
A Honeywell Mark IIA oculometer was used to obtain the eye data in a fixed base
transport aircraft simulation. The data were analygzed to determine those
paramcters of eye behavior which were related to changes in level of task
difficulty of the simulsted manual approach and landing on instuments. Trends
and relationships between eve variables and pilot ratings were found. High
variability in time spent on various instruments was related to differences in
scanning etrategy &wong pllots. Detailed analysis of individual runs by
individual pilots indicated a high degree of intra-pilot variability in instrument
scanning. No consistent workload related trends were found. Pupil diameter
which had demonstrated a strong relationship to task difficulty was extensively
re-examined. It was concluded that the generalized measure which showed this
relationship was most likely not purely pupil diameter but a composite index
incorporating the influence of other variables such as instrument scanning.

W/l Cat. Code: 1.1, 3.1, 4.1.7,°4.1.8

Op. Behav. Code: 1., 2., 4.

Opinion Rating scale Experimental Flight simulator Flight simulator
Primary task Single measures Flight test

Physiological Eye movement
Pupillary dia.

Kreifeidt, J., Parkir, L. and Kcthschild, Y. Tmplications of a mixiture of
aircraft with and wicthout traffic situation iisplays for air traffic
management. Proceedings of the 12th Annual NASA-University Conference om

Manual Control, University of Illinois, May, 1976, 179-200. (RASA TM X-73 170).

A mixture of aircraft (A/C) with and without traffic situation displays (TSD)
was simulated to ascertain its effects on distributed air traffic manag:ment
in the . :rminal area. The three simulator A/C and four or five computer
simulated A/C were embedded in a terminal area traffic problem with as much
realism as possible. All A/C were considered to be STOLcraft. Analyses were
made of flight performance measures, verbal communications and subject:ive
evaluations by the professirnal pilots and controllers who served as subjects.
The analyses favor the TSD equipped A/C, and the distributed mode of management
permitted by this cockpit capability. However there are indications that an
A/C without a TSD in a TSD environment may require or receive considerably
more controller attention and pilot disfavor than when it is in an all
vectored environment. This may imply that TSD and nonTSD A/C should be
segregated and controlled accordingly.

W/L Cat. Code: 1.1, 3.1
Op. Rehav. Code: 3., 4.2

Opinion Rating scale Experimental Flight simulator Flight simulator
Primary task Single measures Flight test
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Krivohlavy, J. Physiological correlates of the informational performance.
Activites Nervoss Superior, 1968, 10, 165-171. (In Czechoslovakian).

The reliationship hetween heart and respiratory rate, regularity of pulse,
depth of inspiration and the amount of presented infor ation was studied

on twenty two subjects under two different conditions: the amount of
presented information equalled either 3/4 or 5/4 of the individual capacity
(underload and overload conditions). No simple correlation was found, but

the subjects with the low heart rate and a small error number during under-
threshold performence showed an increase of heart rate during the overload
performance,and subjects with higher heart rate and higher error number

during underload performance had an opposite tendency. The pulse irregularity
increased with the amount of information only during mental reproduction but
not during verbal reproduction. In conclusion the importance of the attitude
&8 a regulator of voluntary activity is stressed; physiological functions
reflect the changes in the level of mental activatiorn, which is only partially
determined by the presented or processed information.

W/L Cat. Code: 4.1.10, 4.1.11
Op. Behav. Code: 1., 2.
Physioleogical Heart rate Experimental Laboratory Flight simulator

h.r. var.
Breathing ansl.

Krivohlavy, J. Pulse rate and information load during typing. Activitas
Nervosa Superior, 1968, 10, 172-176é. (In Czechoelovakian).

The conclusion of G. Gancev, et al. from 1967 was checked. He asserted
that the pulgse rate can be used as an objective criterion of the degree of
tension of higher nervous centers. Bxperiments of Gancev, et al. were
repeated but the results obtained did not confirm this ntatemert. The
significance of differences appears to be problematic. These doubts are
based on reaults of other experiments with increasing the input of the
flow of information. Even if it 18 not possible to derive from the lack
of significance the non-existence of the relationship, the resulte would
suggeat caution. Doubtful is also the a priori identification 'of the
degree of teneion of higher nervous centers' with 'the magnitude of the
required information performance' as stated in the work of Bulgarian authors.

W/L Cat. Code: 4.1.10
Op. Behav. Code: 1., 2., 4.
Physiological Heart rate, Expeérimental Field Flight simulator

h.r. var(
Flight test
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Kroi, Jd. ¥. Variations in ATC-wo:k load as a function of variations in
cockplt workload. Ergomnomics, 1971, 1lé4, 585-590.
The :elation between pilots' workioad and radar conrrollers’ werklovad was
* invaestigeted.

Pilots' workload served aa the independent variable.
assuned that a number or levels of workload can be distinguished in a
standard airpor!t tre€fic circuit under visual flight rules. The dependeut
variable (controllers® workload) was measured by respcnse frequencv on an
auditory birary choice task. Resulte indicate a rise in radar controllers’
workload in & predicied direction for a numoer cof pilots' workload ievels.

1t was

=, IR TN - X TR T TR T

et e ad

; ' W/L Cat. Code: 2.2.1, 3.

1 Op. Behav. Cede: 1., 2.

Spare m. capacity Subsidiary task Experimental Flight test Flight simulas:orx

Primary tae™ Single measures Flight test ]

Rrzanowski, W. J. and Nicholson, A. N. Analysis of pi'. assessment of
workloaa. Aexwospace Medicine, 1772, 43, 993-997.

$ idr ot

In a previous study op the actiiity of the nervous system during the let-
down, approach and landing of z traisport alrxcraf” the workload was assessed
by the pilot. Correlations were establighed beiween oveirall workload of

r~- let-down and individuai factors which influence the workload sattern

a I tween the subjective assessments of workload and physiological chaange
in the pilot. 1n the present peper asscasments of workloed ovsr & feur-vear
period have been examined tc determine the techniqu need Ly the pilot to

evaluate workload from the various faciors of the let-down ana to assxoes
the consistency of his technique.

"

s

W/'. Cat. Code: 3.1, 6.2

Cp. Behav. Code: 1., 2., 4.

e a A

srimary tesk  Mult. measures  Exgerimenral  Field  Flight simulator

fhysiotogical Flight test
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Kuhar, 'R T., Cavel, P. ‘and M&telnnd. J. A. Iﬁpaet‘of wtomation updn airt
% traffic control system produntivity/capacity (ARIS-1:1). Washington, D.C.:
Fuderal Aviation Administration, FAA-RDB-77-39, November, 1976. (AD A038 659).

This report documents the results of = study to assess “lLe impact of the Automated
Radar Terminal System (ARTS 3) upon air traffic contr: | aystem capacity. It is
based upon on-site measureazents of air traffic activity, controller work pace,
controller workload indicators, and staffing at the San Antonio, Texas and .San
Franciscc/Oakland, California TRACONS. Measurements were taken of both the
pre-ARTS 2 2nd post-ARTS 3 environments and comparisons made to determine rhe
: direction and degree of change attributable to ARTS 3. The results indjcate

ﬁ that the ARTS 3 system has reduced controller workload and increased system

' capacity by 10.5X. A reasonable estimete of the productivity increase is 8.5%.

W/L Cat. Code: 1.1, 2.1.1

Op. Behav. (nde: 1., 2., 3, 4.1

i Opinion Rating scale Experimental Field Flight simulator

Spare m. cgpacity Task cowp.,
time assess.

Flight test

Kundiev, I. I., vavekatikian, A. 0., Tomashevskaia, L. I., Derkach, V. S., and
Kovaleva, A. I. Stressful wental activity and the regulatory state in the

cardiovascular system. Fiziolegiia Cheloveka, 1976, 2, 433-440. (In
Russian.)

In-vivo and in-vitro experimente were conducied on aubjects to study relevant
regulatory parameters of cardiovascular functions during stressful mental activity

invelving such elements as time pressure, risk, and threat of electroshock penalty.
The measurements were obtained by radiotelemetric recording of the cardiac rhythm,
pulycardicgraphy, and mechanocardiography, elong with evaluation of circadian
rhythm for excretion of epinephrine, norepinephrine, and corticosteroid-17.
Sublective evaluation of stress was made by a ranking method. It is shown that ]
mer;tal activity involving high siress is accomparnied by changes in the iutra-

gysteric coordination of the functions of the cardiovascular svstem and returning
of the rhythmic regulation of cardiac activity.

A aberech ot il

otk i e

W/L Cat. Code: 1.1, 4.1.3, 4.1.10, 4.1.12

Op. Behav, Code: 1., 2., 3., 4.

]
Opinion Rating scale Experimental  Laboratory Flight simulator %
Physiological Heart rate, Flight test .
h.r. var. :
Body fluid ;
anal. 1
N
i
>
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Kuroda, 1., Fujiwara, 0., Okamura, N., and Utsuki, N. Method for determining

pilot stress through analysis of voice communication. Aviation, Space, and
Environmental Medicine, 1976, 47, 528-533.

Factors inherent in aircraft communication systems hinder customary approaches
f.o voice analysis in the determination of the degree of stress experienced by a
pilot during an inflight emergency. By means of a sound spectrogram, the mean
vibration space of a voice can be analyzed if the space between the vertical
deflections of the vowel sounds ie calculated in micrometers. The wvibration
gpace shift rate (VSSR) is calculated by comparing the widest vibration space

of the vouice during the normal phase of the same flight (s-andard vibration space:
SVS) with that encountered during the emergency situation {ZVS)., The number of
measuring points in each case differs in regard to the length of communication
during the emergency. 'The VSSR can be divided into three phases--normal, urgent,
and emergency--cach with three grades of 0.5 S.D. apiece.

W/L Cat. Code: 4.3

Op. Behav. Code: 1., 2., 3., 4.

Physiological Speech patt. Experimental Laboratory Flight simulator
anal.

Flight test  Flight test

Lane, D. M. Attention allocation and the relationship between primary and
secondary task difficulty. A reply to Kantowitz and Knight. Acta
Psycholgica, 1977, 41, 493-495.

¥antowirz and Knight have argued that Kahneman's attention-allocation theory
requires primary and secondary task difficulty to interact. It is shown that
whether or not these two variables interact depends upon (1) thg shape of the
functicn relating task difficulty and available capacity to periormance and
(2) the difficulty levels of each task.

W/L Cat. Code: 2.2.1, 2.2.2

Op. Behav. Code: Loy 2., 4.

Spare m. capacity Subsidiary task Construct None Background

Primary task Single measures
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Lane, N.E. and Streib, M.I. The huwan operator simuiator: Wovkload estiration "
using a simulated secondary task. Proceedings of the AGARD Conference on 3
Methcds to Assues Workload, AGARD-CP-216,April, 1977, All-1 - A1l-12.

Thiq paper describ~c ine use of the Human Operator Simulator (HOS) for identifying
potential wortload problems. HOS is applicable during the midrange of system
developme-., batween early analytic prediction methods and later simulator. 4
evaluations. The HOS system creates a software simulation of a trained huwaan M
A

T T BT T T g

operator, his system hardware/software and required interfaces. Previous HOS
applications have indicated a clese correspondence in the behavior of HOS operators
‘ and human operators on the same tasks. The results of this work demonstrate the

4 applicability of HOS for workload evaluation and explores HGCS operator behavior

- under varying conditions of task demand. Problems of definition and methodology
for current workload measures are discussed and alternatives identified using

HOS to control task difficulty and task demand parameters., The implications of

HOS application for cost and flexibility improvements are examined, and further
developments of the model for workload evaluation are proposed.

W/L Cat. Code: 2.1.1, 2.2.1, 2.2.2 i
Op. Behav. Code: 1., 2., 4.

B R TIY

O e

Spare m. capacity Task comp., Experimental Laboratory Flight simulator i
time assess.

Subsidiary task ]

Lane, N.E., Wherry, R.J., Jr. and Streib, M. The human operator simulator:
Egtimation of workloud reserve using a simulated secondary task. Proceedings 1
of the AGARD Conference on Methods to Assess Workload, AGARD~CPP-216, April
1977, All-1.

sl SR UL

This paper describes an extension of the Himan Operator Simulator (HOS) to -%

5 estimate workload. The HOS is a design technique which provides the relative ‘i

E precision and accucracy of dynamic simulation but which can be applied early '3
ernough in design to allow for needed system changes. The HOS system creates a §
sof tware analog of the human operator, the hardware he will operate, and the ;
required interfaces. Previous simulations have indicatad a close correspondence ’
between HOS performarce and that of a human operator on the same task procedures. ol
Work described here discusses the potential of HOS as a workload assessment

) techrique Jduring system design, rsing the concept of secondarv task loading to
determine operator reserve. By varying primary/secondary task demands and the i
vriorities assigned to zach task level, statements about reserve time a.ailable "y
can bte used to establish poteniial overload problems and to provide a workload ’

a1 st B s

P Y

"figure of werit" for alternative crewstation/task configuratiors. 'j
, W/L Cat. Code: 2.1.1, 2.2.1, 2.2,2 E
3 Op. Behav., Ccde: 1., 2., 4. 1
F Spare m. capacity Task comp., Construct None Flight simulator <3

time asscss.
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Laurell, H. and Iispar, H. 0. A velidation of subsidiary reaction time against
detection of roadside obstacles during prolonged driving. Ergonomics, 1978,
21, 81-88.

Indirect psycholcgical or physiological measures of driving performance are often
used without supporting evidence or even comment on their validity. In this

validation the performance of ten subjects on a subsidiary rea..tion time (RT) ';

task and a visual detection tas!: was correlated. On the RT task 93 dB auditory .

sigrals were presented with an average intersignal interval of 50s. On the "

detection task, the subjects had to brake as fast as possible when they perceived E
N a 40 x 40 cm obstacle at the side of the road.

Over the test of three hours, ]
. ir night driving conditions on a closed 5 km track, the correlation between group '

averages was -0.78 and the average within-aubject correlation was -0.47. From
these results and a discussion of the predictive and the comstruct validity of

the RT-task, it is concluded that subsidiary RT may be used as a valid indicator
° of changes in efficiency c¢f driving performance.

- W/L Cst. Code: 2.2.1, 3.1

A

o Bt r o

o
I
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Op. Behav. Code: 1., 2., 4. )

,.,.._“,,,..q_.v

i

Spare m. capacity Subsidiary taslk Experimental Field Flight simulator

Primary task Single measures Flight test

Laurig, W. and Phillip, U. Changes in the pulse frequency rhythm in relstion to ;
the workload. (Verinderungen der Pulsfrequenzarrhythmie in Abhlngigkeit von

Aor Avhadtconhearawal

.......... sschwere). Arbeiismedizin Sozialmedizin, Arbeitshygiene, 1970, 35,
184-188. (Royal Aircraft Establishment Library Translation 1586).

Starting with a phenomenonological description of the heart rate rhythm, an
arrhythmia condition has been derived theoretically. Experimental results from
physical and mental work have given values for the average behavior of the
arrhythmia quotient in relation to the intensity of the work of a large
collection of male subjects. A regression calculation over the individual
results of all the experiments shows a reduction in the arrhythmia quotient

1 . with the workloal. A control theory description is used for the behavior

of the arrhythmia on re;u. The significance of heart rate measurements In
medical practice is discussed.

o

L W/L Cat. Code: 4.1.3, 4.1.10
3 Op. Behav. Code: 1., 2., 4.

N
i
e e htert s

Physiclogical EKG Construct Laboratory Flight simulator i
Heart rate, Experimental Flight test !
h.x, var,
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Lauschner, E. A. (Bd.) Measurement of sircrew performance: The flight deck

workload and its rclation to pilot performance. AGARD Aerospace Medical
Panel, AGARD-CP-56, May, 1969.

Contents: Flight-deck workload studies in civil transport aircraft; Energy
cost of piloting fixed and rotary wing army aircraft; Psychomotor performance
under thermal stress-A critical appraisal; Operational measures of pilot
performance during final approach to carrier landing; Aircrew task loading
in the Boeing multimission simulator; Physiological assessment of pilot

stregss during landing; Exploratory study of pilot performance during high
ambient temperatures and humidity.

W/L Cat. Code: 1., 2., 3., 4

Op. Behav. Code: 1., 2., 3., 4.

Opinion Multiple Review Flight simulator Flight simulator
‘Spare m, capacity Construct

Primary task Experimental Flight tec™ Flight test
Physiological .

Laville, A., Teiger, C., and Duraffourg, J. An attempt to evaluate workload

in a repetitive task. Paper presented at the annual conference of the
Ergonomics Research Society, April, 1972.

The study of performance is not sufficient to evaluate workload, especially in
an industrial situation where the organization of the work does not allow large
variations in quantity or quality of the work done. The first approach to an
evaluation of workload in this type of task is an analysis of the meck nisme used
by the operators. We have attempted this analysis, in the study of a work-station
on a television assembly line, in conjunction with certain meagures of
physiological parameters, notably those related to postur®. The results obtained
show important changes in method of operation used as a function of certain
difficulties in the task. The modifications can be interpreted as thea bringing
inco play of adaptive mechanisms to a situation variables, where these couexist
requirements of speed and accuracy in execution cof this type of task, the
variation in certain parameters of posture can be shown to have a relationship
with the results obtained from an analysis of work.

W/L Cat. Code: 2.1.1, 4.1.9

Op. Behav. Code: 1., 2., 4.1

Spare m. capacity Task comp., Experimental  Fieid Flight simulator
time assess.

Phyaiological Muscle tension
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Lawrence, G, H., Brain waves and the enhancement of pilot performance. 1In

B. O. Hartman and R. E. McKenzie (Eds.) Survey of methods to assass workload.
AGARD-AG-~246, August, 1979, 93-102.

The use of breinwaves (EEG) for the enhancement of the performance of aircraft
pilots is an idea which requires, for its development, the integration of two x
previously independent lines of research endeavor: human performance assessment ¥
and central nervous system neuropltiysiology. A human performance research paradigm
specifically relevant to the study of pilot performance, in the context of which v
the use of brain waves may feasibly be studied, will be discussed later. Attention .
is now directed to the state of the art of brain wave research and brain-ivehavior )
relationships, specifically those aspects which are considered to be feasibly

and usefully applicable for protential use in simulated aircraft crew stations
or eventually in a real-world environment.

4

WIL Cat. COde: ""0105, 6.1-6

Op. Behav. Code: 1., 2. g

|
o=

Physiological EEG Review Laboratory Flight simulator

. ECP

Lebacqz, J. V. and Aiken, E. W. A flight investigation of control, display,

and guidance requirements for decelerating descending VIOL instrument

transitions using the X-22A variabie srabiiity aircraft. Volume I. Buffalo, :
.- Nev York: Calspan Corporation, AK-5336-F-1, September, 1975. 1

A flight research program using the variable stabi. ‘ty X-22A aircraft was under-
L taken to investigate control, display, and guidance requirements for VTOL
ingtrument transitions. The primary purpose of the experiment was to provide
mesningful data related to the interaction of aircraft ccntrol system and
displayed information characteristics on pilot rating and performance. Primary
results of the nrogram include the demonstration of an inverse relationship

o between contrn~i complexity and nisplay sophistication, as was hypothesized in
the exparimest design, and the definition of acceptable and satisfactory control/
. display combinations. Analysis of the results in terms of simple pilot-in-the-~

loop considerations and measured performance and workload provide initial
guidelines for the design of future VIOL control-display characteristics.

- W/L Cat. Code: 1.1, 3.1

. Op. Behav. Code: 1., 2., 4. ‘
|

- Opinion Rating scale Experimental Flight test Flight test

i Primary task Single measures Flight simulator

I 178

Anmd e Cusemr




SY-27R-80

+ 1 ?

¢

Leplat, J. Factors dotermining work-load. Ergonomics, 1978, 21, 143-149.

In this short introduction to the topic of the symposium, some analytical
elements are suggested for the concept of work-load, the large variety

of work-load categories is recalled, and wention is made of some factors
determining work-load, which will be elaborated on in the papers presented

.

by other authors. . _ :j
W/L Cat. Code: 1., 2., 3., &. d
Op. Bahav. Code: 1., 2., 4. !?
Opinion Multirle Construct Noune Flight simulator :1
Spare m. capacity Flight test g

Primary task

Physiological

Leplat, J. and Pailhous, J. The anelysis and evaluation of mental work. 1In j
W. T. Singleton, J. G. Fox, and D. Whitfield (Eds.) Meacurement of man at "
work. London: Taylor and Francis, 1973, 51-56.

i
Mental work, which is essentially non-observable, presents serious difficulties {
to the analyst who wishes to evaluate it. This kind of work is found increasingly 1
in our society, even where the task requires a relatively low level of skill, il
and interest in its study is increasing. In this paper we consider various ﬁ
analyticsl procedures of snalysis and evaluation and assess the results obtained. i
The analyeis provides an opportunity to compare the methods of the applied psycholo- J
gist and the work physiologist and to expose the differences involvad. 1Tte H
distinction which we shall propose in terms of load or intellectual mechan.sms i
appears to be quite fundamental; it covers many totally differenu scientific P
attitudes; it leads to distinct tynes of techniquea, even 1if in practice they J
may be utilized successively at two di.ferent periods of an investigation. 0
Such an analysis should contribute to the dialogue with our physiologist colleagues. t

W/L Cat. Code: 2.2, 4.1 !
Op. Behav. Code: 1., 2., 3., 4. q
Spare m. capacity Subsidiary task Review None Background ;
Physiological EEG i

EMG i
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Levine, J. M., Ogden, G. D. and Risner, E. J. Measurement of workload by
secondary tasks: A review and annotated bibliography. Washington, D.C.:
Advanced Research Resources Organization, Conuiact No. NAS2-9637, January, 1578.

An annctated bibliography of the post -~ 1965 behavioral science literature
concerned with the use of secondary tasks in the measu~em. .t of operator
workload was prepared, and an or anization of this . .terature was accomplished.
The bibliography contains 146 empirical references and 17 review or theoretical
papers. The references were categorized arcor.iing to the type of p-imary and
secondary tasks used. Methodological and tbhe.retical issues in the use of ¢

secondary task technique are discussed and suggestions for further research
efforts are made.

W/L Cat. Code: 2.
Op. Behav. Code: 1., 2., 3., 4.
Spare m. capacity Subsidiary task Review None Flight simulator

Tlight test

Levison, W. H. A model for task interference. Procee:dings of the Ath Annual
NASA-University Conference on Maaual Control, Wrijpat-Patterson AF3d, Ohio,
April 7-9, 1970, 585-616.

A model i1s presented for irterferencz awong multiple continuous manual control
tasks. This model is based upon the assumption that multiple tasks are performed
in parallel and that the human must share a fixed amount of centresl-processing
capacity among the tasks. The equivalent observation noise associaved with a
subtask i1s shown to be related to the fraction of the contrcller's capacity
allocated to that task. The model is able to predict with great accuracy the
total performance scores measured in a set of multivariable tracking experiments.
The model structure also accouuts for the effects of multivariable tracking on
the controller's describing function and remnant.

W/L Cat. Code: 2.2.2, 3.3
(p. Behav. Code: 1., 2., 4.
Spare w. capacity Subsidiary task Construct Laboratory Flight simulator

Primavy task Math. model Experimental Flight test
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Levison, W.H. A model for mantal workload in tasks requiring contituous
information processing. In N. Morsy (Bd.) Mantal worklcoad: its thsory
and measurc—ent. New York: Plenum Press, 1979, 189-218.

This paper provides a unified treatment of thenry, validation, and application
of the model for workload and attention. 7The section on theoretical develnpment
presents the basic assumptions underlying the proposed workload mcdel, shous
the equivalence of cime-sharing and capacity-eharing notions of attention,
presenta tus basic model of workload, and reviews a human operatocr model that
allows one to predict the rulationship be.ween perfirmance and workload. The
reader 1s then directed tc the literature for results that vaiidate the basic
human cperator model us well as the specific model for mental workload, and
some pilot-opinion results cre cited to support the argumerit that response
randomness can be related to workloazd and attentional demand. The third ma or
section of the paper discusses predictive and diagnostic applications of the
workload model. Finally, some thoughts are offered relating the councepts and
techniques digscussed in this paper to the goals of the workload symposium to
which this paper is submit¢ted.

W/i Cat. Code: 3.3 .
Op. Behav. Code: 1., 2., 3., 4. 1
Primary task Math. model Review Laboratcry Flight simulator

Construct

Lieberman, P. and Michaels, S. B. Some aspects of fundamental frequency and
envelope amplitude as related to the emotional content of speech. Journal of
the Acoustical Soclety of America, 1962, 34, 922-927,
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Pitch pulses were derived from the utterances of three male speakers who each

read a!lght neutral test sentences in certain "emotional: mcdes, 1.e., as a
ouvestion, an objective statement, a fearful utterance, r happy utterance, etc.
Tapes were recorded and presented to separate groups of naive listeners who
categorized the emotional modes in forced judgmen’ tests. Results of the tests
show thai with unprocessed speech, the listeners were able to correctly idencify
the emotional content 85X of the time. When only pitch information was presented,
correct identification was made 44% of the time. When amplitude information was
added to the pitch information, the identification rosa to 47X. Smoothing the
pitch information with a 40-msec time constant reduced the identifications to

8%, while 100-msec smoothing reduced the identification to 25%. A 120-cps
monotone with amplitude information derived from the original speech envelope d
amplitude resulted in 14X identifications. r
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Fhysiological Speech patt. Experimental Laboratory Background
anal,
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Lindquist, 0. H. Design implications of a hetter view of the multichannel
capacity of a pilot. Proceedings of the AGARD Conference on Guidance and :
Control Displays, AGARD-CP-96, 5-1 - 5-6, February, 1972. (AD 739 779). K

A major result of a recently completed study ha been the prediction and
neagsurement of multichannel pilot performance, ‘ch significantly increaseu

his information~handling capability beyond that predicted by teoday's techniques.
Current techniques of predicting man/machine interactions were showm to be in
error by an order of magnitude in some measurements related to humau channel
cepacity. Th: results of this experimental work are presented and system design
implications fcr pilot capability and limitarions are discussed.

W/L Cat. Code: 2.1.

F—t St Gy Py me R WN

Op. Behav. Code: 1., 2., 3., 4.

(AD 761 025).

This paper presents a method for the evaluation of mental stress in production
situations where mental fatigue is considered a significant problem. The

level of mental stress which the operator experiences is reflected in the

concencration of 17-hydroxycorticosteroid in his parotid fluid. Included is i
a discussion of the theory behind the technique and its procedural application. 3
The use of the technique to reduce mental stress and the effects of mental ﬁ
fatigue in a production facility is also discussed. ’

Spare m. capacity Task comp., Construct Flight simulator Flight simulator

1 time assess. 3

l= Experimental :
- 3
i
o iLe q
é .- Linn, V. C., Jr. The parotid fluid technique for the evaluation of mental stress i
in a production situation. Texarkana, Texas: US Army Logistics Management si
. Center, USAMC Intern T.aining Center, USAMC-ITC Report No. 2-72-05, July, 1972. a}
1
q
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‘ Linton, P. M. VPA-V/STOL craw loading analysis. Warminster, Pennsylvania:
; U.S. Naval Alr Devslopment Center, NADC-75209-40, May, 1975.

The purpose of this study was to determine whether a single crew member could
effectively execute proposed VFA-V/STOL missions or whether a two man crew
would be necessary. The question was a.dressed primarily trhrough the deter-
miration nf workload {mposed upon a single operator durirg selected missious.
Scenarios were generated for a deck launched interce