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Contrasting the Representation of Scripts and Categories

LLAWRENCE W. BARSALOU AND DANIEL R. SEWELL
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Recent findings have suggested that script actions are not sequentially organized in
memory. Instead investigators have argued that (1) the positions of actions within scripts
are represented by temporal properties stored with actions, this being analogous to how
properties represent the size, color, and other characteristics of exemplars in categories,
and (2) actions are organized by centrality in scripts, this being analogous to how exemplars
are organized by typicality in categories. To compare the representation of scripts and
categories, this study observed timed production of script actions and category exem-
plars. Subjects generated actions from scripts either in whatever order they came to mind,
from most to least central, from first to last, or from last to first. Subjects generated
exemplars from categories either in whatever order they came to mind, from most to least
typical, from smallest to largest, or from largest to smallest. The results clearly demon-
strated that script actions are sequentially organized in memory and that properties are not
the means by which script actions are normally ordered during production. The results are
also not consistent with the view that ease of production simply depends on the efficiency
of retrieval strategies. It is concluded that scripts and categories share invariant properties
of abstract representations and that their differences reflect constraints associated with their

respective domains. © 1985 Academic Press, Inc. )

Common activities such as going to a
restaurant and doing laundry are often
composed of actions that typically occur in
the same order. Because people encounter
these activities so often, they have knowl-
edge, not only of each activity’s typical ac-
tions, but also of the rypical sequence in
which they occur. For example, Bower,
Black, and Turner (1979) and Galambos and
Rips (1982) found that people agree sub-
stantially on the order in which actions are
supposed to occur. Bower et al. also found
that when people are presented with script
actions in the wrong order, they rearrange
them to their typical order during recall
even after being instructed to recall them in
their presented order. Related results have
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been found by Kintsch, Mandel, and Koz-
minsky (1977), J. Mandler (1978), and Stein
and Glenn (1978).

Schank and Abelson (1977) provided one
account of how people represent sequence.
They suggested that an action’s position in
a sequence is represented by its relation to
other actions in the causal chain comprising
its script. The order in which a script’s ac-
tions are chained together in memory cor-
responds to the order in which these ac-
tions typically occur in the actual activity.
As discussed shortly, the relations from ac-
tion to action in a serial action chain can be
viewed as associations or pathways capable
of eliciting priming. We will refer to such
organization as dimensional organizatior‘:.
More specifically, a body of knowledge I3
dimensionally organized whenever its com-
ponents are chained together in memory ac-
cording to increasing (or decreasing) valu_eS
on some dimension. For example; a script
is dimensionally organized with respect 0
time if its actions are chained together from
first to last. Similarly a category i8 dif{‘e_“'
sionally organized with respect to size if 1ts

|
]
ﬁ

i e b e . .



reserve2


st ciaT <

SCRIPTS AND CATEGORIES

cxemplars are chained together from
smallest to largest.!

According to many theories of memory
(6.8 J- Anderson, 1976; Collins & Loftus,
1975), one would expect certain patterns of
priming within dimensional organizations.
[n scripts, for example, the relation be-
ween two adjacent actions should cause
the encoding of one to prime the other. In
addition, priming from one action should

- spread beyond its adjacent actions to fur-

ther actions, although the amount of
priming should decrease with distance. Sur-
prisingly, attempts to detect such priming,
in what has come to be known as the “‘gap
size literature,”” have not been encour-
aging. Bower et al. (1979} measured how
jong it took subjects to read actions in
scripts and did not find that an action’s

. reading time decreased monotonically as its
- distance in the scrip¥ from the last action
. read decreased. Similar attempts by Reder
. and Abelson also failed (see Note 7 in
- Abelson, 1981). The only support this pre-
i~ diction has received so far was reported by
-Smith (discussed in Abbott, Black, &
- Smith, 1985), who found monotonically de-
. treasing priming for statements at the scene
.. level but not at the action level.

The most damaging evidence against di-
mensional organization in scripts comes

“from Nottenburg and Shoben (1980) and

- As discussed later, a script that is dimensionally
- organized can also be hierarchically organized. In fact,
“Many theorists who propose that scripts are dimen-
'E?i{)pally organized also propose that they are hierar-
~thically organized (e.g., Abbott, Black, & Smith,
i9'_,3,5; Schank & Abelson, 1977). In addition, we by no
. eans assume that only a single sequence of actions
“tomprises a script. As noted by Schank and Abelson
_':.{5577). a script may contain many different tracks for
“he many different situations to which it applies (e.g.,
. he restanrant script may contain tracks for eating at a

Bt food restaurant or for eating at a very expensive

. [Staurant). In general, we assume that a script con-
:._._’31{15 atremendous amount of information about a type
-®activity and that only a subset applies in a given
' SMuation. Similar to most other work on scripts, how-

“"_’Ts we have focused on the prototypical action se-
Qence associated with a script that comes to mind

'I“‘hen no specific contextual details are specified.
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Galambos and Rips (1982). Nottenburg and
Shoben, employing the comparative judg-
ment task, had subjects decide which of
two actions from a script (e.g., leave tip and
read menu) comes earlier in the script (or
comes later, depending on the instructions
for that trial). They argued that subjects
could perform this task in two ways. First,
if scripts are dimensionally organized, sub-
jects could search in from the ends of
scripts sequentially until both actions had
been retrieved such that their temporal re-
lation could be determined. To the extent
both actions are near the beginning or pos-
sibly the end of their script, and to the ex-
tent they are close together such that
priming occurs, subjects should be able to
reach a decision quickly.

Alternatively, Nottenburg and Shoben
proposed that decisions could be reached
on the basis of temporal properties that in-
dicate how early or late actions occur in
their script. In the restaurant script, for ex-
ample, early could be stored with read the
menu, and late could be stored with leave
the tip. When judging which of two actions
comes earlier, subjects choose the action
with the earlier temporal property, and
when judging which of two actions comes
later, subjects choose the action with the
later temporal property. According to this
account, temporal position of script actions
is represented in the same way that values
for size, brightness, and other dimensions
are represented as properties of physical
objects.

If temporal judgment utilizes temporal
properties, then, on the basis of previous
findings in the comparative judgment liter-
ature, subjects should be faster as the tem-
poral distance between two actions in-
creases (see Banks, 1977, for a review). As
temporal distance between actions in-
creases, their temporal properties become
more discriminable, and decisions can be
reached more quickly. Whereas the sequen-
tial search account predicts that subjects
should become faster as actions become
closer together, the temporal properties ac-
count predicts that subjects should become



648

faster as actions become farther apart. Since
Nottenburg and Shoben found that subjects
became faster as actions became farther
apart, they concluded that temporal se-
quence in scripts is represented by tem-
poral properties and not by dimensional or-
ganization. o

Galambos and Rips (1982) provided fur-
ther evidence that scripts do not possess
dimensional organization. In one experi-
ment, subjects received a script name fol-
lowed by two actions that sometimes were
from the preceding script and sometimes
were not. Their task was to determine
whether both actions belonged to the
preceding script. For trials in which both
actions were from the script, the temporal
distance between actions was manipulated
orthogonally to their centrality, where cen-
trality was defined as some function of
standardness, unigueness, and other vari-
ables (Galambos, 1982). Galambos and
Rips predicted that if scripts are dimension-
ally organized, then close actions should
prime each other and be verified more
quickly than far actions, holding centrality
constant. Yet they observed no effect of
temporal proximity and only an effect of
centrality.

Galambos and Rips go on to present two
views of scripts. According to the strong
view, scripts contain actions dimensionally
organized by time with no relations from
script superordinates to actions. However,
since this view assumes that actions can
only be accessed by searching in from the
ends of scripts, it predicts that time to re-
trieve an action should increase with its dis-
tance from the ends. Since Nottenburg and
Shoben (1980) and Galambos and Rips
(1982) both found that time to access ac-
tions is independent of whether they occur
at the beginning, middle, or end of their re-
spective scripts, the strong view of scripts
appears unjustified. Instead people appear
able to access actions directly from script
superordinates, which suggests the pres-
ence of superordinate relations.

Consequently the weak view of scripts
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proposes that scripts, in addition to being
organized dimensionally, are also Organize
by superordinate relations. Besides making
inward sequential search unnecessary fo
the retrieval of actions, these relations pr.
vide a means of accounting for centrality
effects; namely, central actions are retrieveg
fastest because they have the strongest gy.
perordinate relations. The problem with the
weak view, however, is that dimensiong|
organization predicts priming effects. Since
Galambos and Rips did not observe priming
effects, and since such effects have gener-
ally not been found in the gap size litera-

ture, Galambos and Rips (p. 279) reject the o
weak view: “‘No facilitation, no pathways; - ;

and no pathways, no scripts,”” where
‘‘pathways™’ can be taken to mean the re-

lations that comprise dimensional organi- :
zation. Galambos and Rips (similar to Not- . )
tenburg and Shoben) conclude that scripts -
do not possess dimensional organization, '}
that sequence is represented by temporal 1
properties, and that the only relations in _ '

scripts are superordinate relations varying
in strength.
Such conclusions about the representa-

tion of scripts lead to another conclusion; -

namely, the representation of scripts is
basically the same as the representation of
common taxonomic categories (e.g., fruif,

birds, and furniture). Although Nottenburg :'

and Shoben (1980) and Galambos and Rips
(1982) do not explicitly state this concly-
sion, it is consistent with and follows from
two conclusions they do reach. First, they
conclude that there are no sequential rela-

tions between adjacent script actions and -

that if scripts contain any relations at all,
they are superordinate relations whose
strength depends on centrality. Such struc
ture is consistent with numerous views ©
how categories are represented, including
Collins and Loftus (1975), Glass and Hol-
yoak (1975), and Barsalou (1983). AC
cording to these views, exemplars are ¢
lated to superordinate concepts with

varying degrees of typicality, and there ar¢ |
no direct relations from exemplar to €%
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emplar (although there can be indirect re-
[ations through shared properties).

Nottenburg and Shoben (1980) and Gal-
ambos and Rips (1982) reach a second con-
clusion from which it also follows that cat-
egories and scripts share a common repre-
sentational form; namely, temporal position
is represented by temporal properties
stored with script actions. Such structure is
again consistent with numerous views of
how categories are represented, including
Meyer (1970), Smith, Shoben, and Rips
(1974), and McCloskey and Glucksberg
(1979). According to these views, dimen-
sonal information about exemplars such as
size, color, shape, function, and so on is
represented as properties stored with ex-
emplars.

It may well be that these two character-
istics of category representations—super-
ordinate relations varying in strength, and
property representations of dimensional in-
formation—are also true of script represen-
tations. Indeed such assumptions seem
necessary to account for the current script
literature. Superordinate relations seem
necessary to account for people’s ability to
access actions without going through adja-
cent actions and to account for the differ-
ential case of accessing actions. Temporal
properties seem necessary to account for
scripts behaving like linear orders during
comparative judgment. Possession of these
two properties, however, does not for any
theoretical reason preclude scripts from
also having dimensional organization. As
pointed out by Galambos and Rips (1982),
ill three properties could exist simulta-
neously in a representation. The problem is
that no evidence has been found for this
third property.

Yet it may be premature to give up on
dimensional organization in scripts. First,
many theorists believe that strong relations
develop between two pieces of information
that are processed contiguously on a reg-
var basis (cf. J. Anderson, 1982; Crowder,
1976, Chapter 12; Schneider & Shiffrin,
1977, Shiffrin & Schneider, 1977). Although
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category exemplars are generally not pro-
cessed contiguously and would not become
related, adjacent script actions are often
processed contiguously and would become
related. Second, reviews of various litera-
tures have concluded that representations
vary in the extent to which they incorporate
dimensional and superordinate organiza-
tion. For example, G. Mandler (1979) ar-
gued on the basis of verbal learning studies
that learning varies in the extent to which
it utilizes these organizations, and J. Man-
dler (1979) argued on the basis of develop-
mental studies that children’s early knowl-
edge varies in the extent to which it is struc-
tured by these organizations. Finally, it
may be premature to abandon dimensional
organization in scripts on the basis of null
results. It could be that such organization
exists, but that the proper techniques for
detecting and measuring it have not been
discovered.

One task that may be sensitive to dimen-
sional organization is timed production.
When someone is producing actions from a
script, sequential relations between actions
may facilitate retrieving them one after an-
other in their correct temporal order. Such
processing seems necessary to performing
scripted behaviors efficiently, especially for
scripts whose actions occur quickly (e.g.,
working on an assembly line). Using tem-
poral properties under such conditions
seems quite impractical. Imagine having to
activate all the actions of a script—with the
most central actions becoming available
first—and then ordering them by temporal
properties prior to producing them. It
seems much more efficient to use a dimen-
sional organization of actions to facilitate
their deployment from memory.

Consequently the current experiment
used timed production to detect possible di-
mensional organization in scripts. Since the
findings of Nottenburg and Shoben (1980)
and Galambos and Rips (1982) suggest that
scripts and categories share a common rep-
resentational form, we also observed pro-
duction from categories. To the extent
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scripts and calegories are similarly repre-
sented, the same pattern of data should
occur for both, just as it has so far in pre-
vious studies.

On each trial, subjects received a script
or a category name. During the subsequent
20 s, subjects generated as many actions
(from scripts) or exemplars (from catego-
ries) as possible. The primary dependent
measure was how many actions or exem-
plars were generated in the 20-s period.
Prior to each trial, subjects were instructed
to generate actions Of exemplars in one of
four manners. In the unconstrained condi-
tions, subjects were instructed to generate
actions and exemplars in the order in which
they came 10 mind. This condition pri-
marily provided 2 baseline for the other
conditions, although the order in which
subjects generated actions and exemplars
was also of interest.

In the centrality and typicality condi-
tions, subjects were asked to generate ac-
tions from most to Jeast central and to g€D-
erate exemplars from most to least typical.
If actions are retrieved according to cen-
trality, and if exemplars are retrieved ac-
cording to typicality, then explicitly in-
structing subjects to retrieve actions and
exemplars in this manner should not de-
crease production. To the extent this or-
dering constraint slows subjects down,
however, such 2 decrease should be small
and, most importantly. should occur 10 the
same extent for both scripts and categories.
In constrast, if production from scripts not-
mally employs dimensional organization,
centrality instructions should substantially
decrease performance for scripts. Having
to produce actions in this foreign order
should show marked reduction in compar-
ison to the unconstrained condition in
which subjects can utilize dimensional or-
ganizations of temporal sequence.

In the forward conditions, subjects were
asked to produce actions from the first ac-
tion of the script to the last action of the
script and to produce exemplars from the
smallest exemplar of the category to the
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largest exemplar of the category. If both
temporal position and size are represented
by properties, then performance shoulg
show a substantial drop for both scripts and
categories relative to the unconstrained
.conditions. This 1s because subjects must
first access actions and exemplars via su-
perordinate relations and then order them
according to properties before producing
them. In contrast, if subjects have dimen-
sional organizations for scripts, then for-
ward instructions should not decrease per-
formance for scripts but only for categories,

In the backward conditions, subjects
were asked to produce actions from the last
action of the script to the first action of the
script and to produce exemplars from the
largest exemplar of the category to the
smallest exemplar of the category.” If both
temporal position and size are represented
by properties, then forward and backward
production should be equally difficult for
scripts and categories. Since subjects must
first access and then order items according
to properties before producing them, the
end at which they start should not matter.
1n contrast, if subjects have dimensional or-
ganizations for scripts, then backward gen-
eration from scripts should be slower than

forward generation. This follows froma.

standard assumption in the memory litera
ture that relations can be asymmetrical in
strength and that the direction processed
more frequently develops stronger rela-
tions. Since scripts are rarely performed in
reverse, their dimensional organizations
shoutd be well established in the forward
but not the backward direction.

Finally, it is necessary to address a litﬂ.e

more carefully whether timed production ¥

capable of detecting dimensional orgamizd

2 The assignment of forward and packward 10 B¢

size dimension was somewhat arbitrary, since one or
rection is not clearly preferred over the other as 2
pears to be the case for the temporal dimension It
scripts. Forward was assigned to the smallest-¥”
largest direction, however, 10 maintain consistency
with the markedness
1977).

literature (cf. Clark & Clark.
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jon. One could argue that even though a
pody of knowledge may be dimensionally
organized, subjects could retrieve infor-
mation from it in many different ways, ac-
cording to whatever retrieval strategy they
adopt. Consider the following well-known
example. People may typically have
months of the year temporally organized in
memory, but could use an alphabetic
strategy to retrieve them. Consequently all
we may be able to conclude from produc-
ton data is which retrieval strategy sub-
jects are using. Yet there are two reasons
why production data may also provide in-
formation about underlying organization.
First, if we assume that subjects are gen-
erally efficient and choose the strategy that
pest reflects underlying organization, then

. we can conclude that the strategy subjects

adopted most often reflects underlying or-
gz_mization. Second, if we measure the rate
at which information is generated, conclu-

sions about underlying organization be-
- come even more tenable. More specifically,

the rate at which retrieval strategies pro-
duce information from a representation
should increase to the extent they follow its
underlying organization. In general, the
fastest strategy should be the one in which

- the underlying organization is followed as

- directly as possible. Not only does this min-

imize lengthy search transitions between
nonadjacent items, it takes advantage of
priming between adjacent items. For ex-
ample, generating months of the year tem-
porally takes advantage of priming and
does not involve any search transitions be-
tween nonadjacent items. In some sense,

- this is an encoding specificity argament
| mﬂving & Thompson, 1973): if script ac-
. lions are normally encoded in their correct

f

' temporal order, they should be retrieved

fastest in this order.

- An alternative account of differences in
i froduction rate is that such differences
- only reflect the efficiency of retrieval strat-

egff?s and do not reflect underlying organi-
Ztion, For example, furniture may not be

di“'lf"nsionally organized either by height or
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by height-width ratio, but retrieving ex-
emplars by height may require less com-
putation than by height—width ratio and
may therefore result in faster production. If
efficiency of retrieval strategies is the pri-
mary determinant of production rate, how-

. ever, then a strategy that is fast for scripts

should also be fast for categories, and a
strategy that is slow for scripts should also
be slow for categories. For example, 1f un-
constrained generation turned out to be
faster than typicality generation for cate-
gories, then unconstrained generation
should be faster than centrality generation
for scripts (i.e., unconstrained > typicality
for categories and unconstrained > cen-
trality for scripts).? Similarly, if forward and
backward generation are equally hard for
dimensions that structure categorics, then
they should be equally hard for dimensions
that structure scripts (i.e., forward = back-
ward for both scripts and categories).

In contrast, if underlying organization is
important, as assumed by the dimensional
organization hypothesis, then the orderings
of strategies by production rate should not
be the same for scripts and categories. As
discussed earlier, the dimensional organi-
zation hypothesis predicts that the ordering
for scripts should be unconstrained = for-

~ward > centrality = backward and that the

ordering for categories should be uncon-
strained = typicality > forward = back-
ward.

The final predictions are those for the
temporal properties hypothesis, which as-
sumes that production should be fast when
it can capitalize on the strength of superor-
dinate relations, but should be slow when
items must also be ordered by properties.
As discussed earlier, the orderings for
scripts and categories should therefore be

* We are assuming that typicality generation from
categories and centrality generation from scripts are
basically the same strategy, since both require that
items be retrieved from a representation according to
their dominance or accessibility (as determined by the
strengths of their superordinate relations).
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the same: namely, unconstrained = cen-

trality > forward = backward for scripts
and unconstrained = typicality > forward
= backward for categories.

METHOD
Subjects and Procedure

Twenty-four Emory University under-
graduates participated to earn course
credit. Subjects received instruction on the
four types of script generation using the
script for how to write a letter as an ¢x-
ample. In the unconstrained condition, sub-
jects were asked ‘‘to generate actions in the
order in which they come to mind.”” In the
centrality condition, subjects were asked
“‘to generate actions from the most central
action to the least central action,”” where
centrality was defined as ‘‘how important
or necessary the action is to the event.”” In
the forward condition, subjects were asked
““to generate actions from the first action to
the last action.”” And in the backward con-
dition, subjects were asked ‘‘to generate ac-
tions from the last action to the first ac-
tion.”’*

Subjects received instruction on the four
types of category generation using the cat-
egory of tools as an example. In the uncon-
strained condition, subjects were asked ‘‘to
generate instances in the order in which
they come to mind.”” In the fypicality con-
dition, subjects were asked ‘‘to generate in-
stances from the most typical instance to
the least typical instance,’” where typicality
was defined as how good an example an
instance was of a category. In the forward
condition, subjects were asked ‘‘to gen-
erate instances from the smallest instance
to the largest instance.”” And in the back-
ward condition, subjects were asked *‘to

4 Activity”” was used in the instructions instead of
“‘script’’ because we thought “‘activity’” would be
clearer to subjects and less likely to bias them toward
generating actions according to temporal position in
the unconstrained and centrality conditions. In addi-
tion, the examples provided both for scripts and cat-
egories were designed to avoid biasing subjects’ per-
formance.
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generate instances from the largest instape,
to the smallest instance.”’

On each trial, subjects were told three
things in the following order: (1) Whethey
they were to generate actions from a sCript
or instances from a category, (2) the type
of generation they were to perform, and (3)
the name of the script or category. For ey,
ample, one instruction was, “‘Please gen.
erate actions that occur during the fol-
lowing activity. Generate them from the [ag
action to the first action. The activity i
going grocery shopping.”” Subjects were
asked to generate as many actions or jj.
stances as possible within the 20-s perjog
following the instructions for each tria|,
Twenty seconds was chosen on the basis of
pilot data to maximize the number of items
subjects generated and to minimize the

chance that subjects would run out of items . -+

before the end of the period.

Subjects received three additional in-
structions. First, they were to generate as
many items as possible, as quickly as pos-
sible. Second, they were to avoid making
mistakes when having to order items in a

particular way. Third, with respect to -

scripts, subjects were to maintain an inter-
mediate level of abstractness in generating
actions—they were not to be too specific
or too general.

Prior to the sixteen test trials, subjects
performed eight randomly ordered practice
trials, one for each type of generation. The
materials for these trials did not overlap in
any way with those for the test trials. Sub-
jects had no trouble with the practice trials,
indicating they understood the instructions.
Subjects performed the experiment alone i
a room with the experimenter who timed
and tape-recorded their protocols.

Materials and Design

The test materials were the names of
cight scripts and eight categories. The
scripts were ones used in recent scrip!
studies (e.g., Bower et al., 1979; Galambos
& Rips, 1982) whose actions are generally
performed in a stereotypical order. These
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scripts were doing the dishes, doing the
Jgundry, sending someone a gift, going gro-
cery shopping, going to a restaurant, going
on vacation, visiting the dentist, and get-
ing up in the morning. The categories were
common taxonomic categories frequently
ysed in categorization studies (e.g. Rosch,
(975) whose exemplars vary widely in size.
These categories were clothing, furniture,
sehicles, insects, fruit, mammals, fish, and

. \regEfabIES.

mnan it i mpsmaer

e ——

Two random orders of the eight catego-
ries and eight scripts mixed together were
constructed. Four different assignments of
generation types were then made to each
order, resulting in a total of eight lists. In
each list, two scripts and two categories
were randomly assigned to each of the gen-
eration types. Across the four assignments

to each order, every script and category

was assigned once to each of the four gen-
eration types. Each of these eight lists was

randomly assigned to three subjects. Con-

sequently each subject performed each of
the eight generation types twice, and across
lists, each script and category was gener-
ated in each possible way equally often.

REsuLTS

__After transcribing the protocols, the fol-

lowing measures were computed for each
subject: (1) the total number of actions gen-
erated for each script and the total number
of exemplars generated for each category,
(2) the number of actions or exemplars gen-
erated in each S-s interval of each 20-s pro-
tocol, and (3) the order in which actions and
exemplars were generated for each script

and category. Two analyses of variance

were performed on each measure, one with
subjects as a random variable, and one with
materials (i.c., individual scripts and cate-
gories) as a random variable. The F’s from
these two analyses were combined in each

:C?lse to form min F' tests of significance
i (Clark, 1973). All analyses are organized

#round planned comparisons that tested
Predictions of the dimensional organization
hypothesis.
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Total Generation

The average number of actions and ex-
amplars generated as a function of repre-
sentation and generation type is shown in
Table 1. Subjects generated the same
number of actions for scripts on the av-
erage, 7.12, as they generated exemplars
for categories, 7.50 [min F'(1,111) = 1.48,
p > .10; in addition, neither the subjects’
nor the materials’ F was significant].
Having to produce phrases for actions as
opposed to single words for exemplars did
not cause subjects to generate fewer items
for scripts than for categories. '

The first planned comparison addressed
the effects of centrality and typicality in-
structions on generation. According to the
temporal properties hypothesis, people
normally access both actions and exem-
plars via superordinate relations that vary
in strength as a function of centrality and
typicality. Consequently explicit instruc-
tions to generate actions and exemplars ac-
cording to centrality and typicality should
not reduce performance relative to the un-
constrained conditions. To the extent any
reduction is observed, however, it should
be the same for both scripts and categories.
The retrieval efficiency hypothesis makes a
similar prediction, namely, that any differ-
ence between unconstrained and centrality
generation for scripts should be the same
as any difference between unconstrained
and typicality generation for categories. In
contrast, the dimensional organization hy-
pothesis does not predict the same results
for scripts and categories. Since dimen-
sional organization is normally used to pro-
duce actions from scripts, unconstrained
generation should be faster than centrality
generation, since centrality generation can
not utilize this structure. For categories,
however, unconstrained and typicality gen-
eration should be the same, since both uti-
lize superordinate relations. )

Thus the first planned comparison tested
the prediction of the dimensional organi-
zation hypothesis that centrality generation
for scripts should be harder than uncon-
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TABLE 1
AVERAGE NUMBER OF EXEMPLARS/ACTIONS (GENERATED IN 20 SECONDS

Generation instructions

Representation Typicality/ Smallest-to-largest/ Largest-to-sma|jq,,
type Unconstrained centrality first-to-last last-to-firg e}u

Categories 8.53 7.48 7.00 7.17

Scripts 7.65 6.10 8.17 6.54

strained generation for scripts, uncon-
strained generation for categories, and typ-
icality generation for categories, all three of
which should be equal.’ This prediction
was supported; namely, centrality genera-
tion for scripts was significantly harder than
the other three [min F'(1,111) = 13.17, p
< .001]. Breaking this planned compar-
ison into planned pairwise tests provided
further support. For scripts, centrality gen-
eration was harder than unconstrained gen-
eration [min F'(1,111 = 7.04, p < .01]. In
contrast, typicality generation was as easy
as unconstrained generation for categorics
[min F'(1,111) = 2.27, p > .10; although the
subjects’ F was significant, F(1,69) = 5.97,
p < .025]. These resuits indicate that cen-
trality generation from scripts was harder
relative to unconstrained generation than
was typicality generation from categories.
The second planned comparison ad-
dressed the effect of forward instructions,
which asked subjects to generate actions
from first to last and to generate exemplars
from smallest to largest. According to the
temporal properties hypothesis, people
must first access actions and exemplars via
superordinate relations and then order
them according to properties before gen-
eration. Consequently forward instructions
should cause a large and equal drop for
both scripts and categories relative to the
unconstrained conditions. The retrieval ef-

S Unconstrained generation for scripts and uncon-
strained generation for categories were weighted as
being equal in this and subsequent comparisons be-
cause unconstrained generation from scripts and un-
constrained generation from categories were equal
[min F'(1,111) = 1.48, p = .10; in addition, neither
the subjects’ nor materials’ I was significant].

ficiency hypothesis makes a similar pregj,.
tion; namely, if forward generation is

harder than unconstrained generation fo; |

categories, it should also be harder thap yp.
constrained generation for scripts. In cop.

trast, the dimensional organization hypoth. }-
esis does not predict the same results for ./
scripts and categories. Since unconstrained }:
and forward generation for scripts can bot ' |
utilize dimensional organization, they .
should be equally easy. For categories, : I
however, forward generation should be " §
harder than unconstrained generation,
since forward generation requires the ad-.
ditional step of ordering exemplars by size- :

properties.

Thus the second planned comparison:
tested the prediction of the dimensional or-

ganization hypothesis that forward geners
tion for categories should be harder than
unconstrained generation for categories,
unconstrained generation for scripts, and
forward generation for scripts, all three of

which should be equal. This prediction was:

supported; namely, forward generation for
categories was significantly harder than the
other three [min F'(1,111) = 5.19,p <
.025]. Breaking this planned comparison
into planned pairwise tests provided further
support. For categories, forward generalionf
was harder than unconstrained generation
[min F'(1,111) = 5.64, p < .025]. In con-
trast, forward generation was no hardef
than unconstrained generation for sCripts
(min F' < 1); in fact, forward generation
was slightly easier than unconstrained gem-
eration, although insignificantly so. These
results indicate that generating exemplars
from smallest to largest was difficult.
whereas generating actions from first t0 fast
was not.
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The third planned comparison addressed
| the. symmetry of forward and backward
gencration. According to the temporal
properties hypothesis, people must order
sctions and exemplars by properties before
generating them, regardless of the end of
ihe dimension at which they start. Conse-
| quently forward and backward generation
should be symmetrical for both scripts and
ategories. The retrieval efficiency hypoth-
esis makes a similar prediction, namely, if
forward and backward generation are
! equally hard for categories, they should
| also be equally hard for scripts. In contrast,
} the dimensional organization hypothesis
does not predict symmetrical results for the
two strategies. For scripts, forward gener-
ation can utilize dimensional organization
‘and should therefore be faster than back-
ward generation, which can not. For cate-
gories, however, forward and backward
~generation should be equally slow, since
- both require that exemplars be ordered by
- properties.

Thus the third planned comparison tested
the prediction of the dimensional organi-
ztion hypothesis that forward generation
for scripts should be easier than backward

- generation for scripts, forward generation
- for categories, and backward generation for
‘categories, all three of which should be
equai. This prediction was supported;
namely, forward generation from scripts
was significantly easier than the other three
[min F'(1,111) = 7.19, p < .01]. Breaking
this planned comparison into planned pair-
wise tests provided further support. For
. scripts, forward generation was easier than
backward generation [min F'(1,111) =

182, p < .01]. In contrast, forward gener-
ation was the same as backward generation
for categories (min F' < 1). Although for-
ward and backward generation were sym-
. Metrical for categories, they were asym-
| Metrical for scripts.

: Time Course of Generation

The average number of actions and ex-
tmplars generated in each 5-s interval of
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the 20-s production period are shown in
Figure 1 as a function of representation and
generation type.

In two of the category conditions—un-
constrained generation and typicality gen-
eration—the number of exemplars de-
creased steadily across intervals. More spe-
cifically, both of these conditions showed a
significant linear decrease in the number
of exemplars generated over time [min
F'(1,568) = 23.41, p < .001, and min
F'(1,568) = 15.84, p < .001, respectively].

In contrast, production rate in the re-
maining six conditions-—forward and back-
ward generation for categories, and all four
generation types for scripts—was generally
constant across intervals. Subjects tended
to produce about the same number of ac-
tions or exemplars in each 5-s interval. This
was supported by tests for linear trends in
either direction being insignificant for all
six conditions. In addition, none of the dif-
ferences between adjacent intervals was
significant for any of these six conditions.

These results suggest that subjects pro-
duced an initial burst of typical exemplars
for categories via superordinate relations
during unconstrained and typicality gener-
ation. But once subjects reported the ex-
emplars accessed m this initial burst, their
ability to retrieve additional exemplars pro-
ceeded at an increasingly slower rate (cf.
Graesser & G. Mandler, 1978). Since the
same pattern occurred in the unconstrained
and typicality conditions, it appears that
subjects naturally generated exemplars ac-
cording to typicality when they were un-
constrained. Similar findings have been re-
ported by Barsalou (1981, 1983, 1985)
and Mervis, Catlin, and Rosch (1976). In
contrast, constraining subjects to generate
exemplars in an unnatural order (i.e., from
smallest to largest and from largest to
smallest) eliminated this initial burst of in-
formation from categories. Unnatural con-
straints may either cause exemplars to be
retrieved in a more serial fashion or may
cause subjects to output exemplars acti-
vated in an initial burst more slowly.
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Fig. 1. Average number of actions generated during each 5-3 interval. The results are shown for
categories as a function of unconstrained generation (), typicality generation (1), generation from
smallest-to-largest {S-L), and generation from largest-to—smallest (L-S). The results are shown for
scripts as a function of unconstrained generalion (), centrality generation ), generation from first-
to-last (F-L), and generation from last-to-first (L-F).

When generating actions from scripts, 10
evidence for initial bursts was observed in
any condition. This suggests that even
when subjects were not constrained by €X-
perimental instructions, they nevertheless
constrained their retrieval to producing ac-
tions in the correct temporal order instead
of beginning with an initial burst of central
actions.

Determinants of Qutput Position

One goal of this next analysis was 10
identify the strategies that subjects in the
unconstrained conditions used 10 generate
actions and exemplars. Of interest was the
extent to which subjects generated actions
according 10 temporal position for sCripts
and the extent 1O which subjects generated
exemplars according to typicality for cate-
gories. A second goal was t0 observe sub-
jects” accuracy when they were constrained
to generating actions and exemplars in 2
particular order. For example, when sub-
jects were required to generate exemplars
from largest L0 smallest, how well did they
do?

To perform this analysis, it was first nec-
essary to obtain values for each action’s
centrality and temporal position and for
each exemplar’s typicality and size. All the

actions generated for each script and all the
exemplars generated for each category
were pooled across subjects. This resuited
in a list for each script of every uniqgue ac-
tion generated and 2 list for each category
of every unique gxemplar generated. Two
versions of these materials were created in
which the individual hists were blocked by
scripts and categories. Within each version,
the scripts and categores appeared in dif-
ferent random orders within blocks, and the
actions within scripts and the exemplars
within categories appeared in different
random orders. Half of the booklets for
each version presented the scripts before
the categories, and half presented the cal-
ggories before the scripts, resulting in four
sets of materials.

Twenty-four Emory University under-
graduates ranked the items within each

script by centrality and within each cale .

gory by typicality. Another twenty-four
ranked the items within each script by tent
poral position and within each category Y
size. Within each group of subjects, €8¢
of the four materials sets was judged by siX
subjects. )
Average centrality and temporal positiod
were computed for each action in eacd
script across subjects, and average typr
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cality and size were similarly computed for
cach exemplar in each category. Three cor-
relations were computed for each of the 384
protocols {16 for each of the 24 subjects)
across only those actions or exemplars in
the protocol. For scripts, the correlations

were between (1) output position and cen-.

(rality, (2) output position and temporal po-
sition, and (3) centrality and temporal po-
sition. For categories, the correlations were
petween (1) output position and typicality,
(2) ouput position and size, and (3) typi-
cality and size. An item’s output position
was simply its ordinal position in its pro-
tocol. The three correlations for each pro-
tocol were converted to Fisher z scores
prior to performing representation type by
category type by correlation type ANOVAs
upon them. The average Fisher z scores ob-
tained from these analyses were then trans-
formed back into the correlations shown in
Table 2.

Categories. The average correlation be-

~ tween typicality and output position for the

unconstrained condition (.27) indicates that

. typicality was related to the order in which

subjects generated exemplars when uncon-
strained, although the relationship was cer-
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tainly not strong. Barsalou (1981, Experi-
ment 1) found the same value (.27) between
the order in which individual subjects gen-
erated exemplars and their individual typi-
cality rankings of those exemplars. The cor-
relation between output order and typi-
cality increased significantly to .77 when
subjects were asked to generate exemplars
from most to least typical [min F'(1,220) =
11.62, p << .001). This indicates that sub-
jects in the unconstrained condition could
have generated exemplars according to typ-
icality much more than they actually did.
Regarding the correlations between
output position and size, the average cor-
relation for the unconstrained condition
(.0D) clearly indicates that size was irrele-
vant to how subjects generated exemplars
(cf. Henley, 1969). Subjects can generate
exemplars according to size, however, as is
shown by the correlations for the forward
and backward conditions (.85 and — .90, re-
spectively). The increase from the uncon-
strained condition to each of these two con-
ditions was significant {min F'(1,220) =
32.58, p < .001; min F'(1,220) = 43.41, p
<2 .001]. Output position and size correlated
equally well for the forward and backward

TABLE 2
AVERAGE CORRELATIONS FOR CATEGORIES AND SCRIPTS

Correlation

Generation QOutput position— Output position— Typicality—
instructions typicality size size
Categories
Unconstrained .27 .01 -.22
Typicality 77 -.10 —.22
Smallest-to-largest 17 .85 32
Largest-to-smallest 12 —.90 —-.22
Output position— QOutput position— Centrality —
centrality temporal position temporal position
Scripts
Unconstrained .64 .82 .65
Centrality .57 43 .64
First-to-last .59 .94 .66
Last-to-first -.70 -2 .74
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conditions (min F' < 1).% Finally, the cor-
relations between typicality and size were
generally small and varied somewhat
across conditions.”

Scripts. The average correlation between
centrality and output position for the un-
constrained condition (.64) indicates that
centrality was highly related to the order in
which subjects generated actions when un-
constrained. Centrality, however, was also
highly related to temporal position (.65),
which in turn was highly related to output
position (.82). Consequently the relation
between centrality and output position
could have resulted from centrality being
highly related to temporal position, which
was the better predictor of output position.
To assess the unique predictive power of
centrality and temporal position for output
position more carefully, partial correlations
were computed. Notably, partialing out
temporal position from the correlation be-
tween centrality and output position re-
duced this correlation to .26. In contrast,
partialing out centrality from the correla-

6 When statistical tests were performed on average
Fisher z scores corresponding to correlations in Table
2 that were negative, the absolute values of these
scores were used. This enabled comparing correla-
tions for their absolute size independent of sign.

7 Regarding this variation, typicality and size were
negatively correlated in the unconstrained, typicality,
and backward conditions, but were positively corre-
lated in the forward condition. One explanation is
based on the assumption that the most typical exem-
plars of a category are those possessing many average
values of the category, including average size (see
Rosch & Mervis, 1975; Barsalou, 1985). It follows that
large exemplars should become increasingly typical as
they become smaller in size (as they approach their
category's average value) and that small exemplars
should become increasingly typical as they become
larger in size (as they approach the average value).
Consequently the negative correlations in the uncon-
strained, typicality, and backward conditions may in-
dicate that subjects were generating large exemplars,
whereas the positive correlation in the forward con-
dition may indicate that subjects were generating small
exemplars. This explanation is further supported by
the fact that backward subjects were asked 10 begin
at the large end of the size scale, whereas forward
subjects were asked to begin at the small end.
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tion between temporal position and Otitpy
position only reduced this correlation y,
69. Temporal position clearly accoune
for much more unique variance in the pr,
diction of output position than did cg,,
trality. Interestingly the unique contriby,.
tion of centrality to output position fy
scripts (.26) was very similar t0 how wgj)
typicality predicted output position for cy.
egories (.27) in the unconstrained cong;.
tion. This suggests that centrality and typ.
jcality normally play an equal role in the-
retrieval of information from both scripy
and categories.

The average correlation between cen.
trality and output order did not differ sig.
nificantly in the unconstrained and cen.
trality conditions. Subjects in these two
conditions did not generate actions identi-
cally, however, since the correlation be.

tween temporal position and output posi-

tion was significantly less in the centrality
condition [min F'(1,220) = 9.86, p < 01
When generating actions according to cen-
trality, subjects appeared to use a strategy
not as constrained by temporal position to
locate central actions, suggesting that sub-
jects may have relied more heavily on su-
perordinate relations than usual. As canbe
seen from Table 1, however, this strategy
substantially reduced the rate at which sub-
jects generated actions. Centrality was also
correlated with output position for the for-
ward and backward conditions. This rela-
tionship, however, resulted from the strong
relationship between centrality and tem-
poral position found in all conditions.?

8 As suggested by Arthur Graesser, these high pos-
itive correlations between centrality and temporal po-
sition may stem from preparatory actions at the be-
ginning of scripts being less central than achieverﬂef{I
actions toward the end (cf. Miller, Galanter, & P
bram, 1960). It should be pointed out that Galambos
{1982) generally found that centrality and output P’
sition were rot correlated. Since Galambos sampled

only 12 actions from each script, whereas we included

every unique action generated across subjects., thf" dif-
ference in observed correlations may reflect differr
ences in sampling procedures.
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Finally, the relation between temporal
osition and output position was sigmfi-
cantly higher in the forward and backward
conditions than in the unconstrained con-
dition [min F'(1,220) = 6.94, p < .01; min
F'(1,220) = 4.25, p < .05], indicating that
subjects were not maximizing their poten-
fial to order actions temporally in the un-
constrained condition. Subjects were as ac-
curate at temporally ordering actions in the
packward condition as in the forward con-
gition (min F' < 1], although they were
much slower during backward generation
(see Table 1).

DiISCuUsSION

Although previous studies have failed to
find support for dimensional organization in
scripts, each analysis in the current study
provided evidence for such structure. To

 pegin with, production was fastest when ac-
* tions were generated in their normal tem-

et S g™

poral sequence. This suggests that scripts
are dimensionally organized in memory by
time and that retrieval is fastest when it
takes advantage of this structure. Since
subjects were slower to retrieve actions ac-
cording to centrality, it does not appear that
superordinate relations provide the primary
means of accessing information from
scripts during production.

‘Categories do not appear to be dimen-
sionally organized by size in the same way
that scripts are by time. Generating exem-
plars from categorics according to size was
difficult regardless of whether exemplars
were generated from smallest to largest or
from largest to smallest. This pattern 1s
what would be expected when information
is not organized by a particular dimension;
namely, forward and backward generation
should be equally difficult when both re-
Quire that exemplars be ordered by prop-
erties prior to production. Most impor-
tantly, this pattern should have also oc-
turred for scripts if they were not
dimensionally organized.

This pattern of results is not consistent
With the view that differences in production
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rate simply reflect differences in the effi-
ciency of retrieval strategies. If this view
were correct, then retrieval strategies that
were hard (or easy) for scripts should have
also been hard (or easy) for categories.
However centrality generation was harder
for scripts than typicality generation was
for categories (relative to unconstrained
generation). In addition, forward and back-
ward generation were both difficult for cat-
egories, whereas only backward generation
was difficult for scripts. Such differences
suggest that production of script actions is
fastest when they are retrieved in the order
in which they are normally encoded
(Tulving & Thompson, 1973).

It should be noted, however, that the
slowest conditions were proportionally not
that much slower than the fastest condi-
tions. For example, even though centrality
and backward generation were slower than
forward generation for scripts, they were
not that such slower. This suggests that cer-
tain retrieval strategics may be effective
even though they do not match normal en-
coding conditions (R. Anderson & Pichert,
1978).

The data for time course of generation
also provided evidence for dimensional or-
ganization in scripts. When generating ex-
emplars from categories, subjects produced
initial bursts of exemplars in the uncon-
strained and typicality conditions, followed
by decreasing rates of production. During
these initial bursts, subjects appeared to be
accessing typical exemplars with strong su-
perordinate relations. In contrast, the rate
of production for unconstrained generation
from scripts remained constant across gen-
eration intervals. If scripts were only struc-
tured by superordinate relations, then ini-
tial bursts of information should have oc-
curred in the unconstrained condition as
they did for categories. The flatness of the
unconstrained function for scripts suggests
that subjects were accessing actions one at
a time in their temporal order throughout
the generation period. In addition, this
function for the unconstrained condition
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was very similar to the function for the for-
ward condition, further suggesting that sub-
jects were accessing actions according to
temporal sequence in both.

The correlational data provided further
evidence for dimensional organization in
scripts. In the unconstrained condition for
scripts, temporal position correlated .82
with output position and only dropped to
69 when the effect of centrality was par-
tialed out. In contrast, centrality correlated
64 with output position but dropped to .26
when temporal position was partialed out.
Temporal position was clearly a much better
predictor of output position than was cen-
trality, suggesting that subjects used a tem-
porally organized structure to retrieve ac-
tions instead of using superordinate relations.

Finally, Haberlandt and Bingham (1984)
and Fivush and J. Mandler (in press) have
also recently found evidence for dimen-
sional organization in scripts, but in para-
digms very different from the one observed
here. In addition, Klahr, Chase, and Love-
lace (1983) have recently found evidence
for dimensional organization in the al-
phabet, which could be construed as a very
simple script. The failure of previous
studies to detect dimensional organization
in scripts appears to nave resulted from
using tasks that are not affected by such
organization.

Properties of Abstract Representations

These data, along with those from other
script studies, show that there are both sim-
llarities and differences between scripts and
categories. We next review five ways in
which scripts and categories are similar at
a general level of analysis, yet are different
al a more specific level

Superordinate relations. Most accounts
of categorization typically assume that peo-
ple’s representations of categories possess
superordinate relations between exemplars
and superordinate concepts. Such relations
provide access to exemplars during produc-
tion (e.g.. Barsalou, 1983 Mervis et al.,
1976), during the encoding of material to be
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remembered (e.g., Barsalou, 1983; Bouys.
field, 1953; G. Mandier, 1967), and during
verification of exemplars as category mem.
bers (Collins & Loftus, 1975; Glass &
Holyoak, 1975).

As shown by Nottenburg and Shoben
(1980) and Galambos and Rips (1982
scripts also possess superordinate re]ai
tions. Such relations enable people to ac.
cess actions directly from script superor-
dinates without going through adjacent ac-
tions.

As pointed out by Abbott et al. (1985),
however, the superordinate relations struc-
turing categories and scripts are not the
same. Whereas inclusion relations struc-
ture categories, partonomy relations struc-
ture scripts. An action is not an instance of
a scene, NoT is a scenc an instance of script,
Instead actions are parts of scenes, which
are parts of scripts. So although scripts and
categories both have superordinate rela-
tions, they differ in the type of superordi-
nate relations they have.

Graded structure. Barsalou (1983, 1985,
in press) suggests that graded structure isa
universal property of categories; namely,
every category appears to have some €x-,
emplars that are more typical than others.
So far, no categories have been discovered
that do not have this property- Even wel-
defined categories such as odd numbers
have graded structure (Armstrong, Gleit-
man, & Gleitman, 1983).

As shown by Galambos (1982) and Gal-
ambos and Rips (1982}, an analogous prop-
erty exists in scripts; namely, actions vary
in how central they aré to their respective
script. Because superordinate relations aré

inclusion relations in categories but are par 5
tonomy relations in scripts, however, typl-
cality and centrality are not the same thing.
Whereas typicality in categories represents .
how good an example an instance isotd

superordinate concept, centrality in scripts

represents how good a part each action ¥

of its script.
Categories and scripts also differ 1 what
determines their graded gtructure.

;
e
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pamily resemblance (Rosch & Mervis, 1975)
,nd ideals (Barsalou, 1985) determine
graded structure in categories, these factors
scem irrelevant to graded structure in
scripts. Conversely, while distinctiveness
Jetermines graded structure in scripts (Gal-
ambos, 1982), this factor seems irrelevant
. 1o graded structure in categories. Although
. the determinants of graded structure in cat-
egories and scripts may generally differ,

frequency appears to determine graded
gructure to some extent in both (see fre-
quency of instantiation in Barsalou, 1985,
and standardness in Galambos, 1982).

Hierarchical organization and a basic
fevel. It is perhaps impossible to find any
account of categorization that does not as-
sume, at least to some extent, that catego-
ries possess hierarchical organization;
namely, categories can be nested in one an-
other via inclusion relations (e.g., Collins
& Quillian, 1969; Glass & Holyoak, 1975;
- Smith et al., 1974). Although such organi-
~ zation has been shown not to be strictly
hierarchical (Collins & Loftus, 1975;
Conrad, 1972; Hampton, 1982; Smith et al.,
1974), category organization usually ap-
pears to contain some form of higher-order
clustering.

Scripts have also been viewed as hierar-
chical structures. Scripts decompose ini-
tially into scenes, which in turn decompose
into actions (e.g., Abbott et al., 1985;
Bower et al., 1979; Schank & Abelson,
1977; but see J. Mandler & Murphy, 1983).
Even though categories and scripts may
both have hierarchical organization, it
again should be noted that inclusion rela-
tions underly such organization in catego-
ries, whereas partonomy relations underly
such organization in scripts.

Within their hierarchical organizations,
both categories and scripts appear to have
a basic level. That is, there appears to be a
level of abstraction within both kinds of
hierarchies that is processed more effi-
ciently than other levels. For categories,
Rosch, Mervis, Gray, Johnson, and Boyes-
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Braem (1976) and Murphy and Smith (1982)
have found that categories at an interme-
diate level of abstraction are the preferred
way of labeling objects. For scripts, Ab-
bott et al. (1985) have found that statements
at an intermediate level of abstraction are
the preferred way of describing scripted
events.

Property representations of dimensional
information. As discussed earlier, most the-
ories of categories assume that dimensional
information about exemplars is represented
by properties. At issue has been whether
the temporal positions of script actions are
represented in a similar manner. Because
comparative judgment for scripts yields the
standard effects found for linear orders, it
appears that temporal properties are stored
with actions. Consequently dimensional in-
formation appears to be stored as proper-
ties for both categories and scripts, making
them both capable of behaving like linear
orders in comparative judgment (Galambos
& Rips, 1982; Nottenburg & Shoben, 1980).

Perhaps the main difference between
scripts and categories on this point has to
do with the particular dimensions repre-
sented. As pointed out by Keil (1979), on-
tologically different dimensions apply to ac-
tions and objects (e.g., temporal position
versus size). It remains to be seen whether
the properties for these different dimen-
sions are represented in different ways. On
the basis of the current comparative judg-
ment literature, it appears they are not.

Dimensional organization. The central
issue of this paper has been whether the
actions in scripts are organized by temporal
sequence, and the results obtained indicate
that they are. Such organization has the de-
sirable quality of enabling people to pro-
duce script actions in their correct order
with a minimal amount of search. There is
no reason to believe, however, that such
organization precludes simultaneous regp-
resentations of temporal position by tem-
poral properties. Similarly dimensional or-
ganization does not preclude simultaneous
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hierarchical organization. All three kinds
of structure appear necessary to account
for the empirical literature on scripts.

In contrast, people do not appear to have
dimensional organizations that siructure
categories by size. Yet there is no reason
categories could not also be organized di-
mensionally. For example, people who
stock produce at grocery stores may have
dimensional organizations for fruit and veg-
etables with respect to the order in which
they appear on the shelves. By having to
stock fruit and vegetables in the same spa-
tial and temporal orders day after day, it
would not be surprising if dimensional or-
ganizations are acquired for fruits and veg-
etables to represent these occupational in-
variants and to maximize work perfor-
mance.

In principle, scripts and categories both
have the potential for dimensional organi-
zation. To the extent people frequently pro-
cess actions or exemplars according to
some dimension, they should acquire a di-
mensional organization for that dimension.
This suggests that if people never pro-
cessed a script’s actions in a particular
order they would never acquire a dimen-
sional structure for temporal position in
that script (e.g., see the Bower et al., 1979,
discussion of ‘‘unordered scripts,’”’ pp-
202—-206). In addition, it should be possible
to develop several dimensional structures
for a given script or category. This suggests
that a script’s actions could be organized
according to other dimensions while simul-
taneously being organized according to
temporal sequence. For example, someone
on an assembly line who puts together a
device would probably develop a script for
that task in which actions are ordered ac-
cording to temporal sequence. Yet that
person might also develop a different or-
dering of actions relevant 1o trouble-
shooting faulty devices. For example, he or
she might develop an ordering of actions by
how likely they were 20 bave been per-
formed incorrectly. Following such an or-
dering during troubleshooting would opti-
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mize going back and locating the result
an improperly performed action.

Although scripts and categories boy,
have the potential for dimensional orgap;.
zation, scripts differ from categories in thy
they almost always scem to be structureq
by temporal position. In contrast, categ.
ries rarely seem to poOSSess dimensiong]
structures, and when they do, they do ng
seem to show much consistency in the
dimensions represented. This difference
may simply reflect the fact that behavior js
rarely structured by dimensions, except in
the case of scripts with respect to temporal
order.

Object Partonomies and
Script Taxonomies

As has been assumed so far, objects are
hierarchically organized by inclusion rela-
tions into the categories that comprise ob-
ject taxonomies, and actions are hierarchi-
cally organized by partonomy relations into
the scenes that comprise script parton-
omies. It is important to note, however,
that objects are associated with parton-
omies (e.g., the parts comprising a car) and
that scripts can be organized into taxon-
omies (e.g., the taxonomy of scripts for en-
tertainment activities).? Interestingly, ob-
ject partonomies and script taxonomies
both appear to have the same general prop-
erties as object taxonomies and script par-
tonomies. Each appears to contain super
ordinate relations, to contain graded struc-
ture, to be hierarchically organized with a
basic level, to have property representa-
tions of dimensional information, and to
have the potential for dimensional organi-
zation. At a more specific level, however,
object partonomies appear to differ from
script taxonomies in some of the same ways
in which script partonomies differ from ob-
ject taxonomies. One difference appears 10
be that object partonomies are dimension-
ally organized by spatial position analogous

Y We are grateful to Arthur Graesser for bringing this
to our attention.
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to the way in which script partonomies are
dlmensmnal]y organized by time. For ex-
ample, parts of objects often appear to be
dimensionally organized from left-to-right
or from top-to-bottom, such that generation
of parts may be fastest when retrieval fol-
jows these dimensions. In contrast, script
{zxonomies, similar to object taxonomies,
may be primarily structured by superordi-
nate relations and not by dimensions.

Markman’s (1981) developmental work
on collections (another kind of partonomy)
povides an interesting way of viewing the
presence of dimensional organization in
partonomles and its absence in taxonomies.
In general, scripts and other partonomies
may be easier for children to learn than tax-
onomies (Nelson & Greundel, 1981) be-
cause partonomies are dimensionally orga-
nized.

CONCLUSION

At a general level of analysis, scripts and

" categories have similar properties. Both

possess superordinate relations, graded
structure, hierarchical organization with a
basic level, property representations of di-
mensional information, and the potential
for dimensional organization. Yet at a more
specific level of analysis, scripts and cate-

. gories differ on each count. Although each

possesses superordinate relations, the kind
of relation varies. Although each possesses
graded structure, the determinants of such
structure vary. Although each possesses hi-
erarchical organization, such organization
is realized as partonomies in scripts and as
taxonomies in categories. Although each
has property representations of dimen-
sional information, the ontology of these di-
mensions differs. And although each has
the potential for dimensional organization,
such organization seems to occur primarily
for scripts as opposed to categories.

One way to view these two levels of anal-
ysis is that properties at the more general
level are invariant properties of the abstract
fepresentations that comprise much of
human knowledge. These properties occur
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for both scripts and categories and stand a
decent chance of occurring for other types
of representation as well. It seems reason-
able that the abstract representation of any
domain could potentially contain superor-
dinate relations, graded structure, hierar-
chical organization with a basic level, prop-
erty representations of dimensional in-
formation, potential for dimensional orga-
nization, and probably other invariant
properties as well. Differences between
representations at a more specific level,
such as the presence or absence of dimen-
sional organization, may primarily reflect
constraints associated with particular do-
mains.
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