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I. INTRODUCTION *

A. Purpose

The purpose of this report is to document FY 1969 developments in the ‘
Human Effectiveness Function Allocation Methodology (HEFAM), describing its
present status and future goals. Included in this report is a discussion of
the present conceptualization of HEFAM, results of the search for data
collection methodologies and sources, and some preliminary human effective-
ness formulae which will be used in deriving HPE indices.

B. Research Approach

During FY 1969 engineers, data analysts, programmers, personnel
researchers, and psychologists working in the areas of cost/effectiveness,
human factors, personnel research, and equipment design were interviewed,
requirements were specified and analyzed and approaches were adapted for
HEFAM. HEFAM research conclusions derived in the past were reanalyzed
and from this a new overall concept of the HEFAM system was developed.

Many commands and activities were contacted to determine if they were

collecting data which might be useful to the HEFAM system. Several potentia1'

sources of data were developed.

One possible method of collecting and recording data, Wilson's Task
Analysis 0SD, was tested on the ASWSC&C System at the Man/Machine Systems
Research Facility. Performance on the system was observed, tasks were
recorded, and an OSD was constructed.

A preliminary effectiveness formula was constructed from analyzed data,
HEFAM assumptions, and logical deduction.

C. Historical Background

The HEFAM study grew out of a specific need within the Bureau of Naval
Personnel for development of a cost/effectiveness methodology for use in
decisions concerning the allocation of functions to men and machines early
in the system development cycle. The Bureau of Naval Personnel has
continued research in this problem area since FY 1965 with current work
being conducted under two separate projects: HEFAM, now under development
by Naval Personnel and Training Research Laboratory, and a personnel cost
model now being developed by the Department of Defense.

Research on the cost formula has been reported elsewhere (14, 15).
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Research on effectiveness measures was begun in FY 1967, six end products
have been published: a bibliography of cost, effectiveness, and man/
machine function allocation studies (58), a special progress report defining
the problems of obtaining quantitative indices of Human Performance Effec-
tiveness (65), an anno%tated bibTiography of human performance quantification
studies (67), a report confirming the feasibility of obtaining quantitative
indices of Human Performance Effectiveness (63), a staff paper summarizing
the overall conceptual development of HEFAM (64), and a special progress
report on empirical data collection procedures (66).

D. Conceptual Background

1. Project Goals.

This study was conducted in an attempt to meet the Navy's need for
improved methods of assigning functions to men, machines, or man/machine
combinations in new systems under development. Rapid development of Navy
technology has increased the opportunity to automate functions and tasks
traditionally performed by humans. Although system reliability is often
increased by automation, the cost is frequently also increased. Faced
with definite mission requirements and limited financial resources, the
Navy must select those function allocation alternatives which optimize
cost/effectiveness during the 1ifetime of the system.

Currently there is no single methodology for man/machine function
allocation which allows for quantification and optimization of the four
major variables: equipment effectiveness, human effectiveness, equipment
cost, and human cost. Methods have been developed to predict the cost and
effectiveness of automated functions (19, 20) and to predict the cost of
personnel (14, 15) in Navy weapon and support systems. However, suitable
human performance effectiveness indices have not been developed.

The purpose of this project is to develop the needed workable cost/
effectiveness methodology for man/machine function allocation. Therefore,
research has been directed toward shaping the overall function allocation
methodology while developing subsystems which will provide for quantification
of the major variables. At the present time this effort is concentrated
on developing human effectivenecss indices suitable for use in the function
allocation methodology.

During the development and operation of the HEFAM system, empirical
observations of human performance in systems will be used as a basis for
quantifying human performance effectiveness. These effectiveness measures,
originally designed for use in function allocation, will find auxiliary uses
in meeting other Navy needs for indices of Human Performance Effectiveness
such as have been suggested -in recent publications by BUPERS (8) and by -
NMC (26), as well as in recent Military Specifications (MIL-H-46855,
February 1968; MIL-H-46855, Amend. 1, March 1968). By providing quantified
effectiveness data, HEFAM can be used most effectively by the Navy in
contracting for new systems where human effectiveness constraints on system

¥0




v

design can be stated in the original work specifications included in the
Request for Proposal (RFP).

In developing systems where man's-working environment has not been
finalized, HEFAM may be used by engineers to enhance system effectiveness.
Personnel researchers will be able to use HEFAM data in the establishment
of manning and training requirements for new systems. HEFAM will also
provide inputs ‘to other data bank systems, such as NSPRDS (9, 10, 30), a
computerized personnel requirements information system, currently under
development at Naval Personnel and Training Research Laboratory.

2. Conceptual Evolution.

Early in conceptual development, Human Performance Effectiveness (HPE)
was defined as "the relative ability of the human component of systems to
perform operator or maintenance functions adequately and in such a way that

performance will, as intended by system planners, lead always toward mission .

accomplishment" (63). Researchers then began deriving a methodology to
quantify Human Performance Effectiveness in a way that the quantities
derived would be congruent with the above definition (66).

Most research reported in the literature on this area was concerned
with the "reliability" of humans, and the data was usually reported in
terms of numbers of errors which the human makes and/or the amount of time
the human takes to perform a given function. However, HEFAM researchers
were also interested in incorporating the effect of the unscheduled but
beneficial positive actions which humans can add to upgrade system effec-
tiveness and mission accomplishment. If only errors and time are focused
upon, these beneficial innovations are ignored. For this reason the term
human performance effectiveness was not limited to the "relijability"
meaning, even though the majority of work done by others was under the
reliability banner (63).

The Human Effectiveness Function Allocation Methodology (HEFAM) was
conceived as an automated data storage and processing system to be used
many times during the development cycle of new weapon and support systems.
There would be subsystems for data flow in and out of the system and sub-
systems for calculating human effectiveness indexes.

No bank of comprehensive quantitative evidence about the performance
effectiveness of humans in operational systems was extant, so the first
step was to make observations and start collecting data to be used as a
basis for predictions. Samples which would generalize to entire classes
and populations were sought in order to form a statistical data base
capable of reliable human effectiveness prediction.

The overall research plan for the project emphasized the development
of aspects of the HEFAM system: data base, data storage and retrieval
system, preparation of data for use, communication process, and feedback
procedure. The ramifications of each problem area were explored (64).

311
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During Fiscal Year 1969 there were four developmental goals in the
HEFAM project: to evolve the HEFAM concept to the point where the system
plan could be firmly stated; to develop data collection methodologies;
to develop sources where data could be collected; and to derive pre11m1nary
computat1ona1 formulae for human effectiveness quant1f1cat1on

In the process of meeting these developmental goals, new problems were
discovered and new possibilities for development of the system were

~uncovered. Analogous to getting close enough to the forest to see the

individual trees, we knew trees (the problems) were there all the time,
but as we approached the forest (HEFAM development) we could see them
clearly and specifically. These new problems were analyzed and are
presented here as part of the conceptual development of HEFAM.

3. HEFAM Developmental Problems.

One of the foremost problems in the development of HEFAM is the lack
of development in the state-of-the-art of quantifying human performance
effectiveness. Although interest in quantification of human effectiveness
is growing, very few people are working in the field and these few are
working in widely diverse areas. Thus research applicable to HEFAM is
scarce. HEFAM researchers, themselves, must accomplish much of the
advancement of the state-of-the-art.

In the development of the HEFAM system there are several highly
complex problems which must be solved. Each of these problems is complex
enough to be a project in its own right. Some of these are:

Defining all the parameters of human effectiveness.
Quantifying human effectiveness.

Predicting human effectiveness in systems which have not
yet been developed.

Providing human effectiveness guidelines suitable for work
specification.

Developing data collection methodo]og1es for human effectiveness
data.

Searching out and adapting sources of human effectiveness data. ;

Developing a language for recording human effectiveness
information.

Developing a data store of human effectiveness data.

Working out storage and retrieval methods for human
effectiveness data.

12




.. These problems are very complex, and it will take time'to solve them
and to complete the development of HEFAM. !

The problems presented above were analyzed and broken down into
smaller subproblems. Figure 1 reflects these areas as it summarizes the
major subproblem areas, the progress which has been made and the projected
rate of progress for Fiscal Years 1970, 1971 and beyond. It thus delin-
eates the scope and complexity of the HEFAM project. '
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II. RESEARCH METHODS AND RESULTS

The HEFAM research during Fiscal Year 1969 has been directed toward
three major areas of system development: A. Initial data collection,
including the development of data sources and the development of data
collection techniques; B. Effectiveness quantification, including
the development of a conceptual basis for human effectiveness quanti-
fication, the development of formulae for human effectiveness quantification,
and the development of a preliminary methodology for human effectiveness
prediction; C. Overall conceptualization of the HEFAM system, including
details of the data bank system, the HEFAM-User interface, and the relation-
ships between the HEFAM data bank system and other data banks.

A. Initial Data Collection

1. Development of Data Sources.

Data for the HEFAM data base must be collected from a wide variety of
sources in order to cover many human activities and to acquire a large
enough-sample in each function for statistical reliability. Therefore,
many commands and activities were contacted to determine if they were
collecting data which might be useful to the HEFAM system.

Attempts were made to determine if data has been, is being, or will be
collected from which Human Performance Effectiveness data could be taken
directly or derived. The possibility of collecting data from the activities
and commands by their staff, by some automated recording system or by
HEFAM researchers was investigated. '

Investigations of various "leads" that promised a possibility of
providing quantitative data on human performance revealed the following
sources:

a. Man/Machine Systems Research Facility (MMSRF). As part of a system
evaluation program, quantitative data on the effectiveness of detector/
tracker performance on the ASWSC&C System have been collected during
the past year, and more data collection is planned. A1l of the data
thus far collected will make useful additions to the HEFAM data base. The
parameters with which the MMSRF personnel have been concerned thus far are:
number of simultaneous targets, number of targets by type, ASWSC&CS vs.
conventional CIC, and the value of TV observation vs. on-site human obser-
vations of the variables from "real" course, speed and distance as deter-
mined post facto by analysis of videotape recordings (43, 44, 45).

b. COMFAIRWINGSLANT, Delta-Human Factors Group. Personnel in this
group have done some evatuation of personnel performance aboard aircraft,
and plans are being made for collecting more. However, since this data
was not collected specifically for quantifying human effectiveness, and

15




since many details have been left out of the reported data it cannot be
used by HEFAM without additional information and conversion.

c. COMASWFORLANT. The Fleet ASW Data Analysis Program (FADAP) is an
operational data collection procedure. It does not collect human performance
effectiveness data at present, but there exists a future possibility, and
FADAP documents will be evaluated for such possible use.

d. Naval Safety Center, Behavioral Science Division. The Life Sciences
Department has colTected some quantitative data on human performance in a
simulator, and there is a possibility of collecting more. The report
containing the data is not yet available, so the usefulness of the data has
not been evaluated.

e. Submarine Medical Center, Submarine Base, New London, Connecticut.
The Center has collected a small amount of quantitative data on human perfor-
mance effectiveness and js currently collec¢ting more. The report contain-
ing the data is not yet available, so the usefulness of the data has not
been evaluated.

2. Development of Data Collection Techniques.

Four procedures for collecting and recording Human Performance Effective-
ness were investigated:

a. The use of existing shipboard personnel for recording human perfor-
mance in operational systems was investigated by queries and interviews
with personnel in command of shipboard activities. Strong possibilities
for use of shipboard personnel exist.

b. The use of audiotape recorders and videotape recorders as instru-
ments for recording observations of human performance was considered and
the details for equipment acquisition were investigated.

c. The use of computerized recording techniques to automatically record
system performance from which human performance could be derived was suggested
and a preliminary design was considered for a shipboard data collection method-
ology. Computer based Man/Machine (M/M) systems, both simulated and opera- ;
tional, are a potential source of extensive HPE data. If appropriately ?
programmed, all systems of this type.can record their own operations over
any selected time period and make these data accessible via programmed i
computer printouts. A1l state changes of the machine part of the system,
along with the associated real times, are recordable, Timited only by
available computer storage. These changes of state can be matched with
operator actions, either immediate or previous, to obtain a’cause and
effect tabulation of the recorded history. Converting these raw data
into HPE parameters can be optimally affected by the system software and/or
post-operation analysis by researcners.

d. The use of Wilson's Automated Operational Sequence Diagrams (0SDs) .
(68, 69) was tested as a device for recording expected performance in a i
) }

5L




e 8

system or empirical observations of a system in operation. An actual
0SD was prepared for one function in a developmental system.

The Antisubmarine Warfare Ship Command and Control (ASWSC&C) System
(43, 44, ﬁg) was chosen as a starting point for evaluation of data collec-
tion Techniques for several reasons:

(1) It has a complete and well conceived simulation installation
in a convenient Tocation. The ASWSC&C System is located in the Advanced
Ship Development Evaluation Center (ASDEC) area of Naval Electronics
Laboratory Center (NELC) with closed circuit TV cameras installed in
locations appropriate to observe operator actions. Closed circuit TV
monitors and video recorders are located in a large trailer facility
?djace?t to the ASDEC area, the "Man/Machine System Research Facility"

MMSRF).

(2) ASWSC&CS is a system which utilizes more automated functions
than its predecessor NTDS, which in turn, involved the automation of many
functions originally performed by humans. Analysis of ASWSC&CS (combined
with analyses of NTDS and conventional CIC) will thus allow determination
of the relative effectiveness of systems as more and more functions are

‘allocated to equipment. Such comparisions should prove invaluable in

trying to obtain optimum man/machine mixes for future systems which will
probably be evolutionary-type changes in the present ASWSC&C System.

(3) ASWSC&CS is in a stage of the system development cycle where
measurements of human (operator) effectiveness are possible, but still
not so well established that such measurement will be superfluous; i.e.,
diagrams of operator functions can be useful for training purpose, and
feedback from evaluations can be useful for system modifications and for
training curriculum changes.

Through the cooperation of the personnel of MMSRF, the information for
the 0SDs was collected by observation of the system in operation and
review of documentation. Many valuable suggestions about the utilization
of the task analysis 0SD technique were adopted, and many ideas for the
further refinement of the task analysis 0SD were provided.

A task analysis 0SD was developed for one position in the ASWSC&C
System. Figure 2 shows part of this 0SD which was prepared in a modified
version of Wilson's original format--the difference being the addition
of a category 1listing the information displayed by the machine. This 0SD
reflects the procedures a surface detector tracker would follow were he
presented with a radar contact. Slight changes have been made in the
content of the OSD printout in order to avoid security classification
re.uirements which would otherwise be necessary because of the actual
system used for its development.

The purpose of testing Wilson's automated task analysis 0SD procedure
was to determine if it could be used as a means for describing expected
(criterion) human performance in systems under study and if it could be
used as a reference to be used by data collectors so that actions could

1y
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be scored innovative, erroneous, or expected. In addition the ease of using
the 0SD procedure, the adequacy of the behavior codes, the adequacy of the -
updating methodology, and the adequacy of the task sequence codes were
evaluated.

Constructing the OSD was a difficult, time consuming task. A complete
task analysis of the system was required before the automated 0SD could
be constructed and the data for the task analysis was difficult to obtain.
Actually putting the 0SD on keypunching blanks was a clerical task which
had to be accomplished by the analyst since order of events and time of
occurrence of events was very critical to the total OSD and analytical
judgements were required for their placement. Updating the 0SD often
required the rewriting of large portions of the 0SD so that the new event
could be placed in the correct part of the sequence. The task sequence
codes had to be expanded to match the compiexity of the ASWSC&CS task.

It was discovered that the existing task analysis 0SD behavior codes
needed to be developed further and modified to meet the specific needs of
the HEFAM data collection system. New behavior codes are being evolved
concurrently with the development of a new more detailed task analysis 0SD.

It was concluded that the automated task analysis 0SD is a useful tool
for stating the expected human performance in a system, and as a reference ;
for use by the observer of human performance in a system.

The ultimate usefulness of any techniques developed will be dependent
upon their applicability to many different types of systems. Thus, while
any and all data on HPE collected as a part of data collection methodology
development will be retained for future use, the principle goal of this
aspect of the HEFAM project remains the development of basic general data ;
collection techniques. !

B. Effectiveness Quantification

1. Conceptual Bases of the Formulae.

This section delineates the basic concepts incorporated into the
preliminary HEFAM formulae presented in this report. The final formulae
will incorporate many of these concepts but will not be necessarily
limited to these concepts alone.

At the present time HEFAM is conceptda]ized as relating to systems at
Qo three basic levels of integration: the task element level, the task level,
[}RJ}: and the function level. These Tevels of integration and the way they

interrelate are depicted in Figure 3. Levels of integration are considered
. H 3 w_ g 3 function
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The basic work unit is the task element (e.g., the task element is
"depress button" or "roll ball" or "flip switch”). Task elements are
discrete simple units of work involving a single physical action directed
to a single simple work goal. The task, a sequence of task elements
directed to the accomplishment of a specific unit of work, is the next
work unit (e.g., the task "hook target" is a sequence of task elements
involving "press button", "rol1 ball", “f1ip switch"). The function is
a sequence of tasks (e.g., the function "update track" is a sequence of
tasks involving "hook target", ™track trace", "record data"). These
relationships which are incorporated into the HEFAM formula, are depicted
in Figure 4.

HEFAM task analyses will be constructed from the simplest task elements
up through the more complex functions. This direction of the analysis
differs from many systems of task analysis which start with complex systems,
breaking them down into functions, tasks and task elements. However, this
complex-to-simple approach frequently doesn't reach the basic simple level
of integration of the task elements. For HEFAM data recording, statistical
derivation and eventual effectiveness prediction, data on the simplest
levels of task elements are needed. HEFAM data will be recorded for the
simple task elements and will be taken from many widely differing systems.
These data will be recorded and statistics will be derived from them. Then
these task elements and the related statistics may be recombined by a i
prediction formula into any variety of task sequences and any variety of ‘
functional sequences that are predicted for the system under analysis.
This gives enormous flexibility for constructing hypothetical tasks and
functions and for making predictions based on a statistical data base
derived from empirical data.

HEFAM classifies the performance of task elements into three mutually
exclusive categories: (a) planned action, the execution of an operation
in the manner stipulated by the system’s designer and which promotes the
accomplishment of the mission; (b) innovative action, the execution of
an operation in a manner not stipulated by the system's designer but which
promotes the accomplishment of the mission; (c) erroneous action, the
execution of an operation in a manner which fails to promote or inhibits
the accomplishment of the mission.

Task elements have associated probabilities of effective performance
which can be calculated. There also is a probability for their occurrence,
and a probability for the cccurrence of the operational sequences (tasks)
of which they are a part. Probability statements for these individual
events (effective performance and occurrence) are available so the human
performance effectiveness for a given operational sequence can be predicted
based on a combination of these probabilities. Time is accounted for in
HEFAM to the extent that it affects the effectiveness of the performance of
a unit of work. If a maximum time 1imit is exceeded then the action is
scored as an "error". If the action takes no more than the expected amount
of time it is scored as a planned action.

Some behaviors have more influence on the outcome of the next level of ‘
work complexity than others (e.g., some task elements influence the

21 130>
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task performance more than others). This degree of criticality of a work
unit is incorporated into the HEFAM concept and appears in the formula

as the "criticality weighting factor". This factor will be determined

by analysts in each individual function analysis.

The definition of human effectiveness as "the probability of the
accomplishment of a unit of work", is central to the HEFAM concept and
" is expressed in the formulae. As a statement of probability, the theoret-
ical maximum of human effectiveness would then be 1.0.

Functional analyses for effectiveness purposes can be made at all
levels of system integration, and should incorporate the effects of the
man, machine, and the man/machine components which interact within the
system. The formulae account for effectiveness measurement at any level
and reflect the mission requirements related to work at that level as
discussed in the next section.

2. Human Effectiveness Formulae.

The formulae below present symbolic relationships in a preliminary
attempt to model the quantitative relationships among the components of
human effectiveness. They are at present only developmental models and
therefore subject to change, modification, and revision. They are not
meant to be used for effectiveness computation at this stage of their
derivation.

It can be noted that the formulae are presented at three levels of
integration within a system. This will allow the user to approach effec- :
tiveness analysis at the same level of integration as the allocation i
decision he is making. :

1523

At the task element level of integration, basic observations of ?
performance of individual task elements are made. From these data a ‘
measure of effectiveness is derived for the task element being considered.

Thus:

: NPR + NIR - NER

_- Erg = NR

} Where: .
f ETE = task element effectiveness %
f‘ . NpR = number of planned responses %
%. nIR = number of innovative responses %
L |
: NER = number of erroneous responses §
Ei NR = number of responses j
ERIC




A task is a sequence of task elements. Therefore, at the task level
of integration, the measures.of effectiveness for the task elements whose
sequence forms the task, are combined to determine the effectiveness of the
task, represented by the formula:

N

E= T (ETE) ’ (CTE) '
T A‘=1 A A
Where:
Et = task effectiveness
ETe = task element effectiveness
C1Ee = : criticality of the task element to total

task effectiveness in the specific system
A function is the next higher level of integration and consists of a

sequence of tasks. At the function level the following symbolic relation-
ships exist:

2
Ee= 7 (ET)/Z (CT)J:

A=

Where:

Ep = function effectiveness

ET = task effectiveness

Ct = criticality of the specific task to total

function effectiveness in the specific system

3. Human Effectiveness Prediction.

Human effectiveness predictions will be based on an evolved and
refined version of the above formula. Data for many types of task elements
will be stored and "average" values for each type of task element will be
derived and stored. For each type of task and function, a probable sequence
of task elements will be established and an effectiveness measure computed.
Generalized statements of effectiveness for classes of functions may also
be computed and stored. Users of HEFAM who know only the function to be
evaluated, or the general type of function to be used in a system, may
obtain estimates of effectiveness at that (function) level. As more
information is available from the user, more specific information may be
used in the formula, fewer estimates and generalities will be required and
the reliability of the prediction will be enhanced accordingly.

Y.
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C. General HEFAM System Conceptualization

One of the HEFAM research goals during Fiscal Year 1969 was to further
develop the overall conceptualization of the HEFAM system. This was done
by an analysis of HEFAM user needs, the situations in which HEFAM would
be used, and the probable requirements of the HEFAM computational system.

1. The HEFAM Data Bank System.

The proposed basic system model will be based on an evolved version
of the preliminary effectiveness formula which was presented previously
in this report and on a prediction methodology and formula which will be
developed -during Fiscal Year 1970 (see Figure 1, page 6). This model
will mathematically combine empirical data associated with task elements
into effectiveness indices which will then be stored and Tater used with
a prediction model to predict human effectiveness in developmental systems.

Data will be stored separately for each individual task element. This
will allow greater flexibility of computation. New effectiveness models
may then be applied with minimum modifications of the data store. At the
present time data from task elements will be combined by the model into
effectiveness indices. The branching diagram in Figure 5 shows this
structure. '

Content of the data bank may be structured into four classes: "input
data", "stored data", “"computed and stored data", and "reported data".
"Input data" is composed of. those data which will be supplied by the user
with each problem he presents. They will be specific to the problem and ;
must be supplied for each problem and alternative being evaluated for f
effectiveness. These inputs will be based on the requirements of the :
prediction model and will be defined in future HEFAM research. "Stored ;
data" consists of data from empirical observations, and hypothetical work i
units. They will be stored in the simplest form possible in order to f
allow later combinations ir.a wide variety of ways. "Computed and stored
data" will include major factors which have been computed from stored data
and are being stored for additional future computation or for direct output
on request of a user. These will be periodically updated as the data upon
which they are based is updated or embellished. "Reported data" are
completely computed effectiveness indices which are reported to consumers
of HEFAM data. Table 1 identifies the storage classification of some of
the types of data to be stored.

A very large storage capacity will be required by the HEFAM data bank
system. Eventually data will be stored on at Teast 10,000 task elements
with about 200 observation samples each, including frequencies of innovative,
error, and planned actions, and computed effectiveness indices for each
observation sample. Equal amounts of data will be stored for tasks, hypo-
thetical tasks, functions, hypothetical functions, and criticality weighting
factors. Experience with the system and further development of it, however,
may reveal means of reducing active storage requirements.

17 25 i
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TABLE 1

_ o Input
Data Item . By User

DATA STORAGE CLASSIFICATION

Stored
Elements

Computed
And Stored Reported
Elements Elements

Effectiveness Criteria X
Function 0SD c X
Task Ahéiys{leSD X
- Frequency of Innovative Action
Freqﬁeh¢y of_P1anhed Action
FrequeﬁédeFHErropéoﬁs Action

Task Element Effectiveness
Value %7 -

.General‘C]aSQes of Task
E1ements ‘ . '

Effectiveness Va]ues.for
General Classes of Task Element

Tasks (TaskvElemeht Sequence)
Effectiveness values for Tasks
Hypothetical Tasks

Effectiveness Values for
Hypothetical Tasks

Functions (Task Sequences)

Effectiveness Values for
Functions

Hypothetical Functioné

Effectiveness Values for
Hypothetical Functions

General Classes of Tasks
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TABLE 1 (Cont'd)

DATA STORAGE CLASSIFICATION

Computed

Input Stored And Stored Reported
Data Item By User Elements Elements Elements
Effectiveness Values for
General Classes of Tasks X - X
General Classes of Function X
Effectiveness Values for ‘
General Classes of Function - ' X X
Criticality we1ght1ng
Factors : - X
Effectiveness Values for
Specific Systems ‘ X X

The data collection system which will provide data to support the. data
bank system will be extensive also. Many sources of data will be needed
and data will have to be. reported through sqme type of system so that the
data bank is constantly growing with numbers of observations. Thus a data
base with a large sample size will evolve. : ~

Data, mostly in the form of observations on the performance of task
elements, will flow into the data bank, be computed, and be sent to users
upon request. Feedback from those systems in which HEFAM data was used
in the design or upon which HEFAM predictions were made will also flow
back into the system for validation of the predictions. Figure 6 depicts
the generaiized. structure of the HEFAM data bank system

oo,
LN

2. HEFAM-User Interface;

HEFAM is conceived as being used at several stages of development of a
weapon or support system: first, during early stages of .weapon or support
system design when only the genera] type of function will be known; again
when the tasks have been defined and later when the task elements are
defined; and finally when the system reaches the operational test and evalu-
“ation stage of development.

The HEFAM system can be used by either contractors or in-house
system design engineers. It can be used to determine the human effective-
ness requirements stated in the work order accompaning a Request for
Proposal issued to contractors Th1§ will occur at a very early stage of

0
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THE FORMULAE

DATA FROM SOURCES ‘
USER_INPUTS

ANALYST INPUTS

THE FORMULAE TO BE STORED
HEFAM HF DATA FROM LAB I FUNCTIONS CRITICALITY
EFFECT IVENESS —  JFXPERIMENTS — PLANNED WEIGHTING
COMPUTATIONAL FACTORS
FORMULAE AND
PROGRAMS

DATA FROM OTHER || 1 TIME

DATA BANKS CONSTRAINTS LEVEL OF

ANALYSIS

HEFAM REQUIRED
PREDICTION |
METHODOLOGY AND , SIMULATOR [ |} 0SD OF PLANNED
PROGRAMS DATA PERFORMANCE
HUMAN EFFECTIVENESS OBSERVATIONS OF
RELATIONSHIPS - SYSTEMS IN THE |~

FLEET

PERFORMANCE

EVALUATIONS FROM =i
TRAINING SCHOOLS

OPTEVFOR =
DATA

v N 3\ N

HEFAM DATA BANK AND COMPUTATIONAL SYSTEM

A. STORES: <
1. Empirical Observations of Human Performance

Feedback on HEFAM
Predictions From
Operational Systems

2: Formulae
3. Programs
4. Computed Effectiveness Indices

B. UPDATED WITH:
1. New Formulae
2. New Programs
3. New Data

Input to Work
Statements 'in the
Request for
Proposal

HPE Data for

Navy Personnel NSPROS
New Systems

Cost Data Bank

€QUETT €5 e

Cost/Effectiveness Trade Offs of
Alternative Function Allocations

Figure 6. The Generalized Structure of the
HEFAM Data Bank System
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weapon or support system conceptual development. Thus, HEFAM data can
form a basis for human factors requirements placed upon contractors, and
will establish specified criteria in the RFP which will allow contract
monitors to regulate, accept, or reject systems on the basis of human
effectiveness considerations.

During each use of the HEFAM system, the design engineer can query
the data bank for predictions of human effectiveness for each individual
function allocation alternative. He can do this via a request form on.
which he supplies the required data about his particular system. The
HEFAM request form will stipulate the necessary parameters for which the
designer must supply information from which human effectiveness can be
predicted. The request form will be processed by the HEFAM center and
if enough data is available, a prediction of human effectiveness will be

printed out by the computer along with a statement of prediction reliability.

An engineer using the HEFAM system should be able to query the data
bank whenever it becomes necessary in his work (i.e., whenever he reaches
a function allocation choice point). If he were limited to querying the
data bank only a 1imited number of times during the system development,
function allocations would probably be made without the use of HEFAM and
thus without valuable pertinent data.

There will also be a feedback provision designed into the HEFAM
system. Users will be required to supply certain information to the
HEFAM center after they have used and evaluated the data which the center
has provided for them. A user questionnaire will contain such questions
as: Is this the right kind of data for your needs? Did you use the data
we provided? Did you have to convert the data to meet your needs? Would
it help you if we converted the data in some way? If so, what type of
conversion do you need? Would you suggest changes in the format or in
access of the data? Do you have confidence in the data we have provided
for you? These questions, and the answers received by the HEFAM center,
will be used in a continuing reevaluation of the HEFAM system and changes
will be constantly made to keep the system up to date to meet the needs
of the users of the HEFAM data. This continuing reevaluation is extremely
important in producing a reliable function allocation system which will
be of use (and used) in Navy system design.

3. PRelationships with Other Data Banks.

The proposed HEFAM data bank system will be an independently operating
system. However, it will exchange information with other systems and
supplement information in the solution of problems. One of its major
associations in this respect will be with New Systems Personnel Require-
ments Data System (NSPRDS) which is now being developed at the Naval
Personnel and Training Research Laboratory at San Diego (9, 10, 30).
Another data bank with which data will eventually be exchanged will be
the Navy Personnel Cost Data Bank which is currently under development.
Figure 7 depicts these data banks, their interactions, and the types of
information they will store and exchange. Data exchanges with other

22
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computerized systems are possible and probable, especially with those
systFns which store human factors and human performance data. These
systumns are not listed here however, since they have not been committed
to the information exchange at this time.
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IIT. CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions

1. Much more work effort and time will be needed to develop the HEFAM
system.

2. The HEFAM system will consist of a methodology, computational formulae,
and an automated data processing system.

3. More sources of data are needed in order to provide a large enough
sample of human performance to form a data base for effectiveness predic-
tions.

4. Simpler methods of data collection than the OSD method are needed in
order to collect human performance data in a timely manner.

5. Computational and predictive formulae for HEFAM must be developed
further in order to be used for actual computation or prediction.

B.‘ Recommendations

1. It is recommended that the HEFAM system be developed as rapidly as
possible. This will require more effort than is currently being expended.

2. The future development of HEFAM should include: the further development
of the conceptual bases of human effectiveness quantification; the further
development of the HEFAM data processing system; the collection and utili-
zation of HPE data; the development «f better data collection methods;

the further development and testing sf computational and prediction formulae;
and the development of the HEFAM prediction methodology.

25 33 REVERSE SIDE BLANK




<

10.

BIBLIOGRAPHY

Altman, J. W. A Central Store of Human Performance Data. Paper
presented at the Symposium and Workshop on the Quantification of
Human Performance, University of New Mexico, 17-19 August 1964.

Altman, J. N.‘ Some Initial Approaches to Quantified Human Factors
Evaluations. Presented to: Human Factors Society, National Meeting,
28 November 1962. '

Altman, J. W. Improvement$ Needed in a Central Store of Human
Performance Data. Human Factors, Vol. 6, No. 6, December 1964.
pp. 681-686.

Altman, J. W. Classification of Human Error. American Institutes
for Research, Pittsburgh, Pennsylvania. Paper presented to Division
14, APA Convention, New York. September 1966.

. .Amorelli, D.; Celentano, J. T.; & Peters, B. G. Reliability and the

Man Subgystem North Amer1can Av1at1on, Inc., Space and Information
Systems Division. PUB 544-5, NEW 9-63. 19 August 1963.

Askren, W. B., Ph.D. & Regulinski, T. L. Mathematical Modeling of

Human Performance Errors for Reliability Analysis of Systems. Aerospace
Medical Research Laboratory, Aerospace Medical Division, Air Force
Systems Command, Wright-Patterson A1r Force Base, Ohio. -AMRL-TR-68-93.

January 1969.

Askren, W. B.; Schwartz, N. F.; Bower, S. M.; & Schm1o M. D. A Voice-
Radio Method for Co]]ect1ng Human Factors Data Air Force Human Resources
Laboratory, Air Force Systems Command, Wright- Patterson Air Force Base,
Ohio. AFHRL-TR-68-10. January 1969.

Beek, C.; Haynam, K.; & Markisohn, G. Human Reljability Research.
Bureau of Naval Personne], Washington D. C. (Operations Research,
Inc., Silver Spring, Maryland. Contract No. Nonr 4451(00)) Report
#PRR-67-2. Technical Report 430. September 1967 ‘

Campbell, G. M. A Standardized Task Format for Personnel Requirements
Informat1on System Methodology. U. S. Naval Personnel Research
Activity, San Diego, California. SRM 68-17. March 1968.

Campbell, G. M. & Megling, R. C. Preliminary Data Elements for New
Systems Personnel Requirements Data System (NSPRDS). U. S. Naval

Personnel Research Activity, San Diego, California. SRM 69-6.
September 1968.

XU/J 27 34 .




11.

12.

14.

16.

17.

18.

19.

0.

21.

22.

Christensen, J. M. A Sampling Technique for Use in Activity Analysis.
Personnel Psychology. 1950, 3, pp. 361-368.

Clark, Cooper, Field & Wohl, Inc. METRI Personnel Readiness Measure-
ment. 200 Park Avenue, New York 17, New York. March 1965.

CNO Letter, Seri 712P70 of 24 December 1968. Subj: Advanced
Development Objedtive No. 31-40X, Operational Performance Data
Systems (OPDATS).

Connelly, Marilee N. A Personnel Cost Data Bank for Use in Studies
of Cost and Effectiveness. U. S. Naval Personnel Research.Activity,
San Diego, California. SRM 68-3. August 1967.

Connelly, M. N. Catalog of Personnel Cost Definitions and Concepts
for the Derivation of Man/Machine Function Allocation Formulae. U. S.

Naval Personnel Research Activity, San Diego, California. SRM 69-8.
October 1968.
Connelly, Marilee N. The Feasibility of Derivinc a Cost/Effectiveness

Formula for Man/Machine Function Allocation. U. S. Naval Personnel
Research Activity, can Diego, California. SRM 67-4. - September 1966.

Cooper, J. I. An Infegrated Approach to System Maiptainabi]ity,
in F. L. Ankenbrandt (Ed.), Electronic Maintainability, Volume 3,

New York: Reinhold, 1960. pp. 122-131.

Cooper, J. I. Human-Initiated Failures and Malfunction Reporting.
IRE Transactions in Human Factors in Electronics, Vol. HFE,
September 1961. pp. 104-109.

Cost-Effectiveness Optimization (Summary, Conclusions and Recommendations).

WSEIAC, Final Report of Task Group IV, Headquarters, Air Force Systems
Command, Andrews Air Force Base, Maryland. AFSC-TR-65-4, Volume 1.
January 1965.

Cost-Effectiveness Optimization (Technical Supplement). WSEIAC,

Final Report of Task Group IV, Headquarters, Air Force Systems Command,
?ndrews Air Force Base, Maryland. AFSC-TR-65-4, Volume III. January
965.

Dunlap and Associates. A Method for Deriving Job Standards from
System Effectiveness Criteria. Vol. I, Method Development. Dunlap

& Associates, Santa Monica, California. (Contract No. Nonr-4314(00)).
December 1964. '

Dunlap & Associates. Development of a Technique for Establishing
Personnel Performance Standards (TEPPS): Phase II - Final Report.

DunTap & Associates, Santa Monica, California. (Contract Nonr-
4314(00)). January 1966.

28




23.

24.
25.
26.

27.

28.

29.
30.

31.

32.

33.

ETlis, N. C.; Lowes, A. L.; Matheny, W. G.; & Normal D. A. Pilot
Performance, Transfer of Training and Degree of Simulation: 1II.
Performance of Non-Jet Experienced Pilots Versus Simulation Fidelity.
Naval Training Device Center, OrTando, Florida. (Life Sciences, Inc.,
Fort Worth, Texas. Contract N61339-67-C-0034). NAVTRADEVCEN 67-C-
0034-1. August 1968.

Fine, S. A. A Functional Approach to a Broad Scale Map of Work
Behavior. Human Sciences Research, Inc., McLean, Virginia. HSR-RM-
6312. September 1963.

Freitag, M. Review of Quantitative Operability Prediction Techniques,
Phase 1. Final Report. U. S. Naval Electronics Laboratory, San Diego,
California. (Prepared for Code 3380 by Jakus Associates, San Diego,
California. Contract N00123-67-C-0032). Feburary 1967.

Fucigna, J. T1; Keenan, J. J.; Bishop, E. W.; & Irby, T. S. Human
Performance Development Program for the Naval Material Command. _
Dunlap & Associates, Darien, Connecticut. Report No. 68-443(20/171)-
2. January 1968.

Human.Engineering'Regyirements for Military Systems, Equipment and
Facilities. _Mi]itary Specification. MIL-H-46855. 16 February 1968.

Marks, M. R. Development of Human Proficiency and Performance Measuies
for Weapon Systems Testing. -Aerospace Medical Research Laboratories,
Wright-Patterson Air Force Base, Ohio. (Psychological Research

- Associates, Arlington, Virginia. Contract No. AF33(616)-7464). ASD
TR 61-733. December 1961. '

Martin Company. Human Error Analysis and Investigation, Monthly
Report for March 1963. Denver, Martin Company, Aerospace Division of
Martin Marietta Corporation. (Contract AF04(647)-576). CR-63-109.
April 1963.

Megling, R. C.; Campbell, G. M.; & Willis, J. E. Task Data Elements
Verification Test for New Systems Personnel Requirements Data System

NSPRDS). U. S. Naval Personnel Research Activity, San Diego,
California. July 1969. IN DRAFT REVIEW.

Meister, D. A Pragmatic Approach to the Prediction of Operational
Performance. A Paper presented at Los Angeles Chapter, Human Factors

Society, Symposium on Man-Machine Effectiveness Analysis. 15 June 1967.

Meister,.D. Development of Human Reliability Indices in Proceedings,
Symposium on Human Performance Quantification in Systems Effectiveness.
Naval Material Command and Mational Academy of Engineering, Washington
D. C. January 17 - 18 1967.

Meister, D. The Problem of Human-Initiated Failures. Proceedings,
8th National Symposium on Reliability and Quality Control, pp. 234-
239. Washington, D. C. January 9 - 12, 1962.

36




34.

35.

36.

37.

- 38.

39.

40.

41,
42.

43.

44,

Meister, D.; & Farr, D. E. The Utilization of Human Factors Infor-
mation by Designers. Bunker-Ramo Corporation, Canoga Park, California.
(Contract Nonr-4974-00). September 1966.

Meister, D.; Sullivan, D. J.; & Askren, W. G. The Impact of Manpower
Requirements and Personnel Resources Data on System Design. Aerospace
Medica? Resources Laboratory, Wright-Patterson Air Force Base Ohio.
AMRL Report TR-68-44. 1968.

Meister, D.; & Sullivan, D. S. A Further Study of the Use of Human
Factors Infonnat1on by Designers. Bunker-Ramo Corporation, System
Effectiveness Laboratory, Canoga Fark, California. March 1967.

Miller, G. E.; Maxwe]], R. A.; Ferguson, L.; & GaIbo C. C. Human
Factors Aspects of ReIiabiIi;y, Philco C0rp0rat10n, Aeronutronic
Division, New Port Beach, California. - (Contract No. DA 36-039 SC-

' 90877). Report U2296. January 1964.

Mitchell, M. G. Smith, R. L.; & Nest]and R. A. Technique for
Estainsh1ng PersonneI Performance Standards (TEPPS), Procedural
Guide, Second Edition. Dunlap & Associates, Santa Monica, California.
(Contract No. Nonr-4314(00)). January 1968.

Munger, Sara J.; Smith R. W.; & Payne, D. An Index of Electronic
Equipment Operability: Data Store. American Institutes for Research,
Pittsburgh, Pennsylvania. (Contract No. DA-36-039-SC-80555). AIR-
C43-1/62-RP(1). January 1962. :

Munger, Sara J.; Smith, R. W. & Payne, D. An Index of Electronic
Equipment Operability: Evaluation Booklet. American Institutes for
Research, Pittsburgh, Pennsylvania. - (Contract No. DA-36-039-SC-80555).
AIR-C43-1/62-RP(2). January 1962.

Pickrel, E. W. & MeDonaId, T. A. Quantification of Human Performance
in Large Complex Systems. Human Factors, Vol. 6, No. 6, December 1964.
pp. 647-662.

Rabideau, G. F. Field Measurement of Human Performance in Man-Machine
Systems. Human Factors. Volume 6, No. 6, December 1964, p. 663.

Rhea, B. D.; Allen, F. J.; & Nims, L. P. ‘Antisubmarine Warfare Ship
Command and ControI System Air and Surface Tracker Performance Evalu-

ation (Report #1) (U). U. S. Naval Personnel Research Activity, San

Diego, California. SRR 69-13. October 1968. CONFIDENTIAL

Rhea, B. D.; Allen, F. J.3 E1lis, R. H. & C1borowsk1, M D. Anti-
submarine Warfare Ship Command and- ControI System Air and Surface

Tracker Performance Evaluation (Report #2) (U). U. S. Naval Personnel

Research Activity, San D1ego California. SRR 69-29. IN PRESS.
CONFIDENTIAL

30 37




45,

46.

47.

48.

49,

50.

51.

o4,

55.

Rhea, B. D.; Allen, F. J.; & Davies, C. L. ST1. Antisubmarine

Warfare Ship Command and Control System Subsurface Tracker Performance
Evaluation (Report #3) (U). U. S. Naval Personnel Research Activity,
San Diego, California. SRR 69-30. IN PRESS. CONFIDENTIAL.

Serendipity Associates. A Total Ship Simulation Model: Users Manual.
Draft Copy. Chatsworth, California. 17 June 1968.

Shapero, A.; Cooper, J. I.; Rappaport, M.; Schaeffer, K. H.; & Bates,
C. Jdr. Human Engineering Testing and Malfunction Data Collection in
Weapon System Test Programs. Stanford Research Institute, Menlo Park,
California. WADD TR 60-36. February 1960. .

Siegel, A. I. & Federman, P. J." Increasing ASW Helicopter Effective-
ness Through Communications Training. Naval Training Device Center,
OrTando, Florida. (Applied Psychological Services, Inc., Science
Center, Wayne, Pennsylvania. Contract N61339-66-C-0045). NAVTRADEVCEN
66-C-0045-1. October 1968.

Siegel, A. I. & Federman, P. J. Mental Load Analysis for Man-Machine -
Systems. Naval Air Development Center, Johnsville, Warminster,
Pennsylvannia. (Applied Psychological Services, Inc., Science Center,
Wayne, Pennsylvannia. Contract N62269/RP7-1647/67). October 1968.

Siegel, A. I. & Wolf, J. J. Digital Simulation of Submarine Crew
Performance, II Computer Implementation and Initial Results of the
Application of a Psychosocial "Model" For Digitally Simulating Crew
Performance. Applied Psychological Services, Wayne, Pennsylvania.
(Contract Nonr-4021(00)(FBM)). August 1965.

Siegel, A. I. & Wolf, J. J. Technique for Evaluating Operator Loading
in Man-Machine Systems, Modification and Further Evaluation of a
Digital Man-Machine Simulation Model. Applied Psychological Services,
Wayne, Pennsyivania. (Contract No. Nonr-2492(00)§. July 1963.

quder, M. T. & Askren, W. B. Techniques for Developing Systems to
Fit Manpower Resources. Air Force Human Resources Laboratory, Air

Force Systems Command, Wright-Patterson Air Force Base, Ohio.

. AFHRL-TR-68-12. October 1968.

Swain, A. D. A Method for Performing a Human-Factors Reliability

Analysis. Sandia Corporation, Albuquerque, New Mexico. SCR-685.
August 1963. :

Swain, A. D. "Quantification of Human Performance. Overview and
Status of Human Factors Reliability Analysis". Annals of Assurance
Sciences 1969. Eighth Reliability and Maintainability Conference,

Denver, Colorado. July 7-9, 1969. 251-254.

Swain, A. D. THERP. Sandia-Corporation, Albuguerque, New Mexico.
SC-R-64-1388. October 1964.

o 38

o e e e e oot o st s e e i

LI SR




56.

57.
58.
'1'59.
0.

61.

62.

64.

65.

66.

.SRM 66-4. August 1965.
. Center, Submarine Base, .Groton, Connect1cut Memorandum Report No

gEffect1veness Program. - Paper read.at Aercnautic. anéﬂgpaCe Eng1neer1ng
- and Manufactur1ng Meet1ng, Los Ange]es, Ca]1forn1a

Willis, J. E. - Feasibility of the Deve];pment and Utilization .of.

*

Tallmage, G. K.; Hoffman, L. S.; & Cooper, J. I. Recommendations
for a Navy-Sponsored Research Program in Electronics Maintenance.
Humetrics Division, Thiokol Chemical Corporat..n, Los Angeles,
California. (Contract‘No NOp-1352). Report H-TR-63-5. October
1963. 4

Van Buskirk, R. C. & Huebner, W. J. Human-Initiated Malfunctions
and System Performance Evaluation. Behavioral Sciences Laboratory,
AMRL, Wright-Patterson Air Force Base Ohjo. (Contract No. AF 33-
(616) 7968). September ]962 : .

Webb, J. S.3; Willis, J. E & Anderson, R. D. A'Selected'Annofated
Bib]iography on Cost- Effect1veness and Man/Machine Function Allocation.
U. S. Naval Personnel Research Act1v1ty, San D1ego Ca11forn1a

Weybrew, B. B. &,K]nsey, J.'L. A §ystems Analytical Approach to
Assessment of Human Reljabitity. - U. S. Naval Submarine Medical

68-15. 30 September 1968. : . . . .

Wh1te10ck L. D. &'G1ordan, P. J. The Navy S Sx¥tem Performance Y

ﬁ,c'ober 1966..
Whitlock, G. H. App11cat1on of . the - Psychophs1ca1 Law to Performance :
Eva]uation. Journal of Applied Psxcho]Agy ]963 47 pp 15 23

Whitlock, G. H. Performance Eva]uat1on through Psychophys1cs
Proceed1ngs of the Symposium on the Quantification of Human Performance
Un1vers1ty of New Mexico, A]buquerque, New Mex1co August 194, ..

Personnel Performance Effectiveness Measures for Man/Machine Function:
Allocation Decisions. U. S. Naval Personnel Research Act1v1ty, San
Diego, California. SRM 68=7. October 1967.. :

Willis, J.. E. HEFAM Concept Deve]opment;:-U.-SL.Nava1 Personnel
Research Activity, San Diego, California. Staff Paper. October 1968.

Willis, J. E.. Measuring Personnel Effectiveness: Special Progress
Report. U. S. Naval Personne1‘Research Activity, San Diego, California.
ecember 1966 B

W1]11s, J. E. & Conne]]y, M V S ec1a1 Pro ress Report on the Progress
of Empirical Data Collection for HEFKM U.’s. NavanPerson“1 Research

Activity, San-Diego, California. February 1969

'.3.2 39




6.
68:.

69.
" Method of Task Analysis Diagramming. U. S. Naval Personnel Research
.- Activity, San Diego, California. SRM 69-3. August 1968.

'W1111s, J E. & Dow, A. N. Quant1f1cat1on of Personnel Performance

for Cost Effect1veness Decisions: 1. An Annotated Bibliography.

U. S. Naval Personnel Research Activity, San Diego, California. SRM
67-15. April 1967. :

w11son,;D. A. AQpTication'of Automatic Data Processing Techniques

'to Task Analysis Diagramming.. U. S. Naval Personnel Research Activity,

San-Diego, California. SRM 68-8. October 1967.

Wilson, D. A. A Procedureal Guide to an Automatic Data Processing

233 40 REVERSE SIDE BLANK

e U U SR




