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Mental Models and the Fan Effect

Gabriel A. Radvansky and Rose T. Zacks
Michigan State University

Explanations of data from fan effect experiments have been based on propositional network
models. This article presents findings not readily predicted by such models. In particular, in three
experiments we found that, during a speeded-recognition test, subjects retrieved facts about
several objects associated with a single location faster than facts about several locations associated
with a single object. Indeed, there was no fan effect in the former case despite the fact that there
were an equivalent number of associations among concepts in both conditions. We suggest that
such data are consistent with a mental model representational account.

A great deal of research in cognitive psychology aims to
elucidate the nature of the mental representation used to
perform various mental tasks. Often certain tasks are put forth
as the source of evidence for a particular form of mental
representation. A case in point is the fan effect paradigm
(Anderson, 1974), which has been used to promote a propo-
sitional network form of representation, especially the ACT
model (Anderson, 1974, 1983). The fan effect is an increase
in retrieval time or error rate {(e.g., on a recognition test of
specific facts) accompanying an increase in the number of
newly learned associations for a concept. In this article, we
present data from three fan effect experiments as the initial
part of an attempt to discover whether a mental model view
(Johnson-Laird, 1983) may provide a description of certain
aspects of fan effect performance.

The logic of the present research is introduced through
some examples of the materials used in this research:

1. The cola machine is in the hotel.

2. The cola machine is in the public library.

3. The cola machine is in the high school.

4. The display case is in the city hall,

5. The potted palm is in the city hall.

6. The broken window is in the city hall.

7. The welcome mat is in the barber shop.

In this set of sentences three distinct cases arise. In the first
case, Sentences 1 to 3 share the concept cola machine. In the
second case, Sentences 4 to 6 share the concept city hall. In
Sentence 7, there is only one association for both the subject
and predicate. In all of the experiments, subjects first memo-
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rize a list of such facts and then are given a speeded-recogni-
tion test for those facts.

Propositional Networks and the Fan Effect

According to ACT (Anderson, 1974, 1983), information is
structured in memory as a set of nodes and links that make
up a network. The nodes of the network represent the concepts
in memory, and the links represent the associations between
these concepts. Each concept is represented by only a single
node in the memory network. Additionally, in typical fan
effect experiments, the preexperimental associations are ig-
nored.

A memory probe causes the appropriate nodes of the net-
work to become activated. This activation then spreads along
the links emanating from the activated concepts either until
the two spreads of activation intersect or until an appropriate
amount of time has passed (Anderson, 1983). If the probe
were Sentence 7, activation would only have to spread along
a single associative link. If the probe were any of Sentences 1
to 6, activation would have to be divided equally among three
associations. A larger number of links results in a finer divi-
sion of activation causing the retrieval process to proceed
more slowly.

For the present purpose, the most notable aspect of the
ACT model is that it predicts an equal fan effect for Cases 1
and 2 where there are an equal number of associations. In the
first case, there are three locations associated with the cola
machine concept, and in the second case there are three
objects associated with the city hall concept.

Mental Models and the Fan Effect

Finding a fan effect in conditions analogous to Case 1 but
not Case 2 suggests that the propositional network view does
not completely characterize the mental representation of the
studied facts. Instead a complete account of fan effect data
may require incorporating the notion of mental models (John-
son-Laird, 1983). This article explores this possibility.

Although the notion of a mental model is not fully devel-
oped and is sometimes vague (cf. Glenberg, Meyer, & Lindem,
1987), there are aspects of mental models that are sufficiently
clear for specific predictions to be made. An important char-
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acteristic of mental models for the present studies is that each
presents a specific situation {Johnson-Laird, 1983). A situa-
tional representation is assumed to derive from the functional
relationships between elements in the real world (e.g., a cola
machine is related to a hotel in that the cola machine is in it).
When a fact about a new situation is learned, a representation
is constructed of the described situation. Subsequent infor-
mation is then integrated into that representation if it is
congruent with the portrayed situation based on a subject’s
world knowledge. If the new information is not congruent,
then a new mental model is constructed.

With the present materials, different situations are assumed
to derive from the use of different locations across facts. In
the real world, an object cannot be in more than one place at
once, nor does an object typically move from place to place.
However, several objects can occupy the same location (if
large enough) at one time. Therefore, in this case, location
can be used as the basis for defining different situations.
Sentences | to 3 may easily be conceived of as describing
different situations because the cola machine is in different
places (the hotel, the public library, and the high school).
Consequently, these three facts will result in the construction
of three separate mental models. We refer to such cases as
multiple location (ML) conditions. Alternatively, Sentences 4
to 6 may easily be conceived of as describing a single situation,
namely the state of affairs in which the display case, the potted
palm, and the broken window are in the city hall. In this
condition a single mental model is constructed through the
integration of these three idea units around the location that
contains the objects. We refer to such cases as single location
(SL) conditions."

The idea that subjects integrate related information into a
single mental representation is not new (e.g., Bransford &
Franks, 1971). What is new in the present article are the
suggestions that situation-based mental models determine
how facts will be integrated, and that this notion can be
applied to the fan effect. We suggest that it is the number of
mental models and not the number of associations involving
a concept that determines when a fan effect will occur.

Each mental model is stored in long-term memory as a
separate unit. Fact retrieval involves selection of the appro-
priate mental model and verification that its contents match
(or do not match) the probe. The fan effect arises from the
interference caused by related (through a shared concept) but
irrelevant mental models hampering the selection of the cor-
rect one during the retrieval process. The more interfering
mental models there are, the longer the retrieval time. The
precise nature of this slowdown is unclear at this point. The
details of the retrieval process in a mental model view have
not been worked out completely. We offer the following as a
set of working assumptions to permit initial tests of the mental
model view.

In an SL condition, all of the facts associated with a location
are encoded into a single representation. During retrieval, this
is the only representation that needs to be accessed. There are
no interfering mental models. Any interference that occurs in
this condition is due to irrelevant objects also within the
mental model. This within-model interference is believed to
be minimal for the present sets of materials because the mental

models created are relatively simplistic, and the retrieval of
the facts from within a mental model is well practiced.

In an ML condition, by contrast, a separate mental model
exists for each location the object is associated with. These
additional mental models interfere with the retrieval of the
appropriate one, thereby slowing retrieval. Greater numbers
of additional mental models interfere more, thus generating
the fan effect. Consequently, the interference generated during
mental model retrieval from competing models (ML condi-
tion) is assumed to be greater than any interference that may
be encountered while a single model is searched within work-
ing memory (SL condition). Therefore, the prediction is that
retrieval in the SL condition will be faster than in the ML
condition. Additionally, the SL condition will show a smaller
fan effect than the ML condition, or the effect will be absent.
Like the standard fan effect, these predictions hold for the
verification of both studied and nonstudied probes. We refer
to the effect on retrieval of the presumed organization of
information in terms of the situations described as the situa-
tion effect. After presentation of the results of three experi-
ments that support the mental model view, we consider the
ability of this view to handle previous fan effect data, including
other findings of reduced fan effects.

The comparison between the SL and ML conditions illus-
trated here is similar to Moeser’s (1979) integration versus
independence distinction of information storage. She found
that if a set of facts can be easily integrated into a single
representation, then no fan effect is found. However, if the
same information is stored independently in separate repre-
sentations, then a fan effect is found. Relative to the present
experiments, the primary differences in Moeser’s study are
the stimulus materials and the procedure. The integrative
materials used by Moeser could all be grouped in only one
way, whereas the materials in the present experiments had
alternative groupings. Additionally, Moeser found integrated
storage when related facts were presented contiguously and
independent storage when related facts were presented non-
contiguously, whereas integration of the facts in the present
experiments is sought when the facts are presented noncon-
tiguously.

Experimental Methodology

The present experiments use the basic fan paradigm meth-
odology (e.g., Anderson, 1974). In addition to examining the
effect on retrieval time of different levels of fan (the compar-
ison of interest in previous research), the experiments com-
pare SL and ML conditions at the same levels of fan. Address-
ing the problem from a propositional network perspective
predicts no difference between SL and ML conditions, only
increased retrieval time with increased fan. A mental model
view, by contrast, predicts the situation effect.

' It should be noted that although location does provide the basis
for organizing a mental model in the present set of materials, in other
cases it may not. We have data from similar experiments using
sentences in which people and locations are used. In these experi-
ments location was not the clear basis for organizing the mental
model. These experiments are described in more detail later here.
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The experiments share a common methodology, which is
described first followed by the results of various baseline
measures from all of the experiments.

General Methods

Subjects

All of the subjects were recruited from the Michigan State
University subject pool and were native speakers of English.
Subjects were given class credit for their participation except
for those in the 1,000-ms sentence onset asynchrony (SOA)
group of Experiment 3, who were paid $10 each.

Materials

The sentences were created by randomly pairing an object
and a location. The objects were not intuitively preassociated
with the location. The objects actually used in the experiments
were described in two or three words, and the entire phrase
ranged from 8 to 16 letters in length (M = 11.9). The locations
were described in one, two, or three words, and the entire
phrase ranged from 5 to 15 letters in length (M = 11.1; see
Table 1 for a listing of all of the objects and locations).

Experiments | and 3 used sentences in which both the
object and location served as the syntactic subject of the study
sentences. To ensure that all of the materials used were
sensible in both sentence forms, a normative study was con-
ducted in which 50 subjects rated sentences for sensibility.
These subjects did not participate in any other portion of
these experiments.

In the norming study, the sentences included all possible
paired combinations of 20 locations and 20 objects. There
were two forms of each object-location combination: “The
object is in the location,” and “The location has the object.”

Table 1

GABRIEL A. RADVANSKY AND ROSE T. ZACKS

This generation procedure produced a list of 800 sentences.
These sentences were then randomly assigned to 1 of 10 lists;
the only constraint was that each list contained equal numbers
of each sentence type. Each list also contained a set of 20
blatantly nonsensical sentences, such as “The sports car is in
the sewer,” thus making each list 100 sentences long. The
nonsense sentences were included in an attempt to encourage
subjects to attend more fully to the task. A 5-point rating
scale was used ranging from sensible (1) to not sensible (5).
Subjects were encouraged to use the entire scale. Each sen-
tence was rated by five individuals.

From these sentence ratings, mean sensibility scores were
obtained for each sentence. The mean rating across sentences
was 2.3, not including fillers. Those sentences with mean
ratings of 2.9 or lower were selected for use as stimuli for the
experiment because these were believed to be sensible enough
that subjects would incur no difficulty in comprehending
them. Because some objects or locations were in a large
number of sentences that were rated as being nonsensical,
those sentences containing the 6 worst objects and locations
were dropped from the remaining set, leaving 14 objects and
locations that were used exhaustively. This procedure gener-
ated a list of 375 possible sentences. From this list of possible
sentences, a unique list was generated for each subject in each
experiment.

The construction of the present materials differed only
slightly from that used in Anderson’s (1974) original experi-
ment. First, the largest fan level was four instead of three.
Second, objects were used in the sentences rather than people.
Third, the sentences used a definite rather than an indefinite
article for the sentence subject to encourage subjects to treat
each instance of an object or location as the same instance
across sentences when it was repeated within a list. In a
propositional network, this would promote the use of a single
node for each concept. Fourth, the combinations of object
and location fans tested in the recognition tests of these studies

Design Used for Combining Subjects and Predicates in the Generation of the Study Lists

Location fan

Object
fan 1 2 3 4
1 aA bB cC dD
hH il ¥y kK
2 eE eD
IL 1K
3 fF f1 fD
mM mC mK
4 sG gB gC gD
nN nl nJ nK
Objects (lowercase letters) Locations (uppercase letters)
fire extinguisher display case hotel community center
digital wall clock broken window airport car dealership
welcome mat revolving door dry cleaners ice cream parlor
travel poster potted palm barber shop public library
pay phone cola machine city hall office building
ceiling fan wire wastebasket laundromat cocktail lounge
oak counter bulletin board high school movie theatre

Note. In the location-subject conditions of Experiments 1 and 3, the order of the object and location

terms were reversed.
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were those involving either a single object associated with one
to four locations or a single location associated with one to
four objects. These combinations were selected to reflect a
pure effect of either location fan or object fan (no combina-
tions of multiple locations with multiple objects were tested).
This allowed for a direct comparison of the SL and ML
conditions.? The study lists did contain additional (but un-
tested) sentences in conditions involving multiple objects in
association with multiple locations. These sentences were
included to create the appropriate number of associations for
the test sentences without resulting in excessively large study
lists. Table 1 presents the design used for pairing objects with
locations. The lowercase letters indicate objects, and the up-
percase letters indicate locations. Note that each object and
location was repeated one to four times in the list, and that
each object and location could appear anywhere within the
design. Across subjects, different objects served as specific a-
n items and different locations served as specific A-N items.

Procedure

Subjects were tested individually in a single session lasting
approximately 1 1/2 to 2 hr. At the beginning of the proce-
dure, each subject was administered the vocabulary section of
the Wechsler Adult Intelligence Scale-Revised (WAIS-R) to
detect any subjects low in verbal ability who might subse-
quently have difficulty because of the verbal nature of the
materials. The designated cutoff was a score of 30 of a posstble
70.

Subjects were first presented with study lists of 26 sentences
with the instruction to memorize them as efficiently as pos-
sible (except for Experiment 2 where instructions were ma-
nipulated). The sentences were displayed one at a time for
7 s each on a monochrome (green) screen controlled by an
Apple Ile computer. The sentences appeared halfway down
the screen beginning on the left-hand edge. A 40-column
presentation mode was used.

Each subject learned a different set of study sentences. A
study—-test procedure was used in which, after going through
the entire list of sentences in random order, the subjects were
presented with a series of test questions (also in random order).
The questions were of the form “What is in the Jocation?” or
“Where is the object?” for each location and object, respec-
tively. This study-test procedure was repeated until the sub-
ject was able to answer all of the test questions correctly twice
in a row. This ensured that the subjects had memorized and
could retrieve the entire list. A different random order was
used for the presentation of each study and test trial.

The subjects were then given a speeded-recognition test. A
studied fact was indicated by pressing a game paddle button
held in the right hand, and a nonstudied fact was indicated
by pressing one held in the left hand. A practice period of 18
trials was provided to familiarize the subjects with using the
paddles in this manner. On the practice trials, the computer
displayed either “Sentence studied” or “Sentence not studied,”
and the subjects had to press the appropriate button. The
studied probes in the recognition test were sentences from the
study list, with two sentences per SL-ML condition at every
fan level. The nonstudied probes were re-pairings of objects

Table 2

Means and Standard Deviations (in Parentheses) of
Wechsler Adult Intelligence Scale-Revised (WAIS-R)
Vocabulary Test Scores, Number of Cycles Through
Study-Test, and Number of Errors on Posttest

Factor WAIS No. cycles  Posttest (%)
Experiment 1
Object-subject 46.8 (6.1) 4.3(0.8) 0.00 (0.00)
Location-subject  44.5(7.0) 4.9(1.3) 0.34 (1.90)
Mean 456 (6.5) 4.6(1.1) 0.34 (1.49)
Experiment 2
Location 43.3(7.0) 5.1(0.8) 0.56 (1.04)
Object 428 (6.5) 5.5(1.6) 0.16 (0.53)
Neutral 43.7(6.0) 50(1.0) 0.96 (2.15)
Mean 43.2 (6.4) 52(1.1) 0.19 (1.45)
Experiment 3
250-ms SOA 48.5(6.8) 4.7(L.1) 0.64 (1.20)
500-ms SOA 46.5(6.1) 4.6(1.2) 0.40 (1.10)
1,000-ms SOA 50.3(7.4) 4.8(1.0) 0.88 (1.24)
Mean 484 (7.0) 4.7(.1) 0.80(1.18)

Note. SOA = sentence onset asynchrony.

and locations from within the same cell. For example, if the
two studied sentences from within a cell were Sentences 8 and
9, the nonstudied sentences would be 10 and 11:

8. The ceiling fan is in the airport.

9. The fire extinguisher is in the laundromat.

10. The ceiling fan is in the laundromat.

11. The fire extinguisher is in the airport.

The order of probe presentation was random. The computer
recorded reaction times (RTs) and error rates.

An arbitrary cutoff of 10% errors on the recognition test
was established. Subjects exceeding this cutoff were replaced.
Subjects received feedback immediately after a trial if the
response was incorrect. The feedback (presented for 500 ms)
consisted of the presentation of a line that read either “*Error*
sentence studied” or “*Error* sentence not studied,” which-
ever was appropriate. For purposes of analysis, errors included
not only incorrect responses, but also trials for which the RTs
were shorter than 500 ms or longer than 10,000 ms. At the
end of the recognition test, subjects were presented with a
posttest composed of the questions used in the list-learning
period.

General Results

The means and standard deviations for the WAIS-R vocab-
ulary test, number of study-test cycles required to learn the
list, and number of errors on the posttest are presented in
Table 2. None of the between-groups differences involving
these measures were significant. The WAIS-R vocabulary
scores are typical for students at Michigan State University.
The minimal variation in the number of cycles needed to

2 According to the min effect described by Anderson (1976), when
a concept has only a single association, as in both the SL and ML
conditions, there is a potential for a reduced or absent fan effect.
However, even with the min effect, the propositional network view
does not predict a difference in the size of the SL and ML fans.
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memorize the lists indicates that the subjects were approxi-
mately equal in their memorization skills. The small number
of errors on the posttest indicates that the subjects were able
to accurately retain all of the information throughout the
recognition test. These data demonstrate uniformity across
studies and conditions, but provide no further information
regarding questions of interest and are not discussed again in
this article.

Before turning to the individual experiments, one further
issue needs clarification concerning the RT data (the primary
dependent measure). This issue is the statistical approach used
to test the mental model prediction for the reduced (perhaps
to zero) fan effect in the SL compared with the ML condition.
Various forms of statistical support can be garnered for this
prediction. First is the main effect of location condition (SL-
ML difference) in a Location X Fan analysis of variance
(ANOVA). A finding of significantly longer RTs in the ML
than in the SL condition is consistent with the notion of
greater interference from irrelevant mental models in the
former condition. This main effect was significant in all three
experiments.

A second potential source of support for the mental model
view is the Location X Fan interaction. In particular, a
significant interaction reflecting a greater increase in RT with
increasing fan in the ML than in the SL condition would be
strong support for the mental model position. Although all
three experiments show the expected trend, the interaction
was significant only in Experiments 2 and 3. The failure to
obtain a significant interaction in Experiment 1 is probably
due to a flaw in our design of the studies. Specifically, we did
not take into account the fact that the SL and ML conditions
share the cell in which both object and location have a fan
level of 1 (e.g., Sentence 7). Unfortunately, there were too few
items in this cell to “divide” them between the SL and ML
conditions, and it had to be dropped from the Location X
Fan analyses. Because there is a large increase in RT from
Fan Level 1 to Fan Level 2 in the ML condition (e.g., see
Figure 1 for the Experiment 1 data), removal of the Fan Level
1 data works against a significant interaction. The different
outcomes for Experiment 1 versus Experiments 2 and 3 are
in part due to a larger total number of subjects in the latter
experiments with a concomitant increase in power. The result
of an alternative, although not ideal, approach is reported for

2400 ]
2200 ML (nonstudied)
= SL (nonstudied)
ML (studied)
E 2000 1 SL (studied)
1800
P >
1600 g’:——".""--'-""-'
1400 L] L L] T
| 2 3 4
Level of Fan
Figure 1. Situation effect for studied and nonstudied sentences for

Experiment 1. (RT = reaction time; ML = multiple-location condi-
tion; SL = single-location condition.)

Experiment 1. Specifically, an orthogonal comparison analy-
sis was performed in which the mean RT of Fan Levels 2 to
4 for each of the SL. and ML conditions was compared with
the mean RT of the Fan Level 1 cell. This contrast was
significant for the ML but not the SL condition, showing that
higher fan levels are associated with longer RTs in the former
case but not in the latter.

Experiment 1 demonstrated the presence of the situation
effect with two differing syntactic forms for the facts. Experi-
ment 2 investigated the effects of varied instructions on the
situation effect. Finally, Experiment 3 showed how different
cue types affect the situation effect based on the notion that
the mental models of the facts are organized by location and
are stored as separate units.

Experiment 1

In this study, locations served as the grammatical subject
of the sentences for half of the participants and as the prepo-
sitional phrase for the remaining participants. This was done
to demonstrate that the situation effect, if found, is not limited
to a particular type of memorized sentences (e.g., location
concept in the predicate position).

Method

Subjects. Thirty-two individuals were tested. Five additional sub-
jects were replaced, 3 for exceeding the cutoff for errors on the
recognition test and the other 2 for not meeting the criterion on the
vocabulary test.

Procedure. Subjects were given the study-test procedure as de-
scribed previously, and were then given a recognition test on reaching
the memorization criterion. Subjects were divided into two groups.
One group received object-subject sentences (OS) and the other group
received location-subject sentences (LS). During the recognition test,
there were four presentations of each probe yielding a total of 112
trials. Halfway through this test, a break occurred providing a subject-
paced rest period. The posttest was composed of questions used in
the list-learning period and followed the recognition test.

Results

Studied-nonstudied probe differences and fan effect. The
RT data were submitted to a 2 (sentence type) X 2 (studied-
nonstudied) X 4 (Fan Levels 1-4) mixed ANOVA,; the first
variable was between subjects. Unless noted otherwise, the
level of significance for all statistical measures was set at p <
.05. Subjects were quicker to decide that a probe was a studied
sentence as opposed to a nonstudied one, F(1, 30) = 19.15,
MS. = 126360. Subjects also showed a fan effect, F(3, 90) =
7.61, MS. = 128586. Neuman-Keuls tests showed, however,
that only the Fan Level 1 RTs were faster than the RTs in
the other conditions.

Situation effect. The RT results pertaining to the situation
effect are summarized in Figure 1. As can be readily seen, the
ML condition produced longer average RTs and somewhat
steeper slopes as a function of fan level than the SL condition.
The reliability of these trends was evaluated by a 2 (sentence
type) X 2 (studied-nonstudied) x 2 (SL~ML) x 3 (Fan Levels
2-4) mixed ANOVA. The SL-ML difference was significant,
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F(1, 30) = 37.29, MS, = 209223. There was also a marginally
significant interaction of situation effect with studied-non-
studied probe decisions, F(1, 30) = 3.93, p < .06, MS. =
182860. The SL-ML difference for nonstudied decisions was
larger than that for studied decisions.

The Location X Fan interaction was not significant. How-
ever, orthogonal comparisons showed that the average RT for
Fan Levels 2 to 4 significantly differed from Fan Level 1 for
the ML condition, F(2, 30) = 11.65, MS, = 1714684, but not
for the SL condition (p > .20). Additionally, Neuman-Keuls
tests showed that whereas the SL RTs did not differ from one
another, in the ML condition there was a significant difference
between the Fan Level 3 and Fan Level 4 probe RTs. These
last two results are consistent with the prediction of greater
retrieval time increases with increasing fan for the ML con-
dition compared with the SL condition.

Sentence subject type. The LS and OS conditions did not
differ (F < 1). The fan effect within each of the two conditions
was significant, F(3, 45) = 4.84, MS,. = 61837 for OS and
F(3, 45) = 3.25, MS. = 66749 for LS, as was the SL-ML
difference, F(1, 15) = 15.34, MS. = 119524 and F(1, 15) =
22.37, MS. = 92601 for OS and LS respectively (see Figure
2). Neuman-Keuls tests of fan-level differences performed
separately on the OS and LS data produced results similar to
those for combined sentence type RTs. In general then, the
grammatical form of the sentences appears to have had little
bearing on the way facts were stored and retrieved.

Errors. The mean percentage of errors on the decision
trials was 3.1% (SD = 2.2). There was a marginally significant
fan effect, F(3, 90) = 2.52, p < .07, MS. = 37. The percentage
of errors increased with increasing fan. The means were 1.8,
2.8, 3.1, and 4.7% for Fan Levels 1 to 4, respectively. There
was also a significant interaction of studied—-nonstudied deci-
sions with fan, F(3, 90) = 2.75, MS. = 33. The fan effect was
significant for the nonstudied probes, F(3, 90) = 4.03, MS. =
40, but not for the studied probes, F < 1. Also there were
more errors in the ML conditions (M = 4.9%) than in the SL
conditions (M = 2.2%), F(1, 30) = 9.44, MS. = 72. The error
rates are consistent with the RT data in this respect. There is

no evidence of a speed-accuracy trade-off; rather an increase

in error rate appears to accompany an increase in RT.

2200
2100 SL (08)
ML (OS)
2000 SL(LS)
i A ML (LS)
g 1900
£ 1800 4
1700
1600
1500 r T T T
1 2 3 4
Level of Fan

Figure 2. Comparison of the situation effect for object—subject (OS)
and location-subject (LS) conditions for Experiment 1. (RT = reac-
tion time; SL = single-location condition; ML = multiple-location
condition.)

Discussion

The results of Experiment 1 suggest the existence of the
situation effect. In addition, this experiment provided evi-
dence that this effect is not restricted to a single syntactic
structure because the same pattern of retrieval times was
found when the location served as the syntactic subject of the
sentences as when it served as the prepositional phrase.

The results are not predicted by propositional network
theory. Although the fan effect itself is explained quite ade-
quately, the situation effect is not derivable from such a theory
at present. By contrast, the mental model theory provides a
more straightforward account of the situation effect. Infor-
mation that is consistent with a single situation, such as the
state of affairs of several objects occupying a single location,
is integrated into a single mental model representation. This
integration allows for an attenuation of the fan effect.

Experiment 2

This study was devised to assess whether the situational
organization is easily altered by instructions. That is, the
question asked was whether subjects can organize their rep-
resentations around objects rather than locations, reversing
the pattern of retrieval times found in Experiment 1. The
experimental procedure was identical to the previous experi-
ment except that the subjects were given specific instructions
on the method by which they should organize the facts in
memory as they studied the list.

Subjects were divided into three groups—-location, object,
and neutral group—and each was instructed to memorize the
list in a different manner. The location group was instructed
to group the items in terms of the locations. The object group
was instructed to group information in terms of the objects.
The neutral group was told only to memorize the sentences
as efficiently as possible with no suggestion for organizing the
facts.

Assuming that the primary representations used with the
present materials are mental models, two results were ex-
pected. First, the location group should not differ from either
the neutral group or the data from the previous experiment
in showing the situation effect. If location is the preferred
basis of organization, the neutral group, given a choice of
organizing on the basis of either location or object, will select
location. Second, to the extent that the instructions have any
effect, the location and neutral groups may show a greater
situation effect than the object group. However, the object
group will not show a reversal of the previously obtained
situation effect resulting from an object-grouping strategy
because different objects do not imply different situations.

Method

Subjects. Seventy-two subjects were tested, 24 in each
instruction group. Two additional subjects were replaced for
failing to meet the criterion on the vocabulary test.

Procedure. This experiment used the normed sentences
of the form “The object is in the location.” The procedure
was identical to the previous experiment with the exception
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of the memorization instructions. Before memorizing the
sentences, the subjects in the location and object groups were
instructed to “try to organize these facts in your mind in
terms of the locations (objects).” Subjects were also reminded
of the memorization strategy at the beginning of each study-
test cycle as they learned the sentences. At the end of the
experiment, the subjects were asked two or three questions:
(a) “When an object was associated with multiple locations,
did you consider it to be the same or different instances of
the object for each of the locations?” (b) “When a location
was associated with multiple objects, did you consider it to
be the same or different instances of the location for each of
the objects?” (¢) “Did you follow the memorization strategy
instructions during the study-test portion of the experiment?”
{The neutral group was not asked this question.) The first
question is referred to as the object question, the second as
the location question, and the third as the instructions ques-
tion.

Results

Studied-nonstudied probe differences and fan effect. The
RT data were submitted to a 3 (instruction type) X 2 (studied-
nonstudied) X 4 (Fan Levels 1-4) mixed ANOVA; the first
variable was between subjects. Studied sentences were recog-
nized more rapidly than nonstudied sentences, F{1, 69) =
114.60, MS. = 29907. Subjects again showed the classic fan
effect, F(3, 207) = 22.85, MS. = 58911. Neuman-Keuls tests
revealed that the retrieval times increased with each increase
in fan level except between Fan Levels 3 and 4. There was an
interaction of fan and studied-nonstudied decisions, F(3, 207)
= 8.97, MS. = 23216. The fan effect was larger for nonstudied
probe decisions than for studied probe decisions.

Situation effect. The RT data were also submitted to a 3
(instruction type) X 2 (studied-nonstudied) x 2 (SL-ML
difference) X 3 (Fan Levels 2—-4) mixed ANOVA, Once again,
the ML condition produced longer RTs than the SL condition
as shown in Figure 3. This SL~-ML difference was significant,
F(1, 69) = 132.82, MS, = 143980.

There were two significant interactions involving the loca-
tion variable. The first was with the studied-nonstudied fac-
tor, F(1, 69) = 13.76, MS, = 53466. The SL-ML difference
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Figure 3. Situation effect for studied and nonstudied sentences for
Experiment 2. (RT = reaction time; ML = muitiple-location condi-
tion; SL = single-location condition.)
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Figure 4. Comparison of the situation effect for location, object,
and neutral instruction groups for Experiment 2. (RT = reaction
time; SL = single-location condition; ML = multiple-location con-
dition.)

was larger for the nonstudied decisions than for studied deci-
sions. The other significant interaction was between location
and fan, F(2, 138) = 5.97, MS. = 111730. This indicates that
the size of the fan effect was greater for the ML condition
than for the SL condition, suggesting that a multiple-model
search takes increasingly longer than a single-model search as
fan increases. The fan effect was not significant for the SL
condition, F < 1, but was significant for the ML condition,
2, 138) = 10.60, MS. = 62751. Additionally, Newman-
Keuls tests on the ML data revealed that Fan Level 2 differed
significantly from Fan Levels 3 and 4. There were no signifi-
cant differences for the SL condition. The attainment of a
significant Location X Fan interaction and the cleaner results
of the Neuman-Keuls tests are attributed to the increased
power as a result of more trials per cell and more subjects in
this experiment compared with Experiment 1.

Instruction type. There were no significant effects involv-
ing the type of memorization instructions that the subjects
received. Both the SL~-ML difference and the Location X Fan
interaction (i.e., the entire situation effect) were significant
for each of the different instruction groups (all ps < .05; see
Figure 4). Neuman-Keuls tests revealed differences similar to
those reported for the combined conditions.

Errors. Subjects made an average of 2.5% errors on the
decision trials. As in Experiment 1, there was a fan effect,
F(3,207) = 3.29, MS. = 7. The percentage of errors increased
with increasing fan: The means were 1.8%, 2.2%, 2.9%, and
3.0% for Fan Levels 1 to 4, respectively. There were more
errors in the ML conditions (3.5%) than in the SL conditions
(1.8%), F(1, 69) = 15.21, MS, = 40. Additionally, the SL~
ML difference interacted with studied-nonstudied probe de-
cision, F(1, 69) = 5.24, MS. = 38. There was a greater
difference in error rate between the SL and ML conditions in
the nonstudied probe decisions (1.4% to 4.1%) than in the
studied decisions (2.3% to 3%). There was no significant effect
of instruction type on error rate, although the location and
object groups had fewer errors (2.2% for both) than the neutral
group (3%). The error rates are consistent with the RT data.
There is no evid