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Preface

Human Engineering Bulletin — 1 (HEB-1) is not a textbook, nor is it in competition with any other
published US document. It is unique on at least two other levels as well, in that : 1) it is the

only human factors (HF) document to have survived transition from a Military Specification to
Standard then to a Handbook, and now, to an industry non-government standard (NGS) Bulletin, and
2) it is the only complete Program Planning and Implementation tool for Human Factors,
Ergonomics and Safety practitioners accepted across ALL military services, the Federal Aviation
Administration (FAA), and the National Aeronautics and Space Administration (NASA).

Since its last pu

blication, HEB-1 has had many technical improvements. It now requires a Human

Engineer to be '

sign-off respondibility for the HE of the finished product (including software-and

was expanded W
This revision ng
disposal, includ
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and a majority g
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Acknowledgme
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members under
Steering Comm
1968. Since the
session, chaired
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(USN), along w
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initiating the tas
Information (Q(
HEB-1 was due

Hualified' in human engineering (HE), have continuity on the prog

ith principles and practices for personnel safety, life-support, esc
w carries the user through the material acquisition phases, from (]
ng, for the first time, issues about abort and accident-investigatio
ccording to its time-tested US military environment process legac

and exciting opportunity to work with the ipitial document (MIL
f the ‘crew’ involved with its evolution inta;this Bulletin, a keystd
Historic perspective—not meant to be, in"competition with the fo
ht—demands recognition of the professionalism and tenacity of ¢
Defense Human Factors Engineering Technical Advisory Group (

ttee (HFSSC), the lead Do ;HF standardization agency assigned
re is no way to include all)of the contributors to this work, | am u
by Mr. Chaikin, thatumet jointly with the DoD HFE TAG in 1971
ers. The list inclydes Test and Evaluation (T&E) SubTAG chair
th Dr. Joe Birt,'\Cy Crites, and Jean Ring (US Air Force), Drs. Jif
), and Dr. William Moroney and Steve Merriman (US Navy), wh
k analysis-process and the Qualitative and Quantitative Personne
DPRI) procedure. The accuracy of the solid paper trail over the y
to M/ Chaikin, who carried the cause of countless government s

specifications ir

ram, and have
training). HEB-1
ape, and recovery.
roduct definition to
n procedures, and
Y.
-H-46855, 1968)
ne of our human
'egoing

ertain key

DoD HFE TAG)

the tutelage of Jerry Chaikin, chairman of the Human Factors Standardization

to the US Army in

sing the HFSSC

[ for a snapshot of

Dr. Norm Lane

n Geddie and John
o all had a hand in
Requirements

pars leading to
andards and

general, and especially MIL-H-46855, the predecessor to this B

illetin. Without

Jerry's devotion and support for over a quarter of a century, we would not have this formal, coherent
HE document today!

This Preface is the result of many iterations with some of my friends mentioned in the
Acknowledgment, those noted above, and four of my favorite HF educators: Drs. Newton C. Ellis,
Jerry Krueger, Dick Pew, and Harry Wolbers. Please excuse me if | accidentally omitted anyone

from this group

of HF practitioners.

By virtue of its acceptance across such a vast ‘worst-case' (stress-wise) military environment, HEB-1
is also the one ideal, seminal, baseline Program Planning and Implementation reference for any HF
curriculum within any University setting—whether couched within Engineering or Psychology.
While useful in the University, it is critically needed on real programs, even those in the civilian
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sector and on consumer products. Customers must impose HEB-1 on contractors who must then
impose it upon their subcontractors (along with the appropriate data items). Although no longer
designed to include the vagaries of research or conceptual development since implementation of
acquisition reform, HEB-1 is a user-friendly 'yardstick' with which to generate the plan for any real

product using human beings in the loop, or—with reverse engineering—evaluate a product for its
effectiveness.

Respectfully submitted,
Dr. Mark M. Brauer, PE & CSP
Emeritus Member, U.S. DoD HFE TAG
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Foreword

This Government Electronics & Information Technology Association (GEIA) Bulletin was prepared
by its G-45 Committee under the guidance of both government and industry members of the
Department of Defense Human Factors Engineering Technical Advisory Group (DoD HFE TAG).

The purpose is to issue a Human Engineering Best Practices document in support of the DoD’s
acquisition reform as expressed in Department of Defense Directive (DoDD) 5000.1 [1] ,
Department of Defense Instruction (DoDI) 5000.2 [2], and the Defense Acquisition Guidebook [3].

This document is based on the cancelled MIL-H-46855, which was originally a consolidation of one
Army, one Air E ificati irst i I In May 1994,

46855 was redegignated as MIL-HDBK-46855, Human Engineering Guidelines for Military
Systems, Equipment, and Facilities. Because MIL-HDBK-46855 and its companjon guideline,
DoD-HDBK-763, were now both handbooks, it was decided to consolidate them |into a new
handbook: MILtHDBK-46855, Human Engineering Program, Process, and Progedures. This
document was ysed to guide DoD and contractor program managers and practitiopers regarding
analysis, design| and test aspects of the human engineering,program.

This bulletin is based upon Section 4 of MIL-HDBK-46855A (May 1999) [4]. It|has been edited to
address both goyernment and industry needs, and.to"include a list of, and links tof current Data Item
Descriptions (DJDs) developed at the DoD and @y the Federal Aviation Administration (FAA).

A list of acronyms used in the document and-the terms they represent is provided|in Annex A. A list
of documents that give more informatiop-is'provided in Annex B.

Vi
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1 Scope

This Engineering Bulletin and its annexes provide guidance on the application of Human
Engineering principles and practices to the analysis, design, development, testing, fielding, support,
accident investigation, and training for military and commercial products throughout their intended
life cycles.

2 General Guidelines
2.1 Application and nature of work

Human Engineering (HE) should be applied during pre-development, development, and acquisition
of commercial gnd military systems, equipment, and facilities to integrate humans effectively into
the design of th¢ system. An HE effort should be provided to:
* develop or improve all human interfaces of the system;

* achieve required effectiveness of human performance during system operatioh, maintenance,
support, control, and transport;

make economical demands upon personnel resources, skills;\training, and costs; and
improve hurpan performance to maximize system performance.
* effect safe, gfficient life support, escape, search and.recovery of personnel .

The HE effort should include, but not necessarily bedlimited to, active participatign in the following
three major intefrelated areas of system development.

2.1.1 Analysis

Starting with a mission analysis developed from a baseline concept of operations|and operational
scenario, the functions that must-be’performed by the system in achieving its misgion objectives
should be identified and described. These functions should be analyzed to deternmine their best
allocation to pefsonnel, hardware, software, or combinations thereof. Allocated functions should be
further dissected to define-the specific tasks that must be performed to accomplish the functions.
Each task shoulfl be analyzed to determine the human performance parameters; the system,
equipment, and seftware capabilities; and the tactical/environmental conditions under which the
tasks will be co . ifi ite;and should be
expressed in a form that permits effectiveness studies of the human-system interfaces in relation to
the total system operation. HE high-risk areas should be identified as part of the analysis. Analyses
should be updated as required to remain current with the design effort.
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2.1.2 Design and development

HE should be applied to the design and development of the system hardware, software, procedures,
work environments, and facilities associated with the system functions that require personnel
interaction. This HE effort should convert the mission, system, and task analysis data into (a)
detailed design and (b) development plans to create a human-system interface that will operate
within human performance capabilities, meet system functional requirements, and accomplish
mission objectives. The HE design of a system should also take into account any requirements to
interoperate with other systems and untrained personnel.

The HE program should be executed by experienced HE practitioner(s). As appropriate consistent
with the acquisition strateqy and nature of the program, the responsible HE practitioner should have
sign off authority for those portions of the program's design and development that have a human
interface.

2.1.3 Test and evaluation (T&E)

T&E should be ponducted to validate and verify that commerciaband military sygtems, equipment,
and facilities cap be operated and maintained in its intended operational environment, within the
intended users’ performance capabilities.

2.2  HE program planning

HE activities ar¢ described in a Human Engineering Program Plan (HEPP). The HEPP should be in
accordance with the system specification, and-should include the following elements: tasks to be
performed, HE milestones, level of effort,methods to be used, design concepts td be used, and the
T&E program. [The HEPP components must be part of an integrated effort withir the total project,
and must be codrdinated with related\program disciplines.

2.3 Risk magnagement

Risk management procedures should be planned and implemented for the entire Ijfe cycle of the
system. Human performance and HE design criteria issues that involve potential{technical, cost, or
schedule risks shauld be identified, analyzed, and prioritized as early as possible fo establish
provisions for elmmmating the associated TisKs or Teducing them to acceptabte fevels. Such
provisions should be implemented and monitored during the HE program. HE should participate in
defining the criteria for system acceptance to achieve operational suitability. Risk management
should:
* identify potential cost, schedule, design, and performance risks that result from design aspects of

human-system integration;

quantify such risks and their impacts on cost, schedule, and performance;

evaluate and define the sensitivity of such risks to HE design;

identify alternative solutions to moderate- and high-risk HE problems and define the associated
risks of each alternative;

*  take actions to avoid, minimize, control, or accept each HE risk.



https://saenorm.com/api/?name=44d555b01f22afb69f7743e45dbefa89

*

*

document the identified risks, their impact, and the actions taken; and
ensure that human performance/design risk is an element of management awareness/control

specification requirements.

2.4 Review

S

2.4.1 Major technical reviews

HEB1-A

HE practitioners should participate in the major technical reviews, as applicable to the acquisition
phases indicated, which include:

*

Analysis of

lternativzes

*

System Req
System Des
Preliminary
Critical Des
System Ver

*

HE practitioners
(e.g., mission ar

2.4.2 Subsys

HE practitioners
specification, te
test, and manufg
25 Cogniz
The HE prograrn
coordinated wit

maintainability)
Support (ILS) a

lirements Review

gn Review

Design Review (PDR)
gn Review (CDR)
fication Review

alysis, and test and evaluation planning):
tem reviews

should also participate in subsystem reviews, including, where g
5t readiness, and functionalreviews (e.g., support, training, syster
cturing reviews).

ance and coordination

n should bédntegrated into the total system program. In particula
N systems-engineering, software engineering, RAM (reliability, a
system safety, survivability/vulnerability, facilities engineering,
nd-Logistics Support Analysis (LSA), and other HE-related funct

should also participate in other important technical activities thaf further HE efforts

pplicable, software
NS engineering,

[, HE should be
ailability, and
Integrated Logistic
ons, including

biomedical, life

SUppoTrt, personnel survivability, habitabitity, personnel, and trai

ing functions.

(See International Standards Organization (1SO) 13407 [5] for information on a human-centered
design process for interactive systems). HE data should be provided for incorporation into Logistic
Management Information (LMI). The HE effort should utilize the LMI reports as source data where
possible. The HE portion of any analysis, design, or T&E program should be conducted under the
direct cognizance of qualified HE practitioners assigned HE responsibility by the contractor.
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2.6 Data

2.6.1 Traceability

Contractor documentation should provide traceability from initial identification of HE requirements
during analysis or system engineering, through implementation of such requirements during design
and development, to verification that these requirements have been met during T&E of approved

hardware, software, and procedures.

2.6.2 Access

All data, such as plans, analyses, design review results, drawings, checklists, design and test notes,

and other suppo
maintained at th
audits, demonst

2.7 Subcor

The prime contr

communications
essential.
2.8  Nonduj
The efforts perf
coordinated wit
tasks. Necessar
program are not

29 Earlya

rting background documents reflecting HE actions and decision.r
e contractor’s facilities and made available to the customer form
rations, tests and evaluations, and related functions.

tractors and suppliers

between the HE practitioners at theZprime and subcontractor/sug

plication

brmed to apply the HE principles and practices specified herein s
N, but should not-duplicate, efforts performed to fulfill other contr

considered duplication.

bplication of Human Engineering

ptionale, should be
petings, reviews,

actor should ensure that tasks and produets’obtained from subcontractors and
suppliers conform to relevant HE principles and practices herein. Continuous and

open
plier locations are

nould be
actual program

y extensions of. transformations of the results of other efforts for yise in the HE

During the early

ctapnpe nf anp ot o ol ot ol o s oy pan ool e Aol ot
OLGgCO Ul quulOIlIUII, A ITIATATTU oUl VC_y IIIG._y ecvedar 1uvv vdariuiuat

hardware and

software will contribute to enhancing total system performance. Human-system performance
sensitivities associated with competing designs should be identified in order to reduce technical risks
and life cycle costs (e.g., research, engineering, design, and operations over the economic life of the
system). Since operational costs are often much greater than acquisition costs, life cycle costs
should be assessed early in the program. Early program decisions shall consider operator and
maintainer capabilities and limitations to avoid expensive training, staffing, or redesigns. Guidance
on the human engineering aspects of maintainability can be found in MIL-HDBK-470.

3

Detailed Guidelines
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Requirements analysis should be developed from a baseline mission scenario. Analysis should

include applicat

ion of HE methods as follows.

3.1.1 Definition and allocation of system functions

The functions that must be performed by the system in achieving its objective(s) within specified
mission environments should be analyzed. HE principles and criteria should be applied to specify
human-system performance requirements for system operation, maintenance, and control functions,
and to allocate system functions to automated operation/maintenance, manual
operation/maintenance, or some combination thereof. Function allocation is an iterative process

continued until

3.1.1.1 Info
Analyses should
accomplish the

assuming any sy
3.1.1.2 Esti
Plausible humar
communicator,

workload, accur
information-pro
made. These es
later be refined

and control, disf
how implement
capabilities. Re
estimates.

3.1.1.3 Allo

he level of detail appropriate for the level of system definition is
'mation flow and processing analysis

be performed to determine the basic information flow and proce
ecific machine implementation or predetermined level of human
mates of potential operator/maintainer processing capa

roles in the system (e.g., operator,\maintainer, programmer, dec
pr monitor) should be identified:Estimates of processing capabil
acy, rate, and time delay should be prepared for each potential op
cessing function. Comparable estimates of equipment capability
ht appropriate times:for use in defining operator/maintainer inforr
play, and commurtieation requirements. In addition, estimates shg

ng or not implementing HE design recommendations is likely to
sults from<tudies in accordance with 0 may be used as supportiv

cation of functions

reached.

5sing required to

bystem objective. These analyses should include decisions and operations without

involvement.
\bilities

sion-maker,

ty in terms of
erator/maintainer
should also be

fimates should be used-initially in determining the allocation of fyinctions and should

nation requirements
uld be made of
hffect these

e inputs for these

From projected operator/maintainer performance data, estimated cost data, and known constraints,
analyses and tradeoff studies should be conducted to determine which system functions should be
hardware implemented, software controlled, or performed by the human operator/maintainer.
Allocation of functions should consider the mission-performance risks of making an incorrect

decision for each alternative being evaluated. Designs should provide adequate decision support to
minimize situations where human decisions are made under conditions of uncertainty, time stress, or
workload stress. The possibility of influencing human or equipment capabilities through personnel
selection and training as well as through equipment and procedure design should be considered. The
costs of personnel selection and training should be considered in trade studies and cost-benefit
analyses.
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3.1.2 Equipment and software selection

HE principles and criteria should be applied along with all other design requirements to identify and
select the particular equipment and Commercial-off-the-Shelf (COTS) software to be operated,
maintained, or controlled by personnel. The selected design configuration should reflect HE inputs,
based on supporting data, to satisfy the functional and technical design requirements and to ensure
that the equipment will meet applicable design criteria, such as MIL-STD-1472 and style guides as

appropriate.

3.1.3 Analysi

s of tasks and workload

HE principles and criteria should be applied to analyses of tasks and workload. These analyses

should also be p
procedures; and
Analysis, as apf

HDBK-1908 [6].

3.1.3.1

Analyses of tash
design decisiong
fabrication, whe
combination of
performance reg
evaluated for ta
requirements sh
effects of task f4
also consider ef
during HE analy
show the potent

3.1.3.2

Analysis of tasks

Analysijs.of critical tasks

rovided as basic information for developing preliminary manning
skill, training, and communication requirements; and as inputs-tg
licable. All analyses of tasks should use the task taxonomy-expré

s should be conducted and should provide one of the bases for m
. For example, task analyses should.be considered in determinin
ther system performance and maintgénance requirements can be n
Anticipated hardware, software,@nd personnel, and in ensuring th
uirements do not exceed human capabilities. Time requirements
k duration versus time availability, task sequencing, and task sin
puld be evaluated, as appticable, for accuracy, precision, complet
redback and error telerance/error recovery on performance. These
fects of sustained/eantinuous operations on human performance.
ses that require performance of critical tasks, reflect possible ung

levels; equipment
Logistics Support
pssed in MIL-

aking conceptual

J, before hardware

et by the

ht human

for tasks should be
ultaneity. Task

eness, and the
analyses should

Tasks identified

afe practices, or

al for impfevements in operating efficiency should be further anglyzed for redesign.

Further analysi

of triticat tasks shoutd Tdentify the:

information required by the operator/maintainer, including cues for task initiation,

information
evaluation p

*

*

action taken

¥ %k X %

*

location and

available to operator/maintainer,
rocess,

decision reached after evaluation,

body movements required by the action taken,
workspace envelope required by the action taken,
workspace available,

condition of the work environment,
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feedback informing the operator/maintainer of the adequacy of the action taken or the failure to
take an action,

tools and eq

uipment required, and their timely availability,

number of personnel required, their specialties, and their experience,

job aids, training, or references required, and their timely availability,
communications required, including type of communication, channel clarity, and available
channel capacity,

special hazards involved,
required or typical operator interactions when mare than one crewmember is jnvolved,

performancg limits of personnel, and

* operational

imits of hardware and software.

The analysis should be performed for all affected missions and phases;-including
operation. Each critical task should be analyzed to a level sufficient to identify o
problem areas that can adversely affect mission accomplishment<and to evaluate

action.

3.1.3.3 Workload analysis

Operator and m
compared with
demands of any

personnel (indiv
cognitive, and p

should define operational sequences‘and task times. Preliminary workload estim

correlate missio
cognitive) speci
estimate for eac
workload to be

3.1.3.4 Cor

h segments with.crew tasks for each task component (visual, audi
fied in terms'of time, workload, mental effort, and psychological

elatedto'mission segment(s).

ective action

degraded modes of
Derator/maintainer
broposed corrective

hintainer (individual and team) workload analyses should be performed and
performance criteria. To avoidoverloading or underloading, the glegree to which
task or group of tasks tax the attention, capacities, and capabiliti¢s of system
idually and as a team) and thus affect performance should be evajuated. Sensory,
hysiological limitations-should be considered, as applicable. The workload analyses

htes should
tory, motor, and
stress. A workload

n crewmember should be defined in a fashion permitting individual and team

Human-system interface design incompatibilities and excessive skill/physical requirements
identified by analysis of tasks, analysis of critical tasks, or workload analysis should be corrected by
changing the design or restructuring the tasks to ensure that degraded human performance does not
result in degraded system performance.

3.1.3.5 Timeliness and availability

Analyses of tasks should be modified as required to remain current with the design effort and should

be available to t

he customer.
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3.1.4 Prelimi

nary system and subsystem design

HE principles and criteria should be applied to system and subsystem designs and should be
reflected in design criteria documents, specifications, functional flow diagrams, system and
subsystem schematics and block diagrams, interface control drawings, overall layout drawings, and
related applicable drawings provided in compliance with contract data requirements. The
preliminary system and subsystem configuration and arrangements should satisfy human-system
performance requirements and comply with applicable HE design criteria, such as MIL-STD-1472

[7].
3.2 HE in d

During design &
described in 3.1

esign and development

nd development, the HE inputs made by implementing the resulis
through 3.1.4, as well as other appropriate HE inputs, should.be

detailed engineq
performance reqg
testing of the sy
factors as veri

for test personng¢l to perform their tasks. HE provisions in the-equipment should
adequacy during design reviews. HE practitioners assignedearly HE responsibil

contractor shou
change proposa

3.2.1 Experin

The contractor §
prototyping), an
Experiments, te
(or in arealistic

accomplished aj
incorporated in
significant HE
effort should be

ring design features. Design of the equipment should satisfy hun
uirements and meet applicable HE design criteria such-as, MIL-§
stem or equipment should be considered during design and shoul
ing proper operation, defining need for maintenance, and allocati

d maintain design continuity and participate in design reviews an
reviews of all equipment end items that involve the human-syste

nents, tests, and studies

hould conduct experiments; tests (including dynamic simulation
d studies to resolve HE and life support problems specific to the
bts, and studies shoutd be performed with actual users in the actue

early as possible and reiterated as the design matures, so that the
equipment-design and, if necessary, used to revise initial function
r life.support problem deemed resolvable only by a major experi
hrought to the attention of the customer; this notification should

of analyses
converted into
nan-system
TD-1472. HE

I include such

ng adequate space
be evaluated for
ties by the

d engineering

m interface.

hnd software
ystem.
| user environment

simulation thereof)'to validate design goals and system performance, including
potentially hazafdous emergehcy procedures. These experiments, tests, and studis

s should be

ir results may be
allocations. Any
ment, test, or study
nclude the

estimated effect

o the systenTif the probfenmis ot Tesotved. —To avoid dupticati

n of effort, the

applicability and utility of existing HE and other relevant data bases (e.g., general literature, research
reports, and study reports) should be determined before initiating major efforts. For guidance on HE
T&E methods and tools, see Chapter 8 of MIL-HDBK-46855.

3.2.2 Computer models, three-dimensional mockups, and scale models

3.221

Computer models

When it is cost effective, three-dimensional computer models, rapid prototyping, and computer-
aided design/computer-aided manufacturing (CAD/CAM) methods should be used to develop the
design of equipment for which human performance will be a determinant of operational performance
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and maintenance effectiveness. Computer models should be able to provide a suitable range of body
sizes, clothing, and postures for evaluating proposed designs and design changes in terms of
compatibility with whole-body fit and access; finger, hand, arm, foot, leg, and other access and
reach; visual field; and strength. Computer models should not be used for compliance testing of
human performance and HE design. When used for predictive purposes, such models should
produce accurate and empirically repeatable, valid outputs. Computer models, simulations, rapid
prototyping outputs, and CAD/CAM designs and analyses should be accessible to the customer and
should, as applicable, be available during technical meetings and design reviews to facilitate
concurrent engineering.

3.2.2.2

Three-dimensional mockups

At the earliest p
prototypes, full-
performance sh
that results of H
expensive than

These mockups
workspace, and
design areas th

measurements

mockups shoulg
after they have {
3.2.23 Sca

Scale models m
CAD/CAM, or

provides equivalent, valid, repeatable, and accurate information in a cost-effectiv

manner.

3.2.3 Dynam

ractical point in the development program and well before fabriez
scale three-dimensional mockups of equipment involving critical
puld be constructed. The mockups should be constructed sufficie
E evaluations can influence design. The mockups should be no n
s essential to represent those aspects of the human-System interfa
should provide a basis for resolving operational-and maintenanc
related HE problems, and for incorporating solutions into system
involve critical human performance and forwhich human perfo
e necessary, development of functionalmockups should be cons
be available for inspection as determined by the customer. (Dis|
erved the purposes of the contract will be stipulated by the custo

e models

hy be used to supplementthree-dimensional computer models, ra
mockup methods, butishould not be substituted for mockups unles

¢ mockups

tion of system
human

ntly early to ensure
nore elaborate or
ce to be evaluated.
P access,

design. In those
mance

dered. The
position of mockups
mer.)

bid prototyping,
s such substitution
e and timely

dels that simulate

Dynamic mockl

psyalso known as engineering simulators (full-scale physical mo

functions), may

beusedwhern static three-gimensional mockups are madequate f

performance in the design of complex systems. These mockups may be used to:

*

unsafe procedures and unacceptable workload demands;

information,

electronic displays, and display formats;

r assessing human

evaluate operator procedures and equipment/operator interfaces, and identify any potentially
evaluate the non-mechanical aspects of a design, such as control dynamics, communications,

emulate user-system performance to derive estimates of performance for alternate design

configurations and cost-effectiveness evaluations of variable manpower, personnel, and training

parameters;
evaluate bio

medical and environmental considerations; and
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*

validate that the proposed design is suitable for operational use.

While the simulation equipment is intended for use as a design tool, its design should consider the

opportunity to transition the technology to subsequent training simulators.

3.2.4 Engineering drawings

HE principles and criteria should be reflected by the engineering drawings and CAD representations
to ensure that the final product can be used and maintained effectively, efficiently, economically,
reliably, and safely. The following drawings are included: system layout, panel layout, control,
communication system, individual equipment design drawings, and other drawings depicting
equipment important to system operation and maintenance by human operators. The design, as

reflected by such drawings, should comply with applicable HE design criteria sud
MIL-STD-1472, HE practitioners assigned HE responsibility by the contractor s
ings for all designs with potential impact on human perfetmancg
system interfacq and should identify for corrective action those designs-that may
or be unsafe (seg¢ sign-off authority, Para. 2.1.2).

3.2.5 Work epvironment, crew station, and facilities:design

HE principles and criteria should be applied to detailed design of work environm
and facilities to pe used by system personnel. Drawings, specifications, and othe
work environmgnts, crew stations, and facilities should reflect compliance with H
and with applicgble HE design criteria such as MIL-STD-1472. The design of w
crew stations, ad facilities that affect human performance under normal, unusua
conditions should incorporate at least the faHowing, where applicable:

pr addressing the effects of atmospheric conditions, such as comp
control for decermpression, temperature, humidity, and air flow,
pr minimizing'the effects of weather and climate, such as rain, ha
ctic, deserti«and tropical conditions,

br minimizing the effects of positive and negative acceleration fo
ar, and-radial,

provisions f
pressure ang
provisions f
mud; and ar
provisions f
linear, angu

h as that found in
nould review

or the human-
nduce human error

pnts, crew stations,
 documentation of
E requirements
Drk environments,
, and emergency

psition, volume,
I, snow, ice, and

ces, including

protection fomyphysical and performance effects of acoustic noise (steady st

ite and impulse),

vibration, and impact forces,

provisions for maintaining human performance during weightlessness,
provisions for minimizing disorientation,

adequate space for personnel, their movement, and their equipment,

adequate physical, visual, and auditory interfaces between personnel and their equipment,

including provision for proper eye position in relation to display surfaces, controls, and external

visual areas,

safe and efficient walkways, stairways, platforms, and inclines,
provisions for minimizing physiological stresses,

provisions for minimizing psychological stresses,

10
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allowance for the effects of clothing and personal protective equipment, such as full and partial
pressure suits, fuel handler suits, body armor, chemical/biological clothing and equipment, cold
weather clothing, and temperature-regulated clothing,

and environ

provisions fo

ment require them,
r safe and error-proof equipment installations,

equipment-handling provisions, including remote handling provisions and tools when materiel

protection from chemical, biological, toxicological, radiological, thermal, mechanical, electrical,
electromagnetic, and directed energy (e.g., laser) hazards,

optimum illumination commensurate with anticipated visual tasks,
appropriate sustenance and storage equipment (e.g., oxygen, water, and food), and provision for

refuse mana
crew safety

similar item
display, and
hatches, cre

3.26 HEinp

The provisions
should invoke a

3.2.7 Proced

Based upon the

should apply HE

adequate sp:

pjement,

protective restraints (shoulder, lap, and leg restraint systemsginer
5) appropriate to mission phase and their operability compatible v
PPE utilization, and

ce, clearance, and layout for normal ingress/egress:and emergeng
v workstations and aircraft crew stations.

ferformance and design specifications

pf performance, design, and procurement specifications prepared
bplicable HE design criteria such-asMIL-STD-1472.

ure development

human performance functions and tasks identified by HE analyse]
E principles and criteria to the development of procedures for ope

or otherwise usipg the system equipment. HE is applied to procedure developme
human function$ and tasks identified through HE analysis are organized and sequ
efficiency, safety, and religbility; to provide inputs to the Logistics Support Anal
and to provide ipputs te-the development of operational, training, and technical p
development of |proggdures should minimize training, and consider the possible ¢
nature of the opgrational, maintenance, and support population.

3.2.8 Softwal

tia reels; and
ith control,

y escape from

py the contractor

5, the contractor
rating, maintaining,
nt to ensure that the
enced for

sis where required;
blications. The
ulturally diverse

re development

The contractor should apply HE principles to software architecture and design in those systems
where software determines part of the human interface. Software that affects controls and displays
should be evaluated for its impact on the human-system interface. Automated system functions that
require human monitoring or intervention should be considered part of the human-system interface.
Multifunction controls and displays that vary in function depending on system software should also
be considered part of the human-system interface.

11
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3.2.9 Style G

uides and Standards

The contractor should use a style guide in the development of software user interfaces to define the
general principles and specific rules that guide the design of individual components. A style guide
can be based on an already-existing commercial or military style guide (e.g., Microsoft Windows or
Common Desktop Environment (CDE) Motif) or be developed for specialized interfaces using
tailored conventions. Using a style guide provides HE practitioners and the software developers

with a set of gui

3.2.10 Manu

delines that will assist in developing a consistent user interface.

als

HE should be applied to the development of operation, maintenance, and training manuals

(electronic or hg
presentation, ap
suitable quality
3.3 HEIn t¢
The contractor §

demonstrate

confirm compliance with system performance reguiirements where personnel

system perfc

secure quan
with equipn

Maximum use s
Both qualitative
fact that these fu
development sh

determine whether undesirable designsor procedural features have been introg

rd-copy) to ensure thoroughness, technical accuracy, suitable for
bropriate reading level, appropriate level of technical sophisticati
pf illustrations.

bst and evaluation

hould establish and conduct a T&E program tg;

conformance of system, equipment, and{acility design to HE de

rmance determinant;

itative measures of system perfermance that are a function of the
ent; and

hould be made of(the data collected from experiments, tests, and
and quantitative-data can be used to support HE efforts in the T4

buld not preclude final HE verification of the complete system. E

maintainer nor

a
approved test pr;rans during the final system test.

I, emergency, and degraded mode tasks should be performed ag

mat of information
DN, clarity, and

bign criteria,;
performance is a

human interaction
uced.

studies (see 3.2.1).
LE process. The

nctions may occur at various stages in system, subsystem, or equipment

oth operator and
described in

12
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3.3.1 Planning

HE testing using certified operational software should be incorporated into the system T&E program
and should be integrated into engineering design and development tests, contractor demonstrations,
flight tests, acceptance tests, and other development tests. Compliance with HE requirements should
be tested as early as possible. HE findings from design reviews, mockup inspections,
demonstrations, and other early engineering tests should be used in planning and conducting later
tests. HE test planning should be directed toward verifying that the system can be operated,
maintained, supported, and controlled by user personnel in its intended operational environment,
including emergency and degraded modes. HE test planning should also consider data needed from
or to be provided by operational T&E. Test planning should include methods of testing (e.g., use of
checklists, data sheets, test participant descriptors, questionnaires, operating procedures, and test
procedures), schedules, quantitative measures, test criteria, and reporting processes.

3.3.2 Implementation

Planned HE T&E should be implemented upon approval by the custemer. Test dpcumentation (e.g.,
checklists, data pheets, test participant descriptors, questionnaires, eperating procgdures, and test
procedures) shopld be available at the test site. HE portions of:all tests should in¢lude the following:

* performancg of mission or work, or a simulation thereof if actual performancg is not possible;

a representative sample of non-critical scheduled and unscheduled maintenange tasks that do not
duplicate the tasks selected for the maintainability demonstration;
* proposed jolp aids, new equipment training programs, training equipment, and special support
equipment;
* use of persopnel who are: represéntative of the range of the intended user pogulations in terms of
skills, size, and strength; wearing suitable garments and equipment appropriate to the tasks; and
approved by the customer,(use of personnel from the intended user population is preferred);

* collection of task performance data in actual operational environments, or in $imulated
environments if colléction in the actual operating environment is not possible

identification of discrepancies between required and obtained task performange; and
criteria for gcceptable performance or rejection of the test.

3.3.3 Failure and error analysis

All failures occurring during T&E should be subjected to an HE review to differentiate among
failures of equipment alone, failures resulting from human-system incompatibilities, and failures due
to human error. Human errors occurring in the performance of critical tasks during T&E should be
analyzed to determine the reason for their occurrence. The contractor should identify to the
customer those design characteristics or procedures that may contribute substantially to human error
and should propose corrective action.

3.4 HEin Abort and Accident Investigations

13
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HE practitioners should continue to participate in the system life cycle after CDR, such that their
technical acumen may be tapped in abort and accident investigations, as applicable to the system.
Guidelines for this activity should be established. While it is intended to be pervasive, these

guidelines must

grow qualitatively and quantitatively as HE practitioners develop a better

understanding of their roles in relationship to the other well-established national and international

accident analysi

s and investigative bodies.

Human

For data to be pf

Work (SOW). 1
The DID, if pro
officially sancti
mandatory unle
contracts and be
items that are pe
suitability of thq
developed by th
http://dtica.dtic.

Department of [
* DI-HFAC-8
DI-HFAC-8
DI-HFAC-8
DI-HFAC-8
DI-HFAC-8

*

*

Federal Aviatio
FAA-HF-00
FAA-HF-00

*

*

Engineering Data Item Descriptions (DIDs)

in the Statement of
pvided in a DID.
L), or other
content are not
PNCY across

uire only those
nuality and

t have been

pe found at:

[he description, format and content of the data product may be pr
/ided, must be listed on a Contract Data Requirements List {CDR
pned list of contracted work products. Although DID fermat and
s imposed by the customer, the use of DIDs helps ensure consists
tween contractors. The HE practitioner should taitar a DID to re
rtinent to the system being acquired, and necessary to assess the
contractor’s HE effort. A representative sample of HE DIDs tha
e DoD and the FAA are listed below. A copy of these DIDs can
Mil/hftag/hfs_docs.html

Defense:

P742B, Human Engineering Simulation Concept

D746A, Human Engineering.Design Approach Document — Oper
P747B, Human Engineering Design Approach Document — Main
DI38A, Noise Measurement Report

1399A, CriticalTask Analysis Report

ator (HEDAD-O)
ainer (HEDAD-M)

n Administration:
1, HumanEngineering Program Plan

FAA-HF-00

*

*

2, Human Engineering Design Approach Document—Operator (HEDAD-O)
3,"Human Engineering Design Approach Document—Maintainer (HEDAD-M)

FAA-HF-004, Critical Task Analysis Report
FAA-HF-005, Human Engineering Simulation Concept

14
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5 The Future of HEB1

It is envisioned that HEB-1, like its earliest predecessor Military Specification, will be a living
document with future versions satisfying additional needs as technology advances. Future versions
of HEB-1 will contain:

a. A visual definitions of temporal (time line) needs, illustrating critical program phases or actions
chronologically in a typical life cycle (inverted bathtub curve).

b. A description of a typical mission profile or scenario (roller coaster curve).

c. An illustration of the myriad instantaneous operational input, output, feedback, and firewall needs
for a crew undef stress (stimulus-organism-response model).

d. A discussion|of HE considerations during the disposal of a system or compongnt, and.

e. A standardizgd process and taxonomy for HE participation in abgrt and accidgnt investigations.

6 Terms and Definitions

For the purpose$ of this bulletin, the follewing terms and definitions apply.

6.1 acquisition reform: An'ongoing series of initiatives sponsored by the Office of the
Secretary of Defense-to streamline and tailor the acquisition procegs.

6.2 analysis of tasks: See Task Analysis.
6.3 commagdrcidl-off-the-shelf (COTS): A product or service that has been developed

for sale, Tfease; orficensetothegeneratpublicandiscurrentty available at a fair
market value.

6.4 contract data requirements list (CDRL): The standard format for identifying
potential data requirements in a solicitation, and deliverable data items in a contract.

6.5 critical task: A task requiring human performance which, if not accomplished in
accordance with system requirements, will most likely have adverse effects on cost,
system reliability, efficiency, effectiveness, or safety. A task is also considered
critical whenever equipment design characteristics demand human performance that
approaches the limits of human capabilities.

15
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6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

customer: The internal and/or external users of the system being
designed/developed. For the purposes of this bulletin, the customer generally refers
to the integrated product team (internal) or to the acquisition office or commercial
entity (external) that has contracted for human engineering support services.

data item description (DID): A completed document that defines the data
requirements of a contract. The document specifically defines the data content,

format,

and intended use.

environment: The aggregate of all the conditions and influences including physical
location and operating characteristics of surrounding equipment and occupants,
including temperature, humidity, and contaminants or surrounding air; operational

procedu
human

human
limitatio
effective
training
design,
sensory
operate

human
objectiv|

human
covers

to, pring
selectio

res, acceleraton, Snock, vioraton, and radiation.

computer interface: See User-Computer Interface:

ns to system or equipment design and development to achi
b, and safe system performance at minimum¢{cost and mang
demands. Human engineering assures that the system or

, perceptual, mental, and physical attributes of the personn
maintain, control, and support it.

engineering design criteri@) Stated limits on design to ac
es of human engineering.

factors: A body of scientific facts about human characteris
|l biomedical andspsychosocial considerations; it includes,
iples and applications in the areas of human engineering, g
N, training, life Support, job performance aids, and human p

evaluation.

human
environ

performance: A measure of human functions and action ir
ment, reflecting the ability of actual users and maintainers t

antain

engineering: The application of knowledge abouthuman gapabilities and

eve efficient,
ower, skill, and
equipment

required human tasks, and work environment are compatible with the

| who will

hieve the

tics. The term
put is not limited
ersonnel
erformance

a specified
D meet the

system’
conditio

Aorfarmanece—cctandarde 1nelidinaraliabilibr—and-m
S PCTTU TancC—StanTuar TS, oty TCTaioThity a o TTHai T et T

ns in which the system will be employed.

bility, under the

human-system integration (HSI): A comprehensive management and technical
strategy to ensure that human performance; the burden design imposes on
manpower, personnel, and training; and safety and health aspects are considered

through

out system design and development.

lesson learned: A proven experience of value in the conduct of future programs. It
is normally a conclusion drawn from evaluation of feedback information or from
analysis of the performance resulting from technical and management functional
activities. A lesson learned is usually recorded and eventually incorporated, where

16
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6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24

6.25
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applicable, in regulations, technical manuals, specifications, standards, or
handbooks.

life cycle: All phases of the system'’s life including design, research, development,
test and evaluation, production, deployment, operations and support, and disposal.

MIL-HDBK-46855A: Human Engineering Program Process and Procedures
provides human engineering program tasks, procedures and preferred practices,
and methods for application to system acquisition. The program tasks outline the
work to be accomplished by a contractor or subcontractor in conducting an HE effort
integrated with the total system engineering and development effort.
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risk management: The practice of controlling the risk drivers that adversely affect

the program.

It includes the process of identifying, analyzing, and tracking risk

drivers; assessing the likelihood of their occurrence and their consequences;

defining risk-mitigation plans; and performing continuous assessments to determine
how risks change during the life of the program.

style guide: A document that describes the general principles and specific rules for
the design (look) and interaction with (feel) of a software user interface. A style
guide typically includes information and options on a range of topics, e.g., the layout
and location of windows; the organization of material; the size and style of fonts; the
use of color, flashing and other coding dimensions; icons and symbology; the type of
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