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Memory for mental models of spatial descriptions:
An episodic-construction-trace hypothesis
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Three experiments, based on Mani and Johnson-Laird’s (1982) study, tested memory for spatial
descriptions. In Phase 1 of each experiment, subjects judged whether diagrams matched verbal
descriptions that were either determinate or indeterminate. In Phase 2, subjects attempted to
recognize the descriptions studied in Phase 1. Mani and Johnson-Laird reported a crossover: Gist
memory was better for determinate descriptions and verbatim memory was better for indeter-
minate descriptions. This crussover suggests that mental models are remembered. All three new
experiments failed to replicate the crossover, challenging whether models are preserved in episodic
memory. It was hypothesized instead that episodic memory records the mental operations by which
models are constructed. This hypothesis accounted for the findings of all three experiments. In
Experiments 1 and 2, performance varied with the construction-trace overlap between recogni-
tion test descriptions. In Experiment 3, performance was depressed if the order of sentences within
descriptions was altered between study and test.

Johnson-Laird’s (1983) conception of a mental model
is an important construct in the psychology of language
comprehension and reasoning, and may speak to broader
issues such as the way people use machines. Yet the cen-
tral idea is simple: A mental model is an analog repre-
sentation of a real or imagined state of affairs. Analog
representations, in contrast to propositional representa-
tions, do not have an arbitrary structure: The structure
of an analog representation preserves the relational struc-
ture of the represented state of affairs.

Distinguishing analog from propositional representa-
tions empirically is controversial. Indeed, at one time,
Anderson (1978) argued that it is in principle impossible
(for critiques of his argument, see Johnson-Laird, 1983,
and Pylyshyn, 1979). However, a great deal of recent em-
pirical evidence supports the hypothesis that people con-
struct and consult analog mental models: Consider, for
example, the evidence on deductive reasoning presented
by Johnson-Laird and Byrne (1990).

Furthermore, this empirical evidence is supported by
computational and philosophical arguments. Anderson
(1983) found it convenient to suppose imagistic represen-
tations in his ACT* theory of memory representation.
More recently, Newell (1990) has argued that mental
models offer different computational advantages and
disadvantages to propositional representations: Mental
models are more limited in scope but easier to process,
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and models do not suffer from the frame problem, because
when the situation being modeled changes, it is obvious
how an analog model should be updated. (This is famously
not true for arbitrary propositional representations; see,
e.g., Pylyshyn, 1987.) Finally, McGinn (1989) has argued
that analog representations offer a better foundation for
the notion of mental content than do propositional ‘‘lan-
guages of thought.””

Currently, perhaps, the case for mental models is stron-
gest for spatial mental models, for which converging evi-
dence from different empirical paradigms can be mar-
shaled. The well-known image scanning results of Kosslyn
and colleagues (see, e.g., Kosslyn, 1980) offer support
for regarding mental images as analog visuospatial rep-
resentations, although their interpretation remains highly
controversial. More recent results using a similar para-
digm, and again interpreted in terms of analog spatial
mental models, in this case derived from text, are reported
by Denis and Cucode (1989).

Investigating representations of continuous dimensions
is not the only way to empirically distinguish analog from
propositional representations. Ehrlich and Johnson-Laird
(1982) measured reading speed, listening speed, and
memory for categorical spatial descriptions. Referentially
continuous descriptions, in which adjacent sentences
shared a referent, were easier to process according to all
three measures, suggesting that subjects attempted to inte-
grate propositions into a single coherent mental model.
Morra (1989, Experiment 3) replicated the effect on read-
ing times and memory with more closely controlled
materials. Byrne and Johnson-Laird (1989) showed that
the difficulty of deducing unstated relations from descrip-
tions of spatial arrays was predicted by the number of spa-
tial arrays that subjects had to consider—a result predicted
by the theory of analog spatial mental models but not by
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the logical form of the spatial descriptions. Finally, Frank-
lin and Tversky (1990) and Franklin, Tversky, and Coon
(1992) reported that subjects who read narratives that
describe spatial scenes from the point-of-view of a single
character form spatial mental models that incorporate that
character’s perspective.

Are Mental Models Remembered?

If one accepts the utility of analog mental models in
comprehension and reasoning, an important question
about the psychological status of mental models remains
open. Mental models are constructed, considered, and
manipulated *‘to think with,”’ but how are mental models
remembered? Most of the wide ranging empirical work
on text comprehension or deduction simply does not
address this issue.

The case is clearest for deduction, since long-term
memory is never tested. Experimental tests of model-
based theories rely on the idea of analog mental models
being constructed from premises, but subjects in these
reasoning experiments do not need to remember their
mental models once they have reported conclusions.

The same is true of many discourse comprehension
experiments, such as those cited above of Denis and
Cucode (1989) and of Franklin and colleagues (Franklin
& Tversky, 1990; Franklin et al., 1992). Those studies
that do implicate analog mental models do not, on my
reading, address the relationship of mental models to epi-
sodic memory. Just as in experiments on deductive reason-
ing, the experimental procedures only require subjects to
process spatial descriptions one at a time, uninterrupted,
without any intervening alternative tasks that might com-
pete for temporary working storage.

Consider, for example, the work of Franklin, Tversky,
and colleagues (Franklin & Tversky, 1990; Franklin
et al., 1992). In their experiments, subjects have to read
rich descriptions of some physical scene from the point
of view of an observer and then recall as quickly as pos-
sible the names of objects, cued by their positions rela-
tive to the observer. The basic finding is that response
time can be predicted from the relative orientation of the
observer in the described scene. These findings seem to
offer strong evidence for spatial mental models (and,
further, to identify them as ‘‘viewer centered’’), but they
do not implicate long-term episodic memory. It is true
that subjects must repeatedly consult their model of each
spatial scene for several minutes, but there is no reason
to suppose that subjects do not maintain (or *‘refresh,’
somehow) their mental model, in working memory,
throughout this period. Once subjects abandon one men-
tal model for another—that is, once they move on to the
next part of the experiment and begin to read some com-
pletely novel description—they are never called upon to
remember the earlier model.

In other work on mental models in text comprehension,
the key hypothesis is that comprehension goes beyond the
text-level propositions to some understanding of the situ-
ation that is described. Although such tests will often

implicate long-term memory, it is the content of memory
that is at stake, not its representational form. A model
of the described situation can be distinguished from the
propositions in the text, without concern for whether the
situation is represented in analog form. Indeed, van Dijk
and Kintsch’s (1983) formulation of a *‘situation model,’’
which is similar to Johnson-Laird’s (1983) theory in its
stress on the use of inferential processes and world know!l-
edge, does not make claims about an analog representa-
tional format. As van Dijk and Kintsch put it, the fun-
damental insight is that ‘‘to understand the text we have
to represent what it is about’ (p. 337).

In support of this insight, several studies have shown
that spatial descriptions of various kinds can lead to long-
term representations of the spatial situation that is de-
scribed (see, e.g., Glenberg, Meyer, & Lindem, 1987;
Morrow, Bower, & Greenspan, 1989; Morrow, Green-
span, & Bower, 1987). To explain results like these, one
needs to suppose that readers infer unstated properties of
the situation described in the text and that they remem-
ber these properties; one need not suppose any analog
mental model.

This argument can be illustrated by considering the clas-
sic experiments of Bransford and colleagues (Bransford,
Barclay, & Franks, 1972; Bransford & Franks, 1971).
Bransford et al. show that sentence memory cannot ade-
quately be explained purely in terms of the linguistic
meaning of sentences but is instead a function of situa-
tions that the sentences describe. In one experiment,
subjects were likely to make false-positive recognition re-
sponses to a new sentence, if this new sentence used a
different pronoun, but described a spatial situation iden-
tical to that in some remembered sentence. For example,
subjects who had heard, ‘‘Three turtles rested on a float-
ing log, and a fish swam beneath them’’ tended to falsely
think they had heard, ‘‘Three turtles rested on a floating
log, and a fish swam beneath it.”” However, subjects who
had heard, ‘‘Three turtles rested beside a floating log, and
a fish swam beneath them’’ tended not to think they had
heard, ‘‘Three turtles rested beside a floating log, and a
fish swam beneath it.”’

This finding can be explained by assuming that subjects
remember an analog mental model of the situation de-
scribed by the sentences that they hear. However, as
Bransford et al. (1972) point out, in discussing mental
imagery, the results do not dictate what form the mental
representation of the situation must take, only that the rep-
resentation contains information that is not explicitly
present in the linguistic inputs.

What might the relationship be between analog working-
memory models and long-term memory? There are two
broad alternatives. Perhaps the simplest assumption is that
mental models exist as a special representational form in
both working and long-term memory. The second major
possibility is that mental models are redescribed proposi-
tionally in long-term memory.

This second idea, recoding, is favored by Glenberg and
Langston (1992), who are among the few to recognize



the issue. They report experiments investigating the effects
of a picture of a four-step procedure on the long-term
memory for the procedure. They argue that pictures help
the formation of a mental model in working memory.
However, they prefer to limit the special representational
form to working memory, positing some propositional
trace of such a model in long-term memory. They regard
such a proposal as more parsimonious, since it can *‘take
advantage of the tremendous literature supporting proposi-
tional representational formats.”” However, they offer few
ideas about how such a propositional trace might be con-
structed. Furthermore, their empirical evidence could
equally well be explained by assuming that longer term
recall does indeed rely on a mental model representation,
if one is available.

Johnson-Laird (1983) apparently believes that the
structure-preserving analog quality of mental models is
a property of enduring knowledge representations as well
as of working-memory models. Johnson-Laird uses a sin-
gle experiment to bear the weight of his central thesis that
there is an empirical distinction between mental models
and propositional representations. The critical experiment
is the second reported by Mani and Johnson-Laird (1982)
in their investigation of the mental representation of spa-
tial descriptions. The interpretation of this experiment re-
lies on the construct of analog mental models in long-term
episodic memory.

Mani and Johnson-Laird (1982) investigated memory
for spatial descriptions, such as ‘‘The knife is to the right
of the fork.”’ For such descriptions, clear differences exist
between the expressive power of propositional and ana-
log representations. For example, an analog representa-
tion is incapable of expressing ‘vague’’ spatial proposi-
tions like ‘‘the fork is next to the spoon’’ (Pylyshyn,
1973): We can say that such propositions are indeter-
minate with respect to a model, because they are true of
more than one distinct spatial configuration. The Mani
and Johnson-Laird experiments exploited this critical dis-
tinction between analog and propositional representations.
Their procedure will be described in some detail, since
the detail is critical for the arguments and new experi-
ments to follow.

In the first phase of the experiments, subjects were pre-
sented with a series of descriptions, each comprising mul-
tiple sentences describing a configuration of multiple
objects. (In the second study, which is the one on which
we focus, four sentences described the layout of five
objects.) For example, subjects might read the following
sentences:

The bookshelf is to the left of the chair.
The table is to the right of the chair.

The sideboard is in front of the bookshelf.
The bed is in front of the chair.

After the subjects read each description, the description
was removed when they were ready, and the subjects were
shown a diagram, illustrating some arrangement of the
same object names. The subjects had to state whether or
not the description was true of the arrangement (it was
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true on half the trials). The critical manipulation in this
first phase of the experiment was the determinacy of the
description. The sentences above are determinate (ignor-
ing scale and assuming symmetrical placements) because
they are true of just one configuration. But if a simple
change is made to just one sentence by substituting a sin-
gle object-name, the description becomes indeterminate
because the relative position of two objects is uncertain,
so that more than one mental model can be constructed.
For example,

The bookshelf is to the left of the chair.
The table is to the right of the bookshelf.
The sideboard is in front of the bookshelf.
The bed is in front of the chair.

After practice tasks, each subject viewed and judged
four determinate and four indeterminate descriptions.
Each description described the layout of five objects in
a rotation of an F-shape (half of each were followed by
correctly matched diagrams; half were followed by in-
correctly matched diagrams depicting the same objects in
a different F-shape layout).

In a second phase of the experiment, the subjects were
given a surprise recognition memory test. For each item
of the test, the subjects were shown a previous descrip-
tion accompanied by three foils. They had to rank these
four descriptions according to how closely the descrip-
tions resembled a description they had seen in the first
phase. The foils were constructed according to a fixed
recipe: Each foil contained four sentences of the same gen-
eral form as the four sentences in the original descrip-
tion. One foil, the *‘inferrable’’ description, contained dif-
ferent sentences from the original but described the same
configuration of objects; the other two ‘‘confusion de-
scriptions’’ described a different F-shape layout of the
same objects.

The subjects’ recognition performance was scored as
exhibiting verbatim memory if the original description was
ranked ahead of the inferrable description and gist
memory if the original and the inferrable descriptions,
in either order, were ranked ahead of the two confusion
items. Note that under these operationalizations, a single
ranking can exhibit both verbatim and gist memory. The
key result was a crossover. Gist memory was better for
determinate descriptions (average of 88 %) than for indeter-
minate descriptions (average of 58 %). Verbatim memory
was better for indeterminate descriptions (average of 88 %)
than for determinate descriptions (average of 68%).

Mani and Johnson-Laird (1982) interpret this finding
as follows. During Phase 1, readers of the descriptions
attempt to form mental models—that is, analog represen-
tations of the described configurations. But when the
description is indeterminate, this approach is problem-
atic. (The subsequent reasoning experiment by Byrne &
Johnson-Laird, 1989, lends support to this conjecture.)
Consequently, on these occasions, subjects need to hold
in mind the original verbal propositions in order to do
the diagram-matching task. To perform the recognition
task, therefore, subjects are likely to rely on a remem-
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bered mental model for the determinate descriptions but
on remembered propositions for the indeterminate descrip-
tions. Models will be better remembered than will propo-
sitions (Mani & Johnson-Laird simply recruit depth of
processing to support this point), but they do not allow
the inferrable description to be discriminated from the
original. Hence, for determinate descriptions, gist
memory is boosted, but verbatim memory is depressed.
When the memory is propositional, the original and in-
ferrable descriptions can be discriminated, thus verbatim
memory is boosted for indeterminate descriptions.
This argument certainly offers a possible explanation
for the crossover result. However, Johnson-Laird (1983)
argues further that ‘‘this ‘cross-over’ effect is impossi-
ble to explain without postulating at least two sorts of
mental representation’’ (p. 162). Yet the crossover can
be explained by a unitary representation with the right
properties. To understand how this is possible, consider
how performance on the recognition tests varies with the
“‘psychological distance’’ between the inferrable and
original descriptions (i.e., the similarity between the de-
scriptions as they are represented in the subject’s mind).
As the psychological distance increases, verbatim memory
will be boosted, because it depends on the subject being
able to rank the original description ahead of the infer-
rable description. At the same time, gist memory will be
depressed, because it depends on the subject being able
to distinguish both the original and inferrable descriptions
from the two confusion descriptions. Obviously, as psy-
chological distance between original and inferrable de-
scriptions decreases, the opposite effect on recognition
performance will be observed: Verbatim memory will be
depressed, and gist memory will be boosted. In these
terms, Johnson-Laird’s explanation of the determinacy-
crossover effect is that, for 2 mental model representa-
tion, psychological distance between original and infer-
rable is zero, whereas for a propositional representation,
psychological distance between original and inferrable is
nonzero. However, there is no a priori reason why some
unitary representation should not allow psychological dis-
tance between original and inferrable to vary. Such a rep-
resentation may, therefore, explain the crossover effect,
just so long as the psychological distance between infer-
rable and original descriptions is on average greater for
the indeterminate than for the determinate descriptions.
In the course of this article, a unitary representation will
be proposed in which the psychological distance between
original and inferrable descriptions can vary substantially,
despite the constant recipe for constructing inferrable
descriptions. This allows variation in gist and verbatim
memory to arise through an artifact of the materials.
Indeed, in Experiment 1, reported below, exactly such
an artifactual result is reported. Experiment 1 is an attempt
to replicate the Mani and Johnson-Laird (1982) result
while adopting somewhat stricter recipes for the construc-
tion of recognition-test descriptions in order to remove
the possibility of artifactual variations in recognition
performance.

EXPERIMENT 1
Method

Materials. Descriptions and diagrams for Phase 1 followed the
Mani and Johnson-Laird (1982) recipes. Every description com-
prised four sentences, each of which described the spatial relation
(in front, behind, to the right, or to the left) between two objects,
and which together described the arrangement of five objects in
one of the rotations of an F-shape. Each sentence, except for the
first, introduced one ‘‘new’’ object, thus preserving referential con-
tinuity. Half of the determinate and indeterminate descriptions were
followed by a matching diagram (henceforth, these descriptions will
be referred to as ‘‘diagram-matching descriptions’’); the other half
were followed by a diagram showing the same objects in a differ-
ent rotation of an F-shape (henceforth, ‘‘non-diagram-matching’’
descriptions).

Materials for the second phase were constructed as follows. There
were eight separate test items, one for each of the descriptions judged
in Phase 1. Each item comprised an original description, an infer-
rable description, and two confusion descriptions. Each descrip-
tion comprised four sentences describing the layout of the same five
objects. The inferrable descriptions were constructed according to
the Mani and Johnson-Laird (1982) recipe, with one minor change.
As before, there was one new sentence, true of the arrangement
originally described, but not used in the original description. Only
one sentence was carried over unchanged from the original descrip-
tion (instead of two); two sentences appeared in converse form (in-
stead of one). This change decreases the perceptual similarity
between original and inferrable descriptions, reducing the poten-
tial for very superficial recognition strategies. It also reduces the
linguistic similarity between original and inferrable, so it might be
expected to boost verbatim scores and, perhaps, depress gist scores.
But it has no influence on the hypothesized relationship between
determinacy and recognition performance. The single unchanged
sentence was first, second, third, and fourth in one each of the four
determinate items, and likewise for the indeterminate items.

Another change was made to facilitate a stricter recipe for con-
structing the two confusion descriptions. The first confusion de-
scription was created from the original description by simply inter-
changing three of the object names while keeping two the same.
This satisfies part of Mani and Johnson-Laird’s (1982) specifica-
tion because the description contains the same relational terms in
the same order as the original but describes a different layout of
objects. However, the shape of the described configuration (i.e.,
the rotation of an F-shape) is preserved, whereas it seems that Mani
and Johnson-Laird used a different shape for both of their confu-
sion descriptions (they did in Experiment 1 and constructed them
along ‘‘the same general lines’’ in Experiment 2).

The new construction recipe allows, by choosing appropriate
object interchanges, the single common sentence from the original
and inferrable descriptions to be maintained in the two confusion
descriptions, which was done consistently throughout. The second
confusion description applied the same object-interchange transfor-
mation to the inferrable description. Again, this complies with the
Mani and Johnson-Laird (1982) recipe because it describes a dif-
ferent layout and makes use of relational terms different from those
in the original. But the recipe additionally ensures that the two con-
fusion descriptions always describe the same configuration of
objects. The other important feature of our materials is that a single
sentence is common to all four descriptions in every recognition-
test item and is the only shared sentence. Both of these changes
work against the plausible recognition-test strategy of preferring
descriptions that are more superficially similar to each other, in-
dependent of any memory for descriptions seen in Stage 1.

All of the descriptions preserved the property of referential con-
tinuity, introducing at most one new object per sentence after the
first sentence. The descriptions for determinate and indeterminate



cases were of the same form except for the changes resulting from
the single change of noun phrase in the original description. All
recognition-test descriptions presented with determinate originals
were determinate; those presented with indeterminate originals were
indeterminate.

Appendix A lists the complete set of recognition-test descriptions
for one determinate and one indeterminate case.

Procedure. The experimental procedure, including instructions
to subjects, was modeled precisely on Mani and Johnson-Laird’s
(1982) report, except that it was run on an interactive computer
program that presented all materials and recorded subjects’ re-
sponses. In Phase 1, all subjects were given two practice items (one
a good match, the other a bad match) and then were told to judge
the eight test items in random order. On each item, the subjects
clicked a mouse to indicate that they were ready to move from
description to diagram and then selected *‘Good Match’’ or ‘*Bad
Match,”” which appeared as ‘‘buttons’’ on the screen, with the
mouse. The subjects were given no feedback on their diagram-
matching responses. Immediately after completing Phase 1, the com-
puter displayed instructions for Phase 2. The eight recognition items
of Phase 2 were presented in random order, and, within each item,
the four descriptions (original, inferrable, and the two confusion
descriptions) were ordered randomly in a single column in the center
of the display. To fit all four descriptions on a single display, the
font used in Phase 2 was smaller than the font used in Phase 1.
For each item of Phase 2, the subjects ranked the four descriptions
by pointing to each with the mouse. During a ranking, the subjects
could change their minds and start the ranking again by selecting
a “‘Cancel’’ button.

Subjects. Fifteen first-year undergraduates at Lancaster University
were each paid £2 for serving as subjects.

Scoring of data, and predictions. To assess performance in the
recognition phase, Mani and Johnson-Laird (1982) report the P sta-
tistic, which is a measure of the correlation between the subjects’
rank ordering of descriptions and the ideal ordering. However, it
is unclear what the better ordering of the two confusion descrip-
tions is. Furthermore, the critical argument from data to the theory
of mental models concerns the separation of verbatim and gist
memory performance. Mani and Johnson-Laird considered re-
sponses as exhibiting verbatim memory whenever the original was
ranked ahead of the inferrable, but this scheme is hard to justify—
if one or both confusion descriptions are ranked first, it seems
strange to credit subjects with any memory success at all. Conse-
quently, we report verbatim memory only on those trials for which
the original description was ranked first. Note that the predictions
of the remembered-mental-models account are unchanged by this
amendment to scoring procedures. (Furthermore, all of the analy-
ses reported below, in all experiments, were repeated with the Mani
and Johnson-Laird scoring rubric. The pattern of findings is un-
affected by this manipulation, as one would expect if Mani and
Johnson-Laird’s reported verbatim scores have simply been elevated
by chance performance.)

Following Mani and Johnson-Laird (1982), the subjects’ responses
were scored as exhibiting gist memory whenever the original and
inferrable, in either order, were ranked ahead of the two confusion
items.

To repeat the predictions from the Mani and Johnson-Laird (1982)
account: Memory for determinate descriptions will rely on a mental
model, whereas memory for indeterminate descriptions will rely
on the verbal propositions. Consequently, verbatim performance
will be better for indeterminate descriptions than for determinate
descriptions, but gist performance will be better for determinate
descriptions than for indeterminate descriptions.

Results
In Phase 1, erroneous judgments about the diagrams
accounted for 20.8% of the responses. The errors did not
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differ significantly as a function of the determinacy of the
descriptions or the goodness-of-match of the diagrams.
The subjects received no feedback on the results of their
diagram judgments, so there is no reason to suppose that
correctness of judgment will influence Phase 2 perfor-
mance. Nevertheless all of the analyses reported below,
for all three experiments, were repeated after excluding
those items for which the subjects judged the goodness-
of-match of the diagram incorrectly. The patterns of sig-
nificance were completely unaffected, hence these anal-
yses are not reported.

In the Phase 2 recognition test, there was an absence
of any effect for the determinacy of the description.
Table 1 shows the mean gist and verbatim scores, ex-
pressed as percentages, separated according to deter-
minacy of descriptions and match of the diagram presented
in Phase 1. Each cell in the table represents the average
of two responses per subject.

Differences of verbatim and gist scores between deter-
minate and indeterminate descriptions and between
diagram-matching and non-diagram-matching descriptions
were tested with four separate Wilcoxon’s tests, pooling
across the two values of the other variable in each case.
The only significant difference was between diagram-
matching and non-diagram-matching descriptions for gist
recognition scores. Surprisingly, the subjects’ gist mem-
ory performance was significantly better for non-diagram-
matching descriptions (Wilcoxon’s T = 9,n = 12,p <
.02). Verbatim performance was better for diagram-
matching descriptions, but this difference was not reliable.

No tests of interaction were performed, but the shape
of the interaction between verbatim and gist performance
and determinate versus indeterminate descriptions was,
in any case, in the direction opposite to that of the cross-
over interaction reported by Mani and Johnson-Laird
(1982). Verbatim scores were (nonsignificantly) better for
determinate descriptions, whereas gist scores were (non-
significantly) better for indeterminate descriptions.

Discussion

Why might it be that the crossover effect of determinacy
observed by Mani and Johnson-Laird (1982) is not
apparent in this experiment? One possibility is that, by

Table 1
Results of Experiment 1
Diagram Gist Verbatim
Determinate
Matching 43 90
Nonmatching 50 67
Indeterminate
Matching 37 77
Nonmatching 70 67

Note—The above data show the mean percentage of trials on which the
subjects scored gist and verbatim recognition performance according
to whether the description studied in Phase 1 was determinate or indeter-
minate and whether it was presented before a matching or a nonmatch-
ing diagram. Each cell averaged over two responses per subject.
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more strictly controlling the Phase 2 materials, some spu-
rious artifact has been eliminated. However, there is a
much less damaging possibility, which might partly ex-
plain the different findings in the two experiments. One
substantive difference between the new items and Mani
and Johnson-Laird’s items is the ‘‘shape’” of the layout
described in the two confusion descriptions. In Mani and
Johnson-Laird’s experiment, each of the two confusion
descriptions described an F-shape different from that of
the original (and inferrable) description (it is not clear
whether both confusion descriptions described the same
shape). In Experiment 1, all four descriptions described
the same shape.

If recognition performance is based on a partially re-
membered mental model, perhaps the shape of the mental
model, rather than the specific contents (i.e., positions
of individual objects), is what is preserved in memory and
thus is what is used to make judgments. In Mani and
Johnson-Laird’s (1982) experiment, memory for shape
would have led to gist recognition. In Experiment 1,
memory for shape only will not support any recognition,
since the shape of all four recognition-test items is the
same. If this account is broadly correct, we might expect
reduced gist scores in the new experiment, relative to
those reported by Mani and Johnson-Laird, at least for
the determinate items, for which remembered mental
models have been proposed to underlie gist recognition
performance. This was indeed what we observed. The
verbatim scores in Table 1 are very close to those reported
by Mani and Johnson-Laird, despite the stricter scoring
employed in the current study. The gist scores for indeter-
minate items are also close to those reported by Mani and
Johnson-Laird, but the gist scores for determinate items
are quite substantially depressed.

The second aspect of the results that begs some expla-
nation is the significant difference on gist memory per-
formance between diagram-matching and non-diagram-
matching descriptions. A priori, one might imagine that
diagram-matching descriptions would show some advan-
tage because, for these descriptions only, memory for the
diagram itself would support gist memory. The signifi-
cant difference in the opposite direction is hard to explain.
However, the new hypothesis about memory for mental
models that is presented below shows how the effect could
be caused by an experimental artifact.

A Construction Trace Account
of Memory for Mental Models

Despite the failure to replicate Mani and Johnson-
Laird’s (1982) results, one might argue that the depressed
gist performance that we have observed, in the face of
recognition-test items that all preserve the shape of the
layout described in the to-be-remembered descriptions,
is broadly consistent with an account based on remem-
bered mental models. However, discussions with subjects
immediately after the experiment, together with introspec-
tions on performing the experimental task, suggested a
novel hypothesis about what is remembered from Phase 1

of the experiment. Suppose that people do indeed at-
tempt to construct mental models in order to perform the
diagram-matching task, but that neither these mental
models nor the verbal propositions from which they are
constructed are remembered. Instead, subjects remember
the mental operations that they must perform in order to
construct the model. I call this remembered list of opera-
tions the episodic construction trace of the model.

Johnson-Laird (1983) describes a simple computer pro-
gram that constructs analog mental models (represented
as two-dimensional arrays) from verbal propositions. This
program was reimplemented to lend some rigor to the idea
of an episodic construction trace. The new program builds
arrays according to the Johnson-Laird procedure but dis-
cards the array once it has been built and used for reason-
ing (judging diagrams). During the building of the array,
lists of symbols that describe the array-building opera-
tions are constructed and stored. To the extent that
Johnson-Laird’s procedure for constructing mental models
is general, and I believe it to be very general, so is the
proposed construction-trace model of memory. However,
to clearly describe the construction trace, it is necessary
to relate it to the verbal materials currently under con-
sideration. The construction trace for the current spatial
descriptions preserves the following distinctions: (1) It dis-
tinguishes the starting pair of objects that are first placed
in the model array; (2) for all subsequent propositions,
it distinguishes the new object from the object that is
already in the array (the syntactic convention is simply
to place the new object at the head of the list), and it
records the relation of new to old; (3) if the old object
is already placed in the same relation to another object
in the array, it records the relation of the new object to
both already-situated objects; and (4) it records any
clashes, in which the relative position of two objects is
indeterminate, as a modifier of the relation that first pro-
duces the clash. Appendix B lists an example of the epi-
sodic construction trace for two of the original descriptions
used in Experiment 1.

Each assumption of the construction-trace model, as it
relates to the current verbal materials, can be given an
informal justification with respect to Johnson-Laird’s
(1983) construction algorithm, which itself is extremely
general. Constructing a mental model, according to this
algorithm, is an incremental process in which new ele-
ments are placed in an array sequentially as they are en-
countered in the text. The first two elements have a spe-
cial status because they signal the beginning of model
construction, they are mentioned in the same proposition,
and only their relation to each other is initially known.
For these reasons, it is plausible that the placing of these
two objects in the model is identified in the memory of
the construction process (Assumption 1). Subsequent
propositions all require that a single new object is added
to the existing model. What i1s important to the model-
building procedure, therefore, is not necessarily the re-
lation that is expressed in the current verbal proposition
but rather the relation of the new object to the old ob-



ject(s) that is expressed in that proposition. Consequently,
the construction trace will sometimes record the spatial
relation opposite to that in the proposition (Assumption 2).
When the current model contains two objects that are in
some relation, and the new proposition requires that a new
object be placed in that relation to one of those objects
(e.g., when a new object must be placed to the right of
an object that has a right/left relation with another object
in the model), the construction process must determine
the relation of the new object to the other element of the
established pair that is not mentioned in the proposition
but is already situated in the model. Consequently, the
construction trace records the position of the new object
relative to both objects in the pair (Assumption 3). For
some propositions, in indeterminate descriptions, it is not
possible to place the new element relative to the unmen-
tioned element of the pair, since this is what makes the
descriptions indeterminate. Consequently, the construc-
tion trace records a clash (Assumption 4).

In general, then, the episodic construction trace does
not rely on any ad hoc assumptions over and above
Johnson-Laird’s (1983) general analysis of incremental
mental model building. Rather, the construction trace
records only those mental operations that are necessary
to construct a mental model.

The construction-trace hypothesis limits the analog rep-
resentational form of mental models to temporary work-
ing memory. The construction trace in long-term episodic
memory is propositional in form, in the sense that an arbi-
trarily structured list of symbols is used to represent
knowledge. Nevertheless, as will become clear, the con-
struction trace is quite distinct from the verbal proposi-
tions from which the mental model was constructed.

Suppose, then, that Phase 2 recognition performance
in Experiment 1 (and in Mani & Johnson-Laird’s, 1982,
experiment) is based on the episodic construction trace.
To perform the recognition task, subjects must construct
new working-memory mental models for each of the four
descriptions and compute the ‘‘trace overlap’’ between
the new and remembered construction traces. Assuming
a crude numeric index of overlap based on the number
of common sublists, if memory for Phase 1 is perfect,
the trace overlap with the original description will be 4,
but any loss of information will reduce this to 3 or less.
Trace overlap between the original and inferrable descrip-
tions can vary between 3 and 0, despite the uniform recipe
for construction of inferrable descriptions. Appendix B
illustrates this variance. Trace overlap between the origi-
nal descriptions and the confusion items in Experiment 1
is either 0 or 1 because of the single shared sentence.

It must be noted that the trace overlap between two
descriptions is quite distinct from the similarity of the
descriptions with respect to common propositions. The
examples in Appendix B illustrate this point. The pro-
positional similarity between each original description
and its corresponding inferrable description is constant,
being determined by the experimental recipe for inferra-
ble descriptions. (In the examples of Appendix B, the
number of common propositions is two in every case.)
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In the construction-trace model, partial forgetting can
be simulated by random probabilistic deletion of sublists
from the stored construction trace. By adjusting the likeli-
hood of such deletions, it is easy to simulate the observed
levels of performance. The computer simulation ranks the
four recognition-test items in order of decreasing trace
overlap. Whatever these overall levels, verbatim recog-
nition will improve and gist recognition will diminish as
the trace overlap between the original and inferrable de-
scriptions decreases.

The numeric trace overlap offers an explanation for the
curious significant difference between descriptions that
were presented with matching versus nonmatching dia-
grams. Inspection of the experimental materials shows
that, by accident, all descriptions that were presented with
nonmatching diagrams had a trace overlap of 3 with their
corresponding inferrable descriptions, whereas all match-
ing descriptions had a trace overlap of 1.

The episodic-construction-trace hypothesis can also ac-
count for the main findings of Bransford et al. (1972),
described above. Appendix C shows the construction trace
that would result from initially forming a mental model
of the two versions of the turtles-log-fish sentence. If,
during the recognition task, subjects used trace overlap
to guide their response, false positives would increase as
trace overlap between new and old sentences increases.

EXPERIMENT 2

Experiment 2 had two main goals. The first goal was
to test whether the Mani and Johnson-Laird (1982) cross-
over would reappear if the confusion items in the recog-
nition test described a shape different from that of the
original, as well as a different layout of objects. The
second goal was to directly test the construction-trace
hypothesis by deconfounding trace overlap from the
goodness-of-match of the diagram.

Method

Materials. The construction of materials for the recognition phase
followed exactly the Mani and Johnson-Laird (1982) recipes. The
inferrable description used two same sentences, one converse sen-
tence, and one novel sentence to describe the same layout as the
original. Both confusion items described an F-shape different from
those in the original and inferrable descriptions; the first confu-
sion itemn used the same relation terms in the same order as in the
original description. The trace overlap between original and infer-
rable descriptions was either 1 or 3, and this variation was counter-
balanced across determinate versus indeterminate and diagram-
matching versus non-diagram-matching descriptions.

Procedure. The procedure was identical to that of Experiment 1.

Subjects. Nineteen undergraduates at the University of Wales,
Cardiff, were each paid £3 for serving as subjects.

Results

The data were treated in the same way as in Experi-
ment 1.

In Phase 1, errors in classifying diagrams constituted
21.0% of the responses. The errors did not vary signifi-
cantly as a function of the nature of the descriptions or
the diagrams.
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Table 2
Results of Experiment 2
Trace
Diagram Overlap Gist Verbatim
Determinate
Matching 1 53 79
3 74 79
Nonmatching 1 21 68
3 47 63
Indeterminate
Matching 1 26 63
3 74 58
Nonmatching 1 37 79
3 53 58

Note—The above data show the mean percentage of trials on which the
subjects scored gist and verbatim recognition performance according
to whether the description studied in Phase 1 was determinate or indeter-
minate, whether it was presented before a matching or a nonmatching
diagram, and whether the trace overlap between the original descrip-
tion and the ‘‘inferrable’’ recognition-test item is 1 or 3. Each cell aver-
aged over one response per subject.

Table 2 shows the mean verbatim and gist recognition
memory scores, expressed as percentages, according to
the determinacy, diagram match, and original/inferrable
trace overlap of the items. Each cell in the table repre-
sents the average of one response per subject. Significance
tests were carried out separately for verbatim and gist
scores, for the main effects of determinacy, diagram match,
and trace overlap, using six Wilcoxon 7 tests.

There were no significant differences between deter-
minate and indeterminate descriptions. Nor were there any
reliable differences between diagram-matching and non-
diagram-matching descriptions.

Once again, the shape of the interaction between ver-
batim and gist performance and determinate versus
indeterminate descriptions was in the direction opposite
to that of the crossover interaction reported by Mani and
Johnson-Laird (1982). Verbatim scores were (nonsignifi-
cantly) better for determinate descriptions, as were gist
scores, but the difference was greater for verbatim scores.

Gist memory was significantly greater for those items
for which the trace overlap between original and inferra-
ble descriptions is 3 than it is for those items for which
the original/inferrable trace overlapis 1 (7 = 5, n = 14,
p < .01). Verbatim memory was better for those items
for which the original/inferrable trace overlap is 1, though
not significantly so.

Discussion

As in Experiment 1, the observed overall levels of gist
memory are lower than those reported by Mani and
Johnson-Laird (1982). However, the difference in this
case cannot be attributed to the shape of the layout
described by confusion descriptions. Despite being
depressed, levels of gist performance in all conditions are
well above chance (chance performance is 1/6).

Once again, there is no hint of the Mani and Johnson-
Laird (1982) crossover result: The determinacy manipu-

lation makes no appreciable differences in either verba-
tim or gist recognition performance. There is, therefore,
no evidence that any mental models constructed in Phase 1
are remembered during Phase 2.

The curious effect of diagram match, observed in Ex-
periment 1, has disappeared now that it has been sepa-
rated from trace overlap. The strong remaining effect for
trace overlap on gist recognition is consistent with the
episodic-construction-trace hypothesis. Indeed, because
trace overlap is independent of any other available
measure of similarity between original and inferrable
descriptions (such as the meaning of the descriptions
or the number of common propositions, both of which
are constant throughout the experiment), it is hard to
imagine how to explain the reliable effect of the trace over-
lap manipulation (and its accidental manipulation in
Experiment 1) without invoking some version of the
construction-trace hypothesis.

Together with the results of Experiment 1, these find-
ings suggest that the large significant differences between
determinate and indeterminate descriptions observed by
Mani and Johnson-Laird (1982) may have been an artifact,
perhaps arising in exactly the same way as the differences
between matching and nonmatching descriptions in Ex-
periment 1—namely, accidental variations in the trace
overlap between original and inferrable descriptions.
Some additional support for this conjecture is provided
by the observation that it is possible to produce indeter-
minate inferrable descriptions that have a trace overlap
of 0 with the original, whereas for determinate descrip-
tions, the minimum original/inferrable trace overlap is 1.
Appendix B shows an example of zero trace overlap
despite the carryover of two unchanged sentences.

EXPERIMENT 3

The episodic construction trace is highly sensitive
to the order in which propositions are considered during
the construction of a mental model. Although the
construction-trace list can itself be treated as unordered,
the symbols within each sublist explicitly encode order
relations by marking which objects start the model con-
struction and which object of any pair is the new addition
to the model.

A mental model itself is, of course, completely insen-
sitive to the order of the process by which it is constructed.
If the sentences (and thus the propositions) in any of the
descriptions are reordered, the associated mental model
is unchanged.

A remembered list of verbal propositions might or might
not be ordered, but it surely can support recognition per-
formance that is order-insensitive. One who remembers
a list of propositions can consider whether it contains the
same propositions as does a novel description indepen-
dently of the order within the list.

These considerations lead to a new way of testing the
construction-trace hypothesis. If the original descriptions
that are presented in Phase 2 are reordered, the trace over-



lap between the remembered construction trace and the
‘‘original’’ description will be reduced. Appendix D
shows the construction traces for an original and a re-
ordered description. Therefore, if recognition perfor-
mance is based on the construction trace, it will be
damaged. However, if recognition performance is based
on a remembered mental model, or on a remembered list
of propositions, the reordering should have no effect, pro-
vided that subjects are instructed to ignore sentence order
while making their judgments.

Method

Materials. The materials were the same as were used in Experi-
ment 1, except that half of the original descriptions (two determinate
and two indeterminate, one of each with matching and one with
nonmatching diagrams) were re-presented in Phase 2 with the four
sentences reordered. The reordering was always done so as to main-
tain referential continuity.

Procedure. The only alteration to the procedure of Experiments
1 and 2 concerned the instructions given to the subjects at the
beginning of Phase 2. The subjects were explicitly instructed to
ignore the order of sentences within each description while per-
forming the recognition/ranking task.

Subjects. Fifteen undergraduates at Lancaster University were
each paid £2 for serving as subjects.

Results

In the diagram-judging phase, errors were made on 29%
of the responses. There is no explanation for why this
error rate should be higher than that in Experiments 1 and
2 or in Mani and Johnson-Laird’s (1982) experiments.
Errors were evenly distributed among determinate and in-
determinate descriptions. There were more errors made
in judging matching diagrams (T = 2,n = 7,p < .05),
suggesting a bias to respond ‘‘Bad Match.”’

Table 3 shows the mean verbatim and gist memory
scores, expressed as percentages, separating determinate
from indeterminate and stable from reordered items. Each
cell in the table represents the average of two responses
per subject.

Once again, significance tests of main effects were
carried out using separate Wilcoxon’s T tests. There
was no effect of determinacy, on either verbatim or

Table 3
Results of Experiment 3

Reordered Gist Verbatim

Determinate
Stable 57 70
Reordered 17 43

Indeterminate
Stable 50 77
Reordered 13 37

Note—The above data show the mean percentage of trials on which the
subjects scored gist and verbatim recognition performance according
to whether the description studied in Phase 1 was determinate or indeter-
minate and whether or not the sentences in the original description were
reordered in the recognition test. Each cell averaged over two responses
per subject.
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gist memory performance. There was a significant ef-
fect of reordering for both verbatim (T = 15, n = 13,
p < .025, one-tailed) and gist performance (not a single
subject went against the trend of scoring worse gist
recognition performance on reordered items, p = .5'%).

For the first time in this series of experiments, the shape
of the interaction between verbatim and gist performance
and determinate versus indeterminate descriptions was in
the direction of the crossover interaction reported by Mani
and Johnson-Laird (1982). Verbatim scores were (non-
significantly, but slightly) better for indeterminate descrip-
tions, and gist scores were (nonsignificantly, but slightly)
better for determinate descriptions. It is impossible to test
this ‘‘interaction’’ in conventional ways (even with a non-
parametric ANOVA), since gist and verbatim recall are
not independent levels but, rather, different codings of
the same performance data. The absence of any effect for
determinacy on either gist or verbatim recall itself sig-
nals that the interaction is unlikely to be reliable. A further
test was performed by counting the number of subjects
who individually exhibited recall performance in the direc-
tion of the Mani and Johnson-Laird interaction—that is,
subjects for whom the real value of the determinate-
indeterminate difference was greater for gist than for ver-
batim recall. In fact, the responses of only 6 subjects
showed this pattern, with 6 showing the opposite pattern
(i.e., an ‘“‘interaction’’ in the opposite direction), and 3
showing no difference. Once again then, for the third ex-
periment in succession, there was no hint of a replication
of the Mani and Johnson-Laird finding.

Discussion

The depressed performance for items in which the origi-
nal description is reordered cannot be explained if rec-
ognition relies on either a remembered mental model or
a remembered list of propositions, because both these rep-
resentations are unaffected by the reordering of sentences
within descriptions. The construction-trace hypothesis can
explain the effect, since a construction trace necessarily
encodes the order in which propositions are considered,
so that trace overlap is substantially reduced when descrip-
tions are reordered.

Can any other model of memory explain the reorder-
ing effect? One possibility is that subjects remember some
superficial aspects of the original materials that happen
to be order-sensitive—for example, some syntactic or
phonological encoding. If performance utilizes such a
trace, then of course the reordering would be expected
to have an effect. However, although such superficial
traces could clearly underlie verbatim recognition perfor-
mance, it is far from clear that any superficial encoding
could be responsible for the levels of gist performance
that are achieved in the stable-order condition. When a
subject’s ranking of items puts the original first and the
inferrable second, so that both gist and verbatim recog-
nition are observed on the same test item, the gist perfor-
mance could conceivably be parasitic on verbatim memory
and hence derive from a superficial encoding. However,
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when gist memory is observed in the absence of verba-
tim memory (i.e., when subjects rank the inferrable de-
scription first and the original description second), it is
hard to see how it could have arisen through just a super-
ficial encoding. Yet such gist-without-verbatim-memory
performance is reliably above chance in the stable-order
condition (occurring on 7 out of the possible 15 responses
that did not show verbatim memory; chance = 2/18;
p < .01, binomial test) and is reduced to chance levels
by reordering (occurring on 3 out of 33 responses). The
construction-trace hypothesis can explain both of these
phenomena.

One other possible explanation for the data should be
considered—namely, that subjects construct and maintain
multiple representations of each text: a mental model of
the situation described, and a propositional representa-
tion close to the language of the text, and some superfi-
cial representation that is sensitive to word and/or sen-
tence order. If recognition judgments are determined by
some combination of the different representations (e.g.,
summing the activation across representations that is cued
by the various recognition-test items), one might begin
to simultaneously address good gist memory (supported
by activation of the mental model) and the reordering
effect (due to less activation of the superficial trace).

However, despite its initial promise, careful consider-
ation reveals that such a multiple-representation model
cannot address these particular data. The difficulty is that
recognition performance on all tests is determined by
forced-choice ranking of four items, and only the origi-
nal item has been manipulated in the stable versus reor-
dered conditions. If subjects were being asked to recog-
nize the original item in isolation, multiple representations
would indeed predict depressed performance under the
reordering manipulation, for the simple reasons suggested
above. But in the forced-ranking paradigm, I will argue
that multiple representations (excluding something akin
to the construction trace) cannot predict the observed data.
To express these arguments, I assume that recognition-
ranking responses are determined by the total activation
of representations cued by recognition-test items. How-
ever, this is mainly a terminological convenience—I be-
lieve the argument is general to any account that relies
on a simple coordination of supposed multiple represen-
tations to perform recognition.

Again, one argument hinges on consideration of those
recognition tests on which a subject ranks the inferrable
description first and the original description second, thus
scoring gist but not verbatim recognition. In the stable-
order condition, as noted above, these responses occur
more often than one would expect by chance. Activation
of a remembered mental model is the only way for multi-
ple representations to explain such gist performance; a
superficial, order-dependent trace can be doing no work
on these responses. Consequently, a manipulation that af-
fects use of the superficial trace but has no effect on use
of a mental model cannot predict depressed gist-without-
verbatim performance.

The multiple-representation framework can predict
lower total activation of memory cued by the reordered
original description, but it cannot predict lower relative
activation from the reordered original than it can from
the inferrable description (as they share the same mental
model), and therefore it cannot readily predict a large
depression of gist scores due to reordering of the origi-
nal description. The construction-trace hypothesis, how-
ever, with its assumption of probabilistic maintenance of
each element in the trace, readily predicts lower activa-
tion of the trace from the reordered original than from
the inferrable description and therefore can predict the
observed effect of reordering on gist memory scores.

Together, these arguments weigh heavily against a
multiple-representations (models plus propositions) ex-
planation of the data of Experiment 3. It may still be
possible to construct such an explanation, but I have not
been able to do so. (Furthermore, to compete with the
construction-trace hypothesis, any such explanation should
also address the effect of trace overlap in Experiments
1 and 2.)

GENERAL DISCUSSION

The article by Mani and Johnson-Laird (1982) is un-
usual in the experimental literature on mental models
because it suggests that mental models are a special
representational form, not just in working memory but
in longer term episodic memory as well. However, the
three experiments reported above, including one that at-
tempts to be a precise replication (Experiment 2), fail to
replicate the differences in the processing of determinate
and indeterminate spatial descriptions that provoked Mani
and Johnson-Laird’s claims about episodic mental models.

One might be inclined to question the empirical status
of analog representations in general, but as noted in the
introduction, there is by now plentiful additional evidence,
postdating Mani and Johnson-Laird (1982) and Johnson-
Laird (1983), that supports the notion of analog mental
models as a working-memory representation. Particularly

germane in the present context are the results of Byrne

and Johnson-Laird (1989), who showed that deductions
about spatial layouts, such as those used in the above ex-
periments, are indeed affected by the number of possible
models supported by the descriptions (i.e., the deter-
minacy of the descriptions). This finding seems hard to
explain without recourse to spatial mental models, but the
reasoning tasks from which the finding derives do not
implicate episodic memory.

The episodic-construction-trace hypothesis about the
relationship between mental models and episodic mem-
ory accommodates all of these findings, as well as the new
ones that are reported in this article. Mental models are
constructed in working memory to allow inferences to be
made, but the models themselves are not remembered in
the longer term. What is remembered is an episodic trace
of the mental operations by which mental models are con-
structed. Empirical evidence for this hypothesis has been



derived from two experimental manipulations. First,
recognition memory for spatial descriptions is affected by
the degree of trace overlap between previously seen and
new descriptions (Experiments 1 and 2). Second, re-
cognition memory is ruined when the sentences that
constitute original descriptions are reordered, even
when subjects are instructed to ignore sentence order
(Experiment 3).

The episodic-construction-trace hypothesis is broadly
related to mechanisms of human memory that have been
proposed in different contexts. In proposing a special
representational form for spatial mental models in work-
ing memory, the hypothesis reflects findings in the liter-
ature on working memory, in which researchers have
found it necessary to distinguish a verbal, or phonologi-
cal, store from a visuospatial store (see, e.g., Baddeley,
1986). In proposing that, despite the representational dis-
tinctions in working memory, long-term memory can rely
on a propositional form of representation, the construction-
trace hypothesis agrees with the conjecture of Glenberg
and Langston (1992).

In suggesting that subjects remember aspects of the pro-
cedure by which a model is formed, rather than the model
itself, the construction-trace hypothesis bears some, per-
haps superficial, similarity with procedural conceptuali-
zations of memory that derive from the view of transfer-
appropriate processing (Kolers & Roediger, 1984; Morris,
Bransford, & Franks, 1977). However, in the model pre-
sented here, it is a declarative trace of an encoding pro-
cedure that supports recognition, rather than reinstantia-
tion of a procedure itself.
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APPENDIX A
Example Recognition-Test Items From Experiment 1

Determinant Original

The bed is to the left of the chair.
The bed is behind the table.

The table is to the left of the desk.
The cupboard is in front of the table.

Inferrable
The bed is to the left of the chair.
The table is in front of the bed.
The desk is in front of the chair.
The table is behind the cupboard.

Confusion 1
The bed is to the left of the chair.
The bed is behind the cupboard.
The cupboard is to the left of the table.
The desk is in front of the cupboard.

Confusion 2
The bed is to the left of the chair.
The cupboard is in front of the bed.
The table is in front of the chair.
The cupboard is behind the desk.

Indeterminate original
The horse is in front of the sheep.
The cow is behind the horse.
The sheep is to the right of the pig.
The dog is to the left of the horse.
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Inferrable
The horse is to the right of the dog.
The pig is behind the dog.
The sheep is to the right of the pig.
The horse is in front of the cow.

Confusion 1

The dog is in front of the sheep.
The horse is behind the dog.

The sheep is to the right of the pig.
The cow is to the left of the dog.

Confusion 2

The dog is to the right of the cow.

The pig is behind the cow.

The sheep is to the right of the pig.

The dog is in front of the horse.
Note—Each item comprises an original description, an inferrable de-
scription, and two *‘confusion descriptions.’’ The four descriptions were
displayed on the screen (without labels) in a random order.

APPENDIX B
Examples of the Episodic Construction Trace
for a Determinate and an Indeterminate Description

Determinate Original
The spoon is to the left of the knife.
The plate is to the right of the knife.
The fork is in front of the spoon.
The cup is in front of the knife.

EC Trace

[start spoon knife left]
[plate [knife spoon] right]
[fork spoon front}

[cup knife front]

Corresponding Inferrable Description
The spoon is to the left of the knife.
The plate is to the right of the knife.
The spoon is behind the fork.

The cup is to the right of the fork.

EC Trace
[start spoon knife left]
[plate [knife spoon] right]
[fork spoon front]
[cup fork right]

Trace Overlap = 3

Indeterminate Original
The sugar is in front of the ketchup.
The ketchup is to the right of the salt.
The ketchup is to the right of the pepper.
The salt is behind the mustard.

EC Trace
[start sugar ketchup front]
[salt ketchup left]

[pepper ketchup left [clash pepper salt]]
[mustard salt front]

Corresponding Inferrable Description
The sugar is to the right of the mustard.
The salt is behind the mustard.
The ketchup is to the right of the salt.
The pepper is to the left of the ketchup.

EC Trace
[start sugar mustard right]
[salt mustard behind]
[ketchup salt right]
[pepper ketchup left [clash pepper salt]]

Trace Overlap = 1

Alternative Inferrable Description for Indeterminate Original

The ketchup is to the right of the pepper.
The ketchup is behind the sugar.

The sugar is to the right of the mustard.
The salt is behind the mustard.

EC Trace
[start ketchup pepper right]
[sugar ketchup front]
[mustard sugar left]
[salt mustard behind [clash [salt pepper]]

Trace Overlap = 0

Note—Within each list (except the first) of each trace, the first object
is the ‘‘new’’ object in the model. The trace overlap can vary, depend-
ing on the exact way the inferrable description is constructed. For in-
determinate descriptions only, a trace overlap of 0 between original and
inferrable descriptions is possible.

APPENDIX C
Episodic Construction Traces for Sentences Used
by Bransford, Barclay, and Franks (1972)

Old sentence 1

Three turtles rested on a floating log, and a fish swam
beneath them.

EC Trace

[start turtles log on]
[fish [log turtles] beneath]

Recognition Item 1’

Three turtles rested on a floating log, and a fish swam
beneath it.

EC Trace

[start turtles log on]
[fish [log turtles] beneath]

Trace Overlap = 2

Old sentence 2

Three turtles rested beside a floating log, and a fish
swam beneath them.

EC Trace

[start turtles log beside]
[fish turtles beneath]



Recognition Item 2’

Three turtles rested beside a floating log, and a fish
swam beneath it.

EC Trace

[start turtles log beside]
[fish log beneath]

Trace Overlap = |

APPENDIX D
Construction Trace for a Reordered Original

Indeterminate Original
The sugar is in front of the ketchup.
The ketchup is to the right of the salt.
The ketchup is to the right of the pepper.
The salt is behind the mustard.

EC Trace

[start sugar ketchup front]
[salt ketchup left]

MEMORY FOR MENTAL MODELS

pepper ketchup left [clash pepper salt]]
[mustard salt front]

Reordered Original
The salt is behind the mustard.
The ketchup is to the right of the salt.
The ketchup is to the right of the pepper.
The sugar is in front of the ketchup.

EC Trace
[start salt mustard behind]
[ketchup salt right]

[pepper ketchup left [clash pepper salt]]
[sugar ketchup front]}

Trace Overlap = 1

(Manuscript received August 21, 1992;
revision accepted for publication April 5, 1993.)
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