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INTRODUCTION
 

The Cockpit Display of Traffic Information (CDTI) is a concept 
currently under investigation at the FAA Technical Center, Atlan­
tic City, N. J. It assumes that traffic information can be made 
available in a pictorial display to the pilot and flight crew. 
Many benefits have been hypothesized, but limitations may also 
exist, and the effect of a CDTI on pilot performance is a major 
consideration. 

One of the objectives of the General Aviation Cockpit studies 
involving CDTI is to assess pilot performance. As a result, an 
extensive review of the literature was conducted to evaluate 
pilot performance measurement research, and apply the findings to 
the development of a Pilot Performance Index (PPI). 

METHODOLOGY 

A comprehensive review of the literature relatedto pilot perfor­
mance measurement was undertaken. Books, scientific journals, 
proc e e dings 0 f te c hn i ca 1 mee t i ngs , and te c hn i ca 1 re por t s wer e 
consulted, and a computerized literature search was conducted to 
locate relevant sources. 

Specific topics covered in this report, as they relate to pilot 
performance, include behaviors, measures, and instruments for 
performance evaluation in actual and simulated environments, task 
taxonomy development and modeling, physiological measurement used 
in conjunction with other performance measures, and automated 
performance assessment. 

The criteria for selection of sources included in this survey 
are: 

1. Performance the emphasis is on the evaluation of pilot 
performance in the cockpit. 

2. Cockpit (or pilot) here again, the emphasis is on pilot 
performance versus operator performance, unless the information 
appeared relevant to an understanding of pilot performance. 

3. Background articles which provide information regarding 
the concept of pilot performance, overviews of the literature, 
etc., were included. 

4. Subjects work describing experiments with normal adults, 
preferably pilots, is included. Also, art i c 1 e son p i lot per son ­
ality, including results of psychological profiles, are included. 

5. Application documents relating to pilot performance or 
aircrew in actual flight or simulated conditions are included. 



6. Types of Measur,es - measures that are of interest include 
performance evaluation in actual or simulated environments, task 
taxonomy development, and automated performance assessment. 

The sources contained in this bibliography are listed alphabetic­
ally by the autho~s last name. In addition, a subject index is 
included for the user's convenience. 

RESULTS 

The result of the literature search is included here, in the form 
of an annotated bibliography. One-hundred summaries are included 
all of which relate, in some way, to the areas outlined in the 
methodology section. In addition, articles dealing with multi ­
variate statistical techniques, useful when reducing data from 
performance measures, are included. 

Some consensus among the authors ci ted can be noted. For ex­
ample, it is generally agreed that as greater automation is 
built into the cockpit, and as the complexity and difficulty of 
the pilots' task increase, conscientious efforts are needed to 
develop methods to evaluate and monitor an individual"s perfor­
mance. As the pilot becomes more involved in monitoring displays 
and operating controls, safety may be compromised when and if 
information processing and control actions go beyond the pilot's 
capability., 

No fully acceptable or scientifically validated approach dedi­
cated to the measureme'nt of pilot performance exists (Grodsky, 
1967). With the advent of new cockpit configurations, the prob­
lem becomes more complicated. The pilot's task is both complex 
and multidimensional, which makes the development of a single 
overall scale for evaluation of performance difficult. Addition­
ally, intra-pilot variability in the performance of flight skills 
further complicates measurement (Farrell, 1973). 

Several authors feel that the choice of a performance measurement 
method is dependent upon the question asked about the individual 
performance as well as the state of development of the system 
under consideration (Chiles, 1967; Grodsky, 1967; Koch, 1964; 
Farrell, 1973). Therefore, the applicability of any previous 
methodology and taxonomy may be limited. 

Other considerations that arise in performance measurement are 
(1) the question of cri terion, that is, to determine what infor­
mation is necessary and how it will be used to provide valid 
assessment, and (2) the general procedure to be used for data 
collection - simulation versus inflight testing, to name two. A 
brief summary of the performance measurement techniques found in 
the literature is included, and the annotations follow. 
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Pilot performance measurement can be divided into two broad 
categories, subjective and objective. Subjective measurement 
refers to the evaluation of skill by an observer, for example, an 
instructor pilot, who is usually highly trained and experienced. 
Objective performance measures evaluate, more directly, how well 
the p il ot per forms on the ba sis of a p redete rmi ned 0 b j ec t i ve 
scale. A major drawback in the use of subjective techniques is a 
general lack of correlation between raters on specific criteria 
that constitutes successful performance (Knoop, 1973). Objective 
meas ures , on the other hand, are not sub j ect to ra ter varia b i 1­
ity, providing acceptable tolerance limits are established to 
account for pilot variability. Measures in the objective cate­
gory include automated performance measurement, component/total 
task performance, residual attention, tracking tasks, dual-task 
performance, task taxonomy development, and modeling techniques. 

The area of automated performance measurement represents a rela­
tively new development in the area of performance measurement and 
can be attributed to the data collection potential available in 
simulators. It has as it's major advantage the fact that aircrew 
performance, by its continuously changing nature, requires auto­
mated data collection techniques. Several studies in this area 
are based on the assumption that flying performance is directly 
reflected in certain parameters (for example, airspeed and alti ­
tude) maintained close to some predefined criterion value (Henry, 
et aI, 1979; Hill, Eddowes, and Knoop, 1973; Knoop and WeIde, 
1973). In many of the systems described, critical variables of 
aircraft control, navigation, and radio procedures are measured, 
and errors, i. e., departure of cri tical variables beyond the 
specified tolerance level, are reported. It has been shown that 
the "diagnostics" may not relate to pilot performance per se, but 
that interpretation of the error, if it takes into account the 
pa ttern of errors wi thin segments and throughout the maneuver, 
reveals more meaningful data (Childs, 1979; McDowell, 1975). The 
major caution, as revealed through the literature, is that auto­
mated performance measurement systems be subjected to empirical 
utility testing, with particular attention devoted to specified 
tolerance levels for each measure. 

Component-total-task performance measurement refers to the study 
of relationships among part-task and whole-task proficiency 
(Freedle, Zavala, and Fleishman, 1968). Resul ts of research in 
this area indicate that the best predictors of total-task and 
.mul tiple control subtasks were other mul tiple control subtasks. 
Prior practice on combinations of components yields a better 
prediction of total task performance than does prior practice on 
.single components. In support of the "common ability" paradigm, 
it was noted that proficiency in unpracticed components was 
increased as a function of practice on other components (Fleish­
man, 1968) • Implications for application in total task per­
formance evaluation are summarized in the literature cited, a.nd 
include the prediction of total task performance from prior 
knowledge of an individual's performance on task components. 

3
 



Residual attention studies are often connected with pilot work­
load st ud i es , and re f ers to the ex tra a t ten ti on capac i ty whi ch 
the pilot has, in addition to the workload of performing routine 
flight tasks (Damos, 1972; Damos and Lintern, 1979).' Most stud­
ies on residual attention use a dual-task approach, with one task 
defined. as primary, the other secondary. Residual attention 
research has application in the pilot performance area because it 
is often the reserve capacity that.is used to deal with deterior­
ating situations inflight. An excellent review of the literature 
in this area is found in the study by Damos and Lintern, 1979, 
entitled "Comparison of Single and Dual-Task Measures to Predict 
Pilot Performance". 

The use of tracking tasks in performance research has shown that 
compensatory tracking affords stable measures of human perfor­
mance (McRuer, 1973; Damos and Lintern, 1979; Gerathewohl, 
Chiles, and Thackray, 1975; Gopher and North, 1974). The most 
important aspect is that the class of situations in closed loop 
control of aircraft are compensatory tasks in which a pilot acts 
on displayed error quantities between desired command inputs and 
comparable vehicle output motions, producing control actions 
(Krendel and Bloom, 1959). Tracking tasks have wide application 
in performance measurement and provide a number of models of 
pilot performance. Dual-task performance refers to the simul­
taneous performance of more than one task. Application of dual­
task performance research includes the use of divided attention 
during the performance of several tasks. Resul ts reveal a cor­
relation between a dual-task test and the performance of a flight 
check. 

Task taxonomy, in the general sense, represents a means of 
classifying objects and phenomena in such a way that useful 
relationships among them are established. It also involves the 
rules and principles concerned with the classification (Berry, 
1980; Companion and Corso, 1977; Koch, 1967; Meyer, Laveson, and 
Weisman, 1975). Task taxonomy is especially useful in the 
a via t i on en v ironmen t and can be use d to des cr i be the func t ions 
performed by the human component (behavioral taxonomy) and 
determine the relative position of each task on a certain 
dimension to the overall job ("true" task taxonomy). Rules and 
rationale for taxonomic classification vary according to the 
parti cuI ar meas u rem en t pro bl em, and one rul e 0 f thumb pervades 
the literature-simplicity in organization of the taxonomy 
(Berliner, Angell, and Shearer, 1964). Other considerations in 
task taxonomy development include the following criteria: 

(1) Task element definitions should be objectively defined. 
(2) Categories should be mutually exclusive. 
(3) Taxonomy should be as exhaustive as possible. 
(4) Taxonomy should permit analysis at different levels of 

details. 
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One example from the literature shows a taxonomic outline used to 
classify ,student pilot errors (Shannon, 1980). It is divided 
into discrete and continuous operations. Discrete operations, 
defined as tasks involving individually distinct movements or 
mediating responses, are further broken down into procedural, 
an tic i pa t ion /p 1 ann i ng , c omm uni ca t ion, and mon i t or ro 1 e s • Each 
category is succinctly described and checkpoints noted. This 
minimizes interpretation error when the taxonomy is applied. 
Continuous operations, tasks involving multidimensional tracking 
responses, includes pitch axis control, roll axis control, yaw 
axis control, thrust axis control, and brake control. Again, 
each is described and specific parameters noted. 

One of the major advantages of the taxonomic approach is that it 
remains creative and innovative, despite guidelines governing its 
development and use. Further, to the extent that the task tax­
onomy is defined and used, the task analysis can be objective, 
repeatable, and complete (Berry, 1980). 

Models of many different kinds have been used for analyzing 
performance. They include those that model human behavior, 
models of environment , information, and machine behavior while 
observing the responses of the pilot and models of system task 
networks. 

Control theory models are discussed and provide one example of a 
model of human behavior. First, the system, given certain char­
acteristics, is described and human behavior within that syst~m 

is modeled. The model, in this context, should include the 
various psychophysical limitations inherent in the human opera­
tor, i. e. time-delay, neuromotor, dynamic, and controller rem­
nant. Advantages to a modeling approach include a high rate of 
agreement between theoretical and measured quantities (Kleinman, 
Baron, and Levison, 1970). 

A comprehensive survey of man-machine models of human perfor­
mance, based on information theory, control theory, and decision 
theory, is contained in the text Man-Machine Systems: Informa­
tion, Control, and Decision Models of Human Performance by Thomas 
B. Sheridan and William R. Ferrell (1974). Information models 
covers probability estimation, Bayesian probability, updating, 
and human performance models of factors-like judgment and reac­
tion time. Control models include manual control subsystems, 
linear control models, and system identification and modeling in 
both the time and frequency domain, to name a few. Decision 
models examine riskless and risky decisions, and the subjectively 
expected utility model, including signal detection. With the use 
of these models, it becomes possible to describe the behavior of 
the machine and the human components of a system in a single 
language appropriate to both. 
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Other factors which are considered in the Ii tera ture, as they 
relate to pilot performance, are outlined in table 1. These 
factors are noise, age, stress, and personality. All influence 
performance in some measure. The investigators are named, and a 
summary of their work appears in the annotations. 

CONCLUSIONS 

The question arises as to which is the best situation in which to 
measure pilot performance. The two major categories are 
described as inflight and simulation. Inflight implies the 
measurement of performance on an actual system and on mission 
tasks in the actual environment (cockpit). Simulation duplicates 
the essence of the system under investigation and uses' actual 
trained operators (pilots). 

Inflight measurement is generally considered the most valid 
(Alluisi, 1967; Billings, Gerke, and Wicke, 1975). However, with 
the data collection systems available in simulators, the range of 
data collection potential has increased. Other benefits of 
simulation include the low cost of operation, once the initial 
expense of purchasing the simulator has been absorbed; safety, 
equipment reliability, ease of duplication of conditions, and 
relative ease of measurement (Obermayer and Vreuls, 1974; Mudd, 
1968; Alluisi, 1967; Berliner, Angell, and Shearer, 1964). The 
question of validity remains, however, and extrapolation from 
simulated to actual flight must be made with considerable cau­
tion. 

The question of arousal has been discussed, and some researchers 
feel that data from simulators and actual flight may never cor­
respond, ,since different levels of arousal may be responsible for 
differences observed between the two (Grodsky, 1967; Alluisi, 
1967). A pilot knows, for example, tha t his life is not endan­
gered when attempting difficult maneuvers in a simulator, as it 
may be in flight. 

The research summarized in the following pages covers a wide 
~ange of situations and details the type of results obtained. 
The final decision of performance measurement techniques, as well 
as the determination of an appropriate situation for data collec­
tion, remains with the researcher who must consider his own 
specific objectives, amount of time, money, and subjects avail ­
able. 
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TABLE 1 

OTHER FACTORS AFFECTING PERFORMANCE 

FACTORS COMMENTS INVESTIGATORS 

NOISE Decreased performance in noise was not found, but 
an increased level of heart rate indicated the stress. 
Unevenly spaced and periodic intermittent noise on 
complex psychomotor task performance causes decrement. 

Reduction in spare mental capacity is a function of 
aversiveness of the noise stressor. 

Eschenbrenner, 
1971 
Strasser, 1977 

Finkelman, 
Glass, 1970 

AGE Reviewed the literature related to age differences as 
measured by standardizing tests of sensory, perceptual, 
mental, cognitive, and neurophysiological functions 
and objective assessment of personality in Part I. 
Isolated 114 variables important to successful pilot 
performance in Part II. Compared qualitative 
assessment based on subjective ratings and quantitative 
assessment based on recordings of pilot actions and 
aircraft response. 

Gerathewohl, 
1977; 1978 

STRESS Intellectual stress produces impaired flying skill 
which is predictable; emotional stress produces 
substantially more severe but fluctuating degrees 
of impairment of unpredictable duration. 

Howard, 1975 

PERSONALITY Male pilots tend to be "active-masculine, North, Griffin, 
FACTORS, adventurous" (based on Edwards Personal Preference 1977 

PSYCHOLOGICAL Schedule, and General Aviation psycho-social Novello, 
FACTORS inventory). Female pilot profiles closely resemble 

"norm" for adult male personality traits. 
Several behaviors have been identified as relevant 
to the flying task and measured individually have not 
been used collectively in any attempt to predict 
aircrew performance. 

Youssef, 1974 
Ware, 1964 
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Three models for operator performance prediction are briefly 
described. They are: 
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Category 3. Analyses the behavior of a system, describing the 
tasks necessary to accomplish system goal (s) and examining the 
interaction of system components. 

The advantages and disadvantages of each model group are discus­
sed. The author then discusses the use of task analysis to 
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influence of orally administered secobarbitol. The parameters 
evaluated were tracking performance in two axes and airspeed 
control. 

The findings revealed that error and root mean square variability 
were about half as much in the simulator as in the airplane. 
Also, observed data were more strongly associated with the drug 
level in the simulator. The data are useful for studying the 
effects of mild stress on pilot performance. 
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TR-81-0117, October 1980. 

The efficiency of Electroencephalogram (EEG) measures in asses­
sing the level of cognitive processing in aircraft pilots was 
evaluated. Several studies with different subjects under several 
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conditions demonstrated the relationship between EEG and cogni­
tive states. Results indicated that frontal electrodes alone 
were not adequate to gather the most significant data. Occipital 
electrodes proved to be the best statistical indicator of dif ­
ferences in cognitive states. 

The statistics for analysing various treatment effects on EEG 
while subjects are used as their own control was called the 
INNOVATE (Individual Normal Variant Analysis Technique), and was 
developed for the purposes of this evaluation. 

8. Brictson, Dr. C. A., Operational Measures of Pilot Perfor­
mance During Final Approach to Carrier Landing. Proceedings of 
the AGARD Conference on Measurement of Aircrew Performance, 
AGARD-CP-56, May 1969, 7-1-7-5. 

Measures of pilot performance during night carrier landings were 
found to differ statistically and practically from daytime per­
formance in terms of altitude control. Night approaches were 
characterized by more altitude variability, a larger percentage 
of approaches below glide slope and higher bolter rates compared 
with day approaches flown by the same pilots. Practical applica­
tion of the performance data is discussed in terms of pilot 
training, visual landing aids, and aviation safety. Empirical 
landing performance criteria are developed from the data and used 
to predict the probability of landing success as a function of 
deviations in final approach performance. (ABSTRACT) 

9. Brictson, Dr. C. A., Ciaverelli, A. P., and Wulfeck, J. W., 
Operational Measures of Aircraft Carrier Landing System Perfor­
mance. Human Factors, 1969, 11, 281-290. 

Measures of final landing approach performance during day and 
night aircraft carrier recovery, including altitude error from 
glide slope, lateral error from centerline, sink speed at the 
ramp, approach speed at the ramp, arrestment wire, boarding rate, 
and bolter rate are analyzed and interpreted. The authors found 
that the major difference between day and night carrier approach 
performance was in altitude error control. With a diminished 
v isual field at night, final approach performance showed more 
altitude variability, a greater percentage of aircraft below the 
glide scope, higher bolter rates, and less landing success as 
measured by overall boarding rate. 

The point, then, is to determine if existing night approach 
performance is acceptable, and if not, emphasis must be placed on 
improving the presentation of visual cues in visual landing aids. 
Suggestions for future areas of study are made. 
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10 •. Brictson, Dr. C. A., McHugh, L. C., and Naitoh, Dr. P., 
Prediction of Pilot Performance: Biochemical and Sleep Mood 
Correlates under High Workload Conditions. Proceedings of the 
AGARD Conference On Simulation and Study of High Workload Condi­
tions, AGARD-CP-146, October 1974, A13-1-A13-8. 

The article discusses a preliminary longitudinal study of the 
factors affecting the carrier landing performance of naval avia­
tors under high workload conditions. Biochemical, emotional, and 
experimental data were gathered from 26 F-4J pilots. The most 
significant finding was the effect of high cumulative workload on 
performance prediction. Under conditions of zero and moderate 
cumulative workload, more than 70 percent of the variability in 
individual landing performance could be accounted for by the 
predictor variable. Under conditions of high cumulative work­
l~ad, only 40 percent of the individual landing performance could 
be accounted for by the predictor variables. Also, the pilot's 
assessment of workload became less predictable under high work­
load conditions and suggested that either the pilot used a dif ­
ferent technique to assess workload under such conditions or 
marked central nervous activity during high workload interfered 
with the pilot's assessment. 

11. Carter, V. E., Development of Automated Performance Measures 
for Introductory Air Combat Maneuvers. Proceedings of the Human 
Factors Society 21st Annual Meeting, 1977, 435-439. 

The paper describes a study which was undertaken to develop an 
automated performance measurement technique. Seven F-4J student 
pilots and six F-4J instructor pilots flew 16 barrel roll attacks 
in an air combat simulator, mechanized to simulate the F-4J. 

Five-hundred and twenty-two objective measures and thirty-five 
subjective performance measures were obtained. A master auto­
mated performance measurement tape was made which contained the 
subjective and objective measures obtained in each run. The 
format of data was such that it could be analyzed statistically. 
The outcome of the study was effective in that a preliminary set 
of automated measures, useful in augmenting instructor evaluation 
of· performance, was identified. 

12. Childs, J. M., Development of an Objective Grading System 
Along With Procedures and Aids for its Effective Implementation 
in Fligh t. Research Memorandum, Canyon Research Group, Inc., 
Fort Rucker, AL. May 1979. 

The author describes the characteristics and test of two inflight 
scoring procedures designed to meet two specific requirements: 
(1) minimal data collection and (2) objective scores for Initial 
Entry Rotary Wing (IERW) student performance on basic instrument 
maneuvers. They were criterion-referenced procedures, employing 
different performance crit.eria, sampling techniques, and scoring 
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algorithms. Tests in the UH-1 simulator assessed the potential 
value of various characteristics within each procedure for meet­
ing requirements. Results provide a general indication of char­
acteristics best discriminating student proficiency across train­
ing days. 

13. Childs, J. M., Time and Error Measures of Human Performance: 
A Note on Bradley's Optimal-Pessimal Paradox. Human Factors, 
1980, 22, 113-117. 

The author attempts to demonstrate that Bradley's paradox, al­
though theoretically sound, is grounded upon "assumptions that 
are empirically untenable." He gives alternatives to Bradley's 
recommendations when optimal-pessimal conditions exist. 

Bradley's paradox, simply sta ted, is tha t if there are few er­
rors, easy tasks, or ideal conditions, little variability results 
among time scores, and individual differences are masked. With 
numerous errors, difficult tasks, or poor conditions, diffused 
time score distributions result. Further, when performance 
conditions are optimal, parametric statistical tests tend to be 
pessimal and vice versa. The author suggests, as alternatives, 
the use of multivariate techniques, transformations, or repeated 
measures design. 

14. Childs, J. M., The Identification and Measurement of Criti­
cal IERW Performance Variables. Research Memorandum, Canyon 
Research Group, Inc., Fort Rucker, AL, March 1979. 

The purpose of the report is to describe the results of studies 
designed to identify and quantify critical Initial Entry Rotary 
Wing (IERW) performance variables in order to develop a method 
for assessing student flight performance objectively. Basic 
instrument maneuvers were used in the study. In addition, a 
review of the relevant documentation, personal interviews with 
instructor pilots, a questionnaire survey of students, and obser­
va t ion f 1 i g h t sin UH- 1 air c r aft an d f 1 i g h t s im u 1 a tor we r e use d • 
Data from these measures were used to identify critical perfor­
mance variables, with the results being descriptions of critical 
flight variables; airspeed, altitude, heading, trim, pitch and 
ban k rec ove ry, pit ch and bank ang 1 e, con t ro 1 reve r sal, and ra t e 
of change coordination. The results indicate that the critical 
variables can be used to assess the quali ty of basic maneuvers 
objectively, and implications for further use of the findings are 
discussed. 

15. Childs, J. M., An Analytic Technique for Identifying In­
flight Performance Criteria. Working Paper, Canyon Research 
Group, Inc., Fort Rucker, AL., April 1979. 
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The author states that "inflight performance assessment should be 
focused upon instrument-referenced aircraft configurations rather 
than the pi lot con t ro I inp·u t s lea ding to tha t con fi gura t i on • " 
This statement forms the basis for the discussion of an analytic 
technique based on the work of M. L. Ritchie (1960), which demon­
strates that inflight performance assessment should be focused 
upon the instrument-referenced aircraft configuration because it 
represents a valid index of pilot control skill. The technique 
illustrates the interrelations existing among pilot information 
processing variables, control inputs, and resulting aircraft 
configuration for several Initial Entry Rotary Wing (IERW) maneu­
vers included in the training program of Fort Rucker, Alabama. 

16. Childs, J. M., Hennessy, R. T., Hockenberger, R. L., Barne­
by, S. F., Vreuls, Dr. D., Siering, G. D., and Van Loo, J. A., 
Summary Report: Human Factors Research In Aircrew Training 
Performance Enhancement, U. S. Army Research Institute for the 
Behavioral and Social Sciences, FtR-10-79, June 1979~ 

This report contains summaries of five reports having to do 
pr imar i 1 Y wi t h , (a) de ve I opmen t of meas uremen t te c hni que s for 
assessing the performance of helicopter pilots in aircraft and 
simulators, (b) the development of the design requirements for an 
automated performance measurement and grading system for the UH-1 
Flight Simulator, and (c) development of the requirements for a 
computer-based training management system. 

The first study, which is directed toward the identification and 
measurement of critical performance variables, arose from the 
need to develop a set of objective and standardized assessment 
techniques. The methods used to establish a baseline were a 
review of relevant performance assessment documentation, consul­
tation with instructors and operations officers, observation 
flights (in actual aircraft and simulators), development and 
administration of student questionnaires, and a detailed situa­
tion-specific maneuver analysis. Critical performance variables 
defined from the B1 maneuver analysis include airspeed, altitude, 
heading, trim, pitch and bank recovery, pitch and bank angle, 
control or airspeed reversals, and rate of change coordination. 
The author (Childs) concluded the following: the critical IERW 
(Initial Entry Rotary Wing) performance variables identified were 
observable instrument referenced flight variables and these vari­
ables make sequential, objective inflight evaluation possible by 
comparing observed configurations of the aircraft with desired 
configurations. 

In the second report, Development of Procedures and· Technigues 
for Inflight Performance Assessment, results describe an in­
flight scoring procedure for evaluating straight and level 
flight, climbs and descents, climbing and descending turns, 
standard rate turns, and steep turns. The instructor/observer 
records initial conditions to establish a baseline prior to the 

14 



beginning of the maneuver; observed values are recorded at time­
based sampling points during the maneuver. An objective evalua­
tion of inflight performance is made possible by calculating the 
absolute deviation of observed values from desired values. 

Finally, the purpose of the work described in Design Require­
ments for an Automated Performance Measurement and Grading 
System for the UH-1 Flight Simulator, was to design an automated 
performance measurement and grading system for instrument flight 
training in UH-1 flight simulators. The author describes the 
basiO hardware and software that was used and the basic scoring 
system, including segment scores, composite maneuver grade, and 
diagnostic error messages to tell the pilot/ observer which 
elements of performance were within what performance bands during 
each segment of the instrument maneuver flown. The author recom­
mends that the automated performance measurement system be sub­
jected to empirical utility testing, paying particular attention 
to specified tolerance levels for each measure. In addition, it 
is suggested that a handbook, describing the purpose, function, 
use, and interpretation of the output of the performance measure­
ment and grading system, be developed along with the implementa­
tion of the system. 

17. Chiles, 
Performance: 
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The purpose of this paper is to summarize the discussion which 
followed the presentation of papers for the conference entitled 
"Assessment of Complex Opera tor Performance". Those papers are 
included in this bibliography (ref. Alluisi; Christensen and 
Mills; Fleishman; Grodsky; Parker; 1967). Several statements 
were extracted from tape recordings of the conference and sub­
jected to a semantic differential scale (agree vs. disagree) by 
15 evaluators who participated in the conference. Four major 
areas were judged to be the most important: 

(1) Criterion problem - There is a lack of both theo­
retical and empirical bases for specifying criteria for perfor­
mance assessment. 

(2) Task Taxonomy - There is a need for a taxonomy of 
performance functions. 

(3) The reliability of Measures - The emphasis in this 
areas was on the expected magnitude of the statistical "error 
term" in relation to the expected magnitude of the "treatment 
effect". This is especially important when the subjects are 
highly selected and highly trained. 
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(4) Role of Face Validity - Face validity is most 
important when the subjects are operational personnel. Not 
stressed, but equally important, is "relevance to the real 
world." 

The general results of the conference, in addition to the above, 
provide guidelines for performance measurement that have pre­
viously been undefined. 

18. Chiles, W. D., Alluisi, E. A., and Adams, O. S., Work Sched­
ules and Performance During Confinement. Human Factors, 1968, 
10, 143-196. 

Thirteen experiments spanning eight years were carried out to 
evaluate the effects on performance of several work/rest sched­
ules during confinement. Four specific areas were addressed: 

(1) How,many men are required to maintain around-the­
clock operations for a given number of work positions? 

(2) What is the optimum duration of the duty period? 
(3) How many days can such performance be maintained 

without decrement? 
(4) Wha tare the op t imum work / re s t sch'ed ul e s, wi th the 

least impact on man's performance reserves? 

The approach used was a standard ba ttery of performance tasks, 
and findings revealed reliable, face-valid results for assessing 
complex operator performance. Specific findings include the 
following: "a man can work J2 hours per day on a 4-hour work/ 4­
hour rest schedule for periods of at least 30 days. For shorter 
periods, a person can work 16 hours per day on a 4/2 schedule but 
at a significant loss to his reserves. Circadian periodicities 
are found in psycho-physiological functions paralleled by similar 
periodicities in performance functions, the latter being subject 
to modification by special motivational instructions." 

19. Chiles, W. D., and Al1uisi, E. A., On The Specification of 
Operator or Occupational Workload with Performance Measur'ement 
Methods. Human Factors, 1979, 21, 515-528. 

A review and analysis of the five performance measurement methods 
described in the current literature is conducted. The five 
measures described are laboratory, analytic, synthetic, simula­
tion, and operation-system methods. Laboratory methods tend to 
be the most desirable for several reasons, including ease and 
precision of control over relevant performance demands, ease of 
duplication of conditions, relative ease of measurement, safety 
and eqUipment reliability and low cost, and the possibility of 
selecting tasks relative to the variables of known operational 
importance. 
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The author stresses the need for reliable and quantitative cri­
teria which will reflect performance and concludes the article 
with a potentially useful paired-comparisons scaling procedure. 

20. Christensen, J. M., and Mills, R. G., What does the Operator 
do in Complex Systems? Human Factors, 1967, 9, 329-340. 

The authors attempt to describe, in phychological terms, the 
actual activities of systems operators and to develop estimates 
of the time spent on each activity. A review of the literature 
revealed little useable data on human activity under operational 
conditions, so a procedure to collect data was developed. The 
procedure included opera tional, test, simula tion, and paper and 
penc il da ta . Paper and penc i I stud i es re ferred to those con­
ducted without benefit of any of the above facilities. 

The taxonomy used classified behaviors into perceptual processes, 
mediational processes, communication processes, and motor proces­
ses. Each process was described in terms of activities and 
associated specific behaviors. The authors independently classi­
fied the activities of nine operators, and results indicate that, 
on the whole, satisfactory agreement can be obtained when classi­
fying such data. 

To strengthen rater reliability, several suggestions are made. 
It is suggested that operator activities be clearly defined and 
that classifiers be as familiar as possible with the job. Reli­
ability could be increased if those who generate the activity 
data had the same behavioral taxonomy in mind. Again, reliabili­
ty could be increased if those who classify the activities have 
sufficient practice. 

Assuming that reliable and valid activity data could be gathered, 
the authors make several suggestions as to its use in an opera­
tional context. 

21. Christy, R. L., Personality Factors in Selection and Flight 
Proficiency. Aviation, Space and Environmental Medicine, 1975, 
46, 309-311. 

The author first discusses personality in general, describing it 
as a "dynamic process involving life forces, instinctual drives, 
growth processes, life stresses, reactions to significant per­
sons, both in and out of the family, and reactions to the envi­
ronment in general, along with the mastery of methods and tech­
niques for coping in solving problems and in providing for the 
satisfaction of one's needs." He stresses that the personality of 
pilots often involves similar motivation and conflicts, and 
deserves careful evaluation. Some adjectives used to describe 
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expressed desires and feelings by those who love to fly include: 
experiencing thrills, freedom, excitement, power, speed, inde­
pendence, competition, omnipotence, defiance; escaping (from 
earth), doing the forbidden; denying fear; or defying death. 

Selection of flight personnel involves the assessment of the 
various factors involved in the individual's desire to fly. The 
author stresses the fact that these personality factors require 
close surveillance by flight surgeons, aviation medical and 
operational personnel in the interest of maintaining optimum 
personnel effectiveness and proficiency. 

22. Companion, M. A., and Corso, G. M., Task Taxonomy: Two 
Ignored Issues. Proceedings of the Human Factors Society 21st 
Annual Meeting, 1977, 358-361. 

The author begins by defining the concept taxonomy and states "a 
taxonomy is a means of classifying objects and phenomena in such 
a way that useful relationships among them are established." He 
cautions that a mere list of labels is not a taxonomic scheme ­
"There must be an inner syntatic structure around which useful 
relations can be established." 

Two issues that have been ignored in the development of task 
taxonomies are then discussed. 

(1) One must develop a set of criteria on which a judg­
ment can be based for the evaluation of how well a task taxonomy 
accomplishes the goals responsible for its development. 

(2) One should be concerned about the relations between 
taxonomic structure and empirical data. 

An effective task taxonomy should do the following: 

(1) The taxonomy must simplify the description of tasks 
in the system. 

(2) The taxonomy should be generalizable. 
(3) The taxonomy must be compatible with the terms used 

by others. 
(4) The taxonomy must be complete and internally consis­

tent, i.e. it should deal with all components of human perfor­
mance in the system. 

(5) The taxonomy must be compatible with the theory or 
system to which it will be applied. 

(6) The taxonomy should help to predict operator perfor-
Mance. 

(7) The taxonomy should have some utility. 
(8) The taxonomy must be cost-effective. 
(9) The taxonomy must provide a framework around which 

all relevant data can be integrated. 
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23. Connelly, E. A., Schuler, A. R., and Knoop, P. A., Study of 
Adaptive Mathematical Models for Deriving Automated Pilot Perfor­
mance Measurement Techniques. Volume I. Model Development. Air 
Force Human Resources Laboratory, AFHRL-TR-69-7-VOL-1, 1969. 

This report, first in a series, describes a new efficient ap­
proach to human performance assessment. The paper discusses 
model development and incorporates three models into one system, 
which is designed to evaluate pilot performance with the aid of a 
computer. The models are, briefly, state transfer measures, 
absolute measures, and relative measures. They are discussed in 
greater detail in Volume II, and an evaluation using the system 
is described. 

24. Connelly, E. M., Schuler, A. R., and Knoop, P. A., Study of 
Adaptive Mathematical Models for Deriving Automated Pilot Perfor­
mance Measurement Techniques. Volume II, Appendices. Air Force 
Human Resources Laboratory, AFHRL-TR-69-7-VOL-2, 1969. 

A new, efficient approach to deriving human performance measures 
with the aid of a computer is described. Mathematical and com­
puter models are used that examine performance data which cor­
respond to known skill levels. 

A system using three types of models was developed in order to 
derive a unique set of performance measures. The models are: 

(1) State transfer measures, based on overall trends 
of performance. 

(2) Absolute measures, based on a comparison of actual 
performance with some standard. 

(3) Relative measures, based on the relationship 
between various performance variables. 

An evaluation of the system was made, and the results are discus­
sed. 

25. Connelly, E. M., Schuler, A. R., Bourne, F. J., and Knoop, 
P. A., Application of Adaptive Mathematical Models to a T-37 
Pilot Performance Measurement Problem. Air Force Human Resources 
Laboratory, AFHRL-TR-70-45, January 1971. 

This report, one in a series, discusses research on a new method 
of deriving performance measures and criteria for use in auto­
mated pilot performance assessment. It uses data recorded on 
board a T-37B aircraft which is submitted to a previously imple­
mented system of adaptive mathematical models (AMM). The results 
are analysed to determine the capability of the AMM in deriving 
measures and criteria. Results indicate that the AMM system can 
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be used to effectively address the problems of performance meas­
urement using representative flight data. Also, face-validity of 
measures derived from the models is illustrated by comparisons 
and correlations with performance assessment made by the instruc­
tor pilot. 

26. Damos, D. L., Cross Adaptive Measurement of Residual Atten­
tion to Predict Pilot Performance. Aviation Research Laboratory, 
University of Illinois, ARL-72-25/AFOSR-72-12, October 1972. 

Two studies concerned with the measurement of residual attention 
(the amount of attention a pilot has left over while performing 
routine tasks) are discussed. The purpose of the first study was 
to determine if residual attention could be measured using adap­
tive tasks; the second study resulted in estimates of the predic­
tive ability of the test battery as well as test-retest relia­
bilities. 

Results indicate that further study in the area of residual 
attention is necessary to determine whether it is a good predic­
tor of flight performance. 

27. Damos, D. L., and Lintern, G., A Comparison of Single - and 
Dua I-Task Meas ures to Predict Pilot Performance. AFOSR-TR-80­
0325,1979. 

Following a literature review of the use of multiple-task perfor­
mance measures to assess pilot performance, the author described 
an experiment which assesses the predictive validity of single­
versus dual-task measures. Subjects received two trials on two 
identical one-dimensional compensatory tracking tasks. Following 
measurement of tracking task performance during several trials, 
the subjects were given a short basic flight course with ground 
instruction and practice in a GAT-2 simulator. When they finish­
ed, the subjects were asked to perform four repetitions of a 
descent, a descent followed by a stall, and a level turn. Per­
formance during these maneuvers was scored by an instructor and 
observer. Performance of the tracking task was correlated with 
the performance in the simulator. It was shown that the predic­
tive validity of the early single-task scores decre~sed with 
practice while the dual-task validity increased during the course 
of the test period. A discussion of the results and possible 
explanation concludes the study. 

28. Ellingstad, V. S., and Heimstra, N. W., Performance Changes 
during the Sustained Operation of a Complex Psychomotor Task. 
Ergonomics, 1970, 13, 693-705. 

This study used a primary tracking task and a variety of subsid­
iary tasks, and three physiological measures in order to investi­
gate the relationship between the time subjects spent on the 
tasks and the effects of fatigue. 
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The results show a significant decrement for the tracking task. 
Ra ther than an abrupt occurrence, the decrement took place over 
the course of the experiment. In the subsidiary task measures, 
there was no cl ear decrement in performance, al though a marked 
variability was noted. Performance on two of the subsidiary 
tasks (vigilance and reaction-time tasks) actually improved, 
contrary to expectations. The physiolog·ical measures (17-Hy­
droxycorticord, 17-Ketosteroid, and eosinophil count) produced no 
substantial results, except in the case of the 17-Hydroxycorti ­
cord where the increase was significant. 

(Note: The 17-Hydroxycorticord analysis and the 17-Ketosteroid 
analysis measure adrenal cortical excretion from urinary output. 
An eosinophil is a white blood cell that has been shown to be 
sensitive to factors like stress or fatigue. There tends to be a 
decrease in their numbers during such situations.) 

29. Engel, J. D., An Approach to Standardizing Human Performance 
Assessment. Proceedings of the Planning Conference of Standard­
ization of Tasks and Measures for Human Factors Research, Texas 
Technological University, March 1970. 

Two critical areas regarding standardization and evaluation of 
methods of performance assessment are discussed. They are (1) a 
task classification system and (2) a performance measure 
classification system. The author discusses some preliminary 
research which uses a performance measure classification system. 
Suggestions for further research are made, including: 

(1) The need for the development and refinement of an interim 
task classification system and 

(2) The development of an interim classification system for 
human performance measures. 

30. Eschenbrenner, A. J., Effects of Intermittent Noise on the 
Performance of a Complex Psychomotor Task. Human Factors, 
1971, 13, 59-63. 

This paper discusses a study in which the effects of aperiodic 
(unevenly spaced) and periodic intermittent noise on complex 
psychomotor task performance are assessed. The task was manual­
image-motion compensa tion. Twenty-four male subjects, wi th a 
mean age of 28.5 years, served as subjects. Performance was 
measured according to the total amount of time-image motion was 
held at or below 40 microradians per second. 

The results indicate that white noise had a detrimental effect on 
image-motion compensation performance. The magnitude of the 
decrement varied as a function of the temporal pattern and level 
of intensity of the noise. 
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31. Farrell, Dr. J. P., Measurement Criteria in the Assessment 
of Helicopter Pilot Performance. Proceedings of the Conference 
to Assess Aircrew Performance in Army AViation, U. S. Army 
Aviation Center, November 1973, 141-148. 

Factors which should be considered in selecting a method for 
measuring pilot flight performance are described. The first 
consideratton 
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pilot's task. It includes not only psychomotor events but also 
complex perceptual and judgmental elements. In addition, one 
pilot may be highly skilled on some tasks and less effective with 
others, creating a problem in developing a single overall scale 
for flight proficiency. Outside elements, such as weather, need 
to be taken into consideration as they affect the aircraft and 
pilot performance. The level of difficulty of particular maneu­
vers may not be the same for each pilot, due to effects from such 
variables. Intra-pilot variability needs to be taken into ac­
count. Finally, the establishment of a performance criterion is 
difficult since the amount of variation f~om a prespecified 
requirement may not keep a flight from being "successful." 

Several performance measures are summarized and recommendations 
for further study are made. 

32. Finkelman, J. M., and Glass, D. C., Reapprai.sal of the 
Re 1 a t i onsh i p be twe en Noise and Human Per formance by Means of a 
Subsidiary Task Measure. Journal of Applied Psychology, 1970, 
54,211-213. 

It has been shown in the literature that constant and expected 
noise resulted in minimal performance decrement, but that random 
and unpredictable noise bursts were responsible for substantial 
performance decrement. 

The findings of the present study confirm the assumption that 
demands imposed by the task, with concurrent environmental 
stress, must exceed the operator's channel capacity for degrada­
tion to occur. That is, the use of unpredictable noise resulted 
in performance decrement on a subsidiary task. Peformance on the 
primary task was unaffected by either type of noise, predictable 
or unpredictable. 
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Based on the~e results, the authors conclude that a reduction in 
spare mental capacity is a function of the aversiveness of the 
noise stressor. 

33. Fleishman, E. A., The Prediction of Total Task Performance 
From Prior Practice on Task Components. Human Factors, 1965, 
1, 18-21. 

The research documented in this paper is concerned with the 
intercorrelation among task components with each other, and with 
the total task. More specifically, the questions that were 
addressed are: 

(1) To what extent is performance on task components, 
individually practiced, predictive of subsequent total task 
performance? 

(2) To what extent is practice on combinations of compo­
nents predictive of total task performance? 

(3) What are the interrelationships among component 
performances? 

(4) What is the relative contribution of various compo­
nent performance to total and subtask performance? 

Two-hundred and four Air Force basic trainees served as subjects 
performing seven different tasks on the Multidimensional Pursuit 
Apparatus. First, the subjects practiced on two components 
simultaneously. Three "double-component" combinations were used. 
The total task was administered as the final task, which required 
subjects to keep three dials centered through the simultaneous 
use of three controls. 

Results of correlational and multiple correlational analyses 
showed that it was possible to obtain significant predictions of 
total task performance from prior performance on individual 
components. Other findings include (1) the best predictors of 
total task and multiple control subtasks were other multiple 
control subtasks and (2) particular components involved were not 
as important as the fact that simultaneous practice had occurred. 

34. Fleishman, E. A., Performance Assessment Based on an Empiri ­
cally Derived Task Taxonomy. Human Factors, 1961, 9, 349-366. 

Three major issues are addressed as critical to the assessment of 
operator performance. They are: 

(1) The need to identify behavior that will be assessed, 
(2) The need to develop diagnostic measures of the
 

behavior, and
 
(3) The need to develop relevant experimental and sta­


tistical methodology for the purpose of prediction.
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Adherence to these three issues may alleviate the major drawback 
of performance evaluation to date; that is, seldom is a measure­
ment system applicable to more than the specific setting for 
which it was designed. 

The general outline of a research program that addresses experi­
mental-correlational studies of complex performance is discussed. 
The author concludes by stating that "the centrality of the 
taxonomy problem is critical to military psychology, to problems 
of assessing complex performance, and to so many questions of 
generalizing from system to system." 

35. Fleishman, E. A., and Ornstein, G. N., An Analysis of Pilot 
Flying Performance in Terms of Component Abilities. In W. Ronan 
and E. Prien (Eds.) Perspectives on the Measurement of Human 
Performance. New York, Appleton-Century Crofts, 1971, 346-362. 

The study focuses on a factor analysis of performance in several 
different maneuvers. The authors attempt to specify variance in 
common between maneuvers to provide insight into the dimensions 
of individual differences in the flying tasks. The" factors were 
identified as control precision, spatial orientation, multilimb 
coordination, response orientation, rate control, and kinesthetic 
discrimination. Results indicate that such ability categories 
are useful in describing complex skills. 

36. Freedle, R. 0., Zavala, A., and Fleishman, E. A., Studies of 
Component-Total Task Relations: Order of Component-Total Task 
Practice and Total Task Predictability. Human Factors, 1968, 
10, 283-296. 

FoIl owi ng a rev iew of the litera t ure, the au thors des cr i be the 
current evaluation which uses the Complex Coordination Test to 
examine component - total task relationships when the component 
tasks are practiced in different orders. 

Correlational analyses were performed to determine the component­
total task rela tionships and component to total task predicta­
bility. Results indicate that the order of part-task practice 
affects proficiency and that part-task scores may be combined to 
yield prediction scores on a more complex task. Practice had an 
effect on double-level tasks. That is, it led to better total 
proficiency than did practice on single-level tasks. 

Imp 1 i ca ti ons for app 1 i ca ti ons in total task pro fic i ency eval ua­
tion are summarized, including the ability to specify the minimum 
amount of training necessary. 

37. Fuller, J. H., Waag, W. L., and Martin, E. L., Advanced 
S imul a tor for Pil ot Traini ng: Des ign of Au toma ted Perf ormance 
Measurement System. Air Force Human Resources Laboratory, AFHRL­
TR-79-57, August 1980. 
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Thi s report traces the deve lopmen t of an au toma ted per formanc e 
measurement (APM) system. The underlying assumption that flying 
performance has several characteristics directly reflected in 
certain parameters is discussed. The parameters are (1) main­
taining certain aircraft state parameters, such as airspeed or 
altitude, close to some defined criterion value, (2) avoiding 
excessive rates and acceleration forces so that the maneuver is 
executed smoothly, (3) accomplishing these objectives with the 
least amount of effort, by minimizing control inputs, and (4) not 
exceeding procedural or safety limits established for the maneu­
ver. Several scenarios were implemented: 

Transition Tasks, straight and level, airspeed 
changes, turns, climbs, descents 

Takeoff/Approach/Landing Tasks, takeoffs, tech 
order climbs, slow flight, configuration changes, straight-in ap­
proaches, overhead patterns, touch-and-go's 

Instrument Tasks, rate climbs/descents, vertical 
S-A, vertical S-D, GCA, proceed direct to VOR 

Aerobatics, barrel roll, loop, splits, clover­
leaf, cuban 8, lazy 8 

Formation, fingertip 

These scenarios are discussed and recommendations for further 
study are included. 

38. Gerathewohl, S. J., Psychophysiological Effects of Aging: 
Developing a Functional Age Index for Pilots: I. A Survey of 
Pertinent Literature. FAA Office of Aviation Medicine, 1977. 

A survey was conducted regarding age and aviation-related psycho­
physiological functions, in order to develop a functional age 
index for pilots. The literature reviewed was related to age 
differences as measured by standardizing tests of sensory, per­
cep t ua 1, men ta 1, cogni ti ve, and neurophy s iol ogi cal func tions and 
proces ses and 0 b j ec t i ve ass essmen t of personal i ty. Thi s repor t 
is first in a series devoted to the development of an age index 
for pilots. 

39. Gerathewohl, S. J., Psychophysiological Effects of Aging ­
Developing A Functional Age Index for Pilots, II. Taxonomy of 
Psychological Factors. FAA-AM-78-14, 1978. 

In an effort to identify psychological variables that are as­
sociated with pilot performance and proficiency, a study was 
conducted to identify, analyse and measure these variables. In 
the context of this paper, the use of psychological variables 
will be to determine whether functional age can be substituted 
for chronological age as a cri terion for terminating a pilot's 
career. 
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Three specific approaches were used to determine psychological 
(and psychophysiological) variables. They are (1) the analysis 
of successful pilot behavior as displayed under simulated and 
operational conditions (2) the analysis of unsuccessful pilot 
behavior (pilot error) as related to aircraft accidents, and (3) 
the evaluation of pilot performance during the selection and 
training procedures as reported in the literature. 

Fourteen factors were statistically isolated as important vari­
ables in pilot performance. They are perception, attention, 
reac ti on, ori en ta t ion, s ens or imo tor, s tami na, cogn i t ion/ men ta­
tion, interpersonal relations, decision-making, experience, 
learning, personality, mechanical ability, and motivation. 

Although no attempt is made to rank the factors in accordance 
with their importance, their relationship to age and the aging 
pilot is discussed. 

40. Gera thewohl, S. J., Psychophysiological Effects of Aging ­
Developing A Functional Age Index for Pilots, III. Measurement 
of Pilot Performance. FAA-AM-18-14, 1918. 

The main objective of the study is to describe pilot proficiency 
measurement techniques to evaluate the effects of aging on pilot 
performance. The two major areas of pilot performance measures 
can be divided into (1) qualitative assessment based on subjec­
tive ratings and (2) quantitative assessment based on recordings 
of pilot actions and aircraft response. A review of the litera­
ture leads to the following conclusions about needed improvements 
in the area of objective measurement: 

(1) Performance analysis should be conducted in order 
to establish quantifiable descriptors of performance (including 
the definition of errors, scales, and scoring techniques) 

(2) Selection of a unit of measurement in regard to 
human subsystem or operator performance should be made. 

(3) Selection of appropriate parameters should be 
accomplished. 

(4) Measurement system test and evaluation should be 
conducted. 

(5) Calibration and standardization of the measurement 
system and validation of same should be performed. 

(6) Calibration and standardization of the data and 
preparation of the information in a practical, manageable, and 
usable form should be accomplished. 

41. Gerathewohl, S. J., Chiles, W. D., and Thackray, R. I., 
Assessment of Perceptual and Mental Performance in Civil Aviation 
Personnel, Proceedings of the AGARD Conference on Higher Mental 
Functioning In Operating Environments, AGARD-CP-181, October 
1915, C1-1-C7-4. 
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The article describes a series of experiments designed to assess 
perceptual and mental functions important to aircrew, pilot and 
Air Traffic Control (ATC) performance. For the experiments 
concerning pilot and aircrew performance, the multiple task 
performance battery (MTPB) was used. Complex performance is 
represented by the complex demands placed on an operator in man­
machine systems and requires that a pilot divide his attention 
among a number of different displays. The tasks used to assess 
complex performance were (1) monitoring of static and dynamic 
processes, (2) stimulus discrimination or target identification, 
(3) information processing in the form of mental arithmetic and 
v is ual pa t tern dis cr imina ti on, (4) compensa tory tracking task, 
(5) time-sharing task combining several of the above tasks, and 
(6) a task measuring procedural or group dependent behavior. 

It was shown that performance decrements are conducive to error, 
failure, and accidents, and only by in-depth analysis of perfor­
mance that errors can be'identified and prevented. The probabil­
ity of error is highly dependent upon the priority the operator 
assigns to a particular task, as well as upon the personality of 
the individual. Finally, significant correlations between mental 
and perceptual-motor attributes and some physiological functions 
were found. These correlations are of value in the assessment of 
the total human element in the man-machine system. 

42. Gopher, D., and North, R. A., Manipulating the Conditions of 
Training in Time-Sharing Performance. Human Factors, 1977, 19, 
583-593. 

In order to assess three aspects of training under time-sharing 
conditions, the authors combined a one-dimensional compensatory 
tracking task and a digit-processing, reaction-time task. 

Differential improvement on the two tasks resulted, and was 
attributed to the manipulation of relative task priorities under 
time-sharing, and repeated presentation of a single-task/dual­
task sequence. The major source of improvement on the tracking 
task was specific to the skill of tracking, while digit-proces­
sing improvement may be a result of an improved ability to time­
share. 

Similarities and differences in the tasks are cited. Both tasks 
include visual processing and motor response under reaction-time 
pressure. However, the tracking exercise is an externally pair­
ed, continuous task, while the digit task is self-paced and 
discrete. 

I t is conc I uded tha t the observed di fferences have impor tan t 
implications when considering the design of training schedules. 

43. Gopher, D., and North, R. A., The Measurement of Attention 
Capacity through Concurrent Task Performance with Individual 
Difficulty Levels and Shifting Priorities. Illinois University, 
Aviation Research Lab, ARL-74-13, 1974. 
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Unsolved problems in the application of secondary task techniques 
include the evaluation of relative changes in performance in 
dual-task situations, the prediction of possible interactions 
between different tasks and' their components, and the extent of 
voluntary control of capability allocation. This article de­
scribes a three part experiment in which an effort was made to 
address these problems by a new methodological approach. The 
three successive phases included separate performance of the ex­
perimental tasks with adaptive adjustment of difficulty, simul­
taneous performance of the tasks with equal task priorities, and 
simultaneous pe.rformance with several manipulations of the two 
task priorities. The tasks used for the experiment were one-di­
mensional compensatory tracking task and a digit-processing, 
reaction-time task. 

44. Grodsky, M. A., The Use of Full-Scale Mission Simulation for 
the Assessment of Complex Opera tor Performance. Human Factors, 
1967, 9, 341-348. 

The basic question that is considered in this paper is the choice 
of method which can be used to evaluate operator performance in a 
complex system. The author addresses the major reasons for 
assessing operator performance, and then discusses a number of 
methods available for measuring complex performance. These 
include: 

(1) Inflight methods (most valid), 
(2) Analytical studies (modeling performance of the 

operator by means of available data), 
(3) Engineering or expert opinion (a possible substi ­

tute for quantitative means of determining operator performance 
because of the lack and substantiation of a generally accepted 
method.), 

(4) Mockup techniques (yield information about operator 
performance only in the most general sense), 

(5) Laboratory tasks and synthetic task batteries 
(though they demonstrate internal validity and sensitivity in 
stress situations, they lack applicability in the general sense 
to tasks in an operational situation), and 

(6) Simulation studies (including part-task simulations 
and integrated missions simulations). 

I t is cone 1 uded tha t the in tegra ted mi s s i on s imula ti on , if ap­
plied according to certain criteria, can provide all the neces­
sary data obtained by other techniques described, with the added 
ad van tages of the integra ted mi s si on i tse If. The ra ti onale for 
this conclusion is presented, and associated problems are discus­
sed. 
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45. Hammell, T. J., Pesch, A. J., and Lane, W. P., Decision­
Making Performance Measurement for a Command and Control Training 
System. Proceedings of the Human Factors Society 19th Annual 
Meeting, October 1975, 315-320. 

A performance measurement technique is described that is suitable 
for tactical decision-making training. Traditionally, perfor­
mance measurement and feedback has been dependent on the culmi­
nation of the exercise. With the particular method described in 
this paper, measurement is made at interim points during and 
across segments of the exercise. The training exercise is di­
rected by a combination of context-specific tactical objectives. 
The methodology required to provide this complex performance is 
descri bed. Of major importance in the performance assessment 
system is the close relationship between elements of the techni­
que, i.e. training objectives, trainee behavior, system effec­
tiveness, diagnostic feedback, and the training methodology. 

It is concluded that the technique is a useful tool for trainee 
performance measurement in complex man-machine systems. 

46. Hartman, B.D., Benel, R. A., and Storm, W. F., A Review of 
USAFSAM Studies Employing Multiple Task Performance Devices. 
USAF School of Aerospace Medicine, Brooks Air Force Base, Texas, 
December 1979. 

This paper contains summaries of studies that use apparatus 
classified as multiple-task performance batteries, used to mea­
sure performance and proficiency of systems operators. Task 
performance evaluation devices at the (USAF) United States Air 
Force School of Aerospace Medicine are geared toward medically­
directed, applied problems from the operational environment. 
Problems studied were usually concerned with environmental stres­
sors, and due to the low intensity of the stressors in many 
cases, significant performance decrements were seldom reported. 
However, the authors conclude that the test batteries developed 
show promising capability for performance evaluation. 

47. Henry, P. H., An Automated System To Assess Pilot Perfor­
mance in a Link GAT-1 Trainer. School of Aerospace Medicine, 
Brooks AFB, Texas, October 1974. 

The authors describe a prototype control and scoring system which 
was developed around the Link GAT-1 trainer, permi tting labora­
tory assessment of pilot performance. The system automatically 
presents pilots with an hour-long seri'es of maneuver requests, 
providing an approximation of a cross-country flight. Pilot 
performance is scored electronically based on how closely pilots 
are able to stay within the tolerance prescribed. The report 
discusses basic design and circuitry details. Details of perfor­
mance tests using this system are reported elsewhere. 
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48. Higgins, T. H., A Systems Engineering Evaluation Method for 
Piloted Aircraft and Other Man-Operated Vehicles and Machines 
with Hypothetical Examples of a Systems Evaluation and Quantified 
System Performance-Workload Rating Scales. U. S. Department of 
Transportation, FAA-RD-81-30, March 1981. 

A systems evaluation method is presented which classifies and 
quantifies both PRP (pilot rating procedure) and ECP (engineering 
calculation procedure) measures of system performance on a 
logarithmic ratio of basic test aircraft configurations compared 
to a known selected standard aircraft vehicle configuration. The 
logarithmic units (10 log ECPtest/ECPstd and 10 log PRP 
test/PRPstd) used in this system evaluation method are 
termed "decivals, dV " as they are 10 times the log base 10 of 
the ratio of the ECP and PRP values obtained during tests for the 
test aircraft configuration, compared to the chosen standard 
aircraft configuration. 

The system evaluation is for chosen time periods of selected 
flight operations which are critical to flight safety, such as 
may occur during takeoff, or approach to landing and may include 
emergency engine failure, flight control or instrument malfunc­
tion conditions. System equations are presented which answer the 
question as to how good is the test configuration in relation to 
the known standard configuration during these same flight condi­
tions. Potential ECP measures are discussed and their correla­
tion with PRP pilot ratings obtained during flight test or flight 
simulator test determines their retention as effective system 
performance and evaluation measures. The non-dimensional loga­
rithmic nature of the retained ECP system performance descriptors 
allows their combination by logarithmic summation and their 
correlation with the PRP pilot ratings is determined. The combi­
nation of ECP measures having the highest correlation with pilot 
ratings is retained for final system evaluation. (ABSTRACT) 

49. Hill, J. W., and Goebel, R. A., Development of Automated 
GAT-1 Performance Measures. Air Force Human Resources Labora­
tory, AFHRL-TR-71-18, May 1971. 

In this study, three different experience level groups of general 
aviation pilots were given four flight tasks in a GAT-1 simulator 
in order to study the complex research problems of pilot profi ­
ciency. 

For the experiments described, the GAT-1 was interfaced with a 
Line 8 computer system to continuously record eight flight vari ­
ables (airspeed, al ti tude, climb, roll , pitch, heading, glide­
scope, localizer). Also, signals were supplied to three GAT-1 
variables (roll, pitch, heading) for tracking tasks. 
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The four tasks used were: 

Task 1 - Altitude and Heading Holding 
Task 2 - Altitude and Heading Holding with Power Changes 
Task 3 - Flight Profile 
Task 4 - ILS Landing Approach 

Processing of the data yielded 266 potential indices of pilot 
proficiency. An analysis of variance was conducted to identify a 
subset of the most important parameters and it was shown that 27 
measures contributed significantly to perfect separation of the 
three experience levels of the subjects. 

50. Hill, J. W., and Eddowes, E. E., Further Performance of 
Automated GAT-1 Performance Measures. Air Force Human Resources 
Laboratory, AFHRL-TR-73-72, May 1974. 

This report describes a systematic, statistically-directed search 
for automated flight measurements that correlate with pilot 
proficiency. The approach is based on two separate experiments 
carried out in a GAT-1 trainer: (1) a basic experiment with 326 
measurements on each of 30 subjects in three experience groups, 
and (2) an expanded experiment with 2436 measurements on each of 
30 new subjects from the same three experience groups. Experi­
ment (1) consisted of four different flight tasks, each about 10 
minutes long, and experiment (2) consisted of these and six 
additional tasks. The results of these experiments show that 
there is little difficulty in obtaining measurements that cor­
relate with experience. More than 5 percent of the measurements 
of each experiment were statistically significant (0.01) level. 
Tables of more than 400 important measurements are given with 
group means and standard deviations and further cross-tabulations 
to show which tasks and families of measurements are best at 
discriminating among pilots. Three different statistical methods 
were used to select a set of measurements from experiment (1), 
and combine them into two new canonical variables, each a linear­
weighted combination of the measurements in the set, to discrimi­
nate optimally among the three groups of subjects. Applying the 
canoni ca I vari a b I es to t he rep ea t ed meas uremen ts 0 f e xpe r imen t 
(2), allowed several deductions about the best selection pro­
cedure to be made. (ABSTRACT) 

51. Hockenberger, R. L., and Childs, J. 
proach to Pilot Performance Evaluation. 
Human Factors Society 24th Annual Meeting, 

M., An Integra
Proceedings 

1980, 462-46_5. 

ted 
of 

Ap­
the 

The article describes norm-versus criterion-referenced evaluation 
methods using undergraduate pilot training as an example. An 
approach that integrates both is described. The authors suggest 
that such an integrated approach could facilitate advanced train­
ing management concepts, such as proficiency advancement, while 
not posing significant user acceptance difficulty. 
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A 4-point criterion system was used in the research described in 
this study, but the authors recommend the use of more criterion 
levels that enable additional grading combinations 
referenced grade + criterion-referenced grade). 
system is as follows: 

(i. 
The 

e. norm­
4-point 

from 
4 = Criterion level performance (very 

standard) 
3 = Small variations from standard 

small variations 

2 = Medium variations from standard 
1 = Large variations from standard 

52. Howard, Dr. L. R. C., Emotional Stress and Flying Efficien­
cy. Proceedings of the AGARD Conference on Higher Mental Func­
tioning In Operational Environments, AGARD-181, October 1975, 
c8-1-C8-5. 

A comparative study of the effects of "emotional" and "intellec­
tual" stress upon flying performance is described. Ten pilots 
with self-confessed emotional problems, but certified medically 
fit to fly, were matched approximately for age and flying experi­
ence with ten pilots confessing to no emotional problems. Emo­
tional" stress was induced by a clinical abreactive technique and 
measured in terms of psychophysical concomitants. Intellectual 
stress was induced by a technique which utilizes an automated 
numerical task designed to produce mental overload. Flying skill 
was measured in the presence and absence of both types of stress 
separately by means of a crossover design, using a specially 
modified D4 Link trainer. The results show significant differ­
enc es in f"l y ing per formanc e between the two group s and between 
the two types of stress. It is demonstrated that intellectual 
stress produces impaired flying skill which is predictable both 
in degree and dura tion, whereas emotional stress produces sub­
stantially more severe, but fluctuating degrees of impairment of 
unpredictable duration. The use of a psychometric technique, 
using personal keywords and physiological monitoring, clearly 
differentiates the two groups of pilots and indicates the origins 
of emotional stress. Its possi ble use for screening aircraft 
captains before important missions is examined. (ABSTRACT) 

53. Jennings, E., and Chiles, W. D., An Investigation of Time­
Sharing Ability as a Factor in Complex Performance. Human 
Factors, 1977, 19, 535-547. 

The purpose of the paper was to investigate two different complex 
tasks using the factor analytic method in order to determine 
whether any of the performance measures exhibit properties that 
may be attributed to a time-sharing ability. Following a brief 
review of the relevant literature, the authors describe an ex­
periment they conducted with 39 male subjects who were tested on 
six tasks. Their performance was measured on each task presented 
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individually and on two complex tasks composed of three-task 
subsets. The multiple-task performance battery (MTPB) designed 
to test and measure skills important to aircrew performance was 
used. The test includes six tasks: warning lights, meter moni­
toring, mental arithmetic, pattern identification, group problem­
solving, and a two-dimensional compensatory tracking task. 

Results of the factor analysis revealed a factor that showed high 
loadings for two different monitoring tasks for complex perfor­
mance but negligible loadings for these tasks for simple perfor­
mance. In addition, separate orthogonal factors for the two 
monitoring tasks were found when they were done under simple task 
conditions; thus, the monitoring measures seem to possess proper­
ties that one would expect from measures of a time-sharing abili ­
ty. 

54. Kleinman, D. L., Baron, S., and Levison, W. H., An Optimal 
Control Model of Human Response, Part I: Theory and Validation. 
Automa tica, 1970, 6, 357 -369. 

The paper discusses the development of a mathematical model of 
the human as a feedback controller using optimal control and 
estimation theory. The underlying assumption was that the human 
ope ra tor ac ts in a near - op t ima 1 manner sub j ec t to h is task de­
finition' inherent limitations, and constraints. The model 
contains time-delay, a representation of neuromotor dynamics and 
controller remnant to represent certain psycho-physical limita­
tions. 

The human's control characteristics are considered in terms of 
three linear operations: pure time-delay, equalization network, 
and neuromuscular/actuator dynamics. Observation noise and motor 
noise are representations of controller remnant. 

Mathematical development of the model is discussed, along with 
model application, and validation (using three simple compensa­
tory tracking tasks). 

It is concluded from the results that the model is capable of 
reproducing all the essential data in the experiment, and the 
agreement between the theoretical and measured quantities make 
the use of modern control theory a valuable tool in human opera­
tor studies. 

55. Baron, S., Kleinman, D. L., and Levison, W. H., An Optimal 
Control Model of Human Response, Part II: Prediction of Human 
Performance in a Complex Task. Automatica, 1970, 6, 371-383. 

The model described in Part I of this study is used to analyse a 
manual control task involving the control of longitudinal posi­
tion of a hovering VTOL aircraft. The problem is a more complex 
one, and it was found that the model was capable of reproducing 
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most of the essential control characteristics of pilots. Also, 
system performance scores were, for the most part, faithfully 
reproduced. 

The techniques used in applying the optimal control model of the 
human operator with reference to this task are discussed, and 
theoretical and measured data, are compared. The paper concludes 
with a simplified technique for predicting "average" behavior. 

56. Knoop, P. A., Advanced Instructional Provisions and Automat­
ed Performance Measurement. Human Factors, 1913, 15, 583-591. 

This paper describes research conducted by the Air Force Human 
Resources Laboratory on a basic simulation research program. 

The report is divided into the following areas: 

(1) Advanced instructional provisions, including 
automated demonstrations, variation of task difficulty, automatic 
malfunction insertion, instructor feedback, data recording, 
student feedback, automated task sequencing, and implementation; 

(2) Performance measurement, including data acquisi ­
tion and calibration, data collection phases, measurement ap­
proaches, and results. (In this section, the author uses her T­
31 pilot performance feasibility study as a source of data.); 

(3) Overview of current measurement technology for the 
described application, including the two complementary ap­
proaches described in this paper; and 

(4) Simulator Implementation, including advanced 
instructional provisions. 

51. Knoop, P. A., and Welde, W. L., Automated Pilot Performance 
Assessment in the T-31: A Feasibility Study. Air Force Human 
Resources Laboratory, Advanced Systems Division, AFHRL-TR-12-6, 
April 1913. 

The purpose of the research documented in this very extensive 
report is to develop improved methods of pilot proficiency 
measurement. In the past, pilot performance was assessed by an 
instructor pilot applying a subjective rating scale. This method 
suffers from several drawbacks, so it was the in ten t of the 
authors to develop a more valid, reliable and sensitive measure 
of proficiency. 

Instrumentation was developed for recording T-31 flight data, and 
software designed to automatically measure pilot performance 
using the recorded data. The approach used was to compute 
measures that were initially selected on the basis of Air Train­
ing Command maneuver analyses and possessed content validity. 
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During the study, data were collected on the lazy 8, barrel roll, 
and seven other maneuvers. The variables formed a sufficient 
data base for measurement, and techniques were developed for 
determining required sampling rates. 

Lazy 8 performance assessment was accomplished using the para­
meters of roll angle, pitch angle, and airspeed. Barrel roll 
measurement was dependent upon roll and pitch angle, accelera­
tion, and roll rate. A relationship between roll and pitch 
appeared to be critical to measurement. 

It is concluded that automated proficiency assessment, if com­
bined properly with subjective evaluation, can provide more valid 
and reliable measurement techniques than previously used. 

58. Knowles, W. B., Aerospace Simulation and Human Performance 
Research. Human Factors, 1967, 9, 149-159. 

Simulation facilities offer much potential for the generation of 
data on human performance. The author describes methodological 
limitations imposed by the basic characteristics of human perfor­
mance, including versatility and variability. Efficient organi­
zational techniques and development of more efficient and reli ­
able techniques of experimental design and execution are neces­
sary to fully assess the relationship between mission-oriented 
simulation studies and human performance research. 

59. Koch, H., The Prediction of Human Performance: Theoretical 
and Practical Problems. Proceedings of the Symposium and Work­
shop on the Quantification of Human Performance, University of 
New Mexico, August 1967, 63-76. 

The 
of 

purpose 
performance 

of this paper 
prediction: 

is to discuss two significant aspects 

(1) Most performance analysis and prediction is con­
cerned with a limited set of specific stimulus response relation­
ships. 

(2) The most meaningful predictions of human perfor­
mance take into consideration the total environment and all 
performer responses. 

The author discusses models of human performance, including the 
machine model, motivational model, rational model, and organiza­
tion model. In addition, he outlinei some basic aspects of the 
total stimulus situation, forming a basis for the development of 
a taxonomy of the total situation. 

He concludes that no single approach is adequate, but if techni­
ques and verified results of various approaches are unified, more 
significant predictions may be obtained. 
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60 • Koh l, G., and Flamm, L. E., Effects of Observation on Be­
havior in Applied Research. Proceedings of the Human Factors 
Society 24th Annual Meeting, 1980, 466-467. 

Many times, it is necessary for human factors researchers to 
observe the man-machine interaction for evaluation purposes. In 
order to determine what effect an observer has on facilitation or 
inhibition of operator performance, (outside of experimenter bias 
considerations) the authors conducted an experiment to determine 
if the presence of an audience distorts behavior. 

It was shown that the presence of an observer did inhibit perfor­
mance, but in a complex fashion, and was dependent on the ex­
perience and practice of the subject. The implications of these 
findings are discussed in terms of their relevance to human 
factors experiments in which an observer is used. 

61. Krendel, E. S., and Bloom, J. U., The Natural Pilot: A 
Criterion System for Flight Proficiency Evaluation, Phase 1 
Report, Franklin Institute Laboratory, September 1959. 

The authors present a new approach to the evaluation of the 
flight proficiency of Naval Aviators which augments the subjec­
tive evaluation of piloting performance with a number of objec­
tive measures. They suggest that objective servomechanism de­
scriptions of the "unstandardized" pilot are appropriate in pilot 
proficiency evaluations. The "Natural Pilot Model" is presented 
and specifies those uniquely human aspects of pilot behavior. 

The "Natural Pilot Model": 

(1) Consistency of System Performance - In order to 
make meaningful predictions and estimates of behavior, it is 
necessary that the pilot's behavior be in a state of statistical 
control. 

(2) Human Adaptability - "Natural" pilot behavior is 
seen in the ability of an individual to generate adaptive be­
havior or as a function of changing dynamic requirements. It is 
also an effective discriminator between man and machine. 

(3) Least Effort in Skilled Performance - Stable 
performance is best achieved if the pilot is operating according 
to some principle of effort conservation. 

Finally, the authors present an experimental program which speci­
fies and validates the performance criteria that are developed in 
the report. 

62. Lees, M. A., Kimball, K. A., Stone, L. W., and Hoffman, M. 
A., Aviator Performance During Day and Night Terrain Flight. 
Proceedings of Human Factors Society 19th Annual Meeting, 
October 1975, 436-440. 
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The paper presents the results of an investigation which compared 
terrain flight for low level (LL) and nap-of-the-earth (NOE) 
profiles for three different condi tions. They were (1) day 
flight with the unaided eye, (2) night flight with the unaided 
eye, and (3) night flight using night vision goggles. Data were 
acquired through use of the Helicopter In-flight Monitoring 
System (HIMS). The HIMS, which is integrated into the helicopter 
control systems, measures aircraft positions in six degrees of 
freedom while simultaneously recording cyclic, collective, and 
pedal inputs, and aircraft status values. These data were re­
corded in real-time using an incremented digital recorder. 
Selected measures from the HIMS are classified as (1) pilot 
control measures and (2) aircraft status measures, including 
collective control, instantaneous control reversals, cyclic left ­
righ t con tro 1, con trol pos i t ion mean, cyc 1 i c fore-a ft con t ro 1, 
instantaneous control reversals, pedal control, control position, 
standard dev ia t i on and coll ec t i ve con tro 1 pos i t ion mean, mean 
roll rate, mean pitch angle, mean airspeed, standard deviation, 
heading and standard deviation, and altitude. 

The total set of in flight measures for LL and NOE were analysed 
separately, and further analysis was performed on the subsets of 
pilot control variables, and aircraft status variables. Multiple 
discriminant analysis techniques were used to determine which 
measures best discriminate between visual conditions. 

63. Lees, M. A., Stone, L. W., Jones, H. D., Kimball, K. A., and 
Anderson, D. B., The Measurement of Man-Helicopter Performance as 
a Function of Extended Flight Requirements and Aviator Fatigue. 
U. S. Army Aeromedical Research Laboratory, Fort Rucker, Alabama, 
July 1979. 

A major review of the literature summarizing pilot fatigue and 
its effect on performance was completed. In this report, the 
authors define the concept of fatigue as the result of extended 
flight requirements, and in this sense, feel that it belongs to 
the more general area of research, that of "operator workload". 

This study, as one of a series, was undertaken to address the 
impact of fatigue on aviator effectiveness, especially in situa­
tions where a pilot may be called upon to fly several successive 
missions, often with stress related factors. Six pilots were 
observed in an actual flight situation, and data collection 
included psychological, inflight, biochemical, and visual 
measurements. In addition to the literature review, the test 
methodology is described. 

64. Leonard, J. J., and Wierwille, W. W., Human Performance 
Validation of Simulators: Theory and Experimental Verification. 
Proceedings of the Human Factors Society 19th Annual Meeting, 
October 1975, 446-456. 
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A simulator can be validated for some performance measures pro­
vided the following criteria are met: 

(1) Simulator must have good fidelity corresponding to 
the variables measured. 

(2) Parameters should be capable of adjustment. 
(3) A sufficient number of independent variables with 

appropriate settings must be employed. 
(4) Performance data should be available for the 

standard full scale vehicle whether it be an aircraft, etc., and 
for each adjustment of the simulator. 

(5) Methods of experimental design must be acceptable 
to insure unbiased data and valid conclusions. 

The above conclusions were reached by the authors in their re­
search which used an instrumented full-scale test vehicle and 
driving simulator. Eight adjustments, with five driver perfor­
mance meas ures for each, were used. S im ul a tor c ond i t ions wh i ch 
most closely matched the full-scale system were identified. 
Additionally, it was determined that the concept of performance 
validation is both Alpha-level and sample-size dependent. Care­
ful consideration should be given to the size of the experiment. 

65. Loental, D. G., Feasibility of Implementing Specific Perfor­
mance Measurement Techniques. Quest Research Corporation, 
McLean, Virginia, AMRL-TR-14-95, March 1916. 

The report presents summaries of two techniques for performance 
measurement in a manned weapon system. The first technique uses 
a theoretical model of the human operator's flight control poli ­
cies on the simulator. The second technique is empirical and 
derives performance measures from the simulator data. The system 
studied was the F - 106 coplanar attack simulator located at the 
Aerospace Medical Research Laboratory, Wright-Patterson Air Force 
Base, Ohio. 

66. McDowell, E. D., The Development and Evaluation of Objective 
Frequency Domain-Based Pilot Performance Measures in ASUPT. 
Oregon State University Corvallis Engineering Experiment Station, 
AFOSR-TR-78-1239, April 1978. 

This report describes the development of frequency domain pilot 
control, movement-based measures. The research was intended to 
address the need for the development of an automated objective 
pilot performance evaluation system. In particular, this would 
be used in the Advanced Simulator for Undergraduate Pilot Train­
ing (ASUPT). 
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Results indicate that the frequency domain-based measures are 
effective in discriminating between pilot experience levels. The 
findings may, in addition, have application in the development of 
an automated objective pilot performance measurement system. 

61. McRuer, D., Development of Pilot-in-the-Loop Analysis. 
Journal of Aircraft, 1913, 10, 515-524. 

The author describes human pilot behavior and the many factors 
that affect a pilot's behavior, such as physical, psychological, 
physiological, and experimental variables. In addi tion, funda­
mental concepts in pilot-vehicle analysis, and development chro­
nology of pilot-in-the-Ioop analysis, including both a single­
loop, full attention tracking model, and multiloop pilot model 
for tracking situations are discussed. 

The author maintains that "the most important class of situations 
in closed-loop control of aircraft are compensatory tasks in 
which a pilot acts on displayed error quantities between desired 
command inputs and comparable vehicle output motions to produce 
control actions." 

68. Mengelkoch, R. F., MuckIer, F. A., and Monroe, R. D., Pilot 
Performance Measurement Equipment for an Electronic Flight Simu­
lator. Martin Company, Baltimore, Maryland, Engineering-10977, 
December 1959. 

This paper describes equipment designed to measure pilot perfor­
mance in the YF-102 flight simulator. A manual and automatic 
technique were combined to allow for the measurement of five 
flight parameters collected during segments of the test missions. 
The author illustrates an example of equipment used to measure 
pilot performance during an experiment investigating pilot simu­
lator performance with circular and vertical primary flight 
instrumentation. 

69. Meyer, R. P., Laveson, J. I., and Weissman, N. S., Be­
havioral Taxonomy Of Undergraduate Pilot Training Tasks and 
Skills. Proceedings of the Human Factors Society 19th Annual 
Meeting, October 1915, 266-270. 

The purpose of this paper is to define and analyze undegraduate 
pilot training (UPT) flying tasks, and organize them into a 
classifiable structure of behavioral objectives. Flying tasks 
were organized through the application of a surface task analy­
sis. The analysis was defined as "an investigative process that 
lists behavioral flying tasks in sufficient detail, in accordance 
with established ground rules, to be utilized as a tool for 
classifying those tasks into specific flying training cate­
gories." 
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A model of the flying process was developed to structure the 
surface analysis. The human operator was represented by three 
factors, including environmental and system stimuli, which af­
fects sensory systems, mental actions, and motor actions. 

The rules for accomplishing the surface analysis of the flying 
tasks are delineated and the resultant taxonomy described. Six 
basic cross-referenced data areas make up the taxonomy, including 
classification hierarchy, classification matrix, sorting slot 
content list, a task list, card file (used for cross-referencing 
all skill information in the taxonomy data system), and surface 
tas'k ana lys is, wh i c h prov ide d the informa t i on on whi ch the taxo­
nomy was developed. 

Applications and recommendations for the taxonomy are discussed. 

70. Mudd, S., Assessment of the Fidelity of Dynamic Flight 
Simulators. Human Factors, 1968, 10, 351-358. 

The author discusses the evaluation of dynamic flight simulators 
in terms of efficiency and validity of pilot evaluations and 
assessment techniques. A general background of the fidelity 
assessment problem is described, and a set of requirements for an 
ideal fidelity measurement technique are presented. Two general 
approaches to fidelity measurement are also described, including:, 

(1) Empirical (subjective experience) 
(2) Analytic (centering around a model-matching 

procedure where the dynamics of a given vehicle are approximated 
by the simulators) 

The drawbacks of each measurement approach are discussed, and the 
au thor in trod uc es a comb i ned me thod whi ch invol ves the use 0 f 
pilot psychomotor responses rather than verbal responses. The 
subjective nature of rating scales remains, but additional infor­
mation of an analytic nature results. 

71. North, R. A., and Griffin, G. R., Aviator Selection 1919­
1977 • Na val Ae r' 0 spa c e Me d i c a I Research La bora tory, Pensacola, 
Florida, October 1971. 

This literature review provides an updated summary of psychologi­
cal aviator selection research for the period 1919-1977. Brief­
ly, the authors concluded that success in predicting aviator 
performance is high, and emphasize the need to assess additional 
factors which playa role in performance. To date, such factors 
have not been identified or quantified. They also recommend that 
highly relevant criterion-oriented performance measures be iden­
tified for use in evaluation of present selection/prediction 
variables. 
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The first section presents an overview of aviator selection, 
World Wars I and II. Postwar aviator selection research follows, 
summarizing psychomotor testing, perceptual/cognitive paper and 
penc il test sel ec tion research, personality test selection re­
search, and neurological research. New directions in postwar 
aviator selection research follows, and current emphasis in 
aviator selection research concludes the study. 

The paper presents an excellent overview of the history of avia­
tor performance assessment and its current status. 

72. Novello, J. R., and Youssef, Z. I., Psycho-social Studies in 
General Aviation: 1. Personality Profile of Male Pilots, Avia­
tion, Space and Environmental Medicine, 1974,45, 185-188. 
The article describes a study in which 170 male General Aviation 
pilots were tested with the Edwards Personal Preference Schedule 
(EPPS), a mod ifi ed ear ly memory te s t, and the Genera 1 Aviation 
ps ycho- soc ia 1 i nven tory. The res ul ts show t ha t the EPPS fell 
between the norms for adul t males and naval jet pilots; the two 
pilot profiles were more similar to each other than to adult 
males in general. Finally, it was shown from the measures used 
that male pilots tend to be "active-masculine, adventurous" 
types. 

73. Novello, J. R., and Youssef, Z. I., Psycho-social Studies in 
General Aviation: II. Personality Profile of Female Pilots. 
Aviation, Space and Environmental Medicine, 1974, 45, 630-633. 

Eighty-seven female General Aviation pilots were tested with 
similar measures used in Part I of this study. The resul ts 
showed that the EPPS profile of these pilots was more similar to 
adult male norms than female adult norms. The EPPS profile was 
most similar to the profile for male General Aviation pilots. 

74. Obermayer, R. W., and Vreuls, Dr. D., Combat-ready Crew 
Performance Meas uremen t Sy stem: Phase I Meas urement Require­
ments. Manned Systems Sciences, Inc., Northridge, CA., December 
1974. 

The study wa& concerned with a systematic definition of perfor­
mance, development of methods for performance measurement, and 
provisions of usable measurement tools for attacking problems of 
combat-crew training. The report details information on aca­
demic, simulator, and flight training gathered from six different 
combat-crew training sites. Data were collected on training 
sequence, measurement possibilities, and specific new measurement 
developments. An extensive appendix includes a summary and 
sample measurements for 12 flying maneuvers. 

75. Obermeyer, R. W., and Vreuls, Dr. D., Combat-ready Crew 
Performance Measurement System: Phase II Measurement System 
Requirements. Manned Systems Sciences, Inc., Northridge, CA., 
December 1974. 
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This study was undertaken to develop a systematic definition of 
performance cri teria and measurement methods. This report, one 
in a series of seven, addresses the need for a standardized 
measurement system that utilizes areas of measurement delineated 
in the preceding reports. Several areas are discussed, including 
system criteria to guide design tradeoffs in performance measure­
ment and preliminary systems analysis necessary to establish 
measurement systems requirements. 

76. Obermayer, R. W., Vreuls, Dr. D., and Conway, E. J., Combat­
ready Crew Performance Measurement System: Phase IlIA Crew 
Performance Measurement. Manned Systems Sciences, Inc., North­
ridge, CA., December 1974. 

The paper describes a study in which a systematic definition of 
performance and development of methods of measurement are sought. 
Data on crews of fighter and heavy multiengine aircraft, specific 
measurement systems, and data processing problems are discussed. 
It is concluded that adequate training methods can be produced 
through research to resol ve crew training and measurement prob­
lems, and to discover better methods of crew interaction. 

77. Obermayer, R. W., Vreuls, Dr. D., MuckIer, F. A., and Con­
way, E. J., Combat-ready Crew Performance Measurement System: 
Final Report. Manned Systems Sciences, Inc., Northridge, CA, 
December 1974. 

This is the final report in a series directed to systematically 
define performance measures appropriate to US Air Force combat 
training needs and define a cost-effective measurement system. 
System criteria were based on an analysis of combat-crew training 
research procedures evaluated during data collection visits to 
nine Air Force training si tes. A framework of maneuvers was 
compiled and formalized into measurement requirements. Measure­
ment specifications were developed for both hardware and software 
requirements. In addition, an analysis of communications 
meas u remen t was made f rom an exami na t i on of crew in terac t i on • 
The performance measurement system which resul ted from the re­
search contains data acquisition, data processing, personnel, and 
facilities. subsystems. 

78. Ogden, G. D., Levine, J. M., and Eisner, E. J., Measurement 
of Workload by Secondary Tasks. Human Factors, 1979, 21, 529­
548. 

The purpose of the article was to review the post-1965 literature 
on the use of secondary tasks in the assessment of operator 
workload. Following a description of the underlying theory, the 
literature is summarized. 

The secondary task technique is used to determine "how much 
additional work the operator can undertake while still performing 
the primary task to meet system cri teria." The secondary task 
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technique is characterized by an experimental situation in which 
two discrete and separate tasks are performed concurrently with a 
clear emphasis on the performance of one of the tasks. Use of 
the secondary task technique invol ves comparing the levels of 
performance obtained when the secondary or loading task is per­
formed, along wi th the 1 eve Is 0 b tai ned on the same task when it 
is performed with the primary task. The difference between the 
performances obtained under the two conditions is then taken as a 
measure or index of the workload imposed by the primary task. 
The assumption is that the presence of the secondary task does 
not interfere with the performance of the primary task. 
The secondary task technique is also used as a loading task to 
assess the effects of stress on operator performance. Operators 
develop strategies of responding in order to contend with task 
demands. Typical strategies include response selection, response 
ommission, response queueing, criteria modification, and load 
balancing. Secondary task selection is very important since the 
type of secondary task employed has a major effect on the re­
sponse strategies available. 

A classification of tasks used in studies measuring workload by 
secondary task techniques was included in the discussion. 

79. Parker, J. F., Jr., The Identification of Performance Dimen­
sions Through Factor Analysis. Human Factors, 1967, 9, 367­
373. 

The approach outlined in the article is primarily concerned with 
perceptual-motor activities, or those involved with the dynamic 
control of a vehicle and in the manipulation of switches and 
controls related to vehicle operations. 

The findings reveal that basic ability dimensions identified 
through factor analysis techniques for problems of performance 
are successful in accounting for the variance in laboratory 
criterion tasks. 

In addition, tests based on dimensions identified through factor 
analysis are reliable and valid in content and construct. 

Finally, an integrated mea,surement console was developed which 
allowed independent measures to be obtained on 18 primary percep­
tual-motor activities (representative of the perceptual-motor 
performance required to operate the Gemini spacecraft). 

Implications of the findings for application to performance 
measurement theory are discussed. 

80. Pickrel, E. W., and McDonald, T. A., Quantification of Human 
Performance in Large, Complex Systems. Human Factors, 1964, 6, 
647-662. 

43
 



The paper describes a methodology to systematically identify and 
eliminate sources of critical human-induced failures. The metho­
dology is based on experiments in diverse environments, including 
manned aircraft, unmanned launch vehicles, and manned spacecraft. 

Task criticality ratings are determined based on (1) the frequen­
cy with which the error is expected to occur, (2) the frequency 
that failure occurs as a result of the error, and (3) probable 
consequences of the failure. A sample worksheet used to evaluate 
task probability/criticality rating is included. On the basis of 
criticality ratings, design alternatives may be selected, for 
example, tha t are least likely to encourage human error. Other 
alternatives based on criticality ratings include reallocation of 
functions to men or machines, design changes to subsystems, 
procedural changes, use of warning or alert devices, or environ­
mental changes. 

In concluding, the authors maintain that the major strength of 
the method described is that it permits determination of the 
probable incidence of human errors, and their consequences 
early in system development. 

81. Prophet, W. W., Performance Measurement in Helicopter Train­
ing and Operations. Human Resources Research Organization, 
Alexandria, Virginia, April 1972. 

The study describes an ongoing research program (15 years) that 
involves research techniques for measuring the flight performance 
of helicopter trainees and pilots. This program addresses both 
the elemental aspects of flying and the goal-oriented aspects. 
Several approaches were used, with the major emphasis on nonauto­
mated techniques feasible for operational use. Applications for 
the findings are discussed. In addition, automated human perfor­
mance monitoring in flight simulators and implications for auto­
mated training is included. 

82. Rabideau, G. F., Field Measurement of Human Performance in 
Man-Machine Systems. Human Factors, 1964, 6,663-671. 

The author reviews problems associated with simulation data 
collection and interpretation. In addition, he discusses some 
practical questions related to the generalizability of field 
measurements. 

Various types of evaluations are discussed, including explana­
tory, resolution, and verification evaluation, and each are 
defined in terms of their applicability to field measurement. 
The determination, definition, and control of independent and 
dependent variables, and modes of field data collection are 
covered. All of these are contingent on the objectives of the 
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field study A matrix is used as an analytical tool to assist 
in the determination of required measuring devices. It is con­
cluded that field tests and studies are important, both scien­
tifically and technologically. 

83. Ray, J. T., Martin, O. E., and Alluisi, E. A., Human Perfor­
mance as a Function of the Work-Rest Cycle: A Review of Selected 
Studies, National Academy of Sciences-National Research Council, 
Publication 882, 1961. 

The au thors cond uc ted a comprehens i ve rev iew of the litera ture 
regarding the effects of different work-rest cycles on man's 
performance (1894 to 1960). While further research in this area 
is i nd i ca ted, the au thors were able to reach some pre I iminary 
conclusions, namely: 

(1) Performance does not appear to vary significantly 
as a function of the work-rest cycle, provided the work-rest 
cycle and sleep-wakefulness ratios are he 1 d cons tan t (and the 
period of observation does not exceed one week) • 

(2) Man is apparently capable of maintaining high level 
performance on various tasks while maintaining a rigorous work­
rest schedule for short intervals of time. 

(3) Careful consideration must be given to the work­
tasks and to the tests employed in measuring the changes in 
performance, 1. e. passive tasks involving monitoring or vigi­
lance have been found to be more sens i t i ve to dec remen ts than 
tasks which engage an individual more actively. 

(4) Appropriate tests should be administered under 
conditions as similar to the operational context as possible. 

84. Reising, J. M., and Krishnaiah, P. R., The Fini te Intersec­
tion Test: A New Multivariate Statistical Technique Applicable 
to the Evalua tion of Complex Systems. Proceedings of the Human 
Factors Society 24th Annual Meeting, 1980, 453-457. 

For most contemporary systems, there is no one commonly accepted 
meas ure of per f ormance whi ch can ade qua tely re fl ect the ir com­
plexity. Performance is most accurately measured through a 
number of vari abl es wh i ch the e xper imen ter mus t anal yz e. Si nce 
behavior is multidimensional, it is imperative that multivariate 
statistics be used to determine significance of results during 
system evaluation. The author describes a new, multivariate, 
simultaneous comparison test, called the Finite Intersection Test 
(FIT), and illustrates its use with an example. It is concluded 
that with the use of the FIT, the researcher can determine which 
dependent variables are contributing most and where the dif­
ferences lie among the levels of independent variables, resulting 
in a more precise analysis of the research findings. 
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85. Reising, J. M., Ward, S. L., and Ralet, E. P., Some Thoughts 
on Improving Experiments. Human Factors, 1977, 19, 221-226. 

Human factors experiments that study such multidimensional con­
cepts as operator workload and performance should take into 
consideration dependent variables, summary statistics, and sta­
tistical techniques. Deficiencies in experimental design cur­
rently in use include: 

(1) A certain amount of vagueness regarding criteria, 
de pendent vari a b 1 es , and summary s ta tis ti cs ex is ts • Terms such 
as workload and performance are not operationally defined. 

(2) Rationale for selecting summary statistics and 
dependent variables is vague or completely absent. 

(3) Only amplitude measures are used as summary statis­
tics, implying that other experimental effects do not occur or 
are not mentioned. 

(4) Finally, dependent variables are rarely analyzed 
simultaneously (as is done with multivariate statistics). 

The findings were based on the authors' review of over 200 ar­
ticles in Human Factors and technical reports. 

It is suggested that the rationale for a choice of criteria and 
dependent variables should be documented as fully as possible. 
Summary statistics, other than amplitude measures, should be 
applied where appropriate, and multivariate techniques should be 
us ed wi th more than one de penden t meas ure, es pec ia 11 y for the 
examination of complex human performance. 

86. Rogers, D. B., Holden, Dr. F. M., Replogle, Dr. C. R., 
Potor, Dr. G., Day, C. N., Van Patten, R. E., Smiles K. A., and 
Mohr, G. C., Performance Measurement Using Pilot Controlled Gz 
Maneuvering Wi th A Simula ted Opera tional Task. Proceedings of 
the AGARD Conference on Performance and Biodynamic Stress-In­
fluence on Interacting Stresses on Performance, AGARD-CP-101, 
1972, CI1-1-C11-5. 

A technique for human performance measurement using a closed loop 
centrifuge has been validated. The study was performed on the 
Dynamic Environment Simulator (DES) operating in a closed loop 
mode. The simulation utilized the pitch and roll dynamics of a 
high performance aircraft. The measurement criteria was hits on 
tar get u si ng a d is pI ay-genera ted, heads - up guns i gh t on a maneu­
vering target aircraft. An important consideration was the 
relationship between man as a passive rider versus man as an 
active participant in the generation of the Gz stress. Two 
important demonstra tions resul ting from this study are: (1 ) 
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there is a significant difference in the ability of subject 
pilots to perform in closed versus open loop configura tions and 
(2) it is feasible to provide a mission-related human performance 
metric in a selective simulation in which the +G z forces are 
dynamically realistic. A predictive heads-up gunsight display is 
utilized with target trajectories representative of aerial combat 
maneuvers; and on-line performance measures and immediate perfor­
mance feedback are provided. (ABSTRACT) 

81. Salvendy, G., and Stewart, G. K., The Prediction of Operator 
Performance on the Basis of Performance Tests and Biological 
Measures. Proceedings of the Human Factors Society 19th Annual 
Meeting, October 14-16, 1915, 451-466. 

The authors tested the hypothesis that production performance can 
be bet ter predi c ted f rom a comb i na ti on of meas ures, namely bio­
logical and manipulative, rather than just manipulative test 
performance. 

Several physiological measurement techniques were used, including 
electromyogram (EMG), heart rate, and sinusarrythmia. The one­
hole test was used for test performance and production perfor­
mance as a criteria measure. 

Results indicate that sinusarrythmia at rest was the most power­
ful biological predictor of performance. 

88. Seibel, R., Levels of Practice, Learning Curves, and System 
Values for Human Performance on Complex Tasks. Human Factors, 
1964, 6, 293-298. 

Many times, the values of expected opera tor performance in a 
system are a function of the level of practice of the operator. 
Unfortunately, there is usually not the time, money or subjects 
available for extensive study on an experimental task to obtain 
values of expected performance. The author recommends that 
asymptotes be estimated for each individual with the "cautious 
application of curve-fitting techniques, and these estimates 
averaged for the appropriate sample of subjects." 

89. Shannon, R. H., Task Analytic Approach to Human Performance 
Ba ttery Development. Proceedings of the Human Factors Society 
24th Annual Meeting, 1980, 354-358. 

The author uses task analytic methodology to determine what would 
be critical elements of Naval student flight performance. A 
total sample size of 18 students was used and student maneuver 
behaviors during primary training were compared to overall phase 
grades of primary, basic, and advanced using factor and regres­
sion analysis. Results indicate that flying ability is best 
measured by basic transitions, coordination flying and entry to 
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dirty configurations. The author concludes that the task analy­
tic procedure is useful in the development of performance 
measurement systems. The taxonomy used depicts pilot performance 
as a function of both continuous and discrete communications 
scanning, and controlling operations occuring in four-dimensional 
inflight environments of pitch, roll, yaw, and thrust. Further, 
these tasks are performed as part of an information processing 
loop between pilot, aircraft, and the environment. The compo­
nents of display, sensory, cognition, motor, and control are 
contained in this loop. 

90. Shannon, R. H., The Validity of Task Analytic Information to 
Human Performance Research in Unusual Environments. Proceedings 
of the Human Factors Society 24th Annual Meeting, 1980, 325-329. 

The author described three task analytic methods used to specify 
human capabilities necessary for criterion performance. The 
three methodologies are (1) Maneuver Task Analysis (2) Critical 
Incident Technique of Grading Sheets, and (3) Flight Rating 
Forms. It was found that valid maneuver task descriptions could 
be outlined, and a clearer and more meaningful picture of student 
pilot behavior emerged. Inflight maneuver ratings were developed 
which did elicit valid and reliable data. It is concluded that 
the information gathered from this study could have application 
in Naval student selection, training and assessment. 

91. Shipley, B. D., An Automated Measurement Technique for 
Evaluating Pilot Skill. Arizona State University Tempe College 
of Eduation, AFOSR-TR-76-1253, February 1976. 

The purpose of this study is to establish specific indicators of 
pilot performance skill. Three different investigations were 
carried out, using an algori thmic, performance sta te evaluation 
model for instrument flight maneuvers with performance times and 
deviations from a standard flight path as performance indicators. 

The results were as follows: 

Study 1. Performance times can be used to enable 
an observer to discriminate between performances by two experien­
ced pilots. 

Study 2. Means of total performance time were 
found to discriminate between differences in treatments used in a 
training experiment. A priori predictions of differences in 
effects of these treatments on variability of group performance 
at specified locations were found to be significant. 

Study 3. A small set of specific indicators could 
be used to replace a summary indicator of variability in perfor­
mance. 

48
 



92. Smillie, R. J., and Blake, T., The Case for Repeated 
Measures in Ergonomics Experiments: Another Look. Proceedings 
of the Human Factors Society 21st Annual Meeting, 1977, 339-343. 

In order to evaluate order effects, a study was carried out which 
combined in one experiment, a between-subjects and within-sub­
jects design. The experimental design included order as an 
independent variable and found a significant main effect for 
treatments. Also, treatments were found to interact with order. 

The author suggests that research be conducted to determine if 
order effects are always present, with what particular variables 
and combinations they occur, consistency of effects in magnitude 
and direction, and the statistical and practical implications of 
order effects. Rather than eliminating the use of repeated 
measures 
careful 
repeated 

design in ergonomic research, it is suggested 
deliberation be given to the particular situation 
measures designs can be used effectively. 

that 
where 
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ave, A. M., The 
Performance. 

Effects of Cockpit Environment on 
Human Factors, 1977, 19, 503-514. 

Long­

A fixed based helicopter simulator was used to examine pilot 
performance under conditions of vibration, noise and fatigue. 
Flight periods ranged between 3 and 8 hours, using test subjects 
with a minimum of 1,000 hours flying time. Results indicated 
that performance seemed to depend on motivation rather than 
fatigue; despite the onset of fatigue, performance not only did 
not degrade, it actually improved with time. The author explains 
this phenomena in the following way: as pilots feel the onset of 
fatigue, they put forth increased effort to compensate, which 
results in an initial improvement in performance. 

Subjects in the study suffered from "lapses" resulting in abnorm­
ally poor performance. The lapses are short and occur at unpre­
dictable times, perhaps the resul t of the body's reaction to 
fatigue products in the nervous system. They are also attributed 
to a reduc t ion in the amount of oxygen in the air brea thed by 
sub j ec ts, whi ch inc reased the number of blocks and pro longed 
the ir dura t ion. A momen tary lack of oxygen in the bra in wi 11 
cause a block. 

If it can be shown that such "lapses" occur in actual flight, 
they may provide a probable explanation for many "pilot error" 
accidents. 

94. Strassor, H., Physiological Measures of Workload Correla­
tions Between Physiological Parameters and Operational Perfor­
mance. Proceedings of the AGARD Conference on Methods to Assess 
Workload, AGARD-CPP-216, April 1977, A8-1-A8-7. 
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Stress is defined as the input load of man at work and may be 
assessed by means of operational measures and time studies. 
Strain, defined as the individual output, cannot be quantified 
without considering physiological data Variability of some 
physiological parameters, used mostly in the field of workload 
studies, are described and their practicality discussed for 
application to field studies. Methodological problems and im­
provements to counteract these problems are also discussed. 

In experimental research on stress and strain, correlations 
between operational, physiological, and subjective rating para­
meters of workload are expected. By means of data from labora­
tory studies with simultaneously registered physiological and 
operational performance measures, it is demonstrated when corre­
lations can be found and when they cannot. 

The influence of different hypoxic gas mixtures on pursuit track­
ing and on physiological parameters is studied. From the re­
sults, several conclusions can be made, namely: already in a 
state of relatively mild hypoxia, physiological changes were 
present, but normally were concealed by reactions due to prolong­
ed rest time. In spite of statistically significant physio­
logical effects, no noticeable deteriorations of performance in 
tracking could be measured in hypoxia down to a hypoxic gas 
mixture of only 13 percent 02 in inspired air. Not until 
before 11 percent 02 could significant and mentionable impair­
ments of tracking performance be found. 

The same is true of noise. Decreased performance in noise could 
not be found, but an increased level of heart rate indicated the 
stress. Results indicate that physiological indices definitely 
react even in low workload situations in order to bring into 
action reserves of energy which will guarantee a normal 
performance. Only in high workload situations can correlations 
between performance and physiological measures be expected. 

95 • Swa in, A• D., Some Problems in the Measurement of Human 
Performance in Man-Machine Systems. Human Factors, 1964, 6, 
687-700. 

This paper deals mainly with the quantification of human perfor­
mance as it relates to man-machine system reliability. It is 
especially focused on the systems in pre-production stages. 

The author reviews several studies on man-machine reliability. 
Three specific obstacles to human performance quantification are 
cited. They are: 

(1) Complexity and subjectivity of available quantific­
ation methods, 

(2) Grossness of assumptions behind these methods, and 
(3) Disapproving attitudes of some psychologists toward 

these points. 
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These obstacles are discussed and recommendations for improve­
ments are made. The author suggests that a human performance 
data bank, containing quantitative data in a wide variety of 
contexts be established. He cites the need for better models of 
human behavior which are appropriate for predicting error rates 
and their effects in man-machine systems. 

It is concluded that available quantitative methods referenced in 
the paper are sufficient to make estimates of error rates for 
many tasks, but that current methods are still in the "infant 
stage". A large amount of research in this area needs to be 
done. 

96. Thackray, R. I., Jones, K. N., and Touchstone, R. M., Self­
Estimates of Distractibility as Related to Performance Decrement 
on a Task Requiring Sustained Attention. Ergonomics, 1973, 16, 
141-152. 

The paper describes a study in which 50 subjects performed a 
monotonous, but perceptually demanding task over a period of 30 
minutes. In order to determine the level of distractibility of 
subjects, a questionnaire was administered to subjects prior to 
the experiment. High-distractibility subjects showed increasing 
lapses of attention during performance. Low-distractibility 
subjects did not show a decline in attention. 

Physiological measures used with the task included respiration ­
period variability, heart-rate variability, and skin conductance. 
While significant changes were recorded, they did not differ 
significantly between the two groups. 

The authors conclude that certain temperamental and cognitive 
variables are significantly related to performance. 

97. Vreuls, Dr. D., and Obermayer, R. W., Selection and Develop­
ment of Automated Performance Measurement. Proceedings of the 
Conference on Aircrew Performance in Army Aviation, November 
1973, 168-174. 

The problem of defining a useful set of measures to aid in human 
performance measurement has posed a major challenge in human 
factors research. Aircrew performance measurement, by its con­
tinuously varying nature, requires automated data collection 
techniques as well as a measurement definition that is both 
analytic and empirical. 

This paper discusses an automated performance measurement based 
on simulation research. The research approach described by the 
authors implements the use of candidate measurement in a trial 
situation, collection of empirical data with human subjects in 
environments approximating the operational setting, and the use 
of mathematical selection techniques. It is concluded that the 

51
 



major measurement constraint is related to the amount of time and 
effort required to define and test performance. The recommenda­
tions of the report include a suggestion to researchers in this 
area to collect empirical results that are broadly applicable, so 
that future data collection efforts may be reduced. Also, 
further research is needed to identify (1) better computer al­
gori thms for defini tion of measures, (2) implementa tion methods 
so that measurement can be computed, and (3) selection techniques 
which include diagnostic as well as discriminating and predicting 
measurement properties. 

98. Waag,W. L., Eddowes, E. E., Fuller, J. H., and Fuller, R. 
R., ASUPT (Advanced Simulation in Undergraduate Pilot Training) 
Au toma t ed Db j ec t i ve Per formance Meas uremen t Sys tem. Ai r Force 
Human Resources Lab, Brooks AFB, Texas, AFHRL-TR-75-3, March 
1975. 

This report describes the approach taken for the development of 
performance measures, and presents the results of data collected 
from two pre I imi nary eva I ua t ion s t udi es • The fi nd ings ind i ca te 
that objectively derived measures correlate highly with instruc­
tor ratings, and discriminate between pilots of different ex­
perience levels. These findings suggest the potential of the 
present approach for generating the needed automated objective 
pilot performance measurement system. 

99 • War e, c. T., In d i v i dua I and Sit ua t i 0 nOa I Va ria bIe s Af f e c ting 
Human Performance. Human Factors, 1964, 6, 673-674. 

The author makes a distinction between two types of variables 
that affect human performance. They are (1) individual and (2) 
situational. In the class of individual variables, such 
parameters as age, sex, skill level, and personality are listed. 
Situational variables refer mainly to task characteristics, 
system organization, test characteristics, and physical 
environment. 

The two sets of variables are described as intervening variables 
that do not directly control human performance. Therefore, no 
linear relationship between one variable and the performance of a 
particular task can be found. 

The intervening variables form a complex of factors, and to 
account for the effect on performance, it is suggested that a 
multi-dimensional independent variable be correlated with a uni­
dimensional dependent variable. 

100. Zollars, G. F., Stress Factors on Pilot Performance, May 
1974 1980. New Mexico University, Technology Application 
Center, and National Technical Information Service, Springfield, 
VA, July 1980. 
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This review of articles from the international literature covers 
all aspects of stress factors on pilot performance, including 
biological aspects of flight stress, psychophysiology, accelera­
tion stresses, flight fitness, and physiological effects and 
responses. A total of 185 citations are included in this biblio­
graphy. 
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