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PREFACE

This guide is the result of work conducted under Naval Air Development
Center Contract No. N62269-76-C-0434 between 1 July 1976 and 30 June

1977. Whereas the objective of this User's Guide is to clarify and ex-
pand on the test and evaluation sections of MIL-H-46855, this is only one
phase of an effort to develop user's guides for the major portions of
MIL-H-46855. Phase I, which was completed June 1976, covered the analysis
portions of MIL-H-46855. N

The author is indebted to the following persons for their guidance and
contributions:

CDR Paul R. Chatelier, Naval Air Systems Command
Dr. Lloyd Hitchcock, Naval Air Development Center
Mr. Ed L. Holshouser, Pacific Missile Test Center
LCDR William F. Moroney, Pacific Missile Test Center

Within the Boeing Aerospace Company, the program was ﬁirected by Mr. W. J.
Hebenstreit of Laogistics Support and Services' Crew Systems Organization.
Other Boeing personnel whose consultation during the program contributed

significantly to the information contained herein include: Mr. D. W. Jahns,

Dr. G. R. Gardlin, and Mr. M. M. Nagata.
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1.0 INTRODUCTION

During the course of system development, test and evaluation (T&E) is re-
quired to assure that the evolving system meets a myriad of requirements
ranging from reduction of technical risks through demonstrating the sys-
tem's military utility. Generally, two broad categories of test and evalu-
ation are used (Reference 1): Development Test and Evaluation (DT&E) and
Operational Test and Evaluation (OT&E), where the former is planned, con-
ducted, and monitored by the Developing Agency (DA) of the system, and the
latter is the responsibility of the Operational Test and Evaluation Force
(OPTEVFOR). A third category, Production Acceptance Test and Evaluation
(PAT&E), is testing conducted on production items to demonstrate that systems
meet contract requirements and specifications.

The first two categories of T&E are defined in Reference 1 as follows:

"DT&E is that test and evaluation conducted to: demonstrate that

the engineering design and development process is complete; demon-
strate that the design risks have been minimized; demonstrate that
the system will meet specifications: and estimate the system's mili-
tary utility when introduced..."

"OT&E is that test and evaluation conducted to estimate the prospec-
tive system's military utility, operational effectiveness, and opera-
tional suitability (including compatibility, interoperability, relia-
bility, maintainability, and logistic and training requirements),
and need for modifications. In addition, OT&E provides information
on organization, personnel requirements, doctrine, and tactics. Also,
it may provide data to support or verify material inoperating instruc-
tions, publications, and handbooks..."

Human factors engineering (HFE) is an extremely important aspect of the total

T&E effort. HFE T&E must be established to:

a) demonstrate conformance of system, equipment and facility
design to human engineering design crtieria;

b) confirm compliance with performance requirements where man

is a performance determinant;

c) secure quantitative measures of system performance which are a
function of man-machine interaction; and

]OPNAVINST 3960.10. Department of the Navy. Office of the Chief of Naval
Operations, "Test and Evaluation", Washington, D. C., October 1975.




d) determine whether undesirable design or procedural features

have been introduced.

1.1 Purpose of the Guide

The objective of this guide is to provide assistance to human factors (HF)
engineers in the planning, scheduling, and performance of human factors
engineering (HFE) T&E in accordance with the requirements of MIL-H-46855
(Reference 2). The requirements of Paragraphs 3.2.4 through 3.2.4.3 of
MIL-H-46855 are interpreted anad delineated in terms of the HFE T&E steps and
techniques which need to be performed. This guide will help to ensure that
the HF engineer includes all appropriate aspects of the total HFE T&E pro-
cess in system development efforts.

There has been a long standing need for both this type of guide and for a
guide which provides assistance to human factors engineering (HFE) analysts
in performing the analysis portion of their engineering activities. The
analyst's guide (Reference 3) has been prepared as the first phase of a total
effort to amplify and interpret the requirements of MIL-H-46855.

The particular need for this T&E guide has been to select effectively, for a
given type of program, just which HFE T&E techniques should be performed,
when and how to perform them, how their results will be used, and what their
relative cost will be. These technique selection criteria enable the HF
engineer to develop realistic, objective planning within the monetary and
time constraints of a program. This document provides guidelines for the

HF engineer that are based on both Navy and industry surveys of T&E exper-
jence and needs. The guide 1lists and explains the criteria for choosing
various T&E techniques. It provides the basis for matching particular tech-
niques to particular applications, and it describes in detail how to use the
various techniques.

2MIL-H—46855A, Human Engineering Requirements for Military Systems, Equipment

and Facilities, 2 May 1972.

3Geer, C. W., Analyst's Guide for the Analysis Sections Sections of MIL-H-46855,

D180-19476-1, Boeing Aerospace Company, Naval Air Development
Center, June 1976.




Tnis quide may be used at all levels of program design and procurement,
including analysis; however, it is designed more specifically for the HF
engineer to use during the later design development test and evaluation
stages.

1.2 Scope of the Guide

This document assumes user knowledge of basic HFE concepts. It presents
the significant aspects of HFE T&E alone rather than material on the com-
plete field of human factors engineering. A complete description of human
factors engineering as well as its typical applications and value may be
found in any of several HFE text books.

This quide contains a detailed description of specific HFE T&E tasks and
techniques. It indicates how to go about implementing or using *hese tasks
and techniques and the best time to use them. Comments are inc’u:ded re-
garding technique selection and usefulness. In many instances, examples
of particular techniques are also presented.

The guide will be of use in responding to RFP's (Request for Proposals)

and in the preparation of HFE Test and Evaluation Plans and HFE Program

Plans in particular. A program planning decision tree checklist for HFE
observers/evaluators is included in Section 2.3 of this quide. This de-
cision tree checklist indicates the decisions to be made and actions to

be taken in responding to an RFP or during the performance of the MIL-H-
46855 T&E effort.

A similar guide to this has been prepared for use by Navy managers (Ref-
erence 4). It includes most of the same material; the major difference is
in the detail presented in the sections on HFE T&E tasks and techniques.
The section onprogram planning in the Navy Manager's Guide is modified
appropriately to the manager's point of view.

4Geer. C.W., Navy Manager's Guide for the Test and Evaluation Sections

gj,MIL-H-4§§§§: D194-1006-2, Boeing Aerospace Company, Naval Air Develop-
ment Center, June 1977.




In Appendix A there is a list of all the various organizations that were
contacted in order to determine the kinds of data which should be contained
in the two guides. These individuals were interviewed directly as to their
T&E experience, problems, and needs.

The appendices also contain information on definitions/acronyms pertaining
to this guide, and the T&E sections of MIL-H-46855. Appendix D is a com-
plete package of T&E technique worksheets. These worksheets were prepared
from data obtained from survey of individuals listed in Appendix A and

~ through a survey of available literature. The worksheets iwere prepared

‘ primarily for the purpose of gathering data for the narrative descriptions
of each of the techniques in Section 5.0. However, the worksheets will be
of direct use for technique comparisons.




2.0 HFE TEST AND EVALUATION APPROACH

This section of the guide describes a general approach to the HFE T&E
effort. It includes both the formal and the practical (or technical)
reasons for performing HFE T&E. The approach to this HFE T&E effort is
detailed by a program planning decision tree diagram and by a section
describing the basic HFE T&E technique considerations of a) data inputs,
b) timing, c) level of evaluation detail, d) evaluator's judgment, and
e) evaluation applications.

2.1 Formal Requirements

The formal requirements for performing test and evaluation are found in
certain Department of Defense (DoD) directives and SECNAV (Sccietary of Navy),
NAVMAT (Chief of Navy Material), and OPNAV (Chief of Naval Operations) in-
structions. The particular formal requirements for HFE and HFE T&E, are
found in NAVMATINST 3900.9 (Reference 5). Additional requirements for HFE

T&E are also found in MIL-H-46855. Two Data Item Descriptions (DID's) have
been developed for use in performing HFE T&E. There are also several guides,
handbooks, and general literature sources on the subject of HFE T&E. Some

of the most important formal HFE T&E requirements are always to be found in
the program contract, including the system specification and statement-of-
work. While the military is largely controlled by directives and inStruc-
tions, contractors are controlled by military specifications/standards and
DID's. Guides, handbooks, general literature and the attitudes of both the
procurement agency and contractor tie military and contractor HFE T&E efforts

i
together. i
i
|

2.1.1 T&E Directives and Instructions

In 1971, the Deputy Secretary of Defense promulgated the policy for major
defense system acquisition via DoD Directive 5000.1, "Major Systems
Acquisition" (Reference 6). Included within this directive is the

5NAVMATINST 3900.9, Department of Navy, Headquarters Naval Material Command,
“"Human Factors", Washington, D. C. 20360, September 1970.

6000 Directive 5000.1, Department of Defense, "Major System Acquisition",

Washinaton, D.C. 20301, January 1977.

10
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requirement to formalize and incorporate T&E into the early program devel-
opment stages. This directive also required the Navy to upgrade and ex-
pand T&E of all weapon systems to include testing in a simulated combat
environment as a prerequisite for procurement. SECNAVINST 5000.1 imple-
mented this system acquisition policy within the Navy. Reference 7 pre-
sents the Defense System Acquisition Review Council (DSARC) review require-
ments for weapons systems acquisition, and translates the review checklists
(DSARC milestones) into HFE requirements.

DoD Directive 5000.3, "Test and Evaluation" (Reference 8) establishes pol-
icy for the conduct of test and evaluation by the Mjlitary Departments and
Defense Agencies. It directs the developing agency of the DoD component to
initiate T&E as early as possible and to continue throughout the system ac-
quisition process as necessary to assist in progressively reducing acquisi-
tion risks and in assessing military worth. In addition, DoD Directive
5000.3 requires that the acquisition schedules be based upon accomplished
T&E milestones prior to the time key decisions are to be made, which would
commit significant additional resources.

NAVMATINST 3960.6, "Planning and Implementation of Tests and Evaluations of
New Weapon Systems", (Reference 9) provides quidance for the planning and
implementation of tests and evaluations required as a part of the system
acquisition process. This instruction provides guidance for preparing the
Test and Evaluation Master Plan (TEMP).

OPNAVINST 3960.10, "Test and Evaluation", (Reference 1) establishes policies
for T&E in Navy acquisition programs and defines T&E responsibilities

7Ho1shouser. E. L., Translation of DSARC Milestones into Human Factor§>En—
aineering Requirements, Pacific Missile Test Center, Point Mugu, Calif.,
93042, TP-45-58, AD-3006927L, September 1975.

8[,D Directive 5000.3, Department of Defense, "Test and Evaluation", Wash-
ington, D. C. 203-1, January 1973.

INAVMATINST 3960.6, Department of Navy, Headquarters Naval Material Com-
mand, "Planning and Implementation of Tests and Evaluations of New Weapons
Systems", Washington, D. C. 20350, August 1973.

11
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for various organizations. It establishes procedures for planning, con-
ducting, and reporting T&E. It describes the relationship between develop-
mental and operational T&E and it establishes procedures and a format for
test and evaluation master plans (TEMP's). It also establishes procedures
for obtaining fleet RDT&E (Research Development Test and Evaluation) Research
and Development (R&D) that is not part of an acquisition program. Three dis-
tinct phases of T&E are defined by this instruction. The relationship be-
tween these phases is discussed in Section 3.0.

NAVMATINST 3900.9, "Human Factors", establishes policies and requirements
necessary to insure adequate development of human factors aspects of sys-
tems and equipment. This includes all development, test and evaluation,
and production programs and projects. This instruction states that the
human element of the Navy systems shall undergo the same development, test
and evaluation steps as equipment elements of the same system.

2.1.2 Military Specifications and Standards

The primary source for contractor HFE T&E requirements is MIL-H-46855. A
copy of the sections pertinent to analysis is contained in Appendix C. Fig-
ure 2.1-1 shows each of the major MIL-H-46855 sections in functional rela-
tion to each other. Section 3.2.4 "Perform HE Test and Evaluation" is the
function/section most pertinent to this guide. It is divided into three
subsections: planning, implementation, and failure analysis. Unless other-
wise contractually noted, Section 3.2.4 and its subsections are the detailed
requirements in MIL-H-46855 necessary to provide an adequate HFE T&E program.
The major paragraph, 3.2.4, indicates most of the tasks that the contractors
must perform. Paragraph 3.2.4.1 (Planning) emphasizes the need for HFE tests
integrated along with other system tests in order to save the cost/duplica-
tion of completely separate testing. Early testing, in accordance with this
paragraph will also save the cost of unnecessary late system rework. Para-
graph 3.2.4.2 (Implementation) contains a 1ist of test tasks to be performed
in order to insure a complete HFE T&E program. Paragraph 3.2.4.3 (Failure
Analysis) emphasizes the need to investigate human error. HFE T&E techniques
listed in later sections of this guide may be used to accomplish this require-
ment for human failure analysis.

12
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The Primary source of HFE design criteria to test to is in MIL-STD-1472
(Reference 10). This standard presents HE design criteria, principles,

and practices to be applied in the design of systems, equipment and facili-
ties. The purpose of the HFE T&E in regard to this standard is to insure:
operator/maintainer required performance is achieved; skill, personnel-equip-
ment combinations is achieved; and the design within and among systems is
standardized. There are several other standards that contain design cri-
teria which may need to be verified during HFE T&. However, they are too
numerous to 1ist all of them herein. MIL-L-25467 (Instrument Lighting),
MIL-STD-411 (Air Crew Station Signals), and MIL-STD-1333 (Air Crew Station
Geometry) are examples of other standards that contain important HFE design
criteria.

In addition to MIL-H-46855, the following specifications are of some impor-
tance to the HFE T&E effort: MIL-D-8706 (Engineering Data and Test Contract
Requirements for Aircraft Weapon Systems); MIL-D-8708 (Demonstration Require-
ments for Airplanes); MIL-D-23222 (Demonstration Requirements for Helicopters);
MIL-M-8650 (General Specification for Aircraft Mockups); and MIL-M-18828
(Construction of Mockups for Guided Missiles).

2.1.3 Data Item Descriptions

If called for in the system program contract, the Data Item Descriptions
(DID's) are extremely important to the HFE T&E effort as performed by the
contractor. The two most important DID's pertaining to HFE T&E are DI-H-
2105, Human Engineering Test Plan and DI-H-2111, Human Engineering Test Re-
port. The HE Test Plan DID describes in detail how to prepare the contract-
or's test plan. It describes the proposed approach taken for obtaining T&E
data. It establishes and explains all standards, tests, and associated
analyses. It also establishes other means that will constitute adequate
proof upon completion of the development phase that acceptable levels of

]OMIL-STD-14728, Human Engineering Design Criteria for Military Systems,
Equipment and Facilities, 31 December 1974.

14




human performance, time, accuracy, and safety factors can be achieved in
operational use under specified manning levels. Reference 11 is particu-
larly helpful in preparing the HF Test Plan. The HE Test Report DID des-
cribes how to prepare the documentation associated with contractor tests.
The test report is to be used by the procuring activity to assure that the
man-equipment interface requirements for the operation and maintenance of
the system conform to the contractual requirements.

2.1.4 Guides, Handbooks, and General Literature

This category of HFE T&E reauirements is by far the most voluminous, and

it includes several data sources of note. The Department of the Navy RDT&E
Management Guide (Reference 12) is a good source of general Integrated Logis-
tics Support (ILS) T&E requirements. Reference 13 is an excellent summary

of policy and procedures for HFE T&E which can serve as a useful guide for
gaining an overview of the scope of the HFE T&E effort. Reference 14, Hu-
man_Factors Evaluation in System Development, is an excellent textbook source

for HFE T4E data. General theory as well as data collection and analysis
methods are thoroughly presented.

The Air Force Human Resources Laboratory has prepared a report (Reference 15)
which reviewed 95 documents related to Personnel Subsystem Test and Evalua-
tion (PSTE). Each report was abstracted and then analyzed in terms of 11
categories: a) Scope and relation to HF elements; b) Test objectives; C) Data
requirements and test criteria; d) Data collection methodology; e) Support

I]Holshouser, E. L., Guide to Human Factors Engineering General Purpose
Test Planning (GPTP), Pacific Missile Test Center, Point Mugu, Calif.,
93042, 1st Iteration, September 1976.

Department of the Navy Management Guide, NAVSO P-2457 (Rev. 1-75), 1
January 1975.

Holshouser, E. L., Human Factors Engineering Policy and Procedures for
Test and Evaluation of Navy Systems, TP-75-15, Pacific Missile Test
Center, AD-B006035L, July 1975.

Meister, D., and Rabideau, G. F., Human Factors Evaluation in System
Development, John Wiley and Sons, New York, 1965.

"Saskren, W. B., and Newton, R. R., Review and Analysis of Personnel Sub-
system Test and Evaluation Literature, AFHRL-TR-68-7, AFHRL, AFSC, W-PAFB,

12
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requirements; f) Reducing and analyzing data; g) Significant test results;
h) Communicating and using test results; i) Factors in planning a test pro-
gram; j) Factors in conducting a test program; and k) Other problems. In-
cluded among the several excellent references within the AFHRL report are
three particularly useful documents:

a) The first report (Reference 16) is prepared by the Aerospace
Medical Research Laboratories. It describes the practices
and evaluative aspects of human performance assessment in Air
Force systems. The human performance test program for 34 sys-
tems and subsystems representing the major types of systems used

by the Air Force were reviewed.

b) The Reference 17 guidebook was developed as an aid for the
Project Officer in the assessment of human factors effects
on system performance and in the isoiation of causal factors.
Included in this guide are the tools and techniques for system
evaluation. This includes methods for obtaining time, accuracy,
and maintenance data as well as the techniques for analyzing and
interpreting these data. A detailed example of the application
of the techniques is included.

c) Reference 18 is a good review of the problems associated with
field testing of human performance and the resulting subjectively-
oriented data collection techniques. Factors to be consid-
ered in the planning of field tests were also discussed.

]6Keenan, J. J., et. al., Concepts and Practices in_the Assessment of Human
Performance in Air Force Systems, AMRL-TR-168, AD 625 041, Aerospace

Medical Research Laboratories, W-PAFB, September 1965.

]7Myers, L. B., et. al., Guidebook for the Collection of Human Factors Data,

Report PTB 66-3, AD 631 023, HRB - Singer, Inc., State College, Pennsyl-
vania, January 1966.

]BRabideau, G. F., "Field Measurement of Human Performance in Man-Machine

Systems", Human Factors, December 1964.
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2.2 Technical Requirements

These are the important "real world" requirements such as design criteria,
safety, training, and 1ife support that the HFE observer/evaluator needs
to ensure are verified as integral to the system design being evaluated.
The system must meet these requirements in order to insure the adequacy

of the man/machine interface. Table 2.2-1 lists each of these require-
ments in a matrix comparison with the techniques presented in Section 5.0.
The purpose of this matrix is to quickly show which techniques may be used
to test and evaluate the system in order to verify compliance with these
technical requirements. Each of these technical requirements is presented
in the following subsections along with a brief summary of the reasons for
the importance of their test and evaluation.

2.2.1 Human Performance

A11 systems require a degree of human performance in order to function as
specified. In order to meet system perfaormance requirements such as speed,
maneuverability, range or turnaround time, the operators and maintainers
must meet certain minimum requirements for performing their assigned tasks.
These requirements are most always in terms of time to perform a task or
accuracy (or reliability) with which a task must be performed. The planned
operator/maintainer task times and error rates must therefore be verified
by HFE observation and test.

2.2.2 Design Criteria

Human engineering design criteria are the kinds of requirements contained in
MIL-STD-1472 (Reference Section 2.1.2). The incorporation of these criteria
into the hardware design insures a relatively high degree of operator/main-
tainer performance. These criteria are based on several years of experience
as to the design features or details that tend to minimize operator errors

or slow operator performance. Many of these design requirements are based

on lab experiments and quantified comparative data. For each of the basic
system functions, there should be certain HE criteria that should be incor-
porated intc the design and should therefore be evaluated to insure its exis-
tence. General categories of HE design criteria include: displays, controls,
labeling, workspace layout, and maintainability .
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Table 2.2-1: HFE T&E Technical Requirements vs. Techniques

™~
S
Q<
~
A g “ Q
NI
b3 /5
SPECIFIC HFE T&E S/ &/
TECHNIQUES/TOOLS N Q <
MANUAL DIRECT:
CONTINUOUS OBSERVATION a3 . .
SAMPLED OBSERVATION as . °
DESIGN CRITERIA CHECKLIST 46 . °
SPEC COMP SUMMARY SHEET 49 . °
T.0. FUNCT EVALUATION 52
HPR TESTING 56
HFTEMAN 58 "
G-2/G-5 ANTHROPOMETERS 60 .
TERRAIN VISIBILITY DEF 61 5
ENV & PERF MEAS. EQUIP, 65 o
MANUAL SYS MEASUREM'TS:
SYSTEM RECORDS REVIEW 67 .
HUMAN INITIATED FAILURES 69 o
TEST PART, HISTORY RECORD 70 .
MANUAL INDIRECT:
INTERVIEWS 73 .
QUESTIONNAIRES 77 ° . .
FUNCT DESC INV(FDI) 82 ° .
PAARS 84 .
COOPER-HARPER 85 .
PROBLEM INCIDENT REP 89 ° .
AUTOMATIC RECORDING:
MOTION PICTURES 92 . . .
SOUND TAPES 9q | e . . .
VIDEO TAPES 95 | e ® .
PHOTOGRAPHY 97 | e
EVENT RECORDING 99 | e
OPREDS 03| ¢
SECONDARY TASK MON, 109| ¢
AUTOMATIC PHYSIOLOGICAL:
PHYSIOLOGICAL INSTRUMENTAITON 10| o
PHYSICAL MEASUREMENT 113
SIMULATION:
CGE 116 o
CAR 19 .
CAPE 121 .
FOVEA 125 °
ONLINE INTERACTIVE 126




2.2.3 Safety

This is a special category of design criteria that is listed here and in
other documentation separately in order to add emphasis to its importance.
As is the case with other design criteria, 1ab tests and experience have
indicated that certain desion requirements (e.g., rails on stairs) inher-
ently increase the system safety.

2.2.4 Training

Deoending on the organizational setup or "charter" of a particular HFE T&E
group, the evaluation of test participant training may or may not be neces-
sary bv the HFE group. Certainly training is an important aspect of a total
system test. A1l other HFE aspects may be properly provided for but im-
proper training of participants may be sufficient cause to ruin an otherwise
successful test. Training requirements may be evaluated in terins of type,
duration, and detail.

2.2.5 Personnel Skill/Quantity

Closely associated with training is the test participant skill level. This
is a combination of his training on other sysiems somewhat related to the
present system being tested and his aptitude for the type of work he is per-
forming. Quantity simply refers to the number of test participants perform-
ing each of the operator/maintainer tasks. The fact that the proper number,
too many, or too few operators are assigned to a test task should be ob-
served and reported.

2.2.6 Technical Publications

This technical requirement is similar to the training requirements in that
it is often not the job of HFE observers to evaluate. However, technical
publications (tech orders or job manuals) are a very important part of the
total system under test. In most instances, test participants operate or
maintain the system under test in accordance with procedures that have been
developed for the particular system function. Just as it is necessary that
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the prototype hardware be tested and evaluated, so must the "prototype"
or preliminary technical publications be tested. This evaluation, which
is sometimes referred to as validation/verification, should include how
well the technical data meets the requirement to provide easily under-
standable and accurate procedural data. Technical narrative, diagrams,
illustrations, and photographs should all be evaluated.

2.2.7 Life Support Criteria

Life support criteria is another special category of design criteria. It
is listed here separately from design criteria to add emphasis to these
requirements. Life support requirements include: atmospheric conditions,
noise, vibration, shock, toxicology, radiology, 1ighting, psychophysiology,
fatigue, clothing, and personal equipment. In many man/machine system de-
signs, life support requirements are relatively insignificant. However,

in high performance systems and those requiring closed loop environmental
control, life support requirements are particularly critical.

2.3 Decision Making Structure

There are a considerable number of decisions that must be made and actions

taken by the HFE observer/evaluator during the HFE T&E program effort phase.

The decision tree fold-out provided in this section of the guide (Figure
2.3-1) 1is designed to aid the HFE observer/evaluator in determining the
proper decisions and actions. Its further purpose is to provide the HFE
observer/evaluator with planning assistance and checklist items to ensure
inclusion of all necessary tasks and data in the T&E program. This diagram
is designed to be an adjunct to the General Purpose Test Planning (GPTP)
(Reference 11) diagrams.

The Human Engineering Test Plan is developed as a result of specified pro-
gram office requirements and Data Item Description (DID's) which are called
out in program statements-of-work (SOW's). The GPTP indicates how to pre-
pare this Human Engineering Test Plan which is the documentation of how the
HFE effort will be accomplished. The GPTP diagrams are designed to assist
the HFE observer/evaluator in preparing the HE test plan. The diagram in
this section is intended to assist in all aspects of HFE T&E, particularly
the initial phase of setting up an HFE T&E effort.
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The pertinent decisions and possible actions have been placed on the flow
chart diagram in blocks adjacent to other associated or related decision
and action blocks. Arrows are provided between the blocks to indicate the
direction of sequence of task action. The placement of several blocks on
a single page with connecting arrows allows the HF engineer to quickly see
relationships between each of the tasks that he must accomplish. A narra-
tive description of these same HFE T&E tasks and task relationships would
undoubtedly be hopelessly complex.

2.4 Basic Considerations

There are several important considerations pertaining to the HFE T&E effort
which are in addition to the approp-iate sections of MIL-H-46855, the
program manager's guidelines, the company or organization policy, and

the other constraints indicated in Sections 2.1, 2.2, and 2.3. These
considerations consist of the type of data required to start an HFE T&E
effort, the timing as to when to perform the T&E, the level of T&E detail
required, the use of the HFE evaluator's judgment, and the type of specific
results normally expected from the HFE T&E effort. Section 5.0, "T&E Tech-
niques", deals with these basic considerations in relation to specific HFE
T&E techniques, but this section pertains to these basic considerations in
relation to the overall HFE T&E effort.

2.4.1 Data Inputs

These consist of criteria or human performance requirements that are to
be determined or verified by T&E. They may be system or mission require-
ments established early in the program. They may be military specifi-
cations and standards criteria. Operator/maintainer requirements (and
assumptions) developed out of the MIL-H-46855 analysis effort should be
available for evaluation. Ideally, these data are available from a pro-
gram data retrieval system (e.g., FLAG). They may be available from
another technology than HFE. In any case, T&E should be conducted against
set test criteria (success criteria) and if the data does not exist, it
must be generated. Also, the TEMP (Reference 1) and HFTEMAN (Reference
Section 5.1.7) should be used as inputs.
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During early program phases, all of these data are tested against drawings
and static mockups. As the program progresses and T&E becomes more formal,
more sophisticated mockups and prototype hardware are used.

2.4.2 Timing

Without the proper scheduling of the HFE T&E effort, it can turn out to be
of Tittle use to the system design. It is not sufficient just to perform
HFE T&E. It is equally important to demonstrate that the results of the
effort will be completed or partially completed at a point in the schedule
when it can properly impact the system design. All too often, HFE T&E is
performed as an after-the-fact documentation exercise or just a workaround
procedure that appears in a technicail publication. The later the design
is tested, the less chance there is to modify the crew station or other
man/machine interface. Late findings of serious crew system problems can
be extremely expensive, both in accidents and system redesign.

Appendix D shows the stage or phase of a program for which a particular
technique is best suited.

2.4.3 Level of Detail

The level of T&E detail that must be performed is significant to the HFE
manpower effort. If the wrong emphasis is given to the amount of detailed
data gathering, HFE T&E may be wasted by either obtaining data that has no
use or by failing to obtain sufficiently detailed data to be useful. It is
the job of the HFE observer or manager to decide what level of T&E will lead
to worthwhile data or useful design criteria. For example, new system de-
signs or programs often contain requirements that are identical to previous-
ly designed and tested systems. There is probably no point in repeating a
detailed HFE T&E of al) the system functions and operator tasks that have
already been evaluated. It is simply not cost effective, especially when
new program schedules and manpower budgets generally are extremely limited.
The old Systeﬁ test and evaluation results should provide all the data that
would be needed for that portion of the new system design criteria.
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The effort that should be expended during the new program is on the new and
potentially critical functions and tasks. These are the kinds of tasks that
appear to be marginal in terms of operator reliability, time performance, or
safety hazards. The level of test and evaluation detail attempted for such
tasks should be as far down as possible to the subtask element (indicator
monitoring/button pushing) based on program timing/scheduling.

On new system designs it may be necessary to analyze data down to as much
detail as a tenth of a second. If the HFE program has been properly man-
aged, all system potentially critical tasks will have been previously indi-
cated for special HFE T&E considerations. In any case, the need to gather
human performance reiated T&E field data beyond a tenth of a second is ex-
tremely doubtful. In a similar manner, the HFE should maintain adherence
to the rules for significant figures and common sense when gathering data
on light levels, sound levels, reach envelope measurements, etc.

2.4.4 Evaluator's Judgment

The use of an experienced HFE observer/evaluator's judgment is an extremely
important basic consideration. The evaluator's judgment or "gut feel" of

a test situation might be one of the most important HFE T&E techniques if
it could be described more analytically as a step by step procedure to
follow. However, it is not that sort of thing. This consideration is sim-
ply the summary of the evaluator's sianificant impressions as a result of
observing the system test. It would be convenient to have all test data
gathered in an easily useable quantifiable form. But there is no way to
measure all test performance parameters. The written (or spoken) impressions
of the experienced HFE evaluators generally prove to be extremely valuable
and cost effective.

Examples of test information that are best described based on an experienced
evaluator's judgment are: a) test precision (or lack of same), b) workspace
layout adequacy, c) test participant skill, and d) test participant train-
ing. It is difficult to measure these qualities in any other way during a
test. The results of the HFE evaluator's observation and judgment should

be documented as a part of the system test report. This would include the
evaluator's "judgment" as to a test problem solution.
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2.4.5 Applications

The end products of the HFE T&E effort are to verify system design, discover
system inadequacies, provide recommendations for design or other system
changes, and provide information for a data bank of human performance and
crew systems design related data to be used on later programs. These out-
puts may be left in the form of the T&E technique worksheets. More prob-
ably, the outputs should be condensed and otherwise modified to make them
more easily understood by the program design personnel and others who have
use of them. (See Reference 11 for GPTP guide for standardized foramts).
Table 2.4-1 shows the applications for data developed from using the var-
ious listed T&E techniques.

It may be of use to HFE's to prioritize T&E results in some manner in order
to show that there are certain absolutely essential system modifications
required. The risk of not doing this is to have insignificant results acted
upon and critical data ignored. Al1 findings must be well documented and
files must be maintained. By themselves, verbal inputs as to T&E results
have virtually no chance of acceptance.
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Table 2.4-1, HFE T&E Techniques Data Applications
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3.0 TYPES OF HFE TEST AND EVALUATION

As indicated in the introductory section of this guide, there are different
types of T&E. The definitions provided there are precise since they are
based on the Reference 1 instruction. There are additional detailed defini-
tions provided in Reference 1 that are included in this section of the guide.
There are also included herein the less formal definitions which are based
on either system program schedules or funding sources.

3.1 Informal vs. Formal T&E

In attempting to develop an integrated HFE T&E technology, one needs to
recognize that different types of test and evaluation are involved in

systems development (both in DT&E and OT&E): One, called HFE "t&e"

(lower case) is predominant in design concept feasibility efforts and in
selection from design configuration alternatives. Design concept feasibility
efforts are exploratory in nature. They are extremely dependent upon paper
analysis. The observation, experimentation and testing activities in this
category are oriented to the goal of developing new knowledge. The selection
of design configuration alternatives is a resolution process in which trade
studies are performed and evaluated. The other type of test and evaluation,
labeled HFE "T&E", is predominant in system performance verification. Sys-
tem performance verification is performed with mockups and prototype hard-
ware. The objective which characterizes this category is one of determin-
ing whether a man-machine system, as designed, meets its performance require-
ments. Systems performance verification is a much more formal test and eval-
uation than the lower case "t&e". It is this latter type of T&E (capital
letters) which is covered by this guide since the applicable paragraph in
MIL-H-46855 carries the heading "Human Engineering in Test and Evaluation".
At the same time, HFE "t&e" may be called for (both exploratory and resolu-
tion) when system program Engineering Change Proposals (ECP's) are required.
The relationship between these differential aspects is illustrated in Figure
3.1-1.

3.2 OPNAVINST 3960.10 Definition

OPNAVINST 3960.10 (Reference 1) makes a formal distinction between three
types or phases of T&E. These are Development Test and Evaluation (DT&E),
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Operational Test and Evaluation (OT&E), and Production Acceptance Test
and Evaluation (PAT&E). These types of T&E are shown in relation to
each other, to their subphase elements, and to the program phases and
milestones in Figure 3.2-1. It is interesting to compare this figure
with the Figure 3.1-1 definition of T&E by phases.

3.2.1 DT&E

DT&E is required for all acquisition programs and is conducted in four
major phases:

a) DT-I is DT&E conducted during the conceptual phase to support
the program initiation decision. It consists primarily of
analysis and studies to derive the human factors/system require-
ments.

b) DT-II is DT&E conducted during the validation phase to support
the full scale development decision. It demonstrates the design
risks have been identified and minimized. It consists of veri-
fying the results of the special analysis and studies including
modeling and simulation on the critical areas identified earlier.
It is normally conducted at the subsystem/component level, up to
and including employment of engineering models for final evalua-
tion.

c¢) DT-III is DT&E conducted during the full scale development phase
to support the first major production decision. It demonstrates
that the design meets its specifications in performance, relia-
bility, maintainability, supportability, survivability, system
safety, and electromagnetic vulnerability. This phase may be
further subdivided into additional phases, such as Contractor
Technical Evaluation (CTE) and formal Navy Technical Evaluation
(NTEs). The final subphase of DT-III is TECHEVAL, the purpose of
which is to certify that the design meets specified requirements
and is ready for OPEVAL (operational evaluation).
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d)

DT-1V is DT&E conducted after the first major production decision
to verify that product improvements, or correction of design de-
ficiencies discovered during OPEVAL, FOT&E (follow-on test and
evaluation), or fleet employment, are effective.

3.2.2 OT&E

OT&E is required for all acquisition programs except for those programs
designated by Chief of Navy Material. OT&E is subdivided into two major
categories: initial OT&E (IOT&E), which is all OT&E accomplished prior to
the first major production decision; and follow-on OT&E (FOT&E), which is
all OT&E after the first major production decision. OT&E is further divided
into five major phases (3 IOT&E, and 2 FOT&E):

a)

b)

c)

OT-I is any IOT&E that may be conducted during the conceptual

phase to support the program initiation decision. Most acquisi-
tion programs do not require OT-I. However, when an OT-I is con-
ducted, existing systems or modifications thereto will normally be
used to help estimate the military utility of the proposed new sys-
tem.

OT-II is IOT&E conducted during the validation phase to support

the full-scale development decision. It provides an early esti-
mate of projected operational effectiveness and operational suita-
bility of the system; initiates tactics development; estimates pro-
gram progress, and identifies operational issues for OT-III.

OT-III is IOT&E conducted during the full-scale development phase
to support the first major production decision. OPEVAL (Opera-
tional evaluation) is the final subphase of the OT-III. It con-
sists of a demonstration of achievement of program objectives for
operational effectiveness and operational suitability,and continu-
ing tactics development. OPEVAL normally uses pilot production
hardware; and begins about one month after completion of TECHEVAL
(technical evaluation) testing.
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d) O0T-1V is FOT&E conducted after the first major production decision,
but before production systems are available for testing. Normally,
O0T-IV is conducted with the same pre-production prototype or pilot
production systems used in QOPEVAL. OT-IV consists of testing of
fixes to be incorporated in production systems, completion of any
deferred or incomplete IOT&E, and continuing tactics development.

e) 0T-V is FOT&E conducted on production systems as soon as they are
available. OT-V provides for a demonstration of the achievement of
program objectives for production system operational effectiveness
and operational suitability. In addition, OT-V includes OT&E of the
system in new environments, or in new applications, or against new
threats.

3.2.3 PAT&E

As previously indicated, PAT&E is testing conducted on production items to
demonstrate that systems meet contract requirements and specifications. There
are no subphases to PATA&E.

3.3 General Definitions

Further definition of HFE T&E may be made from the standpoint of the

money source to pay for the T&E job, e.g., if design engineering money
pays for an evaluation of some item of hardware, then the evaluation pro-
cess is considered "design". In a similar manner, the program schedule
helps define the terms, e.g., a paper analysis of a system concept may be
considered as an on-paper "evaluation". However, since it may occur early
in the program during the concept definition phase, it will most probably
be considered "analysis" at that time period.

The total spectrum of how to categorize and differentiate among the divergent
objectives, criteria and applications of test and evaluation need to have an
agreed upon definition between customer and contractor and between customer

agencies before significant HFE T&E program work may occur. A good starting
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point for establishing a baseline for this would be Meister's Human Factors:
Theory and Practice (Reference 19), and the somewhat earlier Meister & Rabideau
Human_Factors Evaluation in System Development (Reference 14).

]qWeister, D., Human Factors: Theory and Practice, Wiley, New York, 1971.
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4.0 T&E METHODS

Numerous HFE T&E techniques have been developed in response to different
needs or characteristics that have been required of each. It is the intent
of this section of the guide to describe both the basic HFE T&E methods, or
geiieral techniques, and the characteristics that are used to evaluate them.
The methods are described and evaluated in general in relation to the dif-
ferent quaiities or characteristics that each typifies. Also, the use of
mockups, models, and prototype hardware are discussed briefly in this sec-
tion.

4.1 Technique Evaluation Characteristics

The choice of the most efficient technique for performing an HFE T&E is
a critical step in the total evaluation process. The general technique
or method chosen will influence the entire conduct of HFE T&E. Several
technique characteristics have been selected for use in evaluation of the

different T&E methods/techniques. The techniques may be compared to each
other by use of narrative comments for each evaluation characteristic or
by use of the Appendix D technique evaluation worksheets. The evaluation
factors used to choose the techniques are described in the following sec-
tions.

4.1.1 Program Use 4

One of the several ways a technique might be selected is on the basis of
what previous systems/programs have successfully used that method. The
KFE evaluator may be able to obtain details as to the use of the technique
by contacting the HFE personnel who have worked the previous program. An-
other usage factor is the applicable stage or phase of a program that the
techrique is best suited for. Some techniques are best used for future
programs such as the F-18, or existing programs such as the P-3. For exam-
ple, some of the off-line cocknit ceometry computer programs should not

be used in evaluating an existing P-3 cockpit. If the evaluation is still
needed, it is easier to examine the actual aircraft rather than simulate
1t.
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4.1.2 Inherent Features

Rather than include all the inherent characteristics of a technique in an
applicable/not applicable categorization, these characteristics are best
considered as a separate list for each technique of all of the advantages
and disadvantages of that particular technique. The inherent validity or
repeatability of the technique should be considered along with the advan-
tages and disadvantages. The implications of not using the technique should
also be included. For example, this could be a list of other techniques
which might yield similar data, or the fact that the technique is the only
one available to provide a certain type of data.

4.1.3 Best Use

These characteristics cover several aspects of technique comparison. Cer-
tain techniques may be considered as best for gathering either subjective

or objective data. In most cases, these amount to qualitative or quantita-
tive data respectively. However, some subjective data is quantitative (num-
erical ratings) and some objective data is purely qualitative (go/no go con-
ditions).

Some techniques are best suited for pure testing as opposed to pure evalua-
tion. For example, the end product of some techniques is simply readouts
of alphanumeric data. Other techniques are needed to analyze, evaluate,

or draw conclusions from the raw data originally available.

Many techniques are best used for only a portion of the total system being
evaluated. They may be useful for examining the HFE aspects of a component,
but much less useful for a subsystem evaluation, and not of any value for

a complete system. In a similar manner, some techniques are best used for
performing T&E on only a single task performed by one test participant.
Other techniques work well on several tasks being performed nearly simul-
taneously by several test participants.

4.1.4 Relative Performance

These characteristics pertain to the ease of using one technique versus
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another in terms of time to perform, complexity, personnel required, and
cost. The relative time required to perform a technique for a given test
may be described as short, medium, or long. The time factor may be signifi-
cant depending on test schedules. The complexity characteristic is impor-
tant if the skills of the HFE test observer personnel is limited by exper-
ience. The number of personnel is also significant if the HFE organization
is limited and/or other important tests must be observed simultaneously.

The cost is, of course, one of the most important of all the test evalua-
tion characteristics.

4.1.5 Program Interface Requirements

These characteristics include the input and outputs to/from the techniques
and the coordination required in order to use the technique. Prior to
choosing a technique, it is important to know if the proper ingredients are
available to initiate the technique. It is also important to know if the
outputs will be what is desired or in the required format (Reference 10).
Special test coordination as to other organizations or support that is neces-
sary to perform the test must also be considered in choosing HFE T&E tech-
niques.

The need for a particular T&E technique to be performed on a test "interfer-
ence basis" is extreme]f important. An interference basis test is defined as
one which allows very little other testing (HFE or any other) to be conducted
simultaneously. The conduct of formal T&E is a relatively expensive opera-
tion. It is thereforedesirable to have as much HFE T&E as possible be con-
ducted during the performance of other testing on a noninterference basis.

In many instances, more realism may be obtained if the HFE testing is per-
formed along with the conduct of other major system tests.
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