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UNDERSTANDING OF SPATIAL CORRESPONDENCE 1

Understanding of spatial correspondence does not contribute to representational

understanding: Evidence from the Model Room and False Belief tasks

Abstract
We examine the longstanding claim that understanding relational correspondence is a general
component of representational understanding (Perner, 1991). Two experiments with 175
preschool children located in [blinded] examined use of a scale model (DeLoache, 1987)
comparing performances on a ‘Copy’ task, measuring abstract spatial arrangement ability,
and the False Belief task. Consistent with previous studies, younger children performed well
in scale model trials when objects were unique (e.g., one cupboard) but poorly at
distinguishing objects using spatial layout (one of three identical chairs). Performance was
specifically associated with Copy task but not False Belief performance. Emphasizing the
representational relation between model and room was ineffective. We find no evidence for
understanding relational correspondence as a general component of representational

understanding.

Public significance statement: This study compares performance on a classic hiding game,
using a room and its scale model, with preschool children’s abstract spatial ability and
understanding of mental representation. We found performance on the classic Model Room
task only related to spatial abilities, potentially important in later science and mathematics

education.
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Here we examine a long-standing claim about humans’ general understanding of
representation. Types of representation include mental states, language, pictures, and scale
models. By ‘understanding of representation’, we mean the ability to think about the relation
between the representational medium and the thing it represents, also known as
metarepresentation. For example, theory of mind is the ability to think about the relation
between the mental states of others or oneself (belief, desire, emotions, and so on) and the
things these represent or are about.

The claim under consideration was first made by Perner (1991, p.78): “Understanding
the use of representations to truthfully inform about the represented world requires
understanding of correspondence". Representations typically correspond in systematic ways
to their referents: relations that exist in the referent (say, an object is inside a wardrobe in a
room) are also encoded in the representation of the referent (e.g., a scale model, or picture of,
or belief, or statement about the room). This correspondence is necessary for representations
to perform their function. Perner’s claim goes further, to suggest that to be able to understand
representations as such, one must acknowledge this mirroring of relations within
representation and referent.

Hoyos et al. (2020) make the similar claim that mental state concepts develop through
structural mapping processes (Gentner, 2005). They argue that extracting common structural
relations between mental states and reality, or two mental states representing the same reality,
is a key process in theory of mind development. Baldwin and Saylor (2005) and Bach (2014)
make related proposals.

Common or domain general mechanisms promoting representational understanding
might help explain findings of general metarepresentational development around the age of
four years. The False Belief task is widely accepted as a diagnostic test of theory of mind. It

requires children to predict action based on an agent’s mental state even when it does not
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match the real situation. Success on the False Belief task associates with success on tasks
measuring non-mental representation. These include understanding that things can have
alternate names (Doherty & Perner, 1998; Perner et al. 2002), that one word (e.g., bat) can
have two meanings (e.g., Doherty, 2000), and that a novel word is likely to refer to a novel
object (Gollek & Doherty, 2016; Karadaki, 2019; Karadaki & Doherty, 2017). In the
pictorial domain, children can acknowledge that ambiguous figures have two interpretations
(e.g., duck or rabbit; Jastrow, 1900) around this age, and this ability is associated with
understanding of false belief (Doherty & Wimmer, 2005), alternative naming, and
homonymy (Wimmer & Doherty 2011). False belief understanding is also associated with
proficient use of pictorial information when completing jigsaws (Doherty et al., 2021).

These findings suggest common developments in understanding of mental and non-
mental representation around the age of four years. Conceptually this has been described as a
general understanding of perspective, allowing the understanding that representations of the
same thing can differ in content, e.g., different beliefs about the same situation, or different
ways of referring to the same object (Perner et al., 2002; see Doherty & Perner, 2020, for a
review and further theoretical analysis). Here we consider understanding of correspondence
as a possible common factor supporting these conceptual developments.

We examine this claim in the context of a classic task involving a scale model of a
room (DeLoache, 1987). A room and its scale model, complete with model furniture, are laid
out in exact spatial correspondence. Children see an object hidden in one room and search
for a similar object “in the same place” in the other room. Typically, children succeed around
36 months.

The Model Room task apparently requires children to understand the correspondence
relations between the two spaces. Correspondence has typically not been defined in past

research, and here requires it. The dictionary definition of ‘correspond’ includes distinct
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senses of the word. One emphasises similarity (‘have a close similarity; match or agree
almost exactly’). The other emphasises analogy (‘be analogous or equivalent in character,
form, or function’) (Apple Dictionary Version 2.3.0). In the model room task
‘correspondence’ is used in the analogical sense. To perform the task, one must understand
that facts about the model (e.g., a sticker is inside the miniature wardrobe) are informative
about the room (that a sticker is also inside the large wardrobe).

This makes it clear that correspondence is relevant to representation. Typically,
representations function to provide information about their referents, and the two should
therefore correspond. Beliefs should mirror reality, photographs should encode
contemporaneous information about the scene, maps and scale models should inform about
the spaces they correspond to. However, although correspondence and representation have
similarities, understanding correspondence is not equivalent to understanding representation.
Perner (1991, p.81) illustrates this point with an analogy: British houses in the same
neighbourhood are frequently built to the same plan, so knowledge of one’s own house
allows you to find the bathroom in a neighbour’s. Clearly the houses correspond, but do not
represent one another. Perner’s claim is that understanding this correspondence is a
necessary but not sufficient component of full representational understanding. Nevertheless,
understanding correspondence may be a common factor underlying understanding of
representation in general.

Two levels of correspondence can be distinguished in the Model Room task. In the
task sets of similar objects are laid out in the same relative spatial arrangement. In the
original task, each object was unique (one bed, one couch, and so on). Thus, the target could
be found by noting which type of furniture it was under in the model, and locating the same

type of furniture in the room, without regard for the layout of either space. We refer to this
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here as item-to-item correspondence. Alternatively, both the identities of the furniture and of
the spatial layout could be encoded and used to locate the item: ‘spatial correspondence’.

It was tacitly assumed that the model room task measured spatial correspondence.
This is natural: for us adults, the identical layout of the two spaces is highly salient. However,
data from Blades and Cooke (1994) suggests that 3-year-old only use item-to-item
correspondence to pass the task.

Blades and Cooke (1994) modified the task so that two of the items of furniture were
identical. Thus, the spatial arrangement had to be used to identify which of these was the
correct hiding place. Three-year-olds, who performed well on the standard task, were at
chance. Four-year-olds successfully chose between identical hiding places on about 80% of
trials. Blades and Cooke concluded that three-year-olds did not consider the spatial
relationships encoded in the model'.

This shift to using the corresponding spatial relations suggests two competing
explanations. One is representational: the shift results from understanding the
representational relations between the model and the room. This new understanding may alert
children to the function of the model (as a representation of the room) and how it serves this
function (by being laid out in an identical manner), thus causing them to attend to the spatial
correspondence between the two. The developmental trajectory is very similar to other

metarepresentational developments.

! Troseth et al. challenge this conclusion. They modified the Model Room task by removing the hiding and
retrieval elements, simply asking children to find which piece of furniture in the model “looks like” the one on the
room. Two-and-a-half-year-old children performed well at this matching task. They therefore claim that even 2-year-olds
can detect “low-level object correspondences. However, although the task requires noting the similarity of two objects,
absence of the hiding and retrieval elements means it does not require understanding correspondence in the analogical sense.
Both Item-to-item and spatial correspondence require this sense. Thus 2-year-olds’ success on the matching task does not

indicate anything about later success in model room tasks.
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The second possible explanation is that it directly reflects a development in children’s
sensitivity to spatial relations within a stimulus. Various studies suggest that when assessing
similarity young children first focus on similarity of objects, then later shift to also focus on
similarity of relations between objects. This occurs with grammatical development (e.g.,
verb learning; Childers et al., 2016), analogical reasoning (e.g., Richland et al. 2006), and
spatial mapping (Yuan et al., 2017). This shift of focus from objects to relations has been
claimed to reflect general processes of analogical reasoning developing in the preschool
period (Gentner, 2010). The two explanations are not necessarily entirely distinct: general
processes of analogical reasoning may influence metarepresentational understanding,
potentially consistent with Perner’s (1991) claim. Bach (2014) and Hoyos et al. (2020) also

suggest a role for analogical reasoning in the development of false belief understanding.

The ability to encode and decode analogical spatial relations has received
considerable attention in the context of maps. Maps typically stand in spatial correspondence
relationships to their referent?, and the development of map reading is clearly relevant to the
claim that a general understanding of spatial correspondence is developing in the preschool
period. Maps differ from scale models in that they are less iconic, two dimensional, and
typically only provide an ‘overhead’ viewing angle. These differences plausibly make
determining correspondence between maps and their referents more difficult. Nevertheless,
most research does suggest that basic map reading skills emerge in the preschool period, and
undergo protracted subsequent development (Blades & Spencer, 1994; Liben & Yekel,

1996).

2 However, not always. For example, the diagrammatic map of the London Underground shows serial
positions of stations along lines, with little correspondence to geography; Degani, 2013)
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In a classic study, Bluestein and Acredelo (1979) used a room with exclusively non-
unique target locations (four identical blue boxes), indicated on an aerial view map by blue
squares (with a minimal perspective view of their front sides). When viewing the map inside
and aligned with the room, only 55% of 3-year-olds reached the pretest criterion of 2/3 trials

correct, compared to 86% of four-year-olds and all 5-year-olds.

Performance on simpler maps also seems somewhat challenging for 3-year-olds.
Huttenlocher et al. (1999) used a minimally simple rectangular map with a single dot
representing the position of a buried object in a featureless rectangular sand pit. All 4-year-
olds and 60% of 3-year-olds were able to use these maps to find the object. The 40% of 3-
year-olds who failed the task did not appear to be using the map at all, suggesting conceptual
rather than performance deficits. Shusterman et al. (2008) examined 4-year-olds’ ability to
identify non-unique locations using simple 3-location maps. Performance was mostly good if
one location was unique, functioning as a landmark. When all three locations were circles,
performance did not exceed chance for linear or isosceles triangular arrays but did for a right-
angled triangular array. This again suggests a basic understanding of spatial correspondence

by late three or four years old, but complex layouts continue to pose additional difficulties.

One study found some ability to identify non-unique locations in a map task in
younger children. Winkler-Rhoades et al. (2013) used simple maps similar to Shusterman et
al.’s (2008). They found that 2.5-year-olds could correctly identify the central of 3 non-
unique locations if they were in a line, or the apex of an isosceles triangular formation. They
were at chance for the two ends of the linear formation, or the two base locations of the
isosceles triangle. In fact, their isosceles triangle performance was better than Shusterman et

al.’s 4-year-olds, who did not exceed chance even at the apex.
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These findings are potentially important in suggesting early signs of very basic
understanding of spatial correspondence Winkler-Rhoades et al. (2013) speculate that they
find considerably better performance than most other studies because of the abstract nature of
their maps. However, Shusterman et al.’s (2008) maps were equally abstract. Salsa et al.
(2019), using similarly abstract maps and locations, found 2.5-year-old’s performance did not
differ from chance (39% compared to a 33% chance baseline) with children not performing
well until four years. However, they did not separately analyse central linear or apex
triangular performances, the locations at which Winkler-Rhoades et al. found above chance

performance.

Taken together, most evidence suggests that the basic ability to use maps to identify
locations based on spatial layout develops in the preschool period, roughly around four years.
It continues to develop thereafter as children become able to deal with the additional factors
of decoding relative distances, angles, and geometrical form from maps, and to use maps
when not aligned with or viewed outside of the referent space (Bluestein & Acredelo, 1979;
Dillon et al. 2013; Dillon & Spelke 2018. Liben & Yekel, 1996). Development of these skills
extends well into adulthood (e.g., Liben et al. 2008). Much of this can be seen as
performance issues. Here we are interested in the basic conceptual insight that two spaces
can correspond in their spatial layout, and whether this understanding relates to

understanding of representation.

We examine this using model rooms. Scale models are more concrete and iconic than
maps, and like the referent spaces are three dimensional. The Model Room task is arguably
suitable for three additional reasons: 1. Perner made his correspondence claim using this task

as the example; 2. DeLoache and colleagues claim the task measures symbolic and
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representational understanding®; 3. the task has also been employed in research examining

development of relational reasoning (Hoyos et al., 2020; Loewenstein & Gentner, 2001).

Two existing studies have examined the hypothesis that correspondence
understanding underlies general metarepresentational development. Walker and Murachver
(2012) and Lillard and Kavanaugh (2014) examined longitudinal relations between Model
Room and False Belief task performances. Walker and Murachver found that scale model
performance at 36 months and 42 months showed low associations with false belief
performance at 42 months ( = .30 and » =.22 respectively, one-tailed ps<.05), and
associations between earlier scale model performance and false belief understanding at 48
months were fully mediated by language. Lillard and Kavanaugh found that performance on
the Model Room task (combined with a similar hiding task using a photograph instead of the
scale model) was not significantly related to later theory of mind performance (» =26 and r
=.24 at 4- and 5-years, two-tailed ps >.05).

Neither study’s findings suggest that the two tasks share a common factor. However,
both used the standard version of the Model Room task which, as discussed, requires
understanding of only item-to-item correspondence. Here we adopt Blades and Cooke’s
(1994) extension of the task to compare the more complex spatial correspondence

understanding.

Present study
We aim to compare three abilities:
1. Object search using scale models, including unique and non-unique hiding places.

2. Theory of mind.

3 Deloache and colleagues treat the terms ‘symbolic’ and ‘representational’ as synonymous (e.g., Troseth et al.
2007, p. 763), as is common in the literature (e.g., Callaghan, 2020). We will use ‘representational’ throughout.
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3. Non-representational spatial relational ability.

For (1) we adopt Blades and Cooke’s (1994) extension of the Model Room task to
compare: unique correspondences, where one exemplar of a furniture type is in each space;
and non-unique correspondences, where three identical pieces of furniture were in each
space, distinguished by location. We used two identical model rooms, simultaneously visible,
to maximise the clarity of the correspondence relationships and minimise memory
requirements. Blades and Cooke also used identical model rooms in one experiment, and a
real room and its scale model in a second experiment, finding equivalent performance in the
two experiments.

Most Model Room experiments present the room and its model as distinct rooms,
typically one belonging to big Snoopy and one to little Snoopy (using appropriate dolls). The
reason given for the correspondence is that little Snoopy and big Snoopy like to do the same
things (i.e., be in corresponding locations in their rooms). While this cover story may
communicate the correspondences involved simply, it does not present them as
representational, but instead based on the arbitrary preferences of the rooms’ owners.
Plausibly this makes it harder to approach the task as researchers intend.

Here, instead of a cover story, we directly described the similarity of the rooms, then
presented the task as a hiding game in which the target was “in the same place in the other
room”. In Experiment 2, we further emphasised the representational nature of the relation
between model and room, by using different sized model rooms, so that one is a true scale
model of the other, and explicitly stating the function of the smaller room is to show where
the object was hidden in the big room.

For (2) we employ the unexpected transfer version of the explicit False Belief task. It

is widely accepted as a diagnostic of understanding of mental representation (Doherty, 2009)
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and has served as the comparator task in the non-mental representation research reviewed
above. Children typically pass the task around four years (Wellman et al., 2001).

For (3) we use a task in which children copy a simple spatial array. No
representational relations are implied, and objects are not thematically related. This task
requires arranging a set of four objects to create a spatial match with four identical objects on
a six-square grid. It has been extensively piloted, and performance improves rapidly between
two-and-half and four years (Doherty & Anderson, 2003).

We investigate two hypotheses predicting a developmental relation between the
adapted Model Room task and False Belief task. The first more general one is that both
require an understanding of correspondence, and therefore performance on each will be
related. The second hypothesis is more specific. The ability to identify hiding places based on
spatial correspondence develops around four years, roughly the age children succeed at the
False Belief task and comparable non-mental representation tasks. This synchrony supports
the hypothesis that understanding spatial correspondence is an immediate precursor to
understanding mental and non-mental representation. We will conclude that neither the
general nor specific hypotheses are supported.

Experiment 1

Participants

Participants were 89 children (47 girls): 35 2- to 3-year-olds (M = 3;5, SD = 5.5m,
range 2;7 to 3;11), 38 4-year-olds (M =4;5, SD = 3.5m, range 4;0 to 4;11), and 16 5-year-
olds (M = 5;4, SD = 3.0m, range 5;0 to 5;9) recruited from predominantly working-class

preschools in [blinded].
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Inclusion criteria were informed parental consent, and child assent immediately prior
to testing. No child met the exclusion criterion of a teacher- or parent-indicated special-needs
diagnosis. The stopping criterion was all available children had been tested.

Previous Model Room studies have modest sample sizes. Studies discussed above
range from eight (e.g., Troseth & Deloache, 1998, Experiment 2) to 77 (Lillard &
Kavanaugh, 2014), the largest we are aware of. These sizes may reflect practical difficulties
maintaining a real domestically furnished room in a laboratory. We instead used two
identical model rooms, following Blades and Cooke (1994). This additionally maximises the
clarity of the correspondence relations and minimises memory requirements.

Our principal planned analysis was correlation of the main task variables. The G-
Power 3.1.9.2 statistical tool (Faul et al., 2007) estimated sample sizes required to achieve a
power of 0.80 with two-tailed alpha set to 0.05 as follows: correlation, medium effect size of
r=.30, N = 84; comparison of means using Wilcoxon signed-rank tests, medium effect size
of d = .30, paired samples N = 94, independent samples N = 184. Given the lower power of
the Wilcoxon tests, we confirmed all comparisons with t-tests, medium effect size of d = .50,
paired samples N = 34, independent samples N = 64. These comparisons yielded equivalent
results, so we report only the Wilcoxon test results. The data are not normally distributed,
but parametric tests are robust to violation of the assumption of normality (see Rasch &
Guiard, 2004, for simulation-based evidence of robustness). Experiments 1 and 2 had 89 and
86 participants, ensuring sufficient power for correlation and parametric comparison of
means.

Design
Each child was tested in a quiet, familiar location for around 15 minutes on the Model

Room, two False Belief, and Copy tasks. Task order was randomised, observing the
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constraints that Model Room and Copy Tasks were presented first or third and the false belief
tasks presented second and fourth. The first author collected all data in single sessions.
Materials and Procedure

Model Room Task

Two identical model bedrooms (30cm wide x 22c¢m deep x 14cm high) were presented side
by side in the same orientation and layout. Each contained a bed, wardrobe, cupboard, and
three identical (‘non-unique’) chairs arranged as in Figure 1. Children were told “Here we
have two rooms, and look, they are the same”. They were then shown that each item in one
room was the same as the corresponding item in the other, e.g. “This bed [points] is the same
as this bed [points to the other bed]”. The task was presented as a hiding game, “We are
going to play a hiding game with these stickers, and if I hide a sticker in one room, the same
sticker will be in the same place in the other room. Every time you find a sticker you can

keep it”.
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Figure 1

Model Room Task Materials for Experiments 1 and 2.

Standard Task

Explicit Task used in Experiment 2

To familiarise children with the materials the researcher placed a sticker in full view
on a piece of furniture in one room and asked, “Can you put this sticker in the same place in
the other room?”. Feedback was given: if children were correct, they were told “That is right.
See how they are both on the bed”. Six children (range = 37-56m, M = 46.2m) responded
incorrectly; they were told “See how the sticker is on the bed but you put the sticker on the

chair, shall we put it on the bed so they are in the same place”.
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In six experimental trials, the sticker was concealed underneath or inside the furniture.
Children were shown where the sticker was in one room and told “The sticker is in the same
place in the other room”. Questions were asked in order:

Retrieval Analogous: Can you find it in the other room?

Retrieval Original: Where’s the sticker in this room? [indicating the original room.]

Each location was tested once, order counterbalanced between children; chair trials
were never consecutive. Success was correct search on the first attempt, 0 to 3 trials for
unique and 0 to 3 trials for non-unique items of furniture.

Copy Task

In the warm-up task children were shown two 2x2 grids (18x18cm). One had two toys
placed as shown in Figure 2. Children were shown the other grid and two identical toys and
asked, “Can you make this [indicates empty grid] look like this [indicates completed grid]?”.
They were given feedback: if participants placed an object correctly, they were praised, and
the two corresponding quadrants were pointed out. If they placed it incorrectly, the
researcher pointed out the different locations of the object in the exemplar and test grids and
moved the test objects pointing out that they were now “the same”.

The experimental task had a 2x3 grid (18x27cm) and four toys distributed irregularly
as shown in Figure 2. Between the exemplar grid and the child, an empty grid and four
identical toys were placed. The child was asked to make their grid look like the exemplar.
Half the children saw the real exemplar grid on the first trial then a near-life-sized exemplar
photograph presenting the same point of view; half had the opposite order. Order was crossed

with the two grid configurations shown.
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Figure 2

Copy Task Materials: Warm-Up, Test Configuration and Exemplar Type

Configuration 1 Configuration 2

Real

Exemplar

Near-life-
sized
Photograph

Exemplar

Performance was scored on the number of matching squares between exemplar and
the child’s grid; since it was impossible to match only five squares (a single misplaced piece
yields two incorrect squares) fully correct performance received five points, yielding an
ordinal scale score of zero to five. Task chance baseline is 1.33 (based on a total score for all

720 possible combinations of 958).
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False Belief Task

A short story was acted out with two Playpeople dolls (5cm), a marble, an opaque jar
(5 x 2.5cm), and a box (3 x 4cm). Sally placed a marble in the box and left. Tony then moved
the marble to the jar. Sally returned and children were asked the following questions:

False belief test question: “Where will she look first for her marble?”

Reality question: “Where is the marble really?”

Memory question: “Where did Sally put the marble in the beginning?

Children passed the False Belief task if they answered all three questions correctly.

The second procedure was the same with dolls Lucy and Billy (3.5cm), an oval box

(5cm high x 5cm x 9cm), a square box (4cm x Scm), and a penny.

Figure 3

False Belief Materials

Both experiments were carried out in accordance with ethical standards at [blinded]
Research Ethics Committee (2019-0010-001516), “Children's understanding of scale

models.”. Experiment 1 was not preregistered.



UNDERSTANDING OF SPATIAL CORRESPONDENCE 18

Results

Preliminary analysis showed no gender differences on any measure in either
experiment, so gender was not analysed further. Analyses were conducted using raw scores,
except for between-task comparisons (where different chance baselines risk misleading
findings). Performances were classified as pass or fail using the lenient criterion of the first
integer above chance on their respective scales. For the Model Room task, the passing
criterion was 2 out of 3 because, assuming children understand at least item-to-item
correspondence, chance performance on Non-unique trials is 1 out of 3. For the Copy task the
chance baseline is 1.33, so passing criterion was 2 out of 5 in each trial. For the False Belief
task, younger children typically systematically fail rather than guess, so passing criterion was
1 of 2 trials correct. Figures 4 and 5 show pass/fail data; Tables 1 and 6 show raw scores.

Figure 4

Experiment 1 Mean Task Success by Age Group.

© oo oo
Ul OO N 0 O

Proportion reaching criterion
o ¢
D

0.3
0.2
0.1
0
3-year-old 4-year-old 5-year-old
Age
M False Belief W Non-Unique Location  m Copy Task Unique Location

Note. Error bars represent 95% CI.



UNDERSTANDING OF SPATIAL CORRESPONDENCE 19

Table 1

Experiment 1 Mean (SD) Task Performance by Age Group.

Variable 3-year-olds  4-year-olds 5-year-olds Total
Unique Location (max. 3) 2.75 (.60) 2.78 (.48) 3.00 (.00) 2.81(.50)
Non-unique Location (max. 3)  1.69 (.89) 2.16 (.93) 2.88 (.34) 2.10(.93)
Copy Task (max. 10) 6.44 (3.14)  8.22(2.69) 9.81 (.54) 7.79 (2.91)
False Belief (max. 2) 72 (.81) 1.16 (.90) 1.36 (.89) 1.02 (.90)

By inspection of Figure 4: performance on Unique trials approached ceiling;
performances on the other three tasks show comparable improvement with age. Non-unique
trial and Copy task performances were similar in magnitude and higher than performance on

the False Belief tasks.

Model Room

Performance was higher when searching Unique than Non-unique locations,
Wilcoxon’s T=17.50, p<.01, r = .66. Performances were significantly better than chance: for
Unique trials, p = 1/6, t(88) = 50.26, p<.01, d = .50. For Non-unique trials, the chance
baseline is either 1 in 6 if children guess at random, or 1 in 3 if children identify the furniture
type and choose from exemplars at random: p = 1/6, t(88) = 19.69, p<.01, d = .93; p=1/3,
t(88) =17.97, p<.01, d = .93. Most (76%) Non-unique trial errors reflected guesses associated
with other non-unique chairs. Eight participants (range = 28-60m, M = 48m) failed one
Retrieval Original question, three failed two (32m, 47m, 48m), and one failed four (48m).
After the first trial, only 11% of incorrect searches were to the previous trial location,

indicating no perseveration.
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Copy Task

Performances on real (M = 3.90, SD = 1.50) and photograph (M = 3.89, SD = 1.66)
exemplars did not differ, Wilcoxon 7'=414.00, p =.83, r = .02, and were closely associated (7
=.64, p<.01), so were combined for analysis.
False Belief

Performances on task versions did not differ (M; = .53, M> = .49, McNemar, p =.65)
and were closely related (r; =.58, p<.01; controlling for age rparial =.52, p<.01) so were
combined for analysis.
Comparison of Tasks

Performances on all tasks were significantly associated with each other and age, as
shown in Table 2, except for the unique trials of the Model Room task — which approached
ceiling and showed minimal variance (M = 93.7%, SD = 0.17%). After controlling for age,
False Belief performance was not associated with Non-unique trial nor Copy task
performances. The correlation between Non-unique trial and Copy task performances was
substantial and significant, and remained so when controlling for age.

Non-unique trials and Copy task performances did not differ, Binomial test, p =.143,
and were significantly higher than False Belief performance, Binomial test, p =.036 and p

=.001 respectively.
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Table 2
Correlations Between Age, Non-unique Trials, Copy Task and False Belief in Experiment 1.

Partial Correlations controlling for Age are shown Below the Diagonal.

Variable Non-unique Copy Task False Belief
Trials

Age (Months) S8H* 617%* 29%*

Non-unique Trials - 63%* S

Copy Task A43H* - 22%

False Belief 18 .06 -

Note. Correlations are Spearman’s Rho. *p<.05, **p<.01, 2-tailed.

Regression analysis was used further to examine associations between task
performances. Hierarchical binary logistic regression examined whether Non-unique trial and
Copy task performances explained the variance in False Belief performances beyond that of
age. Hierarchical linear regression examined whether Copy task performance explained the
variance in Non-unique trial performance beyond that of age. For both regressions, all models
were significant. Variation in false belief performance was best explained by the model with
age as the sole predictor. Variation in Non-unique trial performance was significantly
predicted by age and Copy task performance, with Copy task performance contributing
significantly more to the explained variance than age alone. The regressions confirm that
Non-unique trial and Copy task performances are specifically related beyond common effects

of age, but false belief variation is explained by age alone.
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Table 3

Summary of Hierarchical Binary Logistic Regression Analysis for Experiment 1 Variables Predicting False Belief

Variable N Ay -2LL B SE Wald OR 95% CI OR
LL UL
Step 1 7.A43%%  7.43%* 110.95
Age Months .07 .03 6.61%* 1.07 1.02 1.13
Step 2 10.65** 3.22 107.73
Age Months .04 .03 1.17 1.04 97 1.10
Non-unique .05 10 201 1.05 .86 1.27
Copy Task 45 32 1.92 1.56 .83 2.93

Note. *p < .05, **p <.01, ***p<.001
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Table 4
Summary of Hierarchical Regression Analysis for Experiment 1 Variables Predicting Non-

Unique Location Score

Variable F R? A R2 B SE "
Step 1 39.84%** 3] RIEEE
Age Months .56 .01 6.31%%*
Step 2 33.14%** 44 ] Dk
Age Months 32 .01 3.28%%*
Copy Task 42 .03 4.30%**

Note. *p < .05, **p <.01, ***p<.001
Discussion

To summarise:

1. We clearly replicate Blades and Cooke’s (1994) findings that the Model Room task
is substantially harder when hiding locations are identical, distinguished only by spatial
position. Performance improves rapidly over the period between three to five years. Most
errors are to another non-unique location. This strongly suggests younger children’s very
good performance on unique trials utilizes item-to-item rather than spatial correspondences.

2. Non-unique trial performance was better than False Belief task performance. They
were nevertheless of similar magnitude, and significantly associated. However, contrary to
hypothesis, this association did not persist when age was statistically controlled for. The
hypothesis that contemporaneous success on the tasks indicates development of an

understanding of complex correspondence is not supported.
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3. The ability to create spatial correspondences in the relatively abstract Copy task
developed over the age range tested. This ability is of similar magnitude to Non-unique trial
performance, and the two were strongly associated beyond common associations with age.

Thus, the ability to detect, exploit, or arrange spatial correspondences is used in the
Model Room task, and develops contemporaneously but is not specifically associated with
false belief understanding. This does not support the claim that understanding of spatial
correspondence is a component of representational understanding.

Previous studies frequently found that children search the previously correct location
after the first trial (see Kuhlmeier, 2005, for review and investigation). This perseverative
search is most common in 2-year-old participants, and may reflect inhibitory difficulties. We
found no evidence of perseveration, possibly because most of our participants were older
than two years. Errors on Unique trials were rare. Non-unique trials were never consecutive,
and errors were usually to another exemplar from the same category of furniture as the target.
This suggests that most participants were employing at least item-to-item correspondence in
their search. Previous studies including Non-unique trials (Blades & Cooke, 1994;
Loewenstein & Gentner, 2001) also found little tendency for perseverative search.

Experiment 2

A potential limitation of Experiment 1 is that the relation between the two spaces is
not strongly emphasised. Failure to realise that one space is supposed to correspond to the
other could lead children to neglect the relational information within each space. This would
produce the observed difference, since Unique trials do not require this information whereas
Non-unique trials do. We address this in two ways designed to clarify the representational
nature of the relation.

Scale models are typically smaller than their referents, and absence of this

characteristic may make children less likely to infer a representational relation between them.
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For half of children the referent room was made twice the size of the model, and the purpose
of the small room consistently and emphatically described as to show “where things are in
this big room”.
Participants

Participants were 86 children (50 female): 47 3-year-olds (M = 3;6, SD = 3.3m, range
3;0 to 3;11), and 39 4-year-olds (M = 4;4, SD = 3.8m, range 4;0 to 5;1) from predominantly
working-class preschools in [blinded]. None took part in Experiment 1. Inclusion and
exclusion criteria were as before. Data collection was interrupted on the 16™ March 2020
when the UK government ordered non-essential contact to cease due to the Covid-19
pandemic. It was resumed on 7™ March 2022 after restrictions had been lifted. The first
phase included 44 participants; the second phase included 42 participants. The second phase
of this experiment was preregistered to confirm the intention to finish the study as planned.

See https://aspredicted.org/PRV_5CD. First phase data were analysed in 2020 before it

became clear we would be able complete the study. Although we could present each phase as
separate identical experiments with equivalent findings, we present it here as a single full-
power study.
Design

Each child was tested in a quiet, familiar location for around 15 minutes in quasi-
random order on the Model Room, Copy, and False Belief tasks. Participants were assigned
to the standard or explicit representation version of the Model Room task using matched
pairs. The first author collected all data in single sessions.
Materials and Procedure

The Copy task was identical to Experiment 1, using real exemplar grids for both

trials. The False Belief task was the Lucy and Billy task used in Experiment 1.


https://aspredicted.org/PRV_5CD
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Model Room Task

The standard task was identical to Experiment 1. For the explicit representation task,
one model bedroom was twice the size of the other (60cm wide x 44cm deep x 28cm high,
see Figure 1). Instructions emphasised the informative relation between the two rooms: “Here
we have two rooms, and this small room shows us where things are in this big room”.
Children were shown that each item in the small room showed where the corresponding item
was in the big room, e.g., “The bed in the small room [points] shows us where the bed is in
the big room [points] [...] We are going to play a hiding game with these stickers. The small
room will show us where the sticker is in the big room. Every time you find a sticker you can
keep it”. In six experimental trials, children were shown where the sticker was in the small
room and told “This shows us where the sticker is in the big room.” The test questions were:

Retrieval Analogous: Can you find it in the big room?

Retrieval Original: Where’s the sticker in this room? [indicating the small room]

In all other respects procedure and scoring matched the standard task. Four children
(range = 38-47m, M = 42.5) failed the familiarization trial and were given feedback. One
child (42m) failed one retrieval trial.

Results

Model Room

Performance on the standard and explicit representation conditions did not differ
(Mann-Whitney, Unique trials U = 834.5, p =.12, r = .17; Non-unique trials U = 809.5, p

=.30, »=.11; Table 5). The two conditions were therefore combined for subsequent analysis.
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Table 5

Mean (SD) for Trial Type and Condition by Age

27

Trial Type Condition 3-year-olds 4-year-olds Total

Unique Standard 291 (41) 2.60 (.75) 2.77 (.61)
Explicit 2.96 (.20) 2.95(.23) 2.95(.21)

Non-unique Standard 2.09 (.95) 1.95(1.15) 2.02 (1.04)
Explicit 1.79 (.97) 1.95 (.78) 1.86 (.89)

Performance was higher on Unique than Non-unique trials for both conditions

(respectively: Wilcoxon, T =496, p<.01, r=.76; T =253, p<.01, r = .65). Performance was

significantly better than chance across conditions and trial types (One-sample t-tests, all ps

<.01,d=.21-1.04). Errors on Non-unique trials were at other non-unique locations 98% of

the time. Incorrect searches were to the previous trial location only 1% of the time, indicating

no perseveration. No errors were made on the Retrieval Original memory question.

Figure 5

Experiment 2 Mean Task Success by Age Group.
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Comparison of Tasks

Table 6 shows mean performances on all tasks. Unique trial performance approached
ceiling and showed minimal variance (M = 95.3%, SD = 0.15%). Table 7 shows correlations
between remaining variables. After controlling for age, again only associations between the
Copy Task and Model Room Trials remain significant.
Table 6

Experiment 2 Mean (SD) Task Performance by Age Group.

Variable 3-year-olds 4-year-olds Total

Unique Location (max. 3) 2.94 (.32) 2.77 (.58) 2.86 (.46)

Non-unique Location (max. 3) 1.94 (.97) 1.95(.97) 1.94 (.96)

Copy Task (max. 10) 6.81(2.75) 8.36 (2.41) 7.51(2.70)

False Belief (max. 1) .38 (.49) .72 (.46) .53 (.50)
Table 7

Correlations Between Age, Non-unique Trials of the Model Task, Copy Task, and False

Belief in Experiment 2. Partial Correlations Controlling for Age are Shown Below the

Diagonal.
Variable Non-unique Copy Task False Belief
Trials
Age (Months) .078 39 34%*
Non-unique Trials - 30%* .02
Copy Task 30%* - 25%
False Belief -.01 14 -

Note. Correlations are Spearman’s Rho. *p<.05, **p<.01, 2-tailed.
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To compare performance, success on Non-unique trials and the Copy task was
classified as before. Non-unique trials and Copy task performances were very similar (67%
and 74% success respectively). Copy task performance was significantly greater than False
Belief performance (53% success), Binomial test, p =.003. Non-unique trial and False Belief
performances did not significantly differ, Binomial test, p =.08.

As before, a hierarchical binary logistic regression shows the model with age as the

only predictor best explained the variance in False Belief performance.
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Table 8

Summary of Hierarchical Binary Logistic Regression Analysis for Experiment 2 Variables Predicting False Belief

Variable e Ay -2LL B SE Wald OR 95% CI OR
LL UL
Step 1 11.51%* 11.51**  107.29
Age Months 13 .04 9.73%* 1.14 1.051.02 1.24
Step 2 13.47**% 1.96 105.33
Age Months A1 .04 6.67** 1.12 1.03 1.22
Non-unique A3 .10 1.92 1.143 95 1.38
Copy Task -.12 26 .20 .89 .53 1.50

Note. *p < .05, **p <.01, ***p<.001
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Hierarchical linear regression shows that both age and Copy task performance are
significant predictors of non-unique performance, where Copy task contributes significantly
more to the explained variance than age alone.

Table 9
Summary of Hierarchical Regression Analysis for Experiment 1 Variables Predicting Non-

Unique Location Score

Variable F R? A R? B SE t
Step 1 28 .003 .003
Age Months .06 .02 53
Step 2 3.34*% .07 07**
Age Months -.04 .02 -.38
Copy Task .29 .04 2.52%*

Note. *p < .05, **p < .01, ***p<.001

General Discussion

In both experiments, Unique trial performance on the Model Room task approached
ceiling as expected. It was substantially higher than Non-unique trial performance.
Performances on Non-unique trials of the Model Room task, the Copy task, and the False
Belief task were of similar magnitude. Nevertheless, False Belief performance was lower
than the other two, which did not differ. After accounting for general developmental change
by controlling for age, Non-unique trial and Copy task performances were substantially and
significantly associated. Neither was associated with False Belief performance.

In Experiment 2 the representational relation between model and room was

emphasised by using a model smaller than the referent space, as is typical for scale model
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studies, and explicitly presenting the model’s purpose as to show the hiding location in the
referent space. This manipulation made no difference to observed outcomes.

We began with the hypothesis that the ability to use spatial information in the Model
Room task indicates children now understand the model as a representation of the room.

This was not a logical necessity, but was plausible because of the apparently
contemporaneous success at other tasks measuring metarepresentational understanding. The
results do not support this hypothesis. One should be careful making strong conclusions from
null results. However, our findings are only null in respect of the False Belief task. The non-
representational spatial Copy task was strongly associated with performance on Non-unique
model room trials.

Taken together, these findings provide no evidence for a general understanding of
correspondence arising alongside metarepresentational understanding. Nor do the results
suggest the understanding of correspondence to be a precursor to metarepresentational
understanding. Success rates on the False Belief task and Non-unique model trials were of
similar magnitude. The modest differences could reflect task demands rather than differences
in target competences, and such a close precursor would be expected to associate strongly.

These findings are consistent with previous studies using the Model Room task. As
Lillard and Kavanaugh (2014) note, all prior studies administered the task in isolation, except
for Walker and Murachver (2012), so little is known about its relation to other measures of
associated processes. These two studies used Unique trials, which measure understanding of
item-to-item correspondence. They found little relation to theory of mind development. The
present study extends this finding to Non-unique trials, which measure spatial
correspondence. None of the studies gives reason to believe that understanding spatial
correspondence is related to metarepresentational development.

Implications for the Model Room task
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The close relation between Identical trial and Copy task performances supports the
alternative hypothesis that Model Room performance reflects spatial abilities. Based on prior
literature and present results, these abilities can be divided thus: very young children can
recognise the similarity of objects; children from the age of about three years can understand
that two similar objects in the two spaces correspond; children from the age of about four
years can understand that the two spaces themselves, in terms of their similar spatial layout,
correspond. In other words, the developmental sequence is object similarity, item-to-item
correspondence, and spatial correspondence.

From present data we cannot speculate about why the stages in the sequence emerge
at the ages observed. Map reading abilities, reviewed above, may reflect a similar sequence.
However, whether this sequence is common to scale models and maps and what determines

this sequence are matters for further empirical study.

Conclusion

We examined a longstanding claim that understanding relational correspondence is a
general component of representational understanding (Bach, 2014; Hoyos et al., 2020; Lillard
& Kavanaugh, 2014; Perner, 1991; Walker & Murachver, 2012). We employed the well-
known Model Room task (DeLoache, 1987), typically considered a test of representational
understanding. Success on trials that involved matching targets associated with unique and
non-unique items of furniture ‘across rooms’ was compared with performance on the False
Belief task, a widely used measure of representational understanding, and the Copy task
(Doherty & Anderson, 2003), a test of the ability to establish purely spatial correspondences.
In total we had 175 participants between 2- and 5-years, the largest existing sample among
studies employing the Model Room task. The findings were that the ability to exploit spatial

correspondence in the task developed over the age range and performance was comparable to
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Copy and False Belief task performances. After accounting for common effects of age,
spatial correspondence ability associated substantially and significantly with the Copy task,
and neither associated with the False Belief task. We conclude that the Model Room task
measures spatial abilities, but find no evidence for representational abilities, which in turn
does not support the claim that understanding of correspondence is a common factor in the

development of metarepresentational ability.
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