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a b s t r a c t

Research concerning the spatial dimension fit (tight versus loose) has been based on a tacit
but untested assumption that the dimension fit is symmetrical, with tight- and loose-fitting
relations highlighting the dimension fit with equal force. We propose a reformulation, doc-
umenting that adult speakers of English (Experiment 1) and Korean (Experiment 2) are
sensitive to the dimension fit, but that their representation is asymmetric, with tight-fitting
events highlighting fit with greater force than loose-fitting events. We propose that sensi-
tivity to the dimension fit is more resilient than has previously been suggested, and that the
asymmetry documented here provides a foundation upon which to pursue nuanced ques-
tions about the relationship between language and our underlying representations of
space.

� 2008 Elsevier B.V. All rights reserved.
1. Introduction

Some of the most captivating questions in cognitive psy-
chology consider how our most fundamental concepts (e.g.,
time and space) are represented and whether our represen-
tations are shaped by the language that we have acquired.
In crafting answers to these questions, researchers have
adopted very different perspectives. At one extreme lies
the suggestion that human languages differ profoundly,
that language exerts a strong influence on underlying
conceptual representations, and that as a result, when
cross-linguistic differences arise, they are accompanied by
concomitant differences in underlying representations
(Whorf, 1956). At the other extreme lies the suggestion that
human languages differ little (if at all) in their representa-
tional capacities (Chomsky, 1986), that language exerts a
. All rights reserved.
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minimal influence on non-linguistic representations, and
that as a result, speakers of different languages share strong
convergences in their underlying representations (Gennari,
Sloman, Malt, & Fitch, 2002; Li & Gleitman, 2002; Malt,
Sloman, Gennari, Shi, & Wang, 1999; Munnich, Landau, &
Dosher, 2001; Papafragou, Massey, & Gleitman, 2002).
Between these lie a host of intermediate perspectives,
which vary in their characterization of cross-linguistic
differences and in their articulation of whether these differ-
ences influence the underlying non-linguistic representa-
tions (e.g., Boroditsky, 2001; Davidoff, Davies, & Roberson,
1999; Hespos & Spelke, 2004; Imai & Gentner, 1997;
Levinson, 1996; Lucy, 1992; McDonough, Choi, & Mandler,
2003; Slobin, 1996).

Despite these differences in perspective, research pro-
grams in this area follow virtually the same logical ap-
proach. First, two (or more) languages are identified that
differ in a potentially relevant way. Then, non-linguistic
tasks are designed to discover whether this difference in
the domain of language has consequences on speakers’
conceptual representations.

The success of this approach rests upon the accuracy
with which both the relevant linguistic phenomena and
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the underlying conceptual representations are character-
ized. In this paper, we focus on the representations under-
lying adults’ spatial concepts pertaining to fit. We begin
with a review of recent linguistic and psychological evi-
dence, pointing out that this work has rested upon a tacit
but untested assumption that the dimension fit is symmet-
ric, with tight- and loose-fitting events drawing attention
to this dimension with equal force. We propose an alterna-
tive, suggesting that our underlying representation of fit is
asymmetric, with tight-fitting events drawing attention to
fit more powerfully than loose-fitting events. We then pro-
vide evidence for this proposal with adult speakers of Eng-
lish (Experiment 1) and Korean (Experiment 2).

Several researchers have described an intriguing cross-
linguistic difference in how the concept fit is ‘packaged’ in
the lexicon (Bowerman & Choi, 2001; Choi & Bowerman,
1991; Choi, McDonough, Bowerman, & Mandler, 1999;
McDonough et al., 2003). Consider Fig. 1. Speakers of English
typically describe the events depicted in A and B as ‘‘in” and
those depicted in C and D as ‘‘on”. For speakers of Korean, the
events depicted in A and C are typically described as tight
(the Korean term ‘‘kkita” is glossed in English as ‘‘to put to-
gether tightly”; ‘‘to interlock”) and those depicted in B and D
as loose (the Korean term ‘‘nehta” is glossed as ‘‘to put
loosely in or around”; the term ‘‘nohta” is glossed as ‘‘to
put loosely on a horizontal surface”). The claim is that in
describing events like these, speakers of English may, as an
option, specify tightness-of-fit (by using an adverb, e.g.,
‘loosely’; ‘snugly’), but that for speakers of Korean, specify-
ing tightness-of-fit is not optional because information
about fit is inherent in the very meanings of these verbs
(e.g., Bowerman & Choi, 2001; but see Kawachi, 2007).

Building upon these observations, researchers have
asked whether this cross-linguistic difference is reflected
in speakers’ non-linguistic representations of the dimen-
sion fit. The evidence to date suggests that it is. For exam-
ple, pre-linguistic infants appear to distinguish among all
four spatial relations depicted in Fig. 1 (Casasola & Cohen,
2002; Casasola, Cohen, & Chiarello, 2003; Hespos & Spelke,
2004; McDonough et al., 2003). They thus appear to be
poised to acquire the semantics of Korean, English or any
other human language. However, the evidence from adults
suggests that their performance on non-linguistic tasks
may vary with the language they have acquired: adult
speakers of Korean apparently attend to tightness-of-fit,
but adult speakers of English apparently do not (Hespos
& Spelke, 2004; McDonough et al., 2003).

These findings have been interpreted as evidence for
‘conceptual tuning’, and have been likened to a phenome-
non in speech perception known as ‘perceptual tuning’: in-
fants are initially sensitive to all possible phonemic
contrasts, but their ability to distinguish non-native pho-
nemic contrasts diminishes as a function of exposure to
their native language (e.g., Best, 1995; Kuhl, 1998; Werker
& Tees, 1984). The possibility that there is ‘conceptual tun-
ing’ in the domain of spatial relations is intriguing, but if
we are to discover whether and how native language
semantics ‘tune’ the conceptual representation of fit, it is
essential that we capture this underlying representation
with sufficient accuracy and precision. We therefore take
a closer look at adults’ representation of fit.
Research on this topic has been based on an (untested)
assumption that the representation underlying the dimen-
sion fit is symmetric, but there is reason to suspect that this
may not be the case, and that tight-fitting events draw
attention more forcefully to fit than do loose-fitting events.
For example, when two entities fit together tightly, the
spatial relation between them is quite specific: all or most
of their surfaces are in snug contact. But when two objects
fit together loosely, the spatial relation between them is, in
fact, underspecified: their surfaces may or may not be in
contact. Moving beyond observation, a review of the lin-
guistic evidence offers further reason to suspect that there
may be an asymmetry in our representations of fit. For
example, for the spatial relations depicted in Fig. 1, Kor-
ean-speakers apparently require only a single word, kkita,
to describe a tight-fitting event (whether it involves sup-
port or containment), but require (at least) two different
words to describe a loose-fitting event, nehta for loose con-
tainment and nohta for loose support. This fact – that in a
language that marks fit explicitly within the lexicon, more
terms are required to describe loose-fitting than tight-fit-
ting events – is consistent with the observation that
tight-fitting events may provide more precise information
about the spatial relation between participant objects than
do loose-fitting events.

There are also hints that in non-linguistic tasks, tight-
fitting events may guide attention toward fit with greater
precision and force than do loose-fitting events. Despite
broad interest in the topic of spatial representations, to
the best of our knowledge, only two empirical investiga-
tions of adults’ sensitivity to fit have been reported (Hespos
& Spelke, 2004; McDonough et al., 2003). Because both
were based on a tacit assumption of underlying symmetry,
the question that they asked was whether participants
would attend to fit in a general sense, not whether they
would be more attentive to fit in the context of tight- than
loose-fitting relations. For example, McDonough et al.
(2003) gathered English- and Korean-speaking adults’ re-
sponses to support and containment events involving
tight- and loose-fit. But in reporting their results, they
averaged over the tight- and loose-fitting events, providing
a composite index of speakers’ sensitivity to fit. They re-
ported that adult speakers of Korean, but not English, were
sensitive to fit. On the basis of the averages that they re-
port, it is not possible to consider the possibility that adult
speakers of either language were more sensitive to fit in
the context of tight- than loose-fitting events. However,
Hespos and Spelke (2004) reported the results for tight-
and loose-fitting events independently. Although English-
speaking adults did not reliably demonstrate attention to
fit in any condition, a careful examination of their results
suggests that attention to fit was more pronounced when
participants had been familiarized to tight- than to loose-
fitting events. This is consistent with our suggestion that
English-speaking adults may indeed represent the under-
lying dimension fit, and may do so in an asymmetric
fashion.

In the current experiments we consider this possibility
directly. We focus first on English-speaking adults because
they provide the strongest test case: Although explicit
mention of fit is optional when describing events in this



A: Tight containment

“In” / “Kkita”

B: Loose containment

  “In” / “Nehta”

C: Tight support

“On” / “Kkita” 

D: Loose support

 “On” / “Nohta”

Fig. 1. English and Korean terms for four distinct spatial relations.
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language, we predict that adult speakers may nonetheless
be sensitive to fit, with tight-fitting events guiding their
attention to fit with greater force than loose-fitting events.

2. Experiment 1

To test the hypothesis that tight-fitting events guide
attention to fit more powerfully than loose-fitting events,
we adopted a similarity judgment task patterned closely
after Hespos and Spelke (2004). See Fig. 2.

2.1. Method

2.1.1. Participants
Participants were 64 Northwestern University under-

graduates (38 females), ranging from 17 to 22 years
(M = 19.81). Seventy-nine percent were White, 15% Asian,
and less than 1% Black. All were native English-speakers.3

2.1.2. Materials
Fig. 2 describes the materials presented in this

experiment.4

2.1.3. Procedure
Participants were seated in a quiet testing room, four

feet from a stage on which the experimental events took
place. An experimenter described the task and then moved
behind a barrier for the remainder of the session.

2.1.3.1. Practice trials. To familiarize them with the struc-
ture of the task, participants first completed two practice
trials, identical in structure to the experimental trials, but
3 Seven participants in Experiment 1 and two in the follow-up had
acquired another language concurrently with English, but had spoken
predominantly English for more than 15 years. None spoke Korean or were
from a Korean cultural background. We report on analyses that include data
from all participants. However, when only monolingual participants were
included, the same main effects and interactions emerged.

4 In designing the objects, we sought to minimize the possibility that
participants would systematically use the width or color of any single
object, rather than the spatial relations between two objects, as the basis
for their similarity judgments. To minimize their use of width, each
familiarization event featured a 3-in. wide base object (container, pedestal,
or post); for the tight-in test event, the corresponding base object was
either 1.5 in. wide (a reduction of 50%); for the loose in test event, the
corresponding base object was 4.5 in. wide (an increase of 50%). To
minimize their use of color, the color of the base object (container, pedestal
or post) varied randomly for every event within each trial (six familiariza-
tion events; two test events).

The relative widths of the stimulus objects present a potential confound-
ing factor: when the familiarization objects fit tightly, the ratio of their
widths (approximately 1:1) was identical to that of the tight-fitting test
pair. However, when the familiarization objects fit loosely, the ratio of their
widths (approximately 1:2) was different from that of the loose-fitting test
pair (approximately 1:3). These ratios might bias participants toward the
asymmetric responses we describe. However, in an unrelated set of
experiments, Hespos (personal communication, 2007) had participants
complete a task identical to ours with one exception: the familiarization
objects were not placed into tight or loose spatial relations; rather one
object occluded the other. If size and not fit were driving the asymmetry,
Hespos would have found asymmetric responses between trials in which
the stimulus objects were similarly sized and those in which they were not.
In fact, she did not find an asymmetry. This suggests that our results stem
from participants’ attending to the relations between objects and not to
their relative size.
featuring single abstract shapes rather than spatial events
(described below).

2.1.3.2. Experimental trials. Participants then completed
four experimental trials, each composed of a familiariza-
tion and test phase (Fig. 2). No feedback was provided. Trial
order was determined by Latin-square.
2.1.3.2.1. Familiarization phase. Each familiarization phase
featured one type of spatial event (Tight-In, Loose-In,
Tight-On, or Loose-On). To begin each trial, the experi-
menter’s hands appeared from behind a backdrop. She
placed one object (a container, pedestal or post) on the
stage, then placed a second object in its specified relation
to the first, and then removed it. For example, on the
Tight-In trial, she placed a container on the stage, placed
a cylinder tightly inside it, and then removed it. This se-
quence was repeated six times.
2.1.3.2.2. Test phase. Next, the experimenter presented a
Loose-In and Tight-In test event. The same two test events
appeared on all trials; they appeared in alternating order
across trials. Participants used a 10-point scale to rate
the similarity of each test event to the familiarization event
that preceded it.

2.2. Predictions

If participants attended to fit during familiarization,
then the test event that matched the familiarization event
for fit should receive a higher similarity rating than the test
event that did not. For example, if participants attended to
fit during the Tight-In familiarization events, then at test
they should provide a higher similarity rating for the
Tight-In than the Loose-In test event. If participants did
not attend to fit, their ratings for two test events should
not differ.

Thus, if tight-fitting relations draw attention to fit more
powerfully than loose-fitting relations, then (1) when par-
ticipants view tight-fitting events during familiarization,
they should provide a higher similarity rating for the
Tight-In than the Loose-In test event, but (2) when they



Familiarization Event Test Events

Tight-In: Checkered cylinder (4.5”H x 3”W) 
placed into container (4”H x 3”W)

Tight-On: Checkered ring (1.75”H x 3”W) 
placed onto post (4”H x 3”W)

Loose-In: Checkered cylinder (4.5”H x 
1.5”W) placed into container (4”H x 3”W)

Loose-On: Checkered cylinder (4.5”H x 
1.5”W) placed onto pedestal (4”H x 3”W)

Tight-In: Checkered 
cylinder (4.5”H x 1.5”W) 
into container (4”H x 
1.5”W)

Loose-In: Checkered 
cylinder (4.5”H x 1.5”W) 
into container (4”H x 
4.5”W)

Fig. 2. Experiment 1: structure of the experimental design.
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view loose-fitting events during familiarization, their rat-
ings for the test events should not differ.

2.3. Results and analysis

2.3.1. First trial
We first considered participants’ performance on their

first trial only. This provides a point of comparison with
Hespos and Spelke (2004) and with Experiment 2. We sub-
mitted similarity ratings from participants’ first trial to an
analysis of variance, using fit-at-familiarization (2: Tight
versus Loose) and location-at-familiarization (2: In versus
On) as a between-participants factors and test event (2:
Tight-In versus Loose-In) as a within-participants factor.
See Fig. 3. There was a main effect for location-at-familiar-
ization, F(1,62) = 29.20, p < .0001; g2

p = .32, indicating that
participants were sensitive to the distinction between sup-
port and containment: similarity ratings for the two (In)
test events were higher following familiarization events
involving In (M = 6.98) than involving On (M = 5.19). A
main effect for test event, F(1,62) = 31.18, p < .0001;
g2

p = .37, revealed that participants’ similarity ratings were
higher for the Tight-In (M = 6.54) than the Loose-In test
event (M = 5.66). This was qualified by a test event by fit-
at-familiarization interaction, F(1,61) = 43.23, p < .0001;
g2

p = .42. Tests of simple main effects revealed that when
participants were familiarized to tight-fitting events, they
attended to fit, providing higher similarity ratings for the
Tight-In than the Loose-In test event (M = 6.85 and 5.03,
respectively, F(1,61) = 79.33, p < .0001; g2

p = .18). However,
when participants were familiarized to loose-fitting
events, their ratings for the two test events did not differ,
F(1,61) = .21, p > .05; g2

p = .04.

2.3.2. All trials
An analysis of participants’ ratings on all four trials

yielded the same main effects (location-at-familiarization,
F(1,62) = 244.12, p < .0001; g2

p = .80; test event,
F(1,62) = 53.18, p < .0001; g2

p = .46) and interaction (test
event by fit-at-familiarization, F(1,62) = 53.18, p < .0001;
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Fig. 3. Experiment 1 (first trial data): similarity judgments as a function of fit- and location-at-familiarization; ****p < .0001.
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g2
p = .55). However, this was qualified by an interaction be-

tween test event, fit-at-familiarization and location-at-
familiarization, F(1,62) = 26.16, p < .001; g2

p = .30. Tests of
simple main effects revealed that when participants were
familiarized to tight-fitting events, they were attentive to
fit (Tight-In familiarization trial, F(1,62) = 79.09,
p < .0001; g2

p = .56; Tight-On familiarization trial,
F(1,62) = 56.92, p < .0001; g2

p = .48). However, when partic-
ipants were familiarized to loose-fitting events, perfor-
mance was inconsistent (see Fig. 4). When they viewed
Loose-On familiarization events, participants rated the test
events as comparable, F(1,62) = 2.88, p > .05; g2

p = .04. Yet
when they viewed Loose-In familiarization events, they at-
tended to fit, their rating of Tight-In (M = 6.51) test event
exceeded that of the Loose-In test event (M = 7.23),
F(1,62) = 10.72, p < .01; g2

p = .15.
Participants may have been most likely to attend to fit

when location remained constant throughout the trial; in-
deed, they were more attentive to fit during the Tight-In
than the Tight-On trial, F(1,62) = 11.20, p < .01; g2

p = .15.
Thus, if participants were to attend to fit on any Loose trial,
we would expect them to do so for the Loose-In trial, and
not the Loose-On trial. Still, if our proposal is correct, and
loose events do not effectively draw attention to fit, what
accounts for participants’ unexpected attention to fit on
the Loose-In trial? A strong possibility is that their perfor-
mance on the Loose-In trial was related to their exposure
to tight-fitting relations on a preceding trial.

To address this issue, we selected participants who
viewed the Loose-In familiarization event in their second
trial (n = 16); half of these had completed the Tight-On trial
just prior and half had completed the Loose-On trial. Per-
formance on the Loose-In trial varied as a function of the
preceding trial. Those who first viewed a Tight-On trial at-
tended reliably to fit on their subsequent Loose-In trial,
F(1,14) = 5.88, p < .05; g2

p = .40, but those who first viewed
a Loose-On trial did not, F(1,14) = 3,77, p > .05; g2

p = .21.
This suggests that experience with a tight-fitting event

is sufficiently powerful to draw participants’ attention to fit
on a subsequent trial involving a loose-fitting event. Be-
cause participants in both conditions completed the same
number of trials, it was not experience with the task in
general that heightened their attention to fit. Moreover,
experience with one loose-fitting event did not boost par-
ticipants’ attention to fit on a subsequent loose-fitting
event, but experience with one tight-fitting event did.

2.3.2.1. Follow-up experiment. We sought to replicate this
finding with an independent sample and to gain insights
from participants’ justifications of their choices. Partici-
pants were 32 Northwestern University undergraduates
(19 females), ranging from 18 to 20 years (M = 19.07). Par-
ticipants were 90% White and 10% Asian. All were native
English-speakers.1 The procedure and materials were iden-
tical to Experiment 1, except that all participants com-
pleted only two trials. Participants were randomly
assigned to view either the Tight-On or Loose-On events
on their first trial. For all participants, the second trial
was the Loose-In trial. After completing the second trial,
participants were asked to justify their similarity ratings.
Justifications were recorded verbatim and then coded by
two independent coders for reference to ‘‘tightness,”
‘‘snugness,” and ‘‘fit,” etc.

The results replicate the finding that tight-fitting events
draw attention to fit more powerfully than do loose-fitting
events, and that attention to fit carries over from a Tight to a
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Fig. 4. Experiment 1 (all trials): similarity judgments as a function of fit- and location-at-familiarization; **p < .01 and ****p < .0001.
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subsequent Loose familiarization trial. We submitted par-
ticipants’ similarity ratings to an ANOVA, using condition
(Tight-first versus Loose-first) as a between-participants
factor, and trial position (first versus second trial) and test
event (Tight-In versus Loose-In) as within-participants fac-
tors. There was a main effect for trial position,
F(1,30) = 45.26, p < .001; g2

p = .60; a condition by test event
interaction, F(1,30) = 11.08, p < .01; g2

p = .16; and a trial po-
sition by test event interaction, F(1,30) = 8.20, p < .01;
g2

p = .27. These effects were all mediated by a condition by
trial position by test event interaction, F(1,30) = 8.20,
p < .01; g2

p = .22.
We pursued this interaction by conducting tests of sim-

ple effects, focusing on performance on each trial. As pre-
dicted, on their first trials, participants in the Tight-first
condition attended to fit, F(1,30) = 20.43, p < .0001;
g2

p = .41, but those in the Loose-first condition did not,
F(1,30) = .82, p > .05; g2

p = .03. This converges perfectly with
the first trial analysis of Experiment 1. Also as predicted,
participants’ performance on their second (Loose-In) trial
was influenced by their preceding experience. Participants
in the Tight-first condition attended reliably to fit on their
subsequent Loose-In trial, F(1,30) = 6.70, p < .05; g2

p = .18;
participants in the Loose-first condition did not,
F(1,30) = 1.91, p > .05; g2

p = .06.
Participants’ justifications provided converging support

that the dimension fit is signaled more powerfully in the
context of tight- than loose-fitting events. In the Tight-
first condition, 8 of the 16 participants mentioned fit
explicitly; in the Loose-first condition, only two did so,
v2(1, N = 32) = 5.24, p < .05. Interestingly, of the partici-
pants mentioning fit, fully 50% commented on the pres-
ence or absence of fit (e.g., ‘‘The second one was more
similar because it fit.”); none mentioned ‘‘tight-fit” versus
‘‘loose-fit.”

Experiment 1 reveals for the first time that the repre-
sentation underlying fit is more resilient in English-speak-
ers than previous research has suggested. Despite the fact
that specifying tightness-of-fit is optional for English-
speakers when they describe events like the ones pre-
sented here, participants were indeed sensitive to this
dimension, and tight-fitting events highlighted attention
to fit with greater force than loose-fitting events. In Exper-
iment 2, we turn to consider the representations held by
Korean-speakers.

3. Experiment 2

The goal of Experiment 2 was to consider adult Korean-
speakers’ representation of the dimension fit. To the best of
our knowledge, there is only a single study (McDonough
et al., 2003) that examined attention to fit in Korean-speak-
ing adults. As we have pointed out, this study did not as-
sess whether their attention to fit was signaled more
powerfully with tight- than loose-fitting events. Based on
the asymmetry documented in speakers of English (Exper-
iment 1), we expect that adult speakers of any language
will attend to fit when presented with tight-fitting events.
At issue is whether the semantic properties of Korean are
sufficiently powerful to direct attention to fit in the context
of loose-fitting events as well. Although cross-linguistic
analyses have noted that when describing events (as in
Fig. 1), tightness-of-fit may be more accessible to speakers
of Korean than English, what is less clear is whether and
how this linguistic fact would effect, in any direct way,
the underlying non-linguistic representation of fit (Gennari
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et al., 2002; Landau, in press; Munnich et al., 2001; Papafr-
agou et al., 2002).

3.1. Method

3.1.1. Participants
Participants were 64 undergraduates (27 females) at

Yonsei University in Seoul, South Korea. All were native
Korean-speakers. None spoke English fluently.

3.1.2. Materials and procedure
These were identical to Experiment 1, except that (a)

the experiment was administered in Korean by a native
speaker, (b) participants completed only one trial instead
of four, and (c) the practice trials were eliminated.

3.2. Results

Korean-speaking adults’ performance mirrored pre-
cisely those of their English-speaking counterparts. An AN-
OVA, using fit-at-familiarization (Tight versus Loose) and
location-at-familiarization (In versus On) as a between-
participants factors and test event (Tight-In versus Loose-
In) as a within-participants factor revealed the same main
effects and interactions as in Experiment 1. See Fig. 5. A
main effect for location-at-familiarization, F(1,62) = 9.25,
p < .01; g2

p = .13, revealed that ratings for the two (In) test
events were higher following familiarization events involv-
ing In (M = 7.13) than On (M = 5.48). This documents that
Korean-speakers are sensitive to the distinction between
support (On) and containment (In) events, despite the fact
in describing tight-fitting events (with kkita), Korean-
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Fig. 5. Experiment 2: similarity judgments as a function of fi
speakers do not distinguish support from containment. A
main effect for test event, F(1,62) = 9.59, p < .01; g2

p = .14,
revealed that similarity ratings were higher for the Tight-
In (M = 6.56) than the Loose-In test event (M = 6.05). This
was qualified by a interaction between test event and fit-
at-familiarization, F(1,61) = 24.74, p < .0001; g2

p = .29. A
test of simple main effects revealed that, as predicted,
when participants were familiarized to tight-fitting events,
they attended to fit: they provided higher average similar-
ity ratings for the Tight-In than the Loose-In test event
(M = 6.72 and 5.38, respectively, F(1,61) = 32.57,
p < .0001; g2

p = .35). However, when participants were
familiarized to loose-fitting events, they did not: there
was no difference in their average ratings for the Tight-In
and Loose-In test events (M = 6.41 and 6.72, respectively,
F(1,61) = 1.72, p > .05; g2

p = .03).
Finally, we compared the performance of Korean- and

English-speakers, in an ANOVA, using language (English:
Experiment 1 versus Korean: Experiment 2), fit-at-familiar-
ization (Tight versus Loose), and location-at-familiarization
(In versus On) and as between-participants factors, and test
event (Tight-In versus Loose-In) as a within-participants
factor. There were no main effects or interactions involving
language (main effect for language, F(1,120) = .38; language
by fit-at-familiarization interaction, F(1,120) = .10;
language by location-at-familiarization, F(1,120) = .10; lan-
guage by test event, F(1,120) = 2.20; language by fit-at-
familiarization by location-at-familiarization, F(1,120) =
1.22; language by fit-at-familiarization by test event,
F(1,120) = .24; language by location-at-familiarization by
test event, F(1,120) = .01; language by fit-at-familiarization
by location-at-familiarization by test event, F(1,120) = .01).
Loose-In Loose-On

ation Event

Loose In Test Event

t- and location-at-familiarization; *p < .05 and **p < .01.
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4. General discussion

These experiments reveal for the first time that the con-
ceptual representation underlying fit is asymmetric, with
tight-fitting events drawing attention to fit with greater
force than loose-fitting events. The evidence from Eng-
lish-speaking adults is important because it reveals the
representation underlying fit is more resilient, and more
nuanced, than previous research (Hespos & Spelke, 2004;
McDonough et al., 2003) has suggested. Despite the fact
that they need not mention fit explicitly in their descrip-
tion of events, English-speakers are nonetheless sensitive
to this dimension, and particularly in the context of
tight-fitting events. The evidence from Korean-speaking
adults is important because it reveals that despite the fact
that speakers of this language explicitly specify both tight-
and loose-fit in their descriptions of events (e.g., Choi &
Bowerman, 1991), their non-linguistic representation
underlying fit is nonetheless asymmetric. Moreover, de-
spite the fact that they need not specify whether a tight-
fit involves support or containment, Korean-speakers are
nonetheless sensitive to this distinction. Thus, although
the English and Korean languages differ in the ways in
which they encode spatial and motion events, speakers of
these languages do not appear to differ in their non-lin-
guistic representations of the dimension fit. This is consis-
tent with the view that our sensitivity to fit is not a
consequence of the language we have acquired (see Gen-
nari et al., 2002; Munnich et al., 2001; Papafragou et al.,
2002). In both English (Experiment 1) and Korean (Experi-
ment 2), this underlying representation is asymmetric.

4.1. Accounting for differences between the current results
and previous investigations

How can we account for the finding that English-speakers
were sensitive to fit in the current, but not previous, experi-
ments? And why might Korean-speakers, like English-speak-
ers, show a tight-loose asymmetry? We suspect that these
differences reflect the question that the experiments were
designed to address. In previous work, the question was
whether participants would attend to fit in a general sense.
Our question differed subtly, but importantly. We asked
whether the representation underlying fit was symmetric,
and designed our analyses to ask whether participants might
be more attentive to fit in the context of tight- than loose-fit-
ting events. Using Hespos and Spelke (2004) as a starting
point, we introduced several modifications. For example,
although we preserved precisely the spatial dimensions of
their materials, we modified their color in an effort to mini-
mize participants’ attention to anything other than fit.
Importantly, these design modifications – featured on all tri-
als and in both languages – did not lead participants to attend
to fit on all trials. Instead, participants attended reliably to fit
only in the context of all tight-fitting events.

4.2. Characterizing the asymmetry

To the best of our knowledge, this is the first time that a
representational asymmetry underlying fit has been pro-
posed and the first time that this issue has been brought
into contact with research on language and thought. How-
ever, the tight-loose asymmetry documented here is com-
patible, at least in spirit, with several other well-
established asymmetries, including those involving focal
versus non-focal colors, canonical versus non-canonical
line orientation, known versus unknown landmarks, and
familiar versus unfamiliar entities (e.g., Bowdle & Gentner,
1997; Holyoak & Gordon, 1983; Huttenlocher, Hedges, &
Duncan, 1991; Karylowski, 1990; Medin & Waxman,
2007; Nosofsky, 1991; Rips, 1975; Rosch, 1975; Sadalla,
Burroughs, & Staplin, 1980; Treisman & Souther, 1985;
Tversky, 1977). Taken together, the evidence suggests that
asymmetries arise in tasks that involve comparisons (im-
plicit or explicit) between two elements, one of which en-
joys greater psychological privilege or salience than the
other.

In future work, it will be important to characterize the
tight-loose asymmetry more precisely and to discover
whether and how it is related to linguistic, perceptual
and conceptual factors. We suspect that it is not created
by language. For example, we would be hard-pressed to
identify any features of English that could have created
it. This asymmetry is more likely to be related to percep-
tual and conceptual factors. In particular, when two enti-
ties fit together tightly, the physical relation between
them is quite specific: their surfaces are in close contact.
But when two objects are in a loose spatial relation, the
physical relation between them is vastly underspecified:
their surfaces may or may not be in contact (compare,
e.g., an apple placed in a briefcase versus a shopping
bag). Moreover, when two entities fit together tightly, they
were often designed to do so. This is less reliably the case
for entities that fit together loosely. This raises the intrigu-
ing possibility that tight-fitting relations may gain psycho-
logical prominence by virtue of the correlation between
tightness-of-fit and intended function (Bloom & Markson,
1998; Booth, 2006; Casler & Kelemen, 2005; Diesendruck,
Markson, & Bloom, 2003; Keil, 1989; Kemler Nelson, Her-
ron, & Holt, 2003; Matan & Carey, 2001).

These observations, coupled with the results reported
here, suggest that the continuum of spatial relations
underlying fit may be better described as fits versus does
not fit than as tight versus loose. Munnich et al. (2001) pro-
pose an analogous view of contact versus no contact. In-
deed, events involving tight-fit and direct contact may
serve as strong reference points, providing clear standards
against which other points along their respective continua
may be measured (see Leslie, 1984; Needham & Baillar-
geon, 1993).

Can the evidence of a tight-loose asymmetry in adults’
underlying representation of fit be reconciled with the no-
tion of ‘conceptual tuning’? In our view, the answer is ‘yes’:
interpreting the asymmetry underlying fit within the
framework of conceptual tuning leads to precise develop-
mental and cross-linguistic predictions. For example, it
predicts that tight-fitting events may highlight the dimen-
sion fit robustly, with or without the explicit support of
language, but that loose-fitting events (which may be psy-
chologically or perceptually less privileged) may depend
more upon the semantics of the ambient language (Casaso-
la, 2005). Although we have shown for adult speakers of
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Korean, that the spatial semantics of their language is not
sufficiently powerful to outweigh an underlying tight-
loose asymmetry, it remains to be seen whether a lan-
guage-specific effect may be evident in other non-linguis-
tic tasks.

4.3. Avenues for additional research

At a more general level, a comprehensive resolution to
questions concerning the relation between linguistic and
non-linguistic representations of fit awaits additional evi-
dence from three inter-related areas. First, it will be impor-
tant to discover whether infants’ and toddlers’
representation of fit is symmetric or asymmetric. Hespos
and Spelke’s (2004; Fig. 1b) data from 5-month-old infants
suggests that the pre-linguistic representation may, in fact,
be asymmetric. When infants were habituated to tight-fit-
ting events, they attended reliably and consistently to fit.
But when they were habituated to loose-fitting events, per-
formance was inconsistent: they attended to fit after view-
ing Loose-In events, but not after Loose-On events. This
echoes the pattern we observed in Experiment 1.

However, Choi’s (2006) developmental data presents a
different picture. She reported that English- and Korean-
acquiring toddlers, ranging from 18 to 24 months of age,
were equally sensitive to fit in the context of both tight-
and loose-fitting events. However, Choi suggested that sev-
eral months later, toddlers’ sensitivity to fit in the two lan-
guage communities begins to diverge. At 29–36 months of
age, Korean-acquiring toddlers maintained their sensitivity
to fit in the context of both tight- and loose-fitting events,
but within this same developmental period, English-
acquiring toddlers’ attention to fit weakened. A closer
examination revealed that English-acquiring toddlers were
more likely to attend to fit if they had been familiarized to
tight- than to loose-fitting events. This finding, although
unanticipated by Choi, is consistent with the position that
we have advanced here.

Clearly, additional cross-linguistic, developmental re-
search on infants’ and toddlers’ representation of fit will
be necessary to resolve whether infants’ pre-linguistic rep-
resentation is symmetric or asymmetric and how this rep-
resentation fares as infants acquire the semantics of their
native language. Such evidence, important in its own right,
is essential if we are to understand whether and how lan-
guage shapes the pre-linguistic representation.

Second, additional research from adults is warranted.
Although both English- and Korean-speakers revealed a
tight-loose asymmetry in the similarity judgment task
presented here, it remains to be seen whether this
asymmetry holds up in both languages across a broader
range of tasks. One possibility is that for speakers of
English, the asymmetry will be present in a broad range
of tasks, but that for Koreans, whose language lexicaliz-
es the distinction between tight- and loose-fit, the
asymmetry will be less pronounced in some tasks than
in others. It will also be important to examine adult
speakers of languages other than English and Korean
to ascertain whether across languages, attention to fit
is signaled more powerfully with tight- than loose-fit-
ting events.
Third, it is essential that we develop a more compre-
hensive analysis of the ways in which spatial relations
are lexicalized across languages. Choi and Bowerman’s
(1991) insight that languages ‘package’ spatial relations
differently was instrumental, but several issues remain
unresolved. For example, the relevant spatial terms (kkita;
nehta; nohta) are lexicalized as verbs in Korean, but as
prepositions (in; on), adjectives (tight; loose), or verbs (fits;
does not fit) in English. It remains unclear whether speak-
ers’ construals of the relevant terms are affected differen-
tially as a function of their grammatical form. It is also
not entirely clear how to most accurately characterize
the semantics of the Korean spatial terms. The assertion
that the Korean lexical items include specific reference to
fit (as suggested by Choi and Bowerman (1991)) has re-
cently been called into question (Kawachi, 2007).

Finally, while considerable attention has been devoted
to the question of whether and how the language that
we speak structures our representations of space, the reci-
procal question is compelling as well. We are now in a po-
sition to ask whether and how the asymmetric
representation of fit influences language. This underlying
asymmetry may be reflected in speakers’ descriptions of
fit across languages (Norbury & Waxman, in preparation).
The asymmetry that we have reported here may also give
rise to developmental differences in lexical acquisition: in-
fants may learn words referencing tight-fit earlier than
those referencing loose-fit.

In closing, as we continue to investigate the relation be-
tween the language that we speak and our non-linguistic
representations of fit, it is essential that we capture both
the linguistic and conceptual phenomena with precision.
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