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FOREWORD

The Battlefield Information Systems Technical Area is concerned with the
demands of the future battlefields for increased human-machine capacity to
acquire, transmit, process, disseminate, and utilize information. Research
is focused on interface problems and interactions within command, control,
and intelligence centers and is concerned with such areas as tactical sym-
bology, user-oriented systems, information management, staff operations and
procedures, and sensor systems integration and utilization.

One area of special interest is the development of procedures to sup-
port and enhance the decision~-making process within command, control, and
intelligence centers. The current effort summarizes guidelines for the ef-
fective design, implementation, and evaluation of decision-analytic aids.
Also presented in the framework from which these guidelines were develcped.
This framework identifies three interfaces essential to the integration of
decision aids into organizations. This report, therefore, should assist de-
velopers in integrating decision aids into user organizations, resulting in
improved decision making.

Research in decision aiding is conducted as an in-hcuse effort with ad-
ditional support from contracting organizations that are selected for their
unique contributions to this area. This effort is responsive to the re-
quirements of Army Project 2Q263739A793 and was managed through the Cyber-

netics Technology Office of DARFA.
. /’%
%L’ 74 il
¢ ’ !

EDGAR M. JOHNSON
Technical Director




ISSUES IN THE DESIGN AND EVALUATION OF DECISION-ANALYTIC AIDS

EXECUTIVE SUMMARY

Requirement:

To formulate and demonstrate guidelines for developers to use in the de-
sign, implementation, and evaluation of decision aids.

Approach:

The guildelines were developed from a framewor}k based on three interfaces
essvntial to the integration of decision aids in . organizations. These in-
terfaces refer to the contact points between the user and the aid, the aid
and the decision-making organization, and the organization and its associated
environment.

Product:

Design issues arising from the interfaces are addressed. Special atten-
tion is devoted to (1) the immediate behavioral effects of decision aids and
the engineering of aid software and hardware so as to minimize adverse conse-
quences and (2) the importance of user involvement in aid design to ensure
the understanding and commitment necessary to adopt a different decision-
making approach, as well as to tailor the aid to the users' particular needs.
Evaluation issues are considered, with a focus on four major areas: (1) fac-
tors at each of the three interfaces that make aids effective, (2) evaluation
settings (their similarity to operational settings, the amount of control
they provide, and their costs), (3) methods for obtaining measures of effec-
tiveness, and (4) control conditions required for adequate evaluation.

Utilization:

This report should provide decision aid designers with guidelines and
issues of concern in the cycle of development, from concertualization and
implementation to evaluation and revision of the aid. The information shoculd
assist developers in integrating decision aids into the intended orcaniza-
tions and result in improved organizational decision making.
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ISSUES IN THE DESIGN AND EVALUATION OF DECISION-ANALYTIC AILS

INTRODUCTLON

During recent years, decision analysis has emerged as a highly valuabice
technology for allowing decision makers to formulate important problerms 1r o
logical framework, incorporating factual as well as judamental inforraticr,
to arrive at consistent, realistic solutions. Computers have served well uo
aids to calculation, disglay, editinag, and memory functions. On the basis
of previous success, oraunizations are beainning tc develop computer-based
decision-analytic aids with stand-alone cajabilities for routine use by 1rn-
ternal analysts and decisicn makers without outside consultatio:n. Althoudsh
some stand-alone decision aids have been .guilte successful, others have not
been utilized by their prosjpective us-rs., The j;urpose of this rerort ig t.
provide guidelines for the effective desiun, im lementatiorn, and evaluaticn
of such decision aids.

Throughout the following sections, the term decision, Or decisicn=
analytic aid refers to a computer that has been programed assist 1n formu-
lating and exercising decision-theoretic models. These inclade iffe

(%
types of multi-attribute utility assessment models and tradi. ..al decision-
theoretic tree models requiring probability and utility assessments. #Alds
may take on a variety of forms, from the simjlest of clerical devices imple-
mented on micre- or mini-computers (special-purrose routines to perform ca
culations and to display or store results) to the most sophisticated, state-
cof-the-art, large-scale computer implementations (general-purpose aids thut
help the user structure a wide variety of rrcblems, search through larage
data bases, and perform complex analyses). But whatever their role, de-
Clsion alds are designed to provide one or both of the following primary
benefits:

&
-

® improved decision guality--the assurance that a decision is leagically
based on a consistent, exylicit, and realistic set of assumitions;
and

® lower declsion costs-~a saving in scome critical rescurce (time,
money, personnel, etc.), compared with the unaided decision jrocess

To be sure, additional benefits may accrue: The decision maker may develo:
greater understanding of the overall problem area, or may find computer=-
alded solutions easier to implement, but unless a device either improves o
facilitates decision making, it cannot properly be termed a decision axd.

Figure 1 is a pictorial representation of the framework for considering
issues relevant to the design and evaluation of decision aids. These lissues
arise at three interfaces represented in the figure. The first interface 1x
between the decision aid and the user. Here, the isste is the extent to
which characteristics of the aid facilitate or hinder its usability. The
second interface is between the user (and decision aid) and the larger
decision-making organization. Here, the question is to what extent the de-
cision aid facilitates the decision-making processes of the orcanization.
The third interface is between the decision-making organization and the




environment. Here, the issue 1s whether the aid 1 roves the joality -0 i
organization's decision making. The sections of this report seou
address the 1ssues at each of the three interfaces.

DECISION-MAKIN.:
ORGANIZATICN

|
ENVIRONMENT |

1. Prumework ror considering lssues relevant to Shce Gevi T al:

eValudtlon of declsicon alds.

The sestion on behavioral engineerina addresses the

starting with the followinag jremise about huran behavic Cololiee=
tits, esypecially uncertaln ard unattributable benetfits i el

welahtod when cormpared with immediately clbservable effe

thoush a decisicen aid may be objectively acknowledged as
vestment ©of time and effort, the user's immediate behavicl may be G07irate
Ly oshort-range percertions of increased werkload and by feclinas o7 1 rod o,
1mpatience, frustratlorn, ¢r embarrassment that stem not from the . ces o Lo-
self, but rrom 1ts iImplementation. As @ result, specific efferts

rude to analvze the immediate behavioral effects of decisicn alds amd te

ensineer those aids se as to minimize or reverse their a
Some of the majer behavioral problems typical of current decision aids oo
i, and jossible solutions to these j;roblems are offered.

discused

The section on involving users in the develorment of decision alds ai-
dresses the second i1nterface. The thesis of this section i« that decisio:
aids will seldom achieve stand-alone status unless eventual users (both
hands-on users and decision makers) are involved in their development.
Solving behavioral problems at the first interface is nccessary, but ot
sufficient, for aid implementation. User involvement in aid desian 1s als
essential for implementation, for this involvement develcjs the understarn i-
ing and commitment necessary for implementing a different decision~-makinu
aptroach and tallors aid characteristics to the users' needs within thea:
organizational context. Two sources of support for this position are jire-
sented: (1) the recent systematic evaluation of a decision aid developed




for the Operations Directorate of the Joint Chiefs of Staff and (2) the hLaicg-

tory of model implementation in the field of operations research and manace-

ment science. Although the need for user involvement appears obvious, these

sources indicated that user involvement is often neglected in the development
of analytical decision aids, frequently resulting in unsuccessful implererta-
tion efforts.

The final section focuses not on the design and implementation of de-
cision aids, but on decision aid evaluation. In particular, this section
focuses on four major aspects of decision aid evaluation. The first aspect
concerns the factors that make a decision aid effective. These factors de-
termine which general measures of effectiveness are employed to evaluate th
aid in relation to previously specified objectives. The second aspect ccn-
cerns the settings for decision aid evaluations. Evaluation settings cdiffer
in their similarity to the expected operational setting, the amount of cun-
trol they provide, and their costs; such differences affect the extent to
which certain measures of effectiveness can be collected and analyzed durirc
the evaluation. The third aspect concerns the different methods for obtain-
ing measures of effectiveness. The fourth aspect addresses the problerm of
developing adeguate control (or contrasting) conditions for the effective
evajuation of decision aids. Each of the four aspects addresses issues at
each of the three interfaces.

It is hoped that this report will provide effective guidelines for the
design and evaluation of decision aids. The authors realize that these
guidelines will not answer all the guestions of potential developers and
users cof decision aids, for the development of such aids is less than one
decade old. The report does identify, however, those issues in develorment
and evaluation that have arisen in the work of decision analvsts over the
rast few years. Such information should assist developers 1in integrating
decision aids into their oraganizations and, in turn, result in improved or-
ganizational decision making.

BEHAVIORAL ENGINEERING: CHALLENGE TC DECISION AID DESIGN

The historical failure of most decision aids to generate user enthusi-
asm can be largely explained in terms of a well-known principle of behavicral
psychology: Immediate, certain, directly observable effects have high im-
pacts on behavior, whereas delay, uncertainty, and indirectness of results
can reduce the perceived impact of rewards (benefits) and punishments (costs)
1f the behavior in question is decision aid usage, the costs consist of 1im-
mediate expenditures of time, effort, and attention in a stressful, time-
constrained situation. The benefits, in contrast, are deferred until the
analysis is complete and the decision implemented; even then, uncertain fu-
ture events may make a rational decision look bad. Furthermore, many de-
cisions have their primary effect on other members of the organization, so
that only indirect feedback reaches the decision maker. Thus, the immediate
process-related cost factors dominate the behavioral environment of decision
aiding, and the results-related benefits have less impact than they should.

This effect is compounded by the fact that a successful decision analy-
sis is not a single event, but a complex, prolonged sequence of behavicr
that requires continuously high levels of motivation and attention. There




are many opportunities tor the user to become bored, confused, or discour-
aged, and any one of these may cause the user to terminate the analysis or,
even worse, may lead to a half-hearted attempt at analysis that not only
compounds the behavioral problems, but also increases the risk of unnoticed
analytic errors. 1t is not sufficient that the long-range benefits of using
a decision aid outweigh its operating costs; at every point in the jrocess,
the user must perceive immediate rewards to be motivated to continue the
analysis,

This principle is illustrated by the role of a professional decisio:.
analyst in a clinical decision analysis project. Even though the client has
already made a conscious decision to employ the decision analyst's methodol-
ogy, the analyst must be prepared to deal with occasional episodes of con-
fusion, fatigue, boredom, impatierice, and discouragement. Without jrojer
treatment, these problems may delay the analysis, degrade the qguality of the
outcome, or reduce the client's confidence in the process. Therefore, the
analyst must be more than technically proficient; the analyst must be sensi-
tive to the client's mental and emotional state and must have the flexibi:-
ity to adapt the direction and timing of the analysis accordingly. Instead
cf proceeding in a linear fashion throuch an analysis, the aralyst may need
to stop and review results, explain the procedures more carefully, repeat a
rortion of the analysis, call for a break, or simply administer scome reas-
surance and encouradgement to continuc. In short, client motivation and at-
tention are as basic to the functicn of the decision analyst as is technical
performance, and perhaps even more important, as 1t is easier to recover
from a technical errcr than from a motivational one.

It is a major challenge for the precfessionally trained decision analvst
to maintain motivation and attention consistently, but it is an evern areater
challenge for the decision aid to accomplish the same task because the aid
1s not able to observe the user's emotional and mental state, cannot infer
and adapt to the user's unique personal characteristics, and has no personal
credibility in a leadership role. In order to maintain motivation and atten-
tion, the computerized decision aid must compensate for these shortcomings by
capitalizing on its strengths--speed, precision, memory capacity, and the
ability to generate neat and effective output displays--to minimize the per-
celved costs of usaage, and to offset those costs with even greater immedlate
benefits.

During the past decade, two microprocessor-based technologies have had
dramatically different fates. Commercially produced video games (e.qg.,
"Porg," "Tank War," and "Space Invaders") have achieved rapid and widespread
acceptance in the entertainment market, while computerized decision aids have
generated very little enthusiasm among their intended users. The play-
versus-work distinction by itself does not explain the divergent fates of
these two young technologies; but in their efforts to capture a highly com-
petitive market, the designers of video games have incorporated features of
behavioral engineering that decision aid designers have largely ignored.
Thus, the success of the video games can be regarded as a challenge to the
decision aid designers, suggesting new directions to quide further develop-
ment, while offering optimistic evidence for eventual success.

The major contrast between the current generation of decision aids and
the far more successful video games is that the former depend in larqge part




on the user's ability to endure unpleasant work in order to achieve a worth-
while long-range result, whereas the latter focus on more immediate features:
simplicity of operation, speed of response, direct sensory feedback, and fre-
quent rewards. This section suggests several ways in which decision aids
could be designed to take advantage of the behavioral principles that favor
the lacter approach.

Training, Initial Access, and Startup

Probably the most critical hurdle is to get the user to sit down in
front of the machine, turn it on, and start working. At this initial stage,
benefits are the most remote, inertia is strongest, the potential user has
nothing invested in the process, and a variety of easier alternatives pre-
senrt themselves. Before addressing any substantive issues, the potential
user must determine whether and how to use the aid, learn or refresh the
necessary procedural knowledge, obtain appropriate access to the aid, and
follow the prescribed startup procedures. Although this phase is intrin-
sically an investment of sorts, it is essential to minimize the effort andé
stress involved and to provide as much assistance and encouragement as pos-
sible. In particular, the following goals can help to overcome the initial
block to usage.

Clear Product Identification. A decision aid should come with a clear
label designating the aid's intended use, the time and training it reguires,
its products, and a reference to a further source of information. If pos-
sible, a hot-line telephone should be available for instant assistance;
failing this, at least one person or office might assume primary responsi-
bility for providing users with information.

Resthetic Package Design. The decision aid should appear functional
and convenient to use. It should appear to be an efficient, robust, and
task-oriented machine, solidly constructed without much unnecessary clutter.
The controls and displays should appear as simple as possible to avoid in-
timidating the potential user, and all features should be clearly labeled.
Within these constraints, further efforts should focus on the visual appeal
of the machine itself, particularly the appeal of the area the user will be
occupying.

Training and Documentation. Although a detailed system description and
a technical reference document should be available for reference or for
higher level training, the ordinary user should need a minimum of instiruc-
tion and documentation. Ideally, the system should incorporate a self-
contained, optional tutorial rather than an off-line training manual; for
ordinary use, the startup instructions should be few and simple enough to
appear on a panel attached to the machine.

Access and Availability. The physical setup of the decision aid and
the startup routine'’s software should be designed to minimize startup effort.
A single switch or control should turn power on (if necessary), and an auto-
matic loading routine should initiate the startup procedure without further
commands. Any administrative procedures such as accounting, user identifi-
cation, and authorization should, if possible, be taken care of at the site
of the aid, with specially designed routines to minimize the amount of paper




work reguired. For example, instead of filling out an authorization formn,
a user might simply type in a name or identification code, allow the machine
to prepare the necessary documents, and sign the completed form.

User Participation in Customized Design. When an aid is developed with
a particular user population in mind, the opinicons of representatives from
the user population should be solicited and then incorporated in the aid's
design., Apart from the direct effect of customizing the product to meet
unique needs and to conform as much as possible to current procedures and
conventions, the participation of the user population will facilitate train-
ing and help smooth the transition process. Most important, by involving
users in the design of the system, the designers can overcome the users'
natural tendency to oppose the imposition of an unfamiliar process by out-
side forces, and instead foster a feeling of personal investment in the
success of the aid. The next section of this report considers in detail
the importance of user involvement for successful implementation.

Ease and Effectiveness of Operation

Once the user has decided to employ a decision aid, success depends on
the aid's ability to hel;: the user throuch the procedures without disruj ticn
due to lapses 1in attention or motivation. In the on-going dialogue, thc
aid's outputs should be clear and useful, and the reguired user inputs should
impose a minimum of strain on the user. To achieve these aocals, a successful

decision aid should incorporate simple contrel mechanisms, continuous senscri-

motor feedback, effective design cf output formats, and human-engineered Lro-
cedural requirements.

Simple Contrels. One of the most frejuent comp:laints of potential de-
cision aild users (particularly high-level decision makers) 1s that they are
required to type all thelr inputs on a keyboard. Although an experienced
typlst or compuvter user might feel comfortable with a keyboard-based injut
method, a less experienced typ ist might experience impatience because of
limited typing speed, frustration because of high error rates, embarrassment
in front of onlookers, and, in some cases, a feeling that the use of the aid
is primarily a c¢lerical chore rather than a more challenging analytic task.
Furthermore, while concentrating on avoiding typodgraphical or spelling er-
rors, a declision maker is distracted from the substantive task at hand. When
time and organizational pressures severely constrain the decision maker,
these effects may increase so significantly that the aid is abandoned.

This problem could be avoided by using a typist or a specially trained
operator to enter the user's orally expressed responses, but such an aj-
proach would increase operating costs and perscnnel requirements, would make
the aid less accessible, and, most important, would eliminate the direct
private and personal involvement of the decision maker. Therefore, the use
of a clerical assistant is unacceptable in most cases.

Fortunately, some simple alternate approaches can eliminate the need
for most keyboard inputs. These approaches may range from the simple but-
tons and levers that control commercial computer games to futuristic devices
such as speech recognizers, visual pattern detectors, and pressure-sensitive
display screens. Although further human-engineering efforts will be needed




to determine the most effective functions, sizes, positions, and configura-
tions, these simplified input devices can already produce big improvements
in user enygincering. As more advanced technology becomes available, it will
become even easier for the untrained user to enter information and to issue
commands qguickly, painlessly, and reliably.

Continual Sensorimotor Feedback. When two people interact in normal
conversation, the information transmitted is more than just the words that
are being uttered. The “carrier wave" that makes a conversation seem natural
is an almost unnoticed background of eye motions, nonverbal noises, postural
adjustments, and facial movements, all of which transmit such procedural
messages as "I am still listening,” "I have something to say," or "I am not
sure I understand what you mean." Without this continuous nonverbal inter-
action, the conversation would become awkward and the participants would
feel uncomfortable. Occasional long pauses would occur, making the partici-~
pants unsure about whether the dialogue should continue. At other times,
two or more parties would attempt to speak at once, inducing not only con-
fusion but a certain amount of social friction as well. The nonverbal com-
ponent of a face-to-face conversation helps to avoid these problems, smooth-
i1ng the social content and assuring efficient communication.

The same observation applies to the interaction between the decision
aid and its user; the aid must continually assure the user that procedures
are in normal working order, that inputs are being properly received, and
that output responses are on schedule. To provide continuous or freguent
indication that all functions are working properly, for examjple, the aid
may include a clock whose display changes every second. To provide immedi-
ate sensorimotor feedback by acknowledging every input without percerptible
delay, the aid may use a visual signal, a simple tone, or an echo of the
user's input. This feature 1is especially necessary when time is of the es-
sence and the user is preoccupied with the overall process; even a fraction
of a second without response can arouse either impatience (in the case of
experienced users who have previously been led to expect instantaneous re-
sponses) or fear of computer malfunction (in the case of inexperienced users
who simply do not know whether a delay is normal). Whenever an especially
long delay (more than 30 seconds) is absolutely necessary, the aid should
not only acknowledge the input that initiated the long operation, but also
provide an estimate of the time needed to complete it and an option to can-
cel a very long operation if the user so wishes. During the delay, music
or graphical displays can be used to maintain contact and hold the user's
attention.

Effective Qutput Formats. The perceived value of an aid's outputs will
depend not only on the contents of the displays and printcouts, but alsc on
their format and style. A well-designed output is easily read. It should
direct the user's attention to the proper information, facilitate the user's
ability to focus on selected items, and all the while remain aesthetically
attractive. The following ideas illustrate possible ways of achieving these

goals.

® Replace textual alphanumeric outputs with such formats as pictorial
symbols, photographic images, graphs, and majs.




® Use prerecorded or synthesized speech to present passages of text;
to provide procedural guidance; to annotate graphs, charts, and
maps; and to add emphasis to important alphanumeric display messages.

® Use unique nonverbal sounds (notes, chords, noises) to attract the
user's attention whenever something unusual demands an especially
high level of alertness.

® Use motion and color to direct the user's visual attention to spe-
cific segments of the displays.

® Use graphics and music to enhance the aid's aesthetic appeal and
its overall image of quality.

Human Factors Engineering. Even though every individual task associ-
ated with the decision aid may be easily within the user's grasp, the combi-
nation of tasks to be accomplished in a short time span may exceed the user's
limits. An approach using human factors engineering can identify those
points where overloads of this type are likely and then indicate ways in
which the redesign of some portion of the aid can reduce overload. For ex-
ample, if the user must attend to a number of stimuli simultaneously, it may
be possible to present them through different sensory channels or to present
them sequentially to avoid confusion. Altering a display configuration or
an input device may have a significant impact cn the amount of strain imposed,
and improving timing and sequencing may allow users to work more effectively
without reducing the actual task requirements. Finally, designing specific
color-coding schemes, symbols, and auditory cues to correspond with the us-
er's "natural" expectations may relieve some of the effort involved in inter-
preting outputs.

Minimal Requirements for Technical Knowledge. Although it may be impos-
sible to make an aid's decision-analytic techniques completely transparent to
the user, every effort should be made to minimize the requirements for spe-
cialized methodological training. In no case should a technical decision-
analytic term be used without explanation of its specialized meaning; if at
all possible, technical jargon that might intimidate, confuse, or alienate
the user should be avoided altogether. 1If analytic methods must be referred
to, it might be preferable to invent new terms rather than risk the confusion
that might arise from using ambiguous decision-analytic terms such as utility,
attribute, risk, weight, and option. 1If the goal is to communicate witu a
naive user, there is little reason to insist on traditionally accepted terms.
Of course, if the analysis can be conducted at the level of direct judaments
(such as binary choices), keeping the decision-analytic implications of the
user's responses internal to the aid's program, so much the better.

Intermediate Reinforcement to Increase Attention and Motivation

The preceding discussion has considered ways to attract the user to the
aid and to simplify overall operation of the aid. However, because the user
is a human being with a limited attention span and other responsibilities
competing for time and attention, the aid must do more than just smooth the
path toward the ultimate goal. In addition, the aid must help the user to
follow that path without losing sight of the goal or being distracted along




the way. Because the successful use of a decision aid requires a long chain
of behaviors, many of which will be quite unexciting, the user will face
boredom, fatigue, and impatience at times when the goal still appears quite
remote. Insofar as possible, the aid should counter those effects by--

reminding the user of the ultimate goal,

providing milestones and progress reports along the way,
rewarding the user for completing intermediate goals,

timing and sequencing tasks to avoid boredom, and

reinforcing the user for maintaining a high level of attention.

Goal Focusing. One useful way to keep the decision maker aimed toward
the desired destination is to provide a sort of road map in the form of a
milestone chart. This not only reminds the user of the ultimate gcal, but
provides a set of more modest subgoals for the user to complete. As each
sw.goal is reached, it can be represented on a progress chart, thereby re-
warding the decision maker while pointing toward the next task. The cumjle-
tion of a subgoal might be a good occasion for a break or for a review of
the partial results available. These results, in the form of hard-cojy
charts, graphs, tables, and text, can act as a further reward by providinc
the user with valuable information and tangible evidence of work completed.

Timing, Sequencing, and Variation. No matter how easy or enjoyable a
task, it will eventually lose the user's interest if it is too prolonged o:
repeated too often. Satiation with task rewards, habituation * the visual
and aural stimuli presented, and general fatigue will increas. -til motiva-
tion drops, attention lags, and error rates rise.

By dividing the overall task into shorter segments and varying succes-
sive tasks (e.g., using different sensory modalities, different display col-
ors, different muscular movements), the decision aid can keep the user more
attentive and better motivated. Human engineering can achieve the riaht
balance between the attentional benefits to be gained from shorter tasks
and the possible confusion and delay involved in switching tasks too fre-
quently. Further study might identify groups of complementary tasks that
could be effectively organized into a recurring cycle, to provide the neces-
sary variety without unnecessary shifts in attention. 1Ideally, the transi-
tion from task to task should be significant and freguent enough to prevent
boredom and fatigue, yet smooth and logical enough to maintain continuity.

Direct Reinforcement for Task-Oriented Behavior. Althouah some moti-
vation may result simply from attaining intermediate goals, this source of
reinforcement can be simply and directly audmented by providing more airect
rewards as well. At the end of a given task sequence, the user miadht be
given the opportunity to clear his or her mind by engaging in some scort of
recreational activity for a limited time. The aid might, for example, jro-
vide a choice between a video game, a passage of recorded music, a selection
of puzzles or jokes, and a display of computer art. In order to control the !
amount of time spent on such extraneous pursuits, access to the reward ac-
tivities might be programed to occur only at random times, contingent ujon '
successful completion of subgoals. Behavioral research has shown that random

reinforcement of this sort is often far more efficient at maintaininu eftort i
than regular schedules of reinforcement with the same overall freguency of
reward.
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A further way of reinforcing attention during the performance of a task
(without distracting the user from the task itself) might be to measure the
user's response times, providing feedback in the form of occasional perfor-
mance reviews (to be presented at the task's completion) and bonus rewards
for good performance. For example, a numerical alertness score based on the
Lser's speed of response might be combined with an error rate, or other be-
havioral measure, to determine the likelihood of a reward at the end of cuach
task segment. Auditory feedback might be useful for this function in much
the same way that the bells, clicks, and various electronic sounds reinforce
the users of video games and pinball machines without impalring thelr atten-
tion. Because preferences and needs in this area may vary widely from use:
to user, the ability to involve users 1n the initial design (discussed 1n
the next section in this report) or to adapt procedures to indiviaual neeas
(discussed later in this section) will be especially important,

Final Products

Once the user has completed the analysis, the decision aild shculd jro-
vide as much reinforcement as possible in order to make its use more attrac-
tive in the future, while continuing to offer whatever sujjcrt 1s avalliable
to translate the results of the analysis into action. The reinforocement
might include the following:

® hard coples of tables, charts, agraphs, and other materiuls thuat
might be useful to brief others on the outcome of the analysis
(or to input into some higher order decision jrocess);

® a preformatted repert that presents the analvtic results and ra-
ticnale in a readable format, along with supporting documentaticn
on the analytic methods used and the conclusions reached; or,
perhaps,

® a printed or videotaped protocol of the entire session, includ:i:.:
a visual record of what has appeared on the disyplay screen and an
audio or textual record of inputs and verbal outjuts.

Further assistance might take the form of follow-on analysis routines.,
For example, once the user has selected an overall course of acticn, the aid
might offer an option to help construct a more detailled implementation j la:..
If sensitivity analyses indicate the need for better data on some critical
topics, a value or-information analysis might hely: determine which Jdata to
collect and how extensive an effort is needed. Similarly, 1f a short-ranac
decision has been made, the aid might provide some help toward intearatin:
it with the related mid-to-long~range considerations.

Finally, whatever reinforcements were available upon completion ot the
subgoals ought to be presented (with certainty and in greater quantity) when
all the session's work has been completed. Summary feedback on the user's
benavioral data (response times, error rates, etc.) might be useful for the
user's own benefit, although care should be taken to presecrve the user 's
confidence in the privacy of this information. Unless time is extromelw
short, the user should be permitted to enjoy the recreational reward:s at.d
the satisfaction of having finished the comp:lete analysis. Most important,
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the aid should acknowledge the user's hard work and elicit any comments,
suggestions, or questions that might help to improve future versions of the
aid.

Adapting Procedures to Meet Individual Needs

If the suggestions specified earlier are all implemented, the resulting
decision aid will be well engineered in terms of an overall user population.
However, since the aid's usage is based on the behavior of several individ-
ual users rather than a single group, the ability to fine-tune the aid to
individual specifications will dramatically improve its acceptance. The
more variable individual users (or individual problems) are, the more impor-
tant this customization will become.

Design-to-Time Control of Processes. Perhaps the most critical varia-
tion from problem to problem is the amount of time the user can afford to
spend performing an analysis. For high stakes (complex decisions for which
time is not a factor), the user would like to ensure maximum validity and
completeness, even at the expense of a longer, more extensive analysis; this
might entail a variety of sensitivity analyses, consistency checks, data
searches, and other procedures. At the opposite extreme, if a decision must
be made immediately based only on whatever information is in the decision
maker's head, any effort to check for methodological correctness may be per-
ceived as an unnecessary waste of valuable time. Similar variety in users'
preferences may stem from the decision makers' personalities, from organi-
zational factors that influence the aid's availability and usage, and from
the urgency of other tasks competing for the decision makers' time.

Adaptability to Various Training Levels. One universal problem with
multiple-user, interactive computer programs is the need to accommodate a
variety of skill and training levels. If an aid is self-explanatory enouah
to permit error-free use with a complete novice at the controls, it will
very likely move far too slowly for a more experienced user. But 1f the
aid is faster and more streamlined (e.g., reguiring only abbreviated com-
mands instead of complete words), it is more likely to cause confusion and
error in a novice.

Because a decision aid of the sort discussed here should be designed
for a wide variety of user skills (it must satisfy a number of naive users,
but should also cultivate "repeat customers"), one useful approach miaht be
to provide three tracks:

1. A novice level for the first- or second-time user. This might
include a brief tutorial in the aid's procedures, very exjlicit
user instructions with accompanying examples, as natural a muode
of interaction as possible, and an analytic capability restricted
to a core of busic procedures.

2. A standard level for the occasional user. 1If the user is experi-
enced enough so that the benefits of the novice level are no
longer worth the extra time required, a more streamlined aj} roach
might be more effective and might add analytic features beyond
the basic novice rejpertoire.
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3. An expert level for the experienced, frequent user. This level
would extend the range of analytic capabilities, would emphasize
speed and efficiency rather than error protection, and might
give the user control of certain performance parameters (e.g.,
response modes, frequency of reinforcement, output formats, speed,
precision trade-offs) to suit individual needs.

It should always be possible for a user to change tracks at any point
in the analysis, either permanently or temporarily, without jeopardizing ex-
isting results. A help button or instruction could be used to inform the
user in more detail about the options available at any point. A more sophis-
ticated aid might keep a record of a decision maker’'s past usage and perfor-
mance (e.g., error rates, speed of response), automatically starting the
user at the most appropriate level and modifying the level based on current
performance (but always subject to user override).

Adaptation to User's Personal Preferences. Once a user has a certain
degree of familiarity with the aid, it may be desirable to make minor adjust-
ments and alterations in order to accommodate the user's individual prefer-
ences or to comply with a specific set of standard conventions. For example,
input-output choices of the color-coding scheme, symbology, and display for-
matting might initially be given arbitrary default settings, but on the us-
er's request, they might be altered to fit individual needs. Similarly,
operational features such as the mode of input or the machine's average time
to react may need to be adjusted (as in the case of some computer chess-
playing programs, in which a delay was added because users felt uncomfortakle
with the instantaneous res onses the machines had been making).

A more sophisticated approach to customization would have the aid's rou-
tines expressed as functions of several parameters, each of which might cor-
respond to some aspect of the user's skills and preferernces. The frequent
user could initiate a questionnaire routine that would replace the default

settings for all of these parameters with user-specified values (e.g., "How
good a typist are you?" "Which of these type faces do you prefer?" "Tn
general, which is more important to you, speed or completeness?"). Then, a

special version of the aid's routines could be compiled using the profile's
values. As those values changed, the user could modify the profile and alter
the routines accordingly.

The methods just discussed would require a fairly sophisticated user;
a novice or occasional user would not be sensitive enough to minor alterations
to make the effort of fine-tuning worthwhile. However, a very sojhisticated
version of the machine might automatically select which parameters each user
could adapt, basing its selection on physiological monitoring, if availalle,
and on the user's behavioral state, inferred from response time, error rates,

and answers to direct inquiries (e.yq., "Do you want to continue or would ycu
like a break?"). Data about behavioral state could be used to check for
user alertness, to regulate the frequency of breaks and reinforcements, and

to adjust system parameters experimentally in order to imjrove user
performance.
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Conclusion

In the future, methods of computer-aided decision making may bear litt.c
resemblance to the methods available today. As the general public becomes
more knowledgeable about computers, and as computer usage by nonspecialists
becomes widespread, some of the blocks that have been the target of the cur-
rent efforts may disappear (as others arise). Also, as available technol-
ogy~-both hardware and software--becomes cheaper, more‘accessible, and morc
sophisticated, more ambitious goals will become feasible. Speech recogni-
tion, natural language comprehension, visual image perception, three~
dimensional displays, and even more advanced features will someday be com-
monplace. However, only by working now to pioneer useful. applicaticns can
we hope to influence the course of such developments and find a mar.et for
them when they are ready. The issues discussed in this section, an.' the im-
plementation features recommended, will provide a sound basis for de¢cision
aid engineering in the near term and a guide for the eventual incorporation
of future technology.

INVOLVING USERS IN THE DEVELOPMENT OF DECISION-ANALYTIC AIDS:
THE PRINCIPAL FACTOR IN SUCCESSFUL IMPLEMENTATION

- ‘Over the past 25 years, hundreds of scientific studies of human judgment
and decision making have reached one basic conclusion: Unaided human judg-
ment has limitations.l As a result of these findings, as well as of advances
in normative decision theory (e.g., von Neumann & Morgenstern, 1947; Savage,
1954; Raiffa, 1968; Keeney & Raiffa, .1976) and computer technology, judgmen:/
decision researchers have begun developing computer-based decision-analytic
aids to help decision makers improve and extend their cognitive ability.
These aids include different types of multi-attribute utility assessment pro-
grams, such as HIVAL (Allardyce & Peterson, 1979) and POLICY (Hammond, Cook,
& Adelman, 1977), as well as traditional) decision-analytic aids requiring
probability and utility assessment, such -as INFER (Amey, Feuerwerger & Gu-
lick, 1979a) and OPINT (Amey, Feuerwerger, & Gulick, 1979b). Such aids have
been used successfully in a wide range of settings, as indicated in compendi-
ums by Kaplan and Schwartz (1977), by Keeney and Raiffa (1976), and by Kelly
(1979).

On the basis of previous success, one can expect increased utilization
of computer-based decision-analytic aids with stand-alone capabilities for
routine use by internal analysts and decision makers without outside consulta-
tion. The thesis of this section is that decision-analytic aids will seldom
achieve a stand~alone status unless eventual users are involved in their de-
velopment. The term users applies here both to the persons running the de-
cision aid and to the decision makers utilizing its results. The previous
section focused on the interface between the aid and its hands-on users, who
may or may not be decision makers. The position was that the better the
general behavioral characteristics of the aid, the higher the motivation
of the hands-on user and therefore the greater the probability that the aid

1The interested reader is referred to Hammond, McClelland, and Mumpower
(1980) ; Slovic, Fischhoff, and Lichtenstein (1977); and Slovic and Lichten-

stein (1971) for reviews of this research.
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will be successfully integrated into the organization. In this sectiocon, the
focus is on the interface between the user (and docision aid) and the larycr
decision-making org mrization. The position here is that successful general
behavioral characteristics of decision aids are necessary, but not suffi-
cient, for aid implementation. In addition, the involvement of decision
makers in aid design is essential for implementation, for this involveme:t
develops the understanding and commitment necessary for implementing a dif-
ferent decision-making approach and tailors the characteristics of the aid
to the users' needs within their organizational context.

The judgment/decision research literature has not emphasized that user
involvement in aid design is important for successful aid implementatio:r..
Support for this position comes primarily from two sources: (1) the recent
systematic evaluation of an experimental decision-analytic aid develojed fo:
use by the Operations Directoratc of the Joint Chiefs of Staff and (2) the
history of model implementation in operations research and management sci-
ence. Although the need for user involvement appears obvious, these sources
indicated that user involvement is often neglected in the development o:
analytical decision aids, frequently resultira in unsuccessful implementa-
tion efforts.

Evaluaticn of Decisicn-Analytic Aids

R-SCREEN. Sage and White (1980) recently evaluated a multi-attribute
utility assessment (MAUA) aid, called R-SCREEN (Rapid Screening of Decision
Cptions). The R-SCREEN aid was developed for use by operational analysts
in the Joint Operations Division (JOD) within the Operations Directorate cf
the Office of the Joint Chiefs of Staff.

Funding for R-SCREEN was provided by an agency that is tasked with moni-
toring, evaluating, and improving the overall information flow within the
World Wide Military Command and Control System in support of information re-
porting, information analysis, decision making, and information dissemina-
tion. Specifically, R-SCREEN was developed to support the option generat.on
and selection process as it occurs in command centers in crisis situations.

JOD decision makers used R-SCREEN by implementing four steps. First,
they selected from among three prestructured templates (or hierarchies)
the template most appropriate for the particular problem at hand, and thev
made minor modifications to the structure as needed to match the template
to the criteria most relevant to the particular problem. Second, they iden-
tified various alternative courses of action for evaluation. Third, they
scored each of the alternative courses of action on each of the lower level
attributes and then assessed criterion importance weights (essentially usinu
Edwards's (1977) ratio estimate technique) in order to determine the rela-
tive utility of each alternative. And fourth, they assessed the sensitivity
of the analytical results by evaluating the impact of changing utility
scores and criterion weights.

R-SCREEN was introduced into the JOD in spring 1979. Decision analysts
briefed the JOD staff on how to use the aid, developed a user's guide spe-
cifically for the aid (Gulick & Allardyce, 1979}, provided on-the-job train-
ing sessions throughout the course of the experimental period, and, in
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gcnural,‘made themselves immediately available at the request of SO perso:,-
nel to élscuss R-SCREEN's utilization. JoOD personncl were, however, not Ji-~
volved in R-SCREEN's development The exp cimental period lasted approzi-

mately 6 months,

‘ Sage and White (1980) evaluated R-SCREEN by the following three proce-
dures: (1) informal interviews with JOD personnel and others familiar wit}.
the JOD operational environment, (2) study of various written documentatic:,
and (3) detailed analysis of questionnaire responses as well as follow-up
interviews with Pentagon personnel and with a group of senicr military and
civilian students from the Industrial College of the Armed Forces, who wer:-
asked to evaluate the aid in an experimental context. Sage and White organ-
ized the evaluation responses into the criteria and subcriteria showrn in
Table 1, Although Sage and White discussed the implications of the respon:;es
in terms of e~ch of the 15 subcriteria, they did not give R-SCREEN an ex-
plicit score on each criterion. 1In order to shorten this presentation,
Table 1 shows an overall score {+, -, or ?) based on Sage and White's quali-
tative evaluation on each subcriterion.

R-SCREEN rated extremely well in performance objective achievement
(category 1) and efficacy (category 3). These high ratings provide empiri-
cal support for the.claims of judgmert and decision researchers who have
argued that decision-analytic aids facilitate clear thinking, educate de-
cision makers about their problems, and facilitate communication (e.g., see
Hammond et al., 1980). -

R-SCREEN rated poorly, however, in behavioral criteria (category 2).
R-SCREEN received a questionable rating on implementability because of par-~
ticipants' reservations cracerning its usefulness in a crisis management
environment. These reservations relate directly to R-SCREEN's ratings on
political acceptability and institutional constraints. Sage and White dis-
cuss these two subcriteria as follows:

Political acceptability:

Political issues were viewed by several subjects as potential
barriers to acceptance of systemic aids, such as R-SCREEN, into
an operational environment. Lack of senior level receptivity
and the personal decision-making styles of flag officers were
seen as potential hindrances. Full management and other lead-
ership commitment to implementation testing of decision aidc
were viewed as very necessary. Significant barriers to accep-
tance of an aid were felt to result with the absence of this
commitment.

Institutional constraints:

Questionnaire responses indicated a concern that R-SCREEN does
not directly address the needs of the JOD, is not particularly
well matched to the behavioral characteristics of the opera-
tional environment, may not enhance information flow, and does
not possess desirable time to use response characteristics for
typical JOD operations. (1980, p. 0.1ll)
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Table 1

Criteria for Decislon Aid Evaluation and Evaluation Scores for k=SCREEN

Criterion Fatin:

Logical soundness -

Improved decision guality -

Decision process chalnjes +
s

behavioral or humar, factors

Folitical accertability -
Institutional constraints -
Imglementability .
Procedural changes -
Si1de e:itects

Efficacy
Time rejuirements -

Leadersni; and training requlremernts
commrunication accomplishments

Educaticnal accomplishments -
Documentation N
Reliability 4
Convenience of access .
Note: + means performed well; - means performed poorly; ? means pericrred

well and poorly on guestions comprising the subcriterion cateuvory.

In short, R-SCREEN was not tailored to the personal needs and orcanlioatlinal
context of its eventual users. As a result, evaluation responses indicatead
that its implementation in JOD was guestionable--and, in fact, it has nct
been implemented to date even though respondents believed it would 1m rove
declsion quality, just as 1ts designers had claimed.

It is important to contrast the above unsuccessful implementation efifcrt
with a successful one in order to gain insight into the extent to which im-
plementation is enhanced by tailoring a decision-analvtic aid to the jpersonal
needs and organizational context of its eventual users. The authors, however,
are not aware of any evaluation of a decision-analytic aid in its coperational
context that 1is as systematic and thorough as the evaluation conducted bv
Sage and White. Althouch post hoc evaluations of successful implementation
efforts are open to charges of bias, such an evaluation is presented brietly
in an effort to help readers evaluate the adequacy of the thesis advanced 1n
this section.
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MCCRESSA. The U.S. Marine Corps, as well as other services, has a con-
tinuling problem in assessing, under peacetime conditions, the combat readi-
ness of combat units. The problem is compounded by the many heterogenecus
attributes that are used to describe the performance of individual cormkbat
units and by the many criteria, both objective and subjective, that are cor-
monly used by force commanders to define a successful level of combat reacd:-
ness. Historically, there has been almost no acceptable standardizaticr. cr
formalization of the rrocess of combat readiness evaluaticn or validation
of evaluation results.

In support of the Marine Corps Combat Readiness Evaluation System
(MCCRES), an MAUA aid called Marine Corps Combat Readiness Evaluation Sys-
tem Software Aprlication (MCCRESSA) was developed (Allen & Allardyce, 197c).
The Marine Corps successfully tested MCCRESSA in an operational settinc :in
August 1977 and the aid is now in routine use throughout the Marine Corpes.

MCCRESSA and R-SCREEN are extremely similar. Both were designed frcro
the same generic MAUA software. If anything, R-SCREEN is more sorhisticated
aralytically than MCCRESSA because it forces the user to assign critericn
welghts moving from the bottom to the tory of the hierarchy, thereby ensurin:
that the upper level weights are determined by the scores on the lower level
attributes and not by the user's general perception of the relative imjpcrtance
of the urper level attributes. Both ailds were designed to have stand-alcne
capabilities, Yet, MCCRESSA was successfully implemented and R-SCREE!N was
not.,

MCCRESSA was successfully implemented because 1ts eventual users were
involved throughout the entire process of development and implementaticr.
The decision aid analysts worked directly with the five Marine colonels
tasked with developing and implementing MCCRES over a l-year period. These
men decided on the criteria, hierarchical structure, and weights in the MAUA
model within MCCRESSA. They decided how inputs to MCCRESSA would be made
during actual MCCRES evaluations. They decided on the type of outputs
MCCRESSA had to provide, and the constraints under which these outputs would
have to be provided, within their operational context.

After a prototype aid was developed, the Marine colonels chaired a 2-day
conference for all field commanders who would participate in MCCRES evalua-
tions. They showed the commanders how MCCRESSA would be used during each
evaluation and gave them an opportunity to ask questions, raise concerns,
and suggest ways of better tailoring MCCRESSA to the evaluation process.

The colonels also went to each of the Marine bases, where evaluations were
held to answer questions and obtain suggestions from personnel who would
actually use MCCRESSA during an evaluation. Sone of the lower level attri-
butes in the MAUA hierarchy and some of the procedures for using MCCRESSA
were modified on the basis of the concerns and suggestions raised during the
conference and tour. There were additional minor modifications of MCCRESSA
after its initial application during some MCCRESS evaluations.

In sum, user involvement throughout development and implementation en-
sured that MCCRESSA was tailored to the Marine Corps's needs and organiza-
tional context. The authors believe this to be the principal factor in
MCCRESSA's successful implementation in the Marine Corps.
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Implementanig Orerations Research Models

Althcush there are distinct differences between decision-analytic ai1ds
and ojerations research models, both represent highly analytic technizues for
assistina the process and quality of decision making within large orgarniza-
tions. Conseguently, both face similar implementation problems. The ojcra-
tions research (CR)/management science (MS) literature over the past two
decades has (1) documented numerous cases in which clients have not used
analytically rigorous OR models developed for them, (2) tried to ex; lulrn
this phenomenon, and (3) offered suggestions for minimizing unsuccessful
1mp lementations. This section briefly reviews this literature.

Ginzberg (1978) divided the OR/MS literature on implementation intc two
tyies: the normative approach (e.g., Ackeff, 1960; Argyris, 1971; <Cravson,
1+73) and the factor approach (e.g., Drake, 1971; Powers & Dickson, 1973;
Rubenstein, Radner, Baker, Heiman, & McColly, 1967).

The normative approach is based on the field experience of
a number of MS researcher/practitioners. These researchers tyii-
cally looked back at one or more cases they were involved 1in where
there was substantial imjlementation difficulty, and attempted to
draw from these exieriences the general nature of implementation
trciblems and their solutions. Looking at this literature in ac-
grecate, we find substantial disagreement on just what the solu-
tiorn to implementation preblems should be.... The next develcp-
ment 1n 1m; lementation research was the factor aprroach. Each
factor study begins by identifying a group of variables poten-
tially relevant to implementation outcomes. Data are then col-
lected from a samjle of MS implementation projects - some suc-
cessful and cthers not - and are used to assess the relative
importance ¢f the different variables (or factors) to implementa-
tion outcomes. The results, however, are rather disappointina,
Few general guidelines have emerged from this research, the re-
sults orf different studies being contradictory in a number of
cases. The only result which is firmly established by this re-
search is the imjortance of management support and user involve-
ment to the successful implementation of MS/MIS projects.
[emphasis added] (Ginzbera, 1978, pp. 57-58)

The research by Lonnstedt (1975) and Shycon (1977), which was not cited
by Ginzberg (1978), further supports Ginzberg's conclusion. Lonnstedt
(1975) interviewed key operations personnel in 12 companies, each with its
own OR division, listed in the Stockholm Stock Exchange in an effort to
identify factors related to the implementation of operations research solu-
tions. The study sample was composed of 107 OR projects proposed for im-
plementation; 29 of the projects were not implemented by the user.

The results of the survey are presented in Table 2. There is a posi-
tive relationship between implementation and (1) the user's collaboration in
defining the problem, (2) problem characteristics, and (3) the value the
user places on the proposed OR solution. All three factors require contin- i
ual interaction between the user and the OR modeler throughout the process
of model development.
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Table 2

Summary of Survey Results:

Implementation

(from Lonnstedt,

1975)

Influence of

Chi Significance nonresponses
Variable group Variable square (1) on cornclusion
Collaboration User's participation 19.1 < .00l May influence
Initiator of project 16.7 < .001 May influernce
Characteristic Problem limitation 52.5 .0001 No influerice
of problem
Quantifiability of
variables 24 .4 < .0001 No influence
Availability of data 33.0 < .0001 No influence
Proposal value Value of resultant
and cost solution 34.1 < .0001 May 1influence
Internal charging 0.85 .4 May influernce
Shycon (1977) conducted two surveys of large OR projects varying in their

degree of successful implementation.

team's organization as one of the following three types:

Both surveys categorized each OR project

(1) the wholly

management science team consisting entirely of management science personnel,
with minimal interaction with others;

(2) the management science team with

marginal communication to management, largely at the middle management levcl,
through frequent reporting; and (3) the interparticipative management science
management team, which involves a working partnership of members of the man-
agement science group and middle and upper management representina both line
and staff functions. Under this classification system, the prcoject team for
implementing R-SCREEN was a wholly management science team. In contrast,

the team for MCCRESSA was an interparticipative management science,/management
team,

Table 3 presents the results of Shycon's (1977) surveys. The wholly
management science team achieved the lowest degree of implementation success.
The MS team with communication and the interparticipative team consistently
achieved high levels of implementation success. Neither of the latter two
organization types, however, showed any distinct advantage over the other.
Given the greater cost of the interparticipative team, the results suggest
that the MS team with communication is the most cost-effective project team .
organization. Nevertheless, the results support post hoc the actual outcomes
for R-SCREEN and MCCRESSA regarding implementation success. |
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Table 3

Project Team Organization and Project Success (from Shycon, 1977)

Approx.
project L
Type of project Type of fairm cost? Degree of success
1971
1. Wholly management scilence team
Determination of regional distribution requirements Regional food distribution 36 Partial
Sales forecasting and inventory planning system National tool manufacturer (8] Partial, lony-term
Sales forecasting and inventory planning system Division of major drug 3o Little immediate,
manufacturer some longer-term
Determination of service call response strategy Regional public utility 30 Complete
and facilities required
Determination of service call response strateqy Regional public utility 32 Partial
and facilities required (different from above)
2. MS team with maryinal communication
Desiyn of national distribution system National tood processcr 140 Comi lete
Desiygn of total logistics system, manufacturing National food processor 9 Com; lete
plants, and distribution
Service facility requirements Heavy machinery manufacturer 5% Comj-lete
Integrated distribution requirements for diverse Major druq and toiletries 54 Minur benefats
divisions manufacturer
3. Fully 1nterparticipative M5 team
Total maradement planning prodram:  pro urement, Mator Dat. ta, medt jpacker P womp Jete
inventury, svhedulaing, distribution saies
forecasting, and marketinyg planning
Design of national distribution system National tood processor 10 Complete
Design of national distribution system Major i1nstrument and sup- e Complete
plier manufacturer
Basic simulation of company operations for mat- Major pharmaceutical 104 Complete
agement policy testing manufacturer
Evaluation system for R&D projects and tool Major synthetic fiber e Partial
program for rank order and funding
Corporate strategy model for decisions in mar- Major 1nteqrated paper 250 Complete
keting, manufacturing, and capital investment products manufacturer
Design of total logistics system, manufacturing Naticonal industrial prod- 35 Comp:lete
plants, and distribution ucts plastics manufacturer
1977
1. wholly management science team
Determination of national distribution and Consumer large instruments 4o Little
transportation strategy
Multiplant manufacturing operational strateuay Kuilding products manufacturer n7 Little
2. MS team with marginal communication
Research and develapment of ancent plarcan Spaertanag qoo s omanufactirer 1l Cormp lete
system
Development of marketiny strategy witn attendan: Automob i le atter market el vomg let
distribution requirements manufocture:
Queuing simulation model, flow shuj Principal furniture O Fartia,
manufacturer
Evaluation of marketing channels and design of Food manufacturer 1Y) Comj-lete
order entry
3. Fully interparticipative MS team
Simulation and design of national distribution Chemical processor Rld Fartial
system
Evaluation of customer service requlrements and Naticnal food jrocessor PN Com lete
design of national distribution system
Design of integrated strategy planning model International extractive and 108 Partial
and fabrication company
Development of marketing channels and supply High technology industrial 94 Complete
strategy product company
Development of specifications for inventory Principal food processor 265 Com.lete
management system and implementation
Design of national distribution system Industrial products hard 85 Comp:lete

good manufacturer

4Includes all services, internal personnel, and external expenses incurred. All figures for
All figures for 1977 adjusted to 1977 dollars.

1971 dollars.

b
Degree of success is necessarily partly subjective; however, measurable criteria are as follows:

1971 adjusted to

hittle--less

than 258 1implemented, benefits did not justify cost of study: partial--25-60% i1mplemented, 1dentrfiable benetaits
yield return on project investment (ROPI) less than 100% per year: complete--qreater than 0% imj lementaton,

ROP1 greater than J00N per year.
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wWhy User Involvement 1Is Essential

User 1involvement throughout the develoyment of decision-analytic aids
is essential to make users comfortable with a decision-analytic approach to
decision making. User involvement 1s also essential 1f the analysts are ts
learn enough about the users' goals and working environment to tailor tie
decision-analytic aid to the users' personal needs and organizational < ntext.

Declsion makers are not decision analysts. Although they may identizy
tmportant factors for the decision at hand, they will seldor bulld a decioiorn
tree or multi-attribute hierarchy. Nor will they typically guantify the
prrobability of uncertain events or the relative importance f attributes
over thelir range of varidation tor the set of alternatives, or calculate wex-
pected utilities to determine the jpreterred action, Since formal decision
analysis 1s not thelr standard mode of decision making, decision Makers Lowos:
to learn basic decision-analytic concepts and feel comfortable 1rovidingg the
aid's reqyuired 1nputs and interpretine its outjuts before they will usce st
routinely. Interaction between the analyst and the decision maker 18 essel-
tial to this learning process and, more generally, to develeping the conti-
dence and commitment necessary for implementine a different apj roach to ac-
Cl1s1on making.

The 1nteraction must be a two-way jrocess, however, for the anulysts
must understand the oraganization's broader goals, woerking epvironment, and
avallable resources in order to develoy an effective decision-analytic aid
withh stand-alone capabilities., For example, the uanalysts must understand
how the decilsion makers want to use the aid in order to design 1ts cutjut
so that it most effectively meets the decision makers’' qgoals. The analysts
need to understand the different tasks required to achicve these goals, the
different types of people who will jerform these tasks, and the factors
that facilitate or limit task accomplishment in order to design the aid sc
that 1t not only fits into, but improves, the working environment. And the
analysts need to know the expected fiscal resources available for opera-
tionally utilizing the aid so that 1t is designed cost-effectively. Invelv-
ing the user throughout the development process increases the probuabiility
that analysts will obtain such information about the organization.

Knowledge about the working environment witihin which an aid will b
used permits analysts to tailor the aid to the users' personal needs 1in
their organizational context. The need for such tailoring has become 1ni-
creasingly documented in the OR/MS literature. For example, in an analysis
of implementation of risk analysis methods, Carter (1972) found that unsuc-
cessful efforts tended to have analyses performed by central staffs respon-
sible to corporate rather than divisional managers. Divislon manaaers per-
ceived a divided loyalty within the management science staff; this jperception
resulted in a breakdown in trust and cooperation. Wolek (1975) cites a
case in which a rational system for selecting R&D projects was formally
adopted but not used because the technique conflicted with the highly jper-
sonal leadership style of the company's president. And the R-SCREEN examj le
illustrates that a decision-analytic aid that is beneficial will not neces- ‘
sarily be adopted; the aid also has to score well on behavioral !
characteristics.




A decisivn-analytic aid will change the users' working environment, o1
1t will alter the organization's decision-making process. This change will
occur whether, according to Von Winterfeldt's (1979) classification, the aid
is (1) a highly specific aid with a previously determined structure and
stored data (e.g., weights) like MCCRESSA, (2) a multipurpose aid with nc
substantive structure and stored data, or (3) an aid like R-SCREEN that com-
bines features of both extremes. However, the extent of the change and 1ts
effect on the interpersonal relations and functions of different pecji.le
within the organization will vary. 1In addition, it may be necessary tc hire
(or train internally) skilled decision analysts to use effectively multi-
purpcse aids with no previously determined structure. Such aids reguire
more coperational support than either of the other two types because they arc
not used for repetitive decisions. 1In contrast, structured aids used for
repetitive decision making, like MCCRESSA, require little operational su; -
port because their analytical structure is desianed primarily to implement
an existina on-going process more effectively. Nevertheless, the smoother
the expected and actual transition to a new decision-making approach and
working environment, the greater the probability of succes:sful aid imy le-
mentation. User involvement throughout the process of aid development and
subsequent 1lmplementation, that is, "from 1initial planning and feasibility
testing through installation and evaluation" (Ginzberg, 1976, p. 59), can
ease this transition greatly.

In closing, it is interesting to note that the need for user involve-
ment in aid development may not surjprise many declsion analysts and re-
searchers. What may surprise them is the empirical support for this need;
there are many cases in the OR/MS literature, and now scme 1n the decisicon-
analytic literature, in which users have not been involved in aid develop -
ment. Two possible reasons for this state of affairs come rapidly to mind.
First, many decision analysts and operations researchers have not rcalized
the importance of user involvement for successful implementation. It is one
thing to give the concept of user involvement lip-service and quite another
to consider it the principal factor in successful implementaticn. Seoond,
ensuring user involvement is a difficult task. Users often fail to artreci-
ate the 1mportance of their involvement and, as a result, censider aid de-
velopment to be solely the Yub of the analyst instead of a two-way 1nterao-
tion. The primary usefulness of this section may well lie in alertina:
analysts to the necessity of making users realize the importance of thelr
involvement 1in aid deve lopment.

DECISTON AID EVALUATION

The preceding sections have been ccncerned with the problem of desian-
ing effective decision aids, but the present section turns to the jproblen
of evaluating decision aids., Although design and evaluation are hiahly
interrelated, they are approached from different perspectives and therciforv
involve somewhat different difficulties. Design often begins in the ab-
sence of an implemented system and must determine how to incorporate a vari-
ety of capabilities. Evaluation begins with a partially or comjpletely 1m-
plemented system and must determine whether the system does what 1t 16 meant
to do. Optimally, the two activities are performed jteratively, with the
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answers to design gquestions posing evaluation questions, and the answers to
evaluation questions posing design problems. Nonetheless, they are guite
distinct activities.

Three major types of questions relate to the evaluation of decision
aids; these questions correspond to the three types of interfaces identificd
in the introduction to this report (Figure 1). First, an evaluation may at-
tempt to answer guestions about the aid's compatibility with 1ts immediate
users. Such questions are concerned with the human factors of the aid; for
example: Are 1its displays effective? 1Is it tedious to use? In addition,
the decision aid/user interface is the point at which questions about the
comprehensibility of an aid's underlying model are addressed.

A second type of evaluation occurs at the interface between the user
(and the decision aid) and the remainder of the decision-making organizutich.
This 1nterface poses questions about the collectibility of the aid's re-
quired inputs and the communicability of its outputs. An aid that is com-~
prehensible only to its immediate user is likely to be useless. The
decision-making approach used by the aid must be integrated into the
larger decision-making organization.

Finally, a third type of evaluation is appropriate for the interface
between the decision-makirg organization and its environment. At this point
the ultimate question of the aid's effectiveness comes into play; namely,
has the aid improved the organization's output or performance., Similarly,
there are questions about the range of environments or problem areas over
which the aid provides improved organization performance.

These three types of interfaces--decision aid/user, user/organization,
organization/environment--are by no means independent. In fact, they are
nested: User/organization effectiveness is necessarily influenced by aid;
user effectiveness, and organization/environment effectiveness 1s necessarily
influenced by the effectiveness of the other two interfaces. Nevertheless,
the three types of interfaces do have different implications for evaluatic:,
which justifies their use as a framework for discussing aid evaluation.

The subsections that follow use this framework to examine several as-
pects of evaluation. The first subsection considers the problem of identi-
fying measures of effectiveness. The second addresses the selection of a
setting for conducting the evaluation. The third discusses the selection
of a method for data collection. And the fourth discusses the question of
what is being compared in the evaluation.

Measures of Effectiveness

If an evaluation is to be effective, the evaluator must decide in ad-
vance what is to be examined. This is done by identifying one or moere
measures of effectiveness that are designed to answer the evaluator's gues-
tions. 1Ideally, these measures of effectiveness are objectively measurable
and quantitative variables that will describe the effectiveness of the aid.
In the present case, however, the term measure of effectiveness will also
include subjectively measurable variables and variables that result 1n
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gualitative rather than quantitative descriptions. The only restrictions

are that the variable must be measurable and that it should be expected to
correlate (positively or negatively) with the effectiveness or efficiency

of the aid.

Although it would be impossible to list the measures that are apjprojri-
ate to all evaluations, another apprecach may provide some insight. The jro-
cess by which an aid is used can be viewed as a series of stages that procecd
from initial data collection to decision implementation (see Figure 2).
Under this assumption, anything that improves the effectiveness or efficiency
of one stage should improve the overall effectiveness. Thus, the discussion
of measures of effectiveness can be simplified somewhat by discussing how thc i
ard can aftect each stage.

Data Collection. Data collection is the stage during which the decision-
makinag organization extracts information from its environment. In a military
context, this 1s the domain of intelligence. In the government, it is the
domain ot, for example, the Census Bureau or the Bureau of Labor Statistics.
In the present context, 1t is part of the organization/environment interface.

At first glance, thils stage might seem remote from the aid and therefore
not sublect to 1ts intfluence. Nothing could be further from the truth. The
introduction of an aid has the potential to greatly improve data collection
by demuanding a better organized and better gquantified measurement of the ern-
vironment. In addition, the aid could possibly directly interface with the
sensing eguipment, which could, in some instances, eliminate errors that
might otherwise be introduced as the data are transferred through the organi-
zation to the user and into the aid.

A decision aid could, however, have a negative impact on the data col-
lection stage. If the model underlying the aid were either inaccurate or
unintuitive, it could compel the collection efforts to be misdirected. Alsc,
an increased data collection effort might be required, thereby increasing
costs.

Data Interpretation. The data interpretation stage is the stace durinc
which the members of the organization transform and otherwise interiret the
information about the environment. This process may follow strict procedures
| or it may involve subjective judgments concerning the implications of the
data. Although this process may take place throughout the organization, 1t
1s considered here as part of the user/organization interface, since this 1s
the point at which the final judgments must be made.

' An aid could improve the data interpretation stage by improving the or-

' ganization's ability to focus on critical information. By disaggregating a

: problem into meaningful and manageable subproblems, the aid may indicate how
the data should be organized, how the data should be transformed, or what
types of judgments will be required. Also, the aid may compel a more care-=
ful i1dentification of options than is normally undertaken.

In contrast to these benefits, an aid may introduce substantial costs
to the data interpretation stage. The aid might require specially trained
personnel; it might increase the overall workload by demanding inputs that
would not otherwise be collected; and it might create a strain by requirinag
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organlzation members to think in a manner that 1s nelther natural nor
intultive.

Data Entry. The data entry stage is the period during which the user
provides the aid with its required inputs. This stage is part of the aid
user 1intertface.

Data entry 1s a necessary and frequently arduous aspect of decision aid
usage. For this stage an aid will be evaluated on the ease with which the
data entry can be performed. The aid should make data entry as rapid as pos-
sible and permit a wide range of editing options. The aid should enable un-
trained personnel to perform data entry, and it should provide easily under-
stood prompts to help the user accomplish this task. Finally, the decision
ald should place minimal psychological discomfort on the user. These pcirnts
are discussed in detail earlier in this report.

Decision Aid Output. The output stage 1s the period during whicn an aia
provides a user with its results. This stage is clearly part of the aid,
user interface. The user for this stage, however, need not be the same ir.-
dividual as the user in the data entry stage.

During the data output stage the aid has its most obvious and immediate
opportunity to be of value to the decision-making organization. To accomplish
this the aid must provide rapid, thorough, and effective interaction with the
user. Sensitivity analyses are critical, because they inform the user of the
aspects of the decision that require further inspection. Moreover, the dis-
plays must be both accurate and interpretable so that the user will readily
understand the underlying model and why it has provided the dis}layed results.

These benefits of an aid will not be without cost, includina the cost
of the equipment itself. Usage may, at this stage more than any other, re-
qguire a specially trained user. This is the point at which a careful under-
standing of the underlying model and the options available for its exiplora-
tion can pay off. The job of conveying the model's results to the organizaticn
will fall upon this user.

Decision Aid Output Interpretation. The output interpretation stage 1is
the period during which the implications of the aid's analysis are conveyed
to the organization and a decision is made. Although this stage involves
many actors in the organization and may only briefly involve the user, it is
considered, nonetheless, to be part of the user/organization interface.

The decision aid's influence on this stage will depend on the aid's
ability to structure and organize the problem to which it was applied. If
the model is conceptually complete, coherent, and rational from the point
of view of the decision makers within the organization, then its results
have a chance of acceptance. Especially important are the communicability
and justifiability of the results' implications. 1If, however, anyone in
the chain of communication leading to the decision makers or the decision
makers themselves feel annoyed at or uncertain about the results, then thesc
results are likely to be ignored and possibly suppressed from that point on.
One way to minimize this problem is to have users (both hands-on users and
decision makers) involved in designing the decision aid. This develops the
understanding and commitment necessary for implementing a different
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decision-making ajjroach, and the characteristics of the decision aid can be
tallored to the needs of users within their organization.

Decision Implementation. The decision implementation stage is the pe-
riod during which a decision is translated into some action on the part of
the organization. 1In the case of operational decisions, this stage 1is part
of the organization/environment interface. Internal development decisicns,
those directly affectinag the organization, are not actually excluded from the
framework, but there is no interface required with the environment. Inctead,
the organization should be depicted as feeding back con itself in a self-
regulatory fashion.

For this stage the most fundamental question is whether the aid has led
to a sound decision. If the decision's implications are correct and they arc
not ignored, then the aid has provided its major benefit. The aid can, in
addition, provide insight into how the decision should be implemented and
what is likely to occur following implementation. Even at this stage, how-
ever, a correct decision could be undermined, if it is both counterintuitive
and unjustifiable. Thus, the communicability and comprehensibility of the
ald must carry through even to this late stage of the process.

Summary of Potential Measures of Effectiveness. To provide a summary of
some potential measures, Figure 3 reiterates many of the issues raised in the
rreceding discussion. In this figure, the issues are organized into a hier-
archy, and it 1s assumed that each terminal node could be translated into &
measure. This representation is not meant to advocate any particular seot ot
measures Or any particular approach to evaluation. It is simply a summary
of a number of measures that may be relevant to any specific decision aid
evaluation.

Organizational Impact. Although it is implicit in the comments of the
preceding discussion, one additional point deserves mention. The intrcducticsn
of an aid into a complex organization is unlikely to be accomplished without
changes in the organization. A decision aid is not like a new sterec cor-
ponent that can simply plug into the old system as a replacement for some
older component. For one thing, the aid will be unlike any existing coriorne:nt,
that is, individual, of the organization. It cannot truly replace a ;v
because it cannot do all that a person does. This fact implies that t
troduction of the aid will necessarily redefine certain roles within thc
organization.

CerYaan,,
14
i

e 10~

The impact of a decision aid on an organization may in fact b sweepinos.
To use an aid, new channels of communication may be required and new area:
authority may need to be defined. Such changes could be minimized Ly a carco-
ful design effort prior to development of the aid. Nonetheless, some oraui-
zational change is likely to be necessary. In the event that the chanuee 1.
too great, one can expect the aid to lie 1dle. However, if the oraatizati i,
changes are slight or at least carefully planned, the aid will have a chunce
to take hold and contribute to the effectiveness of the decisicn-makir.:
organization,
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Scitings ror Decision Aild Evaluations

Betfore the measures of effectiveness {or a decision aild can be colleten
and analvzed, 1t 1s necessary to construct a setting 1n which the aid carn Lo
operated. The setting might simply be a laboratory experiment with a rock
problem, or 1t might be a full field trial. Such settings differ in terme o
their fidelity, or similarity, to the expected operational setting, the amouns
of experimental control that they provide, and thelr costs. Thus, the Cholie
of a setting can be a difficult one.

Figure 4 depicts the situation that prevails whern one attempts to cor-
duct an assessment of effectiveness. The first part of the rigure, labelcd
Target Setting, represents the expected operational settina for the aid. ¢
course, thils setting wil! not be avallable for evaluatiorn purposes unless the

aid is actually deployed. 1In lieu of the target setting, it is theref
necessary to construct a test setting within which the evaluation can | rodeea.

o

Cne 0of the most fundamental dimensions over which test settings cal, Vars
1s their dearee of fidelity to the target settinc. The simulated envirohi-
ment, tie simulated oruanization, and even the simulated user carn rance be-
tween beina only surerficially accurate to being accurate in great detualil.

By 1tselt, hich fidelity 1s, of course, desirakle 1n any evaluation settin.:,
put 1t 1s expensive. In addition to increased deolla: coste ana evaluation
time, tidellty introduces a cost in terms of loss ¢f ex)erimenter contrai.
Thils means, on the one hand, that it may ke increarinaly di1fficult oo obtasen
tihie deslired measures and, on the other harnd, that theso measures will be 1rn-
creasinaly susceptible to influences that are extranecus te the evaiuation

context. Even 1f one iv successful in eliminating extranecus influcnces
. from the evaluation, there will be i1ncreased difficulty 11 specifyvins and
- contreiling causal relationships in a high-fidelity setting,  Thus, & %y -

cfr 1s established between fidelity and costs such that 1t 1s desirable
sinulate conly as much of the target setting as 1s necessary to sup;.ri oo
particulaer inference.

This concept of fidelity and the trade-offs 1t implies can be further
examined by considering four settings defined by whether they involve haalh
or low fidelity for the organization and high or low fidelity for the en-
vironment. The additional settings provided by low fidelity for the use:
are not examined beceuse a qualified user 1s required for any evaluat?. ...

C!f the four settinas, the setting with a low-fidelity environment and
low-f1deli1ty organization i1s the most austere. Such a setting is well suiltod
to decision aid design questions concerning user compatibility. These gues-
tions are primarily concerned with the aid/user interface and therefore necd
not concern the organization or even the true environment. Since so little
simulation effort is reg.ired, this setting can be implemented in a carctully
controlled laboratory experiment.

The setting with a high-fidelity environment and low-fidelity organiza-
tion can also be implemented in the laboratory, but it serves a different
purpose. This setting focuses on providing the user with realistic data
about the environment, realistic options, and realistic scenarios, but the
organization through which the user would interact with this environment is
only superficially implemented. Thus, it is possible to investigate the
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coherence and completeness of the model underlying the aid without golnc the
additicnal ste; and ascertaining whether the aid will improve organization
performance. Such an analysis really evaluates only guestions related tc
the aid ‘user interface.

The setting with a low-fidelity environment ané high-fidelity orgarni-
zation provides the means to answer guestions about the user/organization
interface. In this setting, little concern is devoted to constructing real-
istic problems, and a great deal of concern is devoted to simulating the
lines of communication and authority within the organization. Since & simu-
lated organization is outside the scope of most laboratories, this type cf
setting is better thought of as a gaming simulation. Although the departurc
from the laboratory is necessary to evaluate the user/organization inter-
face, this setting implies decreasing control and increasing costs.

Finally, the setting with a high-fidelity environment and high-fidelizy
organization 1is the most accurate, virtually reguiring a field test with a
realistic and well-implemented problem scenario. This accuracy is obtained
at a high cost, but it is necessary to fully answer questions about decisicrn
aid efrects on organization performance. Since these questions about the
organlzationsenvironment interface are the ultimate guestions concerning aid
effectiveness, field tests of this sort are a highly desirable precursor tc
aid deployment.

Table 4 summarizes the comments of the preceding paraaraphs. Clearly,
the cholce cf an evaluation setting interacts with the type of cuestion that
cne hopes to answer. In light of these fidelity/cost trade-offs, the follow-
ing agproach tc evaluation seems Jjustified.

If all types of guestions are important, investigate them in the follow-
ing order: questions of user compatibility, guestions of aid coherence and
comp-leteness, guestions of aid compatibility with the organization, and ques-
tions of aid effect on organization performance. Although the order of the
first two evaluations may change, cost considerations are likely to compel
the remainder of this evaluation strategy, since it will be desirable tc have
suffered the least costs in the event that any one evaluation provides a neua-
tive result.

Methods for Collecting Measures of Effectiveness

There are three major methods for obtaining measures of effectiveness:
objective measurement, subjective judgment, and expert observation. The
first of these is the most familiar and is most associated with experimenta-
tion and the scientific method. The second technique, subjective judgment,
involves requiring users or other participants in the experiment to score
their experiences, usually via a questionnaire following the experiment.

The final technique, expert observation, also involves subjective judgments,
only on the part of nonparticipating observers of the experiment. Althouah
there is a prevailing prejudice in favor of objective measurement, all of
these methods can be valid provided they are properly employed.

In decision aid evaluation, objective measurements are likely to con-
sist of speed and frequency measures. It will be important to know how long

31




suvaw ANA

pur 125n sursw )

° JuswuoaTAul

{PIR UOTSIDOP SUPdW yg ‘uotjpziuebio bulypw-uoTIsSTDap suesw OWd 930N

aourwiojaod

owa ybTH

MOT Ub 1y OWd U0 3ID923i8 vd ANA/ORd 1593 pPTatd JUSMWUOITAUD UDbTH

OWa YITM uoTjeTnuts owa ubtH

23e19poi 33RIOPON Ajtrtqraeduwon va owa/n butwen JUSWUOITAUS MOT]
ssauajaTdwon OWa Mo

ybTH 4071 pue 32UaI1YOD Y n/va Azojeaoqe JuawuoxTaus ybiH

A1 rqraeduos OWa MmO

ybTH MOT x9sn va n/vda Axzojeaoqe] JUBWUOITAUS MO
T10I3U0D 350D pojevnivao poulwexs uoTtjenieas A3T1T9pPT3
193uduT 1adxy uor3sang 8oL JA93U] Jo adAy butilzes
ShUT333S UOT3PNIRAY SATIRUIII|Y 3JO AIpumung

v 9a1qeL

Y

32




some process requires or how frequently errors occur. Table 5 suggests ways
in which such objective measurements could be used to evaluate the aid,/user,
user/oryanization, and organization/environment interfaces.

No less important than objective measures are the assessments of a par-
ticipant's satisfaction, complaints, or other judgments about an aid's ef-
fectiveness. Not only are these judgments easier to collect than objective
measures, but they represent a class of data that is a critical determinant
of an ai1d's ultimate acceptability. An aid that is objectively effective,
vet subjectively unacceptable, is still unacceptable, since its chances for
effective deployment are low. Thus, subjective judgments should not be ig-
nored. Table 5 suggests several measures of effectiveness that measure sub-
jective judgments at each of the three interfaces.

The final method of evaluation, expert observation, differs from sul-
jective judgment in that the raters are not participants in the experiment
but outside observers. Judgments of this sort can be critical for answerin:
questions about the completeness or soundness of a decision, becausc the
correct decision 1is unlikely to be known. In the absence of any ckjectivc
definition cf correctness or accuracy, expert judgments must suffice. In
thils capacity the experts ;lay the same role that a coach or trainer jplave.
Experts are deemed correct by virtue of their greater experience. Table &
suguests some w. s that expert observations can assist an evaluation effort.

I summary, each of the three methods of collectina measures of effec-
tiveness p-lays an important role at all three interfaces. Objective measure-
ments can provide an understanding of the fregquency and speed with which jpar-
ticular events occur. Subjective judgments can pravide information about the
decision-making process from the participants' perspective. And exjert ob-
servations can provide a notion of decision soundness and accuracy, when such
objective definitions are usually unavailable.

what Is Being Compared?

Before any evaluation can proceed, it 1s necessary to ask what 1s beins
compared. In a formal experiment, the comparison is between a test and a
control condition. Similarly, some notion of a control condition cr at least
a contrasting condition is required for aid evaluation.

Consider the three interfaces once again. Evaluations invcolving the
aid/user interface are largely concerned with user compatibility and aid co-
herence. Evaluations could reasonably compare alternate configurations of
the aid or even different aids. A comparison between an aid and nv aid is,
however, inappropriate. Questions about the aid/user interface assume a
decision aid, just as they assume a user.

Evaluations involving the user/organization or organization/environment
interfaces permit more comparisons than does the previous type of evaluation.
In particular, at these interfaces it is pos-’ '2 to examine the organiza-
tion's operation both in the presence and in the absence of the aid. To
perform such an evaluation one must recognize, however, that the definition
of the user--and, therefore, the interface--will change when the aid is not
present. In other words, an aid is not like a plug-in module; its introduction
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will necessarily require changes in the organization. Thus, an effort to
compare performance when an aid is present with performance when the aid is
absent may be confounded by effects of the organizational changes required
by the aid.

While effective performance is likely to be welcome regardless of
whether it is caused by the aid or by the changes that the aid requires,
this confounding should not be overlocked. The primary concern is that the
bulk of the benefit attributed to an aid not be due to its concomitant or-
ganizational changes. If it is possible that the major benefit is due to
organizational change, thorough examination requires that the evaluator at-
tempt to compare performance in the modified organization in the presence
and in the absence of the aid.

Summary

Decision aid evaluation begins with a recognition of the fact that the
aid will simply be one component of a more complex information-processing
system. The inputs to the aid and the outputs from the aid will probably
travel through many layers of a complex decision-making organization. Thus,
a thorough analysis of decision aid effects is likely to examine aspects of
organization performance as well as aid performance.

In examining complex information-processing systems of this sort, it
is useful to concentrate on the interfaces between the system components.
These are the points at which the system reveals itself. Bottlenecks, er-
rors, and misunderstandings become apparent at the interfaces, and any
evaluation effort must strive to define measures of effect.veness that sernse
or measure these disruptions. An effective aid is one that increases the
speed with which information can be transmitted across these interfaces
while decreasing the errors and misinterpretations on the part of the re-
cipients of the information.

It is useful to think in terms of three of the many interfaces within a
decision~making organization:

e the decision aid and user interface,

® the user and decision-making organization interface, and

® the decision-making organization and environment interface.
These interfaces identify three types of evaluation questions:

e Is the aid easy to use?

e Is the aid acceptable to the organization?

® Does the aid improve performance of the organization in relation to
its environment?

These questions are ordered in terms of their difficulty of evaluation, with
aid/user questions being most amenable to experimentation and organization/

environment questions being least open to evaluation. This ordering arises

as a result of the level of fidelity required for each type of evaluation,
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Aid/user evaluations can tolerate low fidelity, thereby decreasing costs and
permitting a higher level of experimenter control. Organizationsenvironme:nt
evaluations require high fidelity, which both increases costs and permits
much less experimenter control, User/organization evaluations fall between
these extremes.

For each type of evaluation three methods of collecting measures of ct!-
fectiveness are available: objective measurement, subjective judgment, anu
expert observation. Each method is best suited to a different notion ¢f e€f-
fectiveness. Objective measures are best suited to evaluating efficiency:
subjective judgments are best suited to evaluating likability, acceptability,
and tolerability; and expert observations are best suited to evaluatina the
correctness of a solution or inference. This association of collection tecn-
niques and concepts of effectiveness is simply a guideline and should nct be
interpreted as precluding the use of a technique to evaluate a type of effec-
tiveness with which it is not associated.

A final question concerns what the evaluator intends tc compare., In
some rare instances, it could be appropriate to evaluate an aid in relation
to some absolute scale and remain unconcerned about the aid's relation to
other systems, but this is unlikely. Just as an experiment needs a baseline
or control condition, so will an aid evaluation. The comparison could be
between alternate designs of a single aid, between opposing aids, or between
an aid and no aid, but in most instances, some comparison will be reqguired.
Otherwise, the evaluation results will lack a countext and, therefore, a basis
for deciding whether the aid is worthwhile.

These various elements of aid evaluation (i.e., measures of effective-
ness, settings, and methods of collection) are basic to the problem of con-
ducting an evaluation, but they do not represent all that is involved. Cnly
through careful thought and effort can an evaluator pull these elements to-
gether for his or her specific problem, The purpose of this section has
been to point the way. The hard work still remains.
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