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The application of the material in this and in many of the other arti-
cles in this area is restricted by the same problem encountered earlier;
most articles address themselves to trend extrapolations and gross predic-
tions (e.g., Gordon and Ament, 1969), thus provide little useful insight for
answer to questions concerning specific impact effects on human resources.
This sentiment is supported by Hacke (1967) who stated, "It is not feasible,
however, to forecast quantitatively the trends in a (social or economic) par-
ameter or pattern with the certainty that the outcowe will fall within the

stated confidence limits ...."

QUANTIFICATION OF HUMAN PERFORMANCE FACTORS IN SYSTEM DEVELOPMENT

Isolated investigations of the problem of quantification of human per-
formance in developing weapon systems surfaced as a result of the review of
the literature. Certain of these may have application to the present effort

and are identified for consideration.

A detailed examination of this topic was undertaken by a 1964 symposium
on quantification of human performance. The December 1964 Human Factors
Journal, a special issue, was devoted to selected (and edited) papers pre-
sented at the symposium and workshop held at Albuquerque, New Mexico, in
August 1964. This issue contains a theoretical article by Leuba (1964)
dealing with human parameter quantification methods. In this paper, Leuba
provided examples of the types of quantifications required in man-machine
systems. Leuba associated selected equipment design procedures (e.g. task
analyses, trade-off studies) with the different types of measurement scales.
As example; he stated, "Trade-offs imply the existence of ratio scales.

This fact accounts for the current difficulty engineering psychology is ex-
periencing in performing reasonable trade-off operations with ... systems
engineers". Leuba then progressed to a summary discussion of methods of

quantification which could be applied to man-machine system problems.

Unfortunacely, neither Leuba, nor any of the other symposium participants
could suggest a procedural solution to quantification of human performance
factors in system development. Ten years later, a suitable methodology for
providing answers is still needed. As DeGreene (1974?) states "To date there

has been no cohesive examination of the interrelationship between new
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technology and manpower resources. ...abilities and skilles must be better _
related to tasks, jobs, and occupations. This is the ongoing challenge to

human factors."

In this last decade, a number of approaches to the problem of quantify-
ing human performance factors have been attempted. Rook (1964) reported on a

method for evaluating system failure performance based on rank-order data.

Irwin, Levitz and Freed (1964) reported on the application of a sub-
jective method of obtaining human reliability data. The approach involved
the use of a Likert-type scale to obtain reliability est imates for 60

maintenance tasks. In this approach, the authors related their findings to

performance measures for operation of electronic equipment which were developed

by American Institutes for Research (Payne et al, 1962).

Kaplan (1967) reported on the results of investigating several types of
scales for obtaining value judgments from subject matter experts. Ratio,
difference, direct, and paired comparison techniques were.selected for study.
The author selected the difference scale based on the fact that it had a
standard which served to stabilize the scale in the absence of a known di-

mension for the measure being considered.

Finley et al (1970) performed a technical review of human performance
prediction in man-machine systems. As a part of this effort, "over 500"
performance prediction tests were reviewed. The authors felt that develop-
ment of a usable human performance prediction technique dictated adherence to
certain essential theoretical and methodolical requirements which they
identified as:

1. Accomplishment of a more exact understanding and description of
system and behaviorial phenomena.

2. Recognition that the prediction problems are multi-dimensional and
multi-level.

3. Utilization of modern test development techriques (e.g. utility
analysis.)
The final conclusion reached by the authors echoed the general concensus
found in earlier research, "Human performance prediction tests can serve a
great potential future role in the understanding, prediction, and control of

human performance in man-machine systems; but only to the degree that many
current theoretical and methodological problems are resolved."
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mission hours (d) = 2
number of equipments (N) = 18

3. Develop mathematical techniques for relating these variables during
the conceptual phase of system design and to compute, predict, and/or con-
trol the manning and skill requirements.

Because of the need for hardware analysis and operational performance
requirements, a causal mathematical model approach was pursued. The mathe-
matical model relates:

a. black boxes and associated repair and failure rates
b. personnel

c. spare black boxes
d. waiting time to make a black box available after demand

The output of the model (waiting time) is related to the system opera-
tional requirements and, through application of an algorithm, allows the
achievement of minimum manning for specified system operational requirements.

In addition, a method was developed which will allow for scheduling of
training-manpower resources in which consideration is taken of the following:

a. training requirements in terms of time necessary to achieve a
specified skill

b. phasing-in of new systems and the concomitant demands on avail-
able skills

c. phasing-out of old systems and the concomitant availability of
skills

d. the manpower phasing into and out of personnel inventory because
of enlistment and discharge

FINDINGS

1. It is anticipated that the manning prediction technique in this re-
port does not differ radically from intuitive procedures presently used by
management personnel in the Air Force. The recognized differences lie in
the formal structure of the manning problem. These diffrrences are:

a. mathematical statement of the manning goal

b. the causal relationship between this goal and manning through
the following:

(1) spares
(2) waiting time

2. The manning objective in this report is mathematicall; equivalent to

maximizing the total operational hours of the operational units, given a fixed

distribution of skill hours.

63



































































































