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ABSTRACT

In 1965 the U. S. Naval Safety Center, Norfolk, Virginia furded the first of a
series of studies of human error in aircraft accidents, entitled "Human Error
Research and Analysis Program (HERAP),"because human error caused accidents

stil1 accounted for an average of 55% of the total and constituted a secondary

o
coen

W

. R e b At S et e bre
cause-of-some of-the-remaining45%,after tuenty yearsvfdechine inactidents”

The program began with a detailed systems analysis of the Navy accident report-
ing program and the pilot training program. With the cooperation of several
departments of the Navy a data bank was prepared, which contained personal
data, training data and individual flight time data for each of 17,000 Navy
ptlots. It also contained all mishap data from 1962 to 1968. This data was
merged into a single file and manipulated by various statistical programs
developed or modified for HERAP, An Exposure Index was developed to equalize
individual exposure to risk.

A study was performed to establish possibie relatiorships between a pilot's
mishap record and his education, training, demographic characteristics, and
flying experience, and to test the distribution of mishaps of the pilots for
randomness. Each pilot's mishap record was compared to the cumulative binomial
distribution to establish a safety ratirng based on the probability that he should
have had a worse mishap record by chance alone. A second safety rating was
developed by comparing expected and actual mishaps for euch pilot. Using a
stepwise regression analysis, a study was made of the functional dependence of
the safety ratings on the data. The highest multiple correlation coefficient
was obtained by predicting the binomial ranking from the variables age, months
of combat, last year of combat, rank, and type flying experience.

Fatigue, while frequently citec as a contribution factor in accidents remains
an elusive element in terms of definition, recognition, measurement, prediction
and aileviation.

Fatigue, defined as "The degradation in performance or affective state, resulting
from.previous work," was explored in 1968 - 1969 in a complex simulation experi-
ment using an anti-submarine warfare flight trainer. Light work load over two
hours and heavy work load over eight hours were imposed upon four professional
‘crews. Each crew was in a controlled work enviromment 24-hours a day over a
2-week period. Psychological, physiological, biochemical, and performance
measures were taken for individual and crew as a group.

Scme statistically significant effects in the physiological and blood chemistry
measures were found. Bartlett's hypothesis in regard to increased variability
of performance and perceptual breakup, and the activation pattern hypothesis
were to some extent verified, although it was indicated that heavier or longer
loads would be needed for greater significance.




In a second study in 1969 - 1970, a state of fatique, induced by continuous
performance of tasks over prolonged working time, was studied in a laboratory
environment. The tasks were selected to resemble the airbhorne activities
nécessary to a prolonged ASW mission.

%@m4w ed——s uch 4Ebét—lf',’ QU bj‘@(..t g.._i."Aa.k}Liqh ‘UEP‘P"’!"“aﬂ’ -

subjects in a Low Work Load (LWL) greoup worked for the same time span, but were
permitted equal time on and off work, such that their workload was approximately
one-half that of the MWL group. Psychological, physioloaical, biochemical, and
verformance measyres were taken for each individual subject,

Parformance Jecrement was obtained for thne HWL reflecting at least noderate
fatigue. A specially designed Discrete Tracking Task was tne mest sensitive

index of fatijue. The task was moderately difficult with almost excessive temporal
demands. The WL yroup alsc made larger time estimation errors late in the

sessicn thar the LWL group. No other psychological,bicchemical, or physiclogical
variabie was correlated with performance decrement (Fatigue) ir this study.

(HWL) group worked without rest for approximately 18 hours and 12 different ‘
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PART |
BACKGROUND SUMMARY

INTRODUCTION

In July, 1965 Douglas Aircraft Company, Long Beach, California, submitted a pro-
posal to the Navy Safety Center, Norfolk, Virginia, for a short-term investigation
of, and planning of, a long-term study of an Aircraft Accidents and Development

of Accident Prevention Program. The study, entitled, "Human Error Research and
Analysis Program (HERAP)", was the first of a series of HERAP studies performed
since that time. This report reviews and summarizes those studies.

A BRIEF HISTORY OF WAVAL AIRCRAFT SAFETY

In the first few years of Aviation success was the criterion by which flights were
Judged. If it worked, it was repeated - if not, changes were made. This same
criterion was dominant when the U.S. Navy formed its first Aeronautical Organiza-
tion under Captain Washington Chambers in October of 1910. In November, 1910
tugene Ely made the first take-off from the deck of a ship, and in January, 191
landed a hydroplane beside a ship, was hoisted aboard, lowered into the water,

and took off to successfully return to shore.

Safety was & conscious part of these efforts - by 1912 Captain Chambers was speak-
ing of the need for mechanical devices to aid the pilot "which will perform . .
the things he is prone to do indifferently, especially under the strain of fatique
. " In that same year, Captain Chambers brought about the first catapult
taunching - iiaval Aviation was on its way.

3y 1916, efforts were well under way to standardize personnel and aircraft design,
production, inspectior, and testing. While numerous safety orders and regulations
were issued, one essential item - thorough record keeping - was lagging. The
earliest preserved accident record was a 5 x 6 card written on one side.

An Aviation Medical Research Board was formed in 1917 and immediately established
a Research Laboratory at Hazelhurst Field, Mineola, Long Island. In 1939, the
Navy established a School of Aviation Medicine and Research at Pensacola, Florida.
Throughout the years, from the end of the World War I, to the beginning of World
war 11, standards for the selection and training of pilots continued to improve.
However, Ammstrong (1952)* states, "The increased perfarmance of aircraft
attained by about 1930 resulted in a situation wherein the human element in

flight was becoming the weakest 1ink in the chain!" A remark which appears to be
no less true today.

THt BACKGROUHD FOR THE HERAP STUDIES

As early as 1955, the Navy Safety Center had requested assistance in planning for
personnel and equipment to improve the analysis of Navy Accident Data. The result-
ing report stimulated further efforts by Safety Center personnel and culminated

in 1965 when additional personnel and equipment were authorized and the HERAP
effort was funded,

(*) As quoted in HERAP, First Planning Study, UAC, 1966

r 1




The HERAP effort was based on the fact that while the general trend of Navy afr-
craft accidents was downward, the percent of those accidents attributed to human
error was consistently greater than 50% of the total. More than two-thirds of

the Navy a1rcraft accidents have human factors listed as a cantributing cause
Tha anféanuns ey

The sffset 2ipended Lo reduce this factor, however, has been h1st5;icaf1;_too QJ£#-~/VK-)k»A)*!
1ittle in proportion to its importaice. The effort to reduce acc1dents and thel :

associated costs was given addedimpetus-when—the—attNavy accident rate rose in

oY

Fiscal 1966 after many years of annual reduction.

Reference 2 describes the change as follows:

“The downward trend in the Al1 Navy Accident rate was interrupted in Fiscal 1966.
While flying 3,739,856 hours, 475 accidents occurred with a resulting accident
rate of 1.27 compared to 457 and a rate of 1.25 in Fiscal 1965. Although the
rate increase was very small, Fiscal 1966 was the first year since the Korean War
years that an improvement was not experienced in the A1l Navy rate, making this
the third time in twenty years that the accident rate has increased (the last two
occurrences were in Fiscal Years 1951 and 1952)."

The primary objectives of the HERAP investigations were:
a. to identify and describe those characteristics which
differentiate successful pilots from unsuccessful pilots

in terms of their susceptibility to accidents and their
contribution to fleet readiness;

b. once identified, iz order these characteristics into meaningful
relationships for the purpose of prediction and control.

The research objectives included short, intermediate and Tong-term investigations
leading toward the ideal goal of eliminating aircraft accidents.

The HERAP Planning Study

The first HERAP Planning Study investigated information sources and requirements
within the Naval establishment. A preliminary mission-system-task analysis was
performed on an A-4 ajrcraft ferry mission to demonstrate its applicability to
human error accident investigetions. Data reporting and analysis procedures were
reviewed and the literature on accidents was reviewed. A program for the develop-
ment of improved data gathering was proposed, as well as a computer systiem adequate
to the task facing the Naval Safety Center (NSC).

One of the critical elements of the Planning study was an analysis of resource
requirements sufficient to predict measurable gains in understanding and alleviat-
ing human error as a cause of accidents. The generalized model of the plan in

shown in Figure 1. Also recommended were five critical areas of concern about which
sufficient knowledge is lacking, but which are generally believed to be closely
related to human error. Among these are fatigue, disorientation, carrier landing,
collision avoidance and an index of exposure for flying in the U.S. Navy,
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The Philosophical Foundations of HERAP Research

During the initial HERAP ipvestigations, in which many activfties interested
in the Naval Aviation safety were visited, viewpoints on acc1dent reduction
due to human error could be surmarized in three philosophical approaches.

The first was one which states that a methcd to reduce the frequency of mishaps
is to detect and._remove. personnel.who. for one reason-or-another-are-not

proficient enough for the demanded flying tasks. A second was to detect and
remove the equipment and procedural stressors whicn in some way caused personnel
to fail in their tasks. A third was that problems causing mishaps would show up
in data in an empirical fashion and special studies could then be instigated to
deal with them. Each of these points of view has a place in any systematic
program, but ncone stands ¢on it$ own feet,

In the first case, proficiency 1s a function of innate characteristics, training
and task difficulty. If selection chooses personnel whose capabilities are
adequate to be modified by training procedures to a tevel sufficient for the
defined task, and the training is itself adquately structured with regard to the
task, detection and removal of personnel for lack of proficiency will apply

only to those who are not performing when they well could; that is we are
confining ourselves to motivational and command deviations. On the other hand, if
selection and training are not adequately matching personnel and task, the

problem of urgency is not only detection and removal of personnel, but of
restructuring selection and training procedures.

In the second case, the equipment factor follows the same argument. Equipment
which induces operational mishap through poor design should most certainly be
modified and replaced, but there will always be an operator who can use it without
difficulty. How can we insure that equipment is designed for the capabilities of
operators without knowing something about expected performance of our population
vver the range of equipment?

The third is the most common approach. It is reflected in the wide variety of

data categories found in the files of organiziz“iens concerned with safety. Cate-
gories are based on detected hazards and not on predicted ones. Where this is true,
the range of variables connected with a particular item might be large in real

life, but the range used for study is nevitably small.

The approach in the HERAP studies was one which stated that we should establish
knowledge of the capabilities ¢f the individual and grouped personnel in regard to
the current and predicted tasks which they must perform. For personnel already

in the system, data existed from selection, training, readiness and operational
sources as to capabilities of certain sorts. It was possible that by statistical
study we might relate mishaps to these measured capabilities. Some of this work
had been done and more begun, notably at Pensacola. But knowledge of capability
in regard to future and predicted specific tasks had not been carried out except
in isolated studies. Thus we attempted to isolate the tasks in some systematic

way, update these over the long term, and establish levels of expected performance
for them,

]




It is of 1ittle use to attempt the description of a long range accident preven-

HUMAN E£RROR l

L]

4iom-pragwim-—polated-to--human-orropowithout-a-working -de fin it ion . of—that e e
human error is. Like many terms, this one has a stigmatic connotation

related to "making a mistake” and this is unfortunate, for "making a mistake"

is somewhat a dichotomous notion assuming that there are only two conditions

of consideration, right and wrong.

Because, until now, the primary effert in human error research has been an
effort to aid in the desian of reliable systems, it has been concentrated in
the areas of system design and development. Studies by Cooper, 1961; Meister,
1962; Willis, 1962 gave impetus tc the consideration of the impact of human
error on system performance. It thus became necessary to measure the operators
potentiality for failure (that is, his potentiality for error) so that this
could be combined with those of other system components, to give a true
indication of total system reliability. Consequently, human error has been
defined within the framework of system design and development, due to these
utility goals.

Human errvor in tne usual context of the gperator, is necessarily a wide all
inclusive term which emphasizes the frailty of the operator without recognizing
that there is a "human system" which can fail. The human system failure is
pinpointed wher the operator does not complete, sucsessfully, tae required
operation. The "human system" complexity has stymied many studies, all gen-
eralized salutions, and made significant nrogress in corrective actions very slow.

~umar error ii this context, has been defined in terms of four categories:
1. Incorrect performance of 31 required action
2. railure to perform the required action
3. Out-of-seauence performance of a required action
4. Performance of a non-reauired action.

These are actually cat qories of mishaps and are constrained by one
gqualification: the error must have some significant effect upon the system
as a whole or upon some behavioral component of the system or it must be
considered as not significant. Further, "reversible" errors corrected
prior to system damage are not siqnificant. Human Error, in this context,
than, has been detined as any deviation from a system performance

standard which is caused directly or indirectly by an operator and which

has significant consequences to the system goeration in which it was
made.
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While 1t 15 worthwhile to take ine categoricai definitions ot human error
used in system design to work with in HERAP so that a continuity of

1
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operational systems in being and both "reversible"” and "active" error

must be considered. A reversible error today may be the seed of tomorrow's

accident, as in a near miss. Human error research in systems design

is concerned wiih quantification in a manner similar to equipment, so ‘
that reliability estimates for design can be made. In the prevention of

accidents in the operational phase of a system, some other categories must

also be considered.

Some current Methods of Human Error Analysis and Predictability have
been presented by:

1. Altman gt al, 1964

2. Swain and Rook (1962 and 1963)

3.  Miller et al, 1964, and

4.  Irwin et al, 1964, M
A1l but Irwin's are based upon Altman's "A.l.R. Data Store.” This store
was probably the first attempt to manipulate performance data for use
in the development of an operability index for prediction of human perfor-
mance. As Altman himself points out, it is generally highly limited, but
for those specific tasks listed, it is considered to be excellent. The
operability index was built with three objectives:

1. It would be task oriented.

2. Scores from the operability index would be directly meaningful in
terms of time and error of performance (speed and reliability).

3. [ata on speed and reliability of operator performance would be
obtained, insofar as possible, from available experirental and
field data.

The basic units for evaluation are the task elements, which are defined as
inputs, mediating processes, and outputs.

The method of using the data store was as follows:

1. Equipment design information and data obtaired from task
analyses must be analyzed intc behavioral steps and sequenced
by mission phases.




fach up€raiion mist be subdivided tu its relevani components,
parameters, and dimensions for each behavioral step.

n

3. Each of these dimensions must be assigned a reliability estimate
from the data store. These estimates are then used to derive $scores
for units of behavior, such as steps, tasks, phases and entire
missions.

In general, time scores were the sum of individual time estimates for

each dimension, while reliability scores were the product of individual
reliability estimates for each dimension. The total ocutput was a reliability
score which was an estimate of the probability that serious operator error
would not gccur within the span of performance encompassed by the score.

THERP (Tecknique for Human Error Rate Predictions), was an extended
utiiizaticor of Altman's [ata Store by Swain and Rook in the form of

an iterative procedure of 5 steps which were repeated, {(though not
always in the same order), until tne system degradation resulting from
human error was at an acceptable level. These five steps were:

1. Jefine the system or subsystem failure which is to be evaluated.

2. ldentify and 1ist all the human operations performed and their
relationships to system tasks and functions.

3. Fredict error rates for each human operation or aroup of
aperations pertinent to the evaluyation.

4, Cetermine the effect of human errors on the system

2. Recommend changes as necessary tn reduce the system or
subsystem failure rate as a cons2quence of the estirated
effects of the recommended changes.

As Swain points out, the steps are typical of the usual syster reliability
study, “if gne substitutes Humans for Hardware."

A third method, developed by Miller employed a comtuter techniaue to generate
distributions of operator performance times. Task performance is simulated
by sampling the distrioution of times, using Monte Carlo methods. during

10 computer runs.

Miller's approach to operator simulation was based on four assurptions:
1. The human transfer function depends upon the individual's

capability, his operating environment, and the nature of the
task requirements. Therefore, to describe the operational

[-7




behavior of a man-machine systen req -es the simulation of
groups of operators and maintenance personnel of varying capability,

—— degree of-training-and-tevel-of motivation; operatingUnder the T o
range of variability of conditions and stresses encountered
in the operation environment,

2. Individuals tend to perform in a nonlinear fashion. In deriving
the model varying paths of task accomplishment were provided, the
number of paths being a function of all possibie alternatives of
task execution availatle to the operator.

3. The performance of a subtesk by operators classified by skill
level can be described by time and success probability distribu-
tions. and these distributions aoproach normality. The assumption
of normality is not a limiting factor but merely one of convenience.

the success probabilities were dependent on psychological stress
induced by the operating environment, task accomplishment, and work
toad, and this stress could be an organizing or disorganizing agent on
deravior, devending on stress level and operator stress threshoid.

4. The path of task accomplishment, the perfortmance times, and #

The method developed by Irwin was one in which judges ratings were used
to develop human reliability data estimates when other data (such as the
data store}, were not available. His method was as follows:

1. Specify tasks that must be performed.

2. ldentify the task elements necessary to accomplish the total task.
3. Jetermine the performance reliability for each task element.

4, Perform a preliminary rating study.

5. Perform a man-rating study.

Though the use of a rating scale may seem to te the crudest form of
elemental psychophysics, work by Whitlock indicates that a proper choice
of judges (more than &) utilized, and no more than 40 items to be rated
results in surprisingly high validity when tested.

SuME PROLLEY AREES

Ore of the majaor problem areas for HERAP, which is less for system

design predictability, is tne consideration of additional dats that may be
pertinent to human error prevention where mishaps are concerned. A

partial 1isting from Kock and from Sells of some of the stimulus variables
to be considered are:

1. Natural aspects of the environment:

T4
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Weather-temperature, humidity, seasons, ¢limate
Terrain-aititude, erosion

Food

Clothing

|

2.

3.

4,

5.

Natural resources

Description of the task situation:

Area and level of knowledge and skills required

Hazards and risks involved

Novelty of situation in relation to prior experience
Procedures permitted

[nformation required and available

Number of participants present and available

Material and facilities required and available

Degree of personal contact involved

Role expectations of other persons concerning the individual

Definition of the individuals relation to the situation:

Degree of freedom vs. restriction in group activities
Degree of competion vs. cooperation required

Degree of friendliness vs. hostility required

Status hierarchy position required

Description of other persons in the situation:

Age and sex of participants

Social and economic background of participants
Skills, abilities, an¢ experience

Training and motivation

New or previous acquaintances

Pre-existing relationships

External reference characteristics of the individual:

Biclogical ~ sex, age. physique

Physical abnormalities or injuries

Race

Educaticen

Marital status

Citizenship, legal restraints

Geographic position-rural, urban, national
Social status

Income and occupation

Residence and transportation

Debts and savings

Status and role in family group

Parents - religion, aqe, health, language




Siblings - age, sex, type

Primary group and children

Group memberships - hiwer, lype Striclure
Status and role in group

|

6. Individuals performing relative to others:

Formal group structure - goals, objectives, and facilities
Membership requirements - age, sex, race
E Requirements concerning experience, training, achievement
? Group's control of members - SOP's, reguiations
Group procedures - meetings, staffing
Dependency/cooperation of other groups
Formal role in group = prestige, power, privilege
Site requirement of group - location, space facilities
Informal group structure -~ goals and objectives
Group member ship requirements - social rlass, demography
Group control of membership
Regulations of group procedures - activities, participation
The group's significance to its members
Cohesion of the group, functional relationships
Collective situations - crowds, mobs, audience

This partial list indicates the great number and range of stimuli that are
suggested to be relevant.

[f the term ‘human error" i3 to survive over a long term program, then

a more precise definition is required which reduces value judgments to
their proper place as adjuncts to objective measures which can effectively
be used.

The definition proposed for this purpose was "Human error is the specified
deviation of a human activity or decision from an operationally defined norm."

This says, in effect, that an error cannot occur unless 1imits have been
set before a mishap occurs. This is a necessary condition for setting up
any methodology for recording, manipulating and acting upon data in a
meaningful way. In this way, too, it can be argued that although the
operational definitions may be medified and their number increased with
time, no groundless judgrents can be made.

[n Naval aviation, there are many circumstances where mishaps occur in
conditions where it is perfectly clear that the human operator has had no
chance to mitigate or even influence the result. In these cases, there is
no question of immediate mistakes, although relaticnship to a remote,

prior influence may be traceable. It is a truism that in any system failure
the failure may be ultimately traced to a human source. If there is a

wing root fafilure or an equivalent physiclogical catastrophe, we may
consider these conditions umnmodifiable by the huran operator.




l- _human."failure." This 1is not surprising, for methods of measurement,

Between these 1imits are circumstances which are more difficult to
describe and define. Considérably iwre data, definition and manpiwer
are, and have been, involved in the study ot equipment failure compared with

definable variables and access, each provide greater ease of manipulation

in this area. VYet, as we probe deeper into the equipment failure concepts,
we find that here, too, dichotomous judgments are not acceptable in most
cases. The concept of "tolerance" states that an item has been designed

and should have been produced and tested, so that its performance is related
to its function in such a way that failure should not occur unless the
tolerance 1imits are exceeded. If the item fails to perform as it 1s
specified and required to do, it may have done so because either it does not
meet the tolerance limits in its quality or that these limits have been
exceeded in operation in such a way that it is probable that it would fail.
This, again, may be related to the conditions that the tolerances have

not been set correctly for the function required to be performed, or that
the {item has not been tested to determine if it does fall within the limits
set. It is clear that here there is a range of performance capability set
up which allows some cperational freedom in the use of the item. One

may also expect that this range may be described in a distributive

manner, that is, the specified quality or qualities can be shown, over

large samples, to fit some descriptive transfer function, such as a

Gaussian or similar relationship.

Furthermore, in equipment parlance, there also occurs the concept of
expected failure, related to use over time, In this, a historic or empirical
approach will result in probability judgments that there is such and such a
“mean-time-to-failure" for this item, or some similar predictive state-

ment. Here, items may be replaced before some value of the distribution

of this parameter is reached on the assumption that actual failure of the
item will be reduced. Alternatively, inspections may be made at specific
points along this distribution in order to search for indications that an
item is approaching tolerance limits with time and use.

If we are to consider the effects of the human operator within the system,
it is necessary to interface with the methods and descriptions used in
dealing with the equipment he uses, for few mishaps occur within the
"unmodifiable" category described earlier and there is very 1ittle that can
be done about them within our terms of reference. On the other hand, the
greater part of our study must fall within the interface area where both
operators and equipment are contributing to activity and decision within

a system.
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In summarizing the equipment "approach", however, there is little to
disagree witn, and nothing which contradicts our proposed definition of
human error. Qualities in operators can be shown to be distributed
across samples, to have tolerances which can be exceeded and result in
Zailure, cai be tested and inspected before 2nd during use, can be "mis-

matched" where the use does not correspond to the quaiity selected and

—____specified. _This, of course, does not imply that we should treat human

operators in tihe same way that we do equipment, there are other descriptors
and qualities which will not fall within these contexts (such as niotiva-
tional factors), but we can assure ourselves that comionality over nuch

of our study area can be assured for the purpuses of prediction, descrip-
tion and diagnosis, with equipment methods, allowing vur interface to
occur without too much difficulty.

' some recent studies of "“uman error", notably in nighly structured
weapon $systems, it has become common to attach criticality values tu error
incidence. That is, it is recognized that an "error" (in the loose sense)
can occur in any of n circumstances, but that in some circumstances it
does not matter and in others it will matter a great deal. Tuous, error
orobacility is, in these approaches, linked to a level of criticality. In
the context of everyday military aviation, we may illustrate this by stat-
ing tnat there is a known and finite probability of misreading a specific
altimeter, by a specific population of pilots, with an error of 1000 feet,
At higher altitudes it is unlikely that this will be "critical” (except
under special circumstances), but at 1000 feet altitude it certainly will,
From tnis soint of view, it is necessary to relate the error to the
activity in the operational context; that is in the "equipment" context,
the "tolerance" of the quality of instrument reading capability could be
variable. It is, however, easy to be confused with the worth of this
concept. In a highly structured weapon system wnere tnere are probably
mary operators, and these can be selected and trained and utilized in
differert ways, it may well be valuable to introduce a criticality factor.
in military aviation, where numbers are fewer, where training and selec-
tign are conmon te the population, and where the pilot, for example, has
consigeralle freedom in the operation of his vehicle system, there may

ce less value. In this case, "error" musit be reduced to a minimum, for
all occasions, because it is not always known when it might or might not
be critical. A further point, especially in this example, is that the
cilot may not (and more often than not, does not) know that he has misread
unless something results from the misreadirg. The attachment of criti-
cality measures tnen, should be considered with care in the context of
aviation,

Our approacn tnen was to attempt to specify what we expected of our human
operators in precise qualities which tney must possess to carry out
snecific tasks in specific systems. Only in tnis way could be determine
wnen something unusual had nappened. There are varionus ways of setting
acout this. Unfortunately, we were not beginning from the start of an
organization, we were forced to deal witn an existing, nignly formalized
structure. Thus, we were necessarily empirical in much the same way that
equipnent interests are. wWhat are the distributions of aualities armong
the existing population of aviators and other associated personnel in
regard to the tasks they now nave to perform?

[-12
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"Error" was examined then, from the point of view of a deviation from what
could be expected, but blame was not necessarily attached to the individual
for the deviation.

Once again, commonality between equipment failure analyses and human error
analycac techniquec chould ha horne in mind,  Thic commonality c<hould permit
relatively easy integraticn of a larger humar error and existing equipment
failure and safety progran.

THE HERAP STUDIES

As a result of the HERAP Planning Study several areas of safety research
related to human error were recommended as especially suitable for

immediate investigation. They included fatigue, and accident exposure index
and carrier landings. The results of those studies are described elsewhere
in this report.

The first planning study (HERAP 1)* included a representative task analysis
with comments and recormendations for further uses of this method as an
analytical tool. HERAP [l included an extensive task analysis of an A-4
mission and beginnirg development ¢f data handling and analysis.

HERAP 111 included an ex*tensive study of the relationship of flight phase to
accidents. Task analyses of representative U. S, Navy/U. S. Marine Corps A-4
aircraft missions were made. The missions were divided into static-incident

to flight, taxi, takeoff, inflight and landing phases. The landing and

takeoff crases each have separate analyses made for carrier and field operations.

Computer tabulations were made of A-4 accidents and incidents for fiscal year
1967. The mishaps were tabulated to riphically indicate the number of accidents
and incidents which occurred during each phase of flight. /Analyses were made

for the A-4 A/B/C models and for the A-4 E/F models. Comparisons were made

of tre numbers of mishaps occurring for tne various flight phases. This work

is summarized in Apnendix A, Figures 1 througn 8.

The causes of mishaps are summarized under field and carrier operations

and under flight phases. Further analyses were made of pilot error causes of
mishaps for both carrier and field operations during landing.

A task analyses form was developed to show graphically the phases of flight
which have high mishap potential. Results of the analyses show that the
greatest number of mishaps occur during the Janding phase. Carrier operations
show a nigher rate of mishaps than field operaticns which is a generally
accepted fact. A-4 aircraft accidents are surmar.zed in Tables [ and 11.

*The HERAP studies have arbitrarily been assiqgned number [, [l, I[I, and IV
to differentiate between contracts as follows:

HERAP 1 Contract N189-(188)-597914 2/65 to 2/66

HERAP [1 Contract N0O0189-67-00329 9/66 to 9/67

HERAP [II Contract N001839-68-G0565 10/68 to 3/69
HERAP IV Contract N00189-70-C-132) 10/69 to 4/70

i-13
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TJABLE 1

COMPARISON_QOF PILOT ERROR CAUSE TO OTHER CAUSES OF MISHAPS

FOR THE QVERALL FLIGHT PHASES AND FOR

T T T T TRE UANDING PRASE SEPARRTELY

A4 AIRCRAFT

b————— e ———— ———
ACCIDENTS INCIDENTS
A, FIELD OPERATIONS:
PILOT ERROP 24 36.97 110 25%
OTHER CAUSES * 4 63.14 330 75%
TOTALS: 65 100% 440 100%
B. CARRIER CPERATIONS:
PiLOT ERROR 27 20.45% 27 18.495%
OTHER CALSES 105 79,557 119 81.517%
TOTALS: 132 1004 146 100%
C. FIELD PLUS CARRIER
CPERATIONS:
PILGT ERSOR 51 25.89% 137 23.38%
OTHER CAUSES 146 74.11% 449 76.62%
TOTALS: 197 100%, 586 100%
C. LANDING PHASE -
FIELD OPERATIONS
PILCT EQROR 7 50% 25 39.84%
OTHER CAUSES 7 50% 38 60.16%
TOTALS : 14 100 63 100
E. LANDING PHASE -
CARRIER OPERATIONS
PILOT EPRCR 9 54,297 9 34.617%
OTHER CAUSES 16 45,71} 17 65.39%
TOTALS: 35 100% 26 100%
*

Other Cause Factors include combat, airtase/carrier facilities, other persannel
(maintenance/supervisory), material failure/malfunction, weather unavoidable and

undetermined/other causes.

i-14
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TASLE 11

COMPARISONS OF ACCIDENTS AND INCIDENTS BY FLIGHT PHASE

- commam

I-1%

I n.4 A/G/C/E/E AIRCRAFT 7
FIELD OPERATIONS 4_]&~LARRl£RaOEEHAIiONS»~;MH,,My
FLIGHT PHASES aCC1D [N ACCID ¢ LInctn ¥
S — P SO R IR
Fart A | |
T TSTATIC 0 0 o | e 0 0 3 2%
2. TAXI 1 150 |17 ! 2.5" 2 1.57 3 2%
3. TAKE OFF 5 8 | 36 | s8r| 8 | 6.02%| 15 | 0%
4, INELIGHT * 62 165.5% | 316 727 1 87 | 65.413 | 99 687
|
5. LANDING 14 22¢ | 63 14.3r; 35 ! 26.32%| 26 18%
6. WAVE OFF 0 o | 3 |0z 0 o | o | o
g, LET DOWK 2 37 2 10.5% 1 0.75% | 0 0
TOTALS FLIGHT PHASES: | 64 1005 | 440 | 100% | 133 100% | 146 | 1007
2are B l
Lot lncicent To Flight and :
Uncetermined Phases Added: | [
i !
S, %CT INCINENT T2 FLIGHT| 57 48", I & | 0.88 23 152 1 |o0.663%
C. UNSETERMINED 1 0.8% 17 12 ! 2.6 1 0.651 5 |3.3%
, o A -
TOTALS ALL PHASES: 122|100z | 456 | 100z | 157 100% | 152 | 100%
Part C:
“TRFLIGHT DIVIDED BETWEER:
L. ENEMY ACTIOK, AND, 15 |33.7% | 87 277 | 68 78% | 36 362
5. NOT EHEMY ACTION 27 le6.3% | 229 | 731 19 20¢ | 63 | 604
TCTALS INFLIGHT: 42 160° | 316 | 1900 | o7 1002 | 99 | 1003
. 1
INELIGHT MISHAPS, PART A-4, HAS EEEN FURTHER SUBDIVIDED IN PART C, A, AND B.




The study showed that a significart numher of lunding mishaps are caused by
pirict wrrors in Lhe use of enging power, use uf the brakes, control of sink

DMt

TEIGHT

rate, and in landing with the wheels up, ;

The results of the studyv substantiate the neneral bel of that the work load is
heaviest during critical phases of flight. Redugtion of 110t work load during

}

WORKLCAD VERSUS ACCIDENT RATE
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.
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Fignure 2.

critizal chases <f flight, 1. e., reduction of pilct workload during landing,
takeoff, and attack phases mignt result in 3 reduced rumber of pilot-induced
mishaps, but deeper study vased our more information, is needed.




Fatigque Study

Fatigue 15 frequently cited as a major coniributor to accidents. The wide
acceptance of this assumed velationship is wot surprising., Most people

have experienced “fatigue" more than once, and subjective feelings of drowsi-
ness, apathy, weakness, etc., certainly. "ought! to be precursors.of.. e s i
accidents,

Cperational requirements frequently make it necessary or desirable to pro-
gram extended and/or very frequent activities. There is undoubtedly a limit
50 the workload that men can assume without seriously influencing the safety
and/or probatility of successful completion of the assigned task.

It would be desirable to supply medical personnel and leader: with valid and
reliable quidelines of oerformance changes, as well as predictors or symptoms
of these changes accruing for a given workload. Attempts to define the
effects of fatigue under controlled conditions, however, have been generally
unsuccessful.

“mora the factors that have probably contributed to the lack of definitive
rasults obtained in studies of fatigue are the following:

1. Complexity of the human organism, with its ability to draw upon extensive
resources.

¢. Jageries of motivation and physical condition.

3. Effects of age and training.

r

Similarity of the symptoms of fatigue and those of illness.
5. Clifficulty of separating the effects of other types of stress from fatigue,

In order t5 delimit the scope of the problem, fatigue, for the purpose of
tris study, wae defined.operationally as "the degradation in rerformance or

\ affective state resulting from previous work." The purpose of this study
was to initiate a systematic program intended to ultimately achieve the
fcliowirg goals:

1. OCeterrine performance parameters (in tasks representative of those
recuired of Navy personnel), influenced by continued heavy workload.

2. Jetermine the workload which results in the onset of a degradation in
performance.

[#%4

Jetermine the magnitude of impairment for two selected workloads.
4. Lefine physiological ard/or behavioral indices of the onset of fatique.

i €. Develop an understanding of the underlying mechanisms involved in per-
tormance degradation.

6. Discover methods of mitigating or 2i1leviating degradation without
adverse side effects.

[-17




Conclusions

1. The subjects were fatiqgued only slightty by the conditions encountered
in the high WL/treatment.

2. No mean performance changes, resulted in any performance measure. !

3. Pilot tracking data supported the increased variability and perceptual
breakun h:rpothese.

4. Physinlogical measures generally reflected changes in workload. Particu-
larly promising are respiration rate and sleep recovery data.

5. The pattern hypothesis was supported but cannot be used indi<criminately.
The most affected parameters must be determined for the combined data
treatment to be effective.

€. The phorias are worth investigating in greater depth as indices of
fatigue.

Recommendations

1. A parametric study of work load should be conducted to determine the
amcurt or the duratior of work that can be performed before ¢zrious
performance degradation results.

~y

Control over the complete situation for basic studies would be easier
ir a ncn-operational sitruation. Therefore, serious consideration
should be given to conducting additional exploratory studies using non-
coerational or, at least less complex, tasks.

3. Ar inflight study should be perfcrmed to verify the B-hour mission
duration acceptability for tactical ASW crews in aircraft such as the
S-2.
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~ PART 11
MISHAP DATA ANALYSIS

INTRODUCTION

A considerable body of data describing the persopal histories and flying exper-

ience of Navy pilots has been built up over the past years. These data range

over a wide variety of factors which could conceivably be related to how safely

pilots perform. The main thrust of the HERAP data analysis program for the *
1969 - 1970 contract was to systematically test the existing data for significant
relationships with the criterion of "pilot safety." ’

Linear regression (linear least-squares curve fitting) was used to test for
these relationships. The variables on the data bank were used to try to predict
a numerical measure of flying safety for each pilot. The error in the predic-
tions were then analyzed; that is, the discrepencies between predicted and
dbserved pilot safety were analyzed. If there were no error, the predictions
would be perfect and it could be confidently said that there was a relationship -
between pilot safety and at least some of the variables on the data bank. If
the error in the predicitions turned out to be as great as the intrinsic scat-
ter in the observed pilot safety measure, it could be said with equal confi-
dence that no such relationship existed. The actual situation is almost always
sonewhere between these two extremes, but statistical techniques can be employed
to 2llow some statement about the probability of a relationship existing between
the measure of pilot safety and the data on individual pilots.

This analysis proééeded in three successive steps: development of a data bank,
developuent of a measure of pilot safety, and the actual regression analyses.
These are discussed in the following sections.

THE DATA BANK SYSTEM

in the vears of its existence, the Naval Safety Center has collected an enormous
amount of data. These data have served as the source of numerous studies. As
the data have grown, so have the problems of using them. The sheer quantity

had made comparative studies a near impossibility unless the study utilized a
sampling technique to limit the data management problem.

Douglas Aircraft Company began the data analysis for HERAP by investigating
and listing all the data sources available during 1967 (HERAP, 2nd Quarterly
Progress Report). From this, a number of sources were selected. They were:

1. Hhaval Safety Center Mishap Master File

2. MNaval Safety Center Individual Flying Time Record
3. MNaval Training Center Training Records

4, Bureau of Naval Personnel Personal Data

Data files on computer tape were obtained from these soufces} translated to ,
make them compatible with Douglas' computers and merged into a single data :
bank after editing.

- gest Available Gopy
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The data system is used on an IBM 360/65 computer. The statistical programs
are basically the University of California at Los Angeles Bio-medical Programs
(BMD). Cobol is the programming language for file maintenance and report
generator programs, and Fortran IV is the lanquage used for callable selected
mathematical subroutines. Details of the operation of the HERAP data bank

and statistical programs are fully reported in: Human Error Research and
Analysis Proaram (HERAP I1) Final Report. Douqlas Aircraft Company, September
1967.

Data gathering, translation, and editing has continued during all the HERAP. R
contracts. However, the major task in development of the data bank has heen

the selection, translation, modification, and testing of suitable statistical .
programs. This was completed in 1967. The merged master data bank was comple-

ted in 1968 and tested against a dummy data file.

During the current contract, the whole system has been fully utilized. The
system was used to study the backgrounds, flying records, training records,
and mishap reports for 17,436 Navy pilots active during 1967. The data were
obtained from four files: the Officer Master Tape, the Individual Flight Time -
Records, the Training Record, and the Mishap Master File.

The data bank (Figure 3 ) was constructed by matching the other files to the
records on the 1967 Officer Master Tape by means of pilot file numbers. The
Officer Master Tape (OMT) contains demographic data, records of advancement
through rank and of past and present duty stations, information on promotional
status, and summaries of flying experience.

HERAP DATA BANK

Total Records 17,436

IFTR Records 10,598

Training Records 4,374

Mishap Records 895
Figure 3,

The Individual Flight Time Records (IFTR) report the number of flights and
flying hours in 1967 for each pilot, broken down by type of activity and typ:
of aircraft. These were available for only 10,598 of the pilots on the OMT.

The Training Record describes in terms of scores and grades the pilot's
progress through the Pilot Training Curriculum from start to finish,

The Mishap Master File (MMF) is a data bank on which is coded all of the data
collected in the course of a mishap investigation. The term "mishap" includes
comparatively minor accidents occurring on the ground. When the data is
keypunched, Navy Safety Center Personnel do not keypunch pilot identification
unless the mishap is judged to be at least partially attributable to the pilot.

11
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Therefore. since the HERAP data bank was built up by matching pilot file
numbers, it was impossible to use most of the records on the MMF. From
approximately 5,000 mishap reports, it was possible to match only 895 "pilot
error" mishaps. A1l mishap rates used in this study were calculated on the
basis of these 895 mishaps. Some tabulations were made to further determine
the type of mishaps on the HERAP data bank, as shown below, Fiqure 4.

TABULATION OF MISHAP PARAMETERS

Aircraft Damage % of Total Extent of Injury v of Total
Total Loss 30 Fatal, Missing 10
Substantial 9 Major 5
Yinor 14 Minor 12
Limited 17 None 74
flane 26 -
Not Regorted 5 Tar
101
Que to Enemy Action % of Total First Accident Type 7 of Total
Yes 23 Collision - Aircraft 4
Ne 77 Collision - Ground/Water 10
T00 Collision - Other 38
Stall/Spin 1
Tvpe iiparation % of Total Airframe Failure 7
,' Fire/Explosion 3
SCLR, FMLP 1 Abandoned Aircraft 4
£/ dperation/LPH 47 Landing Mishapn 22
fieiq Q:ergticn Other 11
z23 tnerztior 100

36
]
GrAs L 3
GC4 5
Shic Qperaticn 4
“arrier alifications 5

Figure 4.

“ince the date bank cccupied three reels of computer tape and réquired eight
minutes to read, a smaller data bank was developed. It consisted of 2,054
randomly chosen records. The records on this tape were shortened by one

nalf by dronping fields which were usually blank or otherwise unusable, Most
cf the statisticzal analysis was dene with this data bank,

N g SR S B TR B AL Y B e e




The Exposure Index and a Measure of Pilot Safety

It was necessary to move from vague intyitive concepts of what constitutes
a2 “safe” nr an “unsate” pfiot to a numerical definition of pilnt safety.
To be useful in the search for relationships witn the wide range of data

eI

bani_variables; -the-measure of-pt st-gafety—hud-tovary contimoousty from
"very safe" througn "average" to "very unsafe'. Assuming that a "safe"
pilot is one wno doesn't nave an excessive number of mishaps for the
ariount and circumstances of the flying he does, two different techniques
of rating piluts were developed. Either of these rating technigues is
just a watrematical statement of an intuitive definition of pilot safety.

efor. discussing the pilet rating techniques, it is necessary to consider
the interaction between pilot safety and the imrediate environment of the
pilat during his flight. Parameters sucn as weather, phase of flight,
tyre of aircraft, day or night, etc., will obviously influence the proba-
5ility tnat a pilot will suffer a mishap., The purpose of the human error
research progran is to isolate safety-related factors intrinsic to the
pilot: factors which will cause some pilots to consistently have more -
-ishaps than otner pilots regardless of the type of flying they do. With #
the ¢oal of masing the nilot safety rating free of the effects of the

envivonmrental variables, an exposure index was developed. The exposure
index was originally conceived as a reans of ranking squadrons in terms
2f safety, but it cecame clear auring HERA? Il tnat tne study of indepen-
zent nilot safety would reguire some adjustment for exposure.

T

Tne rasic concept berind tne exposure index is tnat pilots flying under

the save ccnuiticns should be expected to nave mishaps at the average rate
for all cilots. Thne rating systems compare eacn pilot's actual perfor-
2rze to tnis expected perforiance. [n order %o calculate expected
cerformance as accarately as nossinle, it is necessary to find tre mean
misrap rates within each possitle set of flying conditions. To find these
rates requires accurate data on the number of mishaps and the number of
flighis under eacn set of conditions. Tnis aata is certainly not available,
since no two flignts are under the exact same conditions, so lumping into
catagories 1s reguired.

Jata was available to calculate tne mistiap rates only wnen broken down by
aircraft iype, type of operation, any day or night. The Misnap Master
File was also supposad to contain complete information on several other
envircnmental factors for which allowance mignt have been made, but these
Jata fields as shown below were found to be over fifty percent blanks and
could not te used. There is no data on the number of flights under the
various conditions described by these fields, so that at best the data
would have nad to come from sone inaccurate guesses., The exposure index
could ne improved if the rmissing data were available.




sample of data fields from the Mishap Master File which contained over
fifty percent blanks: ' ,

Data Percent Blank
Kind of flight 85
Clearance N
Wind velocity . 95
Altitude 70
Maneuver prior to emergency 97

The final exposure index divided the types of flying into only twelve
categor ies broken down on the basis of three variables (Figure 5). The
aircraft types were grouped into three categories of hazardousness on

the basis of published mishap rates!, Type of operation was divided
into "carrier activity" and "non-carrier activity". These combinations
were further broken down into "day" and "night" flying. The overall
mishap rate was calculated for each of these categories, and the pilots
were rated on the basis of their performance relative to these standards.

FLYING CATEGORIES AND MISHAP PROBABILITIES
(PER 10?1 LANDINGS)

' Day I Night Day Night
Nen-Carrier | Non-Carrier| Carrier| Carrier | All Types
i Flights 'L Flights Flights| Flights| Flights
i
[ Low ¢ E '
59 £.65 5 '
Risk l.590 % 1.63 5. 65 5.39 1.80 ;
L
Aircraft Medium | ! !
Risk  q SSOM 0 387 5,42 33,7 46.6 | 9.05
isk :
Category i | o 1
! r i -
High i - | . L '
L R;sk l I.OFJ ; 8. JO i 03.3 98.5 'j 18.8
1 2 ‘ ‘
All | | ‘I :
Aircraft‘ 2. 00 | 3.02 3.7 6 6. 04
Types ! | ‘
| S I O
Figure A,

1. U. S. Navy Aircraft Accident Statistics, Fiscal Year 1967 (Confidential)
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RANKING OF PILOTS BY SAFETY RECORDS

The first ranking method was to obtain a quantitative answer to the guestion,
“What is the probability that, by chance alone, a pilot should have had more
mishaps than he actually had?" Within each category of flyving. the value of
the cumulative binomial distribution was calculated where

i T - sy et A
= N - o N TR AT
Cli{x) 3 B(x) Z ANk P
given x = number of mishaps the pilot had within the category

N = number of landings the pilot had within the category

p = average mishap probability for the category (from
Figure 3)

g = 1-p

A value of CB(x) was calcuiated for each category in which the pilot flew,
and these were then averaged to give his "binomial ranking"., Fiqure 6
shows the frequency distribution of the binomial rankings. Most binomial
rankings are nearly zero, meaning that for most pilots, the probability
was very low that they should have had more than the number of mishaps
which they actually had. This 1s to be expected; most pilots had no
mishaps but didn't fly enough to really be expected to have a mishap.

The highest binomial ranking value was only .28.

The second approach to ranking pilots was based on the question, "How

does a pilot's mishap rate (mishaps per 104 landings) compare to the mishap
rates of all other pilots. An arbitrary formula was devised which has the
properties:

(1) Increases in value with an increasing number of expected
mishaps,

(2) ULecreases in value with an increasing number of mishaps,
Equals zero if a pilot's actual number of mishaps is exactly
equal to his expected number of mishaps,

"Expected number of mishaps" is defined as the sum over all flying categories
of the pilot's actual number of landings multiplied by the average mishap
rate from Figure 6, i.e.:

12
Expected Mishaps = & L, x p,
S L

where, for each pilot,

number of landings in flying category i
mishap probability for flying category i

—
1]

J
u




: The arbitrary function comparing expected to actual mishaps, called the

: "x-ranking", was calculated for each pilot (Figure 6). Each pilot's

: percentile ranking on the distribution of x-rankings was then calculated
(Figure 7). This percentile ranking was used as the varifable indicating
how a pilot's safety record compared to those of other pilots.

These two ranking prucedures were gappiied to the condensed data bank of
; 2,054 randomly chosen pilots, There were sufficient data to rank only
14133 of these pilots. e

E condensed data bank could be used to predict the binomial rankings or the

; percentile rankings., A stepwise regression progran was used for most of

this work, This program builds up a linear regression equation from a set .
of candidate variables by successively inserting tne variable with the
nighest probability of significantly improving the fit of the eguation,
variables from the Officer ilaster Tape and the Training Record were used 3
as candidate variables. Predictive equations were developed for the binomial
ranking and the percentile ranking (Figure 8). Neither of these equations

is really satisfactory. The equation predicting binomial ranking has a
multiple correlation coefficient of only .58 tne other equation has an even
Tower correlation coefficient.

Regression Analysis
An extensive analysis was conducted to determine if the variables in the

'n the equation predicting tne binomial rankings the last year of combat
¢ode has a correlation coefficient with the binomial rankings of .52. This
nne variable accounts for almest all of the predictive ability of the
equation, Similarly, date of birth and percentile ranking have a correla- )
tion coefficient of .37, accounting for most of the predictive ability in i
the seccra equation.

ir botn eguaticns, a grouc of variables appear which relate to age or experi-
ence. This grour incluces birtn year, rank, total flight hours, date of
birth, and flignt nours for the past five years. In each equation, the :

overall relationship is a slight decrease in a pilot's ranking for an
increase in his age or experience.

The variable "last year of combat" was set to zero for pilots with no com-
bat experience, so that it owes some of its predictive ability to being
able to ¢istinguish between pilots who had or had not been assigned to
combat. Its correlation with the rankings both with and without these

zero values (Figure 9) was calculated in an attempt to gauge how important
the zeros are. No significant change was noted.

Comparison of Mishap Distribution to a Poisson Distribution

The distribution of misnaps among the popuiation of pilots was tested for
randomness. It is often stipulated! that the distribution of frequencies

1. Stinson, P. J. and Walsh, J. E. (1965) "An Application of the Poisson
Apnreximation to Maval Aviation Accident Uata", presented at the
35th Session of the [nternational Statistical Institute, Belgrad.
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PREDICTIVE EQUATIONS

1. Binomial Ranking = -4,703

+ 108 x {bivth year, last two digits)

: + 005 x {VTA grade)

é o - .006 x (VT3 grade)

; + ,332 x (rank code)

é ~ .261 x {months of combat)

g +1.027 x (last year combat, last digits)
+ .079 x (college level code)
- .16€ x (highest award code)
- .00C) x{total flight hours)

Ro= 58, R® = .36

2. Percertile Rankirg

= «1,808
4 ,00005 x (date of birth, days since 1900)
- .024 x (months of combat)
+ ,044  x (last year of combat, last digits)
+ 008 x (college level code)
+ .0C004 x (flight hours last five vears)
FIGURE 9

CORRELATION COEFFICIENTS FOR
"LAST-YEAR- OF-COMBAT"

WITH AITHOUT

ZERDES LEROES
(1133 cases) (156 cases)

Correlation with

Einomial Rankings .52 .37

Correlation with ,

Percentile Rankings .20 27
FIGURE 10,
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of randomly cccurring accidents is approximated by the Poisson distrtbution,
The observed distritution of numbers of mishaps for the total pilot popula-
tion was used to first calculate the mean number of mishaps for all pilots
and was then compared to the Poisson distritution having this same mean,

The theoretical and observed frequencies for each number of mishaps are

presented in tne foiiowing tabie.

TNGTTeT T JL3erved
Misnaps __ Freauency
¢ 16541
E ! 703
i 2 57
‘ 3 14
2 y
3 0
g 0
; )
8 ]

-—

.
“
]

(2

is chvious that the fit i3 not a gocd one.
'screpancies cannot ce accounted for by sampling error.

Expected

Frequen;y

16456

850

22
0.4

¢

O o O O

The cni-squared test of the

Histograms giving results of analyses of combat experience, recency of com-
Tat flydiem, “lighe scurs, co'lege level, birth date, military rank and

guzras are shown 3y Figures 14 through 20.

-
—

T




RERE-A o B -t = g - |

et LD I T

{0

30

jo

-1.

X RANKING
RANDOM SAMPLI

FIGURE 11,

Tt-13

PILOTS

N LR A (PR N P b S et 8

B AR TIC DB ATH N W P 50| Sl TH AR AR 3

1) A P i o

LR




FREQUENCY

800

6H0n

400

2ng

Histogram, Interval ws 010

X s

— - - U s .
- - <r — e ——— - B i Sibafandeatas BlEat ol
b ——
—— I Qo -— - - —— -
4 D e o - - —— - - PUDRRNY SR B
. — — - - . - SR,
. SO DU SR _ e o
. S — .
I I N E—
- a— r—-——~¥»—-« B L o
- R Ty ST DR S——
7
- - f
—— e L )
—
R S ﬁ
‘ -~ -4 ORI PRUUEPI S j—
. T T - eyt T - Rl B nane
- cuntiiimate e REL oL TR Y - o — .. R B

Do 0l 0,2 9.3 04 0.5 06 0,7 0,8 0,9 1.0 1.1 1.2 1.3 1.4
EXPECTED MISHAPS ' ’ ) )
RANDOM SAMPLE O8 PILOTS

The distribution ot vspectd mishaps, calculated by the rnethol desceribed in the toxt,

FIGURE 12.

[L-14

Sest Available Copy

TN

e

T S

e AR i . e A g

[N



TIZ e 2O F>»re O Z2—®

(T11]
40
»
3o
20
N
, | .
10 — . - T
AP
-i.
R
ol
, S A
: 1, A
‘s 1 ] :',
: : l ' s
i H ) ) | .
)] ' ) i ! : : v [ . S
1 not n.2 0.3 0,4 0.5 0.6 3.7 0.8 Nn,9 1.0 1.1

¥ PERGENTILE
RANDOM SAMPLE OF PILOTS

FIGURE 1 3.

Best Available GopY

-1

T A e 0 kMR ADL_Een 8 Il B bt 5w o BaR R 7

R



X RANKING

J

10
eele le,‘

3.0
!
»
1.0
3
:
g!
3 ;
| , ;
i !
N ;
o i
{ i
! |
' P
. ‘I z
n P 2 ¢ ‘
; ;
‘2 !
' i
H
i
{
IS T 1 L D P S S S UL NS RO e

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
X PERCENTILE
RANDOM SAMPLE OF PILOTS

FIGURE 1.
11-16

0.9 1.0 1.1



“cnEmcOmsn

«cammcOmB™

nIgTesesn, 1et00vEL 18 1M

o ‘]E T { %00 - .
- Mt S e ol . : + e I .
- - 1 1Y R
' x| — iy ——
J A0 S TN I 4 :
wh — . ) - T w0 R S
‘ N A .
~ -1 Nl e
I O It '
1 1L
- i i i [l [
I 1 1 v .
7 I3
- .} ¢ Jo0
S « .
“ ' H
U o - v
T . [
p—e — . w2 n
. s ¢
- = Y 00 A
o ] FRSRE |
|
JY Y R S
o8 i I Bt S
- =
- ' 100 SRE
i ISUSSEESRE SRR R
P
1819200 2 DN BN NN NN U RIE N 0N [] ? L} L] 10 n
SIRTH YEAR RANK
Rardom Sample of Pilots Randon Sample of Pliots
The Distritution of Rirth Years, Measured From 1900, ‘ Code for Officer's Present Work Rnges from 7 {LT)G) to 11 {CAPT).
L !
P . - 0 “n reteessn, InTERVAL 18 b8
g ;
BN BN G u
- —
et A S gt o0 :
— R Dt SRR S Spy S Hous .
-— PR SN T - el
'
T
m et - — w i -
- - p Sy ey g :
NI N : >
—_— q
L)
€ 1
“w . :
bd ¥ :
N G :
B ——
200 — 200
I O SR (RON N S —
- - . - - R L R oS ey N PR U S — h
9 — e . N RS °
0.0 Y2 2.4 )6 4.8 6.0 7.2 8% 9.7 109 12 133 WS 157 1.0 0 Vo H 3 4 ) 6 ?
NONTHS OF COMBAT . LAST YEAR OF COMBLT
Randon Sample of Pilnts Random Sample of Pilots

Distribution of the plot's most racent combat expsrience, measured in years since 1960.
B wsue Af A N dAndtraten an Armhat synerisncs.

DATA DISTRIBUTIONS FOR ALL PILOTS

FIGURE 15

-~ Best Available Co\py



y J [ 1 lJ wigrousan, 1aIRRvAL VO ..
miarueesm,
.
o : — =
1 ;
1 . c— — i ——
— ( :
-t T sl S e s et : ¥ - -
- . — — - . T :
.z - _ — T e |-
wonl| - T =
A - 400 b W
- e ¥ | —_—
¥ [
R
] —TT } w0
§ o - 9 - —
i .- v
f S _ £
4 "
! i = [
. o ]
- I . 200
DU —d
com V7 T
1004 —
ot -
0 1 ) 4 ] [ 7 [] 1 H 3 4 5 ] ? 3 9
MIGiEsT AARD YEARS OF COLLEGT
Raniom Semple of Pilots Randrm Sample of Pilots
The el tar the Wighest mi11tary decaration receivad, ranging from 0 for mo sward to
R for the Rennze Star.
7 ot R L, mroresaca, iarevaL 10 08,10
o0 , .
. W [
. = 1
0" : :
J Y 20
W0 o e
e ' 20 F
P A A
P . m -
we IR S b el 160
] R — ¢ Mo
® - e R
! - - 1
a : Q120
Y S v
¢ t
N
: = el S ¢ too -]
' Y
ro_ ]
il i Bl
an 1o o B
o :
E - |
,
1076 Hi%Y ek
SRR 7(?!’&’1 n.“xcr.,m u’v;.rsns'm o w10 0 293 SRR AT9 1172 M5 1758 2062 245 2638 2931 3224 3517 3RIL 2104
Random Sample of Pilots Hours of Flying in the Previous 5 years.

Pandom Sample of Pilots

DATA DBISTRIDUTIONS FOB ALL PILOTS

TIANPE 16

1118




g
2
<
[
o
5
z
[
5

+4
H
T

-t
L L
133
313 ' :
| 1 . i !
' ) ‘ . i N
: 10,8
ju. 8 | \ ‘ . \ .
1 N .
i .
297 7
4.9 249
22.2 22,2 ;
g g
; 19,4 gio.4 v —
" < . .
] E tev
g e a16.6 < -
3 g . .
Q 3 . [ -
2 s i”" . . <
o LY .s .
. [
1 . .
n.a na " 9 . E d .
[
e ’ '
; 3 s
1. N H . . .
* .
s [ 'y
s . e ]t
. .
TN i
2,7 7 : i MTH | "
P ., Sl !
? 12 "o 20 % ‘. 50
RANK Birth Year
Random Sample of Pilots
Random Sample af Pllote
Corde far officer’s presant rank ranges from 7 (LTIG) tn L1 (CAPT).
. Birth year is messured from 1900,
i —_
3.
1 ) ‘ | ]
i ! .
o . o i
; ' : | ! ; 1
: i | I i
2.7 - -
i , . : ;
' . ‘ ' !
4.9 24.9
22,2 oo 22.2 i :
I .
19A e Pio.4 .
) .
z i
< . '
1n b LT -
B
3
198 3= Q 13.8
Z
@
1.1 1.
- 13
o b 5.5
Y - R o T 2.7 e g e
»
{ P .
. '.-c e ..L o® o
I3 R, 10, JATT. 4hae. 5796, 6955, Blid. 927), 10432, 11592, 12751, 13910,
HIGHFST AWARD TOTAL FLIGHT MHOURS
RANDOM SAMPLE OF PILOTS RANDOM SAMPLE OF PILOTS
nu award, § - Reanre Star
FIGURE 17
1119

s AT i

3 Rt TR TR b

e




COLLECE

YEARS CF

v
" enns

L IUE )
[ P S . 9.0 | -
!
1o, ===~} 4.0 p—
!
!
. — i
7.0 A
|
M. -9 WD G0 &
t
6.0 17T :
7. L ol und E : £
H )
05 .
. Qe '
) . f
o )
L S —— E !
. 4.0 i
> .
b '
.. g
30 _ ;
i
1, -
2.t —
2 > -4 [+ ‘
1,0 — 1 —
. .- |
i
0 ~ [0 - I N
sn R AL ALR 166 19.4 252 24.9 2.1 .8 33,3 278 5.5 3.1 b0 13,9 187 19.4 22.2 24.7 4 305 13,3
BINOMIAL, RANKING
BINOMIAL RANKING
RANDOM SAMPLE OF PILOTS
RANDOM SAMPLE OF PMLOTS Last Year of Combset is menaured from 1960, except that 0 indicaies ne o cmhat
. experience,
L ) I“.L
30.0
an,
ke
1 .
=1
(%
1) . L] .
o]
. . L
g * g M
3 o . . L
3 . . . . . L)
. 1o,
. -
o sme
-
s o0 ..
p o - L] me
.
j o . » . ~p s . p
e @ L N o0 .
0
27.4 55, % R32 12 TR N I AR T 17,4 22,2 24,7 27,7 % 32,
BNINOMIAL RANKING
RANDOM SAMPLE OF PILOTS

fiGuat 18
11-20




.t
v e e e ”% N ———
: 77 ‘I [ | i ] ] T
& ! |
: X et fmed
Z -1~ - T
‘ ? -_ﬂT_é_‘ SRS 5 PRI S
Y o e |, ) - — — 4
]
i .
- - [
(. Y
H N
s b
T ¢ .
Vo = = f .
] ¢ -
0 o o
¢
1y — R
t ¢ . @ .
2 e & o . . . ¢ 0 cmiew o
) 2 -d . . [] e ilessom
: - . . L] ® & o eutlbing
- o L] + + sany]
) L] L L] 3
: = N . 3 . . . . fe
. o e ¢
. PN . R ST i - .- al o J 3
¢ 10 ] » & ] 50 " [ ] [ % 100 118 1] ] » © * © » » 1 1"
1 pERCENTILE ¥ HRCEniLL
Lages Sample of Pllcts fNondom Sople of Pilets
LAST TEAR OF COMBAT 1S WEASLRED FOCH 1968, [ICEPY TWAT O 1MOICAYES mO COMBAY EaF(1EMEE.
s ol
1 [
1 pem— e g e - " -
w |- . JEENY SR (SR SN S N S —— B &
ua.
¢ t— -
0.
] [
e L}
L ime —
: 1 fo—o -> ~— - : . .
s . . ' L o
.S ?m! 1 . . . [ v
3 . - —t . ¢ | ' L
0 ¢ ) L]
r L WAy + i
v M H '! .
[ | R - .
0 [} c e | | | Y -
¢ ¢ - 4 .
— . o
! ' . | . > :
t { ' | 1 den
s - + - —0 - [
U
, T <
7 | —- >--e -t —— [} 2 Jo M -
y HB |. 3k Y
t
1 1o - - eg— -~ o - | B 3 o L ? il
] ’ -
s N
L4
$ 4. - e et L)
. 3 : s ~ow » 1 « % © ] L %0 10 ¢ 1
& i % » L L « 1" ¢ ® 100 Mo : i
1M ¢ L LT
tyndan mple of Plicts : Asaden tampie of Pilets i
i
!
FisEf 19 i
i
i




TeTEem e

L.

1.0

FEERE

SIaTenace, InteaveL 1S .0 wigtedasn, InteavaL 18
0 N . “t-
LY . B I S
- - B Rt ot .
. - T e A
N - T o H
o T Q
P W G r N P u
C g
R N 5 N
. L et [4
. - . = \J
.. I . o
1. .- ) -
- ~ 3
nlo ‘ , .
2022 3 2o 26 2 2 0 31 32 31 343 3 3R 1 40 a2
€00t FOR OFFICER'S PRESFNT RANK RAMGES
BIRTI YEAR 1S MLASURED FROM 1900 FROM
7(LTJ6) to 1) {CAPT)
L.
e . nteavas e v wiprocRM, IutenvaL I8 1
8 M R B
140 I
100 " - -
L — - — [—
an —— o ——
SN SR
|
H
|
|
o
‘ )
PP eBAY It MEAGLRES ERre faen Jarflr Tl NTITACE
o WRIT TemERiTE COLERE LEVEL
g e CNEET RBTLLE

2est PNa'\\ab\eCopy




Slioessa atena 18 10

,‘T.]L

e — i

LHAJCAFtT L)
LI S T E ] 8 v PRORIE 5TAR

miiTevese, rutesvaL 18 K1) 4%

5

4nFmcoOmB W

.
] LP L L R 1 A LT 'Y ) 8996 6620 82 07C 08
FLIBHT wX B
.
HERA A I TR AR S A ey M TY S
.




DISCUSSION AND CONCLUSTONS

The regression analysis demonstrated that the pilot factors described on the

data bank have some influence on pilot safety. One way of interpreting the

multiple correlation coefficient is to consider its square (R2) as the

proportion of the variance, or scatter, in the pilot safety rankings which is

: explained by the variables in the regression equation. Thus, thirty four
percent of the variance in the binomial rankings can be explained by the

! influence of such variables as age, flying experience, and combat experience.
Sixty-six percent of the variance remains unexplained. :

There are several ways in which the multiple correlation coefficient obtained
in this analysis might be improved. In the interests of testing a large

amount of data in a systematic fashion, the data was used pretty much as it
came from the Mavy., In several cases we attempted to impose a linear relation-
ship on variables which had aribtrary numbers assigned to their different
levels. It would be desirable to either reorder these levels within the
variable or to treat each possible level as a binary variable indicating that

a pilot either does or does not have a particular characteristic. Plots of the
residuals against each variable were inspected for evidence of higher order
dependencies of the criterion on the predicteor variables; no such evidence

was found.

Ancother way to improve the predicition equations would be to further improve

the exposure index. The fact that the safety rankings showed some dependence

on intuitively meaningful variables such as pilot experience is evidence that
the exposure index has successfully removed some of the effects of the different
tyres of flying environment, but doubtlessly some of the unexplained variance

15 still due to this effect. Another factor contributing to the lack of a

high multipie correlation is the spotty, incomplete nature of the data base.
Perhaps an effort to collect fewer types of information in a more complete
manner might be productive.,

Fiqure 5 shows the final regression equation to predict the binomial rankings.
This ecuation includes every variable with at least a ninety percent probability
of actually contributing to the "fit" of the equation. Figure 22 is a summary
of the increase in the nultiple correlation coefficient as the computer

pregram moved through the various steps of curve fitting. The first two or
three variazbles entered account for most of the predictive power of the equation.

it should be remembered that an unknown portion of the correlation in this
equation is due to characteristics of the sample population which are not true
characteristics of the total population. If the ecuation were to be applied to
some other sample population, it would not account for as much of the variance
as it does for this population. It is difficult to estimate how much of this
“shrinkage"” will occur. Future investigations might well apply this equation to
some other population in a cross validation to measure the actual shrinkage of
the predictive power in at least one case.

Despite these criticisms, the multiple correlation found for the binomial ranking
equation i5 in the same range as those used with success in areas such as employee
selection. This equation could be used to predict the binomial ranking scores of

t-2d et Aunit=hle GO




individual pilots. The predicted binomial ranking scores reflect the
probability that a pilot will have mishaps at less than the expected rate.
The eguation could be applied to 31 group of pilots to differentiate between
those who were expected to perform well (high scores) and those who were not
(low scores).

SUMMARY TABLE FROM STEPWISE REGRESSION . — i;

The dependent variable is brnomial Ranking

STEF YARTABLE MULTIPLE INCREASE I VALUE
NIMBER ENTERED_ R R-SIUARED [N R-SQUARED 1O ENTER
| Last yr. combat .52 .27 2748 428.7
2 Birth year .55 .30 0252 40.7
3 Months combat .56 RCh .0128 2.1
d Pht .57 .32 .0085 14,1
a Level ceollege .87 .32 .0034 5.6
£ furrent scurce .57 .33 .0024 4.0 ?
; Total! flignt hreurs 57 33 .0021 3.6
P Hignest award .38 .33 .C022 3.7
: Pani .58 .33 0019 3.2
12 YTd .58 .34 .0018 3.1
i
Ficure 22
il &>
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RPPENDIN A

The results of the &4 aircraft task analysis are shown
on Figures i thrsugk &, The figures iliustrate the techniaue
used and the ~2latiensrip of work load to accidents.
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ARSTRACT

A state of fatigue, induced by continuous performance of tasks over
prolonged working time, was studied in a laboratory envirgnment, The
tasks were selected to resemble the afrborre activities necessary to
a prelonged ASW mission,

Two loading conditions were imposed such that 12 subjects in a High
Work Load (HAL} group worked without rest for approximately 18 hours
and 12 different subjects in a Low Work Load (LWL) group worked for
the same time span, but were permitted equal time on and off work,
such that their workload was approximately one-half that of the HWL
grouc.  Psychological, chysiological, Siochemical, and performance
measurss were taken for eacr individual subject.

Perfirrance decrement was obtained for the Hul reflecting at least
medarate fatigue. A specially designed Discrete Tracking Task was
the rost sensitive index of faticue. The task was moderately diffi-
cult with almost excessive temporal demards. The HWL group also made
larcer tire estimaticr errors late in the session than the LWL group,
Ne other psycnoiogical, bicenemical, or physiological variable was
correlated with performance decrement (Fatijzue) in this study.

-11.




PREFACE

This report is one of the three parts of the Final Report of

Contract No: NOGI89-70-C-0012. -

Human Error Research and Analysis Program (HERAP).

The three parts are:

I. : : (JACK TARR).

] 1. | (JACK TARR)

1. (CREAMZR, L. R.; WHEELER, D. E.;
- GABRIEL, R. F.)
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INTRODUCT 10N

Fatigque 15 an elusive phenomenon. Although virtually everyone has experienced

it, fatigue s extremely difficult to define to everyone's satisfaction, and
perhaps even more difficult to measure. Some authorities consider the term of
negative vaiue and prefer not to use it. Nonetheless, "FATIGUE" is frequently
thought to be a contributor to accidents and reduced effectiveness of personnel.
[f so, understanding fatique is crucial to all areas of endeavor, and particularly
to military commanders, who may find it desirable to schedule personnel for
frequent and/or extended missions.

Many studies have been performed to improve our understanding of fatigue. Fatique, ?
for most of tne scientific studies, has been operationally defined as the
degradation in performance or affective state resulting from previous work.

This definition, of course, could include studies such as those in the area of
vigilance, in which boredom may play a prominent role. Indeed, boredom may be

on one end of an activity continuum with fatigue at the opposite end with normal
daily activities along the mid points. However, boredom need not be a concomitant
¢f work cr even extended work. Therefore, it is considered for the purposes of
tnis present discussion as a confounding variable and as something to be avoided
in fatigue studies insofar as possible at the present time. Sleep deprivation

for extended periods is also viewed as a separate, although relevent, variable

and 1is purposely ignored.

Jnce fatigue is well understood, it will be possible to include its interaction
#ith the variaples of boredom, environmental stress, anxiety, abnormal sleep
deprivation, diurnal cycle effects, and similar stresses. Thus, the present
authors would accept the aperational definition above only if qualified to exclude
boredom and other confounding stresses.

[rr -
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Most of the fatique studies reported are limited by the relatively )imited nature

of the investigation. In fact. Harric and hic goworkors  [125E

-

)

e ki
state after an

o
~

actensive review of the literature that the level of performance as o function

seerstadTed systematically under long-term or short-term con-

ditiong,

A number of laboratories have conducted programs which included several studies.
Especially notable were tne studies conducted by the R.A.F. Institute of Aviation
Medicine {Fraser, 1954; Fraser, 1953; Fraser. 1957; Fraser and Samuel, 1956, and
Jackson, 1956}, Among the conclusions reached by these workers are: (1) a sig-
rificant fatigue effect occurs after continuous ten hours of flight in a pisten
engine aircraft; and after three one-hour sorties in jet fighter aircraft or

after two one-hour sorties at night; (2) no significant fatigue effect is
observable after continuous sorties for 3 - 4 hours in a jet bomber during the
day; (3) considerable fatigue may be produced by flying four 15-hour sorties at
night with one day's rest between each sortie for long-range piston engined air-
craft; and (4) marked changes in performance and subjective states after prolonged
regeated flights can occur without very extensive and, as yet, detectable physio-
Togical cnangas (Fraser, 1958). The specific dependent measure which seems to be
the ~gs*t reliable index of fatigue was the variance of the subjects' estimates of
trnie time at wnicn a slowly varying signal passed through the center of a projected
disclay (the Z function). This task was -2rformed before and after flight.
Although one report in the series (Jackson, 1956) reported a decrement in holding
2 constant neading after forty mir ites, this may be a function of boredom rather
tnan fatigue.

tfforts to measure a decrement in on-the-job perfocrmance have been generally un-
successful. A typical study {Shaw, 1954) involved Air Traffic Control operators

#nc were administered a test before and after regular seven-hour dyty watches

whern traffic was heavy engugh for near continuous work. Althouygh subjects occasion-
ally compiained of fatigue, no performance impairment was obtained. firandjean
11963) notes that such studies have one inherent drawback; work has a stimulating
sffect on (a cerson) wnicn may overcome existing fatique. This is particularly

true if the wcrker knows he i5 being abserved or tested.




A number of studies have attempted to correlate physiological or .-vchological

modifications to performance decrement. Physiclogical concomitants have not

heer nromising, to ddate. Grandjean (i969) states that there are no practicab =
physiciogical or psychological objective tests of fatigue which can be used in

SRR b R ! 1] RLELL P P

indus try with success.

In spite of the lack of systematic knowledge after considerable effort, there is

a need for the definition of a quantitative relationship between the duration of
activity and the degradational effects which everyone is sure exists, and objective
siethods of predicting decrement.  Carpenter, Creamer, Gabriel, and Burrows (1969)
defined a set of goals wnich appear valid. These included:

1. Define performance parameters influenced by continual work load.

2. ZJetermine the work load which results in the degradation in
serformance.

3. Zefine physiological and/or behavioral indices of the output
of fatique.

4. vevelop an understanding of the underlying mechanisms involved
ir performance degradation.

(#3]

Liscover methods of mitigating or alleviating degradation
witnout adverse side effects,

In tne Carpenter, et 1l., study, a large number of potential behavioral and
snysiological indices were evaluated in eight-rcur simulated airborne ASW missions.
Tney also attempted to evaluate Bartlett's hypothesis of incressed variaoility and

perceptual break-up (Bartlett, 1953). One of the limitations in the study, however,

was the 5iight degree of facijue brought about by the efght-hour simulated missions.
It was decided, therefcre, to conduct an experiment which would attempt to increase
the fatigue state and use some of the mest promising indices of fatique used in the

il - 3




Carpenter study. Psychological dependent variables selected were near and far
phoria, time estimation and size constancy. FPhysiological variables deemed
showing promise for application in the operational setting were heart-rate,

Several additicnal promising measures were added. Kalsbeek (1968) found that
heart-rate variability ("sinus arrythmia") was directly related to the work load.
This variadility decreased as a function of the difficulty of the task. [t was
hypothesized that heart-rate variability over longer time periods might be

related to fatigue.

respiration rate, basal skin resistance, and core temperature, J;

The phospnolipids yielded statistical significance as a function of load in the
Carpenter study. Analysis techniques are involved and it was decided that

operational use would be limited. Urine analysis of sugar, protein and pH was g
substituted since these analyses are easily performed.

7o allow for an extension to 16 hours or more, a laboratory study was designed.
Tasxs, however, were selected to represent those typically required in airborne
ASW missions.

ir. addition to determining sensitive indices of performance decrement, the useful-
ness ¢f the variables in predicting specific performance decrement was to be
assessed. This latter factor greatly influenced the experimental design,

Ir surmary, the objectives o* the current study were defined as:
1. Validate specific results of the Carpenter et al. (1969) study.

2. Extend the fatigue state until greater performance decrement
was obtained.

3. Define the correlation of performance decrament and psycholo-
gical and physiological measures; that is, determine the amount
of change for & given degree of performance decrement.

4. Evaluate heart-rate variability as a measure of fatigue. 2

1L - 4
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Twenty-four male graduate and under-graduate students from California State
College, Long deach, were used as subjects (Ss). Volunteers were solicited

for paid participation. From those volunteering, Ss were selected on the hasis
of good health (see Appendix for screening questionnaire), prior military ser-
vice (no’ nossible in all cases), and willingness to complete the experiment or
go without cay. The age of those selected ranged from 19 - 29 and averaged 22
years,

EXPIRIMENTAL DESIGN

A Lindguist "Type I" experimental design was used (Lindquist, 1963). Twenty-
four Ss were randomly assigned to ore of two groups, twelve to the "Low" Work
toad grous LWL}, and twelve to the 'High" Work Load (HWL) group. Work period,
the secord ‘ndependent variable, was a within subjects' comparison. Subjects
sartizinated for one day.

Twe S¢ were testec each experimental day. Ss for a given day were assigned to
the same werkload condition to reduce motivational confoundings. QOther effects
for days were controlied by counterbalancing.

ZQUIPMENT AND TASK DESCRIPTION

Excerimental Area

The experimental room is represented in Figure 1. The room was partitioned by
portabie screens into three general areas: A work area, which included three
work tables on which the various tasks were performed; a sleeping area, which

-
—
-
0
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contat ez two Army cots anc sedding: and an experimenter's area wnich contained
task programming, data recording, and processing equipment. Tne arrangement wa-
designed to minimize visual intrusions and distractions for the Ss. Lavatories
were located approximately 50 feet away.

Temperature within the test chamber was maintained between 74° and 76°F. except *
during sleep periods, when it was raised to 78° to ensure comfor} with a single
blanket. I1lumination was from diffused fluorscent lighting. Incident light on
the work surfaces was 80 foot-candles. Noise levels in the laboratory ranqged
from 63 - 68 dBC. Much of the noise resulted from the air-conditioning and was
greatest for the lower octave bands.

Physiological Recordings

Pnysiological data recorded included heart-rate, basal skin resistance, thoracic
and abdominal .respiration, oral temperature, and urinalysis of pH, protein and
glucose. For the first three (continuous) measures an automatic timer controlled
the circuitry so that for each successive six minutes, three minutes of data were
collected for each S in alternate three-minute intervals.

To obtain heart-rate data, Beckman biopotential skin electrodes wére applied to
the shaven chest after cleansing the area with isopropyl alcohol. A detergent
electrode paste was used. The heart-rate signals were amplified by a differential
amslifier with a gain of 15,000 and a band pass of 5 - 45 Hz to enhance the
signal-to-noise ratio.

7o obtain values of variability in heart-rate, the basic data recorded were the
times required for 10 successive heart-beats. This was accomplished by detecting
the P-wave of each successive beat by a Schmitt trigger. An inteqrated "divide
by 10" circuit was used to gate the initial pulse and reset after the 10th heat.
An oscillator counted the time required for the ten heats and was recorded by a
digital printer. -

e -7



— silicone_rubber,weraused-—The strain-ganges—were-commected—to-omerha s

Jata were acquired for both thoracic and abdominal respiration. Specially
develonped strain gauges, consisting of a thin brass seam, encapsulated in R.T.V.

FFdrrh
gered—to— o H THCH

alastic bands sewn to a fabric belt, Velcro was used con the ends of the belt
to allow adjustments, Ore belt was worn arpund the chest, while another une
enclosed tne waist, The outputs of the transducers were fed to self-balancing
bridjes and recorded on a Beckman strip chart recorder. Three minutes of data
were acquired for each subject in a given six-minute interval,

5asa) skin resistance was sensed with electrodes placed approximately 8 - 10
inches above the ankle on the right tibia. A 10 microampere 100 Hz activating
current was passed between this electrode and the common ground electrode located
approximately 2 inches above the right ankle. One value was obtained for each
ten veats of the heart, processed through a digital voltmeter and printed out.

A telt nack, consisting of batteries, etc., was worn at the waist. Leads were
bundled into a 45-inch cable for flexibility in movement from one task to another
around the laboratory. For sleep, the battery pack was mounted on the wall
adiacert to the head of the cots. A1l digitized heart-rate data were also
reccrdec in analog form on the sirip chart recorder for redundancy.

Oral temperature was obtained with a standard clinical ¢ral thermometer.

Jrinalysis to determine pH,'Q]ucose,‘and protein concentrations was performed by
tnz Zomcistix method.

3lock and/or wiring diagrams of this physiological data system(s) are provided
in the Appendix.

[1i - R




Performance Tasks

Performance tasks were divided into two types - loading tasks and test tasks,
Tne loading problems were designed to generate fatique, while the test tasks

]

were dusigned 4o measure fatigue unconfounded by differential practice. Tasks
were selected to relate to typical ASW operator requirements.

The continuous tracking task was the primary electro-mechanical device required
for tne loading portion of the experiment. The block diagram for this system is
avovided in Figure 2, The S was required to center a "blip" on a five-inch
catnode ray oscilloscope ty manipulating a control stick. The "blip" was per-
turbated, in the horizontal axis only, by a random forcing function from a random
ncise generator., The contrel stick was spring-loaded to center, presented little

resistance to displacement, and was free to move through 36090,

L feednack 100z in the circuit increased the difficulty of the task as a function
of the operatar's (Ss) performance. The output of the averager was continuously
fed back into the analog multiplier to vary the display sensitivity. The dis-
clay sersitivity varied from 2cm/volt error in the easiest state to 20ecm/volt
grror in the mest difficult state. The voltage output of the averager was also
fed through an amplifier and integrated over one-minute intervals of time. This
value was displayed on an electronic counter as the performance measure. Thus,
the dependent variable was the forcing function displayed as a unit of voltage in
artitrary units. Poor performance and/or low effort were represented by a low
forcing function voltage. Cifficulty level varied from 105 to 400 volts.

Additional loading tasks consisted of cognitior tasks, such as solving navigational,
plotting and fuel consumption problems. A total of 82 such problems were prepared.

Twenty-seven of thase protlems were estimated-time-of-arrival problems, while
thirty-four were plotting problems, and twenty-one were fuel consumption problems.
Forms were prepared which provided the necessary data and Ss were to carry out the
mathematical solution. The Appendix provides an example of each type of problem,

Itr -9
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Tne test tasks included Discrete Tracking, Track-to-Intercept {TT1), and psycho-

pny 5 v
stancy. The Discrete Tracking (DT) task consisted of six vertical and six hori-

~at n and clisa rAan.
cal poiCh, angd 5128 CO0

i

zontal lighfs in an " }-"arrangemcnt mounted on a vertical panel. Push-button
switches on a keyboard were similarly arranged. If a 1ight was on, the depression
cf the corresponding push-button would extinguish it. Two lights were illuminated
at a time, one in the vertical row and one in the horizontal row, in a random
order. Tne §'s taesk was to turn out the lights as soon as he could, using the

left hand for the vertical column of switches and the right hand for the horizontal
row of switches, The presentation rate of the lights could be programmed for

¢6, 30, or 33 light pairs per minute and was independent of S's response. A switch
on the experimenter's console was used to establish the desired rate. The cire
cuit provided for the accumulation of the total time the operator was on target
(i.e., lights turned out) for each one-minute interval,

A vigilance task was performed during the discrete tracking test. This task
involved detecting the illumination of a small neon light located approximately
at seated, eye-level and 30 inches to the left of the operator at a 45%-angle,

A push-button switch mounted on the table-top to the S's left was used to indicate
signal detection and turn off the light. The light was presented at random, with
the following constraints: a total of 5 presentations in each block of ten one-
minute discrete tracking periods, no more than three presentations would occur in
one five-minute period, and no lights presernted before 15 seconds aor after 45
seconds of a given one-minute interval had elapsed. A digital timer connected in
series with the light and switches allowed the experimenter to record detection
times. The light was turned off by E if not detected within one minute.

The S used a standard Bausch and Lomb Orthorate. to measure near and far phoria.

Limb steadiness and time perception, although two separate tasks, were administered
simultaneously. Limb steadiness involved inserting a one-eighth-inch metal stylus
into a one-quarter-inch circular aperture with the preferred hand. Contact of the
stylus with the side of the aperture completed a circuit which activated a digital
timer. The recorded measure was error. The 5 initiated the trial when he was
"set'" and terminated when he judged his time estimation interval had elapsed. Time

intervals to be estimated were between 34 and 73 seconds. One value was randomly

Iy - i




selected for each trial. The S turned a switch starting the time estimation

timer and actuating the limb steadiness c¢ircuit. When he judged that the gtven
interval had elapsed, he turmed the switch off and vecovded his times. Al 53 E

counted backward from 100 by 3's while performing these tasks.

The test for size constancy required S to estimate the actual Yength of a pro-

4 Jected vertical Tine from a distance of 9 feet. FEighty-one photographic slides

E of narrow black rectangles, ranging in length from 5 to 50 cm in 1 ¢m units, were
projected on a white paper screen, Ten slides were displayed during each test
unit, by means of a Carousel slide projector. The order of the slides was
randomly determined and repetition of lengths was also random. The S viewed the
projected image and using a reference scale provided at his station, estimated
the length of the image in centimeters. Figure 3 provides representative views

g of the apparatus. The Appendix provides the specific task instructions.
PRICECURE
Preliminary Study

Four Ss particinated in a preliminary study consisting of two test days, one day
for each work load condition. This "pilot” study served as a dress rehearsal for
the experimenters, established S training requirements and assisted in refining
the experimental schedule. These data were not included in the results.

Daily Schedule

Or a test day, two Ss reported for duty at 0345 hours. Both Ss were assigned to

the same work load group. After a preliminary briefing and familarization with

the Taboratory area, Ss filled out a questionnaire and had thelir oral temperature
taken. Next, a brief familarization with the task equipment was provided. Dur-

ing the briefing, Ss were informed of the monetary bonus of $20.00, $12.50, and $5.00.
for the best 3 performances in their group. Although Ss knew about the general

nature of the study, they were not informed of the existence of two groups. The
physiological recording preparation consisted of the attachment of sensorc and

the physiological harness to the Ss. The foregoing activity required about one-

nalf hour.

[1r - 12
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“difference between covariant tests and later tests was the presentation rate on

Specific, in-depth training on all tasks was given next. An average of about
two hours was devoted to this training. althoudh this time varied somawhat, due
to individual differences. Since most of the tasks were largely seif-administered,

v - 3 Y T T S S b gon e B e ST £ THEE S 1V ———
it waeimportarttoheTertaiv that the STWere thGroUghly TamiiTar with the

requirements. Training consisted of demonstrating the task, instructing in the
specific components, and providing practice with feedback.

Two complete test cycles were performed as covariant measures before the load-test
cycies were started. Since only one set of equipment was available, 5s were

sequenced through tasks in the same order but offset by one task. The only

the discrete tracking task, which was increased from 26 to 53 1ight pairs per
ninute,

Subjects started the loading tasks immediately after completing the second co-
yariant session,

Tz gereral plan of the experiment was to load the $s for a series of consecutive

time periods with test periods in between. The loading period lasted approximately
75 minutes, while the test period required 20 minutes (see Figure 4 ). One S
worked on continuous tracking while the other S worked on cognitive problems. i

After 35 minutes, they changed place for 35 more minutes.

A similar procedure was used during the test tasks, One S wouid work for the
assigned length of time (approximately 5 minutes) at one task, -.g., discrete
tracking, while the other would work at the psychological task., etc. in the test

pnases. However, the Ss completed each test task just once, before going back
to the lgoading tasks to start the whole cycle over.

The Ss in the HWL group received no breaks, except for 1 or 2 trips to the iava-
tory, until just before the sleep period. Eating ‘sandwiches, crackers and E
peanut butter, fruit, cookies, and candy bars) took place while the § was working |
on work load tasks. Food was provided at 1330 and 1900 hours.

Ir - 14
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The_LHL group followed the same schedule as the HWL group, with but one change,
After each 5 min. in the work load phases, a 5-min. rest was provided. There
fore, the LWL Ss were loaded only one-half as much as the HWL Ss, excluding

-

The completion of the ninth cycle tebminated the work portion of the test day.

The physiological harness was uncoupled and the Ss taken to the lavatory, where

a urine sample was obtained and tested. When the 3s returned to the laboratory,
they completed the self-inventory which was designed to determine their subjective
state of fatigue. The physiological harness was then re-coupled and the Ss
retired to the sleeping area. Laboratory lighting was extinguished during the
sleep phases,

The Ss were awakened at 0730 hours, after which they completed one additional test
period identical to those of the preceeding day. The Ss were then released and

the laboratory secured.

Three experimenters (E) worked 8-hour shifts. Neither Ss nor Es were allowed out
of tne laboratory except for the required lavatory visits.

[ir - 16
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RESULTS

The results are presented under three separate headings. First, evidence 1s pro-
vided to determine whether fatigue was produced in the HWL. Potential correlates
of fatigue are then considered and, finally, data testing Bartlett's Hypothesis
are presented.

During the long, continuous experimental sessions, some data were lost. Equip-
ment failure was the primary cause of lost data, but in two cases the §s failed
to understand the instructions, In most cases where data were lost, data from

a comparable S in the other group were discarded, so that analyses were balanced
for order effects. A very few physiological values were estimated by using
adjacent values. In these cases, the Degrees-of-Freedom (gj) in the error term
was corrected.

The experimental design is shown schematically in Figure 5. Subjects are nested
within workload, but are crossed with test periods (or loading periods or time).
For Discrete Tracking, two additional variables were added (Minutes within test
periods and horizontal versus vertical Time-on-Target (TOT)). The basic design

remains unchanged, however, with these added variables being crossed with all
other variables.

The .05 level was used for all significance tests. Any F ratio followed by an
asterisk is significant at p <<.05.

OPERATIONAL DEMONSTRATION OF FATIGUE

[t was important for the purposes of this experiment that there was evidence of
fatique. Further, magnitude of fatigue at different times in the experimental
session would aliow for correlatior of potential fatigue indices with performance
decrement attributable to fatigue.

Irr - 7
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Oiscrete tracking was the primery task to demonstrate fatigue, but continuous
tracking, the cognitive track to intercept problems, and the Self-Report I[nven-
iers 415G used. Since a good deail of iearning was anticipated, the

hmaan
Wiry, n

divergence of the LWL and HWL functions was considered to be the best operational

demons tration of fatigue. Further evidence of fatigue could be inferred from a
decrement for the KWL Tate in the experimental sessfion, should a decrement occur.

Jdiscrete Tracking

The performance measure for Oiscrete Tracking (DT) was a Time-on-Target (TOT) in
seconds cumulated over one-minute-periods within the Horizontal and Vertical dimen-
sions. The pace was rapid producing the relatively low mean TOT scores shown in
Figure 6.

The most salient feature of these data is the significant WL X Test Period inter-
action (see ANOVA Summary in Table I). The groups begin to dive-ge on the fifth
test period and the difference is obvious on the seventh test period,

8oth groups show approximately equal performance decrement on "the morning after",
Test 1J. The relative difference between the aroups is virtually unchanged by
the short sleep period (4 -~ 6 hours).

Tract-to-intercept Cognitive Problems

The cognitive test problems, track-to-intercepnt, were scored in three parts, each
having a value of one. Therefore, a 5 could obtain 0, 1, 2, or 3 correct for a
particular test pericd. The mean number correct responses are shown in Fiqure 7.
The ANOVA F values are also shown.

In order to reduce the errur variance and also to statistically equate the two WL
grouns, an analysis of covariance was run. The two preliminary cuvariant trials
were combined as the covariant and test periods 6, 7, 8, 9, and 10 were summed for
the variate. The WL, F (1,21) = .849 was not significant.

Ir-18
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TABLE

l

Analysis of Variance Summary Table for Discrete Tracking

e et e e i ees Same o i

Source df Mean Square F.
I Work Load o 657.46 0.48
K Test Period 9 540.03 2.02
L Minutes in Test Period 4 33.98 2,91
M Horizontal/Vertical 1 509.65 0.73
J(I) Subject (nested within) 14 1365.52
[K 267.78 3.97
L 7.77 0.67
KL 36 6.62 1.13
™ ] 13.79 0.02
K 9 12.41 0.62
LM 4 6.25 4.43
JX{T) 126 67.46
JU(T) 56 11.67
IM(T) 14 694 .84
IKL 36 5.50 0.94
IKM 9 18.79 0.90
ILM 4 1.41 0.07
KLM 36 .92 0.90
JKL(I) 504 5.88
JKM( 1) 126 20.83
JLM(T) 56 4.34
IKLM 36 3.27 1.00
JKLM(I) 504 .27

*

Significant at .05 level

19




Cnntinuous Tracking

The adaptive Continuous Tracking (CT) task ytelded a response measure which

Ty

W*hcteﬂ "”’*’*‘-E“ﬁ‘*ﬁ. TTiC f Iﬁ#sivl Qlu’q luﬁ -Uﬂ Was measure:

arbitrary voltage units, such that large values represent hard work and good
gerformance combined, wWith the control stationary, a score of 105 resulted in
a gne-minyte-period. The best score obtained was just above 400,

The means are shown in Figure 8 . It is obvious that the groups differ for all
1sading periods. The WL X Loading Period interaction was not significant to
support the trends for th: iigh and Low WL functions to diverge across loading
periods.

The main effect between groups dissipated when an Analysis of Covariance was
used. Loading period one was used as the covariant and periods 6, 7, 8, and 9
were combined as the variate. The F (1,21) of 1.704 was not reliable. The LWL
adjusted mean was 372 and the HWL adjusted mean was 348 with the difference still
favoring the LWL group.

Using the OT function for an estimate of the onset of fatigue, one further analysis
was performed to see if the WL functions diverged significantly after the fifth
loading perid. The F (3,66) = 4.651 was significant for the WL by Loading Period
interaction. The HWL decrement was significant for these four loading periods.

Ouring the last four load cycles performance did deteriorate with the loading
cycle. Means were computed for each of six five-minute work periods for the cycle.
From the first to sixtn, the means were: 354, 341, 336, 328, 326, and 327.

Self-Report I[nventory

The Ss self-report respanses are summarized in Table [], Means for High and Low
WL's and Estimated Standard Error of Means are given.

[IT - 20
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Mean liusber Correct Responses

TEST PERIOD, LOADING PERIOD, OR TIME

1 2 3 ] [ ° ° 0 L]
SUBJECTS :
)
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3
L}
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3 12
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7
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n
12
Figure 5.  Schematic presentation of the experimental design. ™
columnt indicate test periods, losding periods, or time,
depending on the dependent variable being considered.
W= Fly,22) » 618 .
Test Perlod < F(9,198) » 2,705 ¢
2.6 1 WX TP - F{9,198) » .432 ns,
2.4 ]
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Figure 7 . Meun numper correct Track to Intercept cognitive problems as 2

function of WL and Test Pertod. The WL, Test Period, and WL X TP
interaction F ratios are also presented.
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Figure 8. Mean Continuous Tracking Yoltages of the Forcing function
a3 a Function of W and Loading Period. The F Values are
also presented.



TABLE 11

(Pg. 1 of 3)

SELF-REPORT INVENTORY WITH ITEM MEANS AND STANDARD ERRORS

OF MEANS FOR HIGH AND LOW WORK LOAD CONDITIONS

Strongly Disagree
Disagree

Agree

Strongly Agree

"

£ oy —
]

LOW WL HIGH WL
LTEM MEAN S.E.| MEAN S.E.
3. When it was time to eat lunch today, I 1.42 15 1.33 .19
seemed to have lost my appetite,
4. Time seemed to péss very slowly, 2.00 A7 2.17 17
5. The break for lunch seemed to refreéh me. 3.00 21 3.25 22
6. Any errors | made tbday wére the fault of .42 15 1.42 .15
other people.
2, 1 did not maintain the same lavel of 2.58 .23 3.00 .28
performance throughout the day.
9. It was difficult to wake up this morning. 2.42 .19 2.33 .22
11. The tasks seemed to be reiated to'flight. 3.17 1 3.17 .24
13. I felt as though I were pushing myself to 2.50 .26 2.83 ,24
complete the tasks.
15. I had difficulty falling asleep last 1.67 .19 1.92 .23
night,
17. 1 felt that if | could have just stopped 1.58 15 1.75 .18
and closed my eyes for ten minutes, I
could have continued working indefinitely
18. MNow that the day is over, | feel tired. 2.83 a7 2.92 .23
19. I could not have continued working for 2.00 A7 2.42 .26
several hours more,
20. 1 did not get a good night's sleep 2.08 .19 2.17 .24

last night.

[T - 22
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1 = Never ,
2 = Sometimes Table Il (2 of 3)
3 = Qften
4 = Constantly
| | Low WL H1GH WL
: [TEM T S R PR
o MEAR | S.L. ) MEAN S.E. ]
? 21. . . . became irritated and impatient 1 1.33 g4 | 1.3 .49
with other people's errors. 0
: 22. . . .l could see my performance deviating, 51.67 14 1.92 .51
E bt 1 felt no particular need to attempt
5 to correct the dev1at10n
23, . . .my eyelids felt heavy, and my eyes ?1.75 .22 1.83 72
wou1d begin to close. ;
2. . . .my leg feH asleep. ﬁl 1.08 .08 1.08 .29
5. ...y Jo‘ints ‘became stiff. 11,50 19 2.00 1.04
27. . . .my responses seemed sluggish 1.92 .08 2.25 .75 %
28. .the physiological 1nstrumentat10n 1.58 15 1.67 .65
1nterferred with my normal duties.
29. . . .it was hard to concentrate on the 1.42 15 1.92 .79
task [ was doing.
0. . . .1 became sleepy. 1 2.00 A7 1.92 .51
31. . . .numbers on dials and charts appeared | 1.42 | .19 1.58 .67
fuzzy. | |
- . ] i
32. . . .l became bored. 1 1.83 | .11 0 2.42 .90
- : : | | i
33. . . .1 felt that [ wanted to quit. 1 1.50 1 .19 ! 1.92 .79
34, . . .my speech became slurred, and I i 1.75 ' 13 1.42 .67
mispronounced words or revised the : | |
order of words in a sentence. ; i i
35. . . .1 found myself day-dreaming. i 2.25 | .13 | 2.58 .79
36. . . .my responses seemed sluggish. j 2,00 | .7 L 2,50 .80
37. . . .l developed a headache. 117 : 1.08 51
_ i f !
38, . . .l began to lose interest in the ; 1.58 ! A5 1.67 .65
tasks and my performance. : : :
39. . . .a ringing developed in my ears. S100 1 00 13 65
1 | i
| S R S

11 - 23 g




Table II (3 of 3)
1 = Never
2 = Sometimes
3 = Often
: 4 = Constantly
— ]
ﬁ LOW WL H1GH WL
TTEH TMEAN | S.E. | MEAW SE.
? 40, .1 began to sweat. 1.17 N .92 .29
41, . . .1 became sleepy. 2.00 2 1.75 75
”43. .the noise became annoying. 1.75 13 1.33 .65
443, .my leg fell asleep. 1.08 .08 .92 .29
45, .1 rubbed my eyes. 2,00 21 | 1.83 .83 |
| . - P
E 46. . . .the instrument harness felt 2.25 .18 1.67 1.07
uncomfortable.
37. . . .it became difficult to make decisions
quickly. 1.83 1 2.08 1.00
48. . . .a pain developed in my neck ard
shoulders. 1.58 .26 2.08 1.00
49, . .l yawned or stretched. 2.42 .15 2.67 1.07
50. . . .the ear phones became uncomfortable. 1.58 .23 2.92 1.31

Il - 24




Several items offer evidence of the Ss perception of fatigue symptoms. The

HWL groups felt they did not maintain the same level of performance over trials,

felt more tired at the end of the day, felt less motivated to maintain thelir
——parformance-at—a-high tevel, felt-that-their—respinseswire more-shuggish,and————

[¢

felt they had more difficulty making quick decisions than the LWL yroup.

These and many other items indicate that the HWL group verbalized more fatigue
symptoms than the LWL group.

il

CORRELATES OF FATIGUE

Given performance decrement as a function of continuous work, certain physiolo-
gical and psychological behaviors may change systematically with the decrement.
Several variables were neasured to determine their relationship with the perform-
ance decrement,

i,

Phoria

Near vertical, near horizontal, far vertical, and far horizontal phoria were 1
measured each test period. Zero phoria on the vertical measures was indicated by
a response of five, the center value of a nine-point scale. Zero phoria for
horizontal judgments was a response of 8.

One measure was obtained in each of the four phoria tests in each test period,

These responses were then transformed to deviations from 5 (or 8 for the horizontal).
The algebraic means (use sign) of these deviation scores are shown in Figures 9
through 12. The data offer no suggestion of progressive changes in phoria across
Test Periods.

IIT - 25
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Using the covariant measures, :he phoria scores were also analyzed with an
analysis of covariance. Test scores 6, 7, 8, 9, and 10 were summed and used )

as the variate. The WL F ratios were .834, .127, .976, and .939 for Near Vertical, 1

e e o —Npar-HorizontalFar-Verticatand-Far-Horizontatyrespectively v with trand 2V df T T T

No significant effects .ere obtained.

E Since tendencies toward positive and negatfve phoria for later test periods

might balance one another, the absolute means (disregard sign) were also

i analyzed. These means are shown in Figures 13, 14, 15, and 16. There wers ro
significant effects and no meaningful trends.

el

Again, an analysis of covariance was used to reduce the error variance and
statistically equate the WL groups. The WL F ratios were 1.921, .066, .076, and
| 2.163 for Near Vertical, Near Horizontal, Far Vertical, and Far Horizontal, i
respectively, all with 1 and 21 df. None of these values are significant.

Time cstimation

recoraed to the nearest .1 second and these values were transforme; Lo absolute
deviations from times to be estimated. The mean absolute erro:r scores as a
function of WL and test period are shown in Figure 17. The HWL groups made
slightly greater errors and this tendency increased in the later work periods
out these differences were not reliable. The discrete tracking data are also
presented for a direct comparison of the two variables. The point of divergence
for both functions occurs at approximately the fifth loading period.

Buring each test period, the Ss made one time estimate. Their resco..es were ‘

An analysis of covariance using two preliminary trials as the covariant and com-
bining Test Periods 6, 7, 8, 9, and 10 as the variate, was significant, F (1,21) =
6.158. This analysis statistically equated the two groups on the basis of pre-
Timinary trials so that the significant F represents decrement for the HWL group
in Test Periods 6, 7, 8, 9, and 10. The L... and HWL adjusted means were 5.78 and
11.53 seconds, respectively.
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Steadiness

LA bbiibhl

Hand STediness was measured By the pevcent of time the stytustouched the
aperature during a trial. A low score, therefore, reflects good performance.

The means are-shown in Figure 18 as a function WL and Test Period. The mean
differences are not reliable. An analysis of Covariance on Trials 6, 7, 8, 9,
and 10 combined failed to reach significance, F(1,21) = .099. Figure 18 pro-
vides a graphical representation of this data,

Size Estimation

The unit of measure for Size Estimation was absolute centimeters error. Ten judg-
ments were made each test period. The means and standard deviations of the abso-
lute error were computed and used as raw scores for the analyses.

Figure 19 shows the average error when the means of test periods were used. Sig-
nificantly larger errors were made in the later work periods but they were not
associated with WL,

The means of the Size Estimation standard deviation scare are shown in Figure 20.
There were no meaningful trends in these means.

Yigilance

Juring the Discrete Tracking task a light was presented on some trials., When S
detected the light in his peripheral vision he was to extinguish it with a push-
outton switch. The response measure was RT in seconds and median RTs were com-
puted for blocks of test trials. None of the mean differences shown in Figure 21
are significant.
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Temperature

Oral temperature was taken four times: 9:00 A.M., 4:00 P.M., 3:00 A.M., prior

to sleep, and 7:30 A.M., just after waking. The diurnai cycie was confirmed
(see Figure 22), but no other means were reliably different. An Analysis of
Covariance, using the 9:00 A.M. values as the covariant and the 7:30 A.M. values
as the variate failed to show reliable differences, F(1,31)= 0. An analysis

of covariance for the 3:00 A.M. values indicated that the HWL had significantly
lower temperatures, F (1,21) = 4.089. The adjusted means were 97.7 and 57.1 for
the LWL and HWL groups, respectively.

Urinary Tests

Specimens of urine were taken after the final test cycle and after a short sleep
pericd. Three separate tests were run, using the combistix technique so that
specimens were placed in categories. '

Table II1 gives a frequency count for the protein concentration, glucose, and

oH tests as a function of WL and time of measurement. The results are virtually
identical for High and Low WL with almost no change from the first to the second
measure.

Heart-Rate

Heart-rate was recorded alternately for the two Ss each session in three-minute
blocks. Time elansed during 10 heart-beats was digitally recorded and these
times were then converted to Beats-Per-Minute (BPM). Six to ten of these samples

were taken to represent each hour and means and estimated standard deviations wevre
computed for each nour. Missing data prohibited the use of 10 samples every hour,

but no sample less than six was used.
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TASLE

;
E
E,

(Combistix Method.

RESULTS OF URTNARY_ TESTS AFTER THE

u

FINAL TEST CYCLE AND AFTER A SHORT SLEEP PERIOD

FOR THE HIGH AND_LOW WORK LOAD GROUPS

A1l call entries represent the

number of subjects in that category)

After Final Work Cycle

After Sleep

Protein Neg, Tr. 1+ 2+ 3+ + Neg. Tr. 1+ 2+ 3+
LWl 12 0 0 1 0
HWL 1 10 0 0 0

3lucose Neg, Light Med. Dark Neg. Light Med Dark
LWL 12 0 0 0 10 2 0 0
HWL 1 0 0 0 10 0 0 0

pH 7 5 6 7
LWl 1 8 4 0
HWL 0 6 1
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Figure 23 shows the means for WL and Time of Day (TD) when the mean BPM for each
nour were used as raw scores. Ihe WL groups differ initially and the difference
remains essentially constant across TD. Correcting for initial differences the

—

curves are quite similar with peaks corresponding to feeding times.

Figure 24 shows heart-rate variance where SDs were used as raw scores. Again
the WL groups differ throughout with essentially no WL X TD interaction.

For the sleep period, heart-rate scores were recorded and treated similar to
waking values except that they were not analyzed by hours. Rather, they were
combined into a single mean and SO for each 5.

When means were used as raw scores, the LWL mean was 58,0 BPM and the HWL mean
was 57.0. The F (1,16) = .084 was not significant. An analysis of covariance
statistically equating the groups also failed to be significant, F(1,15) = .058.

Using SO scores, tne mean SD for the LWL group was 8.45 BPM and 7.44 for the HWL.
This difference was not significant, F (1,15) = .970.

Basal Skin Resistance

Basal Skin Resistance (BSR) was taken in ohms resistance and converted to log
ohms resistance. One sample was taken each hour and the WL by TD means are
plotted in Figure 25. Resistance decreases throughout the day, but there is no
differential decrease for tne two WLs.

Sleep 8SR is shown in Figure 26. Again, resistance decreases across hours,
but not differentially.

Respiration Rate

Respiration was recorded in wave form on strip charts. Ten one-minute samples
were taken for each hour and a mean was computed. These means were then used as

raw scores and they are summarized in Figure 27. RR decreased over time, but
there was no differential decrease as a functton of WlL.
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Mean of Median Response Times in Seconds

MEAN HEART RATE [N 8PM
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Figure 23 Mean Heart-Rate in BPM as & function of WL and Time of Day.

HWL was alse adjusted for inftial Heart-Rate differences and
these adjusted values are plotted.
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Comparison of Discrete Tracking, Continuous Tracking, and Time Estimation

In order to see the relationship among DT, (T, and Time Estimation Error, they

e T

are plotted together in Figure 28. The CT HWL function was adjusted for easier
comparison, The adjustment is the mean difference between the LWL and WL on
the first two Test-Trial cycles. Comparisons are also given in Figures 29, 30,

31, and 32, for S1, $2, 511, and $12, as examples of individual performance curves.

TEST OF SARTLETT'S HYPQTHESIS

Two variables allowed for a test of Bartlett's Hypothesis, Discrete Tracking,
and Size Estimation. The hypothesis predicts increased variance, perceptual
hyradkeup, operator distress, and performance decrement - in that order.

Siscrete Tracking

T: determine whether performance became more variable in the HWL condition in
successive test periods, the Standard Deviation for each Test Period for the ten
TCT scores each § produced, were used as raw scores.

The means of these SO scores as a function of WL and Test Period are shown in
Figure 23. There was a perfect reversal from the prediction. The LWL performance

became significantly more variable than the HWL. The F ratios are shown on the
figure.

Perceptual break-up would be reflected in the interaction between Horizontal-
Vertical and Test Period for the HWL. These means are shown in Figure 34, and
it is apparent that the functions are virtually parallel indicating little or

no interaction. The ANOVA Summary in Table I confirms this with a WL X H-V X TP
interaction F ratio (9,504) = .902.
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—t-the-togr-but-this—source of -data-was.not sufficient to test this portion

Measures of operator distress were not taken systematically. Notes were made i

of the hypothesis.

Performance decrement for Discrete Tracking was described above.

Size Estimation

The size estimation scores allowed a test of increased variance across work
perinds. Ten judgments of sizz estimations were made in each Test Period and ]
the 3tandard Deviation of the Absolute Error scores was computed. The means -
nf these Su scores were presented in Figure 20. There was a slight trend for #
variance to increase across Test Periods, slightly more pronounced for the HWL,
tut the ANOVA failed to confirm the trend.




OPERATIONAL DEMDNSTRATION OF FATIOUE

there was ample evidence that some fatigue occurred. The effect was best
il1lustrated by the Discrete Tracking task where the Low Work Load (LWL) and
High Work Loac (HWL) curves began to diverge sharply with the HWL showing
performance decrement. One might assume that the onset of fatigue was at the
fifth Test Period but this is probably 2 gross over-simplification. Further
testimony of fatigue was produced by Continuous Tracking and the Self Report
Inventaory.

The Continuous Tracting task was used primarily as o loading task to fatigue

the 5s. It was analyzed for symptoms of fatigue under the assumption that a
divergence of the curves especially with a decrement for the HWL could best be
explained by fatigue. The HWL received twice as much practice on CT as the LWL
so that 3 simple direct comparison was impossible. Also the task was self-paced
placing only moderate demands on the S. The findings 1lend general support to
the DT data.

Responses on the Self Report Inventory indicated that the HWL Ss perceived
themselves as being more fatigued than the LWL Ss.

By some combined criteria it seems a certainty that the MWL group was more
fatigued than the LWL group. But if this is so. how should the cognitive Track-
to-Intercept data be interpreted?

Perhaps the most decisive comparison in this experiment was between Discrete
Tracking and the Cognitive TTI problems. In pilot work a simplified DT task
and the TT] were evaluated. This prelininary investigation indicated that

neither task in the form evaluated was likely to be a sensitive index of fatigue.

I - a9




The difficulty of the DT task was increased so that maximum effort was quired

just to stay with the Vight sequence. ven the slightost lapse would ]
complete miss such that the lights were demar ing a new response before § could !

unrelenting. The task was an excellent index of fatigue. The Cognitive TTI
problems were of moderate difficulty with virtually no time pressures. Alter-
native cognitive tasks were considered. Moderate difficulty with temnoral pacing
seemed to be the need, but it was impossible in the constraints of this investi-
gation (realism and calendar schedule) to effect an alternate task. Indeed, this
inay have been fortunate since it served to verify and emphasize the preliminary
conclusions,

initiate his response to a previous signal. The pace was rapid and the pressure ' 1

CORRELATION OF FATIGUE ?

The anset of fatigue i1s most certainly coincident with the first regponse. There
is probably a brief period after warm-up when the organism is best able to respond.
With continuation of the task the organism becomes less capable but this deteriora-
tion is masked by the combination of increased effort and tasks that demand less,
sometimes far less, than S's maximum effort and skill. Only a task which makes ‘
almost excessive demands on skill and effort will immediately reflect fatigue.

Other measures may be partially sensitive but they will ‘ndicate fatigue only

after it nas become excessive.

Given the conclusion that the onset of fatigue begins with the first response,
specific psychological and physiological variables should reflect fatigue changes.
Initially, these variables would show extremely subtle deviations due to the
gradual onset of fatigue. With progressive fatigue the correlates would show
larger and larqer deviations from some nominal value. This entire sequence of
changes would be continuously retarded by recuperative mechanisms (Selye, 1950).
As fatigue cumulates recuperativ. processes reduce fatique and then with rest
eliminate it. Correlates of fatigue should reflect this entire cycle. ldeally,
the correlates would be simple physiological or pSychologiral behavior for the
applied setting.

1 - 4l




Jiscrete Tracking and Time Estimation were the best correlates of fatigue. As
the experimental session progressed the HWL performance progressively deterio-
rated cn these tasks. HNo other potential indices of fatigue showed any promise

EM——-———~—~*—-F—-—V- Jv"‘—ﬁ‘ww—‘;‘ﬂ' oy . —

ot predioting fatigu

% The 3T task manifested all the attributes of a potentially good fatigue correlate
50 it was not particularly surprising when 0T correlated with WL and produced a
significant WL by test period interaction. The behavioral processes that were
fatiqued in the CT task were presumably recessary for JT degredation. After
successive loading periods the CT fatigue was reflected in DT performance, There-
fare, you might predic: from 0T decrement that performance in the less demanding

CT task was beginning and would be clearly evident if the work continued., This

wds indeed tne case. The HWL and LWl D7 curves pegin to diverge at the third or

foursh loading-test cycle whereas the CT divergence gradually begins at the sixth
or seventk load-test cycle (also, recall that the test measures of a load-test
cvcle follow tre lcad measures).

Time estimaticr has been idertified as a correlate in other investigations.
Tarcenter, 2t 21, [1969) found significantly smaller time estimation errors in
Low L02d cenditions relaiive to High Load conditions, contrary to the present data.

Sartlett (1943), however, found larger time estimation errors in conditions
designed to oroduce high fatigue.

Time estimation can be measured with a simple psychological test. It would be
ideal for many applications. Several (5 - 6) cuccessive estimates would be
necessary to produce a reliable measure. [In most situations these estimates
could pe concurrent with on-going activities producing minimal interruption.

it could be argued that fatigue was not severe so that there was little opportunity
tor covariance. While it is true that Ss were not worked to complete debilitation,
vertal reports and benavioral measures indicated at least moderate fatique. Thisg
is precisely the level of fatigue that would be important to predict. Lower levels
of fatigue would rot ba significantly detrimental for most tasks and higher levels
wculd be self-evident.

Iy - a2
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Some variables eserve further consideration even though they failed to be pro-
ductive in this experiment. Horizontal phoria may be an index of visual fatigue
given tasks with greater visual load or poor lightir~ conditions. Oral tempera-

ture-—di ffered-stqnificantly-botween- LWk--and--HWL-at-3:00-A.M. -Temperature-is-a

simple direct measure which has shown promise before (Carpenter, et al.; 1969)
and should receive further attention.

The recovery processes were not adequately sampled with the short 3-to-b-hour
sleep period. Therefore, variables likely to be associated with recovery pro-
cesses should receive further exploration. They would be ideal indices of crew
readiness.

it now seems clear that special tests must be developed to ensure measurement of
fatigue in operational settings. The tests must require traits very similar to
those in the operational setting but demand maximum skill with almost excessive

time pressures. Approximately 5 - 10 minutes would be required to produce reliable
measurement. Such tests should predict performance decrement in typical operational
tasks so that missions can be terminated before the impairment actually occurs.
Other simple psychological and/or physiological correlates may be effective from
time-to-time but should not be considered as primary fatigue indices.

BARTLETT'S HYPQOTHESIS

The present investigation did not provide for a good test of Bartlett's Hypothesis
(Bartlett, 1953). The perceptual display was not sufficiently complex at any one
time to allow for perceptual break-up and only two measures were obtained which
would reflect increased variance. Perhaps it would be best simply to conclude
that Bartlett's Hypothesis received no suppert.

The significant reversal in DT variance demands some consideration. Why should
performance become more variable for the LWL group and remain relatively stable
for tne HWL qroup? Since performance was superior in the LWL group, perhaps this
is just one of those cases where means and variance are correlated, contrary to
our typical statistical assumptions. Or this may be that "one in twenty" random

ITL - 43




error effect that we expect when we use the .05 level of significance. There
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COMPARISCN WITH CARPENTER, ET AL. (1969)

Carpenter, et al. (1969) simulated ASW missions of 2-hour and 8-hour duration.

davy crews flew an S2 simulator on five successive days for one duration period
and then after a weekend break flew five more missions of the other duration.

The work environment was crowded, noisy, poorly ventilated, and poorly lighted.
The tasks closely simulated ASW tasks. The high WL conditions made only moderate
demands on the Ss.

The present study used tasks related to ASW but the study should not be considered
a simulaticn of ASW missions. Lighting and ventilation were good. There was
ample space with frequent opportunities for the Ss to move about and stretch.
Background noise was of moderate intensity. There was a high work load condition
extending over 14 hours producing extensive demands on the Ss.

deart-rate and respiration rate seemed to be indices of fatigue for Carpenter et al.
but not in the present study. The change in environmental conditions, the task
differences, and/or successive versus one-day test periods could account for the
discrepancy between the two studies. It may be that the physiological parameters
A111 be sensitive only when there is extensive work in poor environmental conditions.

Phcria measures may be sensitive with a combination of high visual load and poor
lignting. Either adequate lighting or low visual load may invalidate phoria as a
fatigue index.

The Ss' sel€-reports of fatigue symotoms were similar across the two studies with

nernaps just the slightest increase in intensity of fatique symptoms in the present
investigation.
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The major difference between the experiments was the high correlation of tracking
performance and WL in present study with no apnarent relationchin in the nrevinue
experiment. Again, this seems to certify the necessity of a moderately difficult

taskwith extreme tenpovral pressiré. Carpenter, et al. used pilot performance

in a standard rate turn, a maneuver with low temporal stress requiring a moderate
Tevel of skill. The performance decrement trends for this turn maneuver may

reflect fatigue while at the same time indicate low sensitivity for the measure.

In contrast, OT in the present study reflected fatigue and proved to be an extremely
sensitive index. The DT task demanded an extremely high rate of information
processing per unit of time,
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CONCLUS IONS

1. The HWL Ss were more fatigued than the LWL Ss.

2. Discrete Tracking was the best performance index of fatigue
but other measures reflected fatigue.

3. Time estimation errors reflected the magnitude of fatigue,

| 4. Bartlett's Hypothesis was not supported; however, it may not
have been adequately tested.

5. Indices of fatigue must demand moderate or high level skills
with almost excessive time pressures,

&. Simple physiological or psychological measures may indicate
fatigue for some applications while being insensitive for
others.
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APPENDIX A

SUBJECT SCREENING AND BRIEFING
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1.

Subject # __

SUBJLCT BRILFING

Purpose: To study oehavior in simulated long duration flight operations.

The tesk dnvelved is net manual labor, but more Vikoe dosk work., -
It goes on Gt day and it tetes plece in a laborotory. ‘

You muat he prosent for a full 24 hours. You canuot lrave the
laboratory during that time.

Part of the 24 hours is vescrved for sleen, which will come at
the end of the same day, after the task hes been comploted.

Sleeping quarters &nd bedding are within the laboratory. 1f you
require sior> then 4 hours of slecp, you cannot count on it for
this 24 hour pericd.

Toilnt and chower facilities are available in the laboratory. You
will Le esked to provide your cun towels. In gencral, bring with
you vinatever you normdlly requive for an over-night stay.

Fnnd (subiects only) will be supplied, but not at regular meal time.
The focd will be in the form cof snacks and sancdwiches.

You will be rcquired to wear scme electrical cornections during
both the day and the sleep period. There will be no danger of

clectrical shock. You will also wear elastic belts around your
chest and stomach.

You cannot smoke except by permission at planned intervals,
I uncerstand and accept the ahove conditions.
I understand that if I refuse to complete the full

24 hours of work 1 cannot be paid.

Sigrature

fddross

Prone ilo.

T e e e ettt ot 0 et e et m % < 4 anm——. o o

My Age in Years

Date
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GENZRAL MEDICAL

Yes

No

!

Is your corrected vision normal

Do you wear glasses

Do you now have any disease or infection
that you can report

[s your hearing good

Are you now taking any medicine

Do you have any skin trouble

Have you ever had a skin allergy

Do you have diabetes

Has any of your family had diabetes

Have you ever had heart trouble

Did you ever have rheumatic fever

Has any one ever said you have epilepsy

Would yeu object to qiving specimens
of your urine during the experiment

Is there anything important about your
health not already asked. If YES,
state below,

It - 50
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GENERAL QUESTIONS

Can you aveid use of the toilet for
as long as 4 hours during the
exnerinent

= e — -

Are there foods you are not allowed
to eat. IF YES, name them.

Are you willing to qgo without regular
meals during the experiment

Do you have any unusual food requirement

Can you arrange your affairs so that there
will be no outside interruption during
the experiment

Do you have troubie sleeping when you are
aviay frem home
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APPENDIX B

APPARATUS DIAGRAMS
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SAMPLE COGNITIVE PROBLEMS
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[nstructions

After plottirg the coordinates you are to compute the distance traveled,
speed, and ccmpass heading for the following problems,

I. Distance is derived simply by measuring the distance between two
pninte (4.e., between fix 1 and 2). A ruler is provided for this
purpose. Ynu will be given further instruction.

i!. Spead is derived by dividing distance bv time. Ycu get "tine”

by subtracting the appropriate times given in your problem sheets.

You are to convert "time” into seconds. For example, in the following
problem you would do as follows:

t, = 07 : 199 : 09
ty 06 :03: 04
I : 6: 5
1 hr. = 3600 sec.
6 min, = 360 sec.
; 5 sec. = 5 sec.
| 3965 sec.
Therefare, "time" equals 3965 seconds.
3600
To get speed vou simply divide the distance by time. So, if distance
eguats 46 raytical miles, then speed equals:
- . 30365
=46 - 3600
- 360C
=46 X 3ges
= 41

Speed is equal to 40 knots.

1t1. {omnass heading is cbtained by plotting the coordinates provided,
drawing a line between the points, and measuring the heading with a
protractor.
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Sample Froblem and 1ts Solution

Given:.
1) tat. 32° 11' N, Tong. 153° 13" E (t = 01:39:31)
2) 1at. 32° 15" &, long. 153% 31' E (t = 02:30:11)

Questions:
A. What is the distance from fix 1 to fix 2? 7
B. what is the speed of the sub if it is traveling from fix 1 to fix 2?

C. What is the compass headina?

Solution

A. Distance equals 19 nautical miles. This was derived simply by
measuring the distance between the two fixes.

Speed
01 : 89 : 7N 50 3000
C:>-01 : ¢ 31 (:> 60 40
bO 40 3000 3040
N40 3600 . 68400
ORLER " R R
@' 68400 = 22.50
3040
Spead = 22.50 knots

. You will be shown how compass headings are read.

Note:
1) t = time
2) A "fix" is a pnint that you have plotted,
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ESTIMATED TIME OF ARRIVAL

PROBLENS
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A1l problems that involve air speed:
1. The effect of altitude

Light plane airspeed indicators are calibrated for standard sea
level operation (59° F -29.92" Hg). As you go to higher alti-
tudes, the air will be less dense and therefore there will be

iess drag. The plane will move faster, but because of the lesser
density, the airspeed will register less than your actual speed.
This error can be corrected roughly by the rule of thumb, "add :
2 per cent per thousand feet". This means that if your "calibrated"
airspeed is 100 mph at 5,000 feet, your "true" airspeed is ~

5x 2 =410 per cent = (.10) (100) = 10mph + 100mph = 110mph.

2. The effect of wind

Ground speed is 1ike walking on an escalator. If you're walking
against the escalator at its exact speed, you make no progress.
By walking with the escalator your speed is added to its speed.

Air mass (wind) speed -20 mph

y o

~F

: : n“ R calibrated speed = 100 mph

Ground speed = 100 - 20 = 80 mph

calibrated = 100 mph

T T Air mass (wind) speed - 20 mph
Ground speed = 100 + 20 = 120 mph
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EXAMPLES:

1. Altitude

At what altitude must a plane be flying in order for it to take 3 hours
to fly 450 nautical miles if it had a 25 knot tail wind and was flying
at 95 knots?

Solution:
a. air speed = 95 + 25 120 knots (speed plu. wind factor)

b. land speed = 450 = 3 = 150 knots (distance to be flown divided by time)

c. correction factor per thousand feet = .02 x 120 = 2.40 (correction factor
times air speed)

d. 150 - 120 = 30 (land speed subtracted by air speed)

e. altitude = 30 + 2.40 = 12,500 feet (differcnce between land speed and
air speed divided by correction factor)

2. Time

Flying at 6,000 feet, with a 20 knot tail wind, at 100 k how long will it
take to go 500 nautical miles?

Solution:
a. 2 x6=.12x100 = 112K (correction factor for altitude)

b. 112 + 20 = 132K = (correction factor for altitude)
c. time = 500 + 132 = 3.79 (distance divided by speed)

3. Distance

A plane is traveling at 100 knots at 5,000 feet, with a hcad wind of 20 knots.
How many nautical miles can it travel in 2 hours?

Solution:
a. 5 x2=.,10x100 =100 + 10 = 110 (correction factor for altitude)

b. 110 + 20 = 130 (correction factor for wind)

c. 130 x 2 = 260 nautical miles (distance that can be flown)

IIT - A3



FUEL CONSUMPTION
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INSTRUCTIONS

To determine the amount of fuel consumed. follow theze steps:

I

Convert speed into true air speed as you did in he estimated time of

grrtyrbprobtems—Remembere—you-take 2t ot ovEry one T thoussnd Teat
the plane is into the atmosphere. Then you multiply this amount by
the speed, and add the amount to the speed. Finally, you add or sub-
tract the wind factor. This value is your true air speed. (See
instructions for ETA problems.)

Next you divide the distance flown by the true air speed to qet the
duration of the flight.

Finally, you multiply the value for flight duration by the value for
the number of gallens consumed per hour. This latter value can be
found by looking at Table 1 and finding the power rating given in the

prablem. You will use the accompanying number for the multiplication.

The product is your answer,
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TABLE 1

“of Fower Rating

GaiTons of Fuel Cbnst{néd Per/Hr.

667
907
6G%
504

457
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T.7.1.
PROBLEMS
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formulas for T.T.i. Pruplems

¥ )
. d1star 9 n,m, .
Ting = :%’-“—‘p—c—e- ax: ot = 1“:“- - = 2 hrs,
speed 3ok,

b Spandn dlstance oo . 15w oo
G hE ting i donrs. S
1. ime value of the hypotenuse is equal to the square root of the sum of

o cr —

he squarred legs o the triargle., That is, in the triangle

(tne nypotenuse)} aguals 5 5 a[:::::é==_
a + o . b
Exampie: 121 ::::

2
n
<.
5]
[

I¥ tae vitue of one leq and the nypotenuse are known, the value of the
other iej may ne found by: 1. squaring tne value of the known leg and
5G4aring tne nyootenuse; Z. subtracting the squared value of the leg
from tne value ¢f the squared hynotenuse; 3. Then taking the square root

of the obtained value. That is A ‘ 2 2.
a = yc¢~ -b or 5 = VYc© - a
txample: [ 103
300
. 0% - 3002

a = {31203 - 90,000

a = V 1809

= 43

[o¥)
{
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Formulas for T.T.1. Problems (continued)

For the first two parts (A and B) of the question you will use the information
listed under "given". For the third part (C) you will use the information
provided after the question.

|

e =i g bance — -

t = tiwe
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SPECIFIC TASK INSTRUCTIONS '
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SPECIFIC TASK INSTRUCTIONS
Instructions: Continuous Tracking

This is a continuous tracking task. It is your job to keep the green pip in the
exact center of the screen, which is designated by the vertical line. The pip
will move randomly but by moving the "joy-stick" in the direction you want the
pip to go, you will be able to control its fluctuations. You are to use only
one hand while manipulating the stick. Use the same hand for all trials.

The closer the pip is to the center and the longer you keep it that way, the
more credit vou will be given,

[nstructions: Ortho-rater (Phoria)

You are to look at four targets, two at close range and two at a more distant
range. The two displays seen at ¢lose range will be the same as the two seen
at the more distant range.

You adjust for the two closer displays first by pulling toward you where it says
“ortho-rater”. Then you move the adjustor on the right side of the ortho-rater
so that it is spaced between the 1 and 2. This is the setting for the vertica)l
display. After you adjust to this setting, by looking into the lens you will
see that there is a step-like ladder with a number designating each stap (range,
1 to 9). Also there is a discrete horizontal Tine that is formed by a number of

‘red dots. Your task is to determine the step level that the horizontal line runs

across. You record the number that corresponds between the numbers 2 and 3.

This is the setting for the horizontal display. After you adjust to this setting,
by looking into the lens you will see that there are some horizontally-zpaced

white dots with a number under each of them (range, 1 to 15). Laterally, there

s an arrow with black dots within it. You are to determine where the arrow inter-
cepts a dot. You are to record on your data sheet the number that i5 below the
dot that you think the arrow intercepts.
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After finishing that, move the adjustor back to its previous setting between
1 and 2. Then push forward where it says "ortho-rater" and now you are ready
to work with the more distant display.

First, move the adjustor farthest from you (on the right side of the ortho-rater)
to the number 5. This is the setting for the vertical display. You then follow
the same proccedure as in the vertical display task above.

Next, move the farthest adjustor to the number 6. This is the setting for the
horizontal display. Then follow the same procedure as in the horizonpal dispiay
task above,

Finally, move the setting back to the number 5, then go on to the next station
(i.e., the Size Constancy station).

Instructions: Combined Hand Steadiness and Time Perception

In this task, you will do two things. You are required to make an estimate of a
prescribed time interval; also, during that estimation period you are to keep
the stylus from touching the sides of the circle, as well as the back-up plate.

Follow carefully these procedures:

1. Select the appropriate time interval to be estimated.

2. To reset the timer toc zero, push the reset buttons in the
bottom right corner of the bottom apparatus.

3. To reset the numbers on the top apparatus to 2ero, push
the reset button in the battom right corner of the top
apparatus.

4. With your dominant arm, take t)ha stylus into your hand
with your palms faced down. You canrot hold the stylus
beyond the plastic covering, Do not place your arm nn
the table while doing the task.
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5. Take the plastic box into your free hand and place a finger
on the switch. This operates botn timers,
6. Make sure you are standing so that you cannot see the numbers

of the two apparatus. o

7. Wheh you are ready, exteny your arm and keep the styius
from touching the sides. Then flip on the switch on the
plastic box. B~ sure to keep the stylus from touching
the sides and pack plate as much as possible. The
more you touch these, the poorer one of your scores
will be.

8. As soon as you turn on the switch, begin counting aloud
backwards - from 100 by threes. When you have judged
that the prescribed interval has elapsed, switch off
the plastic box. You can then release the stylus.

9, Look around and record in the appropriate spaces on
your data sheet the actual elapse time {from bottom
apparatus) and the time touching the plate (from top
apparatus).

Reset both series of numbers and move on to the next station.

instructions: Size Estimation
In this task, you are to estimate line length. ]

First, move the L'ack switch from the "OFF" position up two notches to where it
says "LOW". This turns on the projector and projects a black line onto the screen
before you. You will notice a scale to the right of the projector with numbers

on it, ranging from 1 t> 52. This scale is in centimeters. VYour task is to deter-
mine the length of the projected line in centimeters, using this scale. You are

to estimate the line to the nearest centimeter. Whea you have done this, record

on your data sheet the number which corresponds to the estimated line length in
centimeters,

I - 73




-—

Un your data sneet you wiii notice thai there areé 10 spaces i &ach vow. DOuving

this task you will estimate 10 1ines, using the procedure just described. There

wil) be only one line on each slide. Therefore, you go through a series of 10
slides, To do this, you must push the grey button marked "FOR" on the hlack box
peside the projector. By pushing the button once you will advance forward cne
slide, By holding the button down you can advance forward more than one slide,
If you want to go back and look at a s1ide, push the button marked "REV". This
button reverses the slide advancement. The longer you hold this button down, the
farther back in the series of slides you will go.

On your data sheet there is a column, "slide number to start on". You will always
start on that number. On the slide carousel there are numbers ranging from

0 to 80. Using the start number on your data sheet, you will line the correspond-
ing number on carousel up with the notch on the side of the projector. To move
the carousel, push and hold the grey button marked “SELECT" on the side of the
projector down. While this button is down, you can move the carousel to any num-
ber that you want.

Afier you have completed this task (estimated the length of 10 lines), turn off
the projector. To do this, move the black switch on the projector from the "LOW"
position to the "OFF" position, then go on to the next station {Limb Steadiness
and Time Perception).
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