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FOREWORD
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Force Base, Ohio, under Contract AF 33(615)~1754. The report summarizes
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handbook for the assessment and evaluation of human performance in Air
Force Systems. As such, this report provides an overview of the techniques
applicable to and the current practices in the assessment and evaluation of
human performance, This research was initiated in September 1964 and
completed in April 1965,

The report was prepared under Project 1710, "Training, Personnel and
Psychological Stress of Bicastronautics," Task 171006, "Personnel, Training
and Manning Factors in the Conception and Design of Aerospace Systems."
Dr. Gordon Eckstrand was the project scientist and Mr. Melvin Snyder was
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of this report. The contract monitors were Mr. Sidney Gael and Mr. Steve
Heckert of the Behavioral Sciences Laboratory.
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and their affiliations is made in Appendix V to this report.
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ABSTRACT

This report descrikes the current practices and evaluative nspects of
human performance assessment in Alr Force Systems. The human performance
test programsa for thirty=four cystems and subsystems representing the major
types of systems (aeronautical, elecironic, missile, and space) used by the
Alr Force are reviewed, For these systems, the major functional areas covered
include: (1) Air Force policies, drectives, requirements, and constraints
concerning the development and assessment of system tests and human per~
formance; (2) the behavioral sciences approach te. and technology for,
assessing human performance; and {3) Air Force practices in assessment of
human performance. Throughout, the systems context, within which human
parformance is conceived and evaluated, is emphasized. Conssquently, the
techniques within tha behavioral sciences for examining human performance
conceptually and empirically in the system test environment is a particularly
practicable part of the report. The report is supported by many useful tables
and ciorts, excerpts from tect directives pertinent to human performance
assessmen;. and approximately 600 categorized r2ferences,

iii




A

TABLE OF CONTENTS

Section
No.
L OVERVIEW, PROCEDURES AiD FRAMEWORK OF
THE REVIEW :
A. Overview of the Report
1, Objectives
2. Perspective
3. Content
4, Limitations
B. Procedures of the Review
1. Sources of Information
2. Review of Requirements for Assessing Human
Performance in Air Force Systems
3. Review of Illustrative Meth. *ologies for Assess-
ing Human Performance ir» Air Force Systems
C. Conceptual Framev ork for this Review
1. Considerations Concerning Human Performance
2. Considerations Concerning an Overall Assess-
ment Methodology
3. Considerations Concerning Needs for Assessment
During System Development
D. Organization of this Report

IL.

REVIEW OF REQUIREMENTS FOR ASSESSING HUMAN
PERFORMANCE IN AIR FORCE SYSTEMS

A,
Bl

cl

D.
E.

Introduction

Requirements for Managing and Developing Air

Force Systems

Requirements for Developing the Personnel Sub-
systems in Air Force Systems

Requirements for Testing Air Force Systems
Requirements for Testing and Evaluating the Personnel
Subsystems in Air Force Systems

iv

Page

No.

10

10

14

14

16
16

18

- e e



TABLE OF CONTENTS {continueé)

Section Page
~Ne. No.
¥, Summary of the Major Requirements~Documents 20

118 OVERVIEW CF TH& TECHNOLOGY OF THE BEHAVIORAL

SCIENCES FOR ASSESSING HUMAN PERFOGRMANCE 23

A. Introduction 23

B. Relovant Areas of Research and Technology in the
Behavioral Sciences 23

C. Major Technologies of the Behavioral Sciences Rele- 1
vant to Human Performance Assessment in Air '
Force Systems 25

1. Techniaues for the "Conceptual Assessment" of

Human Performance 28 b
2. Technigues for the "Empirical Ascessment" of 1
Human Performance 35 p
D, Summary and Overview 59 i
IvV. REVIEW OF ASSESSMENT PRACTICES IN SELECTED "
AIR FORCE SYSTEMS 62 ’
A. Introduction to the Review of Systems 62 1
B. Practices for Assessing Human Performance in
Space Systems 62
1. Human Performance in Space Systems 62

2. Summary and Description of Information Reviewed 63
3. Detailed Findings Concerning Performance
Assessment Practices in Space Systems 65

-y Py I g B, o,

C. Practices for Assessing Human Performance in Aero-

Wy P W - -

nautical Systems 65

1. IHuman Performance in Aeronautical Systems é5

2. Summary and Description of Informa’ion Reviewed 67 !

3. Detailed Findings Concerning Performance ¥
Assessment Practices in Aeronautical Systems 67 ¢




TABLE OF CONTENTS (continued)

Section . Page
No, No,

D, Practices for Assessing Human Performance in

Missila Systems 74
I, Human Performance in Missile Systems 74
2. Summecry and Description of Information Reviewed 74
3. Datailed Fincings Concerning Performance

Assessment Practices in Missile Systems 76

E. Practices for Assessing Human Performance in

Electronic Systems 76
1.  Human Periormance in Electronic Systems 76
2. Summary and Description of Information Reviewed 82
3. Detailed Findings Concerning Performance

Assessment Practices in Electronic Systems 87
F. Summary of Assessment Practices 88
V. CONCLUDING REMARKS 93
A. Bynopsis of Report . 93
B. General Comments Concerning Human Performance 93
C. General Comments Concerning Assessment 93

D. General Comments Concerning Asseesment Tech-
nology 95

APPENDIX I. SCHEMA FOR REVIEW CF BEHAVIORAL SCIENCE
METHODS FOR THE MEASUREMENT AND ASSESS-
MENT OF HUMAN PERFORMANCE 96

APPENDIX II. LISTING OF AIR FORCE REQUIREMENTS DOCU-
MENTS STRUCTURING THE DEVELOPMENT
AND ACSESSMENT OF HUMAN PERFORMANCE 101

APPENDIX III. DEVELOPMENT OF PERSONNEL SUBSYSTEMS
IN AIR FORCE SYSTEMS: AIR FORCE PQOLICY,
REQUIREMENTS AND DEFINITIONS (SOURCE
AFR 30-8) 110

4
F
F
:
z
3
E
3
4

AL




Se.tion
Mg,

APPENDIX 1V,

APPENDIX V.,

REFERENCES

TARLE QF CONTENTH (1 ontinied)

Page
No,
TESTING/EVALUATION OF AIR FORCE SYS-
TEMS, SUBSYSTEMS AND EQUIPMENTS:
AIR FORCE POLICY AND REQUIREMENTS
(SOURCE AFR 80-14) 116

COGNIZANT PERSONNEL WITH WHOM DIS-
CUSSIONS WERE HELD DURING THE SURVEY 127

132




- =

LT QF FIGURKS

Generalized Dahivioral Functions of the Por-
sonnel- Environment- Activity Linit for Human
Performance Assessment

Ganeral Framework for the At sessment of
Human Periormance

Summazy of System Devalopment Phases and
Major Activitieas or Products of Functions Within
th.e Phases (Sourc2: AFSCM 375-4)

Summary of Requiramonts for Testing A'r Force
Systems (Sourcz: AFR 80-14)

Approach to the Methodological Review of the
Behavioral Sciensces for Assessing Human Per-
formance in Air Force Systems

Refined Mapping of the Methodological Studies,
Perspectives, and Instruments of the Behavioral
Sciences Reviewed During This Study
Frequency of Reported Usns of Human Perform-
ance Assessment Practice- in the Systems
Reviewed During This Study

Use of Assessment Practices Among Systems
Reviewed

Content Summary of This Report

viii

Page

N”c
PRVRARAS N

17

19

26

27

ge

91

94



(SR ST

LIST OF TABRLES

Page

Table No.
I Systems, Subsystems and Programs Reviewed

During This Study 6
it Generalized System Engineering and Human Per-

formance Assessment Activities During the

Development of the Air Force System 11
111 Air Force Functional Responsibilities for Per-

sonnel Subsystem Development (Source: AFSCM

80-3, page A. 4-5) zl
v Tllustration of Air Force Requirements-Documents

Related to the Assessment of Human Performance

in Air Force Systems 22
v Content Analysis of Typical Non-Qmuantitative

Heuristic Teckniques Used to Examine Human Per-

formance in Systen: Operation 32
VI Summary Descriptions, Reported Uses and Principal

Proponent{s} of M.jor Non-Quantitative Techniques

to Describe Human/System Performance 38
VII Summary Description of Major Quantitative Tech-

niques for Gathering Empirical Information Concern-

ing Human Performance 52
VIII Surnmary of Quantitative Techniques for Reducing and

Analyzing Empirical Information Concerning Human

Performance 60
IX Summazry and Description of Information Reviewed

Concerning the Assessment of Human Performance

in Space Systems 64
X Detailed Summary of Human Performance Assess-

ment Practices in Space Systems 66



Table

XI

X1

XIII

XIv

Xv

XVI

Xvil

LIST OF TABLES (continued)

Summary and Description of Information Reviewed
Concerning the Assessment of Human Perform-
ance in Aeronautical Systems

Detailed Summary of Human Performance Assess-
ment Practices in Air rorce Aeronautical Systems

Summary and Description of Information Reviewed
Concerning the Assessment of Human Performance
in Missile Systems

Detailed Summary of Human Performance Assess-
ment Practices in Air Force Missile Systems

Summary and Description of Information Reviewed
Concerning the Assessment of Human Perform-
ance in Electronic Systems

Detailed Summary of Human Performance Assess-
ment Practices in Air Force Electronic Systems

Summary of Assessment Practices Reported in the
Systems and Subsystems Reviewed

Page
No.

68

75

77

83

84

89

-~

oo o i T o5’



LIST OF ABBREVIATIONS

ADGC =Air Defense Command

AFFTG -Air Force Flight Test Center

AFLC ~Ajr Force Logistics Command

AFM -Air Force Manual

AFMDC -Air Force Missile Development Center

AFMTC -Air Force Missile Test Center

A¥FR -Air Force Regulation

AFSC - Air Force Specizalty Code

AFSC -Air Force Systerns Command

AGE -Aernspace Ground Equipment

AIR -American Institutes for Research

AMD -~ Aerospace Medical Division

APGC -Air Proving Cround Center

ARL - Aeronautical Research Laboratory

ASD -Aeronautical Systems Division

ATC =Air Training Coramand

BSD - Ballistic Systems Division

D&A ~-Dunlap and Associates, Inc.

EN -Environment

ESD -Electronics Systems Divisicn

EQ -Equipment

HE -Human Engineering

JTS ~Job Training Standard

MGE -Maintenance Ground Equipment

MIL -Military Specification

MRL -Aerospace Medical Research Laboratories
(Reports)

NASA -National Aeronauticsand Space
Administration

OGE -Operating Ground Equipment

oJT ~On-the-Job Training

PEA -Personnel-Environment- Activity (Unit)

PED -Personnel-Equipment Data

PERT -Program Evaluation and Review Technique

PS ~-Personnel Subsystem

QOR -Qualitative Operationa: Requirement

QQPRI -Qualitative and Quantitative Personnel
Requirements Information

RFP -Request for Proposal

ROC -Required Operational Capability

xi



LIST OF ABEREVIATIONS {continuad)

SAC -Strategic Air Command

SAGE ~Semi-Automatic Ground Environment
SAIM -8ystems Analysis and Integration Model
SCF -3atellite Control Facility

SDC -System Development Corporation

SOR -Specific Operational Requirement

SFO -Systemn Program Office

SSD ~Space Systems Division

TAGC - Tactical Air Command

TDR - Technical Documentary Report

TEA -~ Task Equipment Analysis

TEL - Training Equipment List

TEPI - Training Equipment Planning Information
TERG - Training Equipment Requirements Guide
ucC -User Command (USAF)

xii



PRACTICES IN THE ASSESSMENT OF HUMAN
PERFORMANCE IN AIR FORCE SYSTEMS

I

OVERVIEW, PROCEDURES AND FRAMEWORK OF THE REVIEW

A. OQOverviow of the Report

1. Objec\‘iv__g_g

This repnrt was written as an interim review, a progress report, of
findings concerning mcthods. techniques, and practices for assessing human
performance. It is part of ¢ two-phase research program iyor the development
of a technical handbook for measuring and evaluating human performance iu
Air Force systems.

2. Perspective

Human performanuce is regarded as an interaction unit, the P.E, A.,
that is, personnel (P) in the system environment (E) {which includes other
personnel, equipment and ambient conditions) carrying out so. e mission-
oriented gc_tiw;i_“_)_'(A). Systems are defined as organizations of such interactions.
These "P, E, 4, ! interactions are postulated as the fccal units of system and
human performance assessment,

The assessment process is visualized in two or three general steps:
analysis of needs for information concerning human performance, acquisition
of additional, empirical information concerning performance, and evaluation
of the data in terms cof the need/use for it. There are needs and uses for
evaluative information continuously during thie four life stages of Air Farce
systems. A large body of requirements-documents is available to structure
the development and systematic application of this information to system de-
sign, test, and evaluation. A variety of practices are currently used in the
description and evaluation of human performance in the systems of the L . S,
Air Force.

3. Content

This report discusses three major topics: (1) Air Force requirements
concerning the developrnent and ansessment of system and human performance,
(2) the methodology and technology of the behavioral sciences for assessing
human performance, and (3) current uses of this technology in Air Force systems
as illustrated by a review of available information concerning test programs in
selected systems. Reference and source reports used in this review are
appended.



4, Limitations

The discussions herein are based upon (1) the perspectives (as
summarized briefly in this section) of the technical handbook for the assess-
ment of human performance, and (2) reference material made availasle to
us during the study for selected Air Force test activities, This effort,
sitrictly spesking, neither evaluates what information is available nor pur-
ports to cover all activities and techniques (used or available for usa}in
the assessment of human performance,

The opinions concerning the focus and conceptual aspects of asseas-
ing performance are those of the authors, and do not necessarily report

the thinking of the scientists consulted or the studies reviewed.

B, Procedures of the Review

1. Sources sf Information

Several sources of information were used in this study. These
wera:

a. U.S. Air Fovce requirements-documents concerning the
development and management of man-machine systems.

b. Behavioral science and systems engineeriny studies method-
ologically related to man~-machine performance assessment.

¢. Tes! and evaluation planning and test report documents for
selected Air Force sys*ems,

d. Cognizant personnel, military and civilian, active in the
management, development, and testing of man-machine
systems and subsystems,

Approximately six hundred documents, studies, and methodological
reports were reviewed during this study. Theuse reports varied with
respect to the human performance being investigated, the type of military
system and its stage of development, the approack as well as the disciplines
represented in the investigating tezra, and in the goals of the specific
assessment project.

Conferences and discussions were held with ay yroximately sixty mili~
tary and civilian scientists at various Air Force and Contractor locations
engaged in man-machine system development and evaluation.  These



discussior.s generally were structured toward the information and clari-
fications deemed necessavy to reach a refined, sophisticated, and yet
practical assessmeont methodology as well as to survey current praztices

in measuring human performance, Our own experiences with system and
human performance evaluations influenced the discussion of other scien-
tist's experiences. During this phase, the conceptual approach of the
technical handbook was examined and itoerated, and progressive changes were
made to reflect the state of the art in the assessment of human performance,
The haadbook will profit from the information derived during this study:

this repoxt anticipates the perspectives and emphasis of the technical hand-
book,

2, Review of Requirements for Assessing Human
Performance in Air Force Systems

The policies and directives of the Air Yorce concerning the rman-
agement, development, and testing of military systems were reviewed sys-
tematically during this study. The major sourcas and typer of such infor-
mation are listed below.

. Air Force Regulations

. Air Force Manuals

. Air Force Specification Bulletins

. Air Force Systems Command Regulations

. Air Force Systems Command Manuals

. Air Force Systems Command Program Management Instructions
. Air Forca Systems Command Division Exhitits

. Military and Federal Standards

. Military Specifications

In general, documents were reviewec which represent tuirent re-
quirements for developing Air Force systems, for developing the personnel
subsystems of those systems, for testing Air Force sysiems, subsystems,
anl equiprnent, and for testing the persornel subsystemn in particular.

3. Review cof Illustrative Methodologies for .issessing Human
Performance in Alr Force Systems

Having established, by way of the review of requircments dorvments,
the context for assessing humasn performance, 2 search was then made of
techniques illustrative of current technigue s and practices in the behavioral
sciences and in the development of Air Forze systems, relating to the assess-
ment of human performance.
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B, }j.eview of Behavioral Sciences Technology

From ihe methodological viewpoint, the behavioral sciences
offer useful ways of conceiving about man-machine systems, and of col-
lacting en-pirical information and drawing conclusions about human per-
formance, Much of this technology has, of course, been brought to bear
on military and other governmental projects, It is likely, however, that
there are new techniques under development and/or old techniques thus
far relatively untried which are of potential use in the assessment of human
performance, And there may be fresh perspectives on the application of the
behavioral sciences to the task of assessing human performance, particularly
in the early stages of system life, that require statement. Arcordingly,

a systematic review of the behavioral science technology was -onducted,
following a mappirg adapted from Barmack {( 3 ). Books and periodical
literature, as well as Government-sponsored research studies, were sought
within this schema of the fields and subfields of the behavioral sciences.
The schema itself is presented in Appendix I, Four major fields, and the
basic and applied research subfields within each, were used to olaucivuc
the survey of the behavioral science literature,

The first major field was named human performance studies
and was broken down into two basic research subfields, namely, individual
performance, and group performance, Some twenty-six topics were allo~
cated between inese basic research subfields. Sim larly, applied research
corcerning human performance was divided into two subfields, human engi-
neering, and team-system jperformance., Eighteen study areas were coverecd

in the lattex two subfieids.,

Three other major research fields were identified as related
to the study objectives. These were personnel research studic s, human
support and maintenance studies, and economic analysis and managen:ent
activities, Personnel research stvdies were expected to illustrate methods
for relating system and hurnan performance to individual and group skills,
training and to training curricula, etc. Studies in the field of human support
were expected to illustrate techniques for studying performance as a function
of life support, equipment, shelter and environmental variables. Finally,
economics, ccnsidered as a behavioral science, wa. expected to yield ways
of describing and diagramming human performance and of relating it to the
cost-effectiveness and value of the system,

- e
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b, Review of Alr Force Systems

Thiriy-four Air Forecs systems and related systems and sub-
systems™ were reviewed during this study, These man-wmachine systems
were selected to provide:

1) Representation of the major types of systems under
davelopment and test by Alr Force Systems Command,

2} Representation of current and relatively recent systems
within each type of system.

3) Overview of pians, tests, analyses, and reports illus-
trative of technigques for investigating human perform-
ance as a function of interfaces with system equipment,
personnel, procedures, and/or environment,

4) Illustration, as far as possible, of test and evaluation
activities during the conceptual, definition, acquisition,
and operational stages of system life.

Table I summarizes the types of systems and specific systems
within each type on which informat on was collected during this study. For
the most part, the designation used for a system depended not so much on
the equipment characteristics of the system (since, from this point of view,
some systems would not be diiferent from others) as upon the name of the
division of Air Force Systems Command which has the responsibility for
acquiring the system.

C. Conceptual Framework for tais Review

The information that was collected in this study and the way in which it
was organized was affected by a priori perspectives on what human perform-
ance means and the development and evaluation of human performance in
Air Force systems. These perspectives are discussed briefly here, together
with the resulting expectations for the methodology of human performance
assessment.

1., Censiderations Concerning Human Performance

Operationally considered, human performance is the interaction of
system personnel, equipment, envirbnmental corsitions, and procedures,

IN.A.S.A. projects and some subsystems within Air Force system" were
also reviewed during this study.

m



Table I, Systerns, Subaystems and Progrums

Reviewed During This Study®

s

Type of System, Subsystem, or ?rogramb

Sgce Aeronautical

Gemini B
{1962~ 64)

Satollite
Contre!
Facility
(1964)

Apollo
(1964-65)

Manned
Crbhiting
Laboratory
(1964-65)

Mirsile

Electronic

B~47 (1952)
B-25 (1953- 54)

AN/APQ-24
(1954)

B-52 {1960-61)
B-58 (1960-61)
Helicopter
Flight Simula-
tor (1962)

CIil-3C Heli-
copter (1963)

C-141 (1963-6:4)
F-4C (1964)
F-5A/B (1964)
D.O.R. A,

F-111A/B
(1965)

A —————a "~ Sttt

WS-315A ~ Thor
IRBM (1958-59)

SM- b8 - Titanl
ICBM (1958-63)

WS-107A-1 - Atlas
ICBM (1959-61)

TM-76B - Mace
(1960)

WS-107C - Titan Il
ICBM (1963-~64)

Program 279
(1963)

WS-133 A, B
Mincteman ICBM
(1962-65)

4251 (1958 59)
416L (1959-61)
4651 (1960-64)
480L (1960)

473L (1941)

4121 (1961-63)
4331 (1962-63)

431L/482L
(1962- 64)

416M (1963-64)
4831. (1963)
4661 (1963)

4961 (1563)

2Including time period of reported human performance studies,

bNames ant descriptions of these system; are presented in Section IV,
pages 62 through 88.
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Human performance is circumacribed and diracied by the mission of the
system, A sysiem is an organisation of interactions oriented toward the
accomplishment ol a specified goal or sat o1 goals,

Studying human performance in systems requires detailed infor-
mation concerning the interactions among human components (system
psrsonnel), system oquipment (e.g , displays, controls, test points),
environmental conditicus (e. g., ambient lighting, noise, temperature),
and activities (system procedures).? The assessment of human perform-
ance involves the comparison of what is known about these various inter-
actions with what is expected or reauired of.the same interactions by the
miszlon of the system.

Figure ] presents a useful summary or model of the functioning of
the individua: humen component in relating to the system environment.
it alao summarizes the aspects of human performance, some, or many of
which, were expected to be under investigation in the srstems surveyed
and/or the literature reviewed,

2. ZTonsiderations Concernigg an Ovarall Assessment Methodology

A generalized assessment process, schematized in Figure 2, was
used as a frame of reference in surveying and orgarizing the various activi-
ties involved in the evaluation of human performance. Accordingly, it was
expected that the asnsessment of human performance would proceed in th ree
phases. The first of these phases generally includes the identification of a
specific need for information concerning some aspect of human peri>rmance
and the setting about to acquire the information., The need fcr informat.on
varies from system to system and from one development stage o the nrxt,
but typically it is related to decisions regarding automation, equipn.ent,
design, etc. What is usually raquired is an estimate of sore aspect of ner
formance, that is, information predicting th~ characteristic. of one inter-
action or another .nvolving systera persounel, Typically, this results in
getting up a formal, empirical situaticn in which ti:e predictions and expac-
tations concerning performance can be examined under specified conditions.
This phase of the assessment process can be expected to include a variety of
techniques and tools for describing and predicting performance, and for
planring or selecting test situations designed tu provide the infirmation,

2Human prrirrmance may be described functionally 1s a "PEA!" ‘nteracticr,
that is, perscnnel (P), in an environment (E), which inclides other perscii-
nel, equipment and ambient conditions, carrying out some aztivity (A).
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The second phase of the hypothesized assessment procees includes
the conduct of the tests planned in phase onie and the use of assorted tech-
niques for collecting data. These techniques are variations of indirect or
direct human observation. A variety of test situations can be set up to pro-
vide for the observation of human parformance. e.g., simulations, field

trials. Human observation of human performance is usually structured and
programmad, instrumented by the use of checklists, rating scales, phctog-
raphy, recorders, etc. This phase also includes the reduction and analysis
of information and the use of descriptive and inferential statistics, expert
judgment, etc.

The preparation of test reports in diverse formats and the use of
the test {nformation occur in the third phase of the hypothesized assessment
pi cess,

3. Considerations Concerning Need {or Assessment During_
System Development

This study was principally concerned with the deveioping Air Force
system and the needs for and accomplishments in assessing human perform-
ance as the system grows. The generalized system growth process may be
thought to consist of four stages:

. Stage One--requiremente determination

. Stage Two--determination of design consequences

. Stage Three--design and integration of the system

. Stage Four--formal test and evaluation prior to
operational use

The process is iterative, a series of approximations in which pre-
dictions concerning human performance are intimately related fo various
systems engineering activities and decisions. This perspective, detailed in
Table II, was the context of our inquiry into techniques used by systems and
human factors engineering personnel in crorceiving about and dealing with
human pertormance during the stages, particularly the early ztages, of
system development,

D. Organization of this Report

This report is divided into five sc:iivns supported by appendix and
reference materials,

Section I introduces the repor+ #r1 describes the study per-
spectives, procedures, frame'work and limitations,



Section II contains a summary of Air Force Requirements for
1) managing and developing Air Force Systems, 2) develop-
ing the personnel subsystems of Air Force Systeins, 3) testing
Air Force Systems, subsystems and equipments, and 4) test-
ing the personnel subsystems.

Section IIl contains an overview of the scientific literature as
it relates to the assessment of human performance, and sum-
marizes current perspectives on analytical, data collection,
and evaluative techniques,

Section IV reviews assessment programs and techniques in
selected Air Force systems, most of which information was
secured from SPC and contractor personnel and’or test
documents,

Section V brie fly summarizes and concludes the report, with

emphasis given to th: implications of this information for an
overall assessment methodology.
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REVIEW OF RLQUIREMENTS FOR ASSESSING BUMAN
PERFORMANCE IN AIR FORCE SYSTEMS

A. Intrcduction

Throughnut system development, numerous decisions are made, as a
matter of course, concerning the functioning and structure of the system
The process, anticipated in the foregoing seciion, may be thought of as a
series of successive decisicns about organizing the set uf personnel-environ-
ment-activity interactions called the system.

In order "o get the job done as thoroughly and effectively as possible,
system development is guided by an elaborate set of governmient directives
and requirements documents. These documents contain the policies and
needs of the Air Force and other governmecuntal agencies as well as consen-
sus agreements, beitween the defense agencies and contractors, concerning
standards of good management and engineering.

This section overviews and summarizes the major Air Force require-
ment documents that structure (1} the management and development of thr.
Air Force system; (2) the development of a personnel subsystem within the
over=-uvll sysiem; (3) the testing and evaluation of the systemn, subsystems,
and various equipments; and (4) thetesting and evaluation of human pcrforin-
ance in developing systems. Information in this section reflects the weapons
system deveiopment policies in effect during the 1964-1965 period and those
which refer more specifically to human performance assessment. This in-
formation provides the context within which evaluations of human perform-
ance in Air Force systems typically take place.

The major requirements of the Air Foice in the above areas are con-
tained in different types of Air Force and military documents ircluding the
following:

Air Force Regulation (AFR)

Air Force Manual (AFM)

Air Force System Command Regulation (AFSCR)

Air Force System Command Manual (AFSCM)

Air Force System Command Program Management
Instruction (AFSCPMI)

Exhibits originating with Divisions of Air Force
Systems Command (e.g., BSD Exhibits!}

Military and Federal Standards

Military Specifications

14
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The contents of such documents are reprasented in the discusaions which fol-
low. The inajor references are tabled later in this section and are keyed to
artivities of particular relevance to the assessment of human performance.

A representative list of the reference requircmient documeats is included in
Appendix 11,

B. Requirements for Managing and Developing Air Force Systems

Various documents contain the policies of the Air Force for weapong sys~
tem management and development. Tke principal documents are Air Force
Regulations 375-1, 375-2, 375-3, and 375-4. An excellent overview of the
Air Force Systems Management Concept is contained in AFR 375-4. Of par-
ticular interest heve are the phases within which Air Force Systems are
managed and developed. Briefly, there are four phases: Conceptual, Defini-
tion, ’:quisition, and Gperational.

The Conceptual FPhasa is the period extending from the determunation of
a broad objective until the Office of the Secretary of Defense (OSD) approval
of the Program Change¢ Proposal (PCP) covering the Definition Phase. If
the Definition Phase does not apply, the Cenceptual Phase extends to the is~
suance of the System Program D.irective (SPD).

In the Definition Phase, the technological advances resulting from the
Conceptual Phase are translated into total system design requirements. [he
SPO/Industry team utilizing the detailed methods and procedures described
in AFR 375-4 and the referenced AFSCM 375-1 and 375-5 manuals completely
and fully investigates all aspects of existiag technology, past studies, and
possible future studies to define the requirements outlined in the SOR/OSR/ADOC.
The basic objective of this effort is to insure that full-scale development is
not started until costs, schediles, and performance objectives have been
carefully identified, evaluated against one another and a high probabiliiy es-
tablished of successful completion of the Accvuisition Phase.

The fundamental objective of the Acquisition Phase is to acquire the sys-
tem in such a manner that the Specific Operctional Requir=ment (SCR) or
Specified Advanced Development Objective (ADO) is mat while at the same
time minimizing system cost, time to acquire the systemn, and maximizing
systemn effectiveness. The orderly transition of system responsibility and
management responsibility from AFSC to the User Coinmand and AFLC is
provided for during the overlap of the Acquisition and Operational Phases.

The Operational Phase has b2en established as a logical concluding sfep
for the system acquisition cycle. The prime goal of this phase is sucvessfu
system operation. Secondarygoalsare adequate system support by the AFLC
ani an orderly turnover from AFSC to the User.

These phases, taken together, describe the life cycle of the Air
Force weapons system. More or less involved throughout are the Air Force

15
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Headquarters USAF, Air Fovce Systems Command (AFSC), Air Force Lo~
gistics Command (AFLC), Air Training Cornmand (ATC), and the User
commands (SAC, TAC, etc.),

Figure 3 summarizus the system development phases and major activi-
ties or products of the functions within the phases of zystem life,

C. Requirements for Developing the Personnel Subsystems
in Air Force Systems

The requirements to develop specific products and elemeants in support
of the over-all man ma :hine performance of the weapon system are specified
in AFR 30-8. Thaue requirsments are listed in Appendix I[l{. In summary,
the Air Force requires that human performance be developed in a system-~
atic, timely manner coordinated with the development .{ the syster: hardware
and facilities, This usually requires specific attention to human 3 -rformance
as a fuaction of the design of equipment, safety, lavout of the wrirk places;
skills, training, number, and organization of the system personnel; type,
amount, and content of training and trainint equipment; and operating and

maintenance procedures. The systematic development of these system elements

requires detailed description of the interactions of system personnel with the

system environment (including equipment and ambient conditions) and the main-

tenance of a valid and reliable centralized body of basic descriptive informa-
tion. The amount, type, and format of this information may vary from system
to system, There are, however, miliitary epecifications and Air Force dizec-
tives which deal direct)y with the requirements and preparation of integrated
man-machine information for particular systems. These have been noted irn
the summary table at the end of this chapter.” The primary source »of infor-
mation and guidance for developing the Personnel Subsystem is AFSCM 80-3,
Handbook of Instructions for Aerospace Personn~l Subsystem Designers.

D. Requirements for Testing Air Force Systems

Air Force Regulation 80~14 is the controlling requirements-document for
the testing and evaluation of Air Force systems, subsystems, and elements.

Irmportant policy explanations and distinctions are made in the regulation
concerning the types of tests required to support USAF research and develop-
ment and system acquisition. The regulation applies to all Air Force organi-
zations and activities, !"Testing' refers to any projact or program designed

3'I‘hc discussion of these documents, relating to individual systems or per-
sonnel subsystein elements, is not within the scope of this chapter. Our
purpose here is principally iv point out and describe, as briefly as possible,
the broad context of performance assessinent,

16 .
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to obtain, verify, and provide data {or evaluating research and development,
progress in accomplishment .l developmental objectives, and performance
and operational capabilityfof systems, subsystems, components, and equip-
ment itema. The term"evaluation'isconstruedas the review and evaluation
of quantitative or qualitative data. Distinctions axe made concerning types
of teating. Researcr testing is defined in AFR 80-14 as a project designed
to veriiy hypothesus and propose solutions to cperational needs or accurani-
late new knowledge. Developmental testing is an integral part of the devel-
opment process used to sense trends, measure progress, and verify the
accempiishment of developmunt objectives on a continuing basis. Anticipat-
ing tue discussion next of huraan performance testing, these explanations
provide the policy basis for the continuous assessment o1 the products and
procasses of the personnel subsystein,

AFR 80-14 specifies the r.ojectives, policies, and procedures of testing
and dehneates three functional categories of formal tests: Category I, Cate-
gory II, and Category III. Catetory I and II t2sting occur during the Acqui-
sition Stage of eystern develupment. Categciy IIJ testing is carried out
during the early portion of the Uperational Stage of the system life cycle.
Four types of testing are also described in the document and are subject to
the three functional catugories or phases of testing. 'These test programs
cover the testing of weapoas svstems, research and cevelopment projects,
engineering services, and ballistic missiles.

Excerpts from AFR 80-14 are presented in AppendixIVand in Figure 4.
Additional instructions ~oncerned with testing and evaluation are contained in
other Air Force documenis. AFSC Program Management "nstruction 6-10 is
particularly useful in defiring and pzoviding guidance on fac* *rs common to
the test and evaluation of weapons systems It presents, in relatively abbre-
viated form, the requiriments and content for test planning, test documen-
tation, programming vesources and test items, data reduction and analysis,
evaluation of test resuiis, test reporting, and che clarsific stion of procurable
items on the basis of {avorable test and evaluation of the, items.

E. Regquirements for Testing and Evaluating the
Personnel Subsystems in Air Force Systems

The systematic development o. the human performance in Air Force sys-
tems, specified in AFR 30-8 and gu ded by other documents (see Taole 1V at
the end of this section), includes te-ting ard evaluation in accord with AFR
80-14. Formal coordinated testing is to be integrated with system testing
and carried out from Category I through Category II” until it is verified that
the system can be operated, maintained, and supprrted by USAF personnel
as intended. Formal guidance concerning the testing and <valuation of per~
sonnel subsystem products and procr.sses that support tlie mzn-machine
performance of the system is given in AFSCM 80-3. The diraction is un-
equivocal and logical: whenever plans are made fo introduce » human function

18
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DEVELOPMENT TESTING

( ACQUISITION PHAYE)

FOLLOW-ON ©.

SVELOVPME?

ALL

FI3TEMS

CATRGORY I

CATEGORY i

CATEGR

SUBSYSTEM DEVILOMMENT TEST AND EVALUATION

Development tenting ant evaluntion of the individuol
campanents, and in cerinln ceses, the |

SYSTEM DEVELOPMENY TEST AND EVALUATION

Dova!mcm mﬂn. urd evaluation wanning the
f

aystom, In addltien te qualifleation, the mﬂr\. provides
for redesign ¢ ord Ys
mlwm m prectienlity of wtilizing corent tanderd and

ey inth 0 comylete system in as near
an opcmﬂoml configurotion cs s purticable, Suitble
instromantation will be emplcyed tc determine the

commoreial Ttoms. Thete tests ure conducted pradominately
by the sartvecior, WA with Alr Force perticipeiion,
wvalustion ond control, unarcived through AFSC,

|
Corvymry 1 is @ joint contr: chor-Alr Forcs affort under
Air Force ront ol during which the Alr

Force affort becomes predi. nisant with ever=increosing
operating and supporing ommand participation

Whenaver featible, actuat test operotion and meintenance
shouid be performed by milinary parsonnel who have
received forma) system ralning. It it ually culmincted
with the demontiration affort requi‘ed to complete the
development portion of the acquinion phass of a system
progrom,

{ mciloml copability and compatability of tbaystems.

SYSTEM OPERATIONAL *f3

Tetting and evaloatior of wperchic
control and dlrsct’on of the ope
shall Include ahh Lomponents, sup
skills, terhnical dok and praced.
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into a system, plans must also be made to test this function in relacion to the
rest of the system...much of this must be accomplished in early stages of
system design. Wherever {easible, AFSCM 80-3 directs, personnel subsys-
tem test data should be collerted at system milestones such as design reviews,
equipment revisions, demousirations, and inspections. These may include
prototype design engineering inspections, mock-ups, flight demonstration re~
views, qualification testing, etc. In addition, failure and consumptive data,
reports on hazards, accidents, safety, incidents, etc., must be collected and
analyzed for hurnan performance implications. AFSCM 80-3, following AFR
80-14 and other documents, alsodiscusses the Air Force functional responsi-
bilities for developing and testing the personnel subsystem. A copy of the
manual's summary table is presented in Table III.

F. Summary of the Major Requirements-Documents

The major requizements-documents structuring the description, classifi~-
cation, prediction, support, and verification of required human performance
in Air Force systems are presented in Table IV. The documents are listed
by Air Force designation and classified in two ways: (1) pertinence to the
management, development, and test of the personnel subsystem and allied
topic areas, and (2) category of Air Force and Department of Defense docu-
mentation. This information illustrates the requirements that were in effect
prior to or during the period of this study {1964-1965).
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OVERVIEW OF THE TECHNOLOGY OF THE BEHAVIORAL
SCIENCES FOR ASSESSING HUMAN PERFORMANCE

A, Introduction

This section is written principally as a point of departure for an
understandinrg of the technology of the behavioral sciences for assessing
human performance in military, particularly Air Force, systems, It
contains (1) our perspectives on the broad behavioral science technology
applicable to studies of human pérformance in the system context and a
schema useful for mapping the relevant experiences and literature of the
behavioral sciences; {2) a review of selected areas of the behavioral
science technology relevant to the description and evaluation of human
performance in the military system context,

B. Relevant Areas of Research and Technology in the Behavioral
Sciences

There are five areas of information and methodology in the behavioral
sciences which are particularly relevant to the assessment of human per=-
formance in Air Force systems. We derive these five aresas or foci by
elaborating on the perspective, presented in Section I, that studying human
performance involves focussing on some system PERSONNEL, in the
systern ENVIRONMENT (which includes other system personnel, system
equipment and the ambient system conditions), carrying out some selected
ACTIVITY or set of activities in exe  ution and/or support of the systera
mission, The five types or aspects of performance are described br tfly
here,

The first "type' has to do with the functioning of the individual

operator, or maintenance techknician, etc., with his capacities anc limitations, .

More specifically, this means the individual's sensing, sensory organization,
responding, drive/motivational, storage/memory, and feedback/adaptive
functioning (see Figure 1 in Section I for a basic model of individual human
functioning), The second aspes of human performance, conceived in
personnel-environment-activity terms, is the inter-personnel interaction(s).
Study of interpersonal performance involves, for example, consideration of
social structure, communication networks, duthority arrangements, roles and
group syntality, The third “cype" of performance, widely studied in the typical
human factors or human engineering program, is the interaction of system
personnel and the various system equipments, Studies of these interactions
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genexally focus upon levels of automation, man-machine dynamics, control~
display-behav.or relatiorships, etc. Tae fourth "type!'' of performance sug-
gested by the pursonnel-snvironment-activity dimeunsions of human perform-
ance is the interaction of system personnel and the ambient system conditions,
for example, illumination, sound, air conditioning, sensory and social isola-
tion. And the {ifth interaction of relevance in the assessment of human per-
formance is between system personnel and the system activities, procedures,
and doctrine.

The interactive personnel-environment-activity concept nf human per-
formance, in addition to making for a surrnary of the subject matter of the
applicable behavioral science technology, also helps identify the behavioral

science specialists, disciplines and published literature,

Personnel specialists and thcse interested in the impact of individual
human differences upon systern elfectiveness typically do or can attend to
the performance, capacities, and limitations of individual system personnel.
They can be asristed by the familiar QQPRI, the training, and the proficiency
evaluation specialists.,

Social psychologists, group dynamicists, unit proficiency analysts,
cultural anthropologists, game theorists, and such specialists can and often
do contribute to the analysis and understanding of the inter-personnel inter-
actions. >

Human factors engineering, industrial design, and such disciplines
typically are involved with the personnel-equipment interactions. Life
support scientists, safety engineers, and physiologists are among the pro-
fessionals whose technology is applicable to the interaction of system per-
sonnel and the ambient system conditions. !

4sc»:e, for example, references 2, 21, 73, 78, 79, 84, 88, 91, 97, 99, 105,
107, 108, 111, 112, 124, 133, 135, 138, 141, 143, 150, 157, 160, 171, 172,
183, 184, 332, 337, 359, 363, 364, 419.

5see. for example, references 6, 12, 42, 59, 77, 81, 82, 103. 110, 125,
152, 163, 289, 324, 376, 401,

6see. for example, refererces 40, 51, 52, 63, 66, 80, 92, 98, 99, 1i5
162, 171, 172, 185, 186, 312, 314, 406, 444, 446,

1
, 121,

7aee, for example, references 94, 140, 152, 177, 196, 341, 374, 393, 438,
445,

[
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Work maethods and industrial engineers, training professionals, and
handbook specialists are involved typically .rr the development of the desired
perasonnel-activity interactions in the operation and nainterance of a military
lyatem.r

As Air Force systams develop through the corceptual, definition, acqui-
sition, and operatioral phases of their life cycles, a number of evaluative
activities take place with reference to the interactions among system person-
nel and the system envircament and procedures, activities and/or doctrine
(see Table II in Section I for « summary of systern and hurmnan performance
studies). In general, there activities (1) analyze human performance in terms
of system requirements, (2) collect emnpirical information to enable prediction
and/or verification of system/human performarce, and (3) evaluate and use
such information. This assessment process is supported by a repertoire of
behavioral science studies principally to be fcund in four major fields (3}.

The fields are (1) human performance, (2) personnel research, (3) human
support and maintenance, and {4) economic analysis and management.

Figure 5 schematizes the preceding discussions and summarizes the
approach which we found useful in the methodological review of the behavioral
science literature for assessing human performance in Air Force systems.
Figure 6 relates the schema of this methodological review to the personnel-
environment-activity concept of human performance. We regard the develop-
ment and reporting of this mapping or plan for searching/reviewing the
relatively vast behavioral science literature as important to this overview
and as potentially useful to those invulved in the assessment of human
performance.

C. Major Technologies of ti.e Behavioral Sciences Relevant to
Human Performance Assessment in Air Force Systems

The foregoing discussion indicates the broad content and methodological
areas or fields of the behavioral sciences relevant to the assessment of
hurnan performance in military systems. The development of the behavioral
sciences to their present day involvements-in system development is
generally important and interesting, but is not discussed here (see, for
example, references 13, 21, 48, 96, 142, 382, and 385). Reathe~, we

8see, for example, referenccs 5, 8, 60, 69, 78, 83, 85, 93, 97, 99, 105,
120, 122, 123, 128, 139, 147, 148, 158, 159, 163, 165, 166, 174, 176,
305, 428, 442.
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wisgh to draw attantion to what we balieve to be the two technologies within
the hehavioral sciences moat useful to the study of human performance in

the context of the military and industrial system. These technologies
include (1) practices for conceptually assessing human performance, and

{2) pructices for empirically assessing human performance, By the
concepinal assessment of hurnan performance, we mean the description,
understanding, and evaluation of human functioning prior to the actual
manning, by ropresentative p:»sonnel, of the system roles and positions.
Conceptual assexsment usually takes place during the early system life
stages when, largely, the projected system personnel, system equipment,
and system environment are unavailable, and/or not yet developed or
obtained. Empirical assessment, on the other hand, refers to the collectisn
and analysis of information concerning observable system perscnnel in the
real or simulated system environmen! carrying out some system activity or
procedure. Typically, empirical assessment-is carried out at system
simulation facilities, prototype test facilities, and operaticnal system sites.
Empirical assessment activities generally are not possible ur opportune dur-
ing early system development stages, e.g., conception, definition. Tt 2y take
place usually during the acquisition and operational stages of system 11 .

1. Techniques for the "Conceptual Assessment' of Human
Performance

The study of human performance during the early system life
stages requires the modeling and systematic gaming of the expected role(s)
and functioning of the human component in the system. Largely, this ex~
amination of hurnan performance entails conceptual analyses, paper and
pencil studies both quantitative (mathematical) and non-quant;tative (verhal,
diagrammatic, etc.).

Historically, behavioral scientists have not frequently used mathe-
matical models in thei.s study of human performance. This would appear frue
not 8¢ much because the subject matter is not amenable to quantitative analys s
and expression but, probably, because the practitioners of the behavioral
gciences have not been accustomed to think and communicate in mathemsrical
terms. This is not surprising: mathematics has developed as the haud-
maiden of the physical sciences. On the other hand the behavioral scient’st
has used narrative and diagrammatic, (e.g., flow diagrams), techniques to
communicate about tie subject matter of human performance. It should be
pointed out, however, that these, as with mathematical models, are model-
ing techniques, committing to paper symbols and relatiors among symbols
that, in ecffect, stand for scme aspect of performance. Currently, in the
behavioral sciences, a variety of mathematicat and verbal modeling tech-
mques 18 used in the study of human performance and shoaild be noted here
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regarding the study of the ‘conceptual han" &t the early stages of system
life, .

a. Quantitative Heuristic Techniques

The extension of classical mathematical analysis, concerned
with a few varisbles and their continuous functional interrelationships, to
the behavioral sclences has been marked with some success, e, g., 'le wide-
sproad nse of classical, quantitative correlational techniques, and with certain
problems. The first of these problems concerns the traditional necessity
in classical mathematics to isolate a relatively few variables. The study
of a few variables works well in carefully contrived laboratory settings but
is patently difficult in the typical man-machine system study. The secord
weakness, {and the principal one for this review), of classical mathematics
is that it has not successfully coped with the problem of determining the
important variables: the classical method works best when it can deal with
variables that are given, knowan in advance. And, yet to i'e useful in early
system design, modeling techniques must allow the discovery or recognition
of agpects of human functioning to which specific attention should then be
given. In brief, the import of classical miuthematical techniques in the
striving of the behavioral sciences to undersie and plan for humaas in sys-
tem context is that they have been and conti+  to be powerful tools for de-
ducing relations among performance variabt. but they are ‘.ot particularly
useful for discovering performance variables.

More recent mathematical techniques have been developed
which can contribute to discoveries and hypothatical positions regarding human
performance. Fo: the most part, these techniques are heuristic: they pro-
vide concepts with which the systemn designer can work, with which he can
describe, classify and deduce properties of the mian-environment-activaty
interaction. Examples of such approaches are topological theory, graph
theory, and the theory of games. These theoretics represent departures
from the classical type of thinking symbolized by the expression x = f(y).
Instead, they focus upon descriptions of organized systems and provide the
anatomy of the human performance cf interest, These approachkes help identify
performance variables which can then be studied by ordinary mathematics.
For example, the network of interpersonal relations in an operating c¢rew or
military organizaticn can be schematized by a linear graph (in the gravh
theoretic apprc::u:h)9 and the social properties involved in the group's

9See Harary and Norman (126) for an examination of the potential use of
graph theory in the behavioral sciences.
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performance can be expressad as inathematical properties of the graph,
The usefulneas of doing this is that heretofore unsuspected variables or
characteristics of them may be openad up for study and that the system
Jesigner is provided with suggostions as to how to proceed furcher, 10

b, Non-Quantit.tive Heuristic Techniques

The foregoing paragraphs point up the usefulness of quanti-~
tative functional modeling, using the newer mathematical approaches, in
the conceptual wssessment of human performance, It should be noted, how-
evar, that most ¢ rstam and human performznce analyses start and continue
with non-quantitative, principally verbal, descriptions. This gectlion contains
a tabulation of an illustrative group of techniques which have been developed
and found useful for examining qualitatively (verbally, diagrammatically,
etc. ) the interactions among system personnel, system environment aad
sysiem activities,

Current practices in the non-quantitative, heuristic examina-
tion of human performance seem to be the result of two lines of development
in the behavioral sciences: (1) ti.e description,analysis, and classification of
human work, and (2) th~ rating, evaluation, and comparison of incumbents
and jobs, Work description and analysis includes,historically,numerous
approaches toward operationally defining and structuring the content of
human work (e.g., job description and job analysis), 11 the process, work-
place and movements of vork {e. g., time and motion analysis), 12 and the
hierarchies of jobs and incumbents (e.g., occupat.onal analysis and classifi-
cation). 13 Of particular note for this review iy the post-World War II applica-
tion of work-analytic technigques to the planning for znd design of Air Force
systemsl4and the comparatively recent development of the U, S, A, F. Personnel

——

lotrsd\xl discussions of mathematical-psychological methodology are
contained, for example,in Rapoport {(163) and Luce et al. {141).

11see. for example, references 10, 90, 93, 94, 98, 99, 100, 191,
105, 113, 120, 137, 147, 151, 153, 158, 164, 174, 182, 381, 333,
442,

1?"see, for example, refzrences 83, 120, 123, 153,

13set-, for example, references 142, 165, 1‘83, 265, 278.

1
see, for example, reference 151.
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Subaystem approach based in large part upon the cupstraction and nse of
function- and task-analytic information. 15

Table V presenis and gummarirzres the major non-quantitative
techniques useful for exarnining buman performance heuristically, The
contents of the technigues 212 nescrihed along the dimensions of the per
sonnel snvironment-activity concept of human performance. The tecn-
nigues have bsen classified according to format: giaphic, tabular,
narrative, and lists and rating scales. The graphic group includes
diagrams, charts, profiles and matrices. The narrative and tabular
categeries are self-explanatory; the lists and rating scales group inclades
checklists soras ©f which are accompanied by rating scales,

Referring to the table, the items ideriified under each of the gen-
eral categories of systern activity, system personnel, system equipment
and environment should oxpla n then:selves Howeve -, some vxplanation is
required for the two-level category of activity. Acivally, four levels can
be inferred by combining the information in the "level® and "relationship!
categories, If the function level is check2d and the relitionships shown are
Hwithin, ' then the ievel of analysis handied by the technique concerns sub-
functions. If the "task' level is checked along with the "within'" relation-
ship, it can be inferred that the technique analyzes subtasks or elements.
Additional r'arifications related to items within 1 specific technique ase
contained in the footnotes accompanying ‘he table,

The content analysis inuicates that there are corsiderable over-
laps among teckniques and that techniques differ very often in appellation
rather than in content. For example, task analysis techniques, such asthe
Operational Sequence Diagram, Intormation-Decision-Action Chart, Task-
Equipment Analysis, and Position Descriptions are all very simmlar,
Differences among techniques are due principally to the format, the pur-
pores and intexests of the analyst, and the appli: .tion of the technigae at
different stages oi system developmant,

Environmental information is, in general, not included in approx-
imately half of the techniques illustrated in this review., For some tech-
niques, perhaps, the information is not pertinent to the analysis or it is
analyzed elsewise. It is surprising, howevar, that human task analytic
techniques do not contain such information as a matter of rule.

15gee, for example, references 4, 13, 13, 29, 21, 22, 23, 29, 34, 37, 38,

39, 45, 46, 48, 56, 57, 62, 63, 66, 28, 70, 71, =5, 86, 95, vy6, 114,
ilé6, 130, 131, 138, 151, 167, 173, 199.7
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Summary descriptions of these techniques are contained in Tahle
VI, In addition to the description, the typical uses of the information and
the major proponents of the technique are given. The list of prodonents
and references is not exhaustive and is intended principalily io convey the
general direction of the literature with respect to verbal-heuristic analyses
of human performance.

2. Techniques for the '"Empirical Assessment’ of Human
Performance

Thus far, this section has summarized the techneiogy of the behav-
ioral sciences for examining human performance while the performsnce is
largely conceptual. The emrl::is which follows is upon practices for
examining human perforrr.nce empirically, that ie, for planning, conducting,
and using a test situation for assessment purcoses. System personnel in the
system environment carrying out some system activity are in focus during
the empirical test as they are in the previously described paper-and-pencil
analyses of human performance.

There are many good reference work:. on scientific research and
the conduct of behavioral science studies. Some are philosophical treatises
on the scientific method (for example, 14); some discuss the practice of the
scientific method (for example, 197); many are compendia of methods and
findings. 1 Overviewing these materials here is difficult; presenting what
they have to say in great detail is not intended. In general t>*ms, however,
they advise on and illustrate principally three areas of the technology of the
behavioral sciences for empirically assessing human perfiormance. These
areas are (a) planning the test gituation, (b) collecting information concern-
ing human performance, and (c) reducing, analyzing, and using the obtained
information.

a. Planning the Test Situation

Planning the test situation usually involves the chioice and
statement of a researchable or testable objective, searching and reviewing
relevant literature (as available), understanding the assessrmnent process in

16for example, 1i8, 121, 142, 155, 179, 190, 199 {experimental psychology);
6, 12, 103, 254 (social psychology); 4, 13, 16, 19, 20, 2i, 22, 23, 29, 34,
37, 38, 39, 45, 46, 48, 56, 62, 63, 66, 68, 71, 75, 86, 95, 96, 114, 116,
130, 131, 138, 151, 167 (human factors engineering)

17Wilson {197) indicates that many scientists owe their greatness not to
their gkill in solving problems but to their widsom in choosing them."
The many guidelines ans references on designing tests and studies not-
withstanding, there seems to be little available advice and few specific
techniques for knowing when or that a test situation is required.
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ter ns of the scientific method (for exa):., e, possessing a commitment to
rigurious and yet parsimonious study of i@ problem, conductirg the study
as olamned, and controlling the quality and interpretation of the information).
and the carefu! deaign of th- test situat un (so as to identify cleariy the
wariables to be mearured and those to be manipulated or othurwise con~
trolled and the conditions, equipment, and procedxgea of the test), 18
Planning of studies of human performance in systems cuntexts requires
also ithe eareful analyres and explicit statement of the relationship between
the human performa-ice of interest and the system perfcimance 8o as to
juatify the selection and execution of the study, to communicate with other
speclalists engaged in the design, development, and/or the operatiun of the
system, and,ultimntelyé to benefit and/or assure demonstrably the desired
systern performance, In addition, designing ar.d/or taking best ad-
vantage of test situations during the development of the system implies a
thorough unda»standing of the system development precess and the needs for
timely, sumetimes cruci:l, information concerning human performance. 20

b, Techniques for Collecting Information

The behavioral literature ccntains many referencas to and
techniques for the collection of data in empirical situations, The techniques
useful in the empirical situation are variations of the basic method of science:
controlled observation. Observation may be direct, as when the human ob-
server is physically and temporally at the test locale, or indirect, The in-
direct observer often uses interviews to establish information. He can alse
read reports, Observation may involve the participation of the experimenter,
test administrator, or test specialist(s) or it may not,

“The design and planning of tests and studies of human performance is
discussed in 13, 95, 96, 109, 118, 121, 124, 127, 142, 158, 160,
179, 184, 189 190, i92, 197, 287, 288, 292, 293, 296, 298, 304,
384,

“Reltting human performance to system effectiveness is addressed
variously in 2, 9, 28, 32, 35, 36, 65, 136, 145, 194, 195, 315,
320, 394, 403, 431, 442, -

zolge 18, 23, 29, 30, 32, 41, 47, 49, 53, 54, 58, 64, 65, 70, 76, 130,

131, 164, 170, 359, 394, 395, 404, 405, 408, 410, 411, 412, 416,

418, 420, 422, 423, 427, 443,
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The behavioral science literature concernec with the enllection
of human perfermance information containg tecl.niques tor instrumanting,
structuring, or formatting the available informaution, Teclalques, such as
checklists and rating scales, are designed to structure both the anquisition
and the deposition of relevant information and to facilitate tho trsk of
information processing beyend the collection stage, Where criterion informa-
tion is avnilable, these instruments serve also as evaluntive instruments
providing for the seiection and recording of valued~data pnints by the observer/
evaluator, A large body of literature has been developed on the use of struc-
tured observation forms and the design of such instrumenis for the hest
possible validity and reliability, Table VII contains descriptions of the
principal techniques appearing in the behavioral acience literature and uswuful
for collecting information in the empirical situeiion,

Meoat of the direct observational technigues (e g,, interviews,
rating scales, checklists, critical incidents, time and m.tion practices, per-
formance tests) have long histories of ure in the description and analysis of
human behavior, Severzl uf the indirect techniques also have beea used exten-
sively in the measurement of human behavior, both in the laboratory setting
(e.g., response timers, pen recorders, gquestionnaires), and in the more
applied field settings (e.g., paper=pencil surveys, rating scales, questionnaires,
papar=pencil tests), There are signs that some newer practices, suchas
video recording, the use of CRT remote displays, and the use of computers to
record and analyze data on o real=time basis are and will L .come increasingly
useful, It is not uncommorn to encounter discussionn concezning automated
laboratories in which the stimulus program, duta recording, and data analysis
are all handled by 2 computer, This study reviewed several such iaboratories,
All that is reguired of tiie human subject is that he appear and follow the instruc-
tions generated by the cornputer. The experimenter need not even be present,
although he often is, There definitely appears to be a trend toward some form
of autornation in experimental laboratory settings and, in fact, even in field
settings, e, g., the integrated test course for the measurement oi combat
effectiveness being built for the U.S. Army Quartermaster Corps. This out~
door course, which is capable of ali-weather operation, will measure human
performance via remote automatic sensors which are linked to a central
computer which records and analyzes subject responses (309).

¢, Techniques for Reducing and Analyzing Information

Data reduction usually follows data collection and is common~
place in empirical assessments of human performance, The reduction step is
one of summarizing, making the information manageable and amenable to
additional analyses, The rasult of this step is typically a narrative sum-
mary or a numerical expression summarizing the courting of events or
other measures of human performance, Quantified summaries usually take
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statistical forms and refer tn the trends or tendencies in the information
and/or variations within it. Common statistical forms ure measures o
central tendency (such as the mean median mode), measures of variability
{average and standard deviation, range of variation, etc.), percentuges,
proporticns, percentiles and frequency distributiuns,

The behavioral literature contains much discussion on the related
topics of validity and reliability of observations and measures roncerning
human performance. Vulidity refers to the utility of « measure or obser-
vation for some purpose: the degree te which the observation correspondy
with the need for it. Behavioral studies generally illustrate four types of
validity: content, concurrent, predictive, and consiruct, Content validity
is a logical validity based upon the opinions c¢f quulified people that measures
of human performance udequately sample the performance on which informa-~
tion i3 required for evaluuation, Concurrent and predictive validities are
statistical: the degree of agreement of the measure and its purpose are
determined by correlational procedures. Construct validity is a logical
validity in which estimates ure¢ made of the degree to which a measure or
observaticn of human performance reflects some underlying human ability
or function, The concept of the reliability of measurement, differentiated
fromn the reliability of equipment operation (probability of operation at a
given time) is estimated by the statistical agreement among repeated obser-
vations and there are a number of statistical expressions referring to the
absolute and relative reliability characteristics of the measures.

Reliability and validity are related concepts in the striving to
obtain useful informaution zonrerning human performance. Increasing the
reliabiiity of the information often involves acquiring measures more closely
resemnbling each other and, therefore, possibly more close to the 'truth"
about human performance. However, a set cf observations might be highly
consistent but not true, On the other hand, highly valid or useful measures
nece ssarily involve high reliability or consistency. A number of excellent
re’erences for both concepts, reliability and validity, are to be found in the
behavioral literature, e.g., Lindquist{319).

Various statistical techniques have been developed for deriving
meaning from the summarized observations of human performance. They
generally fall into two types, parametric and nonparametric, depending upon
the assumptions which can be made concerning the types of measures and
certain of their statistical characteristics. Several techniques for determining

z‘ReIerences for this section include,for example, 288, 294, 297, 298, 300,
301, 302, 303, 306, 307, 310, 311, 313, 317, 318, 319, 323, 329, 328, 331,
333, 335, 338, 339, 340, 350, 355, 366, 370, 373, 385, 386, 387, 390.
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the degree of association and the statisticul signilicance of differences
between sets of information, e.g., expected human performance and
observed periormance, have been developed and are currently in use,
They are described briefly in Table VIII,

D, Summary and Overview

The phenomena of human performances occur without benefit of system
designer or bahavioral scientist, but the dita of man-machine performance
are the joint product of analysts and obgervers and the phenomena-~-coupled
with specially contrived data-~generating situations and techniques. This
chapter has reviewed the repertoire of the behavioral sriences for generating
data from available information®? and for deriving meaning from them.

For the most part, what was secn in the siate of the art as a result of
this review was a variety of familiar techniques and approaches in the
assessment of human performance. The principul methods for deriving
information concerning human performance are variations of logical assump-
tion, indirect human ohservation {e. g., interviewing), and direct human
observation, The principal methods for deriving meaning from the inioriva-
tion rely upon human reasoning and involve comparison with previous infor-
mation. Placing a value upon the discovered facts requires judgment by and,
often, consensus among the users of the evaluated information.

With reference to the agssessment process, the literature of the
behavioral sciences contains numerous methodological studies, guidelines
and Landbooks which provide: (1) quantitative and non-quuantitative heuristic
techniques for conceptualizing about human performance in the context of
the system environment and activity, (2) techniques for structuring and
controlling observation and recording in empirical assessment situations,
and (3) quantirative (statistical and mathematical) techniques for examining
the meaning of data against expectations and needs.

Many of the techniques noted in this chapter have long histories of
usefulness in the pursuit of evaluative information concerning human per-
formance. This is the case for rating scales, questionnaires, and some

zzSee Coombs (298) for an excellent overview of “information' and 'data''
in behavioral science research.
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parametrie statistieal teehniques,

Netiesable among the relatively novel and promising approaches are
varieus techniques of "modern” mathematies, (e,g, . graph theory, game
theory), the use of computer-based "autornated laburatories”, d the
treatrent of data by nonparametrie statistical analysis,

it was noted that the major advantage of the newer, non= :ssical
mathemat -1l approaches is that they can ald the behavioral ¢ 'ntiat
discover and sxplare aspects of human performance and conceive of the
variables, rango of variation and covariation in terms testablc by the
classical mathematical techniques. In addition to the use of Leuristie
rmathematical procednres, it was noted that non-quantitative ho ristic proce«
dures are available and are in general use, It would seem thir a promising
direction for improving tiie tools of aarly system deaign is the comriaation
of the diagrammatic~-verbal and the mathematical heuristics,

The use ef autginated laboratories is fairly widespread at this time,
These are eemputer-based stimulus presentation and response recording,
seoring syatems. This developmen  probably represents a modern version
of the ""brass~instrument” exparimentation in the behavioral sciences, but
the promisa of automated and reliable data collection as well as the handling
and on=line reduction of large amounts of information is exciting, The
possibility of new eificiencies in the matter of deciding. through computer-
basued sequential sampling techniques, when to stop collecting data is also
promising in this context,

The review of practices in data reduction indicate t = availbility and
potential usefulness of nonparametric statistical techniques for analyzing
measuvres of humar performance, The techniques are genaraliy similar to
parametric techniques in power and use and are practicable in system test
ind evaluation programes, Moreover, these techniques are, in many cases,
more appropriate than parametric techniques for treating the data of human
performance,
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REVIEW OF ASSESSMENT PRACTICES IN SELECTED
AIR FORCE SYSTEMS

A. Introduction to the Review of Systems

This secticn presents a discussion and tabulation of practices, as re~
viewed during this study, for assessing humen performance in four major
types of man-maechine systems. The four types of systems are; space,
agronautical, missile, and electronic, thene designations deriving princi~
pally from the name of the divisjon within Air Force Systems Command
which has had cognizsane . over the development of the system or subsystem.
The focus of this section is on a review of methods and tezhniques rather
than the findings of the assesament programs. The purpose here i3 prin-
eipally deseriptive rather than evaluative, so that, beyond an vrganization
of the information into format convenient for tabulation and exposition, no
attempt is made to compare methods or techniques or to derive an evalua~
tive schema. This information is intended 2lso to be illustrative rather
than definitive. Clearly, it does not represent all the programs that have
been carried out to date, but it does satisfy the general purpose of this re-
view, namely, the illustration of the ways in which human perforriance is
known and assessed in the context of the typical military system.

This section is subdivided into five sub~s: 2tions, Four of these present
findings concerning practices in different types of systems. The last sub-
section summariges the information and categorizes the techniques illus-
trated in the various test reports and programs, A listing of reports avail-
able and used rduring this review has been organized by type of system and
is presented in the Reference section of this report,

B. Practices for Assessing Human Performance in Space Systems

1. Human Performance in Space Systems

Space systems are designed to function principally in the extra-
terrestrial environment although many activities in the typical mission take
place on the ground, Humans function generally in these systems as vehi-
cle controllers und passengers, ground controliers and assistants to the
vehicle pilot(s), and/or uc dccision-makers and participants in the check~
out, iaunch, and recovery of the space vehicle. Some space vehicles are
unmanned: their purpose is to extend the capacities of the human on the
ground to acquire information, to ~ommunicate, etc. A variety of human
performances must be described and assessed in the typical system d=-
velopment program. Highlighted among the aspects of flignt performance
(iuteractions within the focal P, E, A, unit) that require description and
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evaluativa are performance as a function of weightlessness, life- support fa=
cilities, ipecialized displays and controls and erew cumposition, With re-
spect tn the checkout aad launch of the space vehicle and its ground support
equipment; heavy empha#is is belng given to the study of automaticn-~the
support of the checkout crew by computer and cther equipment, Ongoing
studies in this area eoncern human decision-making and both the nced for
and aczeptance of computer support by the rmaintenance and operational per-
sonnel. Human communication with the computer is also a subject of inves~
tigation with studies concentrating largely upon an information system for
man=computer symbiosis,

2. Summary and Descrintion of Information Reviewed

The foregoing digcussion limned those aspecis of human perform-
ance which are currently being emphasized in space prugrams. This section
summarizes the systems, types of reports, etc., which concerned the assess-
ment of such performances and which were available during this study.

Table IX summarises and describes this information,

Asdessessment activities in four space systems, subsystems, or
contexts vere reviewed: the GEMINI B, MANNED ORB!TING LABORA-
TORY (MOL), APOLLO, and SATELLITE CONTROL FACILITY. Table
IX indicates that the system document available for review described ac-
tivities in all phases except conceptual. We reviewed documents describing
activities during the coneeptual phase, The reports tended tu concentrate
either upon the activities which take p.ace during the early sysiem develop-
ment phases or proficiency measurement during actual system operations,
The techniques described were oriented toward both laboratory and field
testing of subsystems, equipments, and man-machine interfaces.

The information which was available for the space systems was ac-
quired durirg conferences with SPO and contractor personnel concerned
with the specific systom or subsystem and from reports presentin test
plans, results, or general deseriptions of the system life cycle, Table IX
indicates that co.ferances were held for all systems covered, and that there
were a number of {est planning and general system documents available.
The principal source of the methodological information reported for the
space systeamns was test planning documentation.

Information available for the space systems/subsystems varied
in terms of the facus or objectives of the test planning or evaluation. In
many cases, it was clear that human perfnrmance per se was not measured,
€. §., in the static review of human engineering characteristics of equipment
design. In these cases, human performance was assumed t> be related to
the conditions under which it was observed or to the products and processes
that rupported performance. Performance was being investigated as a
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functiun uf design, training, uperating praceduraes, personnel skills, and
environmental factors. The frequency with which this was done is contained
in Table X. Many reports, e.g., test plans, contained more than one ve=
ported facus.

In general, the available informatiun indicates that human perform-~
ance in space systems was being evaluated principally as a functiun of equip-
ment design, operativg procedures and environmental factors,

3. Detailed Findings Goncerning Perfermance Assessment
Practices in Space dyitems

The preceding section has provided the framework of the informa-
tion available eoneerning the assessment of human performa-ce in space
systems, This section summarizes the available details concerning assess-
raent techniques. This information is contained in Table ¥, The table in-
dieates: a) the system nomenclature, b)the fucus upon human perfurmance,
€.8., as a function of design. represented by the techniques listed, n)the
charaeteristies of the assesament situativn, i.e., static or dynamic 2valua-
tions, d) the types of techniques used for data collection and data reduction/
evaluation, and e) the spacifie system documents from which the informa-
tion was derived and the time period within "shieh they were published.

A variety of teehniques are used in space systems or contexts for
evaluating human perfcrmance. Iniormation concerning systems in early
stages of development indieated the usefulness of paper and pencil techniques,
such as task equipment analyses, time=-line, and flow diagrams for collecting
and examining information., The early introduction into the development
eyele of high fidelity simulation in which man performed was characteristic
of thie programs reviewed. Simulation wrs accompanied by structured and
rumoted nbservation forms and apparatus, e,;'., videu recording. Dara re-
duction/evaluation techniques could be divided into quantitative ané qualita-
tive techniques, Quantitative techniques ranged from rimple analyses using
frequency counti to sophisticated treatments involving statistical comnari-~
sons and tests for significance of differences and relationships. In the
qualitative category, the daia reduction technique most often used wus the
narrative summary, i.e,, verbal descriptive discussions, paragraphs, or
tables.

C. Practices for Assessing Human Performance in Aeronautizal Systems

1, Human Performance in Aeronautical Systems

Aeronautical systems typically require that humans control and
direct aircraft and associated equipment subsystems through various phases
of powered flight and take-off/landing during a system missiun. The
asronautical systems aiso include ground support personnel and aquipment.
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The assessment of pilot performance often involves attention to his physical
accoramodation, his control nsehavior, and his survival, The performance

of ground personnel consists largely of maintenance activities, and the evalua-
tive focus is on the safety, reliability, and speed of their performance. Tech-
niques and opportunities for developing, measuring, and assessing human per-
formance have been developed over a period of maay years and have benefitted
from a variety of techniques developed {e.g., flight simulators) and programs
conducted (e.g., the evaluation of pilot proficiency) during and since the
Aviation Psychology Program of World War II.

2. Summary and Description of Information Reviewed

The foregeing discussion indinated some of the emphases in the eval-
uation of the performance of pilots and ground support personnel in aeronauticzl
systen~-. This section summarizes the systems, programs, and reports
which concerned the assessment of such performance and which were available
during this review. Table XI summarizes and describes this information.

Assessrer' ies in eleven aeronautical systems, subsystems
or contexts were rev. “he eleven systems or subsystems included
bomber, cargo, and fignicr aircraft, and one helicopter system. Flight sim-
ulators for the B-47, B-58, and the F-111 aircraft and the Sikorsky helicopter
simulator were also reviewed. The documents available for review concerned
systems or subsystems in the acquisition and opersational phases. Nc docu-
ments referred to these or other man-machine interactions in earlier phases
of development. The tecuniques described, therefore, were oriented toward
assessment situations in which the human component could be seen interacting
with the real or closely simulated system environment. The principal sources
for information concerning the use of these techniques were documents con-
taining test plans or test results.

Evaluative activities in aeronautical systems focussed on perform-
ance in a variety of interactions involving persconnel-environment-activity.
Equipment design, training, and procedural parameters were emphasized.

3. Detailed Findings Concerning Performance Assessment
Practices in Aeronautical Systems

The preceding section has described the information on which this
section is based. Table XII presents details concerning the assessment tech-
niques represented in the available information. The format of the presenta-
tion is the same as that used for summarizing methodological informaticn
for the space systems.

The tabled information suggests a variety of used and useful data

collection techniques, typical among which are checklists, questiornaires,
rating scales, interviews, and simulators which use automatic data recording.
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In addition, colleeting informatior. through the use of standard AFLC main-
tenance and logistics forms yields useful information concerning the type of
maintenanee activities performed in the field, the time spent in performing
thern, and the type of personnel participating in the job. The information
appears useful in investigating the agsignments of Air Force specialists and
in verifying the coverage of maintenance subject matter in the training cur-
ricula. For the most part, information from these sources is reduced to
narrative and/or statistical summaries,

D. Practices for Assessing Human Performance in Missile Systems

1. Human Performance in Missile Systems

The human role in missile systems, particularly ballistic systems,
is largely to maintain readiness, monitor, and launch. Modern missile sys-
tems are operationally ready to react very quickly and their countdowns are
almost cornpletely automated except for procedural, manual, and inter-per-
sonnel safeguards against illegitimate and unauthorized launches. The typical
activities of the system personnel involve monitoring equipment status, se-
curity uf the launch and control areas; and training and cummunicating within
the context of the User Cormmand force exercises, Humans work in shelters,
silos, or capsules, which are relatively comfortable, and which support life
for normal and emergency conditions, The environment is ''shirt-sleeve."
The hurman controller does not fly or ctherwise move with thke weapon vehicle,
The emphasis in programs for zssessing human performance is nzon human
vigilance, fauli detection and reporting, safety and reliability in maintenance
activities, malfunction diagnosis and maintenance dispatching, and man-c.m-
puter dislogue. For the most part, missile systems rely upun computers to
provide continuous monitoring of large amounts of information and to sapply
console or rack indications of operational and maintenance status,

The following section reviews the assessment of human performance
in missile systems, The first part provides an overview of the type of in-
formation available and a summary of methodological information. The
second part is more aetailed and emphasizes specific foci and techniques
for dat. collection and reduction. Specific system reports are also refer-
enced in this part.

2. Summary and Description of Informaticn Reviewed

Information on seven missile systems or related programs was re-
viewed. All systems weyre in the acquisition stage at the date of the confer-
ence and/or the report, Test plans, test reports, and general system in-
formation were gatheraed for all ballistic missile systems to date. Test and
evaluation in missile syetems concerned all aspects of personnel subsystem
functioning, Table XII contains a suramary of the information available for
the missile systems. -
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3. Detailed Findings Concerning Performance Assessment
Practices in Missile Systems

Table XIV presents detaiied information concorning the data col-
lection and reduction/evaluative practices illustrated in miscile systems re-
viewed during this study. It is probably #afe to say that human performance
aséessment in missile systems during the acquisition stage has drawn heavily
on the repertoire of the behavigral science methods and thut all techniques
for securing and deriving meaning from information have neen used to date.
Ballistie missile test prograrms at contractor facilities and at the Pacific
and Atlantic Missile Ranges include not only the detailed requirement but
provide the opportunity for assessing the performance ¢f system personnel
:h near-operation~! environments. Systematic data collection situations
have been set up for both operational and maintenance activities, Character-
istic of fivld studies in ballistic missile test programs, the system of trained,
non-participant cbserver-evaluators has been developed to a point that sophis-
ticated statistical treatment of the data secured by this system is currently
being atterrpted on the Minuteman program, Computer simulation, using
the IBM/Boeing-developed General Purpuse System Simulation Model, is
being used to examine the effects of varivous personnel errors and decisions
upon missile availability, mainienance scheduling and force posture. Oper-
ability, maintainability and reliability are key human factor programs stimu-
lating careful demonstratiors uader controlled conditions of adequate system
operation and maintenance. The test site at Vandenberg Air Force Base has
developed a resident Air Forcs capability to dizect and carry out the assess-
ment ¢f human performance. Human performance is ussessed actively
through Category 1II testing in the operational phase.

E. Practices for Assessing Human Performance in Electronic Systems

1. Human Performance in Elecironic Systems

Most systems in the inventrry of the Air Force have 2lectronic
components and subsystermms. Considering this, it would be difficuit to dis~-
tinguish any single group of syatems as ''electronic. ' For purpose~ of this
section, however, thosc systems under the jurisdiction of the Elec:conic
Systcins Division during their developraent are listed in the category of
electronic systems. The human role in these ctystems iz typically to par-
ticipate in missions variously involving communication, comm:ni, conirol,
warning, direction, detection, intellignnce, surveillance, data process.ng
and similar activities. The use of such terms suggests that these man-
machine systems function to handle informaticn and communications in
several forms and for ssveral purposes. From a man-centered point of
view, the eqripment of the electronic sysiems serve to extend human capa-
bilitizs and -aitigate human limitations for sensing, processing and autling
upon information concerning tactical and other situations of military in-
terest. System personnel typically monitor the displays provided by system
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sensors, (e.g., radar), and are required to query or communicate with com~
puter aids to human decision making, One of the requirements of and on
system personnel is therefore to relate closely to the computer snlsystems
of the electronic system. The assessment of human perfcrmance in these
systems typically focuses upon problems of human vigilance, organization

of groups for effective decision-making, human information handling, de-

cision-making, and conditions for the display of information and effective
workplaces.

2. Summavry and Description of Information Reviewed

Tahle XV summarizes the twelve systems surveyed and the type
and focus of the information available for this review of assessment tech-
niques in electronic systems. No reports or other materials were available
for evaluative activities that occurred in the Conceptual or Definition phases
of system life. Reports of assessment plans and activities occurring in the
Acquisition stage were, however, available for all systems. Category II/II
test reports were available for 416L (SAGE) and the AN/GLR-1 portion of
the 466L system. Evaluative activities in all systems related system and
human performance to equipment design, operating (and maintenance) pro-
cedures, and various environmental factors (e.g., iilumination, sound
levels), Training and personnel selection interests were mentioned less
frequently in the reports reviewed.

3. Detailed Finding_s Concerning Performance Assessment
Practices in Electronic Systems

The assessment of humanr performance in electronic systems ap-
pears to be well organized and to utilize a wide variety of techniques, as
illustrated in Table XVI. The typical set of data collection procedures in-
volves direct observation of human performance by observer /evaluators
(O/E's), the use of data collection forms such as checklists, questionnaires,
and rating scalzs, the use of interviews, and some form of instrumented
evaluation of enviroumental factors. Other techniques which appear to be
used less often but nevertheless are quite promising in electronic systems
include automatic data-recording using both computer programs to simulate
migsions and record system actions, and various forms of time and event
recording apparatus. In addition, other unusual, (i.e., infrequently occur-
ring), techniques include time and motion studies, photography, and the
use of the AFTO 210, 211 forms for collection maintenance data.

The promise of using the built-in data collection, reduction, and/
or reporting capacities of modern electronic systems should be noted in
connection with this summary. Systems such as the 466L (AN/GLR-1
portion) and, more specifically, computer-based SAGE and BUIC have the
capability of sensing and recording many overt control actions of the opera-
tors and of tabulating /summarizing the information in a variety of useful
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formats, This capacity, carefully developed and provided for these systems,
does net, however, appear to 2 used fully when the systems become opera-
tional. Seme reasons given luy this refer to Alr Force doctrine and/or
management policies, but it was also nouted that there i a need to develop s
Yblue-=-suit" Air Force capability to wae imaginatively the computer-based
opportunities and techniques for assessing human performance in electronic
systems.

F. Summary of Assessment Practices

The preceding review of evaluative practices in thirty-four Air Force and
related programs iliusirates a variety of techniques for acquiring information
concerning human performance and of deriving meaning from the information,
The takulations of these various techniques having been made separately for
each system, the purpose here is to provide a brief summary across systems,
The table and figures which follow contribute to this overview,

Thirty-four practices were identified in the review of the thirty-four
assessment programs. The test plans, test reports, and discussions concern~
ing these programs indicated two general categories of techniques: those ueed
in the collection and recording of data, and practices used for data reduction
and analysis. The data collection praciices are variations of indirect cr direct
observation in which reports, interviews, and empirical situaticns such as
field triols, simulator studies, and experiments are used as information sources
or test situations. Human observation is often instrumented or structured
through the use of programmed materials: checklists, rating scales, apparatus
set to measure selected conditions at pre-selected data points, etc, Often,
too, the okserver is remoted through the use of on-line video and sound mon-
itors, and video and scurd recordings for off-line, post-test analysis. The
data reduction techniques illustrated in the system situations of this study
most ofte.n involved narrative summaries in a variety of formats and the use
of descriptive gtatistics {means, medians and associated estimates of vari~
ability), In some cases, test data were manipulated statistically in order to
test hypotheses, interrelating sste of data and/or checking the statistical sig-
nificance of results, In a relatively few cases, expert judgment was given as
the principal means of deriving meaning from the assessment information
concerning human performance, Table XVII correlates information concern-
ing assessment techniques with the specific Air Force systems on which test
information was available during this study.

The summaries graphically presented in Figures 7 and 8 are derived
from Table XVII. Figure 7 makes visible, in summary form, the frequency
of reported use for each assessment technique, Interview and observation
techniques were named in practically all test plans and reports and were
supported by various other techniques that combined interview and observa-
tion with paper and pencil check or work sheets and recording/measuring
apparatus. Narrative and descriptive statistic summaries were most fre-
quently noted in the test plans and reports reviewed.
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Assessment Practices

Frequency of Reported Use

Data
r~Reduction-

+—~————————Data Collection and Recording

Interview

Questionnaire

Rating Scale
Interpersonal Perf, Chart
Procedural Checklist
Design Checklist (H. E.,)
Life Support Checklist
Paper and Pencil Test
Anthropometry

Maintainability Checklist
Deviation/Difficulty Reports
Direct/Remoted Observation
Photography

Sound Measuring Instruments
Light Measuring Instruments
Time and Event Recording
Voice Recording

Automatic Data Recording
Diagrammatic Analyses
Demonstration

Simulation

Time-line Analyses
Task-equipment Analyses
Personnel Records

Position Description
Mock=~ups

Review System Reports

Narrative Summary
Diagrams/Flow Chart
Descriptive Statistics
Comparative Statistics
FElectronic Data Processing
Expert Opinion/Evaluation
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Figure 7.

Frequency of Reported Uses of Human Pcrforinance

Assessment Practices in the Systems Reviewed During

This Study
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Assessment practices are summarized in Table XVII.

Figure 8, Use of Assessment Practices Among Systems Reviewed
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From Figure 8 it is possible to make some comparisons among the test
situations surveyed during this study. The information made available by
Air Force SPO's and contractors indicated that the assessment of human per-
formance in missile systems utilizes thelargest number of the different tech-
nigues described in Table XVII. The space, aeronautical, and electronic
systems noted about the same number of useful assessment techniques.
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CONCLUDING REMARKS

A, Synopsis of Report

This report was writien as a review of practices in the assessment
cf human performance in Air Force systems, The review was carried
out during the preparation of a methodological handbook on the assessment
of human performance, In order to obtsi., and bring together the most
inclusive overview of the topic we {zund it necessary to (1) defin: opera-
tionally both human performance and the assessment of hiuman performance
in the systems context, (2) review the current Air Force policies and
practices for developing and testing military systems and for developing
and evaluating personnzl subsystems, (3) review the methodologies of the
behavioral sciences relzting to human performance in the world of work,
and (4) survey practices in Air Force system programs for studying human
performance and/or the variables of which human performance is a function,
Figure 9 summarizes these steps and the content of this report,

B. General Comments Concerning Human Performance

Our perspectiive herein has been that the reality that basically concerns
the system scientist, behavioral or otherwise, in the development of an
operable and maintainable military system is selected system PERSONNEL
in the system ENVIRCNMENT (which includes system equipment, ambient
conditicns and system personnel other than those in the focus of attention)
carrying out some system ACTIVITY or procedure, These personnel-
environment-activity dimensions and interactions among them constitute
the subject matter of inquirics into human performance in Air Force systems,
Accordingly, the subject matte- breaks down into five anthropocentric areas:
individual human capacities and limitations, the interaction of system personnel
with each other, the interaction of systemn personnel and system equipment,
the ‘nteraction of system personnel and the ambient system conditions, and
the interaction of system perconnel with the activities, procedures and work
of the system. While this perspective 1mnay oversimplify the scope of human
performance studies, it nevertheless scemis ts be useful for structuring a
review of the specialists involved in the study of human performance in
gystem contexte and the disciplines and technolopies within the behavioral
sciences applicable to the assessment of human performance.

C. General Comments Concerning Assessment

The assessment of human performance has been considered here as
the process of analyzing and describing, collecting information concerning,
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and evaluating human performance (conceived az interactions among system
personnel, system environment, and system procedural dimensions), The
process includes the human acquisition of information through logical assump-~
tion, indirect observation, and direct observation, The evaluation of the infor-
mation reguires the clear specification of the need and use for the informa=-
tion and the comparison of what is obtained against what ig required, or
previously understood, or previously not known, The use of the evaluated
information very often requires consensus among the system designers and
users coencerning its value and meaning to system, mission performance,

The practice of this assessment methodolegy is well guided by rules
and advice from bhoth military and behavioral science gsources, The tech~
nical decisions as to what performance information is needed and whether
a test situation is raquired must, nevertheless, be made by the skilled
specialist,

D, General Comments Concerning Assessment Technology

The assessment methodology just described is supported by a repertoire
of useful techniques for getting to know about and deriving meaning from
the knowledge concerning human performance in Air Force systems., The
hehavioral science technology contains numerous techniques that can be used
in the conceptual (i, e,, the human performance is conceptual) and the empirical
{i. ., the human performance is observable) assessment situations, The
reliability and validity of the resulting information vary and depend largely
upon the care with which the test situation and instruments are developed,

Most of the techniques avaiiable and used in the behavioral sciences
have been applied to assessing human performance in Air Force systems.
These include a variety of techniques for data collection and reduction/
analysis. The developments which are most promising for application to
the assessment of human performance in Air Force systems involve the
quantificacion of verbal and diagrammatic heuristic techniques, the use of
automated laboratories, and the more widespread use of nonparametric
statistical treatments,
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APPENDIX I

SCHEMA FOR REVIEW OF BEHAVIORAL SCIENCE METHODS
FOR THE MEA3SUREMENT AND ASSESSMENT OF
HUMAN PERFORMANCE

Major Field No. 1 - Human Performance Studies

Rasic Research Subfields

Applied Research Subfields

Individual Performance

Aging
Anthropometry
Decision Processes
Environmental Effects on
Perform:ince
Atmospheric Properties
Eavironmental Uniformity
Gravitation and Inertia
Magnetic Fields
Radiation
Thermal Effects
Vibration and Blast
Visible Spsctrum
Motivation and Stress
Motor Performance
Perceptual Performance
Personality and Character
Correlates
Research Metnhodology and Theory
Task and Vigilance Fatigue
Other

Group Performance

Group Communication Precesses
Group Decision Processes

Group Dynamics

Groap Influence on Perception
Group Standards and Performance
Group Structure

Other

Human Engineering

Clothing and Personal Equipment
Command and Control
Communication

Controls

Design in Relation to the Availability

of Human Resources

Display of Information

Equipment Acceptability

Human Engineering Bibliographies
and Handbooks

Information Processing

Layout of Work Places
Mairntenance

Marx-Machine Dynamics

QQPRI Methodology
Réconnaissance Technology
Theory Methodology and Apparatus
Other

Team, System Performance

Crew Composition

Large Organization Structure and
Individual Effectiveness
Organization Effectiveness

Other




SCHEMA FOR REVIEW OF BEHAVIORA4L SCIENCE METHODS
FOR THE MEASUREMENT AND ASSESSMENT OF
HUMAN PERFORMANCE (corrinued)

Major Field No. 2 - Personnel Research Studies

Basic Research Subfislds

Individual Differences
Criterion Theory
Predictor Theory
Psychometrics

Other

Learning and Retention

Correlates of Learning Proficiency
Group Factors in Learning

Human Learning Activities
Learning Theories and Compara-
tive Learning

Motivation in Learning

Retention

Transfer of Training

Other

Applied Research Subfields

L e

Selection and Assignment
Assignment, Allocation and Dis-
tribution Procedures

Career Guidance

Classificatisn Procedures
Criteria Development
Performance Evaluation Techniques
Predictor Techniques

Psychiatric Selection Research
Relation to Training Requirements
U.S. Military Sociology

Other

Training

Evaluating Training Effectiveness
Methods of Studying Training
Requirements
Task and Skill Analyses Methods
Training Methods
Programmed Instruction
Training Aid Design
Training Media Effectiveness
Curriculum Planning
On-the-Job and In-Class
Training Procedures
Other
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SCHEMA FOR REVIEW OF BEHAVIORAL SGIENCE METHODS
FOR THE MEASUREMENT AND ASSESSMENT OF
HUMAN PERFORMANCE (continued)

Major Field No, 2 - Personnel Research Studies (continued)

Basic Research Subfields

Applied Research Subfields

T U S S Sy ——

Personnel Management

Adapting Available Tests to Opera-
tional Situations

Design of Specific Test Batteries
Determining Program Training
Requirements

Individual Proficiency Training
Leadership Training

Performance Evaluation Tests
Recruitment

Selection and Trairing for Remote
Area Operations

Specific Training Aid and Simulator
Design

Team and System Training

Test Maintenance

Training Foraign Nationals

Other

Major Field No. 3 =~ Human Support and Maintenance Studies

Bionics

Biosimulazion

Techniques of Peychophysiological
Monitoring

Electrical Stimulation Fquipment
Other

Maladjustment

Acciderts

Adjstment

Deviant Behavior
Character Disorders
Cultural Factors
Mental Iliness

Morale

Other
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SCHEMA FOR REVIEW OF BEHAVIORAL SCIENCE METHODS
FOR THE MEASUREMENT AND ASSESSMENT OF
HUMAN PERFORMANCE (continued)

Major Field No, 3 ~ Human Support and Maintenance (continued)

Basic Research Subfields Applied Research Subfields
T A S R = S, 2 Ko g —— -]
Ecology Protective Devices
Terrestrial Clothing and Personal Equipment
Aquatic Motion Sickness
Atmosphaeric Cther
Other
Support Devices
Paychophysiology Design of Space Platform
Activation Systems Escape and Bvasion
Biochemical Processes and Drugs Prosthetic Devices
Environment Effects on Comfort, Shelter Habitability
Health and Safety Other

Atmospheric Properties
Environmental Uniformity
Gravitation and Inertia
Magnetic Fields
Radiation
Thermal Effects
Vibration and Blast
Visible Spectrum
Ecological Stndies
Homeostatic Systeme
Neurological
Psychophysiological Correlates of
Emotion
Sensory
Sleep
Other
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SCHEMA FOR REVIEW OF BEHAVIORAL SCIENCE METHODS
FOR THE MEASUREMENT .AND ASSESSMENT OF
HUMAN PERFORM.INCE (continued)

Major Field No. 4 - Economic Analysis and Management Studies

Basic Research Subfields Applied Research Subfields

Theory Techniques and Methods
Decision theory Network analysis (PERT, etc,)

Economic theory Econometrics--methods, models,
Game theory theory

Statistical methods Gaming
Graph theory

Process analysis
Value engineering

2
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APPENDIX II

LISTING OF AIR FORCE REQUIREMENT DOCUMENTS
STRUCTURING THE DEVEL.OPMENT AND ASSESSMENT OF

Document
Number

AFR 0-2

AFR 0-6

AFR 23-2
AFR 23-6
AFR 26-1
AFR 26-3
AFR 30-5

AFR 30-8

AFR 35-14

AFR 40-423

AFR 50-3
AFR £0-9
AFR 50-19
AFR E3-12

AFR 57-4

AFR 58-4

HUMAN PERFORMANCE

Air Force Regulations

Subject

Numerical Index of Standaré Air Force Publications
Subject Index of Air Force Publications

Air Force Logistic Command

Air Tzraining Command

Manpower and Organization Activity

Manpower Authorization, Policy and Procedures
Guidance to Insure Adequate Personnel Facilities

Development of a Personnel Subsystem for Aerospace
Systems

Attending Meetings of Technical, Scientific, Pro-
fessional or Similar Organizations

Non-Government Training

USA¥ Training for AF Contractor Employees
Special Training

Management of Training Equipment

USAF Instrument Pilot Instructor School

Modification/Modernization of Aircraft, Guided
Missiles and Related Equipment

Responsibilities for Missile/Space Accident Pre-
vention Programs
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Document
Nuiaber

AFR 65-3
AFR 66-1
AFR 66-7

AFR 66-8

AFR 66-18

AFR 66-29

AFR 66-30

AFR 67-19

AFR 80-5

AFR 80-6
AFR 80-11

AFR 80-14

AFR 80-24
AFR 80-27
AFR 80-28

AFR 80-31

AFR 80-32

AFR 80-36

Subject

Configuration Management

Policy, Objectives and Responsibility
Technical Order System

Maintenance Evaluation Program-~Vehicles and
Aerospace Ground Equipment

Contract Technical Services {(CTS)

Maintainability Program for Weapon Support and
Cormmand and Control Systems

Product Improvement Program

Supply Support of Research, Development, Test
and Evaluation Activities

Reliability Program for Systems, Subsystems,
and Equipment

Classification of Air Force Equipment
Importance Categories

Testing Evaluation of Systems, Subsystems,
and Equipments )

Test Results of Commercial Equipment
Rescarch and Development Plans and Reports
Engineering Inspections

Elimination Program for Air Force Materiel Within
the Sensible Atmosphere

Quick Reaction Capability

Civil Airworthiness Standards for USAF
Transport Aircraft
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Document
Number

AFR 122-4
AFR 160-3
AFR 161-2
AFR 310-]
AFR 375-1
AFR 375-2
AFR 375-3
AFR 375-4

AFR 400-25

AFR 400-26

AFM 11-1

AFM 26-1
AFM 32-3
AFM 35-1
AFM 36-1
AFM 64-4

AFM 66-1

AFM 66-18

AFM 110-9

AFM 172-1

Nuclear Safetwv - The Two Man Concept
Hazardous Noise Exposure

Aerospace Systems Management Medical
Management of CGontractor Data
Management of Systems Program
System Program Cffice

System Program Director

System Program Documeéntation

Logistics Support for Other than Categories
I, II, and III Tests

Logistics Support for Weapon, Support, and
Control Systems Test Programs

Air Force Manuals

AF Glossary of Standardized Terms and
Definitions

Policies, Procedures and Criteria
Ground Safety - Accident Prevention Handbook
Airman Classification Manual (Vol I and II)
Officer Classification Manual

Handbook for Personal Equipment, Personnel

Maintenance Management - Depot, Field and
Organizational Maintenance

Contractor Technical Services for Category II
and III :

System Program Documentation

Budget Administration
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Document
Number Subject

Air Force Systems Command Regulations

AFSCR 11-2 Presto Reporting System

AFSCR 80-20 Research and Development - Air Force System
Command Technical Report Program

AF3CR 80-4 Status Classification of Air Force Equipment

AFSCR 80-16 Personnel Subsystem Program fc. Aerospace,
Support, and Command and Control Systeras

AFSCR 66-7-8 Depot, Field Organizational Maintenance
Technical Order Data

AFSCR 80-23 Cold Weather Test Responsibility

Air Force Systems Command Program
Management Instructions

AFSCPMI 1-4 System Package Program Format

AFSCPMI 1-5 Test Report

AFSCPMI 2~-5 Advanced Development Program

AFSCPMI 2-7 Job Plan Format (superceded by AFSCPMI 2-5)
AFSCPMI 4-2 In Service lngineering Procedures

AFSCPMI 4-3 Engineering Support Procedures

AFSCPMI 4-7 Engineering Service Plan Format
AFSCPMI 6-8 Status Classification

AFSCPMI 6-10 Test and Evaluation

164




Document
Number

AFSCM 5-1

AFSCM 80-1

AFSCM 80-3

AFSCM 80-5

AFSCM 80-6

AFSCM 80-7

AFSCM 80-8

AFSCM 80-9

AFSCM 122-1

AFSCM 375-1

AFSCM 375-4
AFSCM 375-5

AF SCM 310-1

Subject

Air Force Systemn Command Manuals

Research and Development - Air Forge System
Command Technical Report Program
{superseded by AF3CR 80-20)

Handbook of Instructions for Aircraf: Designers,
Vols. I and I (HIAD)

Handbook of Instructions for Aerospace
Personnel Subsystem Designers (HIAPSED)

Handbook of Instructions for Ground
Equipment Designers (HIGED)

Handbock of Instructions for Aircraft Ground
Support Equipment Designers (HIAGED)

Handbook of Instructions for Aerospace
Vehicle Equipment Design (HIAVED)

Handbook of Instructions for Missile Designers,
Vols. I and 1I (HIMD)

Handkook of Instructions for Aerospace
Systems Design (HIASD)

The Nuclear Weapons Safety Program

Configuration Management During the
Definition and Acquisition Phases

System Program Management Manual
System Engineering Management Procedures

Management of Contractor Data and Reports
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Document
Number

AFBM 57-8A
AFBM 58-1
AFBM 58-9
AFBM 58-10
AFBM 59-17
AFBM 58-18C
AFBM 690-1
AFBM 60-65A
AFBM 59-32
AFBSD 61-99
AFBSD 62-41
AFBSD 62-53

AFBSD 62-79

ESDP 375-1

Subject
AFSC Division Exhibits

Human Engineering Design Standards for
Missile System Equipment

Contr=ctor Report
Inspection Requirements Manuals, Inspection
Cards and Sequence Charts for Ballistic

Missile Weapon Systems

Reliability Program for Ballistic Missile and
Space Systems

Training Equipment Procurement for Air Force
Ballistic Missiles and Military Space Systems

Quantitative and Qualitative Personnel Require-
meants Information

Personnel Subsystem Testing for Ballistic
Missile and Space Systems

Aerospace System Personnel--Equipment Data
for Personnel Subsystem Development

Design for Maintainability Program for Weapon
and Space Systems

Human Engineering, Development of System,
General Specifications for

System Safety Engineering: Genera! Specifications
for the Development of Air Force Ballistic
Missile Systems

WS5-133B Maintainability Design Criteria

Life Support Subsystem Criteria (WS-133B)

A Typical Test Section of a System Package
Program for an Electronic System
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Document
Nurnber
WCLDPT 60-2)

WDT 56-5

MIL-STD-105

MIL-STD-218
MIL-STD-441

MIL-STD-803A-1

MIL-STD-831

MIL-T-4857

MIL-M-5474

MIL-H-6814

MIL-T-9107

MIL~D-9310

MIL-W-9411

MIL-D-9412

-Subject

A Technical Guide for Designers of Personnel
Subsystems for Weapon/Support Systems

Technical Manual Program

Military Standards

Sarmpling Procedures and Tables for
Inspection by Attributes

Technical Manuals
Reliability of Military Electronic Equipment

Human Engineering Design Criteria for
Aerospace Ground Equipment

Preparation of Test Reports

Military Specifications

Training Equipment, Weapon System, Specification
and Specification Compliance Test Outlines, In-

“ructions and Requirements for Preparation of
(Superseded by MIL-T~27382)

Technical Manuals, General Requirements for
P.reparation of

Handbooks, Overhaul, Electronic, Electrical
Electro-Hydraulic, Electro-Mechanicil Equip-
ments, Systems, and Test Equipments,
Preparation of

Test Reports, Preparation of

Data for Aeronautical Weapon Systems and
Support Systems

Weapon Systems, Aeronautical, General
Specification for

Data for Aerospace Ground Equipment (AGE)
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Document
Number
MIL-M~9864
MIL-C-9883A

MIL-H-25946

MIL~P-25996

MIL-H-26207
MIL-D-26239
MIL-M-26512
MIL-S-26634

MIL-R-~26667

MIL-R-26674
MIL-T-27382
 MIL-T-27474

MIL-R-27542

Subject

Technical Manuals: Operation and Organizational
Maintenance {Missile Weapon System)

Check Lists for Missile and Space Systems
Operational and Oxganizational Maintenance

Yuman Factors for Manned Aircraft Weapon
Systems (fuperseded by MIL.-H~-27894)

Procedures for the Devalopment of a Cockpit
Subsysterm and the Accomplishment of
Subsystems Integration

Human Factors Data for Guided Missile Weapon
Systems (Superseded by MIL-H-27894)

Data, Qualitative and Quantitative Personnel
Requirements Information (QQPRI)

Maintainability Requirements for Aerospace
Systems and Equipment

Specifications, Weapon System, and Support
Systermn Mock=-ups, Preparation of

Reliability and Longevity Requirements, Electronic
Equipment, General Specifications for

Reliahility Requirements for Weapons Systems
(Superseded by MIL-R~27542)

Training Equipment, Subsystemn, Technical Data,
Preparation of (Supersedes MIL-T-4857)

Training Equipment, Ground, General
Requirements for

Reliability Program Requirc.nents for Aerospace
Systems, Subsystems and Equipments
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_Decument
Number Subject

MIL-T-27615 Teat Catline, Enginesring, for the Inspection
of Training Egquipment, Requirements for the
Preparation of

MIL-H-27894 Human Engineering Requirements for Aerospace
Systems and Fquipment

MIL-8-38130 Safety Enginzering of Systems and Asscciated
Subsystems, and Equipment, Genceral Requirements for

MIL-M=-38701 Manuals, Technical, Inspection Requirements,
Work Cards, for Missile and Space Weapon
Systems

MIL-S-58077 Safety Engineering of Ajrcraft Systems,
Associated Subsystems and Equipments;
General Requirements for

MIL-D~70327 Drawings, Engineering and Associated Lists
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APPENDIX III
DEVELOPMENT OF PERSONNEL SUBSYSTEMS IN AIR

FORCE SYSTEMS: AIR FORCE POLiCY, REQUIREMENTS
AND DEFINITIONS (SOURCE: AFR 30-8)

Scope and Policy

Scope:

This regulation applies only to systems and programs managed in accorc
ance with AFRs in the 375 series, However, other USAF development pro-
grams must be planned and implemented with full consideration for, and
integration of, the applicable elements of personnel subsystems described
herein,

USAF Policy:

a. Manpower, personnel, and training actions must be defined, scheduled,
and performed in a coordinated manner, compatible with ali othe
aspects of system development in order to provide qualified personnel
at a predetermined time and place.

b. Required leadtimes for PSEs will be determined and considered in the
overall system planning, The SPD will advise HQ USAF of any situa-
tion that may prevent meeting the approved Sys em Master Schedule,

c. Contractor-furnished reports in the personnel and training PSEs will
only be developed to meet requirements justified by major rommands
on a valid ''need to have' basis, Simplicity and austerity will be the
rule in development of such data. Duplication of data effort and un-
necessary information and detail will be avoided (see AFR 310-1).

d. The PSEs described in this regulation are interdependent and will be
developed concurrently whenever possible, Preliminarv elements
will be refined as permitted by development of the system.

e, The PS5 will be provided priorities compared with other elements of
the system or program.

f. Deviations which facilitate development of the necessary PSEs, or

save time or money, will be referred to HQ USAF for approval after
coordination with all interested commands /agencies.
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g AFSCM 80-3, Handbuok of Instructions for Aerospace Personnel Sub-
system Designers will be the primary source of informatioi and
guidance for PS implementation, to the extent it does not conflict with
this regulation,

Personnel Subsystem Elements

The following PSEs are usually essential in developing a system or
program. The details of a PSE and its associated management milestones
will differ for each program and must be defined, scheduled, prepared,
integrated, coordinated and accomplishod as a team effort according to
AFR 375-2, No rigid sequence is intended in the order of listing of the
PSEs as each is interdependent, and concurrent development is the rule
rather than the exception,

a., Parsnnnel/Equipment Data (PED):

PED is centrally controlled analytical da®a in the form of task and
equipment information. It defines the relationship between system
personr.el and system hardware, other PSEs, and the technical data
requirements of AFR 310-1., PED is basic to, and provides nece~-
sary data for, preparing and/or developing other PSEs,

b, Human Engineering:

Human engineexring is the application of knowledge of man's capabilities
and limitations to the planning, design, develcpment, and testing of
aerospace systems, equipment, and facilities io achieve optimum per-
sonnel safety, comfort, and effectiveness compatible with system
requirements. It includes participation in the identification of require-
ments for, and in the design, development, and testing of, operator and
maintenance crew stations, personnel environments, layouts, controls,
displays, job procedures and performaace aids, Human engineering
also provides Lasic information and data required in the development of
cther PSEs,

¢, Life Support (LS):

Life support in Air Force systems development includes all areas re-
gquiring special provisions for health promotion, safety, protection and
sustenance of personnel employed within the total system complex.
Provisions for LS should be provided for both normal and umerge.icy
operations of the system and pertain to both aircrew and ground per-
sonnel. LS is devoted to the pkysiological and psychological well-being
of man, after his role has been established within the overall program.
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Bagic system design will be affected by the physiological or psycho-
logical characteristics of man. LS considerations will be included in
the earlieat conceptual phase. As the program progresses, LS
requirements, i.e., equipment {protective and survival) and proce-
dures, will be identified, An aggressive LS program, beginmng with
the conceptual phase and continuing through to the establishment of
base health and safety programs, is an Air Force requirement,

{See AFRs 30-5, 161-2, and 58-4,)

d. Quantitarive and Qualitative Personnel Requirements Information

{QQPRI):

QQPRI is personnel subsystem data used in planning for eysiem per-
sonnel, training, and manpcwer. QQPRI reports will be developed,
integrated, and published vnder the direction of AFSC with the assist-~
ance of ATC, AFLC, and :he operating command(s). These reports
will be time-phased to m:et the requirements of ATC, AFLC, and
the operating commands as identified in the System Master Schednule.
QQPERI changes will be issued whenever significant changes in per-
gonnel requirements can be forecast during systemn/program develop-
ment and test. QQPFKI is normally terminated at the end of the
acquisition phase or early in the operational phase. QQPRI is com-
posed of three parts, as follows:

{1) Partl, Operations, Organizational Maintenance, and Field
Maintenance,

(2) Parc II, Depot Level Support. (Produced only on specific request
of AFLC.)

{3) Paxt lII. Contractor Technical Services Personnel Criteria
(CTSP Criteria). This document includes long-range plans,
criteria, and guidance for the utilization of CTSP in support of
the operational employment of the system, It is prepared
according to AFM 66-18.

e. Trained Personnel Requirements (TPR):

TPR is a tabulated list of personnel requiring system peculiar training
needed to support a system through the acquisition phase and is included
in the personnel training section of PTDP, P3PP, and SPP. It lisis
these requirements for officers, airmen, and civilians by AFSC, grade,
month required, and command., Time-phasing is based on the date the
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individual is required in place in the development, test, operational
and support units, The TPR is initiated during the conceptuzl phase
of program development, and refined in the PSPP at the conclusion

of the definition phase and completed during the early acquisition
phase when QQPRI documentation is approved by HQ USAF, The TPR
is basic to the determination of training concepts and training plans,
and the computation of training costs,

Training Concepts:

The Tyaining Concept which appears in the PTDP will normally reflect
personnel and training projections developed during the conceptual
rhase and USAF guidance provided in SORs and specified ADOs, In
cases where the personnel training data is insufficient, the PTDP

will indicate appropriate requirements for personnel subsystem efforis
to be accomplished during the prograr: definition phase. The Train-
ing Concept which appears in the PSPP reflects the combined efforts
of contractors' responses to the requests for proposals and work state-
ments of the program definition phase and of in-house studies of data
available from the conreptual phase., Upon USAF approval of the
PSPP, the Trainin; Concept contained in section 10 PSPI’/SPP hecomes
the officinl scurce document for preparing trainiag plans and will be
kept updated as the system develops throughout the acquisition phase.

Manpower Authorizations:

HQ USAF (AFOMOj normally allocates manpower authorizations by
Program Element Code (PEC) whenever a system appears in the force
structure, to fulfill the requir nent of the F&FP for 5-year manpower
data, Subsequent PTDP, PSPP, SPP or QQPRI documentation reflect-
ing manpower estimates of the participating commands, must verify,
or provide basis for change to the initial authorizations, as well as
provide detajled individual specialty requirements such as tc assure
that personnel are not trained-out prior to realistic need dates.

System Manning and Trained Personnel Requirements (SMTPR) Plan:

{1) The SMTPR plan will reflect the total time-phased system manning
and trained personnel requivernents. Problems/solutions will be
shown in addition to required special action or deviation: from
approved personnel policies, procedures and programming actions.
HQ USAF will use the plan in determining availability of personnel
resources w.thin the Air Force inventory for system support.

The Svstem Manning and Trained Personnel Requirements Plan,
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as a separate document, will be based on the system documenta-
tion referenced in AFR 375-4, data available from operations,
training and logistics plans, QQPRI, and any other pertizent daia,

{2) The SMTPR plan will include but not be limited to the follewing:

(a) A listing of data sources used such as program and planning
documents,

{b) Manning criteria~-command capability for required AFSCs
retainability, oversea eligibility, security clearance.
Explanation of why and/or how existing personnel resources
in system or units phasing out of the inventory should or
should not be used to meet the requirements of the new
system, -

(¢) Career Field Trained Personnel Requirements, tabular list-
ing of officers and airmen by AFSC (skill level designator
not required), command, and fiscal quarter required.

(d) ORT--tabular listing of officers and airmen by AFSC,
command ¢ 1d month required,

{e) Time-phased manning requirements by officers and airmen,
by AFSC, command and month reauired for input to training
and/or unit as applicable,

Trajning Equipment Planning Information (TEPI):

TEPI presents recommendations regarding the training equipment pack-
age defined in AFR 50-19, Copies of TEPI are provided to ATC, AFLC,
and operating command(s) agencies for review. TEPI provides a basis
for defining and identifying the components of the training equirment
package for inclusion in the PSPP.

Training Equipment Development (TED):

TED includes all actions required to define, program, budget, contract,
develop, produce, and acquire a system training equipment package
defined in AFR 50-19. The TED will be defined during the definition
phase and will be developed and produced concurrently with the system

during the acquisition phase to insure timely availability to support
initial and follow-on training.
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Training Facilities:

Training Facilities as defincd in this directive include all real estute
and buildings to be utilized exclusively in support of training programs.
Depending upon the nature of the system or program, facility require~
ments can range from the simple identification of in-being classrooms
to extensive modification of existing facilities and/or complex new
construction requiriny additions to the Military Construction Program
(MCP), Tentative identification of training facility requirements will
be stated in the PTDP and refined during the project definition phase
for inclusion in the PSPP/SPP,

Technical Publications (TP):

For the purpose of this directive, TP are techrical manuals of Tech-
nical Order documents covered by AFR 66-7 which are needed to
support appropriate ATC training courses, Appropriate technical
publications are required at the time specified and in quantities desig-
nated by the training agencies to support training on a given system,
subsystem, or wurjor items of equipment.

Training Plans:

Tareer Field and ORT training plans are outsrowths of the Training
concepts contained in the training documentation {PTDP/PSPP),
These planas will set forth in detail and methods, timv.-phasing and
requirzements necessary to accomplish training in support of a system
or program. Although the objectives of career field and ORT differ,
the plans for each type of training will be coordinated to prevent
unnecessary duplication of training/training equipraent and schedule
corflicts which could jeapardize programmed system test and opera-
tional dates, The schedules for training plan preparation and appioval
by Headquarters ATC, the preparation and approval of ORT training
plans by the operating command(s)/agencies, and known start and
completion dates of all training plans will be reflected in the master
schedule.

Personnel Subsystem Test and Evaluation {(PSTE):

In keeping with AFR 80-14, the following policy and procedures will
apply to the test and evaluation of the PS through Category III test.
Formal coordinated testing will start during Category I testing and con-
tinue through Category III testing until it is verified that the system

can be operated, maintained, and supported by USAF personnel in its
intended operational environment. To insure effective evaluation, con-
sistent with overall system test objectives, a coordinated PSTE plan
will be identified in the approved test plan for each system.

115

-



APPENDIX IV
TESTING/EVALUATION OF AIR FORCE SYSTEMS,

SUBSYSTEMS, AND EQUIPMENTS: AIR FORCE
POLICY AND REQUIREMENTS (SCURCE: AFR 30-14)

A. Objectives of Testing/Evaluation

In general, the objectives of testing and evaluation are to;

i.

Measure and assess accomplishment of development objectives.
Assure that systems and equipment meet established requirements.

Obtain a true indication, forecast, or verification of the actual perform-
ance capabilities of any given system, subsystem. or item of equipment
in as realistic an operatioral environment as practicable.

Insure through effective terting timely integration of operationally ready
systems and support items into the active inventory in a logical order
from conceptual phase through acquisition into the operational phase.

Detect operational and engineering deficiencies in time for changes to
be incorporated prinr to significant production build-up. Insure that
changes to operuticnal equipment meet the required objectives oxr that
necessary trade-offs are identified.

Maintain and enhance organic capability for evaluation of systems and
equipment developed to meet Air Force needs.

Provide testing services for Ai: Force agencies and non-Air-Force
agencies requiring technical krowledge, capabilities, or facilities which
exist primarily within USAF ri:search and development agencies.

Provide data and operational #nalyses for application to current and fu-
ture systems and system studies.

Evaluate the over=-all logistic: capability, scope, and effectiveness as pre~

scribed by appropriate s.gport procedures, plans, and planning factors,
developed concurrently with system evolution. Acquire and evaluate data
to:

(1) Verify and refine logirtic procedures, plans, and/or planning factors.
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{¢) Enhance prospective support planning.

{3) Identify areas which will require additionul impetus to insure inte~
grated, effective svastem(s) logistic support.

Identify and assess manpower spaces and personnel rcsources necessary
to support systems and equipment.

Provide training planning information, technical information, and task an-
alysis data for the purpose of validating training and training programs.

Integrate hardware, software, and manpower into aa entity that meets
requirements most effectively (primarily fox "L" systems).

B. gglicies and Procedures

In no instance -vill tests be conducted without evaluation. However,
evaluation may be conducted without current testing because of data
available from earlier tests or other sources which may suffice, thus
saving time and resources.

Tes' and evaluation will be documented and treated as a part of the sys~-
tern acquisition, research and development program, operational test,
or engineering service effort with which it is identified.

Consideration will be given to the use of available commenrcial items in
lieu of developmental itemns, wherever practical.

New and modified systems or suppurt iterns, including nuclear weapons
and associated equipment, will undergo test and evaluation during acqui-
sition to determine if they meet established requirements and are:

{1) Technically gounsd, reliable, and safe for service use.

(2} Functionally operable, reliable, maintainable, and compatib.« with
other systerns or equipment in the environment in which the items
will be employed.

(3) Able to be maintained with a minimum expenditure of resources con-
sistent with operational requirements, e.g., manpower, support and
test equipment, special tools, training, sparc parts, and special
facilities. '

(4) Capable of being operated and maintained by Air Force personnel
after completion of prescribed trairing.
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{5) Compatible with associated warheads and other armaments as
applicable,

(6) Designed to be as free as possible from design features or pro-
cedures that wil! evoke personnel errors in operation or main-
tenance.

(7) Capable of being transported by programmed raode of transporta-
tion and srecific carrier equipment, Reguirements of AFM 75-2
will be included as early in the test program as is feasible unless
specifically exempted by HQ USAF.,

(8) Designed to permit maximum case of accessibility to equipment
requiring replacement, servicing, adjustment, or calibration.

Test pingrams during the acquisition phase (Category I and II} of a given
series of & system or item of equipment will be corducted under the
control of the AFSC System /Equipment Program Director as appropriate.
System tests will be periormed by a test force or forces at one or more
locations which include all agencies involved in the system.

Qperational testing and evaluation will be scheduled for all systems,
applicable subsystems, and operational support items subject to status
classification (AFR 80-6), Operational support items developed in
support of a validated Operational Support Requircment (O8R) will be
tested by AFSC prior to operational testing by an Operating Command
(AFRS 57-3, 80-2). Except for Stratsgic Ballistic Missile Testing
(sce paragraph 7), operational testing, but not evaluation, may be
waived by the Operating Command if sufficient test data are obtainable
fromn other sources.

Follow~on developmental tests may be required when significant changes
are made in system capability, new subsystems or components are
added, a system is integrated into a new environment, or changes to
correct deficiencies are made, and test articles are not available dur-
ing the normal test cycle; or when analysis of test data dictates verifi-
cation of previously conducted tests, Provisions for such testing must
be considered throughout the acquisition process (Category I and II) and
planned, programmed, an® executed with the priority and emphasis
afforded the overall system.

Consideration will be given to joint experimental testing with other

Services (Army, Navy, and Marine qups) in order to insure that Air
Force systems are capable of operating in a joint environment.
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Maximum use will be made of existing tost facilities and capabilitiea
which can be made available by AFSC, the contractor(s), the par-
ticipating cominands, and other Guveinment agencies, The most
realistic operatiomal environment attainable will be used for develop-
ment and operatienal testing, Testing will be consolidated when
feasibio to avoid duplication, Maximum use will be made of test
data available from other sources or obtained during early stages of
development testing.

Provisions will be made for early and progressively increasing Operat-
ing and Supporting Command participation in system and subsysiem
development test and evaluation. This is necessary to provide
familiarization, training, and experience required to achieve the ear-
liest operational and logistic support capability. Included ¢re Engi-
neering Inspection Boards (AFR 80-28) and Configuration Control
Boards (AFRS 57-4 and 65-3),

Systems and items allocated for the test inventory should be rroduced
as rapidly as possible to permit adequate testing, Necessary changes
disclosed by testing will be incorporated into production articles at
the earliest practicable date.

Allocation and c¢a2livery of test equipment, test support equipment, or
spares for systemasa undergoing test (Categoryl and II) wil) huve
precedence over production, training, or operational recuirements
for all equipment or person.el, except when otherwise directed by HQ
USAF,

C. System Testing and Evaluation

System test programs will normally be conducted in two functional categories
during the acquisition phase, and one category during the operatinnal phase
(except for Strategic Ballistic Missiles), These are:

Category I--Subsystem Development Test and Evaluation--consists of
development testing and evaluation of the individual components, sub-
systems, and, in certain cases, the complete system. In addition to
quaiification, the testing provides for redesign, refinement, and
re-evaluation as necessary, including the practicality of utilizing cur-
rent standard and commexrcial items. These tests are conducted pre-
dominantly by the contractor. but with Air Force participation, evalua-
tion, and control exercised through AFSC. Specific examples of test
objectives are the determination of:

(1) Performanze, reliability, and integrity of individual components,



(2)

(3)

(4)

(5)

(6)

)

(8)

(9)

(10)

(11)
(12)

(13)

Compaiibility, reliability, and adequacy of Government Fur-
nished Equipment (GFE), G)ivernment Furnished Aerospace
Equipment (G}AE), coramercial equipment, or stundard Air
Force Romr: for incorporation into the system,

Preliminary operating characteristics and qualitative adequacy
of the system, subsystems, and components,

Prelimin. 2y performance, stabiiity, control characteristics,
and general airworthiness (as appropriate) of the aerospace
vehiclea, or similar criteria determination for elecironic and
support systems /equipment,

Preliminary compatibility, adequacy, supportability, and relia-
bility of Aerospace Ground Equipment; Ground C-E-M; and
commercial ground C-E and coniputer equipment.

Preliminary maintainability and transportability characteristics
of components and subsystems,

Preliminary validity of personnel and training planning informa-
tion used for personnel skill identification and development of
manning documents, training and training equipment require-
ments, Additional requirements to insure personnel and training
support will also be determined., Whenever feasible, formal
training will be 2valuated (see AFR 30-8),

Preliminary identification and investigation of safety criteria
for explosive ordnance and any safety problems which must be
resolved before initial operational capability is established.

Necessary data for preliminary handbooks/technical manuals.

Preliminary evaluation of the overall logistic plans, policies,
and procedures to insure corsonance with the logistic concept.

Evaluation of new design or updating changes.

Adequacy of preliminary health hazards data and precautionary
information.

Procedures for prevention of and/or recovery from potentially
catastrophic situations (missile and space launches, etc.).
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Category Ii--System Development Test and Evalvation--consists of
testing and evaluadon spanning the integration of subsystems into a
complete system in as near an eperational configuration as is prac-
ticable, Suitable instrumentation will be employed to Letermine the
functional capability and compatibility of subsystems, Category Il

is a joint contractor=- Air Furce effort under Air Foree control during
which the Air Force effort beeomes predominant with ever-inereasing
operating and supporting command pirticipation, Actual test opera-
tion and inaintenance should be performed by military perso: ael who
have roceived formal system training. It is usually culminated with
the demonstration effort required to complete the development por-
tion of the acquisition phase of a system prngram, Specific exumples
of tost objectives are:

(1) Determine that the system /equipment meets established require-
ments and specifications for performe ce, control, maintenance,
safety, reliability, ete,

{2) Detine the uperational configuration,

(3) Determine, develop, and test upduting changes that are necessary
to meot approved performance reguirements.

{4) Refine logistic procedures and policies,

(5) Verify and validate required technical data. This term is inter-
preted in its broadest scope and will include prints, drawings,
handbooks, manuals, technical documents, and other related
publieations.

(6) Evaluate new design changes before incorporation into the pro-
duetion system,

(7) Determine capabilities, limitations, and safety characteristics,
under actual or simulated climatic conditions by ground and/or
flight tests (as appropriate), These tests will b2 designed to
yield both engineering and handbook data.

(8) Provide familiarization, experience, and limited training to
Supporting and Operating Command personnel. However, pri-
mary test objectives will remain paramount.

(9} Demonstrate in the most realistic environment practicable that
the complete system is operable, maintainable, and transportable
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(10)

(11)

{as apyropriate) with approved and minimum suppert and test
equipiment, personnel, training, special tools, spare parts,
technical data, and apecial facilitics,

Detesmine the adequacy of the Personnel Subsystem (AFR 30-8)
and accelerate actions when changes in rersonnel training and/or
manning for the system in its operational environment are re-
quired, Verify that personnel subsystem neriormance is ade-
quately supported by equipment design, tools, technical data,
job envirunment, training, person»el selection, manning and
orzanization contrel procedures,

The Category il Test and Evaluation shall not be considered
complete until one of the following has taken place:

{a) Performance requirements as directed by HQ USAF
{Specific Operational Requirement, Development Directive,
or Operational Support Requirement, etc,, as applicable)
have been met, and it has been demonstrated that qualified
Operating Command personrel can eifectively prepare,
operate, and maintain the system utilizing only authorized
equipment and technical procedures and data.

(b) HQ USAF has officially relieved AFSC of performance re-
quirem suts that have been recoummended for deletion duc
to advaniageous trade-offs of cost or program schedule,

(c) The Qperating Command and AFSC both agree there are
minor areas of performance remaining that cannot be
demenstrated withia a reasonable time peri>d, These may
be caused by such things as long lead time romponents, or
recent engineering changes that are not available, or ex-
tended tests and evaluations that rely on long time periods
of data gatheri..g, etc, A formal agreement must be ren-
dered among the Operating Command(s), AFSC, AFLC, and
ATC defining the uncompleted areas and showing how they
will eventually be teated.

Category 11i--Systemn Operational Test and Evaluation Progra. --con-
sists of test and evaiuation of operational systems under the ¢.- .trol
and direction of the Operating Command, These tests shall include
all components, support items, personn- skills, technical data, and
procedures and shall be performed under as near operational condi-
tions as practicable. Suitable instrumentation will be employed in

"
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order to adequately evaluate test results, Category III testing will

be « onducted utilizing a configuration as jointly agreed by the Oprrat-
ing Commwand and AFSC/AF1.C, The test will be conducted in
accordarce with a specific test plan or order designed to meet the
otjectives of all participants, The test force size and composition
will be as mutually agreed in tho Operational Test and Evaluation Plan
or Order. Accomplishment may be performed at Operating Com-
mand, AFSC, or other available installations as circumstances dic-
tate. Specific examples of test objectives are:

{1) Determine and improve the operational capabilities of the sys-
tern and develop the most effoctive operational tactics, cech-
nigques, dectrine, und standards,

{2) Deotermine any operational deficiencies and/or Limitations and
provide quantitative and qualitative data for product improvement
programs,

{3) Evaluate the logistic system and capability., Acquiic supplemental
logistic data on:

{a) The rate of parts con=umption, maintenance and suppert
faeility requirements obtained during previous tests,

(b) Adequacy of uff-the-sghelf equipment, as applicable;

(c) Supportability of commercial equipment incorporated in the
gystem;

{d) Compatibility of equipment and components with transporta-
tion aquipment planned for use in support of the equipment,

(4) Determine the udequacy of trained perscnnel to operate and main-
tain the system in its operational environment, Take action to
revise the personnel subsystem and related training programs
and/or manpower documents and authorizations when vaiidated
test results so indicate,

{5) Obtain supplemental data relative to operational and/or support
requirements in terms of personnel; maintenance; supply;
transportation; packaging and materials handling; training;
special tools, test and support eqiipment; special facilities;
general performance standards,
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{6) Determine the adequacy of technica! data and prcvide infcrma-
tion for early corrections or additions, as found necessary.

(7) Supplement and refine reliability data.

(8) Cetermine the adeauacy of health protection, life support, and
medical and safety procedures, directives and equipment,

(9) Verify configuration status and reporting system between AFLC
and supporting command where mechanized system of accounting
is used,

(10) Insure that acceptable reliability factors are attained.

D. R&D Project Test and Evaluation

Test and Evaluation involved in the Research and Development program
(Research, Exploratory Development, Advanced Development, Engi-
neering Development, and certain Management and Support items) will
be administered and conducted as an integral part of research or
development projects with which identified. Criteria by program area
are:

(1) Operational Support (normally a segment of engineering develop-
ment). Testing and evaluation associated with operational support
items from relatively simple development and operational festing
of minor support items to large-scale efforis equalling those
involved in system acquisition,

(a) Testing of Operational Suppo t items will include:

l. Development Testing and Evaluation to achieve objectives
similar to those noted in Category I and II system develop-
ment testing, as appropriate for operational support
development,

2. Operational Test and Evaluation to achieve objectives
similar to those noted in Category III system operational
testing, as appropriate-for operational support development.

(b) Subsequent to the completion of development, test, and status
classification of an operational support item, it may be speci-
fied f{or application to one or more new systems under develop-
ment. Additional testing to-determine compatibility in the
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new system enviromment may be required and is not
considered duplicative,

{2) Advanced Development--Engineering Development {other than
Operational Support) and Test Instrumentation:

{a) Devzlopment Testing and Evaluation will be performed to
achieve objcctives of the type specified for Category I and
II system development testing, as appropriate to advanced
subsystem, component, and test instrumentation development,

(b) An outline of testing and experimentation necessary to ac-
complish the proposed development will be included in the
planning documentation specified in AFR 80-27, As with
Exploratory Development and Research projects, state-
ments of resources and facility requirements will be
provided.

(3) Exploratory Development and Research Projects:

(2) Research Testing or Experimentation will be performed to
verify hypotheses and proposed solutions to operational
needs or to measure phenorrena in the acquisition of new
knowledge, as appropriate, but not beyond the intent as
included in AFR's 80-27 and 80-4,

(b) An outline of testing and experimentation necessary to ac-
complish proposed research will be included in the planning
documentation specified in AFR 80-27. Resources and
facilities required for perxforming the testing and experi-
mentation will be included in the documented plan.

E. EngineerinLServices Test and Evalua.ion

Testing services, provided to Air Force and non-Air Force agencies requir-
ing technical support, facilities, and knowledge which exist primarily within
USAF research and development agencies will be considered as engineering
services. These services, which are not identifiable with an approved Air
Force research and development prcgram, will be provided in accordance
with applicable support agreements or the importance of the task as deter-
mined by precedence rating, national interest, or as directed by HQ USAF,
to support:
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Operational engineering activities, which include "Unsatisfactory
Report" engineering, modification engineering, re-procurement
support, and evaluation of inventions and techniques,

Engineering support of other Air Force and DOD agencies, Govern-
ment (including AEC and NASA) and industrial agencies,

The Defense Standardization Program (AFR 73-1).

F. Strategjc Ballistic Missile Testing

In addition to the provisions of this regulation, certain testing identifica-
tion and terminology will apply exclusively for reports to JCS/OSD on
stralogic ballistic missile testing, As shown in attachment 1, these
included R&D tests (equivalent to Category I and II), DASO tests (equiva-
lent to Category III); plus Operational tests and Follow-on Operational
Tests, which are explained as follows:

a,

b.

Operational Tests, Testing 2nd evaluation of systems reliability for
Single Integrated Operations Plan (SIOP) of operational systerns com-
mitted to the SIOP. The objectives of these tests, conducted by the
Operating Commend, are to det:rmine the readiness, launch, inflight
reliability, and accuracy of each weapon system. A sufficient nurr ber
of tests will be conducted to achieve the objectives with the confidence
levels as directed. Operational Tests will be accomplished subse-
quent to DASO tests and will be conducted in as near an operational
environment as possible. Units and missiles tested will be represen-
tative of each respective missile force. Specific objectives will be
identified in a Test and Evaluation Plan (for each weapon system) sub-
mitted to HQ USAF for approval.

Follow-on Operational Tests, These tests consist of continuing test-
ing and evaluation by the Operating Command. The objectives of these
tests are to insure that the reliability of each respective weapon sys-
tem is preserved and planning faciors remain valid for continued SIOP
use. Any additional objectives will be identified in the Test and Evalua-
tion Plan (for each weapon system) submitted to HQ USAF for approval.
These tests will sample each ballistic missile weapon system on an
annual basis. Tests will be conducted in sufficient number under an
oprrational environment representative of the missile force to reveal
any change in weapon system performance,
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APPENDIX V

COGNIZANT PERSONNEL WITH WHOM DISCUSSIONS
WERE HELD DURING THE SURVEY

Name

J. Adams

Capt. T. Aldrich, USAF

C. Bates

L. Becket

H. berridge

C. Bishop

J. Blank

J. Booth

K. Borchers

W. Shase

B. Cohen

J. Coules
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Affiliation

SEMP
Wright-Patterson AFB, Ohio

SEMP
Wright=Patterson AFB, Ohio

Behavioral Sciences Laboratory
Wright-Patterson AFB, Ohio

General Dynamics Corp.
Ft. Worth, Texas

Air Proving Ground Center
Eglin AFB, Florida

416M System Program Office
L. G. Hanscom Field
Bedford, Mass,

The Boeing Company
Vandenberg AFB, California

The Boeing Company
Seattle, washington

Space Technology Laboratories
Los Angeles, California

Space Technology Laboratories
Los Angeles, California

MacDonnell Aircraft Corporation
St. Louis, Missouri

Decisiosn Sciences Laboratory
L. G. Hanscomr Field
Bedford, Massachusestts
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Name

Crites

Lt, Col. G, Crosier, USAF

C.

J‘

J.

Jl

G,

Devine

Donaldson

Dorton

Edelman

Eckstrand

Mildred English -

G,

Bl

Evans

Fulk

Giloria Grace

C.

Gustafson

Capt. J. Harris, USAF

G. Hayes
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Affiliation

MacDonnell Aircraft Corp,
St. Louis, Missouri

ATTWP
Wright-Patterson AFB, Ohio

Satellite Control Facility
Sunnyvale, California

The Martin Company
Denver, Colorado

MRPTP
Wright-Patterson AFB, Ohio

Grummap Aircraft Engineering Corp.
Bethpage, Long Island

MRPT
Wright-Patterson AFB, Ohio

The Boeing Company
Seattle, Washington

General Dyuamics Corp.
Ft. Worth, Texas

General Dynamics Corp.
Ft. Worth, Texas

System Development Corp.
Santa Monica, California

SEPSM-RTD
Wright-Patterson AFB, Ohio

C-141 Personnel Subsystem
Test Office
Edwards AFB, California

Lockheed Aircraft Co.
Marietta, Georgia



Name

S. Heckert

J. Hyde

A, Jefiers

E. Jones

Lt. Col, W, Jones, USAF

Capt. H, Kagan, USAF

S. Kaplan

Lt. C, Kreunen, USAF

L. La Porte

R. Leadingham

E, Levin

J. Manglesdorf

R. Martel
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Affiliation_

Behavioral Sciences Laboratory
Wright-Patterson AFB, Ohio

The Martin Company
Denver, Colorade

SEMZ-1
Wright=-Patterson AFB, Ohio

MacDonnell Ajrcraft Corp,
St. Louis, Missouri

Titan II System Program Office
Norton AFB
San Bernadino, California

Space Systems Division {3S0T)
E] Segundo, California

SEMP
Wright-Patterson AFB, Ohio

C-141 Personnel Subsystem
Test Office
Edwards AFB, California

Autonetics Division
Ford Motor Company
Downey, California

MacDonnell Aircrait Corp.
St. Louis, Missouri

Grumman Aircraft Corp.
Bethpage, Long Island

Lockheed Aircraft Company
Sunnyvale, California

Sylvania Electronics Corp.
Waltham, Mass.



Name

E. Martin

W. MeAbee

C. McLean

J. Mocore

E. Miller

Sara Munger

S. Murdock

W. Oberthorn

H. Organ

H. Ozkaptan

Maj. J. Reed, USAF
Maj. S. Reed, USAF
E. Rieck

J. Ring
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Affiliation

Liockheed Aireraft Company
Mariotta, Georgia

General Dynamics Corp,
Ft. Worth, Texas

SEMP
Wright-Patterson AFE, Ohio

MacDonnell Aircraft Corp,
St. Louis, Missouri

The Martin Company
Denver, Colorado

American Institutes for Research
Washington, D.C,

Boeing Company
Seattle, Washington

Grumman Aircraft Engineering Corp.
Ft, Worth, Texas

Satellite Control Facility
Sunnyvale, California

Grumman Aircraft Engineering Corp.
Bethpage, Long Island

Satellite Control Facility
Sunnyvale, California

Spacc Systems Division (AFSC)
Inglewood, California

SEMP
Wright-Patterson AFB, Ohio
MRO
Wright-Patterson AFB, Ohio
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Name

T. Roberts

Lt, D, Rook, USAF

Capt, C. Scoggina, USAF

M. Snyder
P. Sprey
Lt. Col. W. Stobie, USAF

G, Stout

R. Turner

B. Wolin
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Affiliation

System Development Corp,
Bedicrd, Mass,

Minuteman System Program Office
Norton AFB

San Bernadino, GCalif,

Electronic Systems Divition (AFSC)
L. G. Hanscom Field
Beadford, Massachusecitts

Behavioral Sciences Laboratory
Wright-Patterson AFB, Ohio

Grumman Aijrcraft Enginecring Corp.
Ft, Worth, Texas

Air Proving Ground Center
Bglin AFD, Florida

Titan 1l System Program Oifice
Norton AFui

&an Bernadj»o, California

he Bowing Company
Secattle, Washington

Systems Development Corp.
Santa Monica, California
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1 September to ! December 1964, Dunlap and Associates, Inc.,
Darien, Connecticut, Decemrber 1964.

Sasaki, E.1I Donning and Doffing the "Phase B" Apollo Prototype
Space Suit Duriny Zero Gravity, AMRL-TDR-64-32, Behavioral

Sciences Laboratcry, Air Force Systems Command, Wright Patterson
AFB, Ohio, April 1964,

T&C Computer Operator Performance Data Checklist: Appendix to

Pers. Perform. Eval,, Method for Computer Pos. (161A) T&C
661-1-R11, Philco Corporation, Western Development Labs., Palo
Alto, California.

TLM Computer Operator Performance Data Checklist: Appendix to

Personnel Performance E-aluation Method for Computer Position
(160A)TLM, 661-1-R10, Philco Corporation, Western Development
Labs., Palo Alto, California.

Urmer, A. H., and Dees, J.E. Gemini Manual Attitude Control Simu-
laticn Studies, Report No. 8917, McDonnell Aircraft Corporation,

St. Loais Missouri, August 1962,

Aeronautical System References

ATC Participation in Category Test, Working Document C-~141 Per-

sqnnel Subsystem Test and Evaluation, Edwards AFB, California,
November 1964.
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Aerxronautical System References (continued)

Bishop, C.C., Garrett, C. A, and Dougherty, D.J. Human Engineer-
ing Evaluation of the Aircrew Stations in a Tactically Configured B-58
Weapon System: Category IF Development T&E, APGC-TN-59-73
(supplement), Air Proving Ground Center, Eglin AFB, Florida, April
1960, AD 237-629,

Blythe, C.R., Scripter, L.J., Helm, W, B, et al,, Human Factors

in B-47 Operation, Proj. No. R-318-001, Report No. 1, Air Research
and Development Command, Baltimore, Maryland, November 1952,
AD 8-523.

Category II Testing: Planners and Evaluators Guide, Special Train-
ing Section, 3750th Technical School, Sheppard AFB, Texas,
July 1963,

C-141 PSTE Working Precedures, Edwards AFB, Calurnia,
QOctober 1964.

C-141 PSTE Working Procedures, Annex B, QQPRI Forms, Main-
tenance Report Samples, Edwards AFB, California, October 1964.

C-141 PSTE Working Procedures, .Annex C, Training Evaluation -
Forms and Procedures, Edwards AFB, California, October 1964.

Cornell, F.G., Damrin, D.E,, Saupe, J.L. and Crowder, N. A.
Proficiency of Q-24 Radar Mechanics: IIl. The Tab Test of Trouble-
ShootiniProficiency, AFPTRC-TR-54-52, Research Bulletin, Air
Force Perscnnel and Training Research Center, Lackland AFR, San
Antonio, Texas, November 1954,

Crowder, N. A., Morrison, E.J. and Demareze, R.G. Proficienc_l_
of Q-24 Radar Mechanics: VI. Analysis of Intercorrelations of Meas-

ures, AFPTRC-TR-54-127, Research Bulletin, Air Force Personnel
and T Training Research Center, Lackland AFB, San Antonio, Texas,
December 1654,

Demarce, "R,G., Crowder, N.A., Morrison, E.J. and Majestv, M. S,
Proficiency of Q- 24 Radar Mechanics: 1. Purposes, Instruments,
and Sample of the Study, AFPTRC-TR-54-50, Research Bulletin,

Air Force Personnel and Training Research Center, Lackland AFB,
San Antonio, Texas, Movember 1954.
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Asronautical System References (continued)

DORA, Test Plan (Preliminary) Test Series A4, General Dynamics,

Fort Worth, Texas, February 1964,

Eddowes, E,E, and Crites, C.D, Dectailed F-4C Category II Person-
nel Subsystern Tast and Evaluation Plan, Report A383, McDonnell

Aircraft Corporation, St. Louis, Missouri, December 1963,

Evaluatior. Program for the R-2 Project, North American Aviation,

Inc.,, Space aird Information Systems Division, December 1962,

F-5A/B Category II/IIl Test Plan, Air Force Flight Test Center,

Edwards AFB, California, January 1964.

F-5A/B Monthly Progress Report No. 2, Air Force Flight Test Cen-

ter, Edwards AFB, California, March 1964,

F-5A/B Monthly Progress Report No, 3, Air Force Flight Test

Center, Edwards AFB, California, April 1964.

F-5A/B Monthly Progress Report No. 4, Air Force Flight Test

Center, Edwards AFB, California, May 1964,

F-5A/B Monthly Progress Report No. 5, Air Force Fl.ght Test

Center, Edwards AFB, California, June 1964.

F-5A/B Monthly Progress Report No, 6, Air Force Flight Test Cen-

ter, Edwards AFB, California, July 1964,

F-111 Detailed Test Plan for the First Test Series on the Nasy Dora,

GAEC Report Number 9126 General Dynamics, Fort Worth, Texas,
October 1964.

Gradijan, J. and Lenzycki, H, P, Huinan Faciors Recommendations
for Electronic Warfare Simulator Set, Defense AN/ALQ-T4 (B-52H)

(U}, Duniap and Associates, Inc,, Darizn, Connecticut, February
1961,

Krumm, R.L. and Farina, A.J., Jr, Effectiveness of Integrated

El_i_&ht Simulator Training in Promoting B-52 Crew Ccordination,

Technical Documentary Report No. MRL-TDR-62-1, Wright
Patterson AFB, Ohio, February 1962,
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Aeronautical System References (continued)

Lenzycki, H,P, and Pepler, R.D, CH.3C Personne! Subsystem Test
and Evaluation Ple\n for Human Eungineering, Progress Report 1,
SER- 61804, Sikorsky Aircrait, Stratford, Connecticut, May 1963,

Lenzycki, H, P, and Pepler, R,D. Humén Factors Cockpit Subsystem
for the CH-3C Helicopter-Final Progress Report. SER-61830,

Sikorsky Aircraft, Stratford, Connecticut, May 1963,

Lindsey, J.F. Bioastronautics Study of B-58 Maintenance Training,
Category III System Operatlional Test and Fvaluation, APGC Project

102AH2, APGC-TN-61-8, Air Proving Ground Center, Eglin AFB,
Florida, May 1961, AD 259-304,

Mariing, J.G. Personnel Subsystem Test and Evaluation Validation
of the QQPRI, C~141 JTF 0l 80-1, Edwards AFB, California,

September 1964,

Miquelon, D,, Wkittemore, D. and Lenzycki, H.,P. Human Factors
Recommendations for Electronic Warfars Simulator Set, Elint
AN/ALQ-T3 (RB-47H) (U), Cunlap and Associates, Inc., Darien,
Connecticut, February 1961,

NAA/PSTE Test Procedures - WS-131B Report No. MD 61-11, North

American Aviation, Inc., Space and Information Systems Division,
January 1961.

Pilot Comments Obtained During Navy DORA Test Series B-1 and B-2,

Preliminary Report, Grumman Aircraft and Engineering Corporation,
Bethpage, New York, January 1965.

Rulon, P.J,, Langmuir, C.R., Schweiker, R.F., Demaree, R.G.,
Crowder, N. A, and Sawrey, W.L, Proficiency of Q-24 Radar
Mechanics: II, The Performance Trouble-Shooting Test, AFPTRC-
TR-54-41: Research Bulletin, Air Force Personnel and Training
Research Center, Lackland AF'B, San Antonio, Texas.

Simon, G.B. Evaluation and Combination of Criterion Measures by
Factor Analysis: A Study of B-25 Preflights by Airplane and Engine
Mechanics, AFPTRC-TR-54-23: Research Bulletin, Air Force Per-

sonnel and Training Research Cente1, Lackland AF'B, San Antonio,

Texas, May 1954,
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Aeronautical System Relerences (continued)

Simon, G.B. The Development and Tryout of a Check List of Obser-
vable Behaviors in Preﬂ.ig}_xtigg_the B- 25, Technica. Report 53-7,
Alr Reseurch and Development Command, Chanute AFB, Ilinois,
April 1953,

Smode, A.F., Vauerie, L., L. and Kelley, C.R. Performance Evalu-
ation on the Sikorsky Flight Simulator, Memorandum Report No, 2,
Dnnlap and Associates, Inc., Darien, Connecticut, December 1962,

Missile System References

Alter, F.H. Personnel Subsystern Test and Evaluation Plan, GES for
WS-133B (Minuteman), Report No. MPQ-PD-0060, Sylvania Elec-
tronic Systems, Waltham, Massachusetts, March 1964.

Beckert, G. Launch Crew Activities - WS 107A-2 (SM-68B), Extract
irom CR-61-40, The Martin Company, Denver, Colorado,
September 1361,

Category I/II Personr.el Subsystem Test and Evaluation Wing II Re-
ports (FTM 625), Report No. D2-15199-3, The Boeing Company,
Seattle, Washingtor, August 1963,

Category II: PSTE/MLRR Test and Evaluation: Inertial Guidance Sys-
tem Weapon System 107A-2, Final Summary Report, IV-AG-256, AC
Spark Plug, Division of General Motore Gorporation, Milwaukee,
Wisconsin, June 1964,

Category II: PSTE and MLRR Test and Evaluation Objective Achieve-
ment Status Report, IV- AG-241, AC Spark Plug Division, General
Motors Corporation, Milwaukee, Wisconsin, ¥ebruary 1964.

Chase, W.P, Criteria for WS-133 Fersonnel Subsystem Test and
Evaluation: Coordination Draft, 9362.2-053, TRW Space Technology
Laboratories, Los Angeles, California, February 1965.

Detailed Test Requirement: Weapon Sysiem Performance, Phase II

- Human Factors Test, Minuteman {WS-133B) Ground Integration Test

502,

Program, Report No. MPO-SR-5-6-200, Sylvania Electronic Systems,
Waltham, Massachuseits, January 1965,

Golden Ram Data Amplification (Atlas), Rough Draft, Dunlap and Asso-
ciates, Inc., Darien, Connecticut, May 1961.
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Missile System Refercnces (cuntinued)

Golden Ram Personnel Subsystem Final Repori, Vandenberg AFB,
‘California, September 1961,

Ground Electronics System Contractor; Statement of Work for WS-
1333 {(Minuteman) Grounu Electronics System R&D Program,
Ballistic Systems Division, Air Force System Command, San
Bernardino, California, July 1962,

Ground Integration Test Program, Minuteman WS-133B, Detailed Test
Requirement No, GWS- 10, MPO-5R-5.6-200, Volume II, Sylvania
Electronic Systems, Waltham, Massachusetts, June 1964,

Hall, F.S. and Peters, G. A. Launch Area Preparation and Checkout;
Logical Function Report on OSTF-1 Human Factors - Personnel Sub-
system Test Objectives, R-3774, Rocketdyne, Division of North
American Aviation, Canega Fark, California, August 1962, AD 285 868.

Hall, F.S. and Peters, G, A, Missile Assembly and Mainienance;
Logical Function Report on OSTF-1 - Human Factors-Personnel
Subsystem Test Objectives, (Atlas MA-3 Propulsion System), R-3799,
Rocketdyne, Division of North American Aviation, Canoga Park,
California, September 1962, AD 286-912,

Hardy, E. Minuteman Wing VI General Purpose System Simulation
Model (GPSSII) Mark IX: WS-133B, Report No. D2-30567-2, Boeing
Company, Seattle, Washington, May 1964,

Holum, J.E. and Stricklin, W, L. Personnel Subsystem/Maintainability

Test and Evaluation Plan for WS-1338B, Document No. D2-30360-1,
The Boeing Company, Seattle, Washington, 1964,

Howard, W.J, and Inaba, K. The Titan II Inertial Guidance System
Category II PSTE/MLRR Program. Volume il - The Maintenarce
Subsystem Model, Dccument No. 41, Revision A, 3erendipity Asso-
ciates, Sherman Oaks, California, November 1963.

Human Engineering: General Specification for the Deveiopment of AF
Ballistic Missile Systems, AF/BSD Exhibit 61-99, Ballistic Systems
Dwxslon, Air Force System Command, San Bernardino, California,
February 1962.
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Missile System References (continued)

Human Error Analysis and Investigation, Monthly Report for March-
April 1963, CN.63.-109, Martin Company, Denver, Colorado,
AD 403, 377,

Human Reliability Analysis {Titan Il Missile), The Martin Company,
Denver, Colorado, 1954,

Hyde, J. Titan Il - Category Il PSTE and MLRR: Integrated Final
Report, Report No. CR 64-137 (Rev, 1), The Martin Company,
Denver, Colorado, September 1964,

Inaba, K. The Titan II Inexrtial Guidance System Category II PSTE/
MLRR Program: Volume I - A Guide for Implementing the Program,
Serendipity/ACSP Coordination Document No. 36, Serendipity Asso~
ciates, Sherman Qaks, California, September 1963,

Insiructions for Personnel Sabsystem Development: WS-133B, BSD
62-90, Ballistic Systerns Divisiun, USAF Systems Command, San
Bernardino, California, September 1962,

Integrated Task Index for WS 107A - 1 Atlas § vies F, AZM-27- 191J,
General Dynamics Corporation, San Diego, Cuiifornia, June 1961,

Integrated Test Plan for WS-~ 107A-1, Operational System Test Facility
OSTF #1 and #2, Supplement: Personnel Subsystemn Test Plan Annex,
GM 6300, 5-1050, Space Technology Laboratories, Inc., Santa Monica,
California, December 1960,

Irby, T.S5. Human Engineering Program Plan: Ground Electronics
System for WS-133B (Minuteman), MPO-PD-0030, Dunlap and
Associates, Inc., Darien, Connecticut, April 1963,

Irby, T.S. Requirements Checklist - HF 2: Life Support Subsystem
Criteria, AFBSD Exhibit 62-79 (abstracted from}, Dunlap and Asso-
ciates, Inc,, Darien, Connecticut, June 1962,

Kennan, J.J. Instruction And Refcrence Manual: Human Factors Test

Schedule System: THOR, WS 315-A, Dunlap and Associutes, Inc.,
Darien, Connecticut, December 1958.

Keenan, J.J. WS-~133B, Ground Electromcs System Integrated Human

Factor Verification and Evaluation Proiram, MPO-PD- 0047, Sylvania
Electronic Systems, Minuteman Program Office, *Valtham, Massa-
chusetts, November 1963.
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Missile System Reforences (continued)

Keenan, J.J. etal, DM- 18 Human Factor System Evaluation Report,
Report Na. 162-59.5 4Supblnment, D\mlap and Associates, Inc,,
Darien, Connecticut, November 1959,

Keenan, J.J, et al, Documentation of Human Factors Studies on

DM- 18 (THOR), Memoranda Nos, 1-125, Dunlap and Associates,

Inc., Darien, Connecticut, November 1959,

Keenan, J.J., Lenzycki, H,P, and Callow, R.V. Memoranda and
Reports; Human Factors Engineering on the WS- 133B, “Document

Nos, 1 through 58, Dunlap and Associates, Inc,, Darien, Connecticut,
June 1964, .

Mating of Nose Cone to Missile Airframe, Human Factors Schedule

No, 13, Missiles and Space Systems Enginecring, Douglas Aircraft
Company, Inc., Santa Monica, California, January 1959,

Minuteman Human Reliability Ballistic Missile Workshop, Symposium

and Workshop on the Quantification of Human Performance, TRW/
Space Technology Laboratories, Norton AFB, San Bernardino,
California, August 1964,

Minuteman Test Document GWS- 1--Weapon System Start-up: Command

Status and Communication, Sylvania Electronic Systems, Waltham,

Massachusetts, October 1963,

Missile and Ground Support Equipment Launch Position Checkout,

Inspection and Troubleshooting, Human Factors Schedule No. 7,
Douglas Aircraft Company, Inc., Santa Monica, California,
August 1959,

Observer /Evaluator Handbook, PSTE Operating Procedures: MLRR

T&E, Operating Procedures, SM-68B Titan II, (The Martin Company),
Vandenberg AFB, California, June 1963,

Operating Procedures, Ground Electroni. System, WS-133B,

Sylvania Electronic Systems, Waltham, Massachusetts.

Personnel Activities Evaluation Report for March 1963, CR-63-105,
Systems Operations Section, Systems Engineering Department,
Martin Company, Denver, Colorado, April 1963, AD 403-578,
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Missile Systom References {continued)

Porsonnel Subsystem Basic Data, Type 1, Integrated, Maliunction
Isolation Procedures for WS 107C 1GS QSMA), CR-61-16 (Volume 11)
Rev, 4, Martin éompmy, Denver, Colorado, December 1962,

AD 4152624,

Personnel &ubsysmm Test and Evaluation SOP for Program 279,

AEROSPACECOM, Bediord, Mzssachusetts, 1963,

Peraonnel Subsystem Test and Evaluation of Program 279; Interim
Operational Capab;hty (I0C) Final Report, ABROSPACECOM Report,
Bedford, Massachusetts, July 1963,

Persgonnel Subsystem Test and Evaluation: Systems Analysis Data
Addendum to Test Cycle Report on Missile 5M68-11, CR-63-43,
Addendum No, 1, Martin Company, Denver, Colorado, March 1963,
AD 405-385,

Personnel Subsystem Test and Evcluation: Test Cycle Report on
Missile 62168-11, Report No. CR-63-43, Martin Company, Denver,

Colorado, February 1963, AD 405-382,

Peters, G. A. and Hall, F.S, Missile Sys.em Safety: An Evaluation
of System Test Data (Atlas MA-3 Engine System;, ROM 3181-1001
(R-5135), Rocketdyne, Division of North American Aviation, Canoga
Park, California, March 1963,

Power Generation and Distribution System DPT Checkout, Inspection
and Troubleshooting, Human Factors Schedule No. 15e and 15{,
Douglas Aircraft Company, Inc.,, 3anta Monica, California, May 1959.

Revised Work Statement: Personnel Subsystem Basic Data Program
for the Atlas Missile, GM 6300,5-653, TRW Space Technology
Laboratories, Los Angeles, California, August 1960,

Saylor, J. W, and Bosch, ¥. M. Operability/Maintainability Plan,
MC-2-4-6160, Sylvania Electronic Systems, Minuteman Program
Office, Waltham, Massachusetts, December 1963,

Segment V - Servicing, Replacement and P.epair at the Launch r'osi-

tion, Human Factors Schedule No. 1lb, Missiles and Space Systems
Engineering, Douglas Aircraft Company, Inc., Santa Monica,
California, July 1959,
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552.

Missile Sysem References (continued)

Statement of Work: Contractor Support - Category Il Human Facliors
Field §tud_y; (MACE), Rcport No. USAF 7099, Martin Company,
Denver, Colorado,

Steinert, J.R., Blank, C,J, and English, Mildred. Integrated Support
System Test Flan, Coordination Draft, Report No, D2-30053-6,
The Boeing Company, Seattle, Washington, March 1965,

Technical Operating Report: MLRR T&E Plan for TF-2: Weapon Sys-
tem 107C, Titan II, CR-62-2 (Vol. III), Rev. 1, Martin Company,
Denver, Colorado, February 1963,

Titan Il, Category II: 3 ersonnel Sub-
system Test and Evaluation, SM-68B, Titan II, Martin Company,
Vandenberg AFB, California, July 1963..

Titan U Inertial Guidance System (IGS) Maintenance Subsystem (MSS)
Model Iniormation Packet, AC Spark Plug Division of General Motors
Corporation, Milwaukee, Wisconsin, November 1963.

Weapon System Personnel Subsystem Test and Evaluation Plan for
T¥-2, Weapon System 107C - Titan II, CR-~62-2 (Vol. II) Rev, I,
Martin Company, Deaver, Colorado, February 1963,

Winnier, A. On-Site Figure A Timelines Data for Support of 2nd Main-
tenance Loading Conference, Sylvania Electronic Systems, Waitham,
Massachusetts, July 1963,

Electronic System Refererces

Adams, J. A. and McAbee, W.H, A Program for Evaluation of Human
Factors in Category II Testing of Air Weapons Control System 4121
{(Phage II Coufiguration), PGN Document 62-1, Aj:r Proving Ground
Center, USAF, Eglin AFB, Florida, May 1962.

A Typical Test Plan for Electronic Systems, Report No. ESDP 375-2,
L. G, Hanscom Field, Bedford, Massachusetts, March 1963,

Bermudez, L. Component Performance Test Procedure for Console,
Data Display OA-4578/GSA-51, BUC-63-4-2103B, Burroughs Cor-

poration, Radnor, Pennsylvania, June 1964.
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Electronic System References {continued)

553, Berridge, H. L. A Guide for Measurement of Operator Proficiency
in the 412L Air Weapons Control Sy:tem. PGN Document 63- 6,
Alr Proving Ground Gonter, Eglin AF 3, Florida, Noveniber 1963,

554, Berridge, H, L. Determination of System Effectivencss (AN/TSQ-

A7), R&D 4.8, Air Proving Ground Cent.r, Eglin AFB, Florida,

555, BUIC Test Plan and Test Concept AN/GSA-51, Report BUC-905- 003

Revision C, Burroughs Gorporation, Radnor, Penusylvania,
October 1963.

556, Busch, A,C,, McNair, R..). and Kirby, F.J. The Data Flow A,aly-

s8is of a Mobile ATC Aid, final Report, RAD-TR-62-34, AVCO
Corpomtxon, RAD Div, » Wilmington, Massachusetts, August 1962,

557, Category I and II Test teport for Around-the-Basc Display of Local
Weather, Report No, WSC E- 34, United Aircraft Corporation,
Farmington, Connecticut, September 1963,

558, Category II Test of Meteorological Radar Set AN/FPS-68, Report

No. WSC E-22, United Aircraft Corporaiion, East Hartford,
Connecticut, Dece.mber 1962,

559. Category II Tes. Report for Meteorological Station, Manual AN/TMQ-

16, Report No, WSC E-32, United Aircrait, Farmington, Connecticut,
April 1963,

560. Chambers, A.N., Ardrcassi, J.L. and Lewin, E. (Eds.) Quaii-
tative Personnel Requirements Information for Project 465L, JEC

Report No. 20046, International Electric Corporation, Paramus,
New Jersey, June 1961,

561. Coules, J. and Stuntz, S.E. Human En&ineeriniEvaluation of a
Mobile Air Traffic Control and Cornmunication System, AN/TSQ-47

ESD-TDR-63-650, DSL, AF Systems Command, L.G. Hanscom Field,
Bedford, Massachusetts, December ' 33,

562. Eckenrode, R.T. Notes on 4731, System Design (U), Memorandum
61-1-4, Dunlap and Associates, Inc., Stamford, Connecticut.
January 1961 (Secret Report).
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570.
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572.

BElectrunic Syu.em Feferencos (vontinueld)

Frost, C, F, and Price, W.E, Ewvaluation of Human En ineering As-
pects of Technical Control Centars, Report No, SCD 21560, Hadio
Corporation of Amarica, Camden, New Jersey, April 1960,

Functional Arrangement of the NORAD Combat Operations Center
Bmldgigé {U), Dunlap and Associates, Inc., Stamiord, Connecticut,
October 1959 (Secret),

N e e ST
Functional Requirements for the NORAD Combat Operations Center,
(U), Dunlap and Associates, Inc,, Stamford, Connecticut, October 1958
(Secret),

Gruber, A, et al, Field Testing of Air Weapons Control System 412L-
Phase I, Report No, AFESD-TR-61-27, Dunlap and Associates, Inc.,
Darien, Conneeticut, June 1961,

Human Engineering Report: Air Traific Control/Communications Sys-
tem AN/TSQ-47, Report No, CR-062-548-7, Acrospace Communications
and Controls Division, Radie Corp, of America, Burlington, Massa~
chuietts, September 1562,

Human Engineering Report No, 2; ATC/Communications System AN/
TSQ-47, Report No. CR 62-548-17, Acerospace Communications and
Controls Division, Radio Corp. of America, Burlington, Massachusetts,
Dacember 1962,

Human Engineering Report No, 3: ATC/Communications System AN/
TSQ-47, Report No, CR 63-548-20, Aerospace Communicationz and
Controls Division, Radio Corp. of America, Burlington, Massachusetts,
March 1963,

Human Engireering Report No, 4; ATC/Communications System AN/
TSQ-47, Report No. CR 63-348-26, Aerospace Communications and
Controlc Division, Radio Corp. of America, Burlingtor, Massachusetts,
June 1963,

Human Factors Test Program: Category II, Phase I for the 465L Sys-
tem Test Facility, Dunlap and Associates, Inc,, Darien, Connecticut,
October 1960.

Human Factors Test Program: Data Presentation Subsystem Data
Proceu__g Central: Category II, Phase I for the 465L System Test
Facility, Dunlap and Associates, Iuc., Darien, Connecticut,
February 1961, .
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Koenan, J.J., Gradijan, J. and Dunlap, J. W, AN/GLR-1 MRC
Operational Test Program Report: Training and Test Design for

Human ‘Factors Evaluation at Site 1I, Final Report No. 62-14-FR,
Dunlap and Assocjates, Inc., Darien, Connecticut, March 1963,

Marks, M.R. A Revievg_ of Research on Personnel Evaluation Tools
for the fage System, ESD-TN-61-49, Fsychological Research Asso-
ciates, Division of The Matrix Corporation, Arlington, Virginia,
April 1961,

Minute_f of Coordi_r_xgtion Meeting on PSTE Procedures for AN/FSR-2
Test Plan, 496L SPO, L.G. Hanscom Field, Bedford, Massachusetts,
May 1964,

Newlands, E. and Grace, Gloria L., Computer-based Methodology for
Sysiem Development Site Production and Reduction System, SP-1070,
System Development Corporation, Santa Monica, California, April 1963,

Performance Measures Report: Air Traffic Control/Communications
System AN/TSQ-47, Report No. CR-62-548-9, Aerospace Communi-
cations and Control Division, Radio Corp. of Armerica, Burlington,
Massachusetts, November 1962,

Preliminary Design Specifications for the NORAD Combat Operations
Center Building, (U), Durnlap and Associates, Inc., Stamford,

Connecticut, January 1959 (%

Preliminary Design Specifications for the NORAD Operations Center
Building, (U), Dunlap and Associates, Inc., Stamford, Connecticut,
July 1959 (Confidential).

Preliminary Statement of Requirements for the NORAD Combat Opera-
tions Center, (U), Dunlap and Associates, Inc., Stamford, Connecticut,
July 1958 (Secret).

LY

Proposerd Personnel Subsystem Test Evaluation Plan for 483L, Report
No. 203, Hughes Aircraft Company, Culver City, Califsrnia,
March 1963,

Qualitative .and Quantitative Personnel Requirements Information for
AN/TSQ-47 Air Traffic Control/Communications System, Radio Corp.
of America, Burlington, Massachusetts, April and June 1963.
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583, Report of Aircrafi Loading AN/TS(2-47Subsysterm, RCA Report No, TR
47 P4, Aerospace Communications and Controls Division, Radio
Corp. of America, Burlingten, Massachusetts, March 1964,

584, Report of Assembly/Disassembly Tests on Subsystems of AN/TSQ-
47, RCA Roport No, TR-47-PI, Aerospace Communicaiions and Con-
trols Division, Radio Corp, of America, Burlington, Massachusetts,

" March 1964,

585, Report of Flight Test on Air Traific Control/Communications Sys-
tem AN/TSQ-47, RCA Report No. TR 47 P2, Radio Corp., of
America, ASD, Burlington, Massachusetts, March 1964.

586. Revisions for Qualitative and Quantitative Personnel Requirements
Information for Project 465L, ITT Kellogg, Division of International
Telephone and Telegraph Corp., January 1962,

587. Sage Air Surveillance Branch Track Initiation - Monitoring Test, ERC
Project No, 53, Educational Research Corporation, Cambridge,
Massachusetts, June 1959,

586, Strategic Air Command Control System Personnel Subsystem Test
Progress Report, £SD-TDR- 64- 384, Electronic Systems Division,
AF Systems Command, Bellevue, Nebraska, June 1964,

589, System 473L, U.S. Air Force Headquarters Control System, Human
Engineering Analysis Report, (U), Memorandum No. 6l1-1-7, 473L-
TM-091, Dunlap and Associates, Inc,, Stamford Counnecticut,
April 1961,

590. Test Plan for Category Il Testing of System 416M, The 416M Test
Force, L. G, Hanscom Field, Bedford, Massachusetts, November
1963.

591, Test Plan for Category II Testing of System 482L, AN/TS5Q-47,
Emergency Mission Support System, Air Proving Ground Center
(AFSC), Eglin AFB, Florida, September 1963,

592. The Requirement for a Blue~Suit Computer Programmer Capability
for Command and Control Systems, Part I of 2 Parts, Electronic
Systems Dw:uon, L. G, Hanscom Field, Beaford, Massachusetts,
June 1964,
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593. Training Bquipment Planning Information {TEPI), Report No. CR-62.
548-5, ATC/Communications Systems AN/TSQ-47, Radio Corpora-
tion of America, Burlingion, Massachusetts, September 1962,

594. Ulmer, R.G., Eckenrode, R.T. and Whittemore, D, L. Action Team
Operations During Detaction of Deviations Possibly Requiring an AF
Response, (U), Memorandum 61-1-6, Dunlap and Associates, Inc.
Darien, Connecticut, February 1961,

595. Wolin, B.R. Final Report: Contr, AF 19(604)-2635, Repo¥t No. E-26
AFCRC-TR-59-56, System Development Corporation, Santa Monica,
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