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1. Introduction

Traditional models of decision making do not take into account many
critical aspects of operational settings, both military and commercial. These
factors include: time pressure, realistic consequences of poor decisions,
highly experienced personnel, requirements for team coordination, contextual
complexity, dynamic (constantly changing) conditions, ambiguous cues,
incomplete and potentially unreliable information, and ill-defined goals. In
this poper we will first examine some of the assumptions of behavioral
decision theory that limit the utility of models generated within this
tradition. An alternative decision model will then be described that we
believe is more descriptive of decision making as it is actually carried out
in real world settings. Finally, some implications of this model will be
presented related to team decision making, training, decision support systems,
and planning.

2. Normative Decision Making Approaches

Normative decision models are the primary tools for operations research.
Decision Analysis and Multi-Attribute Utility Analysis, along with Bayesian
statistics and related analytical tools, have been imported from economics,
game theory, and statistics for the purpose of improving the quality of
decision making.

Normative decision models have a number of clear strengths. They are
generic models that can be widely applied, so there is less need to be
concerned with any one specific domain. The techniques ensure that all
participants in a decision task will be speaking the same language, and using
the same metrics. The techniques also lend themselves to inrorporation into
Decision Aids as a way of framing and guiding the decision making. Therefore,
if it is feasible to apply normative models we will have a set of powerful
techniques for overcoming biases and improving decision !uality. In short,
when the assumptions underlying the models are met, then the techniques can
ensure optimal selection between options.

Unfortunately, normative decision models depend on a number of
problematic assumptions: that goals can be isolated, that utilities can be
assessed independent of context, that probabilities can be accurately
estimated, that choices, goal, and evidence are carefully defined, and that
the utilities of outcomes are independent of other outcomes. Each of these
assumptions seems difficult to meet in an operational environment.

(a) Can goals be isolated? For example, a normative analysis might
take as a starting point the goal of slowing down an enemy advanc:e by denying
the enemy the use of key roads. In actuality, this goal is linked to parallel
and higher-order goals such as using the same resources in other ways, or
planning for an eventual counter-attack a few days later over those same
roads. Obviously, it is risky to segment goals out of the larger context, and
to ignore that context in order to make the analysis work. On the other hnA,
it can be overwheimiua Lot a b-.tLe marnaget Lo Lly to deal with the larger
picture in analytical terms.



(b) Can utilities be assessed independent of context? The utility of
mining key roads and calling in artillery is a function of how desperate the
need is at that time to slow the enemy advance, the cost at that time of
maintaining forward observers to direct the artillery, and so on. It is risky
to ignore factors such as these in order to estimate the abstract utility of
blocking a given road.

(c) Can probabilities be accurately estimated? Decision analyses
require people to estimate the probability of occurrence for different
branches of an option tree. We know how difficult it is to assign probability
estimates even without time pressure and personal stress. Experienced
decision analysts recognize this as a limitation of the technique--that
operators will not be able to provide reliable data as inputs into the
analyses.

(d) Will choices, goals, and evidence be clearly defined? Decision
analysis models work best with simple decisions such as which car to buy, or
whether to pioceed with a surgical operation. In contrast, for many military
decisions the end states are not finite and discrete. For example, there are
many ways of configuring platoons in order to set up a defense, too many
options to contrast with each other. Furthermore, the goals are ill-defined.
Victory is a goal, but we do not seek victory at all costs in any given
battle. Finally, the evidence for making the decisions will be incomplete and
of uncertain validity.

(e) Normative models assume that the utilities of outcomes are
independent of other outcomes. This condition is hard to satisfy without a
fair amount of effort since so many facets of military operations are
interrelated and since the military works so hard to sensitize soldiers to
these relationships.

There are a number of serious disadvantages to misapplying normative
decision models. If the assumptions are not met, then the models cannot be
trusted to provide usetul inputs. And it seems clear that military
environments will rarely meet most of the assumptions listed above. Worse
yet, by trying to force military personnel to adjust to th.e needs of the
normative models we run the risk of degrading their ability to make use of
their own experience. W? can interfere with their proficiency. That is why
it is important to understand tue basis of their expertise in order to
determine how to enhance their abilities.

.3. Recognitional Decision Models

As an alternative to normative modeling, we have proposed a descriptive
model of naturalistic decision making which emphasizes recognitional rather
than analytical processes. The Recognition-Primed Decision (RPD) model also
blends aspects of problem solving with the decision task of committing to one
option when faced with several alternatives.
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The RPD model grew out of research with a number of different
populations, including urban Fireground Commanders (Klein, Calderwood, &
Clinton-Cirocco, 1986; Calderwood, Crandall, & Klein, 1987; Calderwood,
Crandall, & Baynes, 1988), wildland fire incident command teams (Taynor,
Klein, & Thordsen, 1986), U.S. Army Armored Division personnel (Brezovic,
Klein, & Thordsen, 1986), and U.S. Army battle planners (Thordsen, Galushka,
Klein, Young, & Brezovic, 1987). These studies reflect a broad range of task
constraints. For example, decisions made over several days to decisions made
in less than one minute; decisions involving primarily a single individual to
teams of 5-9 people; highly expert personnel with more than 20 years of
command experience to newly promoted officers. Both qualitative and
quantitative methods of investigation were employed in these studies,
including semi-structured interviews, on-sight observations, and protocol
analysis. The tasks performed ranged in the level of realism from the very
real (a wildland fire requiring coordination of 4,000 crew members), to force-
on-force exercises and computer simulations at the platoon, battalion,
brigade, and company levels, to classroom battle planning exercises. at the
division and corps level.

Under all of these conditions, we found little evidence for the analytic
process of identifying several options and then systematically evaluating and
contrasting these options on specified dimensions. What we did find is
summarized in Figure 1. The decision begins with an understanding of the
situation. It must be remembered that situations will vary in their degrees
of familiarity. Our decision makers had a great deal of experience, sometimes
more than 20 years, and their decisions were often made under extreme time
pressure, e.g., in less than one minute.

There seem to be four important aspects of situation assessment here--
understanding the types of goals that can be reasonably accomplished in the
situation, increasing the salience of cues that are important within the
context of the situation, forming expectations which can serve as a check on
the accuracy of the situation assessment (i.e., if the expectancies are
violated i. suggests that the situation has been misunderstood), and
recognizing the typical actions to take in that type of situation. Thus,
recognizing the situation carries with it a sense of how to respond. If there
is enough time, the decision maker will evaluate the dominant response option
by imagining it, conducting a mental simulation to see if it will work. If it
does, it will be implemented. If it runs into prob'ems, it will be modified.
If it can't be fixed then, it will be rejected and l..: 1 ikely option will
be considered.

There are a number of features that distinguish the RPD model from
decision analytical approaches.

-- The RPD model focuses on situation assessment rather than judging one
option to be superior to others.

-- The RPD model asserts that experienced decision makers can identify a
reasonably good option as the first one they consider, rather than treating
option generation as a semi-random process.
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-- The RPD model relies on satisficing (Simon, 1955) rather than
optimizing--finding th. first option that works, not necessarily the best
option.

-- The RPD model asserts that experienced decision makers are capable of
effective use of imagery to conduct mental simulations, rather than having to
be skilled at multi-attribute utility analyses.

-- The RPD model views evaluation as occurring through mental simulation
of a single option, rather than the determination of strengths and weaknesses
of several options.

-- The RPD model incorporates problem solving to describe how options
become improved during the process of mental simulation.

-- Finally, the RPD model views the decision maker as being almost
continually prepared to initiate action by committing to the option being
evaluated, rather than having to wait until the analyses are completed before
finding out which option was rated the highest.

We also want to acknowledge the work of a number of researchers who have
been working on related .deas for the past several years. Hammond, Hamm,
Grassia, and Pearson (1984), studying highway engineers, have contrasted
analytical and intuitive decision strategies, showing that under different
conditions each is advantageous. Noble, Boehm-Davis, and Grosz (1986),
working with Navy planners, proposed a schema-based model of recognitional
decision making. Lipshitz (1988) collected data from soldiers in the Israeli
Defense Forces and described their decision making largely in terms of
recognitional processes. Beach and Mitchell (1987), working with decision
makers in industry, have developed Image Theory as a way of incorporating
pattern matching processes into decision models. Thus, in recent years,
several versions of recognitional decision theory have emerged.

4. Strengths and Weaknesses of Recognitional Decision Models

We are not proposing that there is a best decision strategy. Both
recognitional and analytical approaches have their place, and both often need
to be applied within the same decision task. Our claim is that recognitional
strategies can be adaptive, can allow experienced decision makers to respond
effectively, and should be acknowledged as a potential source of strength.

If analytical decision strategies are used in the wrong conditions, they
can leave the decision maker unable to react quickly and effectively.
Conversely, the danger of misapplying recognitional decision strategies is
that personnel will lack the experience needed to identify effective courses
of action as the first ones considered, or will lack the ability to mentally
simulate the option to find the pitfalls, or will fail to optimize when
necessary. For example, the task of generating an operational order of battle
calls for speed and satisficing, and can be compromised by excessive use of
analytical decision strategies. However, the task of anticipating the enemy's
course of action requires optimizing to identify the worst thing that the
enemy might do, and here recognitional processes can lead to trouble.



Research suggests that there are a number of factors affecting the use
of analytical vs. recognitional decision "strategies." Hammond et al. (1984)
have identified a number of these factors in contrasting analytical and
intuitive decision making. Our own research has shown that recognitional
decision making is more likely when the decision maker is experienced, when
time pressure is greater, and when conditions are less stable. In contrast,
analytical decision making seems to prevail when the available data are
abstract and alphanumeric rather than perceptual, when the problems are very
combinatorial, when there is a dispute between different constituencies, and
when there is a strong requirement to justify the course of action chosen.

Care must be taken in interpreting and generalizing research findings on
decision biases, because this literature encourages an emphasis on analytical
decision making, and fosters distrust of the untrained judgments of decision
makers. Many of the heuristics studied by decision researchers (e.g.,
availability, representativeness) enable experienced decision makers to take
advantage of their training to identify likely courses of action.
Unfortunately, the way these heuristics have been studied has resulted in
their being labelled as "biases." Any heuristic can be made to appear
counterproductive under the wrong conditions; we must be careful to consider
whether the laboratory conditions will generalize to naturalistic settings
before judging the strengths and weaknesses of heuristics.

5. Team Decision Making

Because so many of the naturalistic decisions we have studied involve
coordination among different people, we have a special interest in team
decision making. Three studies have been conducted to examine whether team
decisioi, making would increase the use of analysis, to facilitate
communication. This hypothesis was not supported--we saw as much
recognitional decision making among teams as we did in studying individuals.

The first stud-. 'is conducted at Ft. Hood, during a simulated battalion
'se 2Thordsen et al., 1987). A 5-hour planning session was observed,

_u~i.ig whic, 27 different decision points were identified. In only one of
these did the decision makers compare one option to another. The team showed
the same RPD strategies as individuals had. They identificd likely courses of
action and together simulated what would happen if these actions were carried
out. When barriers were reached, the team searched for ways around the
barriers, much like an individual relying on mental simulation.

The second study involved a non-military domain--fotest fires (Taynu'r et
al., 1987). We studied Incident Commanders overseeing large-scale operations,
during an actual fire. Again, there was a predominance of recognitional
decision making and mental simulation to ensure tjjt actions could be, carried
out without running into problems.

The third study was conducted at the Command and General Staff College
at Ft. Leavenworth during a Corps-level command post exercise in an advanced
course (Thordsen & Klein, 1988). The purpose of this research was to collect
data on the team decision processes for use during an After-Action Review; we
also took advantage of the opportunity to observe the decision strategies and
verified the observations made during the research at Ft. Hood.

5.



6. Implications

There are a number of implications stemming from the concept of
recognitional decision making. Because decision-making processes are embedded
in such a wide variety of military activities, there will be many areas that
can be affected if a purely analytical model of decision making is replaced by
a quasi-rational model that combines analytical and recognitional approaches.
Three primary areas to examine are training, decision support systems, and
organizational planning.

Analytical decision models have suggested that if we could only teach
people to use Decision Analysis, Multi-Attribute Utility Theory, and Bayesian
statistics, then we would reap generalized advantages since this generic

training could be applied to a number of different tasks. Unforlunately, this
process-oriented training approach was not very successful. We do not feel
that an RPD process approach should replace it, since the RPD model is already
a description of what people do. Instead, we would argue that training is
needed in recognizing situations, in communicating situation assessment, and
in acquiring the experience to conduct mental simulations of options. Where
process training does seem valuable is for team decision settings, where
processes of management and coordination are critical.

The function of a decision support system would focus on situation
assessment and mental simulation, for reasons described above. That is, we
would recommend abandoning decision aids that required users to follow
classical normative decision strategies, in favor of decision support systems
that facilitated the use of recognitional decision making. Noble et al.
(1986) has demons: ated the type of aid that would facilitate situation
assessment, and Andriole and Hopple (1988) have developed display techniques
to enable easier mental simulation. In addition, systems such as the Army's
Brigade Planner System represent a major step forward in supporting
recognitional decision strategies.

The nature of planning might undergo some re-orientation. We recently
had the opportunity to collect some observational data at Ft. Stewart and Ft.
Irwin (Whitaker, Tnordsen, & Klein, 1981). The goal of this activity was to
examine the way situation assessment was communicated during brigade and
battalion exercises. One hypothesis that emerged from our work was that
effective commanders were preparing their subordinates for inprovisation.
They appreciated the fact that plans usually break down, and thcy wanted their
subordinates to quickly recognize when thu plans were no longer feasible, or
to recognize when opportunities had arisen necessitating the modification of
plans. This is consistent with the German Army concept of Auftragstatik, or
Mission Tactics, emphasizing guidance on objectives rather than on actions. in
order to give meaningful flexibility to troops in the chain of cocezand. There
are different strategies to use if you are preparing a plan that you expect
will be followed, vs. preparing a plan that you expect will degrade during the
course of the operations.

In ccnclusion, a mixed recognitional/analytical model of naturalistic
decision making has implications at a number of different level% for improving
operational performance.



REFERENCES

Beach, L. R., & Mitchell, T. R. (1987). Image theory: Principles, goals,
and plans in decision making. Acta Pscchologia, 46, 201-220.

Brezovic, C. P., Klein, G. A., & Thordsen, M. (1990). Decision makingin
armored platoon command (KATR-858(B)-87-05F). Yellow Springs, OH: Klein
Associates Inc. Prepared under contract MDA903-85-C-0327 for U.S. Army
Research Institute, Alexandria, VA.

Calderwood, R., Crandall, B. W., & Baynes, T. H. (1990). Protocol analysis of
egpert,.jovice command decision making during simulated fire ground
.incidents (KATR-858-88-02Z). Yellow Springs, OH: Klein Associates Inc.
Prepared under contract MDA903-85-C-0327 for the U.S. Army Research
Institute for the Behavioral and Social Sciences, Alexandria, VA.

Calderwood, R., Crandall, B., & Klein, G.(in press). Expert and novice fire
&round command decisions (KATR-858(D)-87-02F). Yellow Springs, OH: Klein
Associates Inc. Prepared under contract KDA903-85-C-0327 for U.S. Army
Research Institute, Alexandria, VA.

Hammond, K. R., Ham, R. M., Grassia, J., & Pearson, T. (1984). The
r elive efficacy, of intu~ityee a~nd an aiclytig~a on n. Boulder, CO:
Center for Research on Judgment and Policy.

Klein, G. A., Calderwood, R., & Clinton-Cirocco, A. (1986). Rapid decision
making -nn the fire ground. PFocg"dijn.jtheHuman Factors .ocz
Mnrua4l. egtJ_, 1, 576-580. Dayton, OH: Human Factors Society.

Lipshitz, R. (1987). PDFijpn knjwtherealworld:_.eVeloD i f
_d .pf s .dpre r~iion s _�._~d c no •_alr '.%.r.tsmpe t i vie
.accouns. Unpublished manuscript. MA: Boston University, Center for
Applied Sciences.

Noble, D., Boehm-Davis, D., & Gros-, C. (1986). Asch~ra-ba~ed qdcl__•_
nL_4.s _e Vienna, VA: Engineering

Research Associates.

Simon, H. A. (1955). A behavioral model of rational choice. Quarttery
J~o _oin _c~s, 6, 99-118.

Taynor, J., Klein, G. A., & Thordsen, M. (1991. Pj:trrbutedOderjisio_makik__
. (KATR-858(A)-04F). Yellow Springs, OH: Klein

Associat-s Inc. Prepared under contract HDA903-85.-C-O127 for U.S. Army
Research Institute, Alexandria, VA.

Thor.!sen, H. L., K Klein, G. A, dtizision._jupqIq___oti four
~~y~~luating~~~~h_ pfonrcofdisn uprt _;este_ý

(KATR-663-88-06Z). Yellow Springs, OH: Klein Associates Inc. Prepared
under contract MDA903-86-C-0170 for th. U.S. Army Research Institute for
the Behavioral and Social Sciences, AlexandriQ, VA.

I



Thordsen, M. L., Galushka, J., Klein, G. A., Young, S., & Brezovic, C. P.
(1988). A knowledge elicitation study of millit•ray panj

(KATR-863C-87-08F). Yellow Springs, OH: Klein Associates Inc. Prepared
under contrat HDA903-86-C-0170 for the U.S. Army Research Institute Field
Unit, Leavenworth, KS.

Whitaker, L. A., Thordsen, M. L., & Klein, G. A. (1989). Tracing sit•aktion
assessment in Cz field settin.gs: So mepreliminary observ.itions. Working
paper. Yellow Springs, OH: Klein Associates Inc.


