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} . ABSTRACT

A general mathematical model of the probability of errorless human
performance was derived and equated to human reliability for time-continuous [

tasks. The application of this model and the implications of the time-to-

first-human-error (TTFHE) roncept were tested with data collected using a

laboratory vigilance task. The error data were ordered, and through classical
j inference theory the undelying density functions were isolated, and tested
for goodness of fit. Weibull, gamma, and log-normal distributions emerged
as relevant; normal, and exponential distributions were rejected. The
relevant distribution parameter values were applied to the general mathematical !
(~ model, and predictions were made of human performance reliability for the
task. It was concluded that this is a feasible and meaningful way to quantify
human performance for time-continuous tasks for use in reliability analyses

[ of systems.
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. INTRODUCTION

The state-of-the-art for incorporating human error data in reliabilicy
analyses of systems allows only approximations of the true effect of man's
performance on the reliability of the total system, as indicated by the
reviews of Askren ( 1967 ), Blanchard and Rarvis ( 1967 ) Leuba (. 1964 ),
Meister ( 1964 ), and Williams ( 1967 ). Much research is needed to develop
models, methodologies and data more reflective of the nature of human perform-
ance and more compatible with engineering analysis processes. The concern
of this research was with the expressing of human performance data in a manner

more compatible with the reliability analysis process.

Classical reliability analysis uses statistical inference to translate
time of failure observations to a relevant model. The prediction of relia-
bility is obtained then from the model via probability theory. This requires

knowledge of some stochastic function, e.g., probability density function (PDF.

of the failures of the equipment with respect to time for the operations

involved. Also, classical reliability modeling employs the first moment of

the random variable which for the continuous case is time, and is known

variously as mean-time~to~failure, mean-time-to-first-failure, and mean-time-

between~failures (Sandler, 1963). The specific objective of this research,

therefore, was to determine the feasibility of applying this classical method

to the analysis of human performance.

PROCEDURE

The research involved four operations. First, a general mathematiczal

function of human performance reliability was derived through which human

error data could operate. Second, the appropriateness to human performance

measurement of the first moment of the random variable "t" was established.

Third, human error data were generated with the random variable "t" used as

the measure. Fourth, stochastic functions descriptive of the error data were

determined aad the suitability o¢f che general mathematical equation to handle

the functions was tested.
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RESULTS

\

. A Generslized Human Performarce Reliability Function

The human performance tasks that are most analogcus to ecuipment opera-
tion in the time domain, and thus wost amenable to classical reliability

modeling are continuous operation tasks such &s vigilance, monitoring aend

tracking. This seemed to be a proper starting point for modeling human

error, although it was recognized that many human operations are not time-

v continuous. Consequently, a generalized reliabiliity function was derived

for human tasks of a continuous nature. This function is expressed as:

t
B ik fe(t) dt
P77 . _)

' ) R(t) = exp’®

(1)

where R(t) is the reliability of human performance for any point in time,
, and e(t) is the error rate for the specific task. This equation is proposed
C as the gereralized mocdel for the reliability of human performarce for con-

tinuous tasks.

Apprcpriatencss Gf The First Mcment of The Random Variable "t" Fer Kurman

Performance Measurement

In general, mean-time-to-failure (MTTF) is applied to components that
are not repairable and are throw-away items, such as fuses and light builbs,
whereas mean-time~to-~first-failure (MTTFF) and mean-time-between-failures

(MTBF) are applied to equipment that are repairable. The three concepts are
poer

useful in dealing with human performance reliability. MTTF translates into

mean-time-tc-human-initiated-failure, and is used to describe when a system

function could be expected to fail as a result of an error or an accumula-
: tion of errors by one or more persons performing tasks in that function, e.g.,
overpressurizing a missile fuel tank, undershooting an aircraft landing, or

inadvertant actuation of an ejection seat.




MTTFF and MTBF translate into a language suitable for describing
errors whose effects are correctable. Tanus, MITFF traasforms into mean-
time-to~first-human-error and is useful in treating errors that are highly
critical, such that the first occurrence of an error would be costly, or
establish hazardous condifions, e.g., falling to detect a target on a A

radar scope or not inserting an ejection seat safety pin prior to performing

maintenance work., MTBF converts to mean-time-between~human~errors and is
useful in treating errors of a less critical nature; this measure could be

,} used, for example, to provide information regarding the frequency of produc~-

tion of defective parts, or an indication of the proficiency level of personnel.

Of the three quantifiers, mean-time-to-first-~human-error (MITFHE) was the

easiest to simulate in a laboratory environment, hence it was selected for use

in this study.

Generation oi Human Error Dsata

A 30 minute vigilance task was used with subjects requirel to observe
a circular light display, and respond to a failed-light event by pressing a
( hand-held switch. The twenty lights of the display were programmed to flash
sequentially at approximately one-second intervals and to fail randomly. The
R subjects, 51 male and female college and Air Force personnel were given a
standardized oral briefing of expected task performance, and allowed a two

minute practice period to minimize errcts induced by initial learning. Miss

and false 1larm error data were collected. A miss error denoted that the
subject did not detect the failed-light event. A false alarm denoted an

error by anticipation where the subject responded as if a failed-light event
occurred when in fact the event did not occur. The times of occurrence to first

mis s errors ranged from 2 to 1624 seconds, and to first false alarm errors : H

ranged from 4 to 1537 seconds.

Stochastic Furctions Of The Error Data And Suitability Of The General Mathe-

matical Ec:ction.

The observations of the times to first-miss—-error, to first-false-alarm-
error, and to combined-false-alarm-and-miss-error were ordered, and an incre- i

‘ mental analysis of the data indicated that the error rate was not constant.
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Hence, Weibull, gamma,;dormal and logjﬂonmal distributions were excmined to

ascertain the relevant paradigm. The exponential distribution, which requires

a constant rate was also tested as a further check on the nature of the data.

The data were tested for fit with Weibull both graphically and by computer

analysis. The Weibull graph plots show a straight line fit indicating that
this distribution is relevant. Computer analyses confirmed this fit yilelding

parameter values given in Table 1. These values are significant at the .10 level

Insert Table 1 ~ About Here

using the Kolmogorov-Smirnoff (X- S) test. From Table 1 it can be determined

that for Weibull the mean time to first-miss-error is 633.26 seconds, to first- 1

| false-alarm-error is 309.04 seconds, and to first-combined-error is 315.82

! seconds.

The reliability of performance for any time period may be predicted by

‘ C using the two parameter Weibull reliability function adaptation of the general
equation:
b
y - Lﬁ;
R(t) = e a) (2)

where a, and b are scale and shape values from Table 1. For example, if relia-
bility of the vigilance task of this study is defined as the probability of

performznce precluding both miss and false alarm errors, the reliability for

"t = 60 seconds is predicted to be .70 by solving equation (2) using the
values b = .7 and a = 267.75. Alternately, the reliability may be oblained

by inspection of the Weibull graph plots.

The gamma and log-normal distributions were tested by computer analysis

and also found to be relevant models at the .10 level using the K-S test.

Parameter values are given in Table 1. The reliability ot periormance for

any time period may be predicted also using gamma and lcg-normal reliability




\
function adaptations of the general equation. The exponential and normal .
distributions were tested by computer analysis and were rejected at the
.10 level using the K-S test. Farameter values for these distributions are

also given in Table 1.

CONCLUSIONS

It is concluded that equation (1) is a useful general model of human
performance reliability for time-continuous tasks, and that it is meaningful
and feasible to determine the error rate term, e(t), by analysis of time-to-
first-error data of a task. The human reliability function may now be defined
as the probadbility of successful task performance within temporarily constraints,
thus allowing predictions of task reliability for varicus time intervals. It
is believed that quantifying human performance reliability in the mathematical
language of the system analyst will prove useful in making man-machine system

performance prognoses.

REFERENCES

Askren, William B.(Editor). Symposium on Reliability of Human Performance
in Work, AMRL-TR-67-88 (AD 659140), Aerospace Medical Research Laboratories,
Wright-Patterson AFB, Ohio, May 1967.

Blanchard, Robert W., and Harris, Douglas H. (Editors). Man-Machine

Effectiveness Analysis, Symposium of the Human Factors Society, Los Angeles ;

Chapter, 2017 - 263rd Street, Lomita, Califcornia 90717, June 1967.

Leuba, Harold R. (General Chairman). Symposium of the Quantification of

Human Performance, sponsored by the University of New Mexico and the M-~5.7

Subcommittee on Human Factors of the Electronic Industries Association,

Albuquerque, New Mexico, August 1964.

Meister, David. Methods of Predicting Human Reliability in Man-Machine

Systems, Human Factors, CTecember 1964, Vol 6, No. 6, 621-645.

S el e e el aeale



Sandler, Gerald H. System Reliabilitv Engineering, Prentice Hall, 1963.

Williams, F. L. Human Performance Reliability in Onerational and Maintenance

Tasks, OR 8729, Martin-Marietta Corporation, Orlando, Florida, February 1967.




WILLIAM B. ASKREN, received an A.B. in mathematics from Wittenberg
University and a Ph.D. in industrial psychology from Purdue Uni-
versity. He is pzemestly employed as a Research Psychologist in

~ the Air Force Human Resources Laboratory, Wright-Patterson Air Force
Base, Ohio. His previous experience includes that of Engineering
Psychologist with the Systems Engineering Group, Wright-Patterson,
AFB, Assistant and Associate Professor of Psychology at North Caro-
lina State University and Wright State University, Dayton, Ohio, and
Industrial Psychologist with the A. 0. Smith Corporation, Milwaukee,
Wisconsin, He is a member of the A-merican Psychological Associ-
ation, the Human Factors Society, and Sigma Xi. He is certified as
a Diplomate in Industrial Psychology by the A-merican Board of Exam-
iners in Professional Psychology. He is currently engaged in re-
search.on quantifying and measuring human performance, and utilizing
personnel manning and skill data as criteria in system analysis and

design.




