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I ABSTR ACT

j This Annual Report describes the w ork accomplished by Applied Psy-
chological Services during the initial year of a program designed to evaluate
a set of operational decision aids for Navy tactical planners. The work corn-
pleted includes development of evaluative strategies, design of initial eval-
uative studies, and development of methods for testing specific interface
fe~~ures. Other support research is also discussed.
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I
I. INTRODU CTION AND BACKGROUND

This Annual Report describes the work accomplished during the initial
I year under contract N00014-77-C-0448 between the Applied Psychological

Services and the Office of Naval Research. The purpose of the work under-
I taken by Applied Psychological Services is to provide methodological support
I to the operational decision aiding (ODA) program of the Office of Naval Re-

search The major task is to plan , develop, and , implement procedures for

I evaluat ing ODA systems. The overall purpose is to collect systematically
and analyze information about the usefulness of a variety of decision aids for

I 
Navy personnel.

ODA: The Operational Decision Aiding Program

I The ODA program, as understood by Applied Psychological Services,
represents a comprehensive effort to design, develop, and evaluate computer
based decision aids for Naval operation purposes. There are two major em-I phases in the ODA program. The first entails actual development of demon-
stration decision aiding systems. Taken together, the developed and develop-
ing decision aids are man-computer interactive systems which take advantage
of the most current advances in the behavioral, ‘the management, the computer,
and the information processing technologies/sciences.

I The second emphasis of the ODA program, the one with which the Ap-
plied Psychological Services is concerned, is rigorous evaluation of the deci-
sion aids. To this end, the Applied Psychological Services program has takenI steps in three directions. One direction was organization and implementation
of a literature analysis and a set of working meetings to: (1) determine a unify-
ing evaluation philosophy, (2) clarif y criterion problems, (3) clarify evaluativeI procedures, and (4) organize properly the test bed. The second direction was to
establish specific methods for test of one of the aids developed under the ODA
program. The third thrust was the evaluation of the effectiveness and applica-1 bility of specific operator interface features including display characteristics,
the use of the decision aiding procedures, and the techniques employed by the aids..

I At thi s stage in the ODA evaluative program, the experimental and lab-
oratory tests of the ODAs is entering an operational stage. The developers

• . of the decision aids have conducted and reported several informal aid evalu-
ative studies, but few formal experiments have been completed either by the
decision aid developers themselves or independent researchers.

4



I
The Need

In an earlier review of the ODA program, Sinaiko (1977) referred
to stages of decision aid development and clearly pointed out the importance
of the experimental evaluation aspect in the ODA program. He wrote:

The underlying rationale for all ODA work has been the as-
sumption that all products of this program would be subjected
to experimental test. Tests were to be undertaken at first
by the various contractors in their own facilities, and later
at a designated test bed that would serve the entire program.
Ultimately, as various decision aids or other products moved
toward fleet use, they would be tested in operational settings

(p.1).

Applied Psychological Services is identified with the experimental eval-
uation aspect of the program. As an independent , private research organization
with no proprietary interests in any of the ODA decision aids, Applied Psycho-
logical Services has designed , developed , and attempted to implement experi-
mental test plans for the empirical evaluation of the decision aids.

As the first hurdle in the Applied Psychological Services ’ effort , the
variables and conditions; that is, the dependent and independent factors to
place under stud y were analyzed. Thus hurdle presented it self as no easy ob-
stacle as the list of possible factors to investigate is lengthy and time and re-
sources are limited . Dr. James H. Carlisle at the Annenberg School of Corn-
munications, University of Southern California, as a member of the ODA eval-
uation research team, provided a general framework for person-machine re-
search and more specifically decision aiding system evaluation (Carlisle,
1978). His work listed, described, and provided operational definitions of
the depend ent and independent factors relevant to research interests in man-
computer interaction (MCI) systems. Carlisle listed seven dependent van-J ables and seven independent variables; he called them characteristics of
performance and process and entities of man-computer interaction, respec-
tively.

Characteristics of Performance and Process

1. time to perform the task
2. cost to perform the task
3. quantity and quality of the performance
4. errors committed
5. user ’s satisfaction
6. utilization of available resources
7. patterns of user and system behavior

2
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Entities of Man-Computer Interaction

1. system
2. data base
3. user-system interface
4. user
5. task
6. tra ining
7. setting

Agaiast the backdrops of: (1) such a framework of variables, (2) the
needs of the ODA program, (3) the interests and capabilities of the Applied
Psychological Services, and (4) the time and resources available, a set of
dependent and independent variables was selected for initial consideration.
Generally speaking, the Applied Psychological Services’ ODA evaluation
program seeks to answer the following basic and applied research questions
relative to each aid under consideration:

• Does use of the overall decision aid improve decisions
and decision making effectiveness ?

• Does one or more features of the decis ion aid enhance
decision making more than other features of the aid ?

• What features of the aid need to be changed and/or im-
proved ?

• What features of the aid should be deleted and what
features should be added to the aid?

• How “valid” is the aid ?

• Is the aid acceptable to users ?

Which features of the aid have the most value or use-
fulness to users?

• • Are there individual differences in performance using
the aid and in the acceptability of the aid ?

• Does the type and complexity of the decis ion problem
affect performance with the aid ?

• 3
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Other Associations

From the beginning, the ODA evaluation program has been a partner-
ship endeavor. In selecting research variables and designing experimental
plans, the Applied Psychological Services, along with working with the Office
of Naval Research, has also worked closely with the contractors who developed
the decision aids , and with members of the Department of Decision Sciences
at the University of Pennsylvania, who have developed the actual test bed to be
employed.

The University of Pennsylvania Test Bed

In order to provide an integrated residence for the various decisions
aids and in order to allow interaction between the aids themselves and between
the aids and various dat a banks , the various aids are programmed and installed
at the Department of Decision Sciences of the Wharton School, University of
Pennsylvania. The test bed has two major purposes in the ODA program: (1)
to provide a central meeting and demonstration site for the ODA contractors
and their decision aids , and (2) to provide a central experimental site for
the standardized and objective evaluation of the various ODA products.

For evaluation purposes, the University of Pennsylvania system es-
sentially provides a laboratory~ it provides the hardware, software, and
space for training and processing subjects through experiments using vari-
ous aspects of the available decision aid s, and for collecting and analyzing
data resulting from the experiments. In designing test plans and training
material, a major consideration of the Applied Psychological Services was
to develop rigorous evaluative methods which are compatible with the capac-
ity and equipment at the Un ivers ity of Pennsylvania decision laboratory.

4
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II. SPECIFIC WOR K ACCOMPLISHED

Conceptual Development

The init ial work und er the present program focused on organ iz ing
and conceptualizing an ODA evaluation philosophy. This work was accom-
plished in coordination with members of the staff of the Department of De-
cision Sciences, Wharton School , Universi ty of Pennsylvania. Dr. James
Carlisle of the University of California also participated in three working
meetings. As the end result , Applied Psychological Services prod uced a
working paper which attempted to place into perspective various evalua-
tive research concepts and considerations (Applied Psychological Services,
1978).

In a review of related efforts , the working paper pointed out
that :

Rees (1967), King (1968), and Katter (1969), have
attempted to integrate the literatures olT various orienta-
tions. Katter (1969) suggested that design and evaluation
activities are necessarily related, even though they are
often performed by different groups of people and at dif-
ferent times with respect to any one system. Ideally,
these activities can be integrated into a continuous sys-
tem development process. Similarly, Martin and Parker
(1971) contended that systematic experimentation and eval-
uation is valuable at all stages of design of any man-com-
puter interactive system. Based on extensive experience
in both design and evaluation of a large-scaie library
system at Stanford University , they argued that many de-
sign questions cannot be answered properly without an in-
teractive process of design and testing. That is to say,
user and task characteristics are important in addition
to software and hardware variables in the determination
of user and system behavior.

In seeming contradiction to the potential benefits
of studying the use of a man—computer interactive system
as an integral part of the design process, relatively lit-
tle systematic research has been carried out on the proc-
ess and effectiveness of presently operating systems. The
Spires/Ballots Project at Stanford, the TIP and INTREX
projects at MIT, the Psych Abstracts Project at Syracuse,
the Mead Data Central Project with the Ohio Bar Associa-.
tion, and the Index Medicus Project with SDC and the Na-
tional Library of Medicine are notable exceptions (cf.,
Parker & Paisley, 1966, Marcus , Benenfield , and Kugel ,
1971; Cook, 1970; Carlisle , 1970; and Katter and McCarn,
1971).

5
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Even in these research efforts , thus far , progress
toward understanding the relationships between system ,
task and user behavior has been hampered , in part , by
three problems . First, there has been no integrative
framework from which potentially important variables
could be defined. Because variables have been con-
trived ad hoc in many studies , few standard measures
have emerged and been widely used. A second problem
has been the strong reliance on either the contrived
and rigidly controlled experiment or the questionnaire
as means of collecting data. Little use has been made to
date of the process of monitoring and utilization ststis—
tics of actual system operation . Parker (1966), Cook
(1970) and Gerrity (1971) emphasize the potential value
of utilization monitoring , but this technique has not
been widely used. A third problem is that research on
the system use is often regarded by designers and pro—
grarnmers as threatening and contrary to their design
goals. As evaluative research makes positive and major
contributions to the on-going design process of MCI sys-
tems, this third problem should be greatly reduced.

The working paper attempted to decompose and clarify the evaluative
problem by visualizing the operational decision aids to involve a complex set
of interactive procedures for augmenting decision effectiveness. The purpose
of an evaluation in this dynamic , machine-human interactive context is to
stat e the effects of operator , interface , and system variables on a variety
of system output measures which reflect decision quality. This conceptu-
alization is shown schematically in Figure 1.

The variables shown in Figu re 1 include items such as operator ex-
perience and intelligence level.

The interface variables include characteristics of the display and
the information input /output subsystem.

The conditions of use variables shown in Figure 1 are thought to
be fundamental to demonstrating a wide and realistic range of information
extraction and decision making performance effects by such measures as
response time, error rate, and quality of work completed .

Operating procedures include the use of aids along with the manipu-
lation of perceptional and cognitive factors embedded within the aids. These
factors are also manipulated relative to both information extraction and de-
cision making conditions.



-~

Operator Variables

Interface

Display
Information

System

Independent Variables Dependent Var iables

Conditions of Use 1. Information Extraction
• scenario 2. Decision Making
• decision d ifficulty
• etc.

Operating Procedures
• aid (s) or no aid(s)
• type of aid(s)
• aid characteristics
• etc.

System! Equipment
• configuration
• human engineering
• allocation of functions
• etc.

Output

1. Mission Accomplished
2. Response Time

• 3. Error rate
4. Accuracy
5. Completeness
6. Resource Attrition

Figure 1. Conceptualization and decompositon of evaluative process.

7
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The system/equipment independent variable class includes manipu-
lations of configuration , human engineering, and functional allocations.
Similarly, these factors will be reflected by information extraction and
decision making dependent variables.

Restricting the Number of Treatment Conditions

The question arises as to the range over which the independent vari-
ables should be presented during any single aid evaluation. Variables fall
into two obvious categories: (1) those which are continuous in nature , such
as information load , and (2) those which are discrete, such as interface
configuration. Unfortunately, the expense of system evaluation experi -
ments precludes testing systems in a controlled fashion using all possible
or even a large number of treatments of a specific independent variable.

ASTDA Test Plan

For the initial tests of an ODA system, the Applied Psychological
Services developed and presented an experimental test plan for evaluating
Analytics, Inc . Strike Timing Decision Aid (ASTDA). The test plan was
formally presented in May of 1978 (Siegel, 1978), and represented a syn-
thesis of earlier test plan s developed both by Analytics and Applied Psy-
chological Services. The purpose of the test plan was to describe the
methods and procedures for test of five major hypotheses relative to the
ASTDA:

Hypothesis 1. More effective strike timing decisions can
be made using the ASTDA than without the aid.

Hypothesis 2. Users will perceive the ASTDA to possess
value.

Hypothesis 3. The effectiveness and perceived value of the
ASTDA wiU not vary as a function of user experience level
or decision problem difficulty.

Hypothesis 4. The ASTDA possesses criterion related valid-
ity where the criterion is best strike time judgment s of ex-
perienced strike planning Navy officers.

Hypothesis 5. Decision effectiveness will systematically
vary as ASTDA features are varied . Three features of the
ASTDA aid are to be varied : (1) display of expected own
and enemy losses, (2) display of expected utility of over-
all strike mission outcomes, and (3) display information
showing the uncertainty of actual air strike conditions (e. g. ,
own force readiness, enemy force strength, weather) and
outcomes.

8
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The research design is a 5 x 2 x 2 mixed factor design. The three
factors are: (1) ASTDA features, (2) decision problem difficulty, and (3)
experience level of subjects in Naval strike timing planning. Five differ-
ent levels of ASTDA features including a no aid control conditions are varied.
These are shown in Table 1.

Table 1

Summary of ASTDA Levels

Information Provided
Treatment Uncertainty

(Level) Input Utility Outcome Band s

1 / 1 1 1

2 / V 1

3 / / /

4 1 V I

5 1
(unaided)

In the unaided condition (control), the experimental subjects will receive
their information by way of a telephone link with an actor (or actors) who will
provide such information as would normally be available from the operations
officer, maintenance officer, aerology, and the like.

The total situation represents a fully controlled laboratory evaluation
which allows the collection and subsequent analysis of both quantitative and
qualitative data including the process of monitoring/ utilization.

By the close of the annual reporting period , the evaluation was fully
designed , the test bed was developed , the actual problems to be employed
were written, and plans were established for determining problem difficulty
along a graded scale. The test bed development was completed by the De-
partment of Decision Sciences, University of Pennsylvania , and the problem
development was completed by Analytics, Inc.

9
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Plans were also completed , and methods were developed by the end
of the reporting period for collecting data relative to the difficulty level of
each problem and relative to the decision making heuristic employed by
experienced Naval officers, when making strike timing decisions while em-
ploy ing the problems along with the information provided by the Analytics’
Strike Timing Aid .

Limitations to ASTDA Evaluation

Human-interactive systems studies can be conducted at various levels
of complexity, i. e., component, subsystem, and system levels. However ,
in the present work, the component and subsystem levels will largely be em-
bedded in the system. Fragmentary studies may be indicated , but the em-
phasis in the current evaluation program is on the total system--human oper-
ator , software, hardware, and displays. The number of criteria against
which the system can be evaluated is potentially quite large. However, the
actual magnitàde of this problem is practically reduced because all criteria
are not available for test.

The selection among system criteria must include an understanding
of the user ’s requirements or a methodology by which some criteria can be
trad ed off for others. The need to tradeoff arises because individual cri-
teria often conflict with one another. For exam ple, it may not be possible
to accomplish a mission without suffering some losses. Similarly, response
time and quality may come into conflict. While it may be extremely impor-
tant to process given items of information in the shortest possible time, it
may also be necessary to sacrifice some performance quality to do so.

Support Research

Wh ile the evaluative research constitutes the principal thrust of the
present Applied Psychological Services ’ program, a collateral effort in-
volves the development of basic data important to the design of any man-com-
puter interactive interface. To this end , an experimental study was designed
and the stimuli were developed for an investigation of the advantages and dis-
advantages of color and type of display (tab ular or graphic), in interaction with
the type of use of information (information extraction or decision making) .
This type of work is viewed as an adjunct to the primary evaluative research
of the present program. However, the collateral work will yield important
user interface information pertinent to the structural design of any computer
based operational decision aid.

10
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Interview Techniques

A major consideration in system experimentation is gaining insight
into system problems from the point of view of the system user. Specific
user problems which differentiate between effective and ineffective perform-
ance are often difficult to identif y. They are often nonobvious to the evalu-
ator. In order to identif y such problems, an interview is included in the
evaluative techniques. During each evaluation , an observer will observe
and then debrief (intervi ew ) test personnel. Responses to questions rela-
tive to critical aspects of performance, training, existing display formats,
and the man-machine interface will be elicited. For each of the interview
items, the information will be classified into preestablished categories and
summarized. The summary will then be employed diagnostically and pro-
scriptively to improve performance, training, and human engineering of
the man-machine interface for later evaluative experiments.
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