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FOREWORD

This study was initiated by the Training Research Divisicn, Air Force
Human Resources Laboratory, Wright-Patterson Air Force Base, Ohio, under
Project 1710, "Human Factors in the Design of Training Systems,'' Task
1710-06, "Personnel, Training and Manning Factors in the Conception and
Design of Aerospace Systems.'"” The research was acccaoplished by the
Human Factors Department, The Bunker-Ramo Coirporation, Canoga Park,
California under Contract No. F33615-68-C-1367. Dr. David Meister was
principal investigator assisted by Mr. Dennis J. Sullivan and Mrs. Dorothy
L. Finley. Dr. William B. Askren, HRTR, was the investigator for the
Air Forces Human Resources Laboratory. The research sponsored by this
contract was started on 1 April 1968 and was completed on 31 March 1969,
This report was submitted by the authors 30 June 1969.

The authors wish to acknowledge the support and encouragement of
M. T. Snyder, Chief, Personnel and Training Research Branch, and Dr. G. A.
Eckstrand, Chief, Training Research Division, Air Porce Human Resources
Laboratory. The assistance of the AGM-69A system project office and
Dr. Robert Walker, The Boeing Company, was invaluable.

This technical report has been reviewed and is approved.

Gordon A. Eckstrand, Ph.D
Chief, Training Research Division
Air Force Human Resources Laboratory
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ABSTRACT

The study described in this report had two main purposes: {1) to
determine whether the amount and timing of human resources data (HRD)
influence #~3ign differentially; (2) to investigate the effect uapon
design of differences in personnel quantity and quality requirements.
Fquipment &s.ad HRD inputs (eg, manning quantity and quality, task and
time line analyses, etc.) which were produced during the development of
the maintenance equipment of the AGM-6QA missile were adapted and pre-
sented to eight design engineers during four 4-hour sessions. Subjects
were required to develop a conceptual design of the equipment. The
experimental design contrasted the simultaneous presentation of all
HRD inputs and stringent personnel quantity and quality constraints at
the start of design with the same inputs presented incrementally through-
out design and "minimal" personnel constraints. Measures of experimental
differences included: frequency with which engineers selected an auto-
matic, semi-automatic or manual design solution; number of manual design
features included in design outputs; number of test sets; and manpower
required by subjects to exercise their systems. It was found that the
amount and timing of HRD inputs do exercise some influence on the
engineer's design. The persomnel requireuments imposed did affect design
decisions. The type of manpower requirement imposed (skill level versus
personnel nurber constraints) also appeared to make some difference to
subjJects., Although HRD inputs are responded to by engineers primarily
vhen iro2se inputs are phrased as design requirements, informational
inputs {eg, task and time-lire analyses) appeared to create an attitude
of avareness in engineers of personnel requirements., Skill is considered
by engireers to be of greater significance to system performance than
numbers of personnel, Engineers display considerable variability in
their designs; they develop their design concepts quickly and resist
attempts to modify these conceptis, They prefer to receive their HRD
inputs as early in design as possible, Engineers can and do estimate
the manning needed to exercise their equipment, but these estimates do
not always seom to relate to their design concepts. The results of the
study indicate that, if human resources data are to be incorporated in
design, these must be supplied at the start of design and they must be
phrased as design requirements.

It is recommended that at the very leart the Request for Proposal
and the Statement of Work include

(1) Maximum number of operating/haintendnce personnel allowed
by job position;

(2) Maximum skill level aliotted for each job position.

iii



SUMMARY AND CONCLUSIONS

PROBLEM

Human resources data (HRD) inputs supplied during design often fail
to exercise a significant effect upon that development. It is possible
that inputs are both insufficient and presented at incorrect times
during development. The study described in this report had two main
purposes: (1) to determine whether the amount and timing of HRD influence
design; and (2) to investigate the effect upon design of diffarent ‘
personnel quantity and quality requircments.

APPROACH

Equipment and HRD inputs which were produced during the development
of the maintenance equipment of the AGM-69A missile were adapted and
presented to eight design engineers during four 4~hour sessions, Subjects
were required tc develop a conceptual design of the equipment. The
experimental study contrasted: (1) the simultaneous presentation of all
HRD inputs at the start of design with the same inputs presented incre-
mentally throughout design; and (2) the effect of personnel quantity
constrdiat versus the effect of personnel skill constraint.

RESULTS

4 substantial difference in design outputs was found katween the
experimental conditions. The group receiving all HRD inputs in the
Statenent of Work designed significantly more automztic eystems, included
more manual features in their designs, and required more and higher
skilled personnel than the group receiving human resources data inputs
incrementally, The apparent inconsistency between more automatic systems
and more manual features is explained as psartly a protlem of defining the
nature of automatic systems, since each engineer categorized his own
design, and partly, that putting all HRD in the Statement of Work made
the designers more personnel conscious and more concerned with designing
work into the system for the personnel. The skill-restricted design
group required fewer and less highly skilled personnel, more semiautomatic
systems, and more test sets than the quantity-restricted design group.

CONCL.USIONS

The amount and timing of human resources data inputs and the type of
HRD constraints do influence the engineer's design, but not always in a
predictable manner. The fact that a personnel requirement is imposed on
engineers does not necessarily mean that they will design to the letter
of the constraint., However, it does mean that they will take the personnel
factor into greater account than they would if no personnel requirement
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had been imposed at all. From this standpoint, the more human resources
data provided to the designer, the more conscious he will be of the need
to consider personnel limitations in his design, hence the more his design
will be affected.

OPERATIONAL IMPLICATIONS

It is recommended that Requests for Proposal and Statements of Work
for new systems include

(1) Maximum number of operating/maintenance personnel to be
allowed in the crew by job position;

(2) Maximum skill level allowed for each job position;

(3) The task capzbilities of these personnel;

(4) The design implications of these requirements in terms of
system characteristics,

RESEARCH IMPLICATIONS

Alditional research is needed regarding a number of problems.
(1) Methods are rneeded for determining early during the conceptual phase
of a system the 'likely' manpower force to be available during the time
petiod when the system would become operational. This "likely" force
wou” i . ‘orived from sources such as phased out systems, career personnel,
rew . :. ..ees, and current training courses. (2) Techniques are needed for
c.mparing the "likely" force with alternate forces of varying quantities and
skill distributions and determining their impact on the cost, capability,
reliability, availability, etc. of the system. Ultimately a “desired"
manpower structure would be proposed for the systeri. {(3) The design
implications of manpower requirement$ need to be fully developed, so that
the design concepts and characteristics which will yield the 'desired"
manpower force can be specified in the contract statement of werk. For this
rescarch to have maximum validity, it should study the performance of
personnel at operational sites in relation to the design concepts of the
system. (4) Finally, methods are needed for periodically testing during
design and development for coripliance of design with the manpower
requirement constraints,

vi
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SECTION 1
INTRODUCTION

A, NATURE OF THE PRGBLEM

Although it is a commonplace that human error contributes signi-
ficantly to system breakdown or mission failure, it is egually well
known that human resources data {HRD) supplied during system development
(ie, those describing the quantity, type and functions of manpower
needed to operate and maintain an equipment effectively} often fail to
exercise a significant effect on that development.

The fact that engineers characteristically do not tak= human factors
inputs into consideration during equipment design has been documented
in a series of studies (Meister and Farr, 1966, Meister and Sullivan,
1967, Meister, Sullivan and Askren, 1968, and Snyder and Askren, 1968).
It is also reported anecdotally by many human factors specialists
working on development projects,

Why does this condition exist? There are several possible expla-
nations, If the engineer does rot make use of certain inputs, it may
be that these inpuis do not contain the information he needs to make
design decisions; or the inputs may be late in reaching him and herce
cannot influence an already completed design; or else these inputs may
be formulated in terms which the engineer cannot understand and utilize,
Underlying these hypotheses is the assumption that, given the engineer’s
eagerness to scrutinize as much information bearing on design as possible
(a fact which was demonstrated in Meister et al., 1968), an input which
fails to influence design 'ails to do s¢ because it lacks some charac-
teristic required by the engineer.

To study this problem it is necessary to investigate the conditions
under which HRD can and will be utilized by the enginecr. The folluwing
factors must be examined:

(1) The manner in which the engineer designs, because human
resources inputs must fit into that process;

(?2) The format or marner in vhich these inputs are supplied to
design engineers;

{3) The timing or sequence with which inputs arc supplied;

{4) The desi m-relevancy of the data suppli..j

10
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(5) The effect of manpover requirements as constraints on hard-
ware design;

{6) Tne availability of information as & whole to the engincer
during the design process;

(7) T™e engineer's attitude toward the personnel aspec:s of the
system ard to humen resources data as inputs to design.

To study these ractors human resources inputs must be presunted
to engineers in different formats under controlled conditions in a
realistic design context. The designs they produce as a consequence
of different experimental treatments can then te related to -he
faclors descrired in these treatments.

Before considering the purpose of the present study it :s recessary
to describe the authors’ concept of Human Resources Mata (HR). This
has been expressed graphically in Figure 1. There are two tipes o7 HRD:
(1) ¥anpower Requirenents (MR), which specify the maximum nurber and
skill levels of perscnnel for whom the system is to be desigred; (2)
Support Data {3H}, eg, Quantitative and Qualitative Persorael Requirc-
meats Information (QGPRI), personnel availability, task und time line
analyses and training analyses. MR have -or should hzve- a direct
influence on the engiineer by requiring him to modify his desiegn to meel
the manpower requiremente. 8D are the backup anaiyse: which lead to
the development of MR, and which also serve ac descriptive data explain-
irng the implications of MR to the engineer.

Note that 5D do not directly influence design; that furction is
reserved to MR. 8D may, liowever, give rise to Support Rkequirements when
its anzlyses are transformed into descriptions of tasks for which the
system must be designed and the training which system personrel nust
recelive.

It should be noted that the effect of both MR anl support requirn-
nents on design nust bte mediated by the detemination ol the lhwuman
resources-hardware rclationships (design implications) of the se requi-u-
rents.  When cuch Implications are not explicitly develcped tnd provilc s
as guidelines to the engineer, the effect of MR and surport requwrercris
(perticularly the latter) is largely mullified. Ir ancther study
{Meister e% al., 1967) it has been pointed out that the data describhing
these design implicaiions is largely lacking, which accounts for the
relatively weak inflience quality manpo..r requirvementc and personnel
support data hav:> ha’. on previous design.
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B. PURPOSE OF THE STUDY

This study had two major purposes: (1) To test the hypothesis
that the quantity and timing of HRD provided to design
engineers will influence the nature of their designs; and (2) to
investigate the effect upon design of differences in MR {mannower
quantity and quality requirements).

The presenu study is in large part a replication of a previous one
(Meister et al,, 1968) to verify trends uncovered in the earlier study.
That study sought to determine the effect on system design of using
MR and SD as design inputs.

In that study equipment data and personnel inputs, eg, quantity
and skill level of manning, and task information, were precented incre-
mentally to six design engineers in a simulation of the Phase 1A/lB
development of the Titan III propellant transfer and pressurization
subsystem. Subjects were required to create a complete subsysten
design, including schematics, equipment descriptions, drawings and bills
of material,

It was found that MR and SD do influence the equipment config-
uration, but only moderately, because equipment design proceeds so
rapidly that HRD inputs presented incrementally inevitably lag design.
Fngineers were found to be responsive only to inputs which are framed
as design requirements., Although MR inputs in terus of quantity (ie,
number of personnel) were readily grasped by engineers, they experienced
great difficulty in understanding and utilizing quality, ie, skill level,
inputs. The results of the study indicated that if personrel factors
are to be incorporated into design, HRD inputs must be supplied as
design requirements to the engineer in the statement of work {SOW) pre~-
ceding design. On the basis of that study the following hypotheses
seemed in order.

(1) Design engineers approach their problems from the start with
preconceived concepts and very rapidly organize their sub-
system designs in equipment terms. They proceed very quickly
through such initial system analytic stages as determipation
of subsystem functions, allocation of functions Letween
equipment and personnel, and determination of equipment types
and functional characteristics. ‘This approach appears to be
characteristic of all types of engineers, even tnose who are
highly sophisticated in system analysis. The stzges so
compressed are those to which HRD should contribute, if HRD
is to have a significant impact on the basic nature of sub-
systen design,

ERIC
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(2) Because of the manner in which he designs, the primary source
of the engineer's design decisions appears to be the SOW with
which he begins design. His design is primarily affected by
the requirements and constraints expressed in the SOW.

(3) HAD inputs are utilized if they can be interpreted by the
engineer in terms of requirements or constraints, or if they
provide information about the subsystem which implies require-
ment:s or constraints. This means that, as was pointed out
earilier, the design implications of MR and SD must be made
explicit by the human resources specialist in such a way that
the engineer readily recognizes them.

The implications of these hypotheses suggest that HRD inputs will
be maximally effective if they can be presented to the engineer as
design requirements or constraints within the SOW, This is in line
with tle concepts expressed by Eckstrand et al, (1968) in their paper
on the changing philosophy of human resources engineering. Because the
design engineer so rapidly translates system requirements into hardware
equivalents, HRD inputs will be effective only to the extent that they
exercise the control Eckstrand et, al. recognize as the next stage in
human resources engineering., Where HRD inputs are ineffective, it is
probably because these inputs fail to exercise as much control as do
equipment inputs.

There appears to be some evidence also that design engineers, in
developing their basic subsystem concepts, have some general ideas of
the crew which they believe will operate and maintain the subsystem, It
would be extremely helpful, in defining HRD parameters more precisely
in the SOW, to investigate in greater detail the nature of the crew
concept which the engineer utilizes as the basis for his design. This
would enable investigators to redefine MR in terms which the designer
will wore readily recognize as being design-relevant.

If the conclusions of that study are valid, then presentation of
more cuwprehensive HRD inputs to the engineer in the SO0W, including
rigorous MR requirements, should lead to major differences in resultant
designs.

The goal.s of the study described in this report can therefore be
phrased as a series of questions to be answered:

(1) Will differences in amount and timing of HRD inputs result in
different design concepts?

(2) Will quantity {ie, numoer of personnel) constraints produce
different effects on design than quality (ie, skill level)
constraints?

: 1;4
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(3) Will the imposition of MR constraints affect equipment charac-
teristics after the basic design concept has been developed?

{(4) Will the removal of MR constraints affect equiptient character-
istics after the basic design concept has been developed?

(5) Which HRD inputs are preferred and utilized by engineers and
at what stage in system development?

(6) How does the engineer's concept of manpower for his system
relate to his design and how does this concept relate to more
objective methods of predicting manpower (eg, Barton et al.'s,
1964 queuing model) ?

The ultimate purpose of the present study is to derive from the
controlled testing of engineers certain human resources-hardware relation
ships which would enable the Ajr Force to write more effective procurement
requirements. It is assumed that if, instead of general, non-enforceable
manpower provisions, expiicit design-relevant statements of human
resource needs can be incorporated in procurement requirements, more
satisfactory equipment will be developed.



SECTION II
TEST METHODOLOGY

A. GENERAL STRATEGY

The methodology employed in this study has been described in detail
in Meister et al., 1968. Hence only that information needed by the
reader who is unfamiliar with the preceding study will be presented in
this section.

The overall research strategy involves placing the engireer in a
realistic design situation in which he must solve a series of design
problems by using equipment and HRD information related to these
problems, In adapting this general methodology to the present study,
the following steps were perfovmed:

(1) Selection of an already existent subsystem which could serve
as a model for the development of test inputs and outputs.

(2) selection of appropriate engineer-subjects skilled in design
of the type of subsystem selected.

(3) Determination of the equipment and HRD inputs which are
characteristically provided during the system definition
phase of development,

(h) Devel>pment of HRD inputs.

(5) Deteraination of the sequence in which HRD inputs should be
provided.

(6) Determination or the design responses and outputs vhich the
engineer-subjects should apply in attempting to solve the
design problems.

(1) Determination of specific measuvres which could be used to
answer the qQuestions which initiated the study.
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DEVELOPMENT OF THE EXPERIMENTAIL, SITUATION

1.

Selection of the Test Subsystem

A. Rationale

The initial step in the development of the experimental
situation was the selection of a subsystem which already
existed, if not in hardware form, then in the form of a
completed design. This subsystem could then be used as a
rodel to develop the necessary study inputs and outputs.

The idea of using an already existent subsystem as a
nodel for test inputs has been found to be useful, for
several reasons:

(1) Both equipment and HRD inputs, the de%ails of which
wonld otherwise be difficult to create if one had to
create them out of imagination, could be abstracted
from the original documentation.

(2) The amount of informational detail that should be
provided at the various stages of the experimental
subsystem development could be determined from the
original documentation,

(3) The face validity (i.e., realism) of the inputs could

be assured bectuse they were produced in the originsl

subsystem design.

(4) The design responses required of subjects could be
determined on the basis of the design outputs de-
veloped in the original subsystem.

3, Criteria for Selecting the Model Subsystem

The criteria for selection of the model subsystem were
as follows:

(1) The subsystem should be one in which personnel
functioning is important. For this reason it was
decided to select a maintenance subsystem. Since

many operator subsystems in present Air Force systems

are highly automated, it was considered that a
maintenance subsystem would offer a greater amount
of direct personnel-equipment interaction.
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(2) The subsystem should have an appropriate degree of
complexity. Overly simple subsystems were avoided
since the number of HRD inputs and their effect on
subsystem design would be minimal. At the same tiume
an overly complex subsystem would make it difficult
to supply the necessary design inputs sithin the time
schedule established,

(3) The subsystem should be one whose development pro-
ceeded in accordance with AFSCM 375-5 (USAF, 1964).
AFSCM 375-5 was utilized as a framework for the
development of the experimental HRD inputs because
Air Force systems are presently required to be
developed in the spirit, if not to the letter, of
AFSCM 375-5.

(4) The unclassified records of the model subsystem should
be complete enough to minimize the development of
new material (as opposed to the editing or revision
of old material).

(5) The subsystem should be recently included in the Air
Force inventory, or under development, so that the
inputs would take advantage of recent technical
developments in the state of the art.

C. The Subsystem Selected

With these criteria in mind, several alternative subsystems
were considered and evaluated before the investigators selected
the model subsystem.

The subsystem sclected for simulation was the unclassified
aspects of the Aerospace Ground Equipment (AGE) of the AGM-60A,
the SRAM. The A®M-69A is an air to ground missile designed to
be launched from the B-52 bomber. It is presently under
development by the Boeing Company, Sealtle, Washington.

The specific equipment to be designed by the engineer
subjects was the electronic test equipment used to check out
the status of the missile prior to its installation on the
aircraft, to troubleshoot the missile if any malfunctions
were found in pre-installation checkout, and to check out

issile-related aircraft systems. Unclassified details of
the required characteristics of the A@4-69A test equipment
may be found in Appendix I.

*18



2+ Selection of Subjects

The eight engineers who made up the subject population for
this study were selected from the test engineering department of
the Marquardt Corporation, Van Nuys, California. Engineers were
selected from this company because the design of the maintenance
equipment for the AGM-69A required the selection of personnel
skilled in the design of test equipment used to check out missiles
and missile~related equipment,

An analysis of the education and experience background of the
subjects is presented in Table I. The subjects are considered to
be essentially equivalent in terms of relevant experience to those
of the earlier study (Meister et al., 1968). They are also con-
sidered on the basis of their verbal responses during the experiment
to be similar to the 36 engineers tested earlier in studies described
in Meister and Farr, 1966, Meister -1 Sullivan, 1967 and Meister
et al., 1968, The average amount of experience is 15.7 years, with
no subject having less than 8. Beyond a certain experience level,
represented by the present subject group, differences in years of
experience are felt to have little or no significance for design
output.

3. Determinaticn of Equipment Inputs

A, Description of Inputs

In addition to HRD inputs, equipment inpuvs were provided
to serve as the context for the HRD inputs as well as the
information buse for the designe These included the following:

(1) stateuent of work which initiated subsystem develop-
ments.

(2) System and equipment functicnal fiow diagrams (at
successive levels of detail).

(3) Requirements Allocation Sheets (RAS).
(4) Descriptions of equipment characteristics.,

Fev changes were made to the original specification for the
AGM-60A test equipment and then only to facilitate its use hy
subjects, Significant changes were made in the phraseology of
section 5.1 (Personnel Manning Requirements) to implement the
various experimental treatments in the study. Changes were also

O
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TABLE T

SUBJECT EDUCATION AND EXPERIENCE

Subject Education Years of Experience
Y BSEE 12
L DSEE 11
F BS 17
Me MSEE 12
Mo BSEE 8
Ma BSEE 21
K BSEE 22
W BS 23
15.7
11

20.
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made to the reliability and maintainability sections of the
section, since the originel specification for the test equip-
ment did not contain subsystem reliability/maintainability
requirements. The volues supplied were based on those found
for similar test equijment in other systems.

To develop the equipment inputs,unclassified documentation
proiuced during the development of the AGM~-69A was examined,
courtesy of the Boeing Company and AGM-69A System Project
Office; pertinent material was extracted and prepared as shown
in Appendix I. Tou ensure technical accuracy and completeness
of the equipment inputs provided to the subjects, they were
reviewed by the Chief Design Engineer of The Marquardt
Corporation, aid required revisions were incorporated.

A1l inputs were provided in complete form e4cept where it
was des —ed that the subject solve a problem which required

him to develop or complete some part of the input. Ior example,

if system functions on Lequirements Allocation Sheets were to
be analyzed by the subject to determine appropriate equipment
characteristics, all necessary data were included on the sheets
except for those dealing with the equipment characterictics,
Complete inputs were provided because the designers were not
expected to be able to develop all the documentation which
wculd ordinarily be developed due to the time-scale involved
in the simulation. Morcover, all HRD inputs were presented in
teto, since designers do not ordinarily develop such inputs and
do not have the experience needed to do so.

B. Input Presentation i:round Rules

The following ground rules were followed:

(1) A1l inputs to subjects were supplied in written foxm,
except where immediate circumstances (e.g., ansvers
to questions asked by the subject during the test
session) made this impossible. Any input provided
orally was documented immediately following its
transmission.

(2) Instructions to subjects were provided verbally, but
they were allcwed to read the same instructions in
written form; and those written instructiors were
available to him throughout the test session.

12



4. Development of HRD Inputs

The HRD inputs selected for presentation to subjects were
those which are developed as a result of analyses performed during
Phases lA/lB of the System Definition Stege and prior to the
Acquisition FPhase of System Development. Consequently, whether
provided either as part of the SOW or incrementally, they were of
a general. nature describing system functions rather than those
describing molecular human engireering details relevant to hardware
components, Previous studies have indicatel that the basic design
is "frozen" prior to Acquisition; human engineering inputs trerefore
represent only minor refinements to the Phase lAle design.

According to AFSCM 375-5 human factors inputs should be avail-
able prior to the issuance of an RP to the.coniractor. From that
standpoint it was considered appropriate that for one of the two
subject groups these inputs should be included in their SOW before
these subjects hegan their design.

In practice, however, the Air Force often delegates ‘o a con-
tractor the responsibility for developing these inputs after design
has begun. When this occurs, HRD inputs are usually provided to
the design engineer on an incremerital basis, From that standpoint
it was considered legitimate to present these inputs to a second
group of subjects on an incremental basis.

The HRD inputs provided are listed in Table II and are also
presented in Appendix I.

Material supplied in the SOW is listed in Table III.

5« Determination of the Sequerce of Providing HRD fnyputs

A. Simulation of the Developuient Process

System developrent, ecither as formally defined by AF5CM
375-5 or a5 actually practiced, is a process of multiple
iterations; however, it has been documented (Meister et al.,
1968) that the basic design concept is developed very early
in the iterative cycle, and that subsequent iterations only
serve to refine the basic design concept.

For this reason is was felt that ihe design sirulation
could be compressed into four b-hour sessions without any
great loss of precision in the experimental results. Yor one
group of subjects (called the Omnibus gxoup) all MR and PGD
inputs were supplied as part of the S(W with which they began

Q
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TABLE II

LIST AND DEFINITION OF

HUMAN RESOURCES DATA INPUTS

1. MANPGWER REQUIRIMENTS
Item
(1) Number of personnel
(2) skill 1level
I1. SUPPORT DATA
Iter
(1) Lists of personnel tasks
(2) Personnel/equipment flow
diagrams
(3) Personnel/ejuipment
analyses
{4) QQPRI va“a including:
(a) Proficiency
(b) skill type
(¢) Persomel
availability
O
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Quantity of personnel. required to
perform subsystem operations,
defined in terms of naximum number
allowed.

Air Force skill levels allowed for
the task,

Definitior,

Tasks defined in te:ms of personnel
functions and equipnent acted upon.

Diagrams illustrating the sequencing
and interrelationships among tasks.

Description of equipment character-
isties required by tasks or effect of
equipment characteristics on task
performance.

Skill characteristics which personnel
stould possess to perform the job
satisfactorily.

Characteristics of the job to be
performed in terms of demands upon
personnel.

Definitions of AFC type possessing
necessary qualifications to perfomm
the job, together with the probabil-
ity of such personnel being available
for the job.
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(5)

(6)

(n

TABLE II (Continued)

LIST AND DEFINITION OF

HUMAN RESOURCFS DAT!. INPUTS

Iten

Training requirements,
including:

(a) Anticipated training
time

(b) Required aptitude

Task analysis, including:
(a) Task structure

(vb) Task criticality
(¢) Team performance

{(d) Protability of
successful task
completion

(e) Task location

(f) Task duration

(g) Difficulty index

Time-line analysis,
ineluding task frequency

Definition

Time needed to train to given level
of proficiency.

Job skills which training should
provide.

Task description in terms of function
and equipment operated or maintained
(see Item IT (1)).

Consequences of task being performed
incorrectly or not at all.

Nurber of perscnnel required to
perform the task.

Quantitative estimate of probability
that the task will be completed success-
fully by personnel (the converse,

error probability, also is provided).

Arproximate physical area (e.g., flight
line, shop) in which the task must be
performed.

Estimate of the time required to
perform a task.

Estimated difficulty of task defined
in terms of error probability and
response time.

Listribution over time, iuncluding
cverlaps, of individual task
durations,
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TABLE III

STATEMENT OF WORK CONTENTS
Description of system requirements
Equipment requirements
Top level flow diagrams
Lists of personnel functions and tasks
Maximum number of personnel or skill level requirements

Task descriptions (eg, material contained in preliminary and
full scale QQPRI)

Personnel availability data
Task characteristics

Time line analysis
Position descriptions

Preliminary training requirements

The asterisk (*} indicates what was included in the SOW for those
subjects receiving HRD inputs incrementally. The remainder of the
data were provided to these subjects progressively throughout the
study. Other subjects received all SOW contents at the start of
the study.
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design., For the comparison subjects (called the Incremental
group) only a mi..imal MR requirement was supplied in the SOW
snd HRD inputs were delayed until the third end fourth sessions,
The minimal MR requirement and the delay in HRD inputs were
considered characteristic of present practice in system
Jevelopment,

A1l equipment information was provided to all subjects as
rart of the SOW,

Table IV presents the sequence of tcst inputs and outputs
for design of the experimental subsystem,

3. [Test Procedure

The general procedure for the individual sessions was to
jetermine the effect of a particular input on the design task.
At + : start of each session, the engineer was told his design
tass, the inputs available to him were described, and he was
asked to review them {in the event he had not reviewed them since
he was first handed them at the close of the previous session),
The subject then performed his design task.

About a half hour before the end of the session {unless he
obviously was not finished, in which case the session would be
continued to the following week), the subject was informed that
his work was to be reviewed, His output then was revicwed by
the investigator with him to elicit any additional infoimation
and particularly the reasons vwhy particular design features were
incorporated. At the same time, the subject was questioned
to determine whether: {1) he thought the input was useful, (2)
the input was understandable and meaningful, (3) he used the
input in deriving his design product, (4) the format of the
input was satisfactory, {5) the timing of the input was
approrriate, and (6) any additional informition was needed.

At the close of the session he was handed the inputs for
the next session and asked to study them if he had sufficient
time.

The progressive development of the experimental subsystem
was simulated by scheduling each subject individually for a
minimm of four weekly three-to~four-hour sessions (the length
of the session depending on their speed)}. For the Inciemental
group this permitted the progressive inpulting of HRD according
to the schedule described in Table IV, The subject had avail-
able to him at each successive test session all the data

17
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TABLE IV

SEQUENCE OF TEST INPUTS AND OUTPUTS
FOR DESIGN OF THE EXPERIMENTAL SUBSYSTEM

Inputs

Omnibus Group:
Ineremental Group:
Output Required:

Inputs

Omnibus Group:
Incremental Group:
Output Required:

Inputs

Ounibus Group:
Incremental Group:
Cutput Required:

Introductory Session

Session 1

Complete SOW

Partial SOW

Describe how maintenance will be accomplished
and provide a detailed flow diagram ol ground
opzrations

Session 2

None

None

Identify elements of AGE required to perform the
maintenance needed; provide functional descriptions
of wha*t each individuval functional equipment is
supposed to do.

-~

Scssion

None

Third level equipment and personnel flow diagrams.
Suoply equipment descriptions of individual ASE
elements

o
o f
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TABLE IV (Continued)

SEQUENCE OF TEST INPUTS AND OUTPUTS
FOR DESIGN OF THE EXPERIMENTAL SUBSYSTEM

Session 4

Liputs

Omibus Group: Nor. =

I:icremental Group: Task analysis and QQPRU { position descriptions,
training requirements and persornel availability
statements)

Oatput Required: Complete detailed description of meintenance
equipment

19
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(and his previous design outputs) frow preceding sessicns. At
each session, the subject was asked to supply certain design
outputs which the investigators hypothesized should be affected
by the HRD input for that session.

Determination of Design Qutputs

A, Types of Outputs

The response secured from the subjects fell irto two general
classes, attitudinal or subjective outputs, and application, or
product outpats.

When an HRD input was first presented to a subjeet he was
asked (after he had reviewed the input) to indicate his personal
response to the input., By this is meant that the investigators
sought to determine how the subject felt about his immediate
input; whether he understood it, and if not, why; whether he
felt he could use the input, and if not, why, ete. Since the
engineer must first be positively motivated to accept an input
before he applies it, subjective responses were secured before
proceeding to more nbjective cutputs,

After the subject completed his subjective evaluaticn of
the input, he was required to make use of the input by performing
some engineering anslysis or developing sowe engineering output,
such as a drawing to which the HRD input was rzlated. He was
required to make use of the HRD inpit even though he may have
indicated earlier that he could make little use of it. 'This
was because his subjective response uight or wight not be
related to his obJective output.

B. Subjective Outputs

The kinds of subjective outputs to be souzht of the subject
were as follows:

(1) Preference responses, e.g., I like/do not like the input.

(2) Utility responses, e.g., I canfcannct apply the input
to system design.,

(3) Knowledge responses, e.g., I w ~rstand/do not under-
stand the input,

20
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(4) Implication responses, e.g., I draw the following
implications from the input; the following consequences
result from the input,

(5) Schedule responses, e.g., the input is too early/too
late/just in time.

(6) Impact (effect) responses, e.g., my design is/is not
influenced by the input.

(/) Format responses, e.g., I would prefer the input to
be in the following format.

Although thLere was some slight overlap among these responses,
each of these response types was considered separately because
they could be combined in different ways, such as understanding
an input but rejecting it as being inappropriately timed,

C. Product Outputs

Because the study was concerned only with the basic design
concept, product outputs were largely of an analytic or decision-
making type, eg, determinati on of functions, specification of
equipment charxacteristics and operating modes. These were ex-
pressed in terms of lists of functions to be performed by the
system, ecquipment descriptions, equipment flow cdiagrams and
procedures foxr operating the test equipment.

Determination of Specific Measurcs

Measures of the effect of MR and SD inputs on subsystem
design include the following:

l. MNumber and skill level of personnel ecstimated as required
by subjectse.

2. Number ard skill level of personnel required by subjects'
designse.

3. Number and types of manually operated equipment required
by subjects.

4, Number of automated cquipments required.

S5« Number and type of special purpose equipment.

21
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Te

8.
9.

10.

Number of engineers in each group designing automated/
non-automated configurations,

Number and type of design changes made after manpower
requireéments are changed.

Number of controls and displays required by subjects.,
Number cf manual operaticns specified.

Inter-subject variability.

To understand the rationale for these measures, it is
necessary to consider them in terms of the overall experimental
design of the siudy. This study design ard related measures are
discussed in detail in the following section.

22



C. EXPERIMENTAL DESIGN

To explain the reason why the expe.-mental design for this study
vas created the way it was and the reasons for the various analyses
vhich were performed, this subsection has been organized in terms of
the specific study goals listed in Section I,

1. Will differenczes in amount and timing of HRD inputs result in

different design concepts?

The basic hypothesis was that engineers receiving highly compre-
hensive SOW's, including all the HRD inputs considered necessary for
system design, would create design concepts different from those
engineers who received incremental HRD inputs.

To test this hypothesis the eight subjects were divided into two
groups of four. The Omnibus group received all of its inputs, in-
cluding HRD, priur to beginning design. It received no additional
inputs throughout the remainder of the study. The Incremental group
received prior to beginning design a basic SOW, including all equipment
inputs and, of the HRD iuputs, only a minimally restrictive manning
requirement. In sessions 3 and 4% the Incremental group received the
rerainder of its HRD inputs,

Presumably, if the difference in amount and timing of the HRD
inputs influenced design, it would be reflected in the basic design con-
cept the engineer created. In addition to the actual design cutput for a
system which would implement design requirements, subjects were asked
to decide which of three concepts (manual, semi-automatic, or auto-
matic operation) would best solve the design problem. The overall
subsystem design could then be evaluated to determine in which of the
three categories it belonged. Differences between the two groups
could be evaluated by cowparing the frequency of particular types of
design concepts produced by subjects. Wherz changes in treatment
conditions occurred (ie, in sessions 3 and 4), it is possible to
determine what modifications, if any, weie made to the design output
of sessions 1 and 2.

The effect of differences in amount and timing of HRD inputs
could also be determined qualitatively by the following questions
which were asked follow 1g the first design session:i¥

* A complete 1ist of questions asked after each design session it
presented as part of Appendix I.

O
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1. Did you have enough information in the SOW to develop t]ile
design concepi} {

|

2. Enough equipment informationt Enough perscunnel info;ma."‘x;ion?

3. Is this equipment information characteristic of SOW's yuu
work to? ‘

4, Is this persormel information characteristic of SOW's y(u
work to? 1

v
b

5. What information that you did not have would you wish ‘Lc:i have?

6. Was the informition in the SOW useful in helping you decide
upon your system configurations? Has enough 1nformat10r~{ been
included in the personnel requirements statement? (For bhe
Omnibus group only): What design implications would youl
draw from the personnel requirements? !

Te What information would you ordinarily have at the start <)f
design?

8. What items of information in the SOW particularly affectiad
Your design decisions? Why?

9. What was the effect of personnel requirements on your dealgn
concept?

J
i
#
Ay the conclusion of the second design session the following;
relevent questions werc asked: !

I

1. Have the equipment requirements acted in any way to ('onl,traln
your édesign concept? If so, howt :

2., Have the personnel requirements acted in any way to cor 'strain
your desigu concept? If so, how? X
]
3. What equipment and personnel information which has not been
provided to you would you wish to have? Why?
Individual session by session effects could be discerned by means
of the responses to these questions,. i

A word about the rationale for these questions, It was ccnsidered
possible that because they received only the basic SOW, the Ircremental
group might also feel that the minimally restrictive personnel

O
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requirement did not provide very useful inforwmgtion. One might also
find that the different personnel requirements affected the design
concepts of the two groups differentially,

2, Will quanlity constraints produce different effects cn design
than guality constraints?

Manpower requirecments ave of two types: quantity (ie, number
of personnel} and quality (ie, skill level). The previous study
indicated that both of these requirements would exercise an effect
only if they were rormulated as constraints on design, The gquantity
requirement would therefore have to be phrused in the following
manner: equipment must be designed so that no more than N persomnel
will be required to operate/maintain the equipment. The quality
requirement would have to be phrased as: equipment must be designed
so that it can be operated/maintained by personnel with a 3 (5, or 7)
~level skill capabilicy.

Two questions cau be asked. One may ask whether one type of MR
is more constraining than another. This question would be iumportant
in evalusting the relative emphasis to be placed on an MR in tradeoff
denisions,

One can also ask whetheyr a detailed stringent MR has more effect
on system design than one which is phrased in general terms oniy.

In order to determine the differential effect of the two types
of constraints, the two major groups (Oumnibus and Yncremental) were
further subdivided into two helves., fiwo of the Omnibus and two of
the Incremental subjects were asked to design to the quantity con-
straint, Two of the Omnibus and two of the Increrental subjects were
asked to design to the qualily constraints. The Omnibus subgrouping
occurred in the first session; tlre Incremental subgrouping, in the
third session.

This further subdivision produced the following subgroups:

0-N: Omnibus subgroup receiving only the personnel quantity
constraint,

The requirement levied on this subgroup was as follows:

"5.1 Personnel Manning Requirements

Use of AGE for the maintenance and testing of any irdi-
vidual system, subsystem or component of the missile and

I
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assoriated missile-carrier aircraft shall not require more
than two operators--one at or in the aircraft and one at the
checkout or test eguipment.”

0-5: Omnibus subgroup receiving only the skill level con-
straint. The requirement levied on them was as follows:

"5,1 Personnel Manning Requirements

Equipment shall be desigred to be operated by military
technicians with an Air Force Speciality Code three-level
skill only (see Appendix for definition of skill levels)."

Incremental Group

The Incremental group was not subdivided in the first
two sessions. They received and functioned for the first two
sessions under the following minimal personnel requirements:

“5.1 Personnel Manning Requirements

Equipment design shall minimize the quantity and skill
level of military personnel required to operate the equipment.”

3. Will the imposition of MR constraints affect equipment char-
acteristics after the basic design concept has been developed?

Tre Air Force sometimes redefines its system requirements
during the development of the system. The purpose of asking question
(3) above is to determine the effect on design when such a reorien-
tation occurs. Morcover, the effect of adding personnel requirements
would help to indicate how influential MR constraints can be.

In the first 1wo design sessions the Cmnibus group had received
differential MR constraints. Half the group was constrainei to
design to the 3-skill level (skill constraint or 0-S group). The
other half was constrained to design for a crew of two men {number
constraint or O-N grows). To test the effect of imposing aiditional
design requirements, the subgroup constrained by the skill require-
ment (0-S) now slso had to design for two men. The subgroup
constrained to design for two men (0-N) now had also to design for
a 3-skill level.

The additional requirements were added in the following; manner:

ERIC
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"At this time the Air Force customer has decided to make his
personnel reguirements a bit more stringent thaa they were when you
started your design.

"{0-N Group) TIf you lock at section 5.1 of your SOW which
describes operator requirements, you will see the following state-
ments

"Use of AGE for the maintenance and testing of any individual
system, subsystem ol component of the missile and associated
missile-carrier aircraft shall not require more than two opcrators--
one at or in the aircraft and one at the checkout or test equipment.,"”

"In order to minimize the 5kill level of the personnel needed
to operate the maintenance ground equipment, the Air Force has
levied the following additional requirement upon you:

"Equipment shall be designed to be operated by military
technicians with a three-skill level only.”" (Please refer to the
definition of skill levels included in the Appendix to the SOW.)

"(0-5 Group) If you look at section 5.1 of your SOW whiech
describtes operator requirements, you will see the following stete-
ment:

"Equipment shall be designed to be operated by military tech-
nicians with a three-skill level only."

"In order to minimize the number ¢f personrel needed io operaie
the maintenance ground equipment, the Air Foice has levied the
following additional requirement upon you:

"Use of AGE for the maintenance and testing of any individual
system, subsystem or component of the missile ard associated
missile-carrier aircraft shall not require more than two operators--
one at or in the aircraft and one at the checkout or test equipment."

"In this session we ask you to review the design conceptc you
created previously in the light of the additional requirctients
imposed upon you, and to make such changes as ycu feecl would be
necessary to bring your design in accordance with the added percon-
nel requirements.”

At the conclusion of the session the following questions were
asked:

1. Did the additional personnel requirements make any difference

to your design? If so, what changes did you nake!
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What design implications did you draw from the added
personnel requirements?

Are these added 1equirements too stringent? Easy to handle?

Was there enough information provided in the added require-
ment?

What information would you wish inecludeC °r he personnel
requirements section of the SOW?"

In the third session the Incremental group was subdivided in

the same
produced

I-N:

1-S:

fashion as the Omnibus group in the first session. This
the following subgroups:

Increzmental subgroup receiving only the personnel
quantity constraint,

Increnental subgroup receiving only the skill level
constraint,

These constraints were levied in the following manner:

”I_n

this session we are able to provide you with additional

informmation secured from the Air Force. This information describes
the personnel reguirements to which you should design; in addition,
the Air Force has made a number of analyses, included in an Appendix
to the SOW, which deserite what they think the maintenance techni-

cians in

the system wnder design would be doing.

"Please replace section 5.1 of your SOW which describes

operator

“(1-

requirements with the following statement:

N Group) Use of AGE for the maintenance and testing of any

individual system, subsystem or component of the missile and associated
missile~carrier aircruft shall not require more than two operators--
one at or in the aircraft and one at the checkout or test equipment.

“(1-S Group) Equipmnont shall be designed to operate by military
technicians with a threc-skill level only. (The definition of skill
levels is included in the Appendix.)

”In

this session we ash you to review the design concepts you

created previously in the light of the additional. requirements and

informati

on now proviicd, and to make such changes as you feel would

be necessary 1o bring your design in accord with the more striugent
personnel requirements,”

Ia)
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At the conclusion of the session the folliowing questions (among
otpers) were asked:

1. Did the revised personnel requirements make any difference
to your design? If so, what changes did you make?

2. What design implications would you draw from these reqiire-
ments?

3. Are these requirements too stringent? Too easy?

L, (I-N Grecup) What level of skilied personnel would you need
to have to run your system under the personnel requirements
imposed? Why?

5. (I-S Group) What number of personnel would you need to have
to run your system under the personnel requirements imposea?
Why?

The effect of imposing these requirements on the subgroups could
be tested by anslyzing any changes made in subsystem design and alco
by responses to the questions asked following the design session.

L, Will the removal of MR constraints affect eguipment characteris-
tics after the basic design concept has becn developed?

This question is parallel with that of question (3). If MR had
earlier constrained equipment design, then removal of the MR should
lead to design changes., Such design changes would provide additional
evidence for the influence of MR on design.

To study this problem all personnel constraints were removed
from all subjects in the fourth design session. Instructions were
provided in the following manner:

"Up to this point in time you have designed your systems to
rather stringent personnel constraints. In thic session we would
like ynu to consider ihat all personnel constraints have been elim-
inated. In other words, consider that you are able to design for
an unlimited rumber of personnel and w@ny skill level which ycou think
you might need. Please review your design concepis from this siand-
point. 1In the event that you restricted your designs to fit the
personnel constraints, indicate what changes in your designs you
would wish to make, now that these restrictions have been voided.

ERIC 29 i
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"{ For irc;smental groups only: To help you in your design,
additional iu ccmetion is now available from the Air Force describing
its analyses of anticipated personnel characteristics and the tasks
maintenance men would perfoim.)”

After the engineer had completed his task, the following
questions were asked:

1. For incrememtal groups only: Did the additional information
provided by the Air Force help any? Did it affect your
design solution in any way? If so, in what way? If not,
why not?

2, Did lifting the personnel restriections influence you in any
way in changing your designs? In what way? If not, why
not?

3. We had made the assumption that the personnel requirements
constrained your previous design in some ways. 1Is this
true? How had these requirements affected your design?

4. Did your preferred decign change any over the past four
sessions when persomnniel requircments were changed? In what
way? Why? If rot, why not?

5. Do you feel that these personnel requirements are realistic?
Unrealistic? Would you rather not be constrained in this
way? Why not?

6, If you had to trade off personnel number and skill level,
how weould you do it? In nther woirds, if you had a choice
between fewer skilled technicians or more unskilled per-
sonnel, which would you prefer? If you had more highly
skilled technicians, could you use fewer people? If you
had fewer pecple, would a higher skill level m:2 up for
the small size of the crew?

5. Which HRD inputs are preferred and utilized by engineers and at
what stage in system development?

Obviously it would bte useful to determine which HRD inputs
receive greater or lesser acceptance by engineers., Knowing this it
would be possible to examine those inputs which were not being
accepted in order to improve them.

An answer to this question could be derived in iwoc ways: (a)
through the responses made by subjects to the questions asked
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following each design session; and /b) through a paper and peneil
test of HRD preference administered following completeion of the
dzsign.

The following questions asked following the design sessions
are pertinent to the problem:

1. What design implications would you draw form the personnel
flow diagrams; skill descriptions; from the GQPRI?

2. What equipment and personnel information which has not
been provided to you would you wish to have? Why?

3+ Are the skill level definitions understandable?

4, Did the additional information provided by the Air Force
help any? Did it affect your design solution in any vay?
If not, why not?

To determine at precisely what stage of system development
HRD inputs were most useful a guestiomnaire test (HRD Inputs Teot)
was developed, Yhis is desciibed in Section III.

6. How does the engineer's concept of manpower for his system
relate to his design and how does this concept relate 1o uore
objective methods of predicting manpower {eg, Barton et al.'s

1964 ) queuing model)?

See APPENDIX ITI.

Summary of nxperimental Design

The experimental design for the study can now be summarized in

Table V which deseribes each of the iwo groups, the conditions walcr

which they designed and the inputs provided to them.

In sessions 1 and 2 comparisons are made beiween the Omnibus
and Incremental groups to test the cffect of different amountc or
HRD information and different personnel requircments (restrictive
vs, non-restrictive),
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In session 3 the comparisons are as follows:

{1} Between the Omnibus group responses of session 3 and Omnibus
group responses of sessions 1 and 2; to see if the added
personnel requirements affect design responses;

(2) Between O-N+S and 0-5+N responses in session 3; to see whether
adding different personnel requirements produces a differential
effect on design responses;

(3) Between the I-N and I-S subgroup responses of session 3 and
the Tneremental responses of sessions 1 and 2; to see if tight-
ening up personnel requirements and providirg added personnel
information will change design characteristics;

{4) Between I-N and I-S responses in session 3, to study the effect
of different personnel reguirements,

In session It the comparison is be*ween session L Ominbus and Irere-
rental responses znd those of earlier sessions; to see if removing
personnel constraints will affect existing designs.

The experimental design associated different amounts of information
with varying personuel regquirements, so that the Ineremental group rot
only Lad less HRD information than the Omaibus group, but also had a
muck wezker personnel requirement. As a conseguence, it is impessible,
except in a qualitative way, to differentiate the two corditions. The
conditions were combined deliberately. Realisti.ally, weak persomnel
requirements tend to accompany incremental HRD inputs, Although the
reverse cannob be said to be true (i.e., that strong persomnel require-
ments are associated with earlier HRD, primarily because this situiztion
is almost never Tound in actual procurement), the latier situation
represents an ideal which the authors considered useful to contrast with

the present situation. The point is not whether differences in persormcl

requirements are more important than up-to-date HRD, or what the effcet
of each is separately, bul whether, as a total input package compre-
hensive HRD plus strong MR will lead to more effective designs tlian lhe
present system, What is being studied is a complex of factors, not
single variables,

s
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SECTION IIT
RESULTS AND CONCLUSIONS

A.  INTRODUCTION

Before proceeding to the specific study results, it may be helpful
to the reader if he refers to Appendix II, (page JJYj which presents
some representative design outputs which subjects produced and which
will give him a better "feel"” for the nature of the design process., The
fcllowing is a list of outputs illustrated in Appendix IT:

) Tradeoff Decision-Making Matrix;

} System description;

) Flow diagram of system inputs and outputs;
) Equipment operating procedure.

e T W

1
2
3
i

Because of the complexity of the study results, we will summarize
the study results before we proceed to detailed results, in which the

results are categorized by the individual questions which the study
souznt to answer.

TABLE VI
SUMMARY TABLE OF RESULTS

EXPERIMENTAL QUESTIONS

1. Wwill differences in amcunt and timing of HRD inputs result in
differeni design concepis?

The answer is YES, as indicated btelow.

Jroup Design Conecept Manual No. of Manpower Estirated by
(4 designers Features| Test Sets Subjects**
2ach) Quantity Skill
Ouaitus 3 autoriatic 166 o2 21% 3-3 level
(all data 1 semi-automatic 10-5 level
in State- 6-7 level
tent of 2-9 level
Work)
Trerementsl | 3 scwi-automatic 77 23.5 16
(data in 1 entomatic G-3 level
stages) 8-5 level
2-7 level
G- leovel
Y Ccreains one | oon't know' . ¥* Inecludes both flight lire and shop
IMis guretion ic Purther diseussel in parsgraphs 1, 2, &, 13 of the swrary

Q of rcoultc,
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2. Will quantity constraints produce different effects on design than

quality constraints?

The answer is YES, as indicated below.

Group Manpower Estimated by
(4 designers| Design Concept | Mamual No. of Subjects *¥**
each) Features Test Sets Quantity Skill
Quantity 3 automatic 103* 16.5 22 2-3 level
Constraint 1 semi-automatic 11-5 level
T-7 level
2-9 level
Skill 3 semi-automatic
Constraint 1 automatic 133 29 15%% T-3 level
7-5 level
1-7 level
0-9 level

X%

O

ERIC

Aruitoxt provided by Eic:

Incomplete data on one subject
Contains one

"don't know"

Includes both flight line and shop.
This question is discussed further in paragraphs 4 and 12 of the summary

of results.

after the bacsic design concept has been developed?

The answer is YES, as indicated below.

Group MR Constraint Added Charge
Yes No
Omnitus Quantity xX
Quality b X
Incremental Quantity X 4
Quality *X
L
Thie quecticon is farther discuscel In parugraphs 7 -nl 8,

3. Will the imposition of MR constraints affect equipment characteristics

[F:Y
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4, Will the removal of MR constraints affect equipment characjeristics
after the basic design concept has been developed? $

The answer is NO. This question is further discussed in Ly ragraph 9.

5. Which HRD inputs are preferred and actually utilized by engineers
and at what stage of development?

Most HRD information and requirements should be provided at the
start of design if they are to be utilized.

This question i1s further discussed in paragraphs 5, 10 and 11.

6. How does the engineer's concept of manpower for his system relate to
his design and how does this concept relate to more objective methods

of predicting manpower?

This question is further discussed in paragraph 6 and Appendix III.

B. SUMMARY OF RESULTS

1. Analysis of the types of subsystems developed by suljc.ts
indicates a substantisl difference between the Omnibus and Inciv mental
groups. Three of the four Omnibus designs were automatic; thr < oi the
four I .cremental designs were semi-antomatic. “he difference ' ‘ween
the two groups fails to be statistically significant, primaril -1 ause
of the small number of subjects involved. However, it would ajpcar Lhat
the timing and amount of HRD plus the different personnel r« |iircmenis
had some influence on the type of subsystems developed.

2. The Omnibus group also produced significantiy (at (he .005
level) more manual features in their designs than did the TIncraaental
group. Differences between the two groups in temms of manpowr r rcquired
were also significant at the .08 level. There were no apprecinble
differences betwecen the groups with regard to the number of test gots
developed. However, the number of test sets developed by sut "cctis
ranged from 1 to 10, suggesting that one can expect in the normel design
situation considerable variability in design solutions.

3. Six of the eight subjects (three in each group) reporicl that

the personnel requirements imposed did affect their design deci: ions.
However, as they saw lhe design situation, reliability, amount U work
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required and time constraints were the primary factors in determining the
type of subsystem developed. Fersonnel requirements on their own were
not important enough to dictate design decisions, but did combine with
other factors to force the design concept adopted.

k. The type of manpower requirement imposed also appeared to
make some differeace to subjects who were differentially consirained by
nmumber and skill level. The number of test sets developed was substant-
ially greater for subjecis receiving the skill restriction (A7 level of
significance). Skill restricted subjects also produced more manual
design features (at the .11 level). Skill restricted subjects also
required {ew:r personnel with lower skill levels (significant at the .09
level). 'The latter two points, in particular, suggest that the skill
restriction may be more i1nfluential on design than the number restriction,

5 As in previous studies, engineers selected their basic concept
very rapidly. Only one of the subjects failed to establish his preferred
design concept in the first session.

6. Subjects experienced little difficulty in determining a level
of manning which they considered appropriate to the subsystem they had
designed. Omnibus subjects in general required a higher skill level and
a larger crew than did Incremental subjects, a finding which suggests
that the MR and HRD inputs provided this group had some infiuence on
their manpower estimates. Engineers feel thet & higher level of skill
and more personnel are required in the shop, primarily brecause more
manual, troubleshooting functions are performed in the shop.

Te The additional HRD information provided to the Incremental
group in the third session eithe~ resulted in a design change or would
have assisted (had it been provided earlier) in developing the design
concept,

8. The additional MR constraints imposed on the Omnibus group in
the third session did require engineers to make some changes in design
concept. However, the fact that engincers resisl making design changes
after their design has been formalized (also found to be true in previous
studies) tended to roduce ithe extent of changes demanded by the new MR
constraints. Much the same effect was found for the Incremental group.

9. Rewoval of the MR constraints did not in six cases out of
seven cause changes in design concepts, although some subjects noted
that if ihe MR constraints had originally not existed, their design
would have becn sorewhat different. This result is entirely in accord
with earlier studies which suggest the relative inflexibility of design
concepts once they are formalized.
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10. All subjects indicated that they would prefer most HRD infor-
mation and requirements to be provided at the start of design. Failure
to supply this information leads to some lack of clarity for engineer
and non-utility of this information when provided later in design. The
following items of personnel information are particularly desired as
soon as possible:

1) Maximum number of personnel for which equipment is to be
designed;

Description of jobs personnel will have to perform;
Personnel skill level;

Nuzber and type of personnel to be made available to run the
system.

(
(
(
(

oo o
N

11. Although engineers desire as much information about the system
as possible, and although this information does affect their design
concept, they have difficulty verbalizing design implications from ihe
information. This suggests that it is necessary for the human resourcas
specialist to specify for the engineer in the SOW the design iwplications
of the HRD the former provides.

12, The engineer subjects in this study almost unanimously felt
that skill was of greater significance to the operation of the system
than the number of personnel available. Skill can compensate for lack

of personnel, but additional personnel cannot compensatec for lack of
skill,

13. In general, tlhe results of this study verify rhe hypotheses
advanced as an output of the previous study: that amount, timing and
nature of the pevsonnel information supplied to design engineers will
exercise some effect on the design concept.

ERIC 38

IS



O

ERIC

Aruitoxt provided by Eic:

C. DETATLEN RESULTS

The effect of amount and timing of HRD inputs on design are
sumarized in Table VII and are described in detail in the
following pages.

TABLE VII

THE EFFECT OF AMOUNT AND TIMING OF HUMAN

RESOURCES DATA INPUTS ON DESIGN

Design Design Average Average Average Manpower
Group Concept * No. of ¥ | No. of Required
(4 each) Manual Test
Features | Sets Quantity | Skill Value
Omnibus 3 automatic 50.3 5.5 5.5 38.5
(all data
in SOW) 1 semi-auto.
Incremental| 1 automatic 17.5 6.0 6.0 ho.s
(data in
stages) 3 semi-auto.

* = dirference significant at .23 level

*

difference signifizant at .005 level.




1. Wiil differences in amount and timing of HRD inputs result in
different design concepts?

The answer to this question is determined by the nature of the
system designs produced by subjects of the two groups. Subjects
were asked at the start of the study to wake tradeoff decisions
amnong an zautomatic, semi-automatic and manual design.

In accordance with what has been learned previously concerning
the speed with which basic design concepts are developed by engineers,
(2nd the propensity for automatizing equipment) all subjects immedi-
ately rejected the manual design possibility, The reasons foi
rejecting the manual alternative were the reliability, maintain-
ability and turn-around requirements,

Because of the rejection of the manual design alternative, the
essential comparison is between the numbers of subjects selecting an
automatic vs. those selecting a semi-automatic solution.

In determining which design concept was utilized, the investi-
gators allowed subjects to charact2rize their designs; that is,
subjects assigned the semi-automatic or automatic description to
their own designs. These categorizations were later checkea by the
investigators against the actual subsystem design produced.

An automatic system was defined by subjects as a system in which
the mainten .nce man merely initiated machine sequencing and observed
the results, In a semi~automatic system the maintenance man initiated
machine sequencing, but the machine ran only to 2 predetermined stage
in its operation, after which the technician had to decide whether
to continue the sequencing and, if there were alternative tests that
could be made, to decide which test to run next.

If there Were no consistent tendency on the part of subjects to
select either a semi-automatic or an automatic design solution, one
would expect the frequency of types of solution to be: (1) equal
between the two groups (ie. the same numbers of automatic and semi-
automatic solutions 1in both groups); (2) cqually divided between
semi-automatic and automatic (ie, each group would have two automatic
and two semi-automatic solutions).

O
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The design solutions for th. individual subjects, together
with the number of test sets they required for these solutions,
are shown in Table VIII.

TABLE VIII

SUMMARY OF DESIGN SOLUTIONS

. Number of
Subject Grou System e
J P Y Ty Test Sets
Y I-8 Semi-automatic L
L I-8 Semi-automatic 10
¥ I-N Automatic 6
Mc I-N Semi-~automatic 3-4
Mo 0-8 Semi-automatic 5
Ma 0-8 Automatic 10
K 0O-N Automatic 1
W 0-N Automatic 6
)
e I}
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When the actual frequencies of design solutions are coumpared
statistically with the expected frequencies using the Fisher Exact
Probability Test (Siegel, 1956), the result is a probability value
of .23, The Fisher test, to quote the author,

"is an extremely uceful nonparametric technique for analyzing
discrete data....when the two independent samples are small
in size, It is used when the scores from two independent
random samples all fall into one or the other of two wutually
exclusive classes. In other words, every subject in both
groups obtains one of iwo possible scores.,..The test deter-
mines whether the two groups differ in the proportion with
which they fall into the two classifications...” (p. 97).

Although the .23 value is insufficient to reject the hypothesis
that the system designs are the result of individual variability in
subjects, it is necessary to qualify the answer somewhat. It should
be noted that the two groups produced exactly reversed solutions,
which suggests a non-random factor. Unfortunately, the statistiecal
techniques available for making comparisons of discrete frequencies
do not take into account the difference in direction of response
between the two groups.

In considering the meaning of the statistical results, the
following wast be kept in mind. The differential trecatments
involving HRD inputs were only one factor determining the choice
of a design solution. The primary factors affecting the design
concept were the reliability, maintainability and time requirements,
with the MR and HRD inputs providing only an increment to these
factors. Verbally subjects indicated that MR/HRD inputs did
influerce their design decisions, Since the primary faclors affecting
the design concept will always be the equipment requirement, it must
be considered that, to the extent that they reflect the influence of
personnel inputs, the differences in the frequency of experimental
design solutions are in reality very indicative. fThe point is that
one cannot expsct personnel requirements and inputs in and of them-
sclves to determine design responses. 7o the extent that HRD inputs
exercise any impact on design r'esponces (as they did in this study),
“heir effect was as significant as ore could reacorably expect ihen
Lo be,

Acsuming that the diiferences in recponse frequency tetween the
—w0 groups are not merely random, it is necessary o explain them.,
Ahy should the Omnitus group have produccd more automatic and the
Incremental group more semi-automatic reeponses? Since the Ornitous
grour reteived ware reztiictive M. constriints, it would seem
reaschable ihat ‘hece consiraints would strergthen the subjectc’
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tendency to automatize their equipment. The fact that they were
required to design for two men or an Air Force Speciality Code
(AFSC) of three-level would cause them to throw the largest part
of the burden of system operation on the equipment. Both the
number and skill constraints would have suggested the desirability
of reducing the influence of the human in the subsystem.

On the other hand, the minimal MR constraint received by the
Ineremental group would have reduced (to a certain extent) the
tendency to automatize their designs.

What evidence is there for these hypotheses, based on the
subjects' verbal responses?

Six of the eight subjects reported that the MR constraints did
affect their design solutions. The consensus of responses can be
swmed ur as follows: the tasks required and the personnel constraints
imposed, when combined with the time requirements, seemed almost to
dictate a particular lavel of automaticity. The level of personnel
to a certain extent constrained the level of automaticity selected.

One characteristic of design which never fails to surprise is
the great degree of variability fourd in the more detailed aspects
of the design solutions selected to answer the same requirements.
This can be seen by referring again to Table VI, The number of
individual test sets ranged from one to ten. Unfortunately, the
number selected did not differentiate between the Omnibus and Ircre-
mental groups; both groups had a very similar range.

Other indices of variability: One subject packaged all his
test sets in a single cart; another nad individual test sets which
had to be hooked up with cabling before the tests could be run.
Some test sgets were individually packaged; others were individually
packaged but placed in a van or on a cart.

The implication of this variability for the writer of design
specifications or procurement documents is that as mueh detail as
possible is needed tvo restriect this variability. 3irce design is
so variable, the procuring ageney cannot be sure of getting the
design it wishes -nless it attempls to restriet this variability
very severely by specifying as clearly as possible what it expects
from the designer.

With regard to the amount and type of information provided in
the SOW on the basis of which <he designs were developed, “he fol-
lowing was reported:

ERIC s
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Half the subjects stated that the level of information provided
in the SOW was very similar to that they are ordinarily given to
work with, while the other half indicated that it was much more
complete than they were accustomed to. Apparently there is great
variability also in the format and detail of existing procurement
specifications to which engineers must design,

Subject responses indicated that they hardly, if ever, receilved
any data regarding personnel, In some cases they have to generate
the information themselves. While it cannot be said that the personnel
information was of major significance in affecting design decisions,
for certain subjects it was helpful. One subject found the descrip-
tive material in the QQPRI to be helpful in developing operational
procedures for his design. Another reported that "personnel had a
great deal to do with how I design" and so presumably the information
provided was of use to him.

The fact that most of the subjects reported that the HRD inputs
did not significantly affect their designs must be considered in the
light of their responses to the equipment information, which they
also said had little effect, except for system and checkout com-
plexity and required tuin around time, The point is that except for
explicitly stated recuirements engineers do not really know (or at
least cannot verbalize) what items of information (either equipment
or personnel) really influence their design. They are unable to
indicate what items of information, except for minor specific
details, they would like to have ‘n order to begin designing.

Another measure which vas applied to the subjects' design
outputs also indiccted significant differences between the two
groups., It will be recalled that among the measures to be applied
to the design outputs (see Section II) were number and types of
manually operated equipment, number of controls and displays
required and number of manual operations specified. Since the
number of instances of each of these measures was fairly small, it
was considered desirable to combine all of these instances into a
single measure, The results are shown in Table VII. A "t'"-test
indicates that the difference between the two groups is statistically
significant at the ,005 level, even though one of the subjects of
the Omnibus group had incomplete data.

It may appear strange that the Omnibus group, which produced
rost of the automatic designs, should also have indicaled signifi~-
cantly more manual design features (automaticity and manual features
teing somewhat inconsistent). This is not a contradiction, but
rather a reflection of what appears to be a greater awareness on
the part of the Omnidbus group of the need to consider operator
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features, (This greater awareness might have been predicted as a
result of the presentation of all HRD inputs - ineluding stringent
manpower requirements- at the start of design, which presumably
alerted these subjects to the "customer's" interest in operator
factors.)

As a consequence, Omnibus subjects Were more painstaking about
detailing the manual characteristics they needed for their systems,
even though they may have needed fewer of them, The Incremental
subjects, on the other hand, did not describe in as much detail the
manual characteristies implicit in their designs. Hence the dif-
ferences reflected in Table IX indicate a difference in sensitivity
to operator factors, rather than a difference in design. This added
sensitivity is of course essential to secure adequate consideration
of personnel requirements, and is the reason why elsewhere the
authors have suggested that the presentation of as much HRD as
possible (whether or not these serve to constrain design) is useful.

Differences between the Omnibus and Incremental groups are not
significant when one considers the number of test sets required by
subjects (see Table VII). The mean nunber of test sets for the
Incremental group is 6.0, while the mean number for the Omnibus
group is 5.5. However, therc are substaniial differences hetween
the individual subgroups which will be discussed under question (2).

Another meature referred to in Section II dealt with the number
and skill level of personnel estimated as required by subjects.
These will be analyzed in greater detail under question (6), which
asks how the engineer's manpower concept relates to his design; but
it is interesting to sce whether the groups receiving different
amounts of HRD at the start of design also differ in terms of the
manpower they require,

For this analysis a manpower rating value was determined for
each subject, This was secured simply by multiplying the number of
persomnel the subject indicated that he required times the skill
level of these personnel. FYor example, if a subject said he needed
two 5-level. and one T-level personnel t¢ run his subsystem, he would
receive a value of 17 (2 x 5+ 1 x 7 = 17). Although this method of
quantifying manpower is highly arbitrary, it does serve to illustrate
major differences between the two groups.

Table X lists the manpower values for each subject, When
the ¥ruskal-Wallis One-Way Analysis of Variance test (Siegel, 1956)
was applied to the data, the results are statistically significant
at about the .00 level (H = 3.5; H = 3.84 for .05 level)s The
results suggest that the two proups are indeed differentiated in

b5



TABLE IX

SUMMARY OF MANUAL DESIGN FEATURES

Subject Group System Type Number of

Manual References

Y I-S Semi-automatic 17

L I-S Semi-automatic 15

F I-N Automatic 25

Me I-N Semi-Automatic 13
Total = 70, M = 17,5

Mo 0-S Semi-automatic 43

Ma 0-8 Automatic 58

K 0-N Automatic 50

W 0-N Automatic *
Total = 151, M = 50,3

* Incomplete Data

L6

ERIC

\
Lo —g




TARLE X

SUBJECTS ESTIMATES OF MANPOWER REQUIRED

(FLIGHT LINE AND SHOP)

Subject Group System Type Manpower Value *
Y I-S Semi-automatic 18
L 1-S Semi-automatic 12
F I-N Automatic 20
Me I-N Semi-automatic 22
Total = T2, M = 18.0
Mo 0-5 Semi-automatic 23
Ma 0-5 Automatic 20
K O-N Automatic 52
. W 0-N Automatic 3h

Total = 129, M = 32.2

ERIC
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* Manpower value =

Number x skill level,
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éerms of the manpower they require. Again the Omnibus group, which
received all its HRD inputs at the start of design, required sub-
stantially more and higher skilled personnel. One can hypothesize
that the greater amount of HRD information provided to the Omnibus
group at the start of design emphasized the importance of manpower
to the subjects of that group, and caused 1hem to demand a larger
number of skilled personnel (despite the fact that most of their
subsystems were automatic).

The preceding analysis (Table X) was based on the subjects'
own estimations of the manpower they felt they needed for their
systems. In another analysis each design concept was analyvzed by
a human factors specialist not on the study tezm* and the number
and skill level of personnel which that design concept would have
required was detemined. In other words, this manpower analysis
was independent of the subjects' own estimates. Table XI shows the
resutts of that analysis for the shop activity (all flight line
designs required the same number and skill level, one 7-level, one
9-level).

Manpower required by Omnibus group designs was somewhat, although
not significantly, less than that required by Incremental group
designs, according to the Randomization Test for Independent Samples
(Siegel, 1956). This is in accordance with the hypothesis that
extensive HRD information plus stringent manpower requirements
supplied at the start of design should result in more efficient
design (from the standpoint of MR requirements) tran incremental
inputs and minimel manpower requirements.

* The authors are grateful to Mr. E. A. Thompson of the Bunker-Ramo
Human Factors Department, for performing this analysis.
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TABLE XI

HUMAN FACTOR SPECIALISTS ANALYSIS OF

DIFFFRENCES IN MANPOWER REQUIRED BY SUBJECT DESIGNS

. 7
Subject Group System Type  Number " « Skill (8) Manpower Value
Required Level Req'd N x S)
Y I-S Semi-automatic 1x 5-level B 26
3xT-level -
L I-S Semi-~automatic 2x T-1level _ 23
Lxg-level -
F I-N  Automatic 2X 5-level _ 31
3XT=level B
Me I-N Semi-automatic 1x5-1level _ o6 .
3xT~level -
M = 26,5
Mo 0-5 Semi-automatic 1x5-1level B 33
4 x 7T-1level =
Ma 0-5 Automatic 1x5-1level _ 19
2x7-level -
K O-N Automatic 2x5-1level = 10
‘W 0-N  Automatic b x7-1evel = 28
M = 22.5
Note: Table represents analysis for shop activity otly; all flight

linc displays requirci the same number and skill level, one
T-level, one 9-level.
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2. Will guantity constraints produce different effects on design
than quality constraints?

Question (2) asks whether therc are differences between the
subgroups, regarcless of the major group treatments. In other words,
regardless of the amount and timing of HRD inputs, are there dif-
ferences between subjects receiving the skill restriction (design
only for 3-level personnel) and those receiving the quantity
restriction (design for a maximum of two men). A comparison must
therefore be made between I-S and 0-S subjJects on the one hend and
I-N and O-N subjects on the other. To make these comparisons the
reader should refer to Tables VII, VIII and IX.

In Table VI the measure of interest is the number of test sets
required. In both Omnibus and Incremental groups the mean number of
test sets required by subjects receiving the skill restriction is
substantially greater than that required by subjects receivirz the
number or quantity res*riction. However, this difference is
statistically significant at the .17 level only {using the Randomi-
zation test for two independent samples (Siegel, 1956).

In Teble VI, coumparing the manual design features included in
subjects' designs, the differences between the sub-groups appears
to be submerged by the over-whelming effect of the differences in
anount and timing of HRD information provided. In any event, the
fact that only incomplete data are available for ore of the subjects
of the Omnibus g.oup makes a statistical comparison highly tenuous.
Nevertheless, tha differences are statistically significant at the
»21 level (Randomiza%ion test for two independent samples (Siegel,

1956) .

In Table IX, differences in manpower required by subjects to
run the subsystems designed, major differences are found between the
groups constrained by skill and those constrained by personnel
nurber. Skill-restricted engineers tended to require fewer and less
highly skilied personnel. This is in accordance with the manpower
requirements imposed on these subjects, The differences are statis-
tically significant at the .09 level (Randomization test for two
independent samples {Siegel, 1956)).

There appears then to be sone quantitative evidence that types
of MR constraint produce differential erfects on design respenses,
but further investigation is required if a definitive answers 1is
to be given to ttis question.

Qualitative data are alsv available frow responses to question
number 6 in the fourth session. This question asked subjects
generally how they would tiade off skill sgainst quantity of personnel.
The responses given were as follows:



Y: Skill level can corrensate for numbers, but not vice versa,

L: Must be designed for the lowest level of personnel, but
raising skill lewvrl does nat compensate for lack of
personnel in operational systems,

F: Would prefer to see systems operated by a lesser number
of skilled people and believes that skill can compensate
for number.

Me: Fewer skilled people are "greatly preferable" to numerically
more urckilled people,... Too many unskilled people are a
burden on the skilled people because they must supervise
and train the unskilled.

Mo: Similar to Y's response above.
Ma: &kill is the most important factor.

K:  "How unuch work do T have to do is how many hands I need”
is the factor which allows him to arrive at hav many
"hands" he would rneed because of simultaneous jobs. Then
"you look at whether you can reduce the number of hLands
with higber skill levels or design changes."

W Skill can replace number.

It would appear then that although engineers do not view skill
and number &s a black and white dichotomy, mosi of them assign a
higher priority to skill; and, faced with a quantity/qualily tredeoff,
world almost always opt for higher quality.

3. ¥Will the imposition of MR constraints affect equipment charac-
teristics after the basic design concept has been developed?

The responses made by subjects to the uwanpowsr reguiiements
added in session 3 indicated quite positively that these requirements
did or would influence design. Table XIT indicates that six of the
eight subjects would change their designs in various ways. However,
the influence of these added requirements was orly moderate, because
of the well known resistance of engineers to modifying their design
once it has been fully cornceptualized. The results of session 3
indicate once more the potential influence of stringent personnel
requirements on the design process,
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TAELE XII

DESIGN CHANGES RESULTING FRCM ADDITION OF MR CONSTRAINTS

Type of MR — ’I‘yjpie of Cha.nger .
Constraint No Simplify More More Not
Subject Group Added Change Design Manual Sophisticated Specified
Y I-S N X
L I-5 N X
F I-N S X
Mc I-N S X
Mo 0-5 N X
Ma 0-8 N X
he 0-N 5 X
W 0-N S X
52
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The following characteristic responses were made: "I might be
able to simplify my design somewhat"; "would probably give more
attention to automating the system than I did originally", because
of "nurber of functions to be performed" and "limited time to be
perfuzimed in"; "system would change to be a bit more manually
oriented" (in order to accomplish the continuity testing he would
simplify his checkout equipment); "would add more sophistication
to my equipment”; "wvould reduce the amouni of information fed back
to the technician on the flight line and plice more emphasis on the
shop personnel”,

There appear to be no significant inter-group differences in

effect of adding MR constraints.

L, Will the removal of MR constraints affect equipzent charactew-
istics after the basic design concen’ nas been developed?

In general, the removal of the MR constraints once the system
had been designed to personnel restrictions did notf cause the engineer
to modify his design. Six of the seven subjects responding {one
refused to reply) indicated that lifting the MR restrictions did not
influence their design. One subject reported that he could now 'get
by with a simpler system with lower cost,” etc. The system would
be nore manual, ie, "more buttons to push"., He could proceed to a
lower level of maintenance and component replacement.

5e Which HRD inputs are preferred and actually utilized by engineers

and at what stage of development?

It is obvious from the results discussed previously that MR
constraints, viewed as a type of HRD input, are utilized by engineers
and do influence their design to a certain extent. Is this true of
other HRD ipputs?

Two sources of data are available relative to this yuestion. At
the conclusion of the design period a number ot paper and pencil
Lests were administered to subjects (described in Meister et al.,
19671, one of which (HRD Inputs Test) sought to determine at what
stage of system development various HRD inputs would be most accept-
able to engineers, fThe results of that test, expressed in tcrms of
frequency of engineers preferring to receive inputs at various times,
are shown in Table XIII.

The X2 technique was applied to determine whether the distii-
bution of subject responses among the four time periods varied
significantly frou chance. The distribution of six of the Jjata
items was significant at the .05 level or better.

>3



TABLE XIII

PREFERENCE ¥OR HRD INPUTS AT SYSTEM DEVELOPMENT STAGHES

In RFP At Start
or of During
Initial During Detail Detail 5
Information SOW  Predesign Design Design X P

1. Maximum nuzber of person-
nel for which equipment is T 1 17.0 001
to be designed.

2., Description of jobs

personnel will have to 6 2 2,0 .01
perform.

3. Personnel skill level, 6 2 12,0 .01
4, Type and length of train-

ing personnel will have, b 3 1 5:0 NS
5. Amount of experience

persomnel will have. 4 3 1 2.0 s
6. Durztion of each

personnel job. > 2 1 7.0 .10
Te Nurher of personnel to

be made available to run 6 1 1 11.0 .02
systenl.

8. Type of personnel to be

made available to run 6 1 1 11.0 .02
system.

9. Cost of training fersornel. 3 1 1 3.5 NS
10. Manpower life cycle cost. 4 1 1 5.0 NS
11.. Frobability that personnel

will make certain kinds of 2 6 12.0 .01

errdres,

12, Fquipment characteristics
required by personnel charac- U 3 1 5.0 NS
teristics o1 tusks. ’

13. Criticality of tasks per-
formed by personnel.

k. Difriculty level of tasks. 1

5 2 1 T.0 .10

r
~
~

3.0 NS
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For those items which reflect little consistency on the part
of subjects and are relegated to later stages of system development
{ie, cost of training personnel, manpower life cycle cost, difficulty
level of tasks), subjects indicated that these items are of little
importance in the performance of their design tacks; hence they are
not concerned with receiving this inforwation immediately. 1Indeed,
certain subjects refused to respond to a number of items on the
ground tha* the item was an Aiv Force responsibility and not a
contractor responsibility.

The following items of personnel information are, however,
desired as soon as possible:

(1) Maximum number of personnel for which equipment is to he
designed;

(2) Description of obs persomnel will have to perform;

Personnel skill levelj;

Number of personnel to be made available to run the system;

Type of personnel to be made available to run the system,

W F W

In seneral it can b: said that engineers prefer to receive as
much HRD information as possible, Corroborating data can be found
in the verbal responses of Incremental subjects in the third session.
Two reported thut they do not oxdinarily receive this type of infor-
mation; of the other two, one said that the ordinarjly expects to
have to "generate” this kind of information on his own, while the
secord said he "would almost have to receive this kind of information
to do the job decently."

Another individual in session 3 indicated that presentation of
HRD information earlier in the design time frame would have &llowed
him to reach his design decisions earlier and easier.

1t is important to note that engineers respond p.-imarily to
inputs phrased as design requirements, and hence, wita the exception
of MR, IIRD inpucs held little value to them. At the same time
engineers want to see as much information as possible, so they can
pick and choose whatever they wish from it.

In general, even when the engineer says that he does not use
personnel iunputs, they create a context or bias toward one kind of
solution or another. Jf cne wishes, then, to have engineers pay
more attention to personnel factors, it is desirable to provide them
with considerable HKD information.

O
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6. How does the engineer's concept of manpower for his system
relate to his design and how does this concept relate to more
objective methods of predicting manpower?

It was possible to secure manning estimates from all but one
subject as the conclusion of session 1. These are shown in Tahle XII
below, togather with revisions made during the course of their
design., F stands for flight line, S for chop.

Examination of Table XIV reveals some Interesting differences
between the Omnibus and Incremental groups. The Incruvwental group
unanimously postulated two men for the flight 1line and two for the
shop. ‘These were at the 3 or 5 level (with only one exception, a
T-level for the shop). Changes in Incremental group manning as a
resalt of new HRD inputs were minor.

In contrast the Omnibus group postulated samewhat higher numbers
of men required, particularly for the shop. A ccmparison of Incre~
mental. vs. Omriibus estimates for zhop manpower {quantity) alone,
using the X2 technique, reveals that the differepce is significant
at the .06 level. Skill levels were aiso scmewhat higher. The larger
manning required by Omnibus subjects is attributed to their greater
sensitivity to the "customer's" interest in personnel factors
(resulting from the large number of ERD inputs presented at the start
of design). The distribution of {revised) skill levels, broken out
by group and by type of system designed, is shown in Table XV.

The followingz conclusions appear warranted:

1. Engineers can develop estimates of the manning needed for
their systems, but in a number of cuses these estimates are not very
precise. It 1s apparent that they need expert help in developing
these estimates.

2. Engineers feel that a higher level of skill and more personnel
are required in the shop situation, primarily because they conceived
more manuil, troubleshooting functions being performed in the shop.

3. Manpowzr estimates, as the engineer sees them, seem to be
more highly related to the type of subsystem he designs than to any
imposed personrel constraint based on questions following design
sescions. Flight line estimates of skill varied significaitly (st
the .05 level) from what was required by the skill constraint.

One would expect the automatic subsystems would elicit estimates
of fewer personnel ox lower skill level, but this hypothesis was not
reflected in subject estimates. For example, there is a clearcut
difference between skill levels predicted for semi-automatic and

Q 56
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automatic subsystem designs with automatic designs reguiring higher
skill personnel. This is particularly marked at the shop level,
where the distribution of skill levels estimated by sunjects veried
significantly (at the .02 level) from what would have been expezted
on the basis of the skill constraints. ‘

These results are similar to those found in the study by
Meister et al., 1968, in which a wide discrepancy betwecn type of
system designed and menpower requirements was also found. The
question can therefore be raised as it was in the previous studyr
whether designer estimates of required manpower are realistic, |
despite engineers' insistence that estimated manning is actuall:;”
essential to operation of their systems. ’

L, It is noteworthy that the MR limiting marpower to two:was
vinlated in several instances, the designers either ignoring it'or
classing it as unrealistic although in general i% was compiled vith,

An unanswered question is whether the number restricticn to two.men
was actually effective in those cases in which this number was 1ot
violated, or whether the nature of the system designed was such'that
for these sysiem designs only two personnel were needed. Engincers
feel that they are responsive only to the nature of the systems,they
design, although other evidence (discussed under question (2)) :‘uggests
that they are unconsciously influenced by MR. |

\

It is interesting to note also trat compliance with the personnel
quantity restriction was far greater than <ompliance with the skill
quality restrictioi. This may be related to the engineers' well
known difficulty in understanding the meaning of the skill requ.re-
nents. Certainly skill estimates were more diffiecudlt for engin:ers
to develop than were the number estimates. K

5 The skill level requiremeat restricted manning to 3-l:avel
~2rsonnel, It is significant that almost all subjects violated this
restriction. If one compares the skill levels estimated by subjects
who were skill restricted witn the skill levels estimated by sudjects
with the quantity resiriction, there is some evideuce {of a tentative
nature only, of coursz) that subjects on whom the skill restriction
was imposed had fewer higher level skills even when they violata:d the
requirement, From that standpoint it can be said that the skill
level restriction was somewhat effective,

6. An independent estimate of the manning required for tiis
subsystem was performed by a Bunker-Ramo human factors specialist*
not involved in the prcject and using only the basic SOW {excluling

* Mr. E. A, Thompson of the Bunker~Ramo Human Fictors Departmest
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DICTRIBUTION OF FSTIMATED MAIPOWER BY GROUP,

TATLE XV

MATNTANANCE AREA AND SUBSYSATM TYPE

Flight Line Skills

Skili Level by Group

Shop Skills

3 5 T 9 Total 3 5 T 9
I-s 2 ’ 2 T 4 3 1
I-N 1 3 4 2 2
0-3 2 2 L 2 1
0O-N L 1 2 1 L 3 4 Z
Total 6 9 1 16 3 8 7 b

Skill Level by Sysiew Type
Flight Line Shop

3 5 T___.9  Total 3 _5 1 Q.
Seui- Semi~ o
Agto 2 3 8 Auto. 3 - 3__
Auto, 1 7 1 9 Auto, 5 I’I 2
Totay 6 10 1 17 3 8 T 2

* Includes ome '"Don't kn~w" response.

Total

[WV)

0

Ny
[

Total
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any personnel requiremerts and information) as the basis for his
estimates. Manning was estimated for both automatic and semi-
automatic configur«tions, as follows:

Automatic Semi-Autcmatic

Flight Line - 2 men, both Fl.ght Line - 2 men, one 5, one

S5-level T-level
Shop - 2 man, both Shop ~ 2 men, both T7-level
T-level

It snould be noted that the skill levels estimeated by the human
factors specialist agree far more with Omrdibus grouy estimates than
they do with Incremental estimates {see Table XVI). If we tak~ the
independent estimate as the "true" manpower requireé. by these sub-
systems, the violation of the skill constraint by tle Omnibus groiw
is now rmuch more urderstandable, If we assuue the ostinates madc
by the indeypendent human factors specialist are mor:: realistic than
thet permmitted by the skill constraint; then the Omnibus group
subjects were realistic iu violating the skill consiraints imposed.
on them. Ii s possible that in violating the skill constraint to
a greater cxtent than the Incremental group, the Umaiidbus group was
reacting to the additional HRD infurmation they possessed, which
suggested a1 increased task comrlexity.

TABLE XVI

COMPARISON OF THE DESIGN ENGINEERS ESTIMATE.
OF SUBSYSTRM MANPCWER WITH HUMAN TACTORS ANAIYSIS
OF SUBSYSTEM MANPOWERR SEQJIFFMENTS

Designer Degign Engin gr's Human Facilors Aralysis
Quantity | Skill "Velue"|| Quantity : Skil). "Value"
Y h 18 6 ; 42
L i 12 5 i 39
F 4 20 7 i W7
Ma h 22 6 ; ho
Mo 5 23 7 % L9
Ya 2(inc) 10{inc) 5 { 35
K 8 52 Y | 26
W 3(inc) 17(ine) 6 g iy
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T. A comparison of subject manpower estimates with those
produced by more objective means (eg, Barton et al., (1964) queuing
model) is discussed in Appendix III.

What can one conclude from this exemination of manpower estimates?
It cannot be said that the personnel restrictions imposed were cut-
standingly successful in forcing engineers to work within these limits.
In some cases engineers fell, the restrictions were unrealisticslly
stringent and ccurld be complied with only Ly forcing a very costly
design. Others did not express this opinion.

The authors would like to offer an hypothesis al this point. It
is that engineers do not respond explicitly to personnel requirements
(or, for that matter, to equipment requirements), but only in =
general way. It vill be rcealled that cix of the eight subjects
reported that the personnel requirecments did iufluence their design
(anl by extension their manpover estimates). On the other h=xd,
when guestiored specifically aboit the influence of persunnel
requirements, they did nct feel that thess requirements played a
wajor role in their design, pointing to reliability, cystem complexity
and turn-around time requirements as the basic factors influencing
+their designs. The fact that a personnel requirement is imposed on
engireers does not mean that they will necessarily design to the
letter of those perscnnel limitaticns, but that they will take ithe
personnel. factor into greater account than they would if no personnel
requiriment had been impoused at all. This would account for their
violation of manpover limitations in their estimates, anil at the
same time .or the fant that subjects restricted to & lower skil' level
had lower skill level estimates than {hose not ro limitred. Fror that
standpoint *he existeuce of a personnel constiaiat serves as a sort of
‘benchmark tc the engineer, who then tends to work withi-. the general
area of the mwarli even thougli he may deviate from it ypon occesion.

The same e¢lement nay be present in the presentaticir of HRD Inpots.
Regaidless of the aitention praid by engineers to spceific HRD items,
they still view the existence of the inputs as evidence that the
procuring agency wishes them to pay more attention to personnel facturs
than they would otherwise. From that stardpoint, too, the more HRD
information wupplied to the designer, the more conscious ne will be

of the need to consider personnzl linitations in his design.

Admittedly the fazct that specific persnnnel reguirements have
only ¢ general effect on design is somewhat frus.rating, but it
represents re“her accurstely, more so than the vague generalities
sometimes expresced in articles on the design process, the ranuner
in which the engineer designs. Specilic hendware requireiients, lire
reliability, do have a more measurable efiect (hence a seemingly
greater effect), but even with such specific hardware requirements,
{he runge of responses one finds (as was discovered in the 1968
study) indicates that hardware requirements are not coumpletely
effective either.
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SECTION IV

RECOMMENLATIONS

1t aprears quite clear now, as a result of the preseni; ctudy and
the one preceding iv (Meister, et al., 1968) that HRD inputs supplied
to deeign engineers in:rementally, following the issuance of the RFP/
SOW, will have little, if any, effect upon the design concept. The
basic design concept is largely fixed within a short time after the
issuance of the S0W. Although there is no guarantee that the engineer
will use HRD inputs even when tuey are presented under optimal condi-
tions, it is quite clear that the present method of supplying them
incrementally reduces the probabllity of their velng u:sad.

Moreover, if the human resourcas specielist expects any consider-
ation to be given by the engineer tn his . nputs, these inputs must
be phrased ac design constraints, tley must be comprehensive and it~
pressed in such a vay thet the engineer understands the design impli-
catvions of these iapnts.

The situation is by no means as bleak as the preceding paragraphs
uight suggest. Phresed properly end provided on & timely basis,
HRD inputs do exercice some influence on design. The more design-
relevant thece inpu:s are, the more influence they have.

The problem is one of being able to supply meaningful Human Resources
aesign relationshiys. If appropriate personrel inputs (i.¢., mean-
ingfully related to design) are supplied tc the erginesr, he will use
them. The format of the inputs is less importaiit then their content.

At the very least the RFP andl the SOW must inclvde the following:

(1) Description of the ranning struntur. for which the equip-
ment 1s to be designed. Requirem2nts must be sypecificd for:

(2) Maximum number of c¢rerating/usintenance personnel allow-
ed to b: in the ¢raw by Job positions It should Le clearly specified
that any system configuratio. requiring personnel in addition to that
nunter t111 be unsatisfactory.

{b) Maximun skill level allowed for each job position.
This skill level should be reiated to the specific tasks to be per-
formed by person2l in the new cystcm.

{(¢) Tha function and task capabilities of these persomnel.

O
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(2) The design implications of the above must ve clearly
expressed,

Although a Tew procurement documents do include information on
the manning structure for new systens, none of them indicates the
design implicatlions. Indeed 3 msjoir weakness of human resources
support data (SD) is the’ few, if any, design deductions are drawn
from the task, time-line and QQPRI analyses which mike up those
data.

Additional research is ne<eded regarding a number of problem:.
{1) Methods are needed for deternining early during the conceptusl
phare of a system the "likely" manpower force to be avzilablie during
the time period when the systerr would become operational. This
"ikely" force would be derived from sources suck as phised outh
systems, career personnel, new enlistees and current traicing
courses. (2) Techninues are needed for comparing the "likely" force
with alternate forces of varying quantities and skill discributicns
and de*ermminirg their impact on the cost, capability, meliavildity,
availability, etc. of the system. Ulbimately a "desircd" mzopowe'
structure would be proposed for the system. (3) The design fwmpli-
cations of manpower requirements need to be fully develcped, so
that +he design concepts and characteristics wrich vill yield the
"desired"” manpower force can be specified in the contract statemert
of work. For this research to have maximum validity it shouid study
the perforuence of personnel at operational sites in relatic: to the
design concepts of the system. (4) Methods are needed for p.uiodi-
cally testing the design durlng conception and development “ov
complianc? with the nampower requiremenc constraints. (5) in additior.
to these improvements in HRD methodology, a documeat is peeded which
could be used to supplement the SD analyses by specifying the ir desier
implications. Such a document would then bz used not only by the
human resources specialist to make design recommendations, hr-t &lsas o
the Air Force manager and engineer to extrapolate the HRD inyutf
previded to specific design relationships.
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APPENDIX [

ABBREVIATED SCENARIO OF EQUIPMENT AND PERSONNEL
INPUTS PROVIDED TO ENGINEER-SUBJECT

NOTE T0 THE FEADER

The length of some of the equipment and personnel inputs provided
to engineer-subjects in this study is so extensive that to have included
all inputs in their entirety would have made this report extremely
unwieldy. Consequently, less important inputs have been compressed by
reproducing only that material which is iliustrative of the general
character of the input. Inputs considered by the authors to be of
major imporvarce have been reproduced in their entirety.

Where the purpose of a particular input or part of an input may

nave been unclear without additional explanation, explanatory material
Tas been added in brackets.

INTRODUCTORY SESSION

Instructions for Participating Engineers

Tie Uaited States Air Force, through & contract with the Bunker-
Ramo Corporation, is conducting a study to determine row engincers nake
use of the informa‘icii thev are given (or develop themselves) to design
a subsystem. Since any subsystem is composed of itwo busic elements,
equipient and people, we assume that the engineer has available to him
two kinds of inforuation: information atout equipment requirements,
characteristics, functions, ete; and information about or relevant to
the personnel. who will operate and maintain that eqripment.

The Air Force its iaterested in the engineer's use of both types of
information, but it is particularly interested in the use made of
pevrsonnel information. The reason is that although the engineer is
a~2ustomed by trairing and experience to using equipment inforuation,
personnel information may be relatively unfamiliar io him. The Air
Force is intcrested in finding out if the personnel inforwation it
supplies to the engineer is used by him, and especially ii that infor-
mation makes a difference to the overall subsysiem design.

To answer these questions, it is necessary to present this infor-
mation in the ccntext of the development of subsystem. Shorey of
actually conducting the study during the development oi' actual equipment,

O
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vhich would take an excessive length of time, the only other way of
creating a developmental/design context is to reproduce or simulate the
development of a subsystem in a hLighly abbreviated form. 7This simula-
tion will naturally have to be of the paper and pencil variety. However,
this does not concern us too much since we are interested in studying
the very early design phases, before detailcd drawings are made and
equipment fabricated,

What we have done is to take an already developed (opcrational)
subsystem, extract the items of information used in its development and
arrange them in a seguence which corresponds to the way ia which they
were actually used to design that subsystem. The subsystem selected by
the Air Force is the ground maintenance subsystem for an air-to-ground
missile carried by a B-52 bumber. The reason you were selected as
subjects for this study is hecause youw have helped to design similax
ground maintenance suusystems,

Obviously, such a maintenance subsystem is a very large one, and it
would be impractical to ask you to try to design the entire subsystem.
What we have done is to ask you to consider in your design only the
¢lectrical components of the ground maintenance eguipment. Consequently,
we have arbitrarily simplified the subsystem by igroring certain equip-
ments and operations which you, who are experienced in the design of
such subsystems, will obviously note. Do not be disturbed by this. The
subsysiem is supposed only to represent maintenance subsystems in
general.

At the close of this introductory session you will be given design
statement of work which contains certain equi ment and peirsonnel re-
quirements and information. On the basis of these design requirement:,
plus additional information which you will veceive at the start of each
subsequent session, you will design a ground maintenance subsystem
vhich best meets the requirements in jour statement of work.

Since you ere performing a conceptual design study, we ask you to
consider three poscible design concepts: one appropriate to a manusl
system, one for a gemi-automatic sysiem, one for an automatic system,
Although any definition of these terws can only be loose at “est, we
define a manual system as une requiring a rathey extensive involvement
of personnel in the system operation. An automatic system is one which
requires relitively little personnel involvement, and a semi-automatic
system involves equipment and personnel functioning in about equal
amounts.

We ask you to consider tr: design requirements in terms of all
three system configurations and to describe the system you would design

O 6 5
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if you decided to go automatic, semi-automatic or manual. We will also
ask you to trade off the various equipment and personnel factors involved
in each configuration and tell us why you selected a particular con-
figuration as being the best. You will also tell us Wwhich items of
informetion you found most useful and why.

Since we will have omly 4 working sessions, and since designing a
complete subsystem is a big job, we will ask you to go into only enough
det2il 1o indicate the general character of the equipment you would
design or purchase. We particularly wsnt to know such things as:

{1) How wany and what types of equipment {botn special purpose and
off-the-shelf) will be used by system persornel;

(2} fThe outstanding characteristics of that equipment and how
they are intended to function;

(3) How the equipment will be used by personnel;

{4} Hov many men and of what type will be needed to use ti.e

sysiem.

~

You will not be asked to develop detailed equipment drawings, How-
ever, you should sketch any equiprent to be designed in enough letail
to let us know vhat you have in mind.

One thing I should emphasize. The questions we ask and the tasks
we ask you to perform are not tests in the conventional sense of the
vork. The word "test" . uggests that only one correct response can be
rade to these design problems. In these design problems there are no
correct or incorrect answers, because only you can tell us what the
correct answer should be, For this reason it is most important that,
although we cannot completely provide all the conditions under which
you ordinarily design, you respond to these problems in the way in
which you would ordinarily solve an actual design problem. Remember
that the value of the inforwation you provide depends ¢n how accurately
it reflects the way you ordinarily design on tlhie job. Remember also
that this is not a test of your ability, although we want you to do
your best. We would not have selected you to do this work if we did
ot Jhink you could deo it.

We will probably meet once a week and the schedule will be adapted
Lo your convenience. Between our sessions you way, if you wish, refer
Lo the inputs you have veen given. However, this part of the study is
purely voluntary. During your sessions and in the interim, you may
consult anyone inplent from whom you wish aciitional information, We
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do ask one thing of you, however; do not confer with your fellow parti-
cipants in the study on sny aspect of the study. To do so would
seriously reduce the value of the results.

Are there any questions?
Here ii the Statement cf Work which you as the project engineer for
the AGM-X ground maintenance system will hzve to work to. We would like

you to take it with you and ¥0 examink it carefully. Please bring it
with you when you return for the first session.
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STATEMENT OF WORK

AFROSPACE GROUND EQUIPMENT (ELECTRONICS)
FOR MAINTENANCE OF THE AGM~X

1.0 PURPOSE AND SCOFE
1.1 Purpose

This statempent of wori (SOW) establishes the requirements for the
conceptual design of *he ground maintenance equipment for the AGM-X
system, incluiing any peculiar checkout, maintenarce and test equipment
required. The AGM-X system is a short range attack missile which con-
sists of the AGM-X air to surface missiles inclnding nuclear warheads,
B-52G and K carrier aircraft avionics equiprent (CAE}, carriage/launching
mechaniems, support and training equipment, facilivies, data and
nersunneLl.

1.2 System Description

1.2.1 Missicn

The operational mission for the AGM-X carrier/missile weapon
system is oriented toward the strategic objectives of the nation's
general. nuclear war forces.

The details concerning the concept of weapon system deployment,
system performance anc capabilities, and program scheduling, are
classified,

1.2.2 Carrier Aircraft

The B-520%H aircraft can carry eight missiles internally on a
rotary laurcher with four MK~28 beambs in the bomb bay, and 12 missiles
externally (six per pylon). Carrier avionics incuds the bombing
navigation equipment, an inertial measurement unit, a master computer,
the radiating site target acquisition system (RASTAS), and controls
and displays necessary for the cperation, conirol and launch of the
AGM-X wissiles. (Location and descriptions of these equir-erts are
provided in the Appendix.)

1.3 Scope

The contrector shall conduct feasibility or trade siudies for the
design of an electronics checkout subsystem required to perlii:m &
complet2 operational check of missile and CAE elestrical syshems,

O
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includin~ the maintenance fimctions of malfunction isolation, calibra-
tion and checkout of malfunctioning AGM-X missile system components and
subassemblies. The MGE requirements presented herein are limited to
electrical/electronic equipment necessary for indirect field site sup-
port of the various system checkout and launch functions performed by
OGE.

1.3 Scope

The contractor shall conduct feasibility or trade studies for the
design of an electronics checkout subsystem required to perform &
complete operational check of missiles and related CAE systems; in-
cluding the maintenance functions of test, malfunction isolation, cali-
bration and checkout of malfunctioning AGM-X missile system components
and subassemblies. DBased upon these feasibility or trade studies, the
contractor shall select, describz, and design the optimum system for
satisfaction of system design goals.

The Maintenance Ground Equipment (MGE) requirements presented nere-
in are limi%ed to electrical/electronic eguipment necessary for indirect
field site support of the various system checkout functions.

1.3.1 Assumptions and Prerequisites

1.3.1.1 For AGM-X, the ctnventional three levels of maintenance will be
used and will be compatible with existing maintena+ce proce-
dures and facilities.

Organizational raintenance down to the lowest replaceable unit
will ve performed by feams and specialiste on the flight line
and in the hangar. Filight 1line functions include remeval and
replacement of carrier aireraft equipment, installation and
removal of single missiles or 1auncher/missi1e packages, inte-
grated checkout of carrier and missiles and installation/
replacement 'exchange of warhcad. Organizational level iuac‘ions
in the hangar include missile cieckout, removal and replace-
ment of missile components, missile installation and removal.
from launcher, and installation/replacement of warhead,
Missiles will be repsired by removal and replacement of
modwlar wnits after testing with a tault locater. Missiles

are removad from the operational cycle for test and checkout
only after onboard carrier tests show a maliunction. Periodic
maintenance consicts of a pre-flight and post-flight inspecticon
on the carrier and replacement cof time change items such as
missile battery and cartridge-activated devices.
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1.3.,1.3 Maintenance functions to be performed at the field site repair
shop will iuaclude malfunction isolation, calibration and check-
out required ror the repair of faulted subassemblies which have
bezn removed from airborne and ground systems for rcpalr and g
calibration.

1.3.1.4 (Eliminated) i

1.3.1.5 MGE shall be available for malfunction jsolation, calibration
and checkout in the field site repair shop.

1.3.1.6 Wrere required, calicration capabilities ¢hall be specified
for instruments and MGE, ;
f

1.3.1.7 TIteme of MGE shall be of such variety and jufficient quantity :
to perform the maintenance functions requized te fault isolate |
and restore to opeiating condition, AGE andA airborne items of *
electrical/electronic equipment which are de°1gnated field !
repairable, N .

1.3.1.8 Flectrical/electronic MGE is required to pr0V1de a aedns for ‘
functionally verifying the signals from the mis 511e/pylon/ I
launcher interface to the CAE subsysteus. - ?he folloing
capabilitites must be included in the MGE: N

{a) Verify the progremmed avents in pxédetenmlnvd chrono-
logicel, timed scquence end supply the reculting signals
to the umbilical interface. : :

3
(b) Verify the status of prerequirites to each event. !

(¢) Resrond in a predetermined manner to- hold and recycle y
functions.

(a) Verify correctly programmed stimulus signals and eval-
uation of vehicle responses dur.ag vehicle checkout. }

() Verify correct avaluation of vchicle discrete and analog
functions which are used to determine venicle readinces
status. ;

1.3.1.8.1 In addition to the M3E required to accouplish the above

runctions, a simulavicn device will be required which will
allow CAE equipment to be functionaily checked without ‘
missiles/launchers/pylons being present. This simulalor
sball have the capability of el :ctrically: simulating mis;ix*
launcher, and/or pylon functions .

Q 0
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1.3.2 Eequireuents

The contractor shall ensure that at a minimum the following aspects
ere considered 1in these trade studies:

(1) Cost (Hardware costs only)
(2) Equipment maintainability (see paragraph 8.0)
(3) Equipment reliability {see paragraph 7.0)
(4) Number and type of personnel required (see paragraph 5.0)
(5) Performance efficiency
(6) Safety
The trade studies will analyze three altermative equipment configur=
ations: manual, semi-automated and automated, and document tiie reasons

for selection of the contractor's chosen alternative.

2,0 Applicable Documents

General - The following documents form a part of this specification
to the extent specified herein. In the event of conflict between the
requirements of this specification and any document referenced herein,
the requirements of this specification shall govern. References in the
follcwing documents will be cousidered only as a guidsz,

i
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Technical Orders

T. 0. 00-20K(series) - Inspection and AGE Control,
USAF Equiprent

Mgpuals

AFSCM 80-3 - HandbocY of' Instructions
for Aerosprce Personnel
Subsystem lesigners

AFscM £0-6 - Handbook o' Inst=etions
for Aerospice Ground
Equipment Designers

AFSCHM LO-8 - Handbook of' ivstruction
for Missile and Space
Vehicle Design, Vol. 1
Ballistic Missiles

AFSCM 80-9 - Handbook of’ Instructions
for Aerosp:ce Systems
Design, Vol. 1 General
Design Criteria

AFSCM 127-1 -~ System Safety Management

AFSCM 375-5 -~ Systems Engineering
Management Procedures

Specifications

Military
MIL-T-152B Treatment, M isture - and
Fungis-Res;.stant, of Com-
munication:, Electronic,
and Associnted Electrical
Equioment

MIL-S-3510B Svpport Equipment, Aero-
nautical, Special, General
Specification for the
Design of

&1



MIL-S-38130

Standards

Federal
FED-STD-595
1 Feb. 1961

Mititary
MIL-STD-143
MIL~STD-454A
MIL-STD-808
MIL-S'ID-210M
MIL-STD-147<
MiL-STD-470
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Safety Engineering of
Systems and Associated
Subsystems, and Eg'ipment,
General Regulrements for

Colors

Specifications and Stand-
ards, Order of Precedence
for the Selection of

Standard General Require-
ments for Electronic
Equipment

¥iniches, Protectives,
and Codes, for Finishing
Schemes for Ground and
tround Support Equipment

Climatic Extremes for
Military Equipment

Human Engineering Design
Criteria for Military
Systems, Equipment and
Facilities

Maintainability Frogram
Kequirements (for systems
and ejuipments)
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3.0 Engineering Inspections

3.1 Preliminary Design Review

The contractor shall conduct a preliminary desigu review not later
than 60 days subsequent to award of the contract. 'This review shall be
in accordance with AFSCM 375-5, and shall be subject to approval of the
AGM~X Prcject Office.

3.2 Critical Design Review

The contractor shall conduct a eritical design reviz- 180 days after
award of contract., This review shall he in sccordance with AFR'CM 375-5,
and shall be subject to approval of the AGM-A Project Office.

3.3 Final Acceptance

Final acceptance of the contractor's work shall be indicated by
accomplishment, of a DD Form 250 reflecting the technicnl acceptance of
the designs provided by the contractor and completion < all contractual
requirements as specified in this SOW and associated documents. In the
evenl there are exceptions to the acceptance reflect=d on the DD Form
250 or attachments thereto, the contractor shall be required to correct
all erceptione as specified within the time liimit mitually agreed upon
during the execution of the DD ¥Form 250.

4,0 Performance Requirements

4.1 Checkout and Test Equipment.

Support of the missile and associated carrier aircraft system shall
be accnmplished through the use of checkout equipment which shall enable
the operator to perform a gross operational performance analysis of the
system, Test equipment shall be identified as that rejuired to rerform
a morz detailed analysis of the system down to the lowest level of re-
placemrnt unit,

4,2 Checkout and Test Time

The time required to ccnnect tne checkout and test e~aiprent to the
missile and/or associated missile~-carrier aireraft system, warmup,
conduct the required tests, and disconnect the equirc.:.nc shall be held
to a minimum, and in no case (other then mzlfunction correction) shall
exceed two hours. Lightweight cab™e assemblies and connectors, and
quick disconnects, shall be used in order to facilitate ease ¢f handling,
connection ard discon:iection.

T



4.3 Degree of Testing

The test method utilized shall employ the miniwum number of tests
necessary to check out the missile and associated missile-carrier air-
craft system or isolate a malfunction to the lowest replaceable unit
{LRU).

4.k Test Tolerances

The extent of test ftolerances shall be ..imited to that necessary to
establich realistic acceptance or rejection criteria for the missile and
associated missile-carricor aireraft systems based on oparational re-
quirements., The major test tolerances shall further be predicated on
the operational tolerances of the systems. The test eguipment shall not.
be requirec. to test to the design tolerances of the system, except ir
instances vhere design tolerances and operational tolerances are idznti-
cal and/or can be obtainad without additional penalty.

k.5 Communication
Equipnient shall bs provided for communication between personnel.

4.6 Interconnections and Cables

The ccntractor shall give consideration to the utilization of the
interconnecting devices which are compatible with the missile, carrier-
aircraft, and associated maintenance equipment. This will include
electrieal, hydraulic, and penumnatic interconnections, as well as hitches,
towbais and full servicing vehicle fitting:. Interconnecting cables
shall ve provided as necessary to connzct the test equipment to the
missi.e/aircraft system, and to any portable antennas, etc., that are
requir-d for flight line maintenance. Cable lengths shall te sufficient
to permit positioning the checkout equipment so as not to interface with
normal miscilefaircraft servicing during checkout of the system. Pro-
visions shell be made for storing all intercommecting cables and other
accessories. within the checkout equipment.

L.y AGE €.ze and Weight

The contractor shall give consideration to the design of AGE with
regard to ‘weight and size {1eference MIL STD-1472). Checkout and test
equiptent shoulda be transportaule by the minimum number of personnel and
should be capahle of being carried aboard the aircraft through existing
ecces? do¢rs,
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4,8 AGE Maintenance

AGE shall %z designed, wherever possible, to utilize non-repaireble
( throw-away) components to facilitate ease of maintenance and to minimize
the requirement for detailed maintenance logistic considerations. The
contractor shall give consideration to the maximum utilization of the
modwlar concept in the design of AGE to facilitate fault isolation and
maintenance repairs within the AGE.

4,9 Calibration

Electronic and electromechanical AGE shall be designed to permit
calibration at s»=cified intervals. Test points will be provided to
permit calibration.

4.10 Flight Lire Checkout and Test Equipment

The flight line clieckout and test equipment shall provide the opera~
tor with the capability to analyze the functional performance of the
systezm, subsystemc, and components statically and/or dynamically with
the optimum degree of aceuracy in test results., Utilization of standard
and commercial equipment is eneouraged. Checlout and test egquipment
sh&ll perform integrated system tests where integrated airborne systems
are utilized. Whenever a dynamic testing concept is employed, the AGE
shall be capable of presenting test problems representative of those
encountered by the systers in operation in order to determine the system
performance level under normal environment. 7Testing, whether static or
dynamic shall be sufficientiy comprehensive to analyze and isolate to
the IRU level, in the optimum period of time, the functional perfurmance
of the airborne systems. Testing and monitoring displays shall be so
designed as to minimize irterpretation by operators.

4,11 Electronic ¥lectrical AGE

Flight 1line electrical/electronic AGE will be designed to perform
the following:

(1) vVerification of hzzardous current safety when electrically
mating the missile or 1auncher/missiles to the carrier-
installed systeu.

(2) 1Insertion and ver.fication of mission data into the carrier
master computer prior to committing an aircraft to alert.

(3) Simxlation of nissile or missiles/launcher to permit integrated
test of carrie:r CAE prior to actual installation of the missile
or missiles/launcher,
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{4) Verification of system integrity.
(5) Fault isolation to the Line Replaceable Unit level,

4,12 Shop Checkout and Test Equipment

The primery utilization oi shop checlkout and test equipment shall
be that required for the more detailed analysis of systeuws, subsystems,
and/or components that have been removed from the missile/carrier--
aireraft after being dlagnosed as malfunctioning and placed in the
environment of the field shop. Thie type of AGE will enable the tech~
nician to test the airborne equipment to the lowest level of removable
units with the maximum practical accuracy. Periodic maintenance ard

system overhaul shall also be performed with shop checkout/test equipment.

This equipment shall provide the following:

(a) Performance of routine maintenance tests and complete
functional tests of line rejected units.

{(b) Detection and location of malfunctioning module assemblies
of line rejectad units.

(¢} Facilities for the replacement, adjustment, calibration, and
repair of defective line rejected units,.

(d) 4 self-checking capability for use in checking the shop check-
out and test equipment without the use of any ancillery test
equipment.

4.13 Electrical Equipment

A3l electrical equiprment shall contorm to the general requirements
of AFSCM 80-6 and specification MIL-S~8512 and shall be competible with
the aircraft and inissile systems. FKlectrical power equipment designed
for 400 cycles, 3 Phase, 208 VDC shall be compatible with the pawer
churacteristics defined in specification MIL-CTD=-TOk. Electrical systems
designed {o ' operations cn 220V, 3 Phase, 60 Cycles, snall be readily
aouvertible .» 4.0V, 3 Phase, 60 Cycles, without replacing compone.ets.
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5.0 Personnel Subsystem

5.1 Personnel Marming Requirements (for C-N Group)

Use of AGE for the maintenance and testing of any individual
system, subsyster or comnonent of the missile and associated missile=
carrier aircraft _hall not require more than two opeiretors--one at or
in the aiicraft and one at the checkout: or test equipment,

5.1 Personnel Manning Requirements {for 0-S Group)

Equipment shall be designed to te operated by military techniciaas
with an Adr Force Speciality Code three-level skill only (see appendix
for definition of skill levels),

5.1 Personnel Manning Requirements (for Incremental Group)

Equipment Design shall minimize the quantity and skill level of
military personnel required to operate the equipment,

5.2 Human Engineering

As outlined in MIL-STD-1472, the contractor will apply humai-
engincering to hardware and system design t. assure optirum operation
and maintenance, utilization of the human as a component in ‘the system,
and reduction of tasks arifected by human limitations to & minimum. This
will include human design considerations for maintenance, operations,
comunications, illumination, noise level, reliability, safety, climate
and environment {(Ref. MIL-STD-}472), Studies and recomnendations will
be directed by AGM-X Project Office for the improvement of procedures
and design as inefficient operations situations are detccoted.

6.0 Safety

All designs shall incorporate maximum proteciion for operating and
maintenance personnel against hazardous conditions, JAdequate provisions
shall be made to warn and/or protect personnel and equiptlent against
injury and demage. All designs shall be reviewed by quaiified engineers.

7.0 Reliability

The AGE subsystem shall have s minimum meun-time-between-failure
(MIBF) of 40O hours when operated under the environmental conditions
spceified in Table I. Failure is defined as the inability of the AGE
sursystem to perform within the limits specified,

O
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8.0 Mainteinability

The contractor shall establish a maintainability program in accord-
ance with applicable sections of MIL-STD-470 Maintainability Program
Requirements. The terms and definitions for maintainability not other-
wise describ.d or delineated shall be in accordance with MIL-STD-778.

As g design geal, the MGE of AGM~X shall incoiporate factors that
ennance its ease of maintenance and accessability. ‘The maintainebility
characteristics equipment, inspection, servicing, test, replacement and
overhaul operations rejuired to restore operational capability with a
minimum expenditure of time, men and materials. When necessary to
accomplish tuis requirement, special tools and service equipment shall
be identified. The inclusion of maintainability charactexistizs as an
iiherent feature shall occur simultaneously with initial designh and shall
te continually analyzed and controlled throughout the developuent cycle.
The equipment shall be designed so that the following system mean main-
terance time chall not be exceeded:

Mean Corvective Maintenance Time (Mgt), 140 Pour within 3.0 hours
= la'.
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Environmental
_ Conditions

Low temperature
High temperature

Temperature Shock

Humidity

Atmospheric
pressure

ERIC
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TABLE XVII

ENVIRONMENTAL CONDL'YTIONS

Operation

Storage, Transportation, and
Handling Limits

-65° minimum

1250F with a
daily maximum
of 160°F for
4 nours

Not applicable

5% to 100%
relative
humidity with
condernsation
at 85CF and
below

15.4 psia to
Tel psia

-80°F (maximum duration 24
hours) followed and preceeded
by equilibrium at -~LkQCF

+160°F for 4 hours daily

-80°F o +125°9F within 5
minutes

Seme gs operation

15.4 psia to 1,68 psia with
maximum rate of desecent of
5C00 feet/min. and maximum
rate of ascent of 2500 feet/
min,

FURTHFR REQUIRFMENTS FOLLOW
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The following material was appended to the statement of work, I{t
was available to the Omnibus group as part of the basic SOW, and was
provided as a separate input to the Incremental group in Session 3,

APPENDIX

The material provided in this Appendix contains information secured
from design analyses perfor-ed by the Air Force, It presernts information
which the government feels will be useful in pexforming previously
specified contractual activities. The Appendix is, however, to be viewed

ac being advisory only, and should not be considered as a contractual
requirement,
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DESCRIPTION OF THE AGM-X MAINTENANCE MAN

The System Specification establishes that airmen with certain rasic
skills and a specific level of proficiency must be able to operate egnd
maint~in the AGM=X weapon system, 'iese airmen constitute a very critical
eler at of the system, An understanding of this element of the Personnel
Subsystem is essential to design of the AGM-X Weapon System.

To assist in defining what kind of individuals will be working with
the weapon system, the following discussion A~scribes the skill level
codes used by the Air Foxce. Some historical . formation is also
inecluded,

Air Force career fields are identified by t. first two number:: in
the airman's Air Force Specialty Code (AFSC), suc. 2as L3XOX indicat:s
Aircraft Mechanic, 46XXX indicates Wespons Mechani:, All officer sve-
cieities are explained in AFM 36-1 and all enlisted secialties are
explained in AFM 39-1. i

Possibly, the most significant position in the AF.C designation
number is the fourth position, e.e., 46X3X or 31X5¥. ‘he fourth nwier
establishes the skill level of the individual describzsd by the AFSC.
This skill designator is the key to designing a weapon system which.can
be maintained by the personnel spelled out. The skills essigned by the
specification nnd deseribed in AFM 39-1 are very broad in scope. S:ildom
do individuals qualify in all the required areas. Pressures of war,
enlistment rate, etc., wore frequently than rot will cause downgrad: ng
of technical qualifications. |

'

AIR FORCE MANNING - AUTHOIIZED VS ACTUAL

The autkorized numbers, and the skill level of the personnel. ti) be
assigned to a given AF unit, are indicated numericaliy as 3, 5, 7 aad 9
leve) and can be translated as follows: :

3 level ~ Helper/Apprentice )
5 level - opeciahst/Mechanic :
T level =- Tr-r*hnicia.n/S\,q)ez"fisor i
9 level - Superintendent

A further translation is from indicated skill level to actual
technical experience and is approximated as follows:

3 level = A basic AF technical school plus one year m&inten&nce
experience, '
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5 level - A basic AF technical school plus training on a specific
weapons system plus one to five years overall experience.

7 level - Additional training and five or more years experience.
9 level - Additional trairing and 10 or more years experience,

After graduation from a dasic technical course, the three-level
airman will generally be a.signed to work location at some operational
base. His job assignments wil). be primarily removing and replacing
ccuwponents using technizal manual procedures. The three-level airman
is not permitted to deviate freom procedures provided by technical manuale.

An airman with five-level skills has progressed through the three-
level skill in the same or associated career field., He will have com-
pleted two to three years of work experierce at the three-level and
received some additicnal technical training and or~-the-job iraining.

Most airmen holding a five-level skill have attended one additional
technical school which was oriented to & speciiic weapons system, The
training cour<c was probably one to two months in length for electro/
mechanical fields and two to five moaths for electronics; and provided
specific information on operation, trouble analysis, chackout and repair
of equipment for wheih he will be responsible, Ixperience in the five-
level skill consists of trouble aralysis, repair and checkout using
voltmeters, electronic scopes, and tape programm=& checkout equipment to
take specific measurements. All activities of maintenance are directed
by technical manuals, but, in somes cases, may require use of basic
theory for interpretation and analysis.

The five-level airman has been in the service three years, of which
approximately 10 months were taken up in training. This leaves a 26-
month period of time in which he could be considered actively engaged in
his "trade." MHowever, because of non-technical military activities and
Air Force work load scheduling problems, the average direct labor man-
power utilization rate is approximately 45%. When this 45% is yactored
into the 26 months not in training, the total experience gained in both
the three-level and five-level skills is 11.7 wonths. In 84.6% of the
cases, the airman is not highly motivated towaird a military career nd
will take his discharge in ore year.

An airman carrying seven-level skills is very likely to be a
career airman. He has been in the service five years or more and holds
the rank of S/Sgt. or T/Sgt.

Q 83
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PERSONNEL AVAILABILITY

The personnel to be available at the beginning of AGM~X “raining
are antic:pated to be from B-52 and B-58 units. 'he following persomnel
and related experience levels are anticipated:

Missile Electronic Maintenance Technician

31650/XX 1 year experience on a similar or related missile system

Munitions and Weapons Maintenance Technician

L6250/XX 1 year experience on a similar or rclated missile system

Q
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PRELIMINARY QUANTITATIVE AND QUALITATIVE
PERSONNEL REQUIREMENTS INFORMATION (QQPRI)

Analysis of the functional reguirements of ground wmaintenance of the
AGM-X system has resulted in the following preliminary descriptions of
the personnel needed to perform ground maintenance,

The following Air Force Speciality Codes {AFSC) are required for
performance of the integrated system cneckout of the missile and carrier
aircraft equipment.

The integrated checkout team will consist of the following AFSC's:
15158, 31650/¥X, 4€250/XX.

1. 1515B. Operations Support Officer

The Operations Support Officer assigned to the Plans branch of the
Wing Operations end Plans Division is responsible for developing the
AGM~X mission plans from source data provided by higher headquarters. He
is responsible for {ihe loading of the mission tape data into the carrier
aircraft master computers, He supervises the Missile System Analyst
Specialist/Technician, AFSC 31650/70, in +he operation of the data
inserter monitor set (DIMS) during Missioa data loading.

2, 31650/XX. Missile Systems Analyst Specialist[@echnician

Tr.e Missile Systems Analyst Specialist/Technician is responsible for
AGM-X maintenance activities at both the flight line and integrated main-
tenance facility,

At the flight line, he performs data loading into the carrier master
romputer using the operational, mission, and training tapes and the AGM-X
data inserter mcnitor set. He performs integrated AVE/CAE tests on the
ACM-X missile carrier aircraft systems. He performs scheduled inspections
and organizutional level waintenance of AGM-X missile launch control
svatem and AGM-X carrier aircraft equipment.

In the integrated maisntenance facility he prepares for and performs
missile chackout and isolates missile malfunctions. He disassembles
missile sections, removes and replaces faulty electronic components, and
verifies repair. He tests, removes, replaces, and repairs faulty miss’le
wiring. He removes and replaces the electronic and flight control
sections during rocket motor replacement.

The Missile Systems Analyet Specialist/Technician performs bench
testing of the ANM-X missile and carrier aircraft system components. He
removes and replaces assemblies or sulassemblies in the components and
verifies component repair.
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3. A¥FSC 46250/XX. Weapons Mechanic/Maintenance Supervisor

As a member of the AGM-X Weapons Loading Team, the Weapons Mechanic/

Maintenance Supervisor performs missilte-to-carrier hazardous current
checks and uploads and downloads the AGM-X missile, the launcher/missile
packaze, the pylon/missile package, and bomb rack, in the B-52 ajircraft.
He perfonms/verifies ordnurice and werhead safing and enauling during
ground operations, He performs payload to missile hazardous current
checks and installs/removes payload sections at the fiight 1line. He
observes anl verifies launcher rofation during integiated system test,
He transports the missiles, pylons, Launchers, payload sections, and bomb
racks to and from the flight line, integrated maintenance facility, wmis-
sile/munitions storage facility or nuclear weapons cturege facility, and
empty pylons from the CAE/aircraft preflight maintenance facility to the
integrated maintenance fecility.

He performs organizational level mainterance on the launcher, pylons,
bomb rack, AGM-X weapons status and control panel, and. AGM-X consent paiel
in the aircraft. Fe performs organizational and field level maintenance
on the munitions handling and transportation AGE.
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SKILL LEVFL DEFINIYIONS

following is a definition of the Air Force skill levels referenced
tatement of work:

~-Usually ects ae helper or assistent, but can do simple tasks on
such as simvie checks. Performs simple manual operations readily
assistance) but requires assistancemfsupervision or use of
with more complex operations. The following activities are

characteristic of the 3 level maintenance technician:

(1)
(2)

(3)
(4)
(5)
(6)

(7)

5 level
3-level.

Pe »{orms simple preventative maintenance without supervision;

Performs emergency responses only when advised to do so by
higher level technician;

Removes and replaces modules under supervision;
Perfor..” notentially hazardous checks under supervision;
Monitors and records equipment status values from displays;

Performs programned equipment checks in accordance with written
procedures;

Makes simple {discrete) electrical connections without
supervision.

-=-Performs most maintenance activities with the help of the
He may require assistance (supervision or use of a checklist)

with more complex operations, particularly those requiring significanti
decisions or a high degree of hazard. The following is characteristic of
the 5-level maintenarne technician:

(1)

(2)
(3)
(%)

(5)

Is capable of performing all activities of the 3 level techni-
cian;

Performs potentially hazardous checks with minimal supervision;
Removes and replaces modules without supervision;

Decides what equipment checks should be made and when they
should be teken;

If test equipment malfunctions, corrects malfunction wnen crew
chief not available;

Assists crew chief in performance of complete subsystem check-
out;

87
96



(7
(8)
(9)

(10)

Capable of performing most troubleshooling activities;
Analyzes malfunction displays to diagnose equipment failures;

Coordinates irnforwation from multiple displays to assess sub-
system status;

Supervises 3 level technician when crew chief not availeble.

T level --Performs all tacks including those involving significant
decisions and hazardous operations. The following activities are charac-
teristic of the T level maintenance technician.

(1)

(3)
()
(5)

(6)

ERIC

Aruitoxt provided by Eic:
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Is capable of performing all sctivities of lower level
technicians;

Supervises lovwer level teckhniciaans and is responsitie for all
crew activities;

Perfcrms highly hazardous checks on own responsibility;
Makes special purpose, elaborate electrical hcokups;

Takes responsibility for perforuance of complete subsystem
checkout;;

Capable of performing all troubleshooting activities.
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REQUIREMENTS ALLOCATION SHEET

DESIGN REQUIREMENTS

E

(U) Prior to loading missile(s) and/o1 launchers onto the carrier,
it is required that a hazardous current check be made of the CAE,

(U} An adapter is required to provide an electro-mechanical inter-
face between the hazardous current checker and the side of the
Necessary switchirg is required in that adapter to per-
mit the hazardous current checks,

{U) An integrated AVE- CAE test will be run on the carrier-
installed systems prior to committing it to ready alert status.
This same integrated test will also be run on carrier-installed
CAE with a simulator replacing the launcher/missiles ussembly.
This test, in conjuncticn with certain additional fault isolation pro-
cedures, will establish the GO - NO GO status of each missile,
the rotary launcher, and line-replaceable CAE.

(U) Test equipment shall be identified as that required to
fault isolate the system to the lowest level of base replace-

b. (U) The test method used shall employ the minimum number
of tests necessary to checkout the missile and associated
missile-carrier aircraft system or locate a defective re-
placeable unit.

(U) The time required to connect the checkout and test
equipment to the AGM-X Systern or Subsystem, to warmup,
to conduc’ the required tests, and to disconnect the AGE
shall be held to a minimum, This time shall be compatibie
with the specified aircraft turn-around time,.

L. (U) To facilitate ease of handling, connection, and discon-
nection of the AGE, light-weight cable assemblies and con-
nectors shall be used.

(U) The test tolerance within which the AGE checks and tests the
missile and associated missile-carrier aircraft systems, shall
be based on the operational tolerances of the systen..

(U) Equipment shall be provided for verbal communication be-
{U) Transportable checkout and test equipment shall be of a size

and weight to allow handling by as few men as possible and to
allow carrying aboard the aircraft through the normal access

Figure 12,
FUNCTION
NAME
PREPARE 1.
CARRIER FOR
MISSILE(S)
LOADING 2.
missile,
TEST LINE 3.
ITEM 1
PERFORM 4. a,
ORGANIZA-
TIONAL MAINA able unit.
TENANCE
5 a.
6.
7.
tween operators.
8.
doors.
O
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REQUIREMENTS ALLOCATION SHEET

DESIGN REQUIREMENTS

(U) AGE shall make maximum use of non-repairable (throw away)
modules and components to facilitate ease of maintenance and to
minimize the requirement for detailed maintenance logistic consid-

{U) All electronic and electro-mechanical and electro-pneumatic
AGE shall be subjected to a calibration proccss at such intervals as
will be commenmnsurate with the functional requirement of the equip-

a. (U) All electrical equipmert shall conform to the general re-
quirements of AFSCM £0-6 ard Specification MIL-S-43512 and
shall be compatible with the aircraft and missile systems.

b. (U) Electrical power equipment designed for 400 cycles and
28 VDC shall be compatible with the power characteristics de-
fined in Specification MIL-STD-704.

c. (U) Electrical systems designed for operations on 220V, 3
Fhase, 60 cycles shall be readily convertible to 440V, 3 Phase,
60 cycles without replacing components,

{U) The mean corrective maintenance tiine for the AGM-X missile
shall not exceed _minutes,

(U) A positive means shall be provided to assure that the missile
is in a "safe" condition prior to maintenance operations such as
missile or missile rack unloading, missile or missile rack trans-
porting, or missile checkout. The missile shall remain in a
‘‘gafe' condition during these operations. Safe - All missile ord-
nance devices shall be mechanically and electrically in safed con-

{U) A requirement exists to have the capability to perform an
AGM-X CAE checkout without missiles aboard.

a. Verify a suspected malfunction, and
b. Verify a replacement or repair of CAE installed in the carrier.

(U} The CAE checkout shall verify *he following components;

FUNCTION
NAME
PERFORM 9.
ORGANIZA-
TIONAL MAIN-
TENANCE erations.
20.
ment.
11.
12,
13.
dition.,
CHECKOUT 14,
AGM-X CAE
15, (U) The CAE checkout shall:
16.

ERIC
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Master Computer,

Inertial Measurement Unit,
Display and Control Panels,
Processor & Distribvtion Unit,
ECU,

Cabling

- ahan oW
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REQUIREMENTS ALLOCATICN SHEET

FUNCTION
NAME DESIGN REQUIREMENTS
17. (U) A means is required to electrically simulate a missile when no

missiles are aboard the carrier. A means is required to electric-

ally simulate the launcher/missile package when no launcher/mis-

sile package is installed on the carrier, The simulator must be

functionally capable of:

a. Receiving input data and supplying simulated output data.

b. Receiving missile alignment commands and providing simu-
lated alignn.ent status.

c. Providing simulated missile status information for verifica-
tion at the carrier displays and carrier computer,

d. Accepting and returning SAF discretes to the carrier.

e, Monitoring carrier power and power control signals.

f.  Accepting missile release mechaniem commands and return
appropriate status responses.

g. Electrically simulating rotary rack response to positioning
signals.

104
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SESSION 1

Instructions to Participating Engineers
¥

Now that yo1've had a chance to go over the SOW, we want you to de-
velop the basic design concept of a system which will meet the require-
ments specified in the SOW. Amcng these requirements, ycu will note,
are those which refer to the number and type of personnel. We ask you,
therefore, In developing your design to particularly keep in mind the re-

quirement to design to minimize personnel needs.

In describing this design concept, you should include the following:
(1) The number and types of major equipment items you would need;
(2) What each equipment would test;

(3) The characteristics you would design into the equipment;

{4) The functions to be performed by the equipment:

(5) The functions to be performed by the maintenance technician;

(6) The sequencing of equipmcnt and personnel functions (in the form

of a flow diagram)

Since this is a trade study, we want you to describe the design con-
cept for each of the alternativ. types of configurations, manual, semi-
automatic, automatic. Be as comprehensive as you can be with the in-
formation you have. If you need extra time, you can continue your anal-

ysis at the next sessicn.

To help you remember the information we want, here is a form (see
Table XV} which may help you in writing your answers, If it will help to

describe the systems you are designing, you may make sketches of your

Q 105
ERIC
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equipment on a separate sheet of paper. Remember, howevpy, that

highly detailed drawings are not required. The flow ‘iagrar. of person-

nel/maintenance sequences will, of course, be on a separate sheet of

paper.

To sharpen your answers, indicate just how your basic design

concept varies amci.g the three configurations,

You may ask any questions you wish at any time during the session,

and I will anawer it if I can.

At the conclusion of this session, ask the following:

ERIC

Aruitoxt provided by Eic

Did you have enough information in the SOW to develop the design
concepts ?

Enough equipment information? Enough personnel information?
Is this equipment information characteristic of SOWs you work
to?

Is this personnel information characteristic of SOWe you work
to?

What information that you did not have would you wish to have?
Was the information in the SOW useful in helping you decide upon
your system configurations? Has enough info.aticn been in-
cluded in the personnel requirements statemont? ‘/liat design
jmplications would you draw from the personnel requirements?
{For omnibus group} From the personnel flow diagrams? Skill
descriptions? From the QQPRI?

What information would you ordinarily have at ‘W1 start of de-
sign?

What items of information in the SOW particuiaily al1ected your

design decisions? Why?
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10.

11.

12.

13.

14.

15.

What was the effect of the equipment requirements on your de-
sign?

What was the effect of personnel requirements on your design
concept?

Is there any particular system configuration which you prefer?
Why?

What are the major differences among the system types in terms
of: reliability; maintainability; cost; number/type of personnel;
design efficiency; safety?

For skill constraint group: predict the number of personnel you
need for each configuration; why do you feel you need this num-
ber of personnel?

For number constraint group: tell me the personnel skill level
you would need for each confliguration; why do you need this skill
level?

For incremental groups: tell me the number and personnel skill

level you would need for each coirliguration; why?
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SESSION 2

Instructions to Participating Engineers

In this sess/jon, we would like you to continue describing the various
system configurations you began last time we met, but now in greiter
detail. If you have not already done so, please describe the functional
characteristics of each major item of tihe maintenance ground equipment

you think will be required.

In addition, we would like you to describe how the equipment you
have designed would function in actual operations by listing in step-by-
step fashion the procedures the maintenance personnel would perform
in conducting -

(1) flight line maintenance cuecks;

(2) shop maintenance checks.

At the conclusion of the session, ask the following questions:

1. Has your design concept changed in any way from the preceding

session?

2. If so, how? Why?

3. Did you have any difficulty in listing the operational procedure

for your equipment? I so, why?

4, Was any of the information given you of any particular use in

listing that procedure?

5. Have the equipment requirements acted in any way to constrain

your design concept? If so, how?

6. Have the personnel requirements acted in any way to constrain

your design concept? If so, how?

O 109
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7. What equipment and personnel information which has not been
provided to you would you wish to have? Why?

8. YFor skill constraint group: Predict the number of personnel you
need for each configuration; why do you think you need this num-
bevr?

9. For number constraint. group: tell me the personnel skill level
you would need for each configuration; why do you need this skill
level?

10, For incremental groups: tell me the number and personnel skill
level you would need for each configuration; why?

11, Is there any chaige in the system configuration which you prefer?
If so, why?

12. In addition, please describe the personnel who will operate the
maintenance equipment in terms of the skills which they must

pos sess in order to handle each type of system,
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LESSION 3 (Incremental Groups)

Instructions to Participating Engineers

In this secsion, we are able to provide you with additional information
secured from the Air Force. This information desciibes the personnel
requiremente to which you should design; in addition, the Air Force has
made a number of analyses, included in an Appendix to the SOW, which
describe what they think the maintenance technicians in the system under

design would be doing.

Please replace section 5.1 of your SOW which describes operator re-
quirements with the following statement:

{(I-N Group) Use of AGE for the mainteénance and testing of any
individual system, subsystem, or component of the missile and
associated missile-carrier aircraft shall not require more than
two operators -- one at or in the aircraft and one at the checkout
or test equipment.
(I-S Group} Equipment shall be designed to operate by military
technicians with a three-skill level only. (The definition of skill

levels is included in the Appendix).

In this session, we ask you to review the design concepts you created
previously in the light of the additional requirements and information now
provided, and to make such changes as you feel would be necessary to
bring your design in accord with the more stringent personnel require-
ments. Use a fresh copy of the same form you used previously to des-

cribe the changes you would make.

At the conclusion of the session, the following questions will be

120



asked:

Did the additional information included in the Appendix to the SOW
nelp you in modifying your design? If so, how?

What design implications would you infer from the personnel flow
diagrams} QQPRI; skill level definitions, etc, ? Are the skill
level definitions unde rstandable?

Do you ordinarily receive the kind of information contained in the
Appendix?

Did the revised personnel requirements make any difference io
your design? If so, what changes did you make?

What design implications would you draw from these requirements?
Are these requirements too stringent? Too easy?

(I - N group) What level of skilled personnel would you need to
have to run your system under the personnel requirements im-
posed? Why?

{1 - S group) What number of personnel would you need to have to
run your system under the personnel requirements imposed?
Why ?

Of the three system configurations, which do you prefer? Why?

12



SESSION 3 (Omnibus Groups)

Instructions to Participating Engineers

At this time the Air Force customer has decided to make his
personnel requirements a bit more stringent than they were when you

started your design.

{O-N Group) If you look at section 5.1 of your SOW which describes

operator requirements, you will see the following statement:

"Use of AGE for the maintenance and testing of any individual
system, subsystem or component of the missile and associated missile-
carrier aircraft shall not require more than two operators--one at or

in the aircraft and ore at the checkout or test equipment."

In order to minimize the skill level of the personnel needed to
operate the maintenance ground equipment, the Air Force has levied

the following additional vequirement upon you:

"Equipment shall be designed to operate by military technicians
with a three-skill level only,"" (Please refer to the definition of skill

levels included in the Appendix to the SOW.)

{O-S Group) If you look at section 5.1 of your SOW which describes

operator requirements, you will see the following statement:

""Equipment shall be designed to operate by military technicians

with a three-skill level only."

In order to minimize the number of personnel needed to operate the
maintenance ground equipment, the Air Force has levied the following

additional requirement upon you:

O llj
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"Use of AGE for the maintenance and testing of any individual
system, subsystem or component of the missile and associated
missile-carrier aircraft shall not require more than two operators--

one at or in the aircraft and one at the checkout or test equipment. "

In this session we ask you to review the design concepts you
created previously in the light of the additional requirements imposed
upon you, and to make such changes as you feel would be necessary to
oring your design in accordance with the added personnel requirements.
Use a fresh copy of the same form you used previously to describe the

c¢hanges you would make.

At “he conclusion of the session the following questions will be
asked:

1. Did the additional perscnnel requirements make any difference
to your design? If so, what changes did you make?

2. What design implications did you draw from the added
personnel requirements?

3. Are these added requirements too stringent? Easy to handle?

4. Was there enough information provided in the added
requirement?

5. What information would you wish included in the personnel

requirements section of the SOW ?

Q 11k
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SESSIC ¥ 4 (All Groups)

Instructions for Participating Engineers

Up to this point in time you have designed your systems to rather
stringent personnel constraints. In this session we would like you to
considzr that all personnel constraints have been eliminated. In other
words, consider that you are able to design for an unlimited number of
personnel and any skill level which you think you might need. Please
review your design concepts from this standpoint. In the event that
you restricted your designs to fit the personnel constraints, indicate
what changes in your designs you would wish to make, now that these

restrictions have been voided.

{(For incremental groups only: To help you in your design, additional
information is now available from the Air Force describing its analyses
of anticipated personnel characteristics and the tasks maintenance men

would perform.)

Please complete a blank form such as you filled out previously,
indicating the changes you would make in your designs with the
personnel restrictions lifted, After you have done this, please compare
the three system designs you have produced in terms of the following
criteria:

(1) Effect on personnel; number; skill level;

i2) Cost;

(3) Reliability;

(4) Design adequacy;

(5) Maintainability.

After the engineer has completed this task, ask the following
questions:
1. For incremental groups only: did the additional information
provided by the Air Force help any? Did it affect your

design solution in any way? If so, in what way? If not, why not?

ERIC 2
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The following questions are for all groups:

2,

3.

Did lifting the personnel restrictions influence you in any way
in changing your designs? In what way? If not, why not?

We had made the assumption that the personnel requirements
constrained your previous design in some ways. Is this
true? How had these requirenients affected your design?
Did your preferred design change any over the past four
sessions when personnel requirements were changed? In
what way? Why? If not, why not?

Do you feel that these personnel requirements are realistic?
Unrealistic? Would you rather not be constrained in this
way? Why not?

If you had to trade off personnel number and skill level, how
would you do it? In other words, if you had a choice between
a few skilled technicians or more unskilled personnel, which
would you prefer? If you had more highly skilled technicians,
could you use fewer people? If you had fewer people, would
a higher skill level make up for the small size of the crew ?
As far as your preferred design is concerned, which of the 5
criteria you used to compare the three systems would you
consider to be the most important in determining your

preference?

neé
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Note: The following equipment information
will be provided unly if subjects feel
they require it.

Test Equipment

This part of the specification establishes the requirements for
performance, design, test and qualification of the subsystem Test
Equipment required to checkout missile elect. *nics in the assembled
missile and as separate subsystems. The test equipment shall provi‘':
power, stimuli and signal processing as required to checkout the

AGM-X electronic subsystems.

Functional Characteristics. The Test Equipment shal' provide

power switching, safety monitoring, test stimuli and signal processing
3§ required to test the AGM-X missile, missile electronic subassemblies
and the AGM-X CAE electronic subassemblies. The Te't Equipment
shall have the capability of isolating faults in the AGM-X missily,
missile electronic subassemblies and the CAE electronic subassemblics
to the replacement level and of verifying the capabilities of the missile
and subassenblies to perform within operational limits subsequent to

repair,

Interface Requirements

Missile Electronics. The Test Equipment shall interface with

the following AGM-X missile electrenic units:
a, Master Computer
b. PDU
¢, Multipiexer and Conversior unit

d. Countrol and Display panels.

Tcst Set, Environmental Control Unit

The primary purpose of the ECU Test Set is to functionally te t
the B-52 ECU (CAFE). This is accomplished in conjuncati " with a
GFP Blower and a GFE Nitrogen Filler System by monitoring the
B-52 ECU output while providing a thermal load and pressure drop

via the Test Set. Flex hoses direct the air flow between the Test Set

nu7
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and the ECU under test. There are two closed loops in the Test Set,
one for the avionics circuits and one for the missile circuits. Circuits
contained on the Test Set include temperature, pressure and flow
gages and electrical heaters. 400}*1z and 28VDC switching to the

ECU under test is provided through the T.:st Se: from facility power.

The Test Set is use | in the Integrated Maintenance Facility.
Performance

Functional Characteristics. The Test Set shall provide for
checkout and fault isolation of the CAE, ECU when the CAE, ECU is

in a non-instalted condition,

Primary Performance Characteristics, The Test Set shall be

capable of:

a, Sirnulating that portion of the cooling system (AGM-X
missile and carrier aircraft avionics) which is not an
integral part of the CAE, ECU.

b. Providing a heat load to the conditioning fluid of the CAE,
ECU which is equivalent the maximum expected heat load
of the AGM-X missile and carrier avionics.

c. Providing CAE, ECU monitoring capabilities that will

indicate in tolerance operation or component fault,

Secondary Performance Characteristics. The test set shall be

capable of:
a. Providing a visual indication of CAE, ECU conditioning
fluid temperature, pressures and flows,
b. Monitoring the signal output from the CAE, ECU cooling

effect detector.

Interface Requirements. The Test Set shall functionally interface

with the following:
a, The conditioning fluid interface on the Environmental
Control Unit, B-52/AGM-X (CAE).

(Additional materisl was provided when requesteq by subjects.)
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APPENDIX LI

TYPICAL DESIGN QUIPUTS
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Figure 1h, System Description

As fully automated a system as possible, containing:

- a computer tiu check out the missile end A/C computer

- would design flight test set to check to the module ‘level and use
it in the shop as well

- self-diagnestic capability

- 2 or 3 programmsble power supplies (from digital word generates
regquired sigual only

- computer provides flexibility to test set, misscing in hard-wired
equipment

reduce operators role as decisicn maker
- sufficient level of information must be provided to reduce boredom
and keep operator ca his toes without overwhelming him, Minimum

number of displays (test Ko & Go-No Go)

- Provide test set with ebility to lower or raise operational voliage
levels to provide "marginal” checks of equipment.

- feedback to include test perfnrmed and resulis and would include a
print-out record

- modular construction

- wheeled cart, to include all cables, etc,

- would include data inserter function

- minimum number of computer controls accessible to opcrator
- would incorporatc lecation of faul. infommation on printout
- could very wecll be used to checkout other systems

- checkout - approximetely 1% hours.

O
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Figure 16. Equipment Operating Procedure

GME TEST PROCEDURE Date

Before Going to Ramp

1. Check Test Set for: Initial

Valid calibration date

Valid maintenance date

Overall condition

Correct supply of accessories

2. Obtein Tapes (cartridges) for:

All required ramp test prograns

Valid mission duty tape

S Determine

A/C muber

Take=off time

Flying operators nname

Information file on previous test and/or maintenance

After arrival at A/C before Missile Install

b, Interconnection (Cables)

A1l main switches OFF
(both test equipment and airborne)

Connect Aux Power unit

Connect cables to A/C interconnect boxes

O

ERIC 123

132



GME TEST PROCEDURE (Continued)

5e Start Up

Start APU (time )

Turn Airborne equipnent ON {if necessary)

Turn test set ON (allow 30 minutes warm-up)

During this time energize tape deck and printer and T
visually irspect airborne equipment for unlocked
components or visual sign of malfunction (and cleanliness)
6. Testing
Insert test set self test program
Initiate program
Resulits OK Proceed
If not (explain what to do)
Insert Program 2
Initiate
Results OK roceed

Note: Last program will double check current level to insure
non~-hazaidous condition for missile installation and
properly set equipment switches.

Missile Pre-installation Checkout

INSTALL MISSLE

Insert program y

Initiate y

(Continue)
Log completion time

Log A/C number
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GME TEST PROCEDURE (Continued)

Insert Mission program

Initiate program

Return Equipuent and logs to shop

Signed
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APPENDIX III

APPLICATIONS TO THE DESIGN PROCESS OF THE QUEUING TECHNIQUE FOR

PETERMINTNG SYSTEM MANNING REQUIREMINTS

At the start of the study it was planned to test the utilisy of the
ocuveuing model method of predicting manpower requirements in system design.
Barton et ale (1964) indicated as a consequence of their study that 'sub-
system design engineering may be directed to estimate manning requirements
using the manning prediction technique proposed in this report" (cection
Se4, pe 97)s Manning prediction techniques used in the military services
are still largely intuitive; any formalized wmathematical prediction method
which cou.d be applied to system design would therefore produce significant
benefits to that design, prosided, of course, that the recommended method
was compatible with the manner in which systems were developed.

The queuing technique is too lengthy 1o describe in detail in this
Appendix. Generally, however, the technique requires the analysis of the
various paramsters which enter into the determination of operational
readiness., These paremeters include:

Productive time spent in maintenance;

Non-productive time spent in mzintenance;

Identification of system functions with task responsibility;
Shift schedules;

Operational performance requirements;

Skill workload (ie, number of personnel of given skill levels
per job);

Opzrational performance readiness, including maintenance require-
ments;

Reliabili%y requirements, including down timz.
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Since number of personnel and skill are essential inpu.s to operational
readiness, optimal manning requirements can be determined by varying the
readiness requirement and determining the manning needed to support that
readiness requirement.

It is necessary to point out that the test of the queuing technique
projected for this study was not a test of its validity. Such a test has
already been performed by Purvis et al. (1965). Moreover, validation of
the queuing technique requires comparison of the operational readiness level
predicted by the model and based on a specified manning level, with mea-
sured readiness actually achieved by the system in the field. Since the
present study involved only the simulation of the conceptual design effort
for a mainterance subsystem, no operational system was available as a
standerd against which to measure technique validity.

Hcwever, since our cnglneering subjects were asked to specify the
manpovwer required to exercise the systems they had designed, it appeared
feasible in planning the study to compare these manpower predictions with

Q 6
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those produced by implementing the gueuing wodel, If the subjects?
predictions did not differ significantly from those produced by the model,
one could infer that the design engineer, given merely the appropriate
data, could develop manpower predictions essentially equivalent to those
prouduced by th~ model. The latter would then not be a significant improve-
ment over present methods of predicting manpower. Such a conclusion

would not invalidate the model, but would merely suggest that engineers,
when given the raw data inputs used in the model, could integrate those
data subjectively with the same degree of efficiency as does the mcdel.

On the other hand, if there were a significant discrepancy between model
and subject estimates, and if the model estimates corresponded with the
manpower provided for the operational subsystem used as the basis for the
design requirements in this study, the utility of the wodel as & predictive
device would be enhanced,

As it turned out, it was not feasible to compare queuing model pre-
dictions with manpower predictions made by subject engineers because of the
security classification required for the data inputs. To exercise the
model would huve required data on the actral operational reliability and
availability of the B-52 aircraft and the predicted reliability and avail-
ability of the AGM-69A. The parameters for which information was required
were:

(1) Arrival rate of missiles to be maintained in the shop (somewhat
analogous to failure rate);

(2) Number of B-52 aircraft in the smallest organizational element
to be serviced by the shop (eg, wing, squadron);

{3) Number of B-52 flights per day;
{4) Amount of work time available in the shop;

(5) Amount of time required to check out the electronics subsystems
in the missile and in the CAE brought to the shop for fault
diagnosis;

(6) Number of spares available for missile and CAE components;

(7) Operational readiness requirements or the smallest organizational
clement serviced by the shon.

In addition, our engineering subjects made their manpower predictions
based on cnly a few of the parameters required by the mod~l (eg, system
functions, operational performance requirements, skill workload and reli-
ability requirements), Even when the designer utilized the same parameters,
the information describing thece parameters was 2t a much gresser level than
that presumably avai able to the user of the queuing technigque., For example,
the engineer had the reliability requirement available to him, but this was
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not broken down by the actual or allowable down time. Hence, any comparison
betveen the predictions made from the two sources would in any event have been
faulty. For ail these reasons the az1.alysis originally contemplated was
discarded,

It was, however, possible to ask the question; what are the problems
involved in having design engineers use the model in the course of early
syster development? Specifically,

{1) Whet kind of input information does the design engineer need to
make early manpower predictions?

{2} How should +hat information be presented to him?

{3) Can/will the design engineer use the information supplied by
the queuing model to influence his design?

In ansvering the first questinn it is necessary to review the infor-
mational inputs ordinarily provided to the engineer during development.
This was ascertained by asking the engincer, whenever an item of informa-
tion was given him, whether he ordinarily received that information during
system development.

Jt is apparent from results of the present study that only a few of
the infor ational inputs required by the queuing model are ordinarily
available to the design engineer. Certainly none of the data items
referred to earlier as being necessary inputs are ordinarily avallable
to him. When the subject engineers were asked whether they ordinarily
received inputs such as those provided in the SCW, about half of them
responded negatively. Queuing models inputs would bhe even less available
to them.

Frouw this standpoint it would be a reasonable hypothesis that the
queuing manpower prediction would be more exact and hence more valid than
the engineer's subjective prediction, if only because the former is based
on many more informational inputs.

There may be two possible reasons why the design engineer does not
receive all the informational inputs required by the model. First, the
information may not be available at an ecarly enough stage in system
development for the engineer to make use of it. We have pointed out
elsevhere (Meister et al., 1968) th.t tke human factors analyses required
by AFSC 375-5 are not ordinarily performed at the time for which they are
specified. This is corroborated by the raect that design engineers report
that they do rot ordinarily receive the results of such analyses.

Second, it may be that even wnere the model outputs are availnble
carly enough, they are not provided to the design engineer biecwse they
are assumed not to have any design value for him.

O
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With regard to this second hypothesis, the results of the present
study suggest that manpower predictions made by exercising the model
would significantly influence design if these predictions were formuatec
as design requirements (ie, requirements to which the engineer must
design).

Information which is not or cannot be interpreted as a design require-
ment is generally ignored by the design engineer. Thus, raw data inputs tc
the queuiug model (eg, shift schedulas) would probably be received by the
engineer as largely irrelevant unless design requirements were implicit in
these data. On the other hand, he pays great attention to information
which is clearly labelled as a requirement. If a manpower prediction is
presented o him as a desirable goal, or even as a likely to bc accomplished
goal, it has no impact on the engineer's design. Howaver, if the predicticn
specifies that equipment will be designed to a maximuwn of N perconn2i, it
does heve a significant effect on his design conceptualizations. The
regsults of previous studies suggest that engineers can modify their
design in accordence with the number of personnel required to operate
and maintain that design. The same is true, within more restricted limits,
for different levels of skill.

The point is that the queuing model manpower predictions wust be
tormulated to the engineer as a design requirerent rather than either as
rav data inputs, a prediction or as "nice to know" irfoiwation. Con-
sequently the queuing model will hte useful ir design only if the analysis
is performed prior to the time the RFP is issued and if the model pre-
diccione are incorporated in the RFP as design requi~emenis, eg, the
equipment will be designed s0 that nv more than a waximum number of
pcrsonnel with designated skill levels will be required to service the
equipment.

It should be pointed out that any requiremerts presented to the desim
cugineer nust be formuletved in terms of the individual major equipments
which he is designing. '[hus. the requirement must be in terms ot
personnel to maintain X equipment. This may present a problem to the
queuing wodel. because its outputs are phrased in Yerms of number of repair
channels required by the supported system. This way pose a difficulty
when one wishes to determine the manning requircment within a single
channel., such as a specific ground support equipment or test set. The
requirenent must be broken duwn to numbe:r of personnel of required skill
ievels performing specific tasks on spec.ific equipment.

The technique does, hovever, predict the total number of personrel
for the irdividual squadron or wing, If one knows the number of equipments
required for the squadron or wing, it should be possible to allocate
manpoWer ver equipment unit.

As a corollary to the concept of providing the designer with the man-
pover prediction as a requirement early in system development, it follows
that he cannot personally te expected to perform the 1nolel analyses nzeded
to derive the manpower prediction, While it is relatively simple for him
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to meke an ininitive manpower prediction based on the relatively few inputs
he ordinarily uses, it would be grotesque to expoet the design engineer

to perform the sopnisticated mathematical computations inherent in the
model, if only because he would not have the time needed. This is especi-
ally so, since, for the manpower prediction to have maximum design conse~-
quences, it should be provided by the customer in the RF¥FL, The model
analyses and “he tradeoffs should therefore he performed by operations
researchers preferably in the Air Force and then its outputs should be
transmitted to the engincer as a design requirement.

The two major components of the manpower prediction are persomnel
number &nd skill level. The engineer finds it easier to design to the
quanti*y than to the skill level requirement. The reason is that number
is a very simple concept, whereas skill is, as we have seen, a composile
of many parameters. The Air Force's 3, 5, 7 level categorization of skill
is almost uninterpretable by th engineer in terms of guantity of skill,
much less the consequences of that skill. Moreover, we know little about
the relationship between quantity of skill and individual design charac-
teristics. From that standpoint the queuing model manning prediction ~an
be used for design primarily in terms of its personnel quantity rather
than its skill level purameters. This is not a limitation specifically of
the gueuinz model but of the design capebility inherent in the manpower
parameters.,

The wcdel manpowelr predictions, if specified as reguirements, will
pexrmit design “radeoffs. For examplie, if the queuing technique suggests
two possible alternatives, eg, & or 4 men, then the engiveer can analyze
the design consequences of these two alternatives and select the more
desirable. Any such alternatives must be phrased in terwms of whole indi~
viduals, eg, 1, 2, 3 nen, and the alternatives presented to the designer
should represent extremzs of the range of alternatives.

The engineer cannot, however, be expected to make foimal mathematical
analyses in these tradeoff problems, because a formal mathematical method
ot combining vaiious design tradeoff parameters (eg, reliability, main-
tainability, cost) does not exist.

The queuirg model technique may also be used as a "after the design
fact" method. Once design ras been accomplished and a mamning level
specified, the actual operational readiness for the system can be secured.
It that operational readiness does not satisfy system requirements, it will
be of interest to determine whether system manring can be modified %o
improve operational readiness. The analysis of the queuing model is per-
formed in reverse: knowing the operational r1eadiness achieved, one
analyzes for the parameters (among them manpover)} influencing that read-
iness, Changes in rerdiness might then be secured by modifying wanning
ski111 levels, However, it must be remerbered that manpower is in part
dependent on system design, and vwhere design is fixed, as it would be in
an oparational system, changes following developument of the hardware are
not easy to achieve.
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(5)

In summaly, “hen, one can say the following:

The queuing mciel can be useful to cdesign if the necessary analyses
are performed quite early in system development {(by the time the
RF?YSOW is issued) and if the results are presented as design
requirements, not as information. (This statement iz true of eny
manpower prediccion, from whatever source.)

To be maximally useful, manpower predictions shovld be formulated
in terrs of the muber/skills of pewsonnel needed per unit to be
designedo.

The personnel quantity component of the maupover prediction is more
essily utilized by the engineer than is the skill cormponent.

The mathematical analyses reguired to make the queuing model pre-
dictione must be performed by soweone other than the design engineer,

The queuing technique may also %e used in an "after the design fact"
e-aluation of achieved operational readiness levels, but is less
valugble in this way becazuse of the difficulty of achieving design
changes following hardware development,

131

140



REFERFNCES

l. Barton, H. R., et al. A Queuing Model for Determining System Manning
and Related Support Requirements, Reporg AMRL~TDR-64-21, Aerospace
Medical Resear:zh Laboratories, Wright-I’attercon Air Force Base, Ohio,
Jaruary 1yck.

2. Eckstrand, G. A., Askren, W. B, and Snyder, M. T. Ilhwar Resources
Engiveering: A New Challenge, Human Facters, 9 (6}, 1967.

3. Meister, D. and Farr, D, BE. !he Utilization of iuman Factors Infor-
mation by Designers., Technical Repert, Contract Nonr-49T7h-00,
Arendment 1, C%]D 8L2 057), The Bunker-Ramo Corporation, Canoga Park,
California, Septembei 1366.

» Meister, D. and Sullivan,; D, J. A Further Study >F the Use ol Jhuman
Factors Information by Designers. Technical Report, Contract Noni-
L9Th-0C, Amendment 2, The Bunker-Ramo Corporaticn, Canoga Fark,
California, March 1967. (AD 651 076)

Ze Meister, D., Sullivan, D. J. and Askren, W, B. Tuu Impact of Manpover
Requirements and Fersoanel Resources Data on System Design. Revort
AMRL-TR-68-4k4, Acrospace Medical Research Laboratories, Wright-
Patterson Air Force Base, Ohio, September 1968,

5. Meister, D., Sullivan, D. J., Finley, D. L. and Askren, W. B, The
Design Engincer’s Concept of the Relationship Between System Design
Characteristics and Technician Skill Level, Technical Reporrc,
AFHRL-1TR-69-23, Aii. Force Human Resources Laboratory, Viight-Patterson
Air Force Base, Ohio, October 1969,

« Murvis, R. E., et al. Validation of Queuing T2chniques ifor Detevmining
System Manning and Related Support Requirements, Report AMRT.-TR~65-32,
Acroupace Medical Research Labo.atories, Wrigh'~Potterson Air Iorce
Base, Nhio, March 1965. (AD 615 436)

8. Siegei, . Non-Parametric Statistics. lew York: MoGraw-Hill, 195G,

%. Snyder, M., T, anrd Askren, W. B. Techniques Tur Deveroping Systems to
Fit Manpower xesources. Report ATHRL-TR-GG- L5, Air Force Human
Resources Laboratory, Wright-Patterson Air Force Base, Ohio, Ct tober
1968,

10. VUnited States Air Force. AFSCM 375-5. Systems Zngiueering Managruent
Prucedures.  Air Force Systems Command, Andrews Air Force Basez,
S o
Maryiand, 1B DJecember 1904,

ERIC

== 1 132



