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Planning requires an individual to make a series of decisions about

an intended course of action. This Note evaluates two major assup-

tions of an "opportunistic" model of the planning process: (a) that

planners make decisions at different levels of abstraction; and (b)

that prior decisions influence subsequent decisions opportunistically,

regardless of their respective levels of abstraction. The results of

three experiments support these assumptions. In Experiment 1, subjects

sorted statements of different planning decisions according to similar-

ity. A hierarchical clustering analysis of their sortings confirmed

the postulated levels of abstraction. In Experiments 2 and 3, subjects

chose between alternative decisions, given a particular prior decision.

In Experiment 2, the prior decision influenced subjects' choices between

two alternative decisions at both higher and lower levels of abstraction

than the prior decision. In Experiment 3, it influenced their choices

between alternatives at two different levels of abstraction. This

Note should interest researchers concerned with cognitive processes

underlying planning.
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[ PREFACE

This Note documents three experiments on decisionmaklg during the

planning process. It explicates the kinds of decisions planners make

and the principles underlying the sequencing of decisions during plan-

ning. It should interest researchers concerned with cognitive processes

underlying planning. The research was supported by Contract N00014-78-

C-0039 from the Office of Naval Research.
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SUMMARY

Planning requires an individual to make a series of decisions about

an intended course of action. This Note evaluates two major assumptions

of an "opportunistic" model of the planning process: (a) that planners

make decisions at different levels of abstraction; and (b) that prior

decisions influence subsequent decisions opportunistically, regardless

of their respective levels of abstraction. The results of three experi-

ments support these assumptions. In Experiment 1, subjects sorted

statements of different planning decisions according to similarity. A

hierarchical clustering analysis of their sortings confirmed the postu-

lated levels of abstraction. In Experiments 2 and 3, subjects chose

between a. rnative decisions, given a particular prior decision. In

Experiment 2, the prior decision influenced subjects' choices between

two alternative decisions at both higher and lower levels of abstraction

than the prior decision. In Experiment 3, it influenced their choices

between alternatives at two different levels of abstraction.
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I. INTRODUCTION

Planning is the formulation of an intended course of action. In a

recent paper, Hayes-Roth and Hayes-Roth (1979) proposed an "opportunis-

tic" model of the cognitive processes a person uses when planning. Two

major assumptions of the model are that, in the course of planning, (a)

planners make decisions at different levels of abstraction; and (b)

prior decisions influence subsequent decisions opportunistically,

regardless of their respective levels of abstraction.

These two assumptions distinguish the opportunistic model from

other models of the planning process (Atwood & Polson, 1976; Byrne,

1977; Greeno, 1974; Jeffries, Polson, Razran, & Atwood, 1977; Newell &

Simon, 1972; Newell, Shaw, & Simon, 1963; Sacerdoti, 1975). While many

of the earlier models postulate the existence and functionality of lev-

els of abstraction, they do not identify specific levels or operational-

ize the distinctions among them. These models also assume that planning

is fundamentally a "top-down" process. That is, the planner initially

formulates an abstract plan and successively refines it at lower levels

of abstraction. In contrast, the opportunistic model operationalizes a

particular set of levels and assumes that planning includes both top-

down and bottom-up decision sequences.

This Note evaluates these two assumptions of the opportunistic

model, using the results obtained in three experiments. In Experiment 1

we provide evidence for the psychological validity of the specific lev-

els of abstraction postulated by the model. In Experiments 2 and 3 we

demonstrate that during planning, a decision made at a particular level

. " .. ,
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of abstraction can influence subsequent decisions at both higher and

lower levels of abstraction.

The remainder of the Note is organized as follows. We first

describe an "errand-planning task" to illustrate the nature of the plan-

ning tasks under consideration and provide a context in which to present

the opportunistic model. We then describe the opportunistic model and

explain the two major assumptions introduced above in more detail.

Finally, we report the three experiments performed to test the assump-

tions.
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II. THE ERRAND-PLANNING TASK

In the Hayes-Roth and Hayes-Roth (1979) planning task, subjects had

to formulate a plan for performing a set of errands in a fictional town

(see Figure 1). Subjects read a scenario that described a list of

desired errands, a starting time and location, an ending time and loca-

tion, and sometimes some additional constraints. A simple example fol-

lows:

You have just parked your car at the Maple Street Parking

Structure (56). The errands on your list are:

> buy a shirt at Bruno's men's store (15)

> buy a birthday card at the card and gift shop (37)

> check out the rental listings at Century 21 (57)

> buy some coffee mugs at Pier 1 (51)

> buy some fish food at the pet store (23)

Because the allotted plan execution time was invariably insufficient to

perform all of the errands, subjects had to decide which errands to per-

form as well as how to organize their activities. Subjects' complete

plans specified: (a) what errands to perform, (b) how much time to

spend performing individual errands, (c) the order in which to perform

the errands, and (d) the routes to travel between errands.
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III. THE OPPORTUNISTIC PLANNING MODEL

The opportunistic planning model comprises three major components:

a blackboard, or data base, on which individual decisions are posted

during the planning process; a set of independent specialists that pro-

duce tentative decisions for incorporation into the developing plan; and

an executive control structure to coordinate the activities of the spe-

cialists. In the following paragraphs we briefly describe each of these

components.

The model assumes that decisions made during planning and posted on

the blackboard are partitioned into categories defined by their levels

of abstraction, or the amount of detail specified by a decision. High-

level decisions specify only the most general characteristics of the

final plan, while low-level decisions specify the details of individual

planned actions. For the errand-planning task, Hayes-Roth and Hayes-

Roth (1979) postulated four levels of abstraction: outcome, desin, pro-

cedure, and operation. They operationalized these levels as follows:

1. Outcome decisions indicate an intention to perform a
particular errand. They do not specify when to perform the
errand (either in absolute terms or relative to the
performance of some other errands) or the route by which to
travel to the errand.

Example: I will definitely buy the birthday card today.

2. Design decisions provide a gross characterization of the
temporal-spatial organization of the plan. They indicate a
general time or order in which sets of errands will be
performed but do not specify exact orderings of individual
errands or specific routes between successive errands.

Exampie: I will do all of the errands on the west side of
town before I do the errands on the east side of town.
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3. Procedure decisions determine the order in which
individual errands will be performed but do not specify
routes between successive errands.

Example: I will go to the card and gift shop first.

4. Operation decisions determine the exact routes to be
taken in performing the errands.

Example: I will travel from the Maple Street Parking
Structure to the card and gift shop by walking north on
Belmont Avenue.

(While the complete model postulates many other kinds of decisions, in

this Note we restrict our attention to those described above.)

Decisions posted on the blackboard are produced by the planning

specialists. Different specialists have different kinds of planning

knowledge and influence different aspects of the plan. Some specialists

suggest high-level additions to the plan (e.g., outcomes), while others

suggest detailed sequences of specific actions (e.g., operations). Each

specialist can examine prior decisions posted on the blackboard,

transform or combine that information with its own knowledge, and gen-

erate new decisions. The model operationalizes specialists as

condition-action rules, similar to the production rules of Newell and

Simon (1972). For example, one specialist might embody the following

heuristic:

IF there Is a requested errand near the current location
THEN decide to perform that errand next.

As this example illustrates, a specialist's condition describes the cir-

cumstances under which it can contribute a decision to the plan. When

the condition of a specialist has been satisfied, we say that the



-7-

specialist has been invoked. A specialist's action might be to post a

new decision on the blackboard at a particular level of abstraction or

to change a previous decision.

The model assumes that different specialists combine levels of

abstraction in a variety of ways. For example, some specialists operate

"top-down." That is, they require prior decisions at relatively high

levels of abstraction and post new decisions at lower levels. To illus-

trate, the following specialist requires as a condition a prior design

decision, while its action posts a new procedure decision:

IF the design is to do all the errands on the east side of
town first

AND there are some unplanned errands on the east side of town
THEN do an unplanned errand on the east side of town next.

Conversely, some specialists operate "bottom-up." They require prior

decisions at relatively low levels of abstraction and post new decisions

at higher levels. The following specialist requires a prior operation

decision, while its action posts a new procedure decision:

IF there is a shortcut connecting two unplanned errands
THEN do the two errands consecutively.

The model assumes that planning proceeds through a series of cycles

during which specialists read information from the blackboard and exe-

cute their actions. On any cycle, a number of specialists may be

invoked--that is, their conditions may have been satisfied by the

appearance of some prior decision on the blackboard. An executive deci-

sion selects one of the invoked specialists to execute its action,

-""SON



generating a new decision and recording it on the blackboard. This new

decision will invoke additional specialists, beginning a new cycle. The

process will ordinarily continue until the planner has integrated mutu-

ally consistent individual decisions into a satisfactory overall plan.

The scheduling of invoked specialists is an important feature of

the model. It is assumed to be an opportunistic process. This means

that there is no strong a priori organization of planning activity.

Instead, the executive schedules the most desirable of the currently

invoked specialists. Desirability may reflect consideration of a number

of factors, such as recency of invocation, ability to contribute a par-

ticular kind of decision to the plan, ability to contribute a decision

at a particular level of abstraction, etc.

We can now restate the two assumptions under investigation in terms

of the details of the model.

LEVELS OF ABSTRACTION

The model identifies and operationalizes four levels of abstraction

for the errand-planning task: outcome, design, operation, and pro-

cedure. We assume that planners make decisions at each of these levels

of abstraction and that the levels have "psychological significance."

Hayes-Roth and Hayes-Roth (1979) presented informal support for this

assumption in the thinking-aloud protocols produced by their subjects.

The protocols contained many instances of decisions representing each of

the four postulated levels of abstraction. However, two factors limit

the utility of these results. First, the results are observational and

do not provide an experimental test of the assumption. Second, although
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the results demonstrate the descriptive value of the postulated levels

of abstraction, they do not show that the levels have any special signi-

ficance from the subject's point of view. Experiment 1 provides an

experimental test of the psychological significance of the postulated

levels of abstraction.

OPPORTUNISM

The model provides two underlying mechanisms for opportunism.

First, it assumes that there exist both top-down and bottom-up planning

specialists. This provides an explicit capability for prior decisions

to influence the generation of subsequent decisions at both higher and

lower levels of abstraction. Second, the model assumes that the execu-

tive control process is, itself, opportunistic. By using a variety of

criteria to schedule invoked planning specialists, the executive permits

a variety of overall organizations of the planning process.

Hayes-Roth and Hayes-Roth (1979) also provided informal support for

the opportunism assumption in the thinking-aloud protocols they

described. The protocols contained many decision sequences illustrating

both top-down and bottom-up progressions. Again, while these results

are provocative, they do not provide a strong test of the assumption.

Temporal contiguity of related decisions in a protocol suggests but does

not imply that the prior decision influenced the generation of the sub-

sequent decision. Experiments 2 and 3 provide direct tests of this

assumption for both top-down and bottom-up progressions.
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IV. EXPERIMENT 1

If the postulated levels of abstraction--outcome, design, pro-

cedure, and operation--represent distinct cognitive categories of plan-

ning decisions, then even people unfamiliar with the theory should

recognize the similarities among decisions within a level and the

differences among decisions from different levels. In particular, if

asked to cluster decisions by similarity, subjects should group deci-

sions from a particular level together. Experiment 1 tested this pre-

diction.

The materials for this experiment comprised statements taken

directly from thinking-aloud protocols of subjects performing the

errand-planning task. We selected statements representing decisions at

the four levels of abstraction. Then we presented the statements to

theoretically naive subjects in a sorting task. These subjects ordered

the statements in a sequence so that statements close together in the

sequence "communicated similar kinds of information," while statements

further apart "communicated different kinds of information."

We then submitted subjects' orderings to a hierarchical clustering

analysis. We predicted that statements representing each level of

abstraction should cluster together. Alternatively, subjects might

order statements on the basis of extraneous features, such as reference

to a common street or errand, syntactic structure of the statements,

temporal reference, etc. This might produce reliable clusters, dif-

ferent from those predicted by the theory. Subjects also might not pro-

duce reliable clusters at all. This would occur if subjects did not
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notice similarities among statements or if different subjects focused on

different similarities.

METHOD

Materials. We drew sixteen statements from thirty thinking-aloud

protocols (six protocols obtained from each of five subjects). Four

statements represented each of the four levels of abstraction (see Table

1). We tried to select statements that varied in content as much as

possible within each level. In addition, we attempted to minimize

correlations between the predicted categories and obvious linguistic

cues, including sentence length, number of clauses, number of nouns, and

number of concrete nouns. Finally, we. did not include any statements

that instantiated other statements at higher levels of abstraction. We

also excluded statements from a single protocol that were obviously

related. Thus, no explicit or implicit relationships between statements

cued subjects to use the predicted categorization.

Procedure. Subjects were tested in groups. The experimenter gave

each subject sixteen cards, with one statement typed on each card. Sub-

jects were instructed to order the cards in a line, so that statements

close together in the line "communicated similar kinds of information,"

while statements far apart in the line "communicated different kinds of

information." Each card had a randomly assigned number between one and

sixteen printed on the back.

After ordering the statements, subjects turned over the cards and

recorded the card numbers in sequence on an answer sheet. Subjects then

performed a distractor task requiring them to mark all articles in a

.....................
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Table 1

STATEMENTS FROM THE FOUR LEVELS OF ABSTRACTION
USED IN THE SORTING TASK IN EXPERIMENT 1

Outcomes

1. The main thing I've got to do today is a dentist appointment.
2. Signing the papers at my lawyer's office is something I have

to get done.
3. I'll try to pick up the package at the post office.
4. So I have to buy ice cream.

Designs

5. I'm going to do errands that are in the northwest part of
town.

6. I'm on the south side of town, so I thought it would be a
good idea to make a northerly sweep.

7. I've got two sort of general areas that I'm working with,
one that has the parking garage, the tennis court, and the
drugstore, and one that has the museum.

8. I think I'll go around in a circle.

Procedures

9. I'm going to go from the sporting goods store to the subway
station.

10. I can go to the travel agency last before I go to the subway
station.

11. 1 could just whip on down to the art supply store after I go
to the museum.

12. I'll leave the music place and go over to the bookstore on
Cedar Street.

Operations

13. I'll go down Central, through the park, onto Jackson, down
Johnson Street, through the park, and to the tennis courts.

14. I'll go down Cedar to Dunbar, to Lakeshore, into King's Way,
to the hardware store.

15. I'll go up Belmont, onto Pine Street to the pharmacy.
16. I then proceed due east on Pine, north on Belmont, and then

west on Oak to the courthouse to pay the traffic ticket.

Low ,
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five-hundred word text. This task lasted approximately five minutes.

Subjects then performed the sorting task again, beginning with a new

random ordering of the sixteen statements. Subjects performed these two

tasks alternately until they had performed the sorting task four times

in all.

Subjects used new answer sheets on each trial, so that no record of

previous orderings could influence subsequent orderings. In addition,

we instructed subjects not to strive for consistency in their orderings

across trials, but rather to give an "honest," independent ordering of

the statements on each trial.

Subjects. Eleven UCLA undergraduates participated as subjects.

RESULTS AND DISCUSSION

We submitted the data to Friendly's (1977) hierarchical clustering

program. This program identifies clusters based on pairwise item prox-

imities in the sequences subjects produced. The program first computed

average proximities between all 120 pairs of statements across the

forty-four constructed sequences (four sequences for each of eleven sub-

jects). It defined "proximity" as list length (sixteen) minus the aver-

age number of other statements intervening between a given pair. Thus,

a large proximity value indicates a pair of statements that subjects

tend to place near one another in their orderings, that is, statements

that subjects believe communicate similar kinds of information. The

program used these proximities to join the statements recursively into

clusters. It began by joining the pair of statements with the largest

proximity into a cluster. On subsequent "cycles," it joined additional
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statements to one another or to existing clusters in order of decreasing

proximity. The program treated existing clusters as units, measuring

the proximity of a statement to a cluster as its proximity to the most

proximate member of the cluster (the "single link" or "nearest neighbor"

method). (See Friendly (1977) for a more detailed account of this

methodology.)

The clustering analysis described above provides a direct test of

the hypothesis that the four postulated levels of abstraction represent

a salient dimension of psychological similarity. As discussed above,

subjects might reasonably recognize other dimensions of similarity among

the sixteen statements they sorted. These, along with the predicted

abstraction dimension, might define a multidimensional psychological

space. By forcing our subjects to produce a linear ordering of the

statements, we have provided a rigorous test of the hypothesis. Confir-

mation requires not only that abstraction constitute a psychologically

valid dimension of psychological similarity, but that it also be

prominent enough to dominate the several other dimensions of similarity.

Figure 2 shows the results of the clustering analysis. Statement

numbers on the left side of Figure 2 correspond to the statement numbers

in Table 1. For brevity, we have labeled groups of statements with

their theoretical levels of abstraction.

Figure 2 shows the normalized proximity values (proportions of the

maximum possible proximity value) at which the program joined individual

statements and clusters into larger clusters. For example, the program

Joined outcomes 1 and 2 first, at the maximal proximity, 1.0. It joined
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2,

Procedures 1

Operationsf 14

1.0 0.9 0.8 0.7 0.6 0.5
Normalized proximity values

Fig. 2--Clusters formed in the hierarchical analysis of subjects'
similarity orderings of planning statements

outcomes 3 and 4 at proximity .89 and immediately merged the two clus-

ters of outcomes into a single cluster.

As shown in Figure 2, subjects closely grouped the four statements

representing each level of abstraction. The program formed all four

predicted clusters at proximities of .87 or higher. It did not form

clusters across different levels of abstraction until all statements

within a level were merged into a single cluster. Further, the analysis

combined higher-order clusters in the same order specified by the

.t
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abstraction hierarchy. In Figure 2, statements on the edge of each

cluster border the most proximate statements from different clusters.

For example, of non-outcome statements (5-16), design 5 is the most

proximate to outcome 4. These between-cluster proximities ordered the

level clusters from most abstract (outcomes) to least abstract (opera-

tions).

These results confirm the postulated levels of abstraction. Sub-

jects recognized that statements within a level communicated similar

kinds of information, that statements from different levels communicated

different kinds of information, and that statements from adjacent levels

were more similar than statements from non-adjacent levels. Thus, the

postulated levels of abstraction appear to represent functional cogni-

tive categories for planning decisions.
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V. EXPERIMENT 2

The second major assumption to be tested is that early planning

decisions influence subsequent decisions opportunistically, regardless

of their relative levels of abstraction. As discussed above, it is dif-

ficult to test this prediction in a spontaneous planning paradigm. Tem-

poral contiguity of two decisions in a protocol does not imply a causal

relationship in their generation. Therefore, in Experiment 2, we modi-

fied the planning task to enable us to control the generation of early

decisions and to predict the generation of subsequent decisions.

We modified the planning task as follows. We gave subjects a

series of planning problems. In addition to the usual problem state-

ment, as described above, each problem included a constraint specifying

a particular prior decision. For example, one problem included the con-

straint that the subject plan to go to the drugstore first. Then,

instead of forming a complete plan, subjects chose one of two alterna-

tive subsequent decisions. For example, the subject might choose

between two alternative routes to the drugstore. In all problems, sub-

jects could reasonably choose either of the two alternative decisions.

Half of the problems tested for a top-down influence; that is, the prior

decision was at a higher level of abstraction than the two alternative

subsequent decisions in these problems. The other half of the problems

tested for a bottom-up influence; the prior decision was at a lower

level of abstraction than'the two alternatives.

Under the opportunism assumption, a subject's choice between alter-

native decisions should be influenced by the particular prior decisions
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the subject has made at both higher and lower levels of abstraction.

Therefore, by constraining subjects to make particular prior decisions,

we should be able to influence their tendency to choose between alterna-

tive subsequent decisions. Further, we should be able to influence sub-

jects' decision sequences in both top-down and bottom-up directions.

In top-down problems, subjects should tend to choose subsequent

decisions that fill in the details of prior higher-level decisions. The

following problem illustrates this prediction. It constrains the sub-

ject to make a particular design decision and to choose a subsequent

procedure decision.

You have just parked your car at the Maple Street Parking

Structure (56). The errands on your list are:

> buy a shirt at Bruno's men store (15)

> buy a birthday card at the card and gift shop (37)

> check out the rental listings at Century 21 (57)

> buy some coffee mugs at Pier 1 (51)

> buy some fish food at the pet store

You've decided to make a circle around town, doing each
errand as you come to it. After leaving the parking
structure, will you go:

(a) to the men's store and then to the card and gift shop?

(b) to the card and gift shop and then to the men's store?

For this example, decision (b) fills in some procedure-level details of

the prior design decision. Proceeding from the parking structure to the
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card and gift shop and then to Bruno's men's store will provide an effi-

cient realization of the plan to make a circle around town. Decision

(a), on the other hand, represents a reasonable partial plan but does

not elaborate the prior design decision. While the subject could go to

Bruno's before the card and gift shop and still make a circle around

town, this would not be a very efficient realization of that design. We

presume that efficiency is one of the general criteria most subjects

bring to bear during planning. Therefore, for this example, subjects

should tend to choose decision (b).

Alternatively, the problem might constrain subjects to make the

following design decision:

You've decided to do all of the errands on the west side of
town before doing any of the errands on the east side of town.

In this case, decision (a) provides a more efficient procedure-level

realization of the design than decision (b). The route from the parking

structure up Belmont Avenue to Bruno's, back down Belmont Avenue to the

card and gift shop, and then across Johnson Street to Century 21 is the

shortest route accomplishing all three errands on the west side of town.

Again, while the subject could choose decision (b) and still carry out

the prior design, this would not be a very efficient realization of that

design. Therefore, for this example, subjects should tend to choose

decision (a).

In the case of bottom-up problems, subjects should tend to choose

subsequent decisions that incorporate the details of constraints on

prior lower-level decisions. The following problem illustrates this
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prediction. It uses the same errand list as the top-down problems

above. However, it constrains the subject to make a particular pro-

cedure decision and to choose a subsequent design decision:

You've decided to go directly from the parking structure to the
card and gift store and then to the men's store. Will you:

(a) do all of the errands on the west side before doing
those on the east side?

(b) continue in a circle around town, doing each errand as
you come to it?

For this example, design decision (b) incorporates the details of the

prior procedure decision. Again, the subject could reasonably choose

either of the two alternatives. However, given that the subject has

decided to go to the card and gift shop before going to Bruno's men's

store, the circle design is more efficient than the west side-east side

design. Therefore, subjects should tend to choose decision (b).

Alternatively, the problem might constrain subjects to make the

following decision:

You've decided to go directly from the parking structure
to the men's store and then to the card and gift shop.

In this case, design decision (a) incorporates the details of the prior

procedure decision more effectively than decision (b). Going to the
men's store first and then returning to the card and gift shop is more

suggestive of a design that clusters errands on each side of town than

of a circle design. Therefore, subjects should tend to choose decision

(a).
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Of course, factors other than prior decisions and efficiency might

influence subjects' choices of subsequent decisions. In addition, sub-

jects may differ in their perceptions of the relative "efficiency" of

two alternative decisions. Therefore, constraining subjects to make

particular prior decisions may not completely determine their selection

of subsequent decisions. However, the opportunism assumption predicts

that constraints on prior decisions should influence subjects' tendency

to select one or the other. Experiment 2 tests this prediction.

METHOD

Materials. The examples given above illustrate the problems used

in this experiment. Each problem prototype included a list of desired

errands, starting and ending times and locations, and two alternative

decisions at each of two levels of abstraction. We generated four test

items from each prototype. Two of the items presented top-down decision

sequences. Each of these items constrained subjects to make one of the

higher-level decisions and to select one of the two alternative lower-

level decisions. As in the example above, each alternative was

predicted for one of the prior decisions. The other two items presented

bottom-up decision sequences. Each of these items constrained subjects

to make one of the lower-level decisions and to select one of the two

alternative higher-level decisions. Again, each alternative was

predicted for one of the prior decisions. These materials enabled us to

use essentially the same test items for both top-down and bottom-up ana-

lyses. For all items, both alternatives were plausible decisions; how-

ever, given a particular prior decision, one alternative led to a more
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efficient plan. There were twelve problem prototypes in all, two for

each pair of abstraction levels (outcome-design, outcome-procedure,

outcome-operation, design-procedure, design-operation, procedure-

operation). Thus, there were forty-eight test items in all.

Procedure. Subjects were tested in groups. They worked at their

own pace through booklets containing the forty-eight test items in ran-

dom order. After reading a problem and consulting the map shown in Fig-

ure 1, subjects indicated which of the two alternative decisions they

would make. Subjects required between one and two hours to complete the

task.

RESULTS AND DISCUSSION

To facilitate the discussion of results, we will refer to the

alternative prior decisions for a given test item as A and B. We will

refer to the alternative subsequent decisions as a and b. These alter-

natives are yoked such that, under the logic discussed above, prior

decision A should incline subjects to choose subsequent decision a and

prior decision B should incline subjects to choose subsequent decision b.

We computed two scores for each problem prototype: a top-down

effect and a bottom-up effect. We computed each score as the difference

in conditional probability of selecting response a, given the two alter-

native prior decisions. That is, the effect of a prior decision on the

choice of a subsequent decision was P(a/A)-P(a/B). Thus, the top-down

effect measures subjects' preferences for decisions that efficiently

instantiate prior hiSher-level decisions. The bottom-up effect measures

subjects' preferences for decisions that efficiently incorporate the
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details of prior lower-level decisions. In both cases, a score of zero

indicates that the prior decision had no effect on subjects' choices of

subsequent decisions. A score of one indicates that the prior decision

completely determined subjects' choices of subsequent decisions. As

discussed above, the model predicts that both effects should be greater

than zero.

Table 2 shows the scores for top-down and bottom-up versions of

each of the twelve problem prototypes. Averaging across levels of

abstraction, the mean top-down effect, .62, is significantly greater

than zero, t(ll) = 9.91, p < .001. The mean bottom-up effect, .62, is

also significantly greater than zero, t(ll) = 8.92, p < .001. The mag-

nitudes of these effects suggest that while prior decisions do not com-

pletely determine subsequent decisions, they have a substantial impact.

In addition, top-down and bottom-up effects appear equally prominent.

Thus, the results confirm the prediction and support the assumption that

planning includes both top-down and bottom-up decision processes.

" . . , ,- ..- , . , . . . , , • ' . ,0 , . . , .
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Table 2

TOP-DOWN AND BOTTON-UP EFFECTS OF CONSTRAINT

Task Effect

Top-Down Bottom-Up

Outcome-Design 1 .75 .38

Outcome-Design 2 .63 .38

Outcome-Procedure 1 .75 .38

Outcome-Procedure 2 .63 .50

Outcome-Operation 1 .75 .88

Outcome-Operation 2 .63 1.00

Design-Procedure 1 .25 .38

Design-Procedure 2 .63 .50

Design-Operation 1 .88 .63

Design-Operation 2 .63 .75

Procedure-Operation 1 .13 .63

Procedure-Operation 2 .75 1.00

Mean .62 .62
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VI. EXPERIMENT 3

As discussed above, the opportunistic model assumes that prior

decisions suggest unanticipated opportunities for plan development.

Planners presumably exploit many of these opportunities regardless of

the level of abstraction at which they occur. That is, they exploit

suggested opportunities to develop the plan in progress at both higher

and lower levels of abstraction than the level at which the prior deci-

sion occurred. Thus planning can be a "multidirectional" process.

Under this assumption, requiring subjects to make particular deci-

sions early in the planning process should influence the level at which

their subsequent decisions occur. For example, requiring a particular

design decision might suggest a subsequent procedure decision, while

requiring another design decision might suggest a subsequent outcome

decision. By constraining subjects to make particular prior decisions,

we should be able to influence their tendency to choose between alterna-

tive subsequent decisions at higher or lower levels of abstraction.

Experiment 3 tested this predicted multidirectionality in the planning

process.

The problems for Experiment 3 were similar to those described above

for Experiment 2. Each problem constrained subjects to make a particu-

lar prior decision and to select one of two alternative subsequent deci-

sions. However, for Experiment 3, one alternative represented the level

of abstraction just above the level of the prior decision, while the

other represented the level just below it. Thus, for a given prior
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decision, the subject's choice of a subsequent decision defined either a

top-down sequence or a bottom-up sequence.

The problem below illustrates the materials for Experiment 3. It

constrains subjects to make a particular procedure decision and then to

select either a design or an operation decision.

You're at the Washington Avenue parking lot (46) and want to do
some errands before going home. Here are the errands you went
to do:

> look at new dresses at La Node dress shop (45)

" view the new exhibit at the art gallery (47)

" look at boots at the leather goods store (49)

" browse through Pier 1 (51)

" stop and browse at the rummage sale at the Jackson
Avenue Presbyterian church (52)

> get a hair trim at the hair dresser (74)

V" You've decided to go to the hair dresser (74) right after going

to the dress shop (45).

Will you:

(a) Travel from east to west through town, doing each

errand as you get to it?

(b) Cut through the Truc (61)?

For this problem, decision (b) provides an extremely efficient route for

traveling from the dress shop to the hair dresser. Decision (a), on the

other hand, is largely independent of the prior decision. The subject

could reasonably adopt the design specified in decision (a), but it is

not particularly salient in light of the prior decision. Therefore, for
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this problem, subjects should choose alternative (b), implementing a

top-down decision sequence.

Alternatively, the same problem might constrain subjects to make

the following prior decision:

You've decided to go to the rummage sale (52) after
leaving the parking lot.

For this problem, alternative (a) is an obvious general design for the

plan that gracefully incorporates the decision to go to the rummage sale

immediately after leaving the parking lot. Decision (b), on the other

hand, is largely independent of the prior decision. The subject might

eventually decide to cut through the Truc, but that shortcut is not par-

ticularly salient in light of the prior decision. Therefore, for this

problem, subjects should tend to choose alternative (a), implementing a

bottom-up decision sequence.

As these examples illustrate, the opportunism assumption predicts

that constraining subjects to make particular prior decisions should

influence the selection of subsequent decisions at either higher or

lower levels of abstraction. While factors other than prior decisions

might also influence subjects' choices, constraints on prior decisions

should influence their tendency to work top-down or bottom-up.

METHOD

Haterials. The examples given above illustrate the problems used

in this experiment. Each problem prototype included a list of desired

errands, starting and ending times and locations, two alternative prior

decisions, and two alternative subsequent decisions. There were two
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groups of problem prototypes: those that specified a prior design deci-

sion and those that specified a prior procedure decision. There were

six prototypes in each group.

For each problem prototype, one alternative subsequent decision was

one level above that of the prior decision and the other alternative was

at the level below. We constructed three test items from each proto-

type: one for each of the alternative prior decisions and one specify-

ing no prior decision. (Test items specifying no prior decision served

as controls, measuring subjects' predispositions to select one or the

other of the two alternatives.) Alternatives (a) and (b) represented

top-down and bottom-up progressions equally often. For all items, both

alternative subsequent decisions were plausible selections. However, as

discussed above, each prior decision was predicted to incline subjects

to select one or the other of the alternatives. These materials permit-

ted us to use essentially the same items for both top-down and bottom-up

analyses.

Given two groups of six problem prototypes and three test items per

prototype, there were thirty-six test items in all.

Procedure. Subjects were tested in groups. They worked at their

own pace through booklets containing the thirty-six test items in random

order. After reading each problem and consulting the map shown in Fig-

ure 1, subjects indicated which of the two alternative decisions they

preferred. Subjects required about one hour to complete the experiment.

Subjects. Fifteen UCLA undergraduates served as subjects.
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RESULTS AND DISCUSSION

To facilitate this discussion, we will designate any particular

prior decision for a given task as D and no prior decision (the control

condition) as C. We will refer to the alternative subsequent decision

predicted to follow prior decision D as d.

We computed two scores for each problem prototype: a top-down

effect and a bottom-up effect. We computed each score as P(d/D)-P(d/C).

Thus, the top-down effect measures the increase in subjects' a priori

preferences for decisions when those decisions fill in the details of

prior decisions. The bottom-up effect measures the increase in sub-

jects' a priori preferences for decisions when those decisions reflect

more general plan characteristics suggested by prior decisions. In both

cases, a score of zero indicates that the prior decision had no effect

on subjects' choices of subsequent decisions. A score greater than zero

indicates that the prior score influenced subjects' choices of subse-

quent decisions. As discussed above, the opportunism assumption

predicts that both scores should be greater than zero.

Table 3 shows the magnitudes of the top-down and bottom-up effects

for each of the twelve problem prototypes. The mean top-down effect,

.28, was significantly greater than zero, t(ll) = 5.50, p < .001. The

mean bottom-up effect, .09, was also significantly greater than zero,

t(1l) = 2.40, p < .025. Thus, the results confirm the prediction and

support the assumption that planning includes both top-down and bottom-

up processes.

~jm
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Table 3

TOP-DOWN AND BOTTOM-UP EFFECTS OF
OPPORTUNISM IN EXPERIMENT 3

Effect

Task Top-Down Bottom-Up

Prior Decision at Design Level

1 .27 .13

2 .13 -.13

3 .27 .00

4 .20 -.07

5 .13 .13

6 .60 .07

Prior Decision at Procedure Level

7 .00 .20

8 .53 .07

9 .20 .33

10 .40 .20

11 .20 .13

12 .40 .00

Mean .28 '09
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The top-down and bottom-up effects observed in this experiment are

considerably smaller than the corresponding effects observed in Experi-

sent 2. In addition, in Experiment 3, the top-down effect appears

larger than the bottom-up effect. (In Experiment 2, the effects were

comparable for the two conditions.) These apparent differences between

the results of the two experiments are probably artifacts of the dif-

ferent statistical techniques used in the two experiments. In both

experiments, our measurement of each effect contrasted subjects' tenden-

cies to choose a particular decision, given alternative prior decisions.

In Experiment 2, we contrasted a case in which the prior decision

motivated one choice with a case in which a different prior decision

motivated the alternative. In Experiment 3, we contrasted a case in

which the prior decision motivated one choice with a control case that

motivated neither alternative. Thus, other factors being equal, we

would expect the measurement in Experiment 2 to produce larger differ-

ences than the measurement in Experiment 3.

Note also that in Experiment 3, top-down and bottom-up statistics

are not independent. The control condition, used to correct for

response bias, provides complementary probabilities for the two problem

types. For example, if the control probability is .4 for a top-down

problem, it is .6 for the corresponding bottom-up problem. As these

probabilities deviate from .5, they have opposite effects on the power

of the statistics measuring the two effects. In general, it is easier

to detect a significant increase in a smaller control probability than

in a larger one. Thus, the dependence between the two statistics makes

it more difficult to confirm the prediction that both top-down and



-32-

bottom-up effects should be significant. In fact, the mean control

probabilities were .41 for top-down alternatives and .59 for bottom-up

alternatives. This probably accounts for much of the apparent differ-

ence in the magnitudes of these two effects.

The important result of Experiment 3 is that both top-down and

bottom-up effects occur. Some prior decisions suggest decisions regard-

ing more general aspects of plan development. Others suggest particu-

larly efficient instantiations.

-. . I.
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VII. CONCLUSIONS

The results of the three experiments reported in this Note support two

major assumptions of the opportunistic model: (a) that planners make

decisions at four distinct levels of abstraction; and (b) that early

decisions influence the generation of subsequent decisions at both

higher and lower levels of abstraction.

We acknowledge that the tasks used in the present experiments dif-

fered markedly from natural planning tasks. These differences might

have influenced our results. For example, while subjects recognized the

levels of abstraction implicit in a set of decisions, they may not use

these levels consciously or unconsciously when they are actually making

decisions. Similarly, while subjects responded to imposed prior deci-

sions in a forced-choice situation, they may not exhibit corresponding

regularities when they make each decision in the sequence spontaneously.

These differences between the studied tasks and natural planning

activity must constrain our interpretation of the results.

On the other hand, testing the present hypotheses in a natural

planning task also presents difficulties. Hayes-Roth and Hayes-Roth

(1979) documented the occurrence of decisions representing each postu-

lated level of abstraction in subjects' thinking-aloud protocols. How-

ever, that methodology does not permit assessment of subjects' awareness

of the levels of abstraction or of the roles they play in the planning

process. Hayes-Roth and Hayes-Roth also observed sequences of decisions

in which high-level decisions preceded lower-level decisions that elaborated
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them and vice versa. However, the mere occurrence of such sequences

does not imply the postulated causal relationship.

Despite the limitations of each of these methodologies, the results

from both types of studies confirm important predictions of the oppor-

tunistic model, thereby providing some support for it. The consistency

of results from both methodologies further improves the model's credi-

bility.

I
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