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CHAPTER I 

INTRODUCTION 

Problem 

Human factors engineering can be defined as that area 

of psychology primarily concerned with the personnel sub

system interaction in a man-machine or man-environment 

system. Gagne and Fleishman (1959) expand this point in 

the following statement. 

The development of the personnel subsystem 
can be conceived as an integrated process 
in which attention is paid to the human 
being and his performance at every phase 
of system development. Beginning with the 
early design of system operations, which 
determine the basic conception of system 
use, personnel capabilities and limitations 
must be taken into account. The engineer
ing psychologist plays an important role in 
designing jobs which are compatible with 
human capabilities and with the aim of job 
simplification. Further than this, however, 
he has the responsibility of drawing out, in 
precisely specified terms, the implications 
of hardware design for selection, training, 
training equipment, job aids, and human per
formance assessment. In the testing of the 
system, he becomes concerned with devising 
procedures for the independent evaluation 
of human performance, as an essential part 
of total system effectiveness. 

The tasks Gagne and Fleishman listed for the human 

factors engineering psychologist depend upon the premise 

that adequate methodology for assessment of human perform-



ance abilities and skills exist and will be utilized 

throughout every effort concerned with the personnel sub

system. Interest and research in the area of complex human 

performance assessment has a long history. However, de

vising appropriate methods for the measurement of complex 

human performance is a problem which still requires em

pirical investigation. Chiles (196 7) summarizes the pres

ent state of methodology in support of complex human per

formance research in the following statement. 

When one attempts to answer questions about 
human performance as it occurs in opera
tional situations, one becomes painfully 
aware of the inadequacies of the extrapola
tions that must be made in attempting to 
apply research data to the practical prob
lems of the real world. And when one 
attempts to design research to attack such 
questions—either specifically or in gen
eral—one becomes painfully aware of the 
absence of a body of generally accepted 
experimental methodology. For there is in 
fact no methodology that is generally ac
cepted by researchers on such problems, 
and there certainly is none that is ac
cepted by those who ultimately make de
cisions about the implementation of the 

" resultant recommendations. 

The area of human performance assessment methodology 

required in human factors engineering psychology is the 

principle concern of this paper. The problem addressed re

lates to the method of constructing a laboratory task ana

log of a complex task found in the human environment. The 

purpose of such laboratory task analogs is to facilitate 

operational task ability and skill assessment, and provide 



a means to train operators for operational tasks. The spe

cific question involved is whether the analog of a task in

volving more than one sub-task simultaneously should re

sult in serial or simultaneous sub-task administration. 

The answer to the question depends upon the results of a 

test of the hypothesis that serial sub-task administration 

measures a different ability than simultaneous sub-task ad

ministration . 

Review of Literature 

Dunnette (1966) states that man's concern with assess

ment of individual abilities and acquired skills dates back 

to the early Greeks. Socrates and Plato recognized dif

ferential ability assessment as necessary to specifying 

occupations such as soldier, statesman or teacher through 

which individuals could make maximum contributions to so

ciety. However, measurement of individual differences 

(that is, the assignment of quantitative values to observ

able differences in human behavior) had to await the genius 

of Sir Francis Galton. In 1869 Galton presented a system 

for classifying men according to abilities based on the ob

servation that human abilities are distributed according to 

the normal probability curve (Dunnette, 1966). This en

abled the classification of an individual's ability by 

using a single standard score based upon the known frequen

cies of the normal distribution. 



In 1895, Alfred Binet started the effort to develop 

tests for the assessment of higher faculties such as memory, 

imagery, imagination, attention and comprehension (Dunnette, 

1966). Binet held that tests emphasizing motor reactions 

would not account for a majority of the variance related to 

useful individual differences measurement. He concentrated 

on the development of mental ability tests constructed as 

analogs of activities encountered in common experiences. 

Spearman (1927) , a contemporary of Binet, held that 

individuals possess a general intelligence or g factor and 

many specific abilities or s factors. The s factors repre

sent abilities which are essentially independent of each 

other. Factor analysis, as a method for summarizing the 

correlations among a number of measures in terms of a 

smaller number of clusters or factors, grew out of the work 

of Spearman. Factor analysts seek to classify the various 

abilities of individuals according to the patterns of their 

similarities and differences as expressed by correlation 

coefficients. 

Guilford (1959) summarized the work of factor analysts 

concerning mental abilities or intelligence by means of a 

taxonomy of human abilities. According to Guilford's 

theory, intelligence or intellect has three dimensions. 

The first dimension represents operations such as cogni

tion, memory, convergent and divergent thinking. The 



second dimension represents the contents or kinds of ma

terial on which operations may be performed. Guilford 

lists as types of contents semantic, symbolic, figural and 

behavioral. The third dimension represents the products or 

outcomes of the operations being performed on one or more 

of the contents. Products include units of information, 

classes of units, relations of classes, systems of rela

tions, transformations and implications of concepts. Thus, 

from Galton to Guilford, the area of individual differences 

grew from attention to gross quantitative categories of in

dividuals by ability to a three dimensional taxonomical 

structure for the classification of human abilities. 

Parallel to the work of Guilford on mental abilities, 

there developed a new interest in the abilities of indi

viduals to manipulate physical objects in the environment, 

or motor abilities. The coming of the machine age and 

World War I created the necessity for categorizing indi

viduals in terms of their abilities to interface with given 

machines. In particular, the development of flying ma

chines and their use in World War I started an effort in 

motor skill and ability research which has remained in the 

forefront to the present time. Consequently, the contri

bution of aviation oriented research will be referenced 

continuously as an example of complex and sophisticated 

work in the area of performance assessment. 
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The selection of pilots in the United States during 

World War I did not take into account psychological indices. 

However, there was a recognition of the potential contri

bution of psychology to pilot selection. Viteles (1942) 

reports that the Italians did institute a research program 

for selection of aviators based on the assessment of criti

cal medical and behavioral functions. The Italian program 

included a job analysis to determine behavioral functions 

involved and an effort to construct tests which appeared to 

represent the requisite abilities. A summary of the in

terests of the Italian psychologists can be seen in their 

description of the job of a pilot. 

A good pilot is one who to a sufficient 
speed of perception and to a notable de
gree of extension and distribution of 
attention, adds constancy, precision, 
coordinating ability of the psychomotor 
activity, and who possesses a sufficient 
inhibitory power of emotive reactions 
not to be disturbed in the above func
tions on account of emotional stimulus 
(Viteles, 1942) . 

This job description, although vague, gives recogni

tion to perceptual or cognitive as well as motor skill 

abilities. That recognition is significant in that the 

present day requirements for operation of sophisticated 

aircraft weapons systems requires a complex interaction of 

cognitive decision making and effective motor responding. 

Cassie (1962) supports this position in his description of 



a present day pilot as a stand-by brain and decision maker 

as well as physical controller. However, the recognition 

of the complexity of perceptual psychomotor abilities by 

the Italians did not provide the methods and instruments 

to determine, measure and evaluate the required abilities. 

That task has remained in the attention of researchers to 

the present day. 

According to Passey and McLaurin (1966), with the ex

ception of development of the complex coordinator as an 

ability assessment device, little attention was given to 

ability assessment in general industrial or aviation psy

chology in the United States from the end of World War I 

until just prior to World War II. In 1939, the Civil 

Aeronautics authority and the National Research Council, 

created a committee for the selection and training of air

craft pilots (Viteles, 1942). However, the origins of the 

present effort in this area dates from the creation of 

aviation psychology specialists by the Army Air Forces and 

the Navy in the summer of 1941 (Passey and McLaurin 1966). 

The larger and more significant of these military ef

forts to develop procedures for the selection of pilots has 

occurred under the direction of the Army Air Forces and the 

current Department of the Air Force. The Navy, while main

taining an interest in psychomotor ability assessment tech

niques, has not until the present time undertaken a sig-
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nificant effort to develop apparatus tests for the purpose 

of complex human performance ability, selection and pre

diction. The effort by the Army Air Forces School of 

Aviation Medicine (SAM) resulted in the construction of 

twelve psychomotor test battery versions through 1947 when 

classification testing for aircrew members was discontinued 

except for experimental purposes. The descriptive titles 

of the tests, which can be taken as a gross taxonomy, in 

the initial 1942 and 1947 battery are listed in Table 1. 

The titles indicate a trend away from more basic motor 

tests in the 1942 version toward complex cognitive or per

ceptual psychomotor tests in the 1947 version. It appears 

that research across the various versions indicated that 

tests of complex perceptual psychomotor abilities were more 

predictive of success in air crew training than tests of 

more basic discrete motor abilities. Validity data were 

incomplete at the close of World War II (Passey and McLaurin 

1966). 

However, the approach to assessment test battery de

velopment during the World War II period indicates a serial 

The Aviation Psychology Department of the Naval Aero
space Medical Research Laboratory, Pensacola, Florida, be
gan a program in 1966 to develop the methodology for re
search in the area of psychomotor test battery development. 
The author directed that effort from June 1966 to June 
1970, At present there is preliminary battery in the de
velopment stage. 



TABLE 1 

APPARATUS TESTS USED BY THE UNITED STATES ARMY 
AIR CORPS AND THE UNITED STATES AIR FORCES 

February 1942 

1. Coordination (CMIO)* 

2. Finger dexterity (CM20) 

1. 

February 1947 

SAM rotary pursuit with 
divided attention (CP410B) 

2. Rudder control (CM120C) 

3. Feel of controls (CM40) 3. Finger dexterity (CM116A) 

4. Serial reaction time 
(CM70) 

4. SAM complex coordination 
(CM701E) 

5. SAM two hand coordina
tion (CMIOIB) 

6. SAM discrimination reac
tion time (CP611D) 

April 1951 

1. SAM rotary pursuit (CM803B) 

2. Rudder control (CM120C) 

3. SAM complex coordination (CM701E) 

4. SAM discrimination reaction time (CP611D) 

•Nomenclature in parenthesis refer to United States Air 
Forces test identification. 

Source: G. E. Passey and W. A. McLaurin, Perceptual 
Psychomotor Tests in Aircrew Selection; Histor
ical Review and Advanced Concepts (Personnel Re
search Laboratory, Aerospace Medical Division, 
Lackland Air Force Base, Texas, PRL-TR-66-4, 
1966). 
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derived from factor analysis techniques. He then proposed 

a taxonomy for human abilities and skills consisting of 

eleven psychomotor factors and nine factors concerned with 

physical proficiency (see Table 2). The purpose of that 

taxonomy ". . . is to define the fewest independent ability 

categories which might be most useful and meaningful in de

scribing performance in the widest variety of tasks" 

(Fleishman, 1967). 

The major conclusion from research in this area was 

that these abilities are highly specific (Dunnette, 1966). 

It appears that there is no single g factor for psychomotor 

abilities but rather relatively independent s factors as in 

complex intellectual functioning. However, a complex task 

may represent a unique combination of s factors simultane

ously. 

The effort of Fleishman (1953, 1956) in pursuing a 

factor analytic approach deals with researching factor 

loading of a large number of discrete, basically single 

variable tasks. Although Fleishman (1967) comments on the 

utility of the Alluisi (1967) multi-task, synthetic work 

approach; it appears he has not extended his own work in 

the direction of simultaneous sub-task assessment tests. 

In 1956 the Air Force began a program of research on 

aviation crew performance conducted through contract with 

the Human Factors Research Laboratory of the Lockheed-
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TABLE 2 

TAXONOMY OF PSYCHOMOTOR AND PHYSICAL 
PROFICIENCY FACTORS 

Psychomotor Factors Physical Proficiency Factors 

1. Control precision 

2. Multilimb coordination 

3. Response orientation 

4. Reaction time 

5. Speed of arm movement 

6. Rate control 

7. Manual dexterity 

8. Finger dexterity 

9. Arm-hand steadiness 

10. Wrist-finger speed 

11. Aiming 

1. Extent flexibility 

2. Dynamic flexibility 

3. Explosive strength 

4. Static strength 

5. Dynamic strength 

6. Trunk strength 

7. Gross body coordination 

8. Gross body equilibrium 

9. Stamina 

Source: E. A. Fleishman, Performance assessment based 
on an empirically derived taxonomy. Human Fac
tors, 1967, 9, 349-366. 

Georgia Company, Marietta, Georgia (Alluisi, 1967). This 

effort produced two significant products. The first was 

the publication of historical review and advanced concepts 

in the area of perceptual psychomotor tests for aircrew 

selection (Passey and McLaurin, 1966). The second was re

search on a perceptual psychomotor battery (McLaurin, 1965) 

The 1966 publication drawing from research to that 
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time presented a list of behavioral functions believed to 

be critical for optimum aircrew performance. This taxonomy 

of functions was meant to be translated to abilities which 

could be measured in a psychomotor battery (see Table 3). 

The procedures for administration of the Lockheed-Georgia 

battery reflect a serial sub-task or additive philosophy. 

Alluisi (1967) commented on approaches to human per

formance assessment. He pointed out the disadvantages of 

simulation at one end of a continuum and specific isolated 

tests at the other end. Simulation is expensive and often 

does not enable the degree of performance measurement de

sirable. Specific tasks require the measurement of per

formance in isolated discrete settings for which there is 

no real analog to complex tasks. The compromise Alluisi 

recommends is the construction of multiple-tasks in a 

synthetic work situation. Synthetic work situations should 

represent the factor complex or functions involved in each 

sub-task at the point in time at which they occur in the 

operational task. Alluisi (1967) presented a taxonomy of 

eight functions; watchkeeping, memory, sensory-perceptual 

procedural, communications, intellectual, perceptive-motor 

and synthetic work. Alluisi has configured various ver

sions of tasks in a synthetic work approach to account for 

the functions posited in his taxonomy. Fleishman (1967) 

refers to the work of Alluisi, in the extension of the 
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TABLE 3 

TAXONOMY OF PERCEPTUAL PSYCHOMOTOR 
FACTORS AND ABILITIES 

1. Motor skill acquisi
tion rate* 

2. Automatization of 
response 

3. Paced and Unpaced per
formance 

4. Resistance to pro
longed operation 

5. Performance consis
tency 

6. Resistance to distrac
tion 

7. Adaptive capacity 

8. Dinesthetic discrimi
nation 

9. Psychomotor ability 
10. Concurrent information 
11. Anticipatory behavior 
12. Rigidity 
13. Short term memory 

14. Perceptual speed 

15. Attention 

16. Estimation 

17. Interference 
18. Discrimination reac

tion time 
19. Visualization 

1. Auditory short term 
memory** 

2. Visual short term 
memory 

3. Multiple choice re
action time 

4. Memory spare for 
digits 

5. Addition 

6. Numerical pattern 
discrimination 

7. Simultaneous bisen-
sory 

8. Information process
ing 
Arm-hand steadiness 
Discrete tracking 
Multidisplay tracking 
Pattern recognition 

13. Arithmetic computa
tion 

14. Visual signal omis
sion 

15. Auditory signal 
omission 

16. Motor-finger manipu
lation 

9. 
10. 
11. 
12. 

•Source 

**Source 

G. E. Passey and W. A. McLaurin, Perceptual 
Psychomotor Tests in Aircrew Selection: His
torical Review and Advanced Concepts (Person-
nel Research Laboratory, Aerospace Medical 
Division, Lackland Air Force Base, Texas, 
PRL-TR-66-4, 1966). 

Personal correspondence with W. A. McLaurin, 
1966. 
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Lockheed-Aerospace Medical Research Laboratories approach, 

as one of the most systematic efforts to develop a taxonomy 

and test battery for the assessment of perceptual psycho

motor abilities. 

The efforts of Alluisi (1967) with the synthetic work 

approach appears to be an exception to the additive philos

ophy of sub-task administration. However, the eight func

tion taxonomy, upon which the synthetic work approach is 

based, is probably too narrow to be of broad use in creat

ing analog tasks for diverse job requirements (Fleishman 

1967). In addition, the work of Alluisi has not focused on 

individual differences in ability and skill for assessment 

purposes. 

Work was begun by Parker, Reilly, Dillon, Andrews, and 

Fleishman in 1964, under the auspices of the National Aero

nautics and Space Administration, to develop an integrated 

battery of tests to measure primary dimensions of perceptual-

motor performance. The immediate objective was to package 

18 separate measures of performance into an integrated con

sole for ability assessment pertaining to tasks performed 

during a Gemini space craft rendezvous mission (Parker, 

1967). The 18 separate measures represent a taxonomy of 

abilities posited to account for complex system operation. 

The abilities represented are divided into ability com-

ponents under four ability categories (see Table 4). 
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TABLE 4 

TAXONOMY OF ABILITIES REPRESENTED 
IN THE GEMINI BATTERY 

Fine Manipulative Abilities 

1. Arm-hand steadiness 

2. Wrist-finger speed 

3. Finger dexterity 

4. Manual dexterity 

System Equalization Abilities 

1. Movement analysis 

2. Movement prediction 

3. Rate control 

4. Acceleration control 

Gross Positioning and Move-
ment Abilities Perceptual-Cognitive Abilities 

1. Position estimation 

2. Response orientation 

3. Control precision 

4. Speed of arm movement 

5. Multilimb coordina
tion 

6. Position reproduction 

1. Perceptual speed 

2. Time sharing 

3. Reaction time 

4. Mirror tracing 

Source: J. F. Parker, The identification of performance 
dimensions through factor analysis. Human Fac
tors, 1967, 9, 367-373. 

Parker's approach was essentially in accord with an addi

tive philosophy of sub-task administration. 

The efforts referenced thus far have been primarily 

concerned with complex human performance assessment in 

aviation related fields. The development of such assess

ment methods outside the aviation field has not received as 
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much attention. The type of performance assessment tests 

in general use can be classified into three categories. 

The first category represents mechanical aptitude and trade 

tests which are usually paper and pencil tests. This cate

gory includes tests such as the Bennett Test of Mechanical 

Comprehension and the Purdue Personnel Tests (Lawshe and 

Balma, 1966). The former is a test of general mechanical 

comprehension. The latter is a group of trade tests such 

as the informations tests related to welding, carpentry or 

lathe operations. 

The second category represents motor function (Anas-

tasi, 1968) or psychomotor tests (Lawshe and Balma, 1966). 

Tests in this category include: The Minnesota Rate of 

Manipulation Test; the Stromberg Dexterity Test; the Pur

due Pegboard and Hand Precision Test. Tests of this type 

are also represented in the factor analytic studies of 

Fleishman (1953, 1956, 1962). 

The third category includes job samples and machine 

operation tests (Lawshe and Balma, 1966). Tests in this 

category are actual or similar task samples. Examples of 

similar tasks are the Link Trainer and the Miniature Punch 

Press. 

The three categories represent tests which are in gen

eral use throughout industry. Tests in the first two cate-

gories are not specific job oriented and have not demon-
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strated high validity for prediction of job success (Anas-

tasi, 1968). The third category includes specific job 

tests or simulation of specific jobs. Tests of this type 

often require high implementation costs when the job in

volves complex human performance. In addition, such job 

samples do not easily allow quantification of performance 

with standard job equipment. The choice of test method 

represented by the three categories is between tests of 

functions which are not analogs of operational tasks, or 

job sample and simulation. 

Justification for Study 

Central to the issue of adequate complex human per

formance assessment is the "representativeness" of the 

measures employed (Gagne and Fleishman, 1959; Alluisi, 

1967). Representativeness relates to the efficiency of 

transfer between the operational task and the laboratory 

constructed analog. Gagne and Fleishman (1967) state as 

a basic rule that transfer between two situations occurs 

to the extent that they are similar. The key to the prob

lem lies in establishing the correct basis for achieving 

similarity. 

Thorndike (1932) concluded that the basis of transfer 

is due to the similarity of elements in the two situations. 

Elements in this context refer to activities and methods 

of work. Gagne and Fleishman (1967) refer to elements and 
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concepts as determiners of the amount of transfer between 

two tasks. In this case elements refer to the principles 

or rules involved in a task. Briggs (1969) refers to a 

similarity of "what is done" as essential to transfer. 

Consequently, it appears that the construction of a lab

oratory task analog should reflect the element and prin

ciple complexes of each sub-task at the point in time at 

which they occur in the operational task. Traditional ap

proaches to the development of psychomotor ability and 

skill assessment batteries have not reflected a philosophy 

of simultaneous presentation of sub-tasks (Fleishman, 1953, 

1956; McLaurin, 1966; Parker, 1967). 

The critical issue involved is whether or not the ana

log of a task involving more than one sub-task simultane

ously should result in serial or simultaneous sub-task ad

ministration. The justification for adopting a methodology 

of simultaneous sub-task presentation depends upon support 

for the assumption that the presentation of simultaneous 

sub-tasks measure a different ability complex than serial 

presentation of the same sub-tasks. A test of the hypothe

sis that serial sub-task presentation measures a different 

ability than simultaneous sub-task presentation is required 

to support a recommendation for construction of laboratory 

analog tests with simultaneous sub-task presentation. 

Rationale of Sub-Tasks 

Knowles (1963) and Poulton (1965) recommend the use of 
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sub-tasks that are different in type when conducting re

search involving simultaneous presentation. The two tasks 

selected for the study were a four choice discrimination 

matching task and a velocity estimation task. The two 

tasks represent different, factor, principle and element 

complexes according to the taxonomy presented in Appendix 

A. 

The four choice discrimination-matching task used in 

this study is a task used by Waldeisen, Owens and Halcomb 

(1973). The velocity estimation task was designed for this 

experiment. The design was based upon the findings of 

Morin, Grant and Nystrom (1956) and Brown (1961). 

Morin, Grant and Nystrom (1956) used successively 

illuminated lights, rather than an actual moving target, 

to measure velocity estimation. The findings were similar 

to those of Brown (1961). Brown compared a field study of 

velocity estimation with laboratory studies and discovered 

similar findings in the two situations. 

Broadbent (1956) and Kalsbeek (1964) found that the 

interaction between two tasks occurs particularly when both 

tasks involve choice or decision-making situations. The 

two tasks selected require choice or decision-making in

volving different perceptual-cognitive factors. The veloc

ity estimation task involves decision-making based on ve-
* 

locity and time estimations. The four choice discrimina-
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tion-matching task involves choice responding based upon 

detection, classification and matching. 

The simultaneous presentation of the two sub-tasks re

lates to at least the additional factor of concurrent in

formation processing or time-sharing. Triggs (1969) de

fines time-sharing as the requirement of alternating (di

viding) attention between two or more simultaneous compet

ing sources of information. A number of investigators have 

found that a subject can use his adaptive capacities to 

time-share performance between two tasks (Bahrick, Fitts 

and Rankin, 1952; Bahrick, Noble and Fitts, 1954; Broadbent, 

1958; Schouten, Kalsbeek and Leopold, 1962; Posner, 1965; 

Kanarick and Peterson, 1969). 

Triggs (1969) recommends consideration of the follow

ing characteristics for research concerning simultaneous 

sub-task presentation. 

1. Tasks should have maximum independence and 

minimum physical interference. 

2. Each task selected should be amenable to 

simultaneous presentation with other tasks. 

3. Tasks should require minimum learning. 

4. Tasks should be quantifiable in terms of 

suitable metric. 

The tasks selected are independent and require minimum 

physical interference. The display and control arrangement 
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designed for the study provides independent display and 

control elements for each sub-task. The design also allows 

responding to each sub-task without interference with each 

other. 

The tasks selected are amenable to simultaneous pre

sentation with other tasks. A version of the four choice 

task was used as part of an anticipatory physical threat 

stress experiment (Waldeisen, 1970). The results of a 

pilot study indicate that the velocity estimation task is 

amenable to simultaneous presentation with the four choice 

task and a short term memory task. 

The results of a study by Waldeisen, Owens and Halcomb 

(1973) indicate that the four choice discrimination match

ing task allows subject performance approaching asymptote 

with one and one-half minutes practice. Similar results 

were obtained in a pilot study with the velocity estimation 

task. Each sub-task allows direct quantification of sub

ject performance, 

Knowles (1963) recommends, when two sub-tasks are in

volved, the tasks be subject paced. The four choice-

discrimination matching task selected is a subject paced 

task. The velocity estimation task selected is fixed paced 

The subject paced task allows for variability of responding 

in a time-sharing situation. However, Mowbray (1953) and 

Klemmer (1956) found that in a two task situation the sub-
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ject may not respond with equal attention to each sub-task. 

Consequently, in this experiment, one task is fixed paced 

with instructions to respond to every trial. The second 

task is subject paced with instructions to respond as ac

curately and rapidly as possible. This approach requires 

the subject to respond to both tasks in a combined session 

rather than obtain a score based only on subject paced per

formance . 



CHAPTER II 

METHOD 

Subjects 

The subjects in this study were thirty university stu

dents with normal color vision, from an introductory psy

chology class. The students volunteered for extra class 

credit without knowledge of the nature of the experiment. 

Apparatus 

The study was conducted with the Texas Tech Experiment 

Control System (TEXCS) described by Halcomb, Waldeisen, 

Owens and Skriver (1973). TEXCS is a computer controlled 

system for experiment administration and data collection 

in support of human perforroance measurement studies. A 

summary of computer controlled human performance measure

ment technology and a description of TEXCS is provided in 

Appendix B. 

The display and control apparatus was located on a 

TEXCS general purpose testing station console as illus

trated in Figure 1. The display and control elements were 

mounted on three of the four removable panels indicated in 

Figure 1 by the numerals 2, 3 and 4. The console is of 

wood construction. Panels numbered 1, 2 and-3 have a flat 

24 
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Pig^ 1.—Subject stimulus/response console 
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black finish. The remainder of the console has a flat 

beige finish. The console is built into one of the TEXCS, 

sound shielded, indirect lighted, general purpose test 

cubicles. 

The four choice discrimination-matching task display 

and control elements are indicated in Figure 2 (see Appen

dix B) by the following locations: 

1. (a) stimulus 

2. (b) left hand switch and response cue 

3. (c) right hand switch and response cue 

4. (d) left foot switch 

5. (e) left foot response cue 

6. (f) right foot switch 

7. (g) right foot response cue 

The stimulus element was a one square-inch surfaced 

back projection, I.E.E. one-plane, in-line readout. The 

stimulus presented for each trial was one of four colors 

(red, blue, green, yellow). The left and right hand, and 

left and right foot response cue displays were three-

quarter square-inch surface displays of the type used for 

the stimulus presentation. The left and right hand switches 

were panel mounted, internally illuminated white push button 

switches located below the associated cue display. The 

left and right foot switches were located at floor level, 

below the display-control console. 
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The velocity estimation task display and control ele

ments are indicated in Figure 1 by the following locations: 

1. (h) stimulus light matrix 

2. (i) response cue 

3. (j) feedback cues 

4. (k) response switches 

The stimulus light matrix incorporated fifty-seven, white, 

illuminated, three-eighth inch, barrel caped, panel mount 

indicators. The indicators were mounted in four lines of 

fifteen indicators. Each line of indicators was numbered, 

from seven through zero and back to seven. The indicators 

were numbered by one-quarter inch black numerals super

imposed on the barrel cap surfaces. The four lines of in

dicators were placed at forty-five degree angles from one 

another with the common center indicator (zero indicator) 

as the point of angular reference. The response cue and 

feedback cue indicators were the same type as those used 

in the stimulus matrix with the following exception. Bar

rel caps for the feedback indicators were from top to bot

tom, amber, green and blue. The response switches were 

eight panel mount, internally illuminated, white, push 

button switches. The switches were identified by numerals 

above the switches, on the response panel. The switches 

were numbered zero through seven, from left to right. Tape 

recorded instructions were used throughout the experir.ant. 
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Procedure 

Each subject received a three minute practice session 

for both of the experiment tasks. The subjects were ran

domly divided into two groups. Half the subjects received 

the four choice discrimination task practice session first 

and half received the velocity estimation task first. 

The subject was seated at the console in the test 

cubical and instructed that the experimenter would monitor 

the experiment by means of a one-way viewing device in the 

upper panel of the console. The subject was instructed to 

relax and become accustomed to the test situation until the 

instructions for the first task began. 

In the four choice discrimination-matching task, the 

subject was instructed to watch the stimulus display. When 

a color appeared, the task was to scan the cue displays to 

find the matching color and press the appropriate hand or 

foot switch. The task was subject paced. The instructions 

were to work as rapidly and accurately as possible since 

the score depended upon both speed and accuracy. 

In the velocity estimation task, the subject was in

structed to watch the numbered light matrix. Starting from 

a number seven light in any line of lights, a light would 

come on and remain on for a duration of time and then go 

off. When a light went off, the next light in that line 

would immediately come on for the same duration as the 
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first light. The lights in a line would come on and go off, 

one after another. At some point along that line the next 

light would not come on. The subject was instructed to 

estimate, while the display was dark, which light in the 

line would be on if they had continued to come on and go 

off at the pace previously established. 

When the white cue light came on, the subject was to 

read the number on the darkened light which was estimated 

would have been on if the pace had continued. The response 

was required while the cue light was illuminated for three 

seconds. The response was indicated by pressing the switch 

below the number corresponding to the estimated light in 

the line. When a response was indicated, one of the three 

colored lights would come on for two seconds. The top 

amber light indicated an overestimate. The middle green 

light indicated a correct estimate. The lower blue light 

indicated an underestimate. The subject was instructed to 

respond for each trial, for any line and direction, until 

he was informed the session was over. Five trials were ad

ministered during the practice session. 

Each subject received three thirty minute treatments 

in three separate sessions. The first treatment consisted 

of a fifteen minute administration of the velocity estima

tion task and a fifteen minute administration of the four 

choice discrimination matching task. The second treatment 
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consisted of alternating three minute administration of the 

two tasks with the total duration of each task being fif

teen minutes. The third treatment consisted of simultane

ous administration of the two tasks. 

The first session was administered five minutes after 

the last practice session. One of the two remaining ses

sions was administered on each of the following two days. 

The order of treatment administration as well as task order 

within treatment one and two were counterbalanced. 

The four color discrimination task was subject paced 

as in the practice session. The velocity estimation trials 

were randomly assigned to one of the eight indicators num

bered with a seven. The initial indicator number for each 

trial determined the line and direction of light sequence 

for that trial. The trials were divided into three minute, 

five trial blocks. The trials within a block were randomly 

assigned light illumination periods of two, three or four 

second duration. The number of lights serially illuminated 

in a trial were randomly selected for each trial as four, 

five or six. The darkened display periods across all 

trials were selected so that no trial total times were 

identical and the trials could be grouped into three minute 

blocks. One three minute block was used for the practice 

session. The range of darkened display time was five to 

twenty seconds. 
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Prior to each experimental session the subject was re-

familiarized with the instructions for each task. In the 

combined task session the subjects were instructed to re

spond to every trial of the velocity estimation task. The 

subjects were also instructed to respond as rapidly and 

accurately as possible on the four choice discrimination-

matching task while performing the velocity estimation 

task. The subjects were instructed that each sub-task 

would equally contribute to the total score. 

Statistical Analysis 

The statistical analysis of the three treatment groups 

presented a methodological problem. The first treatment 

resulted in fifteen minutes of four choice discrimination-

matching sub-task data and fifteen minutes of velocity 

estimation sub-task data. The second treatment of alter

nating three minute sub-task periods resulted in the same 

data format. The third treatment of simultaneous sub-tasks 

resulted in thirty minutes of data. However, the sub-task 

exposure time was also thirty minutes, which is twice the 

sub-task exposure time in the first and second treatment. 

One method of analysis was to compare the data for 

equal total task durations of thirty minutes. A second 

method of analysis was to compare data for equal sub-task 

presentation periods. This analysis used thirty minute 

total sub-task durations for the first and second treatment. 
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The third treatment required a duration of fifteen minutes 

of simultaneous sub-task presentation. This approach used 

the first half of the simultaneous sub-task session data. 

Which of the two methods of analysis was more appro

priate has not been addressed in the literature. Conse

quently, both methods of analysis are reported. In either 

case, a test of the hypothesis that serial sub-task pre

sentation measures a different ability than simultaneous 

sub-task presentation depends upon the inter-correlation 

of the data from the three treatments. 

The four choice discrimination-matching task was 

scored for number of correct responses. The velocity esti

mation task was scored three points for a correct response 

and one point for a response indicating an estimate one 

position either side of the correct position. In order to 

compare performance across treatments, the data from the 

two sub-tasks were added together. The raw scores for the 

four choice discrimination-matching task were added to the 

velocity estimation task scores after being multiplied by 

7.26. The linear transformation multiple of 7.26 was de

rived by dividing the highest four choice discrimination 

task score by the highest velocity estimation task score. 

The purpose of the transformation was to equate the scale 

range for the two sub-tasks. If the scale range was the 

same, it was possible to determine the relative contribu-
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tion of sub-task scores to total task scores across the 

three treatments. This comparison enabled a determination 

of whether or not subjects obtained total scores by re

sponding equally to the two sub-tasks in each of the three 

treatment conditions. Correlations were obtained to ex

amine the relationship between total treatment scores and 

between treatment sub-tasks scores. 



CHAPTER III 

RESULTS 

Analysis Method One 

A randomized block analysis of variance (Kirk, 1969) 

was used to analyze data for equal treatment durations of 

thirty minutes. Table 5 illustrates that the treatment 

effects were significant, p < .01. The mean performance 

for the first, second and third treatment were respective

ly: 932; 913; and 1418 (Table 6). 

TABLE 5 

RANDOMIZED BLOCK - 3, ANALYSIS OF VARIANCE 

Source SS df MS F 

1. Between treat
ments (B) 49166 

2. Between blocks (S) 2616 

3. Residual 5224 

2 

9 

8 

24583 

290.66 

290.22 

= 84.70* 

= 1.00 

4. Total 57006 29 

*p < .01 

The Tukey (1953) HSD (Honestly significant difference) 

test was used to determine the significant difference be

tween treatments. Table 6 illustrates that the third 
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TABLE 6 

TUKEY - HSD, DIFFERENCES AMONG MEANS 

X^ = 932 X2 = 913 X^ = 1418 

X = 932 — 19 486* 

X^ = 913 — 505* 

X3 = 1418 

*p < .01 

treatment was significantly different from the first and 

second treatment, p < .01. The correlation between the 

total scores for the first treatment and second treatment 

with the third treatment, and the first treatment with the 

second treatment were respectively: r = .51; r = .29; and 

r = .92. The contribution of the four choice discrimina

tion matching sub-task scores to the total scores for the 

first, second and third treatments were respectively: 55%; 

56% and 56%. 

Analysis Method Two 

A randomized block analysis of variance (Kirk, 1969) 

was used to analyze data for first and second treatment 

durations of 30 minutes and a third treatment duration of 

fifteen minutes. Table 7 illustrates that the treatment 

effects were significant, p < .01. The pean performance 
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TABLE 7 

RANDOMIZED BLOCK - 3, ANALYSIS OF VARIANCE 

Source SS df MS F 

1. Between treat
ments (B) 87710 2 43855 = 29.05* 

2. Between blocks (S) 14540 9 1615.55 = 1.07 

3. Residual 27170 18 1509.44 

4. Total 129420 29 

*p < .01 

for the first, second and third treatment were respectively 

932; 913; and 717 (Table 8). 

TABLE 8 

TUKEY - HSD, DIFFERENCES AMONG MEANS 

X^ = 932 X2 = 913 X3 = 717 

X^ = 932 — 19 215* 

X2 = 913 — 196* 

X3 = 717 

*p < .01 

The Tukey (1953) HSD test was used to determine the 

significant difference between treatments. Table 8 illus

trates that the third treatment was significantly different 
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from the first and second treatment, p < .01. The correla

tion between the total scores for the first treatment and 

second treatment with the third treatment, and the first 

treatment with the second treatment were respectively: r = 

.49; r = .36; and r = .92. 

The contribution of the four choice discrimination-

matching sub-task scores to the total scores for the first, 

second and third treatments were respectively: 55%; 56% and 

49%. The correlations between the velocity estimation 

scores for the first treatment with the second treatment, 

and the first treatment and second treatment with the third 

treatment were respectively: r = .72; r = .30; and r = .29. 

The correlations between the four choice discrimination-

matching task scores for the first treatment with the second 

treatment, and the first treatment and second treatment with 

the third treatment were respectively: r = .98; r = .58; 

and r = .42. The correlation between the total scores for 

the first and second half of the third treatment was r = .93. 



CHAPTER IV 

DISCUSSION 

Analysis method one was used to test the differences in 

subject performance when the treatment, or method of sub-

task presentation, was varied as follows. In the first 

treatment, subjects were serially presented the four choice 

discrimination-matching sub-task for a continuous duration 

of fifteen minutes and the velocity estimation sub-task for 

a continuous duration of fifteen minutes. In the second 

treatment, subjects were serially presented the two sub-

tasks for a duration of fifteen minutes each. The sub-tasks 

were presented in alternating three minute segments. In the 

third treatment subjects were presented each sub-task simul

taneously. The total task duration for each treatment was 

thirty minutes. The results of the analysis of variance for 

analysis method one indicate that there were significant 

differences, p < .01, in subject performance under the three 

treatment conditions (Table 5). The results of Tukey's HSD 

test indicate that the treatment differences were accounted 

for by the significant differences in performance between 

treatments one and three and treatments two and three (Table 

6). 
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The low correlations between the first and third treat

ment, r = .51, and the second and third treatment, r = .29, 

indicate that the third treatment resulted in the measure

ment of an ability different from that involved in the 

first and second treatments. The relative contribution of 

the four choice discrimination sub-task score to the total 

treatment score, across the three treatments, varied by one 

per cent. This indicates that subjects during treatment 

three, did not present different performance due to attend

ing to only one sub-task. 

Analysis method two was used to test the differences 

in subject performance when total sub-task presentation 

duration in each of the three treatments was thirty minutes. 

This method of analysis involved using only the first fif

teen minutes of simultaneous sub-task data from treatment 

three. 

The results of the analysis of variance for analysis 

method two indicate that there were significant differences, 

p < .01, in subject performance under the three treatment 

conditions (Table 7). The results of Tukey's HSD test in

dicate that the treatment differences were accounted for 

by the significant differences in performance between 

treatments one and three, and treatments two and three 

(Table 8). 

The lev; correlations between the first and third 
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treatment, r = .49, and the second and third treatment, r = 

.36, indicate that the third treatment resulted in the 

measurement of an ability different from that involved in 

the first and second treatments. The relatively low cor

relations between the first treatment and second treatment 

with the third treatment for both the velocity estimation 

task scores and for the four choice discrimination-matching 

task scores indicate that an additional ability factor may 

be involved when the two tasks used in this study occur 

simultaneously. The relative contribution of the four 

choice discrimination sub-task score to the total treatment 

score, across the three treatments, varied by seven per 

cent. This indicates that subjects during treatment three, 

did not present different performance due to attending to 

only one sub-task. 

The differences in mean performance between the three 

treatments, under analysis methods one and two, indicate 

that the serial sub-task presentation in treatments one and 

two did not result in different performance. However, the 

mean for treatment three was considerably higher under 

analysis method one, and considerably lower under analysis 

method two (Table 6 and 8). Concerning the hypothesis that 

simultaneous sub-task performance measures a different 

ability than serial sub-task performance, it appears that 

either method of analysis was appropriate. The resi 
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concerning the hypothesis, under either method of analysis 

indicate that simultaneous sub-task performance does not 

substantially relate to serial sub-task performance under 

the conditions of this study. Additional research concern

ing the development of optimal methods for comparison of 

simultaneous sub-task measurement appears to be a necessity 

in support of complex human performance assessment. 

In this study reaction times were not calculated dur

ing either task. The resultant data could have been a use

ful indicant of individual shift of attention efficiency 

during the simultaneous sub-task presentation treatment. 

The velocity estimation sub-task may have been more 

representative of an operational sub-task if an analog task 

had been used rather than a discrete stepping type of task. 

The addition of higher velocity movement of stimuli may 

also have been more realistic as an analog of a type of 

operational task. 

Recommendations for future research efforts include 

the following: 

1. The velocity estimation sub-task could be pro

grammed to allow the measurement of acceleration estimation 

performance. A comparison of the two types of sub-tasks 

would focus on an area which appears to be involved in a 

number of operational tasks and which has received com

paratively little attention. 
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2. The proposed taxonomy could be used in an attempt 

to classify an operational task from any area that is con

cerned with the measurement of complex human performance. 

Initially, it is recommended that a task involving no more 

than two or three sub-tasks be used. An analog task, based 

upon the derived principle and element complexes could be 

constructed. The validity of the analog task could be 

assessed from a comparison of selection procedures based 

upon a system currently in use and the analog task per

formance . 

3. The formation of a committee for standardization 

of human performance taxonomies could facilitate the de

velopment of complex human perceptual-psychomotor perform

ance research methodology. A committee, representing re

searchers in the area, may be able to agree upon and adopt 

a standard taxonomical approach including a common format 

for reporting research results. The aim of such an effort 

could be the development of a basis for comparison of 

ability and skill performance based upon operational and 

assessment tasks. Possibly such an effort could be under

taken through the sponsorship of an organization such as 

the Human Factors Society. 



CHAPTER V 

SUMMARY AND CONCLUSION 

Summary 

Human factors engineering psychology is primarily con

cerned with the personnel subsystem interaction in a man-

machine or man-environment system. Central to a personnel 

subsystem concern is the area of assessment of human per

formance abilities and skills. Chiles (1967) points out 

that the methodology required in support of complex human 

performance ability and skill assessment is still in the 

development stage. A specific methodological question of 

concern in this study is whether a laboratory task, which 

may be the analog of an operational task involving more 

than one sub-task simultaneously, should result in serial 

or simultaneous sub-task presentation. 

The work of Spearman (1927) and Guilford (1959) in the 

area of human intelligence assessment, tends to indicate 

that man possesses differentially degrees of specific in

telligence factors or abilities. The work of Fleishman 

(1953, 1956, 1962, 1967) and Dunnette (1966) indicates a 

proposition, in the area of psychomotor or complex human 

performance, that man also possesses specific ability fac-
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tors. The acceptance of this proposition has been re

flected in the development of complex human performance 

assessment test batteries. The complex human performance 

assessment research of the Army Air Forces and Department 

of the Air Force (Passey and McLaurin, 1966), Fleishman 

(1967), Alluisi (1967), and Parker (1967) relate test bat

tery development to the development of taxonomies to ac

count for complex performance abilities and skills. 

The assessment test battery sub-tasks generally used 

by researchers have been developed to represent discrete 

specific factors which are measured in a serial fashion. 

This approach is questionable from two points. First: 

Christiansen and Mills (1967) and Fleishman (1967) level 

the criticism that present taxonomies are generally in

sufficient to categorize complex performance. Second: 

Thorndike (1932), and Gagne and Fleishman (1959) state 

that representativeness is essential for transfer of skill 

between two tasks. Consequently, it appears an operational 

task and a laboratory analog assessment task should reflect 

the same principle and element complexes. Serial presenta

tion of specific factor sub-tasks do not appear to create 

principle and element complex images of complex performance 

tasks. 

A study was conducted to test the hypothesis that, 

under specific conditions, serial sub-task administration 
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measures a different ability than simultaneous sub-task ad

ministration. The specific conditions primarily relate to 

the requirements that the principle and element complexes 

of each sub-task be different (Knowles, 1963, Poulton 1965). 

According to the taxonomy proposed in Appendix A, the sub-

tasks used do represent different principle and element 

complexes. 

The study conducted used a four choice discrimination-

matching sub-task and a velocity estimation sub-task. The 

results indicate that with sub-tasks of this type, serial 

presentation measures a different ability complex than 

simultaneous presentation. 

Conclusion 

The conclusion of the effort presented in this paper 

are as follows. 

1. The technology is now available to efficiently 

conduct human performance measurement research involving 

two or more sub-tasks simultaneously (Appendix B). 

2. The possibility exists of developing a taxonomy 

of human performance which can be used as a guide to con

structing a laboratory analog of a complex operational 

task (Appendix A). 

3. The results of the study conducted indicate that 

simultaneous presentation of sub-tasks, which represent 

different principle and element complexes, measure a 
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different ability complex than serial sub-task presentation. 

Consequently, laboratory analogs of operational tasks may 

require simultaneous sub-task presentation to measure the 

ability of interest. 
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APPENDIX A 

TAXONOMY DEVELOPMENT 

The work of Galton, Binet, Spearman, Guilford and 

Fleishman contribute to the present concern of Human Fac

tors Engineering Psychology to formulate an adequate tax

onomy to account for individual differences in human per

formance. Fleishman (1967), in a paper titled "Perform

ance Assessment Based on an Empirically Derived Task Tax

onomy," summarizes the present concern toward taxonomy de

velopment. Fleishman states that the vast quantities of 

learning and performance data from efforts of psycholo

gists over many years are inapplicable to the various ap

plied requirements of skill identificatioh. He contributes 

this situation to the present lack of a set of unifying di

mensions underlying skilled behavior. What is needed as a 

basis for assessment, as Fleishman states, is an adequate 

taxonomy of human performance which is applicable to a 

large variety of tasks and situations. 

Fleishman points out that a number of different ap

proaches can be used in development of a human performance 

taxonomy. One approach is the use of task descriptions de

veloped by job and system analysts. This approach is high

ly detailed and specific. The very specificity li-itF th 
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generalizations which can be made to new classes of skills 

and tasks. Another approach is the use of man-task inter

actions in terms of classes of functions. This is the ap

proach of Alluisi (1967), Passey and McLaurin (1966) and 

Parker (1967) (see Table 3, and 4). Fleishman is skeptical 

of this type of approach. He states, " . . . human perform

ance indicates a greater degree of specificity than this 

and considerable diversity of functions within each sub-

area; . . . " Fleishman's taxonomy is circumspect for the 

same reason quoted above (see Table 2). 

Christensen and Mills (1967) employed a taxonomy de

veloped by Berliner, Angell, and Shearer (1964) to deter

mine the reliability with which two classifiers could rate 

nine operators in aviation related jobs. The taxonomy 

classifies behavior at three levels of detail; processes, 

activities and specific behaviors. The median rank order 

correlation between the two classifiers across the nine 

jobs on the basis of processes and activities was +.78 with 

a range of +.29 to 1.00. This taxonomy lists processes 

which are subdivided into a specific behaviors. The tax

onomy is similar to Guilford's three dimensions of intel

lect. Guilford starts with operations involving one or 

more contents which produce various products. 

The approaches of Berlinear et al. and Guilford are 

essentially hierarchal in structure. The objective is to 
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derive a taxonomy which is as parsamonious as possible yet 

allows for classification of diverse abilities in a re

liable manner. A taxonomy of human performance abilities 

which has a hierarchal structure appears to be as Chris-

tension and Mills state: " . . . relatively easy to use and 

reasonable comprehensive." This taxonomy, although an im

provement, lacks the necessary degree of specificity to 

allow the construction of a task analog based upon the 

performance ability assessment. 

Table 9 presents for consideration a taxonomy with a 

hierarchal structure that hopefully comes closer to meet

ing the following objectives: 

1. A set of unifying dimensions underlying human 

performance abilities. 

2. A taxonomy which is easy to use, reasonably 

comprehensive and reliable across classi

fiers. 

3. A taxonomy which can be used to construct a 

task analog of the behavior being classified. 

4. The basis for a task analog which may be 

used as a training device. 

The third objective is intended to provide, with the 

same taxonomical structure, the means to classify indi

vidual differences and a guide to create a task analog. In 

the applied setting the task analog takes the form of a 
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selection test for the job being considered. The fourth 

objective is intended to provide the test vehicle as a 

training device to increase the skills required for a given 

job. 

The proposed taxonomy is presented in terms of behav

ioral factors, principles, elements, and communications re

quirements with recognition of a potential contribution 

from personality considerations. Behavioral factors refers 

to the type of man-task interactive terms of classes of be

havioral functions as used in the taxonomies previously 

referenced. Behavioral principles refer to essential 

qualities or characteristics of the discrete segments, or 

sub-tasks of the entire operational task. The taxonomy 

distinguished between characteristics which are essentially 

perceptual/cognitive in nature and those essentially physi

cal in nature. Combinations of the two types of character

istics result in the classification of a discrete sub-task 

by the principles involved. Stimulus and response elements 

refer to components which make discrete stimulus/response 

relationships in a sub-task classified by a complex of 

principles. Physical elements refer to the component phys

ical actions required by stimulus/response relationships 

found in a sub-task. Communications requirements refers 

to the intent of the transmission of information required 

by the stimulus/response relationship, either verbal or 
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through hardware manipulation. 

The third objective in the formulation of the taxonomy 

would be accomplished by the following procedure. The task, 

which is the objective of an operator selection procedure, 

is segmented into discrete sub-task principle complexes. A 

complex may be discrimination between one of two stimuli 

and pressing a button to indicate the presence of the ap

propriate stimulus. The stimulus elements of this segment 

of behavior include: two lights with given physical char

acteristics; environment paced, discrete presentation of 

the lights; and given duration and intervals between pre

sentation for each light. The response elements include 

one button with given physical characteristics and the du

ration for which the button must be depressed to indicate 

a discrete response. The stimulus/response relationship 

includes; the predictability of the appropriate stimuli; 

the speed and accuracy requirements of the response; the 

compatibility of the stimulus and response modes and; the 

functional relationship of the stimulus to the response. 

The physical elements include the physical requirements 

necessary to accomplish the task. The communication re

quirement for this task is to manipulate hardware to indi

cate the appropriate response. The relationship of the 

principles, with the supporting elements involved in this 

segment of behavior, are then classified according to the 
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perceptual cognitive factors. In this case the factor in

volved is discrimination reaction time. 

The procedure used to classify this task could be used 

as a guide to construct an analog to the real task. This 

could be accomplished if the analog represents the factor, 

principle, element and communication requirement of the 

original task. The analog could be used as an operator 

selection task in a remote setting. The fourth objective 

in the formulation of the taxonomy would be accomplished if 

the same vehicle, which is an analog of the original task, 

could be used to further train operators after initial se

lection is accomplished. 

The formulation of the taxonomy is the result of an 

attempt to integrate the work and objectives of the re

searchers referenced earlier in this paper. The taxonomy 

proposed is derived from a process of synthesis and logic. 

This approach is reasonable as a starting point. However 

the ultimate utility of this approach depends upon the use

fulness as a guide to an empirically derived and validated 

version. 

Fleishman (1967) appropriately recommends a "massive 

research effort on task taxonomy" and a general outline for 

an approach to the development, empirical study and veri

fication of a behavioral taxonomy. A summary of the major 

phases of such an effort include the following. 
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1. "The rational analysis of real tasks to re

duce the mass of tasks involved in a broad 

spectrum of jobs to a set of generalized task 

categories. These categories will compre

hensively cover the identifiable skills in 

the original jobs, but with obvious duplica

tion eliminated. 

2. "The synthesis and testing of 'naturalistic' 

tasks to translate general task and skill 

categories into direct analogs for laboratory 

measurement. 

3. "The definition of behavioral categories 

based on the analysis of correlations among 

performance on naturalistic laboratory tasks 

varied in systematic ways. 

4. "Performance forecasting on sets of equations 

derived from: (a) the original laboratory 

testing on naturalistic tasks, (b) the de

tailed experimentation with variables ef

fecting performance within each behavior 

class, (c) assumptions concerning the manner 

in which performance of different types of 

behavior combines into complex tasks, and 

(d) experimentation with various combinations 

of behavioral classes," 
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The approach for research recommended by the author is 

similar to that proposed by Fleishman with the following 

additions. 

1. The rational analysis of real tasks necessi

tates an analysis structure. The taxonomical 

approach presented earlier is proposed as a 

basis for such a structure. 

2. The task analysis could provide the struc

ture for creating task analogs for jobs with 

common task structures, 

3. Operational definitions of the behavioral 

terms used in the taxonomy structure could 

provide a point of departure for modification 

of the taxonomy as empirical data is gener

ated. 

4. Performance forecasting could be facilitated 

by validation of the predictability of a job 

analog test battery against current selection 

method using available criteria of job suc

cess. 

5. Possibly the taxonomy structure could provide 

a method for establishing and defining the 
2 

criteria of success in various job settings. 

Passey and McLaurin (1966) state that,-"the v.holo 
issue of job analysis and criterion definition has shovj-i 
little advancement since World War I." The need for re-
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6. Research could be undertaken to determine the 

applicability of the task analog battery as a 

training device to increase the skill of op

erators selected for a job.^ 

The importance of operational definitions of the terms 

used in a taxonomy is stated by Christensen and Mills 

(1967). "Finally, we feel strongly that an 'operational 

taxonomy' should be developed and adopted—a standard set 

of nonpsychological terms to use when describing operational 

activities. Standard descriptors for operational activity 

would make it much easier to relate such operations to ap

propriate behavioral taxonomies." Consequently, an attempt 

to meet such a standard is proposed through the following 

definitions of the descriptive terms used in the taxonomy 
4 

proposed. The definitions offered are intended as an 

initial effort and should be modified as appropriate in the 

light of empirical research. 

search into new methods of job analysis and criterion defi
nition is apparent when an attempt is made to apply these 
older techniques to jobs requiring the operation of com
plex "state-of-the-art" hardware. 

The results of research by Gabriel and Burrows (1968) 
indicate that the time sharing performance skill of pilots 
can be increased by training with an analog task. 

The definition of taxonomy terms presented are de
rived from the following sources: (1) Definitions found in 
the work of investigators referenced earlier, (2) English 
and English (1958). (3) Stein and Urdang (1967). 
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Behavioral Factor (Ability/Skill) 

A. Perceptual/cognitive 

1. adaptive behavior: 
The ability to meet environmental demands. 
The criteria implied are capacity to profit 
from past experience, and capacity to ini
tiate new and more complex experiences. 

2. anticipatory behavior: 
The ability to respond before receiving all 
aspects of the appropriate stimulus. 

3. attention: 
The ability related to the relative intensity 
or clarity of that component of a complex ex
perience which is being attended to by a sub
ject. 

4. automatization of response: 
The ability whereby an act becomes routine, 
automatic, smooth and easy, without conscious 
effort or direction. 

5. concept formation/identification: 
The ability to formulate or identify that idea 
which represents a number of individual in
stances all of which have something in common. 

6. concurrent information processing: 
The ability to organize and perform multiple 
tasks with the interference effects of task 
load and attention shifts. 

7. decision making: 
The ability to make logical choices within the 
constraints of the situation. 

8. deductive reasoning: 
The ability to reach a conclusion by proceed
ing from an accepted general principle. 

9. discrimination reaction time: 
The ability to detect differences in objects 
with maximum speed. 

10. estimation (cognitive/physical): 
The ability to arrive at a valua or quantita
tive state without computation or by rough 



63 

computation only. The output can be either 
cognitive alone or a physical movement in con
junction with the cognitive estimation. 

11. induced stress: 
The ability to tolerate a physical or psy
chological force with relatively minimal 
degradation to system functioning. 

12. inductive reasoning: 
The ability to reach a conclusion by proceed
ing from components to a general principle. 

13. memory: 
The ability to recall past events with rela
tive efficiency. 

14. motor proficiency: 
The ability to respond by means of a physical 
movement with speed and accuracy as required. 

15. perceptual identification: 
The ability to recognize the attributes by 
which an objective can be classified or as
signed to a place, role, or function. 

16. performance constancy: 
The ability to perform within defined limits 
in a reliable manner. 

17. resistance to distraction/detraction: 
The ability to perform v/ithout an undesired 
shift of attention or without a lessening of 
a defined degree of attention. 

18. resistance to rigidity: 
The ability to change one's action or attitude 
when the objective conditions demand it. 

19. skill acquisition rate: 
The ability to gain or add to a skill with 
relative efficiency. 

Behavioral Principle 

A. Perceptual/cognitive 

1. analyze: 
To separate into constituent parts of elements, 
determine the essential features. 
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2. calculate: 
To ascertain by mathematical methods; compute. 

3. categorize: 
To arrange in categories or classes; classify. 

4. choose: 
To select from or in preference to another or 
other things. 

5. code: 
To communicate by a system used for brevity, 
in which arbitrarily chosen words, letters or 
symbols are assigned a definite meaning. 

6. detect: 
To discover the presence, existence, or fact 
of an entity. 

7. discriminate: 
To note or observe a difference based upon a 
criterion. 

8. estimate: 
To form an approximate judgment or opinion 
regarding the value, amount, size, weight, 
etc., of something. 

9. identify: 
To recognize or establish as being a particu
lar thing; verify the identity of. 

10. inspect: 
To view or examine formally or officially; 
view closely and critically. 

11. integrate: 
To make up, combine, or complete to produce a 
whole or a larger unit. 

12. interpolate: 
To introduce something additional between 
other things or parts; interject; interpose; 
intercalculate. 

13. itemize: 
To indicate by items; list the individual 
units or parts of. 
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14. locate: 
To discover the place or location of: to set, 
fix, or establish in a position. 

15. observe: 
To watch, view, or note for a scientific, of
ficial, or other special purpose. 

16. read: 
To apprehend the meaning of signs or charac
ters: make out the significance by scrutiny 
or observation. 

17. scan: 
To read carefully an indicator; read sequen
tially a number of indicators. 

18. survey: 
To take a general or comprehensive view of or 
appraise, as a situation or area of study. 

19. tabulate: 
To put or arrange in a tabular, systematic, 
or condensed form. 

20. transform: 
To change something to another form, appear
ance, or structure; change in condition, na
ture, or character. 

21. translate: 
To change from one set of language or char
acters into another. 

B. Physical 

1. activate: 
To set to an active state from a passive state. 

2. adjust: 
To bring to a proper state or position; put in 
working order; regulate, 

3. align: 
To arrange in a straight line; adjust two or 
more components to achieve a purpose. 

4. change: 
To make the form, nature content, etc., of 
something different from what it is or frcn 
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what it would be if left alone. 

5. close: 
To put something in a position to obstruct, 
stop, block, hinder or cease on going activity. 

6. connect: 
To become connected; join or unite; bind or 
fasten together; link. 

7. decrease: 
To diminish gradually in extent, quantity, 
strength, power, etc.; make less; cause to 
diminish. 

8. disconnect: 
To sever or interrupt the connection; of or 
between; detach. 

9. disengage: 
To release from attachment or connection; 
loosen; unfasten. 

10. engage: 
To become interlocked; interlock with. 

11. increase: 
To make greater in any respect; augment; add 
to. 

12. join: 
To bring in contact; bring together; come into 
contact or union with. 

13. move: 
To pass or change from one place to another. 

14. open: 
To move from a shut or closed position; render 
unobstructed; render readily accessible. 

15. place: 
To put in the proper position or order; ar
range . 

16. press: 
To act upon or move with steadily applied 
weight or force; compress. 
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17. pull: 
To draw toward oneself or itself; exert a 
drawing, tugging or hauling force. 

18. push: 
To press upon or against a thing with force 
in order to move it away; exert a thrusting 
force upon something. 

19. regulate: 
To control or direct by a rule, principle, 
method, etc; adjust to some standard or re
quirement. 

20. set: 
To adjust so as to control its performance; 
put into a fixed, rigid, or settled state. 

21. switch: 
To move or swing with a swift stroke; turn, 
shift or divert; connect, disconnect or re
direct by operating a switch. 

22. synchronize: 
To go on, move, operate, work, etc., at the 
same rate and exactly together; adjust the 
periodicities of (two or more electrical or 
mechanical devices) so that the periods are 
equal or integral multiples or fractions of 
each other. 

23. terminate: 
To end or conclude; to stop. 

24. track: 
To follow or pursue a track or trail; run in 
the same track. 

25. turn: 
to cause to move around or partly around on 
an axis or about a center; rotate. 

Behavioral Element 

A. Stimulus and response 

1. alternative: 
A stimulus or response which is one of two or 
more possible stimuli or responses. 
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2. amount of information: 
The relative amount of functional information 
contained in a stimulus or transmitted by a 
response. 

3. continuous: 
A stimulus or response which is uninterrupted 
in a specified period of time during which the 
value or nature changes systematically. 

4. discrete: 
A stimulus or response which is uninterrupted 
in a specified period of time during which 
the value or nature remains a single, discrete 
entity. 

5. duration: 
The period of time during which the stimulus 
is present or during which the response is 
transduced. 

6. environment: 
The aggregate of surrounding things, condi
tions, or influences, especially as affecting 
the existence or development of a stimulus or 
response. 

7. environment/subject paced: 
The presentation of the next stimuli is de
pendent upon a schedule formulated by the 
experimenter or derived from on going en
vironmental influences including the previous 
response or responses of the subject. 

8. importance/priority: 
The intended significance of the stimulus or 
response including the priority of attention 
to stimuli if indication is appropriate. 

9. interval: 
The period of time between the termination of 
presentation of one stim.ulus or stimuli and 
the onset of the presentation of the next 
stimulus or stimuli; the period of time be
tween responses. 

10. number: 
The number of physical stimuli or responses 
required at given points in time. 
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11. physical characteristics: 
A discription of the physical distinguishing 
features and quality of the stimulus or re
sponse mode. 

12. predictability: 
The extent to which the occurrence of a stimu
lus or response can be predicted from subse
quence experience with the task or like tasks. 

13. sequence: 
The order or list of succession in which a 
series of stimuli will occur or responses will 
be called for. 

14. stimulus-response relationship: 
The connection, association, or involvement 
between the stimulus and the response in terms 
of the following elements. 

a. accuracy/compatability/feedback/functional: 

accuracy requirement: the extent to which 
accuracy, as opposed to speed, is required 
in responding to a stimulus. 

compatability: relative specification of 
the relationship of the stimulus mode and 
the response mode in terms of facilitating 
efficiency of responding in an appropriate 
manner. 

feedback requirement: the extent to which 
knowledge of results of the outcome of 
previous performance is required in addi
tion to the presence of a stimulus to ap
propriately respond. 

functional characteristics: the func
tional significance intended by the pre
sentation of a stimulus or by the activa
tion of a response mode. 

b. predicability: the extent to which the 
appropriate response can be predicted from 
the presentation of a stimulus or part or 
all of a series of stimuli. 
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c. speed requirement: the extent to which 
speed, as opposed to accuracy, is required 
in responding to a stimulus. 

B. Physical Element 

1. extent flexibility: 
Ability to flex or stretch the trunk and back 
muscles as far as possible in either a forward, 
lateral, or backward direction. 

2. dynamic flexibility: 
The ability to make repeated, rapid flexing 
movements in which the resiliency of the 
muscles in recovery from strain or distortion 
is critical. 

3. explosive strength: 
The ability to expend a maximum of energy in 
one or a series of explosive acts. 

4. static strength: 
The maximum force which a subject can exert, 
for a brief period, where the force is exerted 
continuously up to this maximum. 

5. dynamic strength: 
The ability to exert muscular force repeatedly 
or continuously over time. It represents 
muscular endurance and emphasizes the resis
tance of the muscles to fatigue. 

6. trunk strength: 
This is a second, more limited, dynamic 
strength factor specific to the trunk muscles, 
particularly the abdominal muscles. 

7. gross body coordination: 
Ability to coordinate the simultaneous actions 
of different parts of the body while making 
gross body movements. 

8. gross body equilibrium: 
The ability of an individual to maintain his 
equilibrium, despite forces pulling him off 
balance, where he has to depend mainly on non-
visual (e.g. vestibular and kinesthetic) cues. 

9. stamina: 
The capacity to continue maximum effort, re
quiring prolonged exertion over time. 



71 

Communication Requirement 

A. Hardware/verbal 

1. advise: 
To recommend, counsel, or suggest. 

2. answer: 
To act in reply or response to. 

3. direct: 
To guide; regulate or control; give authori
tative instructions to. 

4. indicate: 
To point out or point to; direct attention to. 

5. inform: 
To give information; supply knowledge or en
lightenment. 

6. instruct: 
To furnish with knowledge by a systematic 
method; teach; train; educate. 

7. transmit: 
To send or forward, as to a recipient or des
tination; convey or pass along. 



APPENDIX B 

HUMAN PERFORMANCE MEASUREMENT 

SYSTEM TECHNOLOGY 

Passey and McLaurin (1966) state that the U.S. Air 

Force discontinued the use of apparatus tests in July 1955 

partially due to the technological problems associated with 

electro-mechanical component reliability. It is reasonable 

to assume that if the electro-mechanical component relia

bility of discrete task apparatus was unacceptable, the 

reliability of simultaneous sub-task apparatus of the same 

type would also be unacceptable. 

The entire approach of constructing complex, sophisti

cated, multi-task analog assessment systems is now techno

logically feasible. The breakthrough has come by way of 

the development of low-cost "minicomputer" technology. The 

following section presents an overview of the technology: 

1. necessary to efficiently create task analogs 

based on the proposed taxonomy. 

2. recommended for basic laboratory capability, 

to efficiently conduct complex multi-task 

research. 

The base of the proposed approach requires the effec-

72 
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tive application of real-time, time-sharing computer tech

nology. At present, psychological laboratories which use 

computers, generally use them only in an off-line mode. 

The recommended approach is to use computer technology to 

develop an on-line, real-time, closed-loop experiment con

trol system. Figure 2 illustrates levels of application 

of computer technology to the laboratory. 

The off-line approach involves subject apparatus and 

the associated relay or solid state electronic logic to 

control display functions and transduce responses for event 

recording. Hand coded forms are used to punch computer 

data cards. The data cards are read into a computer for 

data analysis under control of an appropriate data analysis 

computer program. The data analysis summary is printed by 

teletype or computer line-printer. The on-line approach 

involves the direct on-line input of responses to the com

puter by means of a computer interface and signal condi

tioner. 

The real-time, closed-loop system approach requires a 

computer and a interface to activate stimulus modules and 

accept responses as required by the experiment control 

software program. The system is closed-loop in that the 

experiment control software can specify the activation of 

a given stimulus dependent upon the quality of preceding 

responses. The system operates in real-time in that re-
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sponses can be analyzed to determine stimulus activation 

with speed such that it appears that the response directly 

triggers the stimulus activation. The time sharing capa

bility of the computer can be used to control two or more 

sub-tasks in a manner which appears to be simultaneous. 

Three examples of existing real-time, computer auto

mated experiment control systems are presented as examples 

of applied computer technology in support of experimental 

psychology. The first example is the Pensacola Automated 

Test System (PATS) (Waldeisen, Curran and Wherry, 1968). 

The PATS was initially designed in 1966. At that time, 

standard computer interfaces of the type required to pro

vide efficient, low-cost control of discrete stimulus acti

vations and accept discrete response inputs were not avail

able. PATS development required the design and construc

tion of such an interface to meet experiment requirements. 

The first real-time, computer controlled experiment 

with PATS was conducted in 1967 using a medium size real

time computer (UNIVAC - 418) interfaced to test stations 

in the Aviation Psychology Division of the Naval Aerospace 

Medical Institute. The computer industry, in 1968, began 

to recognize that the theory of simultaneous use of medium 

or large real-time computers for process control and gen

eral purpose data processing was not feasible in actuality. 

The same conclusion, with regard to experiment control, was 
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reached after experience with the initial PATS. The major 

problems related to two factors. One, scheduling general 

processing, such as accounting applications, so as not to 

interfere with reliable experiment control proved to be 

very difficult. Two, the programing software effort re

quired to serve general data processing as well as precise 

experiment control in a time-sharing mode, proved to be 

prohibitive in terms of expense and time required for pro

gram development. 

The solution to the problems encountered with PATS 

came with the commercial development of low-cost "mini

computer" from 1968 to the present time. The development 

of such computers provided the capability to dedicate an 

entire system to experiment control with a capital expendi

ture less than that required for traditional experiment 

control apparatus of lessor capability. The PATS is pres

ently being updated with the acquisition of "minicomputers." 

The second example of applied computer technology is 

the Texas Tech Experiment Control System (TEXCS) developed 

by Halcomb at Texas Tech University, Lubbock, Texas (Hal

comb, Waldeisen, Owens and Skriver, 1973). TEXCS was de

signed in 1971. The advancement of "minicomputer" tech

nology, by that time, enabled the acquisition of the inter

faces required for experiment control as standard peripheral 

devices offered by "minicomputer" venders. 
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Table 10 illustrates three phases of TEXCS design. 

The basic system configuration allowed the control of 36 

discrete outputs and 24 discrete inputs under software pro

graming control. This version was sufficient to control 

the simultaneous presentation of two or more discrete 
5 

tasks. 

The expanded system includes the addition of a mag

netic tape peripheral and a analog to digital converter. 

The tape is used primarily as a programing aid. The pro

posed system will: increase the core memory; increase the 

discrete interface capability; provide digital to analog 

converters; and provide a cartridge magnetic disc. The 

additional core memory and disc will aid development of 

more complex software programs and experiment control. The 

expanded discrete control interface will allow additional 

control and sensing capability. The analog to digital and 

digital to analog converters will enable control of analog 

drive stimulus apparatus and computer compatible input of 

analog responses. 

The theory of the design of TEXCS is to provide an ex

perimenter with a capability to control discrete and analog 

devices, and use discrete and analog devices for subject 

^The study presented in this paper was conducted with 
the TEXCS basic system. 
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responding. The complexity of the experimental task de

pends upon the number of devices which can be efficiently 

controlled and sensed under software program control. Com

plexity of program control relates to: the cycle speed of 

the computer; the size of core memory; the peripheral memory 

storage available; and the power of the software program 

instructions. 

The third example of applied computer technology is 

the development of the general purpose (generic) aviation 

crew station by the Human Factors Division, Crew System 

Department, Naval Air Development Center, Warminster, 

Pennsylvania. The development of the Generic Crew Station 

is being accomplished by modification of an existing com

puter controlled system for voice recognition and synthesis 

system has a "minicomputer" with 12,288 of 16 bit core 

memory. The basic system has peripheral devices for card 

input, line printer output and an interface to voice recog

nition and synthesis apparatus. The addition of expanded 

discrete interface logic, analog to digital and digital to 

analog converters, a cartridge disc and a plugboard will 

result in the reconfiguration necessary for a Generic Crew 

Station. The Generic Crew Station will be used to con

figure various crew tasks concerned with human factor en

gineering design. 




