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Surface similarity generally promotes reasoning by analogy and physical similarity
has been shown to have a powerful positive effect on very young children’s use of a
scale model as a source of information about another space. The research reported
here investigated 2%2-year-old children’s performance in an object retrieval task
when asked to reason from one space to a second, perceptually identical one. Con-
trary to the expectation that increased surface similarity would improve the chil-
dren’s performance, it actually had a negative effect. Children were less successful in
3 different tasks in which 2 spaces were identical than a task in which the spaces were
merely similar in size and appearance. Their performance appeared to be affected by
4 factors: representational insight, memory for the most recent hiding place, the abil-
ity to resist responding perseveratively, and their level of analysis of the task. The re-
sults suggest that part of the power of symbols derives from the fact that they are vir-
tually never identical to their referents, thereby making it possible to use one to draw
inferences about the other without risk of confusing them.

The identification of similarity between separate entities is a pervasive and powerful
tool of human cognition. Its power derives in part from its remarkable flexibility. We
canrecognize similarities between bald heads and golf balls, digital clocks and sun-
dials, dobermans and dachshunds, the solar system and an atom. We interpret things
as alike based on appearance, function, kind, and relational structure, as in the previ-
ous examples, as well as an unlimited list of other factors—material composition,
size, smell, ownership, geographical origin, and so on. Without an appreciation of
similarity, fundamental cognitive processes such as categorization, induction, gen-
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eralization, and analogical reasoning would be impossible (e.g., Gentner, 1983;
Holyoak, 1984; Medin, Goldstone, & Gentner, 1993; Vosniadou & Ortony, 1989).

Perceptual or surface similarity is relatively salient and easy to recognize. As a
result, it is often a useful index of deeper conceptual or structural similarities and
can provide access to more complex relations (Gentner & Toupin, 1986; Medin &
Ortony, 1989; Ross, 1989; E. E. Smith, 1989). Thus, in spite of the great difference
in their size, the fact that dobermans and dachshunds look alike in many respects
makes it easy to identify both as dogs and to draw inferences about other,
nonobvious ways in which they are likely to be similar.

Although surface similarity can help individuals of any age appreciate deeper
structural similarities, it is especially important for young children. In the absence
of other information, even young children will assume that two entities that look
alike are the same kind (e.g., Gelman & Markman, 1987; L. B. Smith, 1993a,
1993b). Perceptual similarity between the characters that play comparable roles in
two stories helps children appreciate the analogical relation between the stories
(Gentner & Toupin, 1986).

Perceptual similarity can also be helpful for detecting the relation between sym-
bols and their referents. An iconic symbol is one that bears some physical similar-
ity to its referent. Clearly, many symbols and symbol systems (such as mathemat-
ics and alphabets) are purely abstract, with no iconicity whatsoever between
symbol and referent. Indeed, some theorists reserve the term symbol for just such
wholly abstract relations (Pierce, 1932, 1955). Others appreciate that many sym-
bolic entities are iconic (e.g., Goodman, 1976; Huttenlocher & Higgins, 1978),
that symbols often enjoy some degree of similarity to their referents. It is important
to note that similarity alone does not make one entity a symbol for another; some-
thing is a symbol only if someone intends for it to stand for or represent something
other than itself (DeLoache, 1995, 2002b). A paint spill with a passing resem-
blance to a human figure is not a symbol but very similar markings produced by a
young child in an effort to portray her mother do constitute a symbol. Even young
children are sensitive to the intentional basis of symbols (see Bloom & Markson,
1998; DeLoache, 2002b; Gelman & Ebeling, 1998; Sharon, 2003).

Perceptual similarity, or iconicity, has been shown to have a powerful effect on
the understanding and use of symbolic artifacts by young children. This result has
emerged from studies of very young children’s use of a scale model as a source of
information about a larger space (for reviews, see DeLoache, 1995, 2002a;
DeLoache, Miller, & Pierroutsakos, 1998)

In the standard task used in this research, children watch as a miniature toy is
hidden in a scale model of a room. They are then asked to retrieve a larger version
of the toy hidden in the corresponding location in the room itself.! Across numer-

ISome children experience the opposite order, watching the larger toy hidden in the room and
searching for the miniature toy in the model. There was no effect on performance, so for ease of com-
munication only the hide-model, search-room’ case will be used in descriptions of the task.
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ous studies, 3-year-olds have performed very well, using their knowledge of the lo-
cation of the smaller toy to find the larger one approximately 80% or more of the
time. In contrast, 2Y2-year-olds’ success rate is only about 20% or less.

The failure of the younger children occurs even though there is a very high level
of perceptual similarity between the model and room, with the large and small
items being of highly similar shape, material and color. The children’s difficulty
with the task is not a simple problem of memory. When asked to retrieve the minia-
ture toy that they observed being hidden in the model, 2%2-year-olds’ success rate is
around 80-90%, just as high as that of 3-year-olds. It is also not a problem of moti-
vation; children usually enjoy the task and 2Y2-year-olds’ performance is equally
poor when they are asked to locate a highly prized item—their own mother—in-
stead of a toy (Troseth & DeLoache, 2003). Rather, young children’s difficulty is
specifically with achieving representational insight, that is, with recognizing and
using the symbol-referent relation (DeLoache, 1995).

When the degree of perceptual similarity between room and model is manipu-
lated, the pattern of performance is markedly affected for both age groups
(DeLoache, Kolstad, & Anderson, 1991). Decreasing the level of surface similar-
ity between the items of furniture in the two spaces (the low-similarity task) causes
3-year-olds to be quite unsuccessful (only 21% correct). At the same time, increas-
ing the level of similarity between model and room leads to successful perfor-
mance by 2V2-year-olds. This age group is quite successful in the similar-scale task
(70% correct), in which the difference in scale between the two spaces is much
smaller than in the standard task. In the similar-scale task, the larger space is not a
full-sized room but only twice as big as the model.

Figure 1 summarizes the results of previous research on the effects of similarity
for 2V2-year-olds in six previous versions of the model task. The versions differ in
the degree of similarity between the two spaces in terms of (a) the surface similar-
ity of the objects within the spaces, (b) the overall size of the spaces, and (c) the
material from which the surrounding walls of the spaces are constructed. As the
first six data points on the figure show, children perform very poorly with low simi-
larity on all dimensions but their performance rises with increasing similarity be-
tween the model and the larger space.

One possibility for how similarity affects performance in the model task is that
surface similarity helps young children match the items of furniture in the two
spaces. Matching these items is clearly essential for successful performance. It
would be impossible for children to succeed if they did not realize that the miniature
couch is like the full-sized couch, the small chair like the larger chair, and so on.

An alternative possibility is that children must also notice the higher-level rep-
resentational relation between model and room to reason from one to the other.
Prior research supports this alternative. For example, in a study by Troseth and
DeLoache (2003), the experimenter simply pointed to each item of furniture in the
model, asking the child to “show me the one like this in the room.” The
2V5-year-old children readily indicated the matching items; however, when given
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FIGURE 1 Effects of similarity on the performance of 2Y2-year-olds in the model task. Perfor-
mance on the symbol-based retrievals increases as a function of physical similarity. In previous re-
search (first 6 data points), performance on the symbol-based retrievals has consistently increased
as a function of increasing physical similarity. This research (last data point, Study 1) suggests
limits on the beneficial effects of similarity. The three sources of similarity include the size ratio
between the two spaces (scale similarity), the surface appearance of the items of furniture (object
similarity), and the materials from which the walls were constructed (surround similarity: rigid
vs. cloth; Previous data are from DeLoache et al., 1991; Marzolf & DelLoache, 1994; Del.oache,
Simcock, & Marzolf, 2003; and unpublished data.)

the standard model task, they performed poorly. Thus, being able to do the
lower-level mapping between individual items in the two spaces is necessary, but
not sufficient, for success in the model task. Only if children have access to the
higher level relation between the two spaces do they use what they know about one
to draw inferences about the other.

The goal of the two studies presented here was to further investigate the role of
similarity in young children’s performance in the model task. The steady improve-
ment in performance as a function of similarity (see Figure 1) suggests that if simi-
larity were increased even more, performance would improve still further. Indeed,
performance might be expected to be best if the two spaces were identical in ap-
pearance, making it maximally simple to achieve representational insight into the
relation between the two spaces and also making it easier to map between them.
Accordingly, we conducted two studies using the symbolic retrieval task with
identical spaces.
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PRELIMINARY STUDY

The goal of this study was to examine 2Y2-year-old children’s ability to reason
from one space to another identical one. To provide a strong test of the expected su-
perior performance with maximal similarity, two quite different identical-spaces
tasks were used. One involved identical small-scale commercial dollhouses and
the other full-sized rooms.

Method

Participants. There were twenty-four 30-month-old participants in the iden-
tical-rooms condition, (M = 30.3, range = 29.0-32.0) and 16 in the identi-
cal-dollhouses condition (M = 29.9, range = 29.0-30.0), including approximately
equal numbers of boys and girls.

Stimuli and apparatus. The rooms condition used two rooms of the same
shape and size (4.8 x 2.7 x 2.5 m). The rooms were adjacent to one another on a
hallway of offices, so any external sounds would be essentially the same. They
were furnished with several identical items, including a chair, desk, floor pillow,
large box fan, and wastebasket. The items were in the same relative positions in the
two spaces. The toys used for hiding and retrieving were two identical stuffed toy
dogs (15 cm long). Each had a ribbon, either blue or red, tied around its neck. They
were referred to as “Blue Dog” and “Red Dog.”

The dollhouses condition employed two identical commercial dollhouses (55 x
25 x 30 cm) open on one side. Each had seven rooms with identical items of plastic
furniture. The dollhouses sat in the same orientation on two tables approximately 1
m apart in a room. A divider between them prevented the child from seeing both at
the same time. The toys used for hiding and retrieving were two small plastic dogs
that, like the larger ones, had either a blue or red ribbon around their necks.

Procedure. Children were tested individually by a single experimenter. A
brief warm-up period was followed by an extensive orientation. First, children
were introduced to the two toy dogs, labeled Red Dog and Blue Dog (based on
their ribbons). The experimenter then referred to one of the spaces as Red Dog’s
room. (For half the children, it was Blue Dog’s room, but for ease of communica-
tion we only describe the version in which the child observed Red Dog being hid-
den.) Each item of furniture was pointed out and labeled as belonging to Red Dog.
Next, the experimenter explained that Blue Dog “has a room just the same as Red
Dog’s.” In the dollhouses condition, the experimenter directly compared all the
pieces of furniture in the two spaces, placing each item from the one dollhouse by
the corresponding item in the other, while commenting on the correspondence be-
tween them. This direct comparison could not be done in the rooms condition but
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the experimenter emphasized the similarity between the items of furniture in the
two spaces. The experimenter then explained that the two dogs like to do the same
things in their rooms. She placed Red Dog on the shelves in one space and in-
structed the child to put Blue Dog in the same place in his space. If the child had
difficulty, the experimenter placed the toy correctly. The last part of the orientation
was one or two practice trials in which the experimenter labeled the toy’s hiding lo-
cation as she placed it (locations were never labeled once the test trials began).

The orientation was followed by four retrieval trials, each of which involved
three parts:

1. Hiding event: The child watched as the experimenter hid one of the dogs in its
space (room or model). The experimenter called the child’s attention to the act of
hiding, but without naming the location: “Look, Red Dog is going to hide here.”
She then told the child that she would hide Blue Dog “in the same place in his
room.” The child was unable to see this second hiding event in either condition.

2. Symbol-based retrieval: The experimenter then led the child to the second
space and asked him or her to find the toy. Before permitting the child to search, the
experimenter provided a reminder: “Remember, he’s hiding in the same place as
Red Dog.” If the toy was not found on the first search, the child was free to search
other places. If necessary, the experimenter provided increasingly explicit prompts
until the child found the toy. Only the first, unprompted search was counted in cal-
culating correct performance.

3. Memory-based retrieval: After Blue Dog was found, the child was taken back
to the first space and asked to retrieve Red Dog. The child was again prompted to
continue searching if the first search was incorrect.

The toy was hidden in a different location on each of the 4 trials (none of which
was used in the orientation trials) and half the children in each condition received
one of two orders of hiding places.

Results and Discussion

The results did not reveal the expected benefit of increased similarity. Indeed, as
seen in Figure 2, the children in the identical-dollhouses and identical-rooms con-
ditions succeeded in retrieving the toy on only 41% and 43% of the symbol-based
retrievals, respectively. This is well below the average of 68% that has been found
for this age group in various studies using the similar-scale task (DeLoache et al.,
1991; Marzolf & DeLoache, 1994; and unpublished data). Of interest, perfor-
mance in the memory-based retrievals—66% in the dollhouses and 64% in the
rooms conditions—was also lower than the 80% to 90% expected on the basis of
previous research. Inspection of performance across trials revealed that perfor-
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FIGURE 2  Overall performance on both types of retrievals in the preliminary
study—identical rooms and dollhouses—and in Study 1—similar scale and identical models.
Error bars represent 1 standard error.

mance was highest in the first trial, for both conditions and for both types of re-
trievals. Mean performance in the symbol-based retrievals was 57% in Trial 1, fol-
lowed by 33%, 40%, and 38% in the subsequent trials. Mean performance in the
memory-based retrievals was 70% in Trial 1, then 60%, 63%, and 65% in the sub-
sequent trials. Thus, children performed more poorly than expected on every trial
and for both types of retrieval.

Clearly, the children in this preliminary investigation were not helped by having
identical rather than highly similar spaces. Indeed, the use of identical spaces
seemed to have a negative effect on their performance on both types of retrievals,
compared to children in previous studies.

Two logistical factors may have contributed to the children’s low performance.
In the identical-rooms condition, the large scale of the spaces precluded surveying
the entire space at one time, which may have increased the chances of a child first
noticing and searching an incorrect location. In the identical-dollhouses condition,
the individual rooms were very small and the items of furniture closely spaced,
making it easy for the children to impulsively search multiple locations. In addi-
tion, the children sometimes knocked over or otherwise displaced items of furni-
ture while searching, possibly disrupting the search process.

Given the unexpected and nonintuitive nature of the results of the preliminary
study and their significance for early symbol use, it seemed prudent to see if



40 DELOACHE AND SHARON

they could be replicated in a task not subject to the problems just mentioned.
Hence, a new study was conducted employing the same small-scale space that
has been used in numerous studies with both the standard and similar-scale
model tasks.

STUDY 1

In Study 1, 2¥2-year-old children were asked to reason from one small-scale space
to another, identical one. One of the spaces was the model used in previous replica-
tions of the similar-scale task; the second space was identical to it.

Method

Participants. Twenty-four 30-month-old children participated (M = 30.7,
range = 28.5-32.5; 12 boys and 12 girls) and 24 children previously tested in the
similar-scale task (DeLoache et al., 1991) served as a comparison group (M =30.6,
range = 29.5-32.0; 12 boys and 12 girls). The performance of 2V2-year-old chil-
dren has been assessed in this task in 8 separate replications in which performance
on the symbol-based retrievals has ranged from 58% to 75%, with an overall aver-
age of 68% (DeLoache et al., 1991; Marzolf & DeLoache, 1994; and unpublished
data). This comparison group was selected because its performance was right at
the overall mean for the groups combined.

Stimuli and apparatus. For the identical condition, the identical models (63
x 48 x 38 cm) were constructed of white cloth walls supported by plastic pipes.
Corresponding objects in the two models (floor pillow, shelf unit, wastebasket,
chair, chair pillow, dresser, and rug) were identical in appearance and were in the
same relative positions. The models were placed in the same orientation on the
floor approximately 1 meter apart in a large room. A divider between them pre-
vented children from being able to see both spaces at once. The hiding objects were
two small plastic dogs (2 cm long), one with a blue ribbon around its neck and the
other with a red ribbon.

In the similar-scale condition, the smaller space was one of the models used in
the identical condition. The larger space was approximately twice as large (92 x 70
x 61 cm) and was also constructed of white cloth walls supported by plastic pipes.
It contained larger versions of the same furnishings (same shape, color, and tex-
ture) as were in the smaller space, all in the same relative positions. Finally, the
toys were plastic toy dogs (3 cm and 7 cm high) with no ribbons.
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Procedure. The procedure was the same as that in the preliminary study, ex-
cept that there were no practice trials.2 Two changes were made in scoring the chil-
dren’s search behavior. First, in addition to scoring their first search on every trial
as correct or not, we scored a self-correction whenever children, after first search-
ing in the wrong place, spontaneously searched the right place without searching
anywhere else first and without receiving anything but a nonspecific prompt (a re-
minder that the two toys had been hidden in the same places). Second, we scored
errors as perseverative whenever a child’s first search on any trial after the initial
one was in the same location that had been correct on the immediately preceding
trial. (The children always had retrieved the toy on the preceding trial, either be-
cause they had searched correctly or because of experimenter prompts.)

Results and Discussion

The results basically replicated those of the preliminary study, in that performance
on both types of retrieval was poorer when the two spaces were identical. As can be
seen in Figure 2, the children in the identical models condition achieved a rela-
tively low rate of success—51% on the symbol-based and 72% on the mem-
ory-based retrievals. This level of performance was very similar to that in the iden-
tical-dollhouses and rooms tasks in the preliminary study. In contrast, the
comparable figures for the similar-scale comparison group were 70% and 93%, re-
spectively. As in the preliminary study, the highest overall level of performance oc-
curred on the first trial for both conditions and for both types of retrievals.

To get a clear picture of how performance in the two conditions differed for
symbol- and memory-based retrievals, we conducted two analyses, both of
which were 2 (Condition: identical vs. similar-scale) x 4 (Trials) mixed-model
analyses of variance (ANOVAs), with trials as the within-subjects factor. (Note
that the analyses were conducted on raw scores.) The results are shown in Figure
3 and 4. The analysis of symbol-based retrievals revealed significant main ef-
fects for condition, F(1, 46) = 4.20, p < .05, and for trials, F(3, 138) =7.72, p <
.001, but no interaction between them. Simple contrasts of performance in Trial
1 compared to performance in each subsequent trial revealed that Trial 1 perfor-
mance was significantly higher than all other trials(all ps < .05). Furthermore,
repeated contrasts of performance between adjacent trials indicated that the only
significant change between trials occurred between Trials 1 and 2, F(1, 46) =
23.93, p < .001.

ZPractice trials were used in some early studies with the standard model task in an effort to make the
model-room relation clearer. However, these trials had no beneficial effect and were eventually dropped
from the standard task.
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FIGURE 4 Performance by trials in Study 1 in the similar scale and identical models condi-
tions: memory-based retrievals. Error bars represent 1 standard error.

The same results were obtained in the analysis of the memory-based retrievals:
main effects for condition, F(1, 36) =8.65, p < .01, and for trials, F(3, 138) = 5.88,
p < .001, with no interaction between them. Simple contrasts again showed that
Trial 1 performance was significantly higher than performance in all subsequent
trials (all ps < .005) and repeated contrasts again showed that the only significant
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change between trials occurred between Trials 1 and 2, F(1, 46) = 17.43, p < .001
(see Figure 4).

An additional analysis compared overall performance in the two conditions on
the symbol-based and memory-based retrievals. As is typically found in the model
task, overall performance was significantly better in both conditions for the mem-
ory-based compared to the symbol-based retrievals, F(1, 46) = 23.73, p < .0001.

To further assess differences between the two groups, we examined
perseverative searching and self-corrections.3 Perseverative responding (searching
at the location that had been correct on the preceding trial) was more common in
the identical condition than in the similar-scale condition. For the symbol-based
retrievals, the proportion of all first searches that were at the previously correct lo-
cation (after the first trial)* was 47% for the children in the identical task (signifi-
cantly greater than the chance level of 25%, r = 4.21, p < .001). The comparable
figure in the similar-scale task was 28%. The difference between conditions was
significant, #(46) = 5.66, p < .05. For the memory-based retrievals, the comparable
figures were 32% and 7%, 1(46) = 11.54, p <. 005. (The level of perseverative re-
sponses in the memory-based retrievals of the similar-scale task was actually be-
low chance, = -6.40, p < .001.)

Children frequently corrected themselves following an incorrect first search.
The rate of spontaneous self-correction in the identical condition was 49% for the
symbol-based retrievals and 74% for the memory-based retrievals. Both figures
are significantly greater than the chance level of 33% (symbol-based retrievals: ¢ =
3.38, p <.005; memory-based retrievals: ¢ = 5.41, p < .0001). This relatively high
rate of self-correction suggests that children in the identical condition had more
symbolic understanding than was evident in their initial search. The rate of
self-correction in the similar-scale condition, in which retrieval performance was
fairly high, was 41% for the symbol-based retrievals and 57% for the mem-
ory-based retrievals. (The latter figure is based on only seven errors.)

In summary, children’s performance in Study 1 was highly consistent with the
initially surprising result in the preliminary study: The 2%2-year-old children in the
identical condition were less successful overall than were children of the same age
in the similar-scale version of the task. This result was true for both symbol-based
and memory-based searches. The two groups started out at the same level, but chil-
dren in the identical condition showed a greater decline from Trial 1 to Trial 2, with
an especially precipitous drop in their symbol-based retrieval performance (from

31t was not possible to examine self corrections and perseverative searching in the preliminary
study, as only first searches were recorded (primarily due to the difficulty of precisely scoring the rapid
sequence of searches that often occurred in the dollhouses condition).

4 We also calculated perseverative searching as a proportion of errors rather than responses. Consis-
tent with previous research, perseverative searching was the dominant error. For the identical condition
the percentages were 81% and 88% for the symbol-based and memory-based retrievals, respectively.
For the similar-scale condition, the percentages were 57% and 88%, respectively.
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79% to 25%). Particularly high rates of perseverative searching occurred for the
symbol-based retrievals in the identical condition; after the first trial, these chil-
dren searched first at the previously correct location nearly half the time. Finally,
self corrections were common, suggesting that children in the identical condition
frequently did hold a memory representation of the toy’s actual location.

GENERAL DISCUSSION

The preliminary study and Study 1 establish the counterintuitive fact that it is more
difficult for very young children to reason from one space to another identical one
than to a highly similar one. As Figure 1 shows, increasing levels of similarity be-
tween two spaces are associated with steadily improving performance by
2Y5-year-olds in the model task up to the point of identity, where the success rate
drops. Our analyses of multiple performance measures in the identical and simi-
lar-scale conditions in Study 1 suggest the involvement of four factors in the ob-
served patterns of performance.

First, to succeed in any version of the model task, representational insight is
crucial: The child must appreciate the relation between the two spaces to apply
what he or she knows about one space to the other. As has been shown in many
studies, achieving representational insight is quite challenging for very children
(see DeLoache, 2002a). Once achieved, it can be quite fragile. For example,
3-year-old children who are normally very successful in the standard model task
can lose sight of the model-room relation when a delay occurs between the hiding
event in the model and the opportunity to search in the room (Uttal, Schreiber, &
DeLoache, 1995).

In Study 1, the symbolic retrieval performance of the children in the simi-
lar-scale and identical conditions was at the same very high level on Trial 1. This
result points to comparably high levels of representational insight at the beginning
of the task. Clearly, the children’s representation of the relation between the two
spaces was initially adequate to support successful symbol-based retrievals. Simi-
larly, their memory representation of the hiding event they had just observed sup-
ported successful memory-based retrieval on the first trial.

A second factor that is crucial for success in any model task is memory: On each
trial, children must remember the hiding event in one space to search successfully
in the second space. Over trials, they must continually update their memory repre-
sentations to know which hiding location is relevant on a given trial. Thus, even if
children have achieved representational insight, they can succeed only if they keep
track of which hiding place is relevant for this trial. However, in the identical con-
dition, the absence of a size cue to differentiate between the spaces makes it more
difficult to keep track of which memory representation should guide this search.
For example, children might be uncertain whether to rely on their memory of see-
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ing one toy dog behind a chair (where it had most recently been placed by the ex-
perimenter—the information they should use) or their memory of seeing another
identical dog under the floor pillow in an identical space (where they had most re-
cently found it on the previous trial—the information they should ignore). Consis-
tent with this, children in the identical condition performed unusually poorly on
the memory-based retrievals after the initial trial, strong evidence that they experi-
enced difficulty keeping track of the relevant locations from trial to trial. Thus,
memory problems appear to have contributed to their relatively poor performance.

A third factor known to be problematic for young children in search tasks is a
tendency to search perseveratively, to return on trial n to the location that was cor-
rect on trial n — I (e.g., Diamond, 1991;Thelen, Schoener, Scheier, & Smith, 2001;
Zelazo, Reznick, & Spinazzola, 1998). Perseveration can stem from problems in-
hibiting a previous response or from difficulty inhibiting outdated information (for
a review, see Harnishfeger & Bjorklund, 1993). For the children in the identical
condition, the difficulty of updating their memory representations from trial to trial
may have contributed to their substantially higher rate of perseverative searching
in both memory-based and symbol-based retrievals. (For further discussion of the
role of perseveration in children’s performance in the scale model task, see
Kuhlmeier, in press; O’Sullivan, Mitchell, & Daehler, 2001; Sharon & DeLoache,
2003).

A fourth factor that could also have contributed to the poorer performance in the
identical condition is the children’s level of analysis of the problem with which
they were confronted. Application of the problem solving model of Aguiar and
Baillargeon (2000) suggested that the extreme similarity between the two spaces in
the identical condition may have led those children to a relatively shallow
construal of the task during the orientation. Their task analysis was adequate to see
them through the first trial successfully. However, on the second trial, they simply
did again what had worked on the first; that is, on the symbol-based retrievals, fully
75% of the children searched in the same location that had yielded the toy the last
time. After failure on Trial 2, they may have then realized the need to update their
memory representation of the correct hiding place from trial to trial and hence de-
voted more attention to the hiding event and to keeping it in mind. This would ac-
count for the upwards trend in performance after the low performance in Trial 2.

‘We conclude that the combination of these four factors, all of which are known
to influence the performance of very young children in various situations, pro-
duced the observed pattern of results for both symbol- and memory-based retriev-
als. These results underscore the fact that very young children’s performance in
symbolic-retrieval asks is always the result of a combination of multiple factors
(DeLoache, 2002b). We suspect that the performance of children older than the
2Y5-year-olds in these studies would be less disrupted by identical spaces. For ex-
ample, 3-year-olds would probably achieve a more stable level of representational
insight to begin with, thereby leaving more cognitive resources to meet the chal-
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lenge of keeping track of the currently-relevant location over trials. In addition,
older children would likely do a deeper analysis of the task in the first place, lead-
ing them to more quickly bring to bear strategies for keeping track of the hiding
places over trials.

It is worth considering the role of similarity in the broader context of reasoning
in the general domains of analogy and symbolization. As in the research reported
here, the effect of similarity is not as straightforward as might be assumed; it can
both help and hinder performance. In analogical reasoning, superficial similarity
among entities typically promotes analogical transfer by initiating a comparison
process that then reveals the underlying abstract similarity of the analogues
(Gentner, 1989; Goldstone, Medin, & Gentner, 1991; Medin & Ross, 1989). How-
ever, highly salient superficial similarities sometimes impede transfer by discour-
aging people from looking for deeper-level similarities (Goldstone & Sakamoto,
2003). Another case in which surface similarity impairs analogical mapping is
when highly similar elements play different roles in two analogues; in this case,
transfer is worse than if there were a lower level of similarity (Gentner & Toupin,
1986; Loewenstein & Gentner, 2001; Rattermann & Gentner, 1998).

With respect to identity, we would expect a similar story; that is, identical ele-
ments should sometimes facilitate cognition but impede it other times. In general,
when entities should be treated the same, identity could help. Counting a set of ob-
jects, for example, is easier for young children when the objects are all the same
(Starkey, 1992). Identical entities should also facilitate the drawing of valid infer-
ences from one to another. Categorizing a new object as a member of an already
learned category is easier if the new element is highly similar or even identical to
known members of the category (L. B. Smith, 1989). However, if it is important to
keep track of elements over time or to avoid confusion among elements (or both),
as in this research, identity of elements would make the task more difficult. Iden-
tity would also be counterproductive in the acquisition of new categories. A cate-
gory based on entirely identical entities would be extremely narrow and possess
little generalizability. Of interest, research (L. B. Smith, 1989) suggests that very
young children of the age tested in our studies do not give special weight to iden-
tity. Unlike adults and older children, 2-year-olds tend to classify multidimen-
sional stimuli on the basis of their overall perceptual similarity, whereas older chil-
dren and adults tend to classify stimuli based on identical values on some
dimension. The special weight attached to identity appears to be a developmental
acquisition.

Finally, it should be noted that the identical spaces conditions in this research
represent an anomalous situation. A symbol is never identical to its referent, nor is
one analogue the same as another; symbolic and analogical relations are funda-
mentally asymmetrical (Goodman, 1976). Often the basis of the asymmetry is the
fact that they do not share the same affordances (DeLoache, 2002a, 2002b): One
can sit in a chair but not in a photograph of a chair or a miniature replica of a chair.
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A symbol and its referent are qualitatively different kinds of entities. A symbol
brings to mind its referent (and vice versa), making it possible to draw inferences
about one of them from what is known about the other. At the same time, the quali-
tative difference between symbol and referent prevents confusion, making it un-
likely that inappropriate inferences will be drawn.

ACKNOWLEDGMENTS

We thank Kathy Anderson for her many contributions to this research.
The research was supported by NICHD grant HD25271 to the first author and
NRSA postdoctoral fellowship HD08599 from NIH to the second author.

REFERENCES

Aguiar, A., & Baillargeon, R. (2000). Preservation and problem-solving in infancy. In H. W. Reese
(Ed.), Advances in child development and behavior: Vol. 27 (pp. 136—181). San Diego, CA:
Academic.

Bloom, P., & Markson, L. (1998). Intention and analogy in children’s naming of pictorial representa-
tions. Psychological Science, 9, 200-204.

DeLoache, J. S. (1995). Early understanding and use of symbols: The model model. Current Directions
in Psychological Science, 4, 109—113.

DeLoache, J. S. (2002a). Symbolic development. In U. Goswami (Ed.), Blackwell handbook of child-
hood cognitive development (pp. 206-226). Oxford, England: Blackwell.

DeLoache, J. S. (2002b). The symbol-mindedness of young children. In W. Hartup & R. A. Weinberg
(Eds.), Child psychology in retrospect and prospect: In celebration of the 75th anniversary of the in-
stitute of child development (Vol. 32, pp. 73—101). Mahwah, NJ: Lawrence Erlbaum Associates, Inc.

DeLoache, J. S., Kolstad, V., & Anderson, K. (1991). Physical similarity and young children’s under-
standing of scale models. Child Development, 62, 111-126.

DeLoache,J. S., Miller, K. W., & Pierroutsakos, S. (1998). Reasoning and problem-solving. In D. Kuhn
& R. S. Siegler (Eds.), Handbook of child psychology: Vol. 2. Cognition, perception, and language
(5th ed., pp. 801-850). New York: Wiley.

DeLoache, J. S., Simcock, G., & Marzolf, D. P. (2004). Transfer by very young children in the symbolic
retrieval task. Child Development, 75, 1708-1718.

Diamond, A. (1991). Neuropsychological insights into the meaning of object concept development. In
S. Carey & R. Gelman (Eds.), The epigenesis of mind (pp. 67-110). Mahwah, NJ: Lawrence Erlbaum
Associates, Inc.

Gelman, S., & K. Ebeling (1998). Shape and representational status in children’s early naming. Cogni-
tion, 66, B35-B47.

Gelman, S. A., & Markman, E. M. (1987). Young children’s inductions from natural kinds: The role of
categories and appearances. Child Development, 58, 1532-1541.

Gentner, D. (1983). Structure-mapping: A theoretical framework for analogy. Cognitive Science, 7,
155-170.

Gentner, D. (1989). The mechanisms of analogical learning. In S. Vosniadou & A. Ortony (Eds.), Simi-
larity and analogical reasoning (pp. 199-241). New York: Cambridge University Press.



48 DELOACHE AND SHARON

Gentner, D., & Toupin, C. (1986). Systematicity and surface similarity in the development of analogy.
Cognitive Science, 10, 277-300.

Goldstone, R. L., Medin, D. L., & Gentner, D. (1991). Relational similarity and the nonindependence of
features in similarity judgments. Cognitive Psychology, 23, 222-262.

Goldstone, R. L., & Sakamoto, Y. (2003). The transfer of abstract principles governing complex adap-
tive systems. Cognitive Psychology, 46, 414—466.

Goodman, N. (1976). Languages of art: An approach to a theory of symbols (2nd ed.). Indianapolis, IN:
Hackett.

Harnishfeger, K. K., & Bjorklund, D. F. (1993). The ontogeny of inhibition mechanisms: A renewed
approach to cognitive development. In M. L. Howe & R. Pasnak (Eds.), Emerging themes in cogni-
tive development: Foundations (Vol. 2, pp. 28-49). New York: Springer-Verlag.

Holyoak, K. J. (1984). Analogical thinking and human intelligence. In R. J. Sternberg (Ed.), Advances
in the psychology of human intelligence (Vol. 2, pp. 199-230). Hillsdale, NJ: Lawrence Erlbaum As-
sociates, Inc.

Huttenlocher, J., & Higgins, E. T. (1978). Issues in the study of symbolic development. In W. A. Collins
(Ed.), Minnesota symposia on child psychology (Vol. 11, pp. 98-140). Hillsdale, NJ: Lawrence
Erlbaum Associates, Inc.

Kuhlmeier, V. (in press). Symbolic insight and perseveration: Two problems facing young children on
symbolic retrieval tasks. Journal of Cognition and Development.

Loewenstein, J., & Gentner, D. (2001). Spatial mapping in preschoolers: Close comparisons facilitate
far mappings. Journal of Cognition and Development, 2, 189-219.

Marzolf, D. P., & DeLoache, J. S. (1994). Transfer in young children’s understanding of spatial repre-
sentations. Child Development, 65, 1-15.

Medin, D. L., Goldstone, R. L., & Gentner, D. (1993). Respects for similarity. Psychological Review,
100, 254-278.

Medin, D. L., & Ortony, A. (1989). Similarity and analogical reasoning. In S. Vosniadou & A. Orteny
(Eds.), Similarity and analogical reasoning (pp. 179—195). Cambridge, England: Cambridge Uni-
versity Press.

Medin, D. L., & Ross, B. H. (1989). The specific character of abstract thought: Categorization, problem
solving, and induction. In R. J. Sternberg (Ed.), Advances in the psychology of human intelligence
(Vol. 5, pp. 189-223). Hillsdale, NJ: Lawrence Erlbaum Associates, Inc.

O’Sullivan, L. P., Mitchell, L. L., & Daehler, M. W. (2001). Representation and perseveration: Influences
on young children’s representational insight. Journal of Cognition and Development, 2, 339-366.
Pierce, C. S. (1932). The icon, index, and symbol. In C. Hartshone & P. Weiss (Eds.), Collected papers

of Chalres Sanders Pierce (Vol. 2, pp. 156—173). Cambridge, MA: Harvard University Press.

Pierce, C. S. (1955). Logic as semiotic: The theory of signs. In J. Buchler (Ed.), The philosophical writ-
ings of Pierce (pp. 98-119). New York: Dover Books.

Rattermann, M. J., & Gentner, D. (1998). More evidence for a relational shift in the development of
analogy: Children’s performance on a causal-mapping task. Cognitive Development, 13, 453-478.

Ross, B. H. (1989). Distinguishing types of superficial similarities: Different effects on the access and
use of earlier problems. Journal of Experimental Psychology: Learning, Memory, and Cognition, 15,
456-468.

Sharon, T. (2003). Made to symbolize: Intentionality and children’s early understanding of symbols.
Manuscript submitted for publication.

Sharon, T., & DeLoache, J. S. (2003). The role of perseveration in children’s symbolic understanding
and skill. Developmental Science, 6, 289-296.

Smith, E. E. (1989). Concepts and induction. In M. 1. Posner (Ed.), Foundations of cognitive science
(pp- 501-526). Cambridge, MA: MIT Press.

Smith, L. B. (1989). A model of perceptual classification in children and adults. Psychological Review,
96, 125-144.



SYMBOLS AND SIMILARITY 49

Smith, L. B. (1993a). The concept of same. In H. W. Reese (Ed.), Advances in child development and
behavior (Vol. 24, pp. 215-252). San Diego, CA: Academic.

Smith, L. B. (1993b). The place of perception in children’s concepts. Cognitive Development, 8,
113-139.

Starkey, P. (1992). The early development of numerical reasoning. Cognition, 42, 93—126.

Thelen, E., Schoener, G., Scheier, C., & Smoth, L. B. (2001). The dynamics of embodiment: A field
theory of infant perseverative reaching. Behavioral and Brain Sciences, 24, 1-86.

Troseth, G. L., & DeLoache, J. S. (2003). Detecting correspondences and constructing symbolic rela-
tions. Unpublished manuscript.

Uttal, D., Schreiber, J. C, & DeLoache, J. S. (1995). Waiting to use a symbol: The effects of delay on
children’s use of models. Child Development. 66, 1875—1889.

Vosniadou, S., & Ortony, A. (1989). Similarity and analogical reasoning: A synthesis. In S. Vosniadou
& A. Orteny (Eds.), Similarity and analogical reasoning (pp. 1-19). Cambridge, England: Cam-
bridge University Press.

Zelazo, P. D., Reznick, J. S., & Spinazzola, J. (1998). Representational flexibility and response control
in a multistep multilocation search task. Developmental Psychology, 34,203-214.



Copyright of Journal of Cognition & Development is the property of Lawrence Erlbaum
Associates and its content may not be copied or emailed to multiple sites or posted to
a listserv without the copyright holder's express written permission. However, users
may print, download, or email articles for individual use.



