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CHAPTER I 

INTRODUCTION 

Man has often found the most psychological meaningful-

ness in the study and mastery of the limitations in his 

temporal and spatial environment. Psychologists have 

historically found the study of skills to overcome these 

limitations within the framework of various psychological 

theories—learning theory in particular. When adults are 

studied in the analysis of skills or performance, it is 

unusual to observe the learning of a totally new skill; 

rather the joining together of various (previously learned) 

sequences into a new totality is the object of typical 

research (Bilodeau, 1969). It is reasonable to assume that 

psychology could profit from analyzing variables whiv-rh in

fluence and modify those previously learned sequences which 

combine to produce performance. 

One of the psychological variables which historically 

has been selected as an important element in scholarly 

attempts to understand man has been the relationship of his 

physical body to his performance. Curiosity about a possible 

relationship between physical characteristics and psychologi

cal qualities of man was popularized in early studies by 

Franz Joseph Gall. Although a parascience. Phrenology 

assumed that the shape and size of the various areas of the 



brain represented either underdevelopment or overdevelopment 

of various traits. The physician Johann Kaspar'Spurzhein in 

the early 1800's continued to popularize Phrenology as a 

"scientific" theory to understand human capabilities and 

limitations. Psychological interest in investigating char

acteristics of the body as a whole (anthropometrics) was 

revived in 1925 when Kretshmer, a German psychiatrist, 

noticed that schizophrenic patients tended to be tall and 

thin rather than short and plump as were typically the manic-

depressive ones (Ruch & Zimbardo, 1972). An extension of 

Kretshmer's work was Sheldon's somatotype theory which sug

gested that three basic body types classified as the round 

soft endomorph, the muscle and bone mesom.orph, and the frag

ile thin Gctomorph could be identified with corresponding 

personality types. Temporally coincident with Sheldon's 

efforts was an historical event which contributed signifi

cantly to a new dimension in psychological research. 

World War II gave emphasis to the birth of the human 

factors discipline just as WWI had fostered the development 

of personnel and industrial psychology. Human factors ef

forts were concentrated in the combination of social and 

biological sciences which (1) investigated the problems of 

man functioning in a technological society, and (2) applied 

the results of these studies to the design of tasks and 

equipment. The increasing complexity of advancing 



technologies created the need to establish the optimum blend 

of man and machine to capitalize on the strengths of both. 

During this era, a significant element of the human factors 

discipline developed via concerted efforts by psychologists 

and engineers to select individuals who had the necessary 

psychomotor skills to be successful in learning to fly a 

military aircraft. Although relative success was achieved 

in reliably selecting individuals who could be taught to 

achieve certain performance standards in flying, early mili

tary flying operations experienced unique problems. Some of 

these problems were the man-machine interfaces designed into 

the aircraft used for military applications. No longer was 

the pilot's task to fly from point A to point B to deliver 

passengers, mail, or cargo as it had previously been in 

aviation. Now the military pilot had tasks of increased 

complexity. He had to fly precise maneuvers in dropping 

bombs, taking aerial photographs, delivering paratroopers, 

or engaging enemy aircraft in aerial "dogfights." These 

tasks and many others had to be accomplished in the unfor

giving environment of combat where mistakes which could be 

ignored in peacetime flying could easily result in death. 

As data began to accumulate, it appeared that many missions 

which were unsuccessful or that involved aircraft accidents 

and human fatalities were due to a lack of human engineering 

design application. 



It was this era of rapid aviation development precipi

tated by World War II that was instrumental in establishing 

the human engineering research and design efforts which have 

evolved into a necessary and useful discipline. Advancing 

aviation technology required basic research in associated 

performance areas. Psychological laboratories were estab

lished to research performance relative to tracking theory. 

A commonly accepted tracking model of the man-machine inter

face function is presented in Figure 1. 

track input 
vision 

pursuit 
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limb 
control 
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output control 
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Figure 1. Man-machine tracking 

The variables which influence the basic motor learning ele

ment within the complexities of tracking performance are as 

numerous as the environments in which tracking behavior 

occurs. Poulton states, " . . . the effects of the isolated 

variables must be understood before looking at the inter

actions" (Poulton, 1957). One of the variables which must 

be understood relative to performance analysis in any man-

machine paradigm is the element of anthropometry. Establish

ment of equipment design dimensional criteria is often taken 



for granted. The average height of a dining table, the 

separation and surface size of typewriter keys, the size and 

shape of a doorknob, etc. are but a few examples of the 

multitude of man-machine items which relate to common every

day human performance. Man-machine elements relative to 

anthropometry which had to be considered in military air

craft design included controls, displays, exterior visibility, 

noise, temperature, vibration, oxygen requirements, task 

loading, special clothing or personal equipments, anthro

pometry, safety needs, and emergency egress provisions. 

These general elements were further divided into related sub-

elements which require consideration in aircraft-peculiar 

man/machine requirements. 

The anthropometric element of design criteria is a 

relatively new consideration in the historical development 

of the human factors discipline. Hertzberg (1950) published 

the results of a large scale anthropometric research effort 

in which over 4 000 aircrewmen were measured in order to pro

vide data for aircrewstation and equipment designers. The 

population for this study was comprised of U.S. Air Force 

pilots, navigators, gunners, flight engineers, and associated 

crew members who were on flight status during the survey. A 

total of 132 anatomical measurements were taken on each sub

ject. The data acquired in this effort included percentiles, 

means, standard deviations, and coefficients of variation. 



Concurrent efforts in psychological experimentation took 

place during the accumulation of anthropometric data to be 

used as design criteria. Typical of such efforts were those 

by psychologists including Ellis who established performance 

curves which expressed the relation between the speed of 

manipulative performance as a function of work surface height 

(Ellis, 1951). 

The next large scale research effort devoted to aircrew 

anthropometry data collection was completed and published in 

1964 (Gifford, Provost, & Lazo, 1964). Body size data for 

96 measurements of 1,549 U.S. Naval aviators were collected 

in this research. As in the Hertzberg effort, the data were 

gathered for the use of workspace designers and designers of 

personal protective clothing and equipment. 

Churchill, McConville, Laubauch, and White (1970) pre

pared The Anthropometry of U.S. Army Aviators. This document 

describes an anthropometric analysis of U.S. Army aviators 

conducted at Ft. Rucker, Alabama. Data for 85 body-size 

measurements were gathered on a sample of 14 82 flying per

sonnel. Statistical summaries were compiled for each measure

ment of the entire sample and for five subseries: enlisted 

men (crew chiefs, mechanics, door gunners), warrant officers 

and warrant officer trainees, warrant officer rated pilots, 

commissioned trainees, and commissioned pilots. 



The primary equipment employed in the anthropometric 

surveys described above involved tape measures, calipers, 

and 90° seat/back anthropometric "chairs" which were the 

reference framework from which dimensional data for cockpit 

design were gathered. An additional element which the above 

surveys shared in common was that all subjects were measured 

nearly nude (shorts only). A particular item of interest 

relative to the research reported herein is the fact that the 

sitting-eye height and depth dimensions of the surveys de

scribed above were acquired by having the subjects sit 

perfectly erect with back and head touching the rear surface 

of the 90° seat/back anthropometric chair structure, and 

measuring the height and depth of the external canthus. 

A typical application of the data thus derived appears 

in military aircraft design requirements such as the Human 

Engineering Design Criteria for Military Systems, Equipment 

and Facilities—Military Standard 1472. This standard speci

fies the anthropometric range of dimensions to be accommo

dated for dimensions such as the sitting-eye height. Dimen

sions for the sitting^eye height measurements of the 5th and 

95th percentile ranking for particular military populations 

are given as follows (dimensions in centimeters, 5th and 

95th percentile, respectively): 

U.S. Air Force U.S. Navy U.S. Army 
74.68-85.09 74.17-86.87 72.64-84.58 
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It should be emphasized that traditional anthropometric 

equipment and methodology was employed (unclad subjects in 

"artificially" erect postures measured in 90° anthropometric 

chairs) to obtain such design data specifications. 

Evidence has accumulated over the years which indicates 

that some anthropometric data used in military aircraft design 

has not been either realistic or properly applied. The state

ment and discussion of this evidence is in no way intended 

to denigrate the research efforts of those individuals refer

enced earlier who made truly important contributions to 

initial anthropometric design criteria. Some of the research 

projects which have illustrated problems associated with an

thropometry and military aviation are described below. 

In research by Lodge (1973), an anthropometric survey of 

U.S. Navy pilots showed their average height to be signifi

cantly taller than that of the non-Navy population who pro

vided the measurement standards around which most contemporary 

aircraft cockpit dimensions were based. Analysis of 680 jet 

accidents disclosed that pilots exceeding 182.86 cm in height 

were disproportionately represented (p<.01) in those acci

dents which were attributed in whole or in part to pilot 

performance rather than other causes. 

^Lane (1969) prepared A Review of Naval Aircraft Mis

haps With Human Engineering Deficiencies Involved showing 

that during the two year period studied (1968-1969), 192 



aircraft accidents were identified as having human engineer

ing design deficiencies involved as causal or contributary 

to the mishap. The cost of damage to the aircraft involved 

was $15,904,750 for the 149 mishaps to which design could be 

proved causal, and $1,7 02,000 for the mishaps in which design 

could be proved to be contributory. Anthropometric incom-

patability was cited as the primary design deficiency in this 

study. In research by Gregoire and Barnes (1971), it was 

reported that two of seven tactical aircraft analyzed had 

essential controls beyond the reach of even 95th percentile 

functional-reach pilots. The other five of seven aircraft 

had controls located beyond the reach of 50th percentile 

(average) functional reach pilots. 

Morony and Smith (1972) completed the Empirical Reduc

tion in Potential User Population as the Result of Imposed 

Multivariate Anthropometric Limits. This research involved 

a bivariate analysis of 13 cockpit-related anthropometric 

features and revealed that if 5th and 95th percentile,limits 

are specified in cockpit design criteria (which is typical), 

rather than 10% of the population being excluded as might 

be expected, 52.6% are actually excluded. This seeming 

discrepancy may be attributed to the intercorrelation exist

ing between the 13 variables. 

Thus there exists literature which indicates that 

acquisition, analysis, and application of anthropometric 
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data to the design of aircrewstations should be improved in 

order to increase the overall safety and effectiveness of 

future military tactical aviation within the human perfor

mance context. 

One of the most critical criterion elements in the 

design of a cockpit relative to performance is the estab

lishment of the Design Eye Position (DEP). The DEP is that 

point in space from which the pilot is to have adequate 

visibility to all interior controls and displays as well as 

the required exterior field of view to accomplish his tacti

cal mission. The DEP is that design dimension from which 

the majority of other cockpit items, which are either ob

served or manipulated by the pilot, are based. There has 

been a relatively short and troubled history of research 

involving the optimum establishment of the DEP. Recent 

technological advances in electro-optical information pro

cessing and sighting devices has made more stringent than 

ever the requirement that the definition of a realistic and 

accurate DEP be accomplished. An objective of the research 

described herein was to develop the methodologies and equip

ment necessary to solve this problem and similar problems 

relative to anthropometric human factors criterion as applied 

to improved human performance. 

Inclusive in these research requirements was the deter

mination of the effects that required items of aviators' 
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equipment have on the design of cockpit geometry. The 

comfortable "shirt sleeve" environment enjoyed by the 

passenger of modern airliner travel does not exist in 

tactical military aircraft designed for combat. The mili

tary crewman has a rigorous and hostile environment in which 

he must perform demanding operations efficiently or risk 

failure which, in combat, often equates to loss of life. 

The need for items such as oxygen masks, helmets, parachutes, 

floatation devices, survival equipment, etc. is critical. 

Paradoxically, the life support equipment which is so neces

sary is also detrimental in that these items create oper

ational problems within a cockpit. More volume is required 

for sitting and moving, reach is impeded, vision is ob

structed, and mobility in general is degraded when particu

lar encumberances must be worn on or attached to the body. 

Thus, human engineering design must accommodate the complete 

range of personal equipment which is or may be required for 

operation within a particular crewstation. Although this 

consideration seems no more than the application of common 

sense, it is often overlooked. 

In a problem analyzed by a prior research effort 

(Gregoire & Benta, 1974), two major questions were studied: 

(1) What is the optimum Design Eye Position in a pilot's 

cockpit? (2) What effects do required items of aviators' 

equipment have on the design of cockpit geometry? The 
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primary effort of this prior research was to quantify the 

differences hypothesized to exist between (a) those dimen

sions traditionally obtained by standard anthropometric 

chair techniques, (b) the displacement in posture that 

results from items of aviators' equipment, and (c) those 

dimensions actually occupied by individuals when realisti

cally postured for flight as influenced by the reality of 

actual ejection-seat and restraint system variables. 

As discussed earlier, the DEP is that point in cockpit 

space specified, by design, to locate the operator's eyes. 

Parameters contingent upon design eye position include out

side as well as inside field of view, visual alignment 

through sighting devices, and general body position. Due 

to advances in technology, the identification of an optimum 

design eye position in cockpits is becoming more important 

than it has been historically. Visual information that has 

previously been displayed at various places throughout the 

cockpit in the form of dials, gauges, and counters is now, 

and will increasingly continue to be, displayed on combining-

glass displays or actual windscreens which the aircrewman 

will look through to see the outside world. Such information 

displays are categorized as "Heads Up Displays" (HUD's) in 

that they permit continued surveillance without requiring 

the pilot to put his head "down" to focus his sight and 

attention back into the cockpit, to identify data he must 
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react to in order to perform his mission. Examples of such 

data include airspeed, altitude, heading, aircraft attitude, 

engine monitoring, and sub-system status (fuel, oxygen, 

weapons, etc.). Such displays would appear to reduce the 

peripheral visual scan to a more central area of attention. 

Although HUD's provide an increased capability for outside 

surveillance, these displays, as well as other advanced 

state-of-the-art electro-optical devices, require more than 

ever that the most accurate definition possible of an opti

mum design eye position be achieved for tactical military 

aircraft of the future. 

Statement of the Problem 

In earlier research, the identification and analysis of 

dimensional differences of sitting-eye height and eye depth 

relative to cockpit design geometry was accomplished 

(Gregoire & Benta, 1974) . It was postulated that significant 

differences would exist between postural dimensions obtained 

from "historical" standard anthropometric chair techniques 

than from those dimensions obtained from newly devised meth

odologies which took into account postural "slouch," items 

of aviators' apparel, personal (life support) equipment, and 

postural characteristics which result from the torse re

straint system (lap belt and shoulder harness inertia reel) 

incorporated in ejection seat systems. 
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The present study involved a comparative analysis of 

simulated tactical flight performance (a night intercept 

and attack mission featuring display monitoring, target 

classification, and weapon firing). The comparative ele

ment of this research was based on performance scores re

sultant from cockpit configurations derived from criteria 

specified from: (a) previous methods of criterion estab-

listment ("historical" standard anthropometric chair tech

niques) , and (b) current methods which include realistic 

postural variables. It was hypothesized that significant 

differences in measured psychomotor performance as corre

lates of anthropometric variables would occur. 

Approach 

The initial phase of the anthropometric research 

described in Gregoire and Benta (1974) identified substantial 

differences between (a) traditional anthropometric measure

ment data which is currently used as aircrew station design 

criteria, and (b) more realistic data which includes variables 

of posture slouch, body displacement due to items of aviators' 

clothing and equipm.ent, and variances which are a function of 

lap belt and shoulder harness restraint systems typical of 

tactical military jet airplanes. Typical traditional anthro

pometric design data utilized as criterion is depicted in 

Figure 2. A critical item specified by MIL-STD-1333A (Fig

ure 2) is the location of the design eye position (DEP). 



MIL-STD-1333A 
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NOTES: 
1. THIGH TANGENT ANGLE SHALL BE A 

MINIMUM OF 5° AND A MAXIMUM OF 20°. 

2. THE SEAT ADJUSTMENTS SHOWN ARE 
FOR THE 5th THROUGH 95th PER
CENTILE PILOT POPULATION. 

NSRP 

2.5 

2-WAY SEAT ADJUSTMENT 

HORIZONTAL / VISION LINE 

THIGH TANGENT ANGLE 
SEE NOTE 1 

THIGH TANGENT LINE 

SEAT BACK 
ANGLE 
TABLE I 

31.5 

SEAT 
BACK 
TANGENT 
LINE 

X" TABLE I 

HORIZONTAL PLANE 

NSRP 

6 MIN 
11 MAX 

BUTTOCK REF POINT 

HEEL REST LINE n 

Figure 2. Seating geometry 
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The DEP is the source point from which engineers work when 

designing a cockpit. Controls, displays, ejection systems, 

and any other man-machine interfaces within cockpits are 

based on the relative orientation to the "standard" DEP. 

The design dimension for the DEP specified from the histori

cal Naval Aviator Anthropometric Dimensions is 80.01 cm 

above the neutral seat reference point (NSRP). This dimen

sion represents the eye position of the 50th percentile 

aviator (Gifford, Provost, & Lazo, 1964), as measured while 

sitting in a standard 90° seat/back anthropometric chair 

without wearing the aviator's clothing and equipment actu

ally worn during flight. The hypothesis that significant 

differences existed between DEP data derived from a more 

realistic setting (actual torso restraint system and ejec

tion seat) was confirmed in that the average in-flight eye 

position for the subjects previously researched in the initial 

phase was 3.94 cm lower in the cockpit environment than that 

measured by traditional methods. Other critical dimension 

differences were also noted. Straightforward nonstretching 

reach was 3.71 cm less from an ejection seat than from an 

anthropometric chair aligned to an identical NSRP. Thus, 

important findings were measured and recorded as a result of 

the earlier research in this area. 

One goal of this research phase was to improve the 

equipment and to increase the level of accuracy in the 
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procedures and methodology for measuring, recording, and 

analyzing the more realistic anthropometric data to be used 

as human engineering design criteria. The construction of 

a full scale mock-up of the actual measurement environment, 

a tactical military jet cockpit, provided the realistic 

framework within which to analyze this particular anthro

pometric human factors design problem. Such a mock-up 

provided the necessary ancillary variables such as the 

restraint system, pilot-control juxtaposition, and physical 

accouterments which limit dynamic anthropometric freedom in 

actual flight operations. Additionally, this investigation 

involved the design of an electro-optical display representa

tive of those devices typically found in military tactical 

jet aircraft currently being planned and developed. This 

display was incorporated into the mock-up in order to add 

another dimension to the anthropometric research in question. 

That dimension was a performance evaluation of anthropometric 

dimensional data derived in earlier research (Gregoire & 

Benta, 1974). 



CHAPTER II 

METHOD 

The physical anthropometric environment surveyed in 

this research was that of tactical military jet aircraft. 

Therefore, a high degree of fidelity was sought in design

ing and constructing the equipment used to acquire and 

record pertinent data. A mock-up of a typical single-seat 

Navy jet attack or fighter cockpit was built to serve as 

the framework within which the measurement apparatus was 

designed. The mock-up included an actual aircraft control 

stick, ejection seat, parachute, survival kit, and restraint 

system. Actual-sized photographic reproductions of instru

ments and control panels were arranged to simulate the 

interior configuration of an airplane such as the A-7 Attack 

Jet. A windshield and front canopy bow was included with 

the main instrument panel and side consoles to increase 

fidelity. The electro-optical device selected to serve as 

a performance measuring tool was a simulated Heads-Up Dis

play or HUD. The HUD type of display was selected for 

several reasons. The primary reason was that HUD's are 

presently, and will increasingly continue to be, the prin

ciple data link between the pilot and the outside world. 

HUDs provide the facilitation of all-weather combat appli

cations by allowing the pilot to display target information 

18 
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on the HUD and engage in combat without necessarily seeing 

the enemy via direct visual contact. Pilots are able to 

look at as well as through the combining glass display, thus 

permitting visual acquisition of targets should changing 

ambient conditions (visibility) permit. 

As impressive as HUD technology is relative to combat 

aviation, there are also problems inherent in its applica

tion. One important problem concerns focusing limitations. 

Due to the combining-glass properties of HUDs, the entire 

field of view on a HUD focuses or "funnels" from the entire 

display surface down to a small area between 3.81 and 11.54 

cm in diameter at the pilot's eye location. This viewing 

area is known as the "keyhole." Due to the complexity of 

HUDs and other types of electro-optical displays, the key

hole cannot be adjusted to various sitting-eye heights; the 

keyhole location must remain stationary. Thus, with the 

advent of sophisticated electro-optical devices and higher 

performance tactical military aircraft in the near future, 

it becomes more critical than ever to accurately analyze and 

define the sitting eye height dimension and Design Eye Posi

tion to serve as a criterion for human engineering design 

applications. 

Several requirements were identified as relevant in 

designing an electro-optical display for performance evalua

tion in this research. The requirements are listed below. 
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a. Dynamic display motion 

b. Aircraft control interaction 

c. A "funneling" of vision from display to subject 

d. A tactical task such as gun firing 

e. A capability to alter keyhole viewing height 

relative to subject anthropometry 

f. A capability of analyzing results of the tactical 

task 

g. Fidelity in simulating variables of the environment 

under study 

With the above listed requirements established, a dis

play was designed and constructed. The display featured 

random dynamic presentation of targets which moved vertically 

through the display at the rate of 15 cm per minute. The 

targets were circles 6 mm in diameter, randomly dispersed 

throughout the width of the display. The targets were 

plotted from a template on rolls of 21.59 cm wide data paper. 

The display was located 35.56 cm in front of the cockpit 

windscreen to simulate the "look through" characteristics 

of a HUD. To use the display as a performance evaluation 

tool, the subject's task consisted of a simualted night com

bat flight. While completely attired in actual flight cloth

ing and equipment and being secured to an ejection seat via 

a locked torso restraint system, the subject tracked, identi

fied and fired upon targets by using the aircraft control 

stick, weapon trigger, and electro-optical display device. 
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The aircraft control interaction was provided by 

mechanical movement of a light source on the display by 

horizontal displacement to the full right or left extremes 

of the display by the aircraft control stick. 

A "funneling" of vision similar to that of a HUD was 

accomplished by designing and fabricating an adjustable 

aperture device which was mounted in front of the subject's 

face. The aperture device permitted the subject to view the 

display only through the keyhole. The size of the adjust

able aperture framework permitted peripheral vision of the 

cockpit instruments and control stick. Although the "flight" 

was flown in the dark to simulate a night intercept and at

tack mission, the cockpit had dim red lighting similar to 

most Navy tactical aircraft. The keyhole aperture structure 

had integrally mounted vertical and horizontal tape measures 

to quantify sitting-eye height and depth as well as Design 

Eye Position from the neutral seat reference height and seat-

back tangent line datums. 

The "traditional" method of quantifying sitting-eye 

height and eye depth dimensions was accomplished by utilizing 

a basic 90° seat/back anthropometric chair which was designed 

to be installed in the mock-up ejection seat after comfort-

pad removal. The integral horizontal and vertical tape mea

sures incorporated in the keyhole aperture structure were 

then usable to measure sitting-eye height and depth as well 
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as design eye position from either a 90° anthropometric 

chair reference or from the actual ejection seat reference 

surfaces by simply switching the anthropometric chair 

insert and the ejection seat comfort-pad. Both the ejec

tion seat and the anthropometric chair insert had identical 

seat reference points and could be switched in approximately 

one minute. 

The tactical task featured a mechanical link between 

the weapon trigger on the control stick and a scoring pen 

which tracked with the control stick movement (light spot) 

on the display. The pen, which acted as a firing indicator, 

left a visually observable dot on the display each time the 

trigger was pressed—"guns were fired" (Figure 3). Thus, 

the subject had feedback concerning his tracking and firing 

performance, i.e., whether he hit or missed the targets fired 

upon. The experimenter also had a permanent quantitative 

as well as qualitative record of each subject's performance. 

A task element which enhanced the fidelity of those 

variables involved in the actual environment was that of 

classifying targets as they appeared. The subject was re

quired to continually monitor the red fire window on his 

display. If the window remained clear during the time a 

target appeared in range, the target was classified as an 

"enemy" and was to be fired upon a maximum of four times. 

Figure 3 illustrates a blank firing window, thus an enemy 

target classification. Three hits per target were required 
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Figure 3. Fired-upon display target 
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to score a "kill." If a large, 5 mm dot appeared in the 

fire window as a target came into range, the target was 

classified as "friendly" and was not to be fired upon 

(Figure 4). A scoring procedure was devised which tallied 

one point for each enemy "kill" and a one point deduction 

for each "friendly" fired upon and hit, regardless of the 

number of times hit. A maximum score of 64 could be at

tained for a perfect flight in which all 64 enemy targets 

were correctly classified, fired upon and hit a minimum 

of three times each, while 16 friendly targets (randomly 

interspersed) were correctly classified and not fired upon 

and hit. The incorporation of the classification task added 

to actual environment fidelity in that identification-

friend from foe (IFF) equipment is used in combat operations 

of the type simulated. 

An additional element of fidelity was added by playing 

actual tape-recorded jet noise as heard in a cockpit. The 

ambient jet noise played throughout the duration of the 

simulated mission. 

Subjects 

The subjects for the final research phase were comprised 

of undergraduate and graduate college students as well as 10 

pilot trainees from a nearby U.S. Air Force flying-training 

base. The subjects ranged in age from 18 to 28 years of age. 

Subjects were screened for anthropometric abnormalities. The 
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number of subjects required to determine a difference of .25 

standard deviations between means (at the .05 level of sig

nificance) 80% of the time was computed to be fifty (Cohen, 

1969). 

Procedure 

Each subject "flew" three simulated night combat mis

sions. One mission was flown while viewing the display 

through the keyhole aperture adjusted to the sitting-eye 

height naturally occupied by the subject attired in flight 

equipment and secured to the ejection seat by the torso 

restraint system. A second mission was flown while viewing 

the display from the (higher) sitting-eye height based on 

adding the mean dimensional difference computed between the 

anthropometric chair and the ejection seat during the initial 

phase of research. In order to explore the potential theo

retical causes which might explain those correlates between 

performance and anthropometric variables relative to poten

tial interactions such as muscle fatigue, a third mission 

configuration was flown in which muscle contraction was 

reduced to a large degree. Muscular contraction was allevi

ated by adding displacement cushions necessary to support 

the torso and lumbar area of the back as well as the right 

arm used to manipulate the control stick. Additionally, an 

adjustable helmet sling assisted in supporting the head and 
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helmet weight. The subject could then view the display from 

the higher eye-height position without the degree of fatigue 

experienced in the second mission configuration. Thus each 

subject flew three missions against identical sets of targets 

The control mission was based on viewing the display from a 

design eye position derived from "traditional" anthropometric 

chair techniques. The experimental missions were flown by 

viewing the display from (a) the same eye position as the 

control with the exception of torso, lumbar, arm and head 

support, and (b) an eye position based on data derived from 

the newly developed methodologies and equipment which take 

into consideration the effects of trunk slouch, torso re

straint, posture displacement resulting from aviators' 

equipment,and fatigue resulting from muscular contraction. 

Each of the three missions presented 80 targets on the 

display; 64 were "enemy" targets to be fired upon, while 16 

were randomly interspersed targets coded as "friendly" and 

not to be fired upon. 

The steps listed below were followed during the experi

ment: 

1. Subject was verbally briefed on the nature and 

purpose of the experiment. 

2. Cockpit-design relevant anthropometric dimensions 

were taken (subject data form presented in Appen

dix) • 
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3. Subject was attired in aviator's equipment (helmet, 

oxygen mask, torso harness, floatation device, and 

flying gloves) and briefed on the torso restraint 

system and cockpit equipment—control stick, weapon 

trigger, display, etc. 

4. Subject was secured in cockpit by locking torso 

restraint system. 

5. Measurements of sitting-eye height and eye depth 

were conducted. 

6. The keyhole aperture was adjusted to either the 

subject's design eye position as determined by 

(a) the research criterion, or (b) the anthropo

metric chair criterion, depending on the counter

balance sequence. 

7. Ambient light was extinguished, cockpit red light

ing and display illumination was activated. 

8. Tape recording of instructions and subsequent jet 

noise was turned on. 

9. Tape recording gave instructions concerning friendly 

and enemy target classification as well as firing 

procedure. 

10. Two static targets, one friendly and one enemy, 

were presented for familiarization. Following the 

static presentations and practice firing, 8 dynamic 

targets were presented for practice. Following the 
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presentation of 10 total practice targets on the 

display, the tape recording was stopped and time 

was provided to permit answering any questions or 

clarifying any points the subject might have con

cerning the experiment. Following any further 

clarification, the experiment was initiated. Each 

of the three phases presented 80 targets and lasted 

approximately 12 minutes. 

11. After the first 80 targets, the keyhole aperture 

was readjusted to the opposite criterion of that 

employed in step 6. 

12. The second 80 targets were then viewed, classified, 

and fired upon. 

13. The supports were installed and adjusted to permit 

the subject to view the display from the same 

higher viewing position without experiencing the 

muscular contraction fatigue which had been 

experienced in the non-supported (second) mission. 

14. The third set of 80 targets were then viewed, 

classified, and fired upon. 

15. A debriefing questionnaire concerning items such as 

comfort, fatigue, postural preference, etc. was 

completed (see Appendix). 
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Experimental Design 

Since performance over time was of interest in this 

research, a randomized block design was employed to gather 

the data required to analyze the correlates of differences 

among means (Kirk, 1969). The means compared were those 

tabulated from the "kill" scores achieved from firing upon 

the display targets viewed from the three treatment condi

tions described below: (1) a design eye position based on 

anthropometric chair criterion data, (2) the same geometric 

design eye position utilizing lumbar, arm, and head support, 

and (3) the design eye position based on the methodology and 

equipment developed as a result of this research. 

Counterbalancing was employed to control the possible 

biasing error effects of either practice or fatigue. The 

counterbalancing technique was applied by having the first 

of every consecutive three subjects fly treatment condition 

(1) first, (2) second, and (3) third. The second of every 

three consecutive subjects flew a 2-3-1 sequence. The third 

of every three consecutive subjects flew 3-1-2 sequence. 

Related questions which were addressed concerning the 

causality of any performance differences include the follow

ing items: 

1. Is fatigue due to muscular contraction in maintain

ing and erect posture a significant detriment to 

performance in similar psychomotor tasks? 
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2. Do postural support devices enhance the type per

formance tested? 

3. Is performance objectively degraded despite sub

jective ratings of increased comfort in particular 

configurations? 

4. What extrapolations can reasonably be made from 

data trends derived from a relatively static mode 

to a more dynamic environment? 

5. What are the performance correlates of tracking 

accuracy as a function of anthropometric variables? 

6. What are the performance correlates of target classi

fication ability relative to anthropometric limiting 

conditions? 

7. What effect does time have on the various correlates? 

8. What relationship exists between either central or 

peripheral visual attention and performance? 

The research methodology and equipment design involved 

have addressed not only the possible existence of performance 

difference relative to anthropometric correlates, but also 

the theoretical issues concerned with the possible causes of 

these differences. 



CHAPTER III 

RESULTS 

The performance scores for number of hits (kills) and 

false alarms per flight was analyzed over time for each of 

the three anthropometric configurations tested. The con

figurations were: (1) the control condition of the "tra

ditional" design eye position as measured for each subject 

based on anthropometric chair criterion; (2) the same eye 

height position as (1) with the exception that the subject's 

lumbar area, right forearm, and head were supported to pre

vent or relieve as much as possible the effects of muscular 

fatigue; and (3) an eye position 3.81 cm lower than configu

ration (1) to accommodate the average displacement resulting 

from aviator's equipment worn, ejection seat restraint system, 

and postural slouch as quantified by Gregoire and Benta 

(1974). In the analysis section which follows, the respec

tive anthropometric (eye position) treatments will be referred 

to as (1) erect, (2) supported, and (3) actual. Since there 

were no significant difference scores between the pilots and 

the students, the subject's scores were analyzed as a single 

population. A raw data descriptive analysis is presented in 

table 1. 

An F max of 2.72 was computed and found to be signifi

cant at p<.01. Because of the robustness of the F test. 

32 
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variance homogeneity was satisfied. Tukey's test for addi-

tivity yielded significance at the .05 level. Kirk (1968) 

suggests an alpha level of .25 for this test; therefore, a 

transform of x to the .75 power was applied to the raw data. 

A repeated Tukey's test failed to yield the significance 

criterion (p = .30), thereby satisfying the additivity 

assumption. 

TABLE 1 

UNTRANSFORMED DATA DESCRIPTION 

Treatments 

Erect 

Supported 

Actual 

Erect 

Supported 

Actual 

Mean 
Kill 
Scores 

30.68 

23.54 

41.04 

Mean 
False 
Alarms 

3.64 

3.40 

3.14 

S.D. 

17.26 

16.86 

17.51 

3.10 

3.02 

2.99 

Variance 

297.23 

284.37 

306.45 

9.40 

9.14 

8.94 

Standard 
Error 

2.44 

2.38 

2.48 

.43 

.43 

.41 

The variance-covariance matrix assumption was met in 
2 

that the resultant X value was 3.34 (6), p>.70. 
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A randomized block factorial analysis of variance as 

outlined by Kirk (1968) was then applied to the kill scores 

(table 2) and to the false alarms (table 3) to analyze per

formance over time. The time span of each trial condition 

was blocked into fourths such that each 12 minute treatment 

condition was analyzed in 3 minute segments. Post hoc power 

was found to be .79 for an effect size of .26 (Cohen, 1965). 

TABLE 2 

RANDOMIZED BLOCK FACTORIAL ANALYSIS OF VARIANCE 
SOURCE TABLE KILL SCORES 

Source 

B Time 

A Treatments 

AB 

Residual 

Total 

*p<.001. 

SS 

4.51 

726.49 

8.81 

802.60 

11822.32 

DF 

3 

2 

6 

539 

599 

MS 

1.50 

363.25 

1.47 

1.49 

F 

1.01 

243.95* 

.99 

A comparison of paired means utilizing Tukey's multiple 

comparison test (HSD) demonstrated that there were signifi

cant differences between the erect and actual as well as be

tween the supported and actual treatment conditions at p<.01 

All possible combined comparisons of means were then 

tested using Scheffe's method. Combined means for each pair 

differed significantly from the remaining mean £<.01. 
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TABLE 3 

RANDOMIZED BLOCK FACTORIAL ANALYSIS OF VARIANCE 
SOURCE TABLE FALSE ALARMS 

Source 

B Time 

A Treatments 

AB 

Residual 

Total 

SS 

.67 

1.56 

1.18 

236.92 

539.33 

DF 

3 

2 

6 

539 

599 

MS 

.22 

.78 

.20 

.44 

F 

.51 

1.78 

.45 

In addition to the performance correlates of the anthro

pometric variables discussed above, a brief treatment of 

subject data relative to individual anthropometry as well 

as comfort and fatigue ratings was computed from the collec

tive data forms (see Appendix). The mean and standard devia

tion values of the anthropometric dimensions measured for 

this experimentation are presented in table 4. 

TABLE 4 

SUBJECT ANTHROPOMETRIC DIMENSIONS 

Dimension Mean Standard Deviation 

Height 

Weight 

Sitting-Eye Height 

Abdomen Depth 

180.34 cm 

77.37 kg 

82.04 cm 

24.64 cm 

5.89 cm 

8.63 kg 

3.04 cm 

1.8 9 cm 
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The first item to be debriefed following the simulated 

flights was a comfort rating of each treatment condition. 

A 9 point scale was used which specified low values, e.g., 

1 for least comfortable and high values, e.g., 9 for most 

comfortable. The purpose of the comfort rating was an 

attempt to analyze whether significant comfort rating dif

ferences existed among treatment conditions. Since the 

pilot subject's prior experience with the cockpit environ

ment may have influenced the comfort rating analysis, an 

RBK analysis of variance was applied independently to the 

student and the pilot subjects. The comfort rating analyses 

are presented in tables 5 through 7. 

TABLE 5 

MEAN COMFORT RATING BASED ON A 9 POINT SCALE—1 FOR 
LEAST COMFORTABLE, 9 FOR MOST COMFORTABLE 

Condition Students Pilots 

Erect 3.13 3.60 

Supported 4.75 5.10 

Actual 7.35 8.50 
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TABLE 6 

RBK ANALYSIS OF VARIANCE SOURCE TABLE—STUDENTS 
COMFORT RATINGS 

Source SS DF MS 

Between Blocks (S) 65.65 39 1.68 .23 

Between Treatments (B) 363.35 181.68 24.29* 

Residual 583.32 78 7.48 

Total 1012.32 119 

*£<.001. 

TABLE 7 
y 

RBK ANALYSIS OF VARIANCE SOURCE TABLE—PILOTS 
COMFORT RATINGS 

Source SS DF MS 

Between Blocks (S) 

Between Treatments (B) 

Residual 

Total 

25.20 

126.07 

108.60 

259.87 

9 

2 

18 

29 

2.80 

63.04 

6.03 

46 

10.45* 

p>.001. 
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The analyses indicated that comfort ratings of the 

actual treatment condition were significantly higher than 

either the supported or erect treatment conditions as tested 

by Tukey's HSD (Kirk, 1968). Additionally, there were no 

significant differences between the student and pilot rat

ings concerning relative comfort (table 8). Thus, pilot 

familiarity with the cockpit environment had no appreciable 

effect on comfort rating. 

TABLE 8 

T TEST FOR INDEPENDENT SAMPLES OF STUDENT AND PILOT 
COMFORT RATINGS BY TREATMENT CONDITION 

Condition 

Erect 

Supported 

Actual 

T Value 

.64 

.37 

1.48 

P 

n. s 

n. s 

n. s 

The second item on the data forms questioned how long 

the subject could have efficiently continued to perform in 

each flight (treatment condition) as influenced by seated 

posture and viewing condition. Four choices were available 

for a response to this question. The responses ranged from 

"less than 1/2 hr." to "over 2 hrs." Mean ratings for the 

three conditions are presented in table 9. 
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TABLE 9 

MEAN DURATION ESTIMATE RATINGS 

Condition 

Erect 

Supported 

Actual 

Mean Rating—1 Through 4 

1.84 

2.38 

3.22 

The results of an RBK analysis of variance applied to 

the estimated duration ratings are presented in table 10. 

TABLE 10 

RBK ANALYSIS OF VARIANCE SOURCE TABLE—RATINGS 
OF ESTIMATED DURATION 

Source SS DF MS 

Between Blocks (S) 

Between Treatments (B) 

Residual 

Total 

66.77 

48.36 

78.31 

193.44 

49 

98 

149 

1.36 

24.18 

.80 

1.71 * * 

30.26* 

p>.001. 

p>.02. 

Comparison procedures (Tukey's HSD) revealed significant 

differences between all pairs of duration estimate rating 

means, 
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The third item to be questioned on the individual data 

forms concerned the subjective judgement of treatment con

ditions relative to fatigue. The question asked: "Which 

one of the three treatment conditions was the most fatiguing?" 

The results are depicted in table 11. 

TABLE 11 

ANALYSIS OF FATIGUE RATING BY TREATMENT CONDITION 

Condition Percentage of Population Ranking 
Condition Most Fatiguing 

Erect 72% 

Supported 22% 

Actual 6% 



CHAPTER IV 

DISCUSSION 

From a theoretical standpoint, one of the more impor

tant causal factors explaining the significantly different 

performance correlates of the anthropometric variables 

tested was the combination element of posture/position. If 

the effect of time had indicated increasingly improved per

formance in the various conditions tested, an explanation 

involving adaptation or learning might have been suggested. 

If performance scores had decreased or diverged over time, 

fatigue or differences in relative comfort might have been 

suspected. In research by Ellis concerning relationships 

between petformtance and work surface heights, the variable 

conditions associated with superior performance were sus

pected to be coincident with reduced muscular tension 

(Gange & Felishman, 1959). In the current research, however, 

incorporation of a treatment condition utilizing postural 

support devices in order to analyze the fatigue component 

revealed a surprisingly small performance difference between 

the supported and unsupported erect condition. Although 

fatigue can not be entirely discounted as an important ele

ment in similar applications, it appears that within the 

limits of this research design, the postural support devices 

did not markedly enhance the type of performance tested. 

41 
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The absence of significant performance differences over 

time independent of treatment condition suggests the posture/ 

position variable as the most plausible explanation of the 

performance differences which resulted as a function of 

treatment condition. The rationale for such an explanation 

is straightforward; it is typically difficult for people to 

sit perfectly erect (at a 90° angle from seat and back sur

faces) . People usually exhibit a degree of slouch when 

sitting/ regardless of whether the task is working at a des.k, 

driving a car, eating a meal, flying an aircraft, etc. The 

majority of chairs and other seating devices incorporate a 

nonvertical back surface. Generally, the upper portion of 

seat backs slant to the rear approximately 15° to accommodate 

support of the spinal column in a nonvertical position. With 

the above considerations in mind, it is suggested that al

though slouch generally has a negative connotation, it is 

probably a more common (normal ?) condition than is a per

fectly erect posture. An implication for future research 

is that physiological monitoring relative to various seat-

back angles might better describe the specific elements 

which constitute fatigue. 

The issue of whether subjective rating vs. objective 

performance measurement would be complimentary or contra

dictory relative to fatigue and performance was probed in 

this research. A post-experiment rating form was used with 
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each subject recording opinions of fatigue and estimated 

duration of continued performance. Analysis of results 

revealed a high level of agreement between the subject's 

ratings of conditions that were judged fatiguing and low 

performance scores relative to those conditions (supported 

and erect). Likewise, the condition subjectively judged as 

that which could be maintained for the longest duration as 

well as the least fatiguing was the actual treatment 

condition. 

There are theoretical implications that the further 

study of performance, anthropometric variables, and fatigue 

be extended into several applied areas commonly taken for 

granted. Examples of such areas include those described 

below: 

1. Auto accident research—featuring discriminant 

analysis of causal factors which would compare 

driver anthropometry with various configurations of 

auto interior geometry. 

2. Classroom furniture—perhaps research would reveal 

improved mental performance in terms of learning 

if cots, cushions, or similar items were substituted 

for traditional classroom furniture. 

3. Design of tools—fatigue related performance decre

ment over time might be investigated in terms of 

anthropometric capabilities, limitations, and 

variations. 



44 

One of the issues concerned with the results of this 

research included the identification of any relationship 

which might exist between either central or peripheral visual 

attention and performance. This issue was related to the 

measured target classification scores relative to the 

various treatment conditions. It will be recalled that the 

performance task required the subject to continually monitor 

the "fire" window on the display to classify friendly and 

enemy targets while tracking and firing. The classification 

"fire" window was not centrally located, but was in the 

periphery of the visual field. There were no significant 

differences in mean false alarm scores which indicates that 

visual performance was not affected by the various treatment 

conditions as was total psychomotor tracking performance 

for the time periods tested. Perhaps longer duration experi

mental sessions would have yielded significant differences 

in such data. Similar experimentation utilizing longer 

duration sessions may be an approach which has potential in 

researching monitoring performance in applied areas such as 

long distance driving fatigue. It should be urged that data 

obtained in a static mode not be used in the more dynamic 

(airborne) environment without further research to determine 

the amount of extrapolation permissible. 

The data trends derived from the findings of this re

search cannot provide those who would use such data for 
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design purposes with the finite specifics necessary in vari

ous applications. Rather, the insights derived from these 

findings contribute to the accumulated knowledge of psychol

ogy the understanding that the dimensional criteria used in 

the design of man-machine interfaces must do more than accom

modate a range of individual anthropometric differences in a 

particular population. Dimensional criteria must also accom

modate the anthropometric characteristics of a population 

which are modified by those variables that interact with 

human performance. Additionally, psychologists should recog

nize that human psychomotor performance decrements can accrue 

when anthropometric elements are displaced whether the caus

ative factor is due to equipment design, fatigue, cultural 

custom, special clothing, etc. Anthropometry must be con

sidered as an important link in the psychological research 

chain which connects final performance output with human 

input via equipment interfaces. 

Although answers to applied problems have been suggested 

as a result of this research, the other related issues which 

have been raised have implications for future research. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Summary 

This research analyzed performance correlates of 

anthropometric variables in the context of a current applied 

problem. There have been numerous instances of anecdotal 

evidence as well as published literature describing human 

engineering design deficiencies in military aircraft crew

station design in recent years. One of the elements con

tributing to these deficiencies has been the improper use 

of existing anthropometric data to design requirements. 

Procedures for measuring the thousands of subjects used in 

establishing anthropometric data banks for various military 

aircrew populations have typically employed a standard anthro

pometric chair (horizontal seat with 90° back). Subjects 

have been clad in shorts only and have been required to sit 

in an erect posture with back and head touching the surface 

of the seat back. The application of anthropometric data 

derived in such a manner has been used to design aircrew-

stations in tactical aircraft where, in reality, the crewmen 

must wear equipment such as helmets, oxygen masks, torso 

harnesses, survival equipment, etc. The crewmen, thus clad, 

are restrained by a torso restraint system employing an 

inertia-reel shoulder restraint and a lap belt. Additionally, 
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crewmen do not assume the artificially erect posture in air

crewstations during flight operations which is utilized in 

traditional anthropometric measurement. 

The reality of the variables which exist in actual 

aircrewstation environments reduce the height of the design 

eye position by approximately 3.81 cm. The design eye posi

tion was selected for experimentation in this research due 

to the important nature of this dimension. The design eye 

position is the reference source point for other anthropo-

metricly related cockpit geometry. The 3.81 cm difference 

in relative viewing position was hypothesized to signifi

cantly influence performance in a simulated flying task. 

A simulated tactical flying task was incorporated into a 

cockpit mock-up facility which was specifically designed 

and built to research the performance correlates of anthro

pometric variables. 

Three anthropometric cockpit-geometry configurations 

were used as treatments in performance testing a population 

of 50 subjects comprised of undergraduate and graduate col

lege students as well as military pilots. The treatments 

included: (1) viewing a display from an eye position based 

on traditional measuring techniques—erect; (2) viewing the 

display from the same position as (1) with the exception 

that supports were used to prevent or relieve fatigue and 

(3) viewing the display from a position 3.81 cm lower than 
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(1) to accommodate the postural displacement resulting from: 

(a) wearing aviator's equipment, (b) torso restraint body 

retention, and (c) normal upper body slouch which is common 

in sitting positions. Results indicated that the mean per

formance scores in the actual condition were significantly 

better than either the supported or erect conditions. 

Conclusion 

The hypothesis that decrement results from the misappli

cation of anthropometric data in particular human engineering 

designs has been substantiated in this research relative to 

the design eye position which is critical in tactical mili

tary aircrewstations. 

It is suggested that a more realistic approach be em

ployed in gathering basic anthropometric data to be used in 

a wide variety of human engineering applications. The multi

tude of psychological and physical variables which influence 

and alter performance in man-machine interactions should 

certainly include anthropometric differences in humans as 

well as equipment designs which influence anthropometric 

characteristics. Psychological research in the area of human 

psychomotor performance should encompass the reality of indi

vidual anthropometric differences as an element every bit as 

important as individual differences in intelligence. 

The psychologist working in the area of applied human 

factors research has at his disposal training in various 
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areas of human capabilities and limitations, experimental 

design skills, statistical analysis procedures/and an under

standing of the psychological and physical interactions 

which combine to influence behavior in dynamic man-machine 

environments. It is the responsibility of the psychologist 

working in applied situations to never lose sight of the 

total environment in which the end product of his skills 

will meet the ultimate test of reality. 

,u*s rm "«««" 
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APPENDIX 

SUBJECT DATA FORM 

Sequence 1 

Score 

Name 

Age Height 

Abdomen Depth 

Weight 

Sitting-Eye Height Eye Depth_ 

Ethnic Background: Cau. Black 

Latin Amer. Other 

Debrief 

Rate the comfort of each simulated flight on a 9 point 
scale, 1 for least comfortable, 9 for most comfortable 

Flight 1 
Flight 2 
Flight 3 

How long do you think you could have efficiently contin
ued to perform in each flight (as influenced by your 
seated posture and viewing position)? 

Flight 1, Less than 1/2 hr. 
Between 1 and 2 hrs. 

Between 1/2 and 1 hr. 
Over 2 hrs. 

Between 1/2 and 1 hr 
Between 1 and 2 hrsT" Over 2 hrs. 

Flight 2, Less than 1/2 hr. 

Between 1/2 and 1 hr 
Between 1 and 2 hrs. Over 2 hrs. 

Flight 3, Less than 1/2 hr. 

Please add any comments pertinent to your estimate in 
item 2 above. 
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Have you ever engaged in activities similar to those of 
the performance testing in this experiment? If so, 
describe below (e.g., flying). 

Your cooperation in this experiment has been appreciated 
Thank you. 




