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Abstract

Stimuli associated with large quantities are typically responded to faster with a right- than a left-side key, whereas stimuli
associated with small quantities are typically responded to faster with a left- than a right-side key. This phenomenon is known
as the spatial-quantity association of response codes (SQUARC) effect. Here, in two experiments, we explored whether a
SQUARC effect can emerge for light versus heavy items. Participants judged whether the weight associated with a central
target word, describing an animal (e.g. ‘cow’; Experiment 1) or a material (e.g. ‘iron’; Experiment 2), was lighter or heavier
than the weight associated with a reference word. Responses were provided with a left- and a right-side button. Then, par-
ticipants estimated the weight associated with target and reference words. In both experiments, evidence for a SQUARC
effect emerged. Moreover, response times for each target word decreased with absolute difference between its rated weight
and the rated weight of the reference word, in line with a distance effect. Overall, these results provide evidence of a pos-

sible spatial representation of weight.
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Introduction

Early evidence that magnitudes can arrange along a hypo-
thetical mental line can be found in the seminal work by
Moyer and Landauer (1967) on the distance effect: In that
study, when participants were asked to decide which num-
ber in a pair was the largest, reaction times (RTs) tended to
decrease with absolute difference between the numbers. A
possible interpretation of this effect is that the farther apart
two numbers are on the mental number line, the easier it
is to decide which is the largest and therefore the shorter
the RTs (see also Dehaene et al. 1990; Krause et al. 2013;
Treccani and Umilta 2011; cf. Fischer and Shaki 2011; Her-
rera et al. 2008). More recent evidence suggests that this
mental number line could also be oriented in space, with
smaller quantities represented on the left and larger quanti-
ties represented on the right (Dehaene 1997; Dehaene et al.
1993). For instance, in the study by Dehaene et al. (1993),
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participants pressed a left- or a right-side key to classify a
centrally placed number as either even or odd. The main
finding was that faster responses were recorded when the
mapping between the numbers and response key was com-
patible with a left-to-right spatial representation of num-
bers (i.e. smaller-left; greater-right) rather than incompatible
(i.e. smaller-right; greater-left), a phenomenon known as the
spatial-numerical association of response codes (SNARC)
effect.

The SNARC effect has been widely replicated and
explored (for a meta-analysis and review, see Wood et al.
2008), and it appears to be largely independent of both the
format of number stimuli (e.g. Arabic digits versus number
words; see Nuerk et al. 2005) and the effectors used to pro-
vide the response (e.g. hands versus feet; see Schwarz and
Miiller 2006). Nevertheless, the interpretation of the SNARC
effect is still widely debated. For instance, no consensus
has yet been reached on whether the association between
space and numbers is intrinsic and mandatory, or whether it
stems from flexible, task-dependent strategies (e.g. Fischer
2006; Fischer and Shaki 2011; van Dijck and Fias 2011).
In support to the latter hypothesis, it has been shown that
the SNARC effect can be shaped by cultural background
(e.g. reading/writing habits; see Dehaene et al. 1993; Fis-
cher et al. 2009; Shaki et al. 2009) and by stimulus-specific
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associations between numbers and space (Fischer et al.
2010). Interestingly, SNARC-like effects have also been
reported in response to alphabet letters and months (Gevers
et al. 2003) suggesting that—at least in some cases—the
spatially oriented stimuli representation may be based on a
given order along a sequence rather than on magnitude per
se. Recently, the possible nature of the SNARC effect has
been discussed within a novel theoretical framework known
as the Tropic, Embodied, and Situated Theory of Cognition
(TEST; Myachykov et al. 2014), which provides an intrigu-
ing explanation on how spatial representations (including the
representation of numbers) would be generated. According
to TEST theory, spatial representations are hierarchically
organised. The most stable, generic, and automatic compo-
nent of this hierarchy is the tropic representation—related
to constraints of the physical world (e.g. ‘up’ is often asso-
ciated with ‘more’). Then, there is the embodied represen-
tation, related to the bodily constraints of an individual’s
aims (e.g. finger-counting habits), which is less stable as
compared to the tropic representation. Finally, there is the
situated representation, which is dynamic and unstable and
related to task-specific requirements and individual’s aims
(e.g. responses are provided with left- and right-side keys).
The TEST theory provides a useful perspective to interpret
how different experimental conditions—calling into question
tropic, embodied, or situated representations—would be able
to elicit a SNARC effect. Another possible interpretation of
the SNARC effect has been provided by the so-called polar-
ity correspondence model (Proctor and Cho 2006). Accord-
ing to this model, when participants are required to classify
stimuli magnitude by providing lateralised responses, both
stimuli and responses would be implicitly coded, with large
magnitudes and right-side responses being coded as posi-
tive polarities and small magnitudes and left-side responses
being coded as negative polarities. Consequently, responses
would be faster for identical (i.e. small-left; large-right) than
different (i.e. small-right; large-left) polarities.
Interestingly, some authors pushed forward the idea that
the SNARC effect could be the manifestation of a more
general mechanism devoted to the processing of magni-
tudes (see Cohen Kadosh et al. 2008; Walsh 2003, 2015). In
particular, the SNARC effect would be a specific case of a
spatial-quantity association of response codes (SQUARC)
effect. In this regard, evidence for a SQUARC effect
emerged for non-numerical dimensions like loudness (Bru-
zzi et al. 2017; Chang and Cho 2015; Hartmann and Mast
2017), luminance (Fumarola et al. 2014; Ren et al. 2011)
and time (Vallesi et al. 2008). For instance, in Chang and
Cho (2015), participants decided whether the loudness of
a target tone was either lower or higher as compared to a
reference tone. The results showed that that RTs were faster
when ‘lower’ response was associated with a left-side key
and ‘higher’ response was associated with a right-side key,
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as compared to the reverse mapping (i.e. lower-right; higher-
left). However, the difference between left- and right-side
responses was larger for the higher tone than for the lower
tone. Similarly, Vallesi et al. (2008) asked participants to
decide whether a centrally placed fixation cross was pre-
sented for either a short (i.e. 1 s) or a long (i.e. 3 s) tem-
poral duration. The results showed that RTs were faster
when ‘short’ response was associated with a left-side key
and ‘long’ response was associated with a right-side key, as
compared to the reverse mapping (i.e. short-right; long-left).

More related to the present work, another non-numerical
dimension that can elicit a SQUARC effect is object size
(Ren et al. 2011; Sellaro et al. 2015; see also Shaki et al.
2012). In this regard, Ren et al. (2011) asked participants
to decide whether a centrally placed target shape was either
smaller or larger as compared to a reference shape (Experi-
ment 2) or whether a centrally placed target word referred
to an object that was either smaller or larger as compared to
an object described by a reference word (Experiment 4). In
both experiments, right-side responses were faster to larger
items as compared to smaller items, while no significant
differences between smaller and larger items emerged for
left-side responses. In a similar vein, Sellaro et al. (2015)
presented participants with a centrally placed target word
referring to either an animal or to an inanimate object.
The task was to judge whether the size associated with the
target word was either smaller or larger as compared to a
reference word. Here, shorter RTs were recorded when
‘smaller’ response was associated with a left key and ‘larger’
response was associated with a right key, as compared to the
reverse mapping (i.e. smaller-right; larger-left). Overall, the
SQUARC effects emerging from these size comparison tasks
may suggest that small items are represented on the left,
and large items are represented on the right. Finally, size
dimension was manipulated also in the study by Shaki et al.
(2012, Experiment 1), in which participants were instructed
to press a left- or a right-side button to indicate either the
smaller or the larger animal described in a pair of two words.
These pairs referred to either relatively small (e.g. snail and
mouse) or large (e.g. whale and moose) animals. Interest-
ingly, when participants had to choose the smaller animal,
left-side responses were faster for relatively small pair of
words, whereas right-side responses were faster for relatively
large pair of words. On the contrary, when the larger animal
had to be chosen, the association between small-large and
left-right tended to be inverted. This highlights that, when
stimuli are presented in pairs, the SQUARC effect for size
may also depend on the type of instruction given to par-
ticipants (i.e. ‘choose the smaller’ vs. ‘choose the larger’
animal).

In addition to size, another property of objects which is
relevant both at a physical and at a perceptual level is weight.
Even though weight can strongly shape the way we interact
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with the physical world around us, knowledge concerning
how weight is treated and represented within our cognitive
system is still limited, and mostly confined to the influence
of top-down expectations on perceived weight (e.g. Buck-
ingham 2014; Dijker 2014; Flanagan et al. 2008; Ross 1969).
For instance, a well-known phenomenon concerning weight
perception is the material-weight illusion: When two objects
of the same physical weight but different surface materials
are lifted, the object that appears to be made of the less
dense material, like plastic, usually feels heavier than the
object that appears to be made of the denser material, like
steel (see Buckingham et al. 2011; Ellis and Lederman 1999;
see also Buckingham and MacDonald 2016; Vicovaro and
Burigana 2017). To the best of our knowledge, so far, no
studies have directly explored the possibility of observing
a SQUARC effect for weight dimension. In line with the
assumption of a general mechanism devoted to magnitude
processing (see Cohen Kadosh et al. 2008; Walsh 2003,
2015), it is reasonable to expect that our cognitive system
may represent weight magnitudes in a spatially coded man-
ner, as reported for other non-numerical dimensions (e.g.
luminance, time, or size). Recently, in Holmes and Lourenco
(2013), participants completed a standard SNARC task (e.g.
Dehaene et al. 1993), while wearing a weight on either the
left or the right wrist (i.e. left and right condition, respec-
tively). In a baseline condition, no weight was employed.
Interestingly, the SNARC effect emerged in both the base-
line and the right conditions, but not in the left condition.
According to the authors, the left condition elicited a right-
to-left representation of quantity, which counteracted the
left-to-right representation of numbers, thus nullifying the
SNARC effect. Overall, this result suggests the presence of
a potential link between weight and the spatial representa-
tion of numbers.

Here, two experiments were carried out to directly test
whether a SQUARC effect may emerge in a weight compari-
son task. Experiment 1 was inspired by Sellaro et al. (2015),
who found a SQUARC effect elicited by the size associated
with different target words describing animals. In the pre-
sent context, we employed the same target words of Sellaro
et al. (2015) with the aim of showing that these stimuli can
also elicit a SQUARC effect based on weight. More pre-
cisely, participants were asked to decide, in a comparison
task, whether a centrally placed target word described an
animal that was either lighter or heavier—rather than smaller
or larger, like in the study by Sellaro et al. (2015)—than
a reference animal. Responses were provided by pressing
a left-side and a right-side key. The same task was also
employed in Experiment 2, but words described materials
(e.g. iron) which—contrarily to animals—are not necessarily
associated with a prototypical size. In so doing, we aimed to
reduce the potential impact of size on the SQUARC effect.
Indeed, in the natural world, size and weight can be strongly

intertwined (e.g. larger animals are also heavier than smaller
animals). For this reason, Experiment 2 was an attempt to
dissociate weight from size, a potential confound that was
likely present in previous studies exploring the SQUARC
effect for size (Ren et al. 2011; Sellaro et al. 2015; Shaki
et al. 2012). In both experiments, we expected to observe
shorter RTs when lighter stimuli were associated with the
left-side response and heavier stimuli were associated with
the right-side response, as compared to the reverse mapping
(i.e. lighter-right, heavier-left). This pattern of results would
provide supporting evidence of a SQUARC effect for weight.
Further support for a possible relationship between weight
magnitudes and space could also be provided by a distance
effect. For this reason, after performing the comparison task,
participants were also asked to rate the weight implied by
both the reference and the target words. We expected that
the greater the absolute difference between the rated weight
of the target and the reference word, the shorter the RTs
recorded in the comparison task.

Experiment 1
Materials and methods
Participants

Twenty-six students naive as to the objective of the study
(Mean age =123 years, SD=2.14, 10 males) were tested.
The number of participants is coherent with the guidelines
proposed by Brysbaert and Stevens (2018) for linear mixed-
effect models with subjects and items as random factors (see
the result section). According to these guidelines, at least
1600 observations per condition should be collected. This
warrants adequate statistical power in the case of the small
effect sizes that generally characterise RT studies. Here,
since we planned to collect 84 trials per condition for each
participant, a minimum number of 20 participants were
required. Informed consent was obtained from all individual
participants included in the study. All participants declared
to be right-handed. Manual preference was further assessed
through the Edinburgh Handedness Inventory (EHI; Oldfield
1971), which provides a continuous handedness score on a
scale ranging from — 100 (i.e. strong preference for the left
hand) to 100 (i.e. strong preference for the right hand). Here,
the mean EHI score was 70 (range: from 40 to 100).

Stimuli, apparatus and procedure
The reference word used was ‘sheep’. Twenty-four target

words were used, half describing an animal lighter than a
sheep, and half describing an animal heavier than a sheep.
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Table 1 Stimuli used in the
two experiments. Italian
words are in parentheses.

Reference word

Target words

Lighter weight

Heavier weight

In both experiments, lighter
and heavier word stimuli did
not differ neither for word
length (ps>.72) nor for log-
transformed word frequency
expressed as instances per
million words (ps> .41; itWac
corpus; Baroni et al. 2009)

Experiment 1

Experiment 2

Sheep (Pecora)

Wood (Legno)

1. Ant (Formica)
2. Bee (Ape)

3. Beetle (Scarafaggio)
4. Caterpillar (Bruco)
5. Crab (Granchio)
6. Fly (Mosca)

7. Grasshop (Cavalletta)
8. Ladybug (Coccinella)
9. Lizard (Lucertola)

10. Mouse (Topo)

11. Scorpion (Scorpione)
12. Snail (Lumaca)

1. Cloth (Stoffa)
2. Plastic (Plastica)
3. Paper (Carta)
4. Sponge (Spugna)
5. Rubber (Gomma)

13. Cow (Mucca)

14. Deer (Cervo)

15. Bear (Orso)

16. Elephant (Elefante)
17. Giraffe (Giraffa)

18. Gorilla (Gorilla)

19. Hippo (Ippopotamo)
20. Horse (Cavallo)

21. Rhino (Rinoceronte)
22. Walrus (Tricheco)
23. Whale (Balena)

24. Zebra (Zebra)

6. Cement (Cemento)
7. Iron (Ferro)

8. Lead (Piombo)

9. Marble (Marmo)
10. Steel (Acciaio)

The word stimuli were presented in Italian (see Table 1; see
also Sellaro et al. 2015).

Stimuli were presented using E-Prime 2 (Psychol-
ogy Software Tools, Pittsburgh, PA) on a PC monitor
(1280 1024 px; 60 Hz), placed at 57 cm from the partici-
pant. The background was set to grey. Manual responses
were collected through a standard keyboard, which has
appropriate accuracy for RT recordings (see E-Prime guide-
lines). The keyboard was placed in between the participant
and the monitor. Moreover, the keyboard was placed in order
to keep the two response keys (A and K) equally distant from
the centre of the screen.

For the comparison task, each trial started with a black
central fixation cross (24-point Courier New font; see Fig. 1,
panel A). After 700 ms, the cross was replaced by a ran-
domly selected black target word (24-point Courier New
font) and participants were asked to decide, as quickly and
accurately as possible, whether the animal described by the
target word was either ‘lighter’ or ‘heavier’ than the animal
described by the reference word (sheep).! Responses were
provided by pressing the A key with the left index finger and
the K key with the right index finger. After either a response
or a 1500-ms timeout limit (whichever came first), a central
black letter (24-point Courier New font) was provided as

! Even if in English the word ‘light’ may refer not just to lightness in
weight, but also to lightness in colour, in Italian there is no obvious
confounding for words related to weight and words related to other
physical dimensions. For instance, there is no confounding between
the Italian words ‘leggero’ (light in weight) and ‘chiaro’ (light in col-
our).
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feedback for 500 ms (i.e. a central ‘O’ for correct responses;
a central ‘X’ combined with an acoustic buzz for both wrong
and missed responses). Finally, a blank screen appeared for
800 ms. There were two experimental blocks, each com-
posed of 168 trials (i.e. 336 experimental trials in total) and

A B
—\
FIXATION :
+ CROSS ; MOUSE COwW
700 ms :
—
) 2330 A%
TARGET ST~ AU IE
WORD /
Ler 1500 ms
timeout LIGHTER-LEFT / HEAVIER-RIGHT
S
=
—\
RESPONSE
o FEEDBACK '
500 ms ; MOUSE COW
— ;
BLANK EH:k i I m;
SCREEN : )
800 ms
;) \ 4 LIGHTER-RIGHT / HEAVIER-LEFT

Fig. 1 Panel A depicts an example of a trial. Panel B shows examples
of the lighter-left/heavier-right mapping, in which the target word
‘mouse’ is correctly responded with the left-side key and the target
word ‘cow’ is correctly responded with the right-side key. Panel C
shows examples of the reverse mapping (i.e. lighter-right/heavier-
left), in which the target word ‘mouse’ is correctly responded with the
right-side key and the target word ‘cow’ is correctly responded with
the left-side key
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preceded by a practice block of 24 trials. Each target word
was presented randomly and for an equal number of times, in
both the experimental (i.e. 7 times per block) and the prac-
tice (i.e. 1 time per block) sessions. The association between
response sides and ‘lighter’ and ‘heavier’ responses was
inverted in the two blocks, namely in one block ‘lighter’ was
associated with the left-side response and ‘heavier’ with the
right-side response (Fig. 1, panel B), whereas in the other
block the opposite was true (Fig. 1, panel C). Block order
was counterbalanced across participants.

The comparison task was followed by a rating task, in
which participants estimated the weight associated with the
word stimuli on a 1- to 100-point scale. In this scale, ‘1’ and
‘100’ corresponded to the weight of an ant (i.e. the lower
anchor) and a whale (i.e. the upper anchor), respectively.
On each trial, a black word stimulus (24-point Courier New
font) was presented at the centre of the screen with no time
limits. Participants reported the weight associated with
the animal by typing the value on the keyboard. Then, the
response was confirmed by pressing the enter key. There was
an experimental block, in which each word was presented
three times, preceded by a practice block, in which three
words were presented.

At the end of the rating task, participants completed the
EHL.

Results and discussion

In the comparison task, missed responses (0.14% of trials)
and wrong responses (2.21% of trials) were deleted and
excluded from further analyses. Outliers, defined as cor-
rect trials with RTs three standard deviations (SD) above
or below the participant’s mean, were also removed (1.93%
of trials). In so doing, each condition was associated with
a minimum number of 2070 observations, thus warranting
adequate statistical power (see Brysbaert and Stevens 2018).

In accordance with the guidelines proposed by Baayen
et al. (2008) for experiments employing linguistic stimuli,
we analysed RTs of correct trials using a linear, mixed-
effects model (R package Ime4; Bates et al. 2015). Simi-
larly to previous studies on SQUARC effects that employed a
standard ANOVA approach (e.g. Chang and Cho 2015; Ren
et al. 2011; Vallesi et al. 2008), we entered, as fixed effects,
the relative weight associated with the target word (lighter
vs. heavier than the reference word ‘sheep’), response side
(left vs. right), and the interaction term.” For random effects,

2 The SNARC effect is frequently tested by computing, for each
number stimulus, the mean RT difference between the right- and the
left-side key, and then by testing the existence of a negative correla-
tion between number magnitudes and mean RT difference (see Fias
et al. 1996). Theoretically, this approach could also be used in the
current context by using the mean rated weight of the stimuli instead
of number magnitude. However, when magnitude is task relevant as
in our study (see the general discussion), the mean RT difference is

we had intercepts for subjects and items (i.e. target words),
as well as by-subject random slopes for the effects of weight
and response side. This model was the one that best fitted
the data according to a likelihood ratio test comparing
increasingly complex models (from the null to the saturated
model). The model was then entered into a Type 1 ANOVA
(Satterthwaite’s approximation for degrees of freedom) for
linear mixed-effects models (R package ImerTest; Kuznet-
sova et al. 2017). Evidence of a SQUARC effect would
be provided by a significant two-way interaction between
relative weight and response side (i.e. for ‘heavier’ target
words, shorter RTs for right- than for left-side responses,
and the opposite for ‘lighter’ target words). Effect sizes were
calculated according to the formulas provided by Westfall
et al. (2014; see also Brysbaert and Stevens 2018) for linear
mixed-effect models. The results showed that the main effect
of weight was not statistically significant, F(1, 30.0)=0.79,
p=.38, d=0.03, whereas the main effect of response side
was statistically significant, F(1, 25.1)=5.09, p=.033,
d=0.04, showing that right-side responses were reliably
faster (M =593 ms, SE=10.16) than left-side responses
(M =601 ms, SE=10.48). The interaction between the
two factors was significant, F(1, 8284.3)=15.65, p<.001,
d=0.04. Planned Tukey’s HSD comparisons for linear
mixed-effects models (R package Ismeans; Lenth 2016)
showed that while no significant differences between left-
side responses (M =593 ms, SE=10.5) and right-side
responses (M =594 ms, SE=10.37) emerged for ‘lighter’
target words, #(46.37)=—-0.1, p=.92, d=—-0.04, ‘heavier’
target words led to shorter RTs for right-side responses
(M =593 ms, SE=11.65) than for left-side responses
(M =609 ms, SE=12.09), #(46.87)=—-3.98, p<.001,
d=-1.62 (Fig. 2). Overall, this pattern of results pro-
vides supporting evidence of a SQUARC effect for weight.
Notably, a difference in RTs between left- and right-side
responses emerged for ‘heavier’ but not for ‘lighter’ target
words, which is consistent with some previous studies (e.g.
Chang and Cho 2015; di Rosa et al. 2017). Arguably, this
result emerged because right-side responses were over-
all faster than left-side responses, likely reflecting that all
participants were right-handed (i.e. a handedness effect).
Hence, the advantage for right-side responses might have
masked the tendency to respond faster with the left key when
a ‘lighter’ word was presented. Nevertheless, the significant
two-way interaction between relative weight and response
side indicates the presence of a SQUARC effect.

Footnote 2 (continued)

not a linear but a categorical function of magnitude, which implies
the violation of one basic assumptions of linear regression analysis
(see Gevers et al. 2006).

@ Springer
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[ Left-side key

640- Right-side key
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% 6004 T T —I—
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e 560 / /
540- / /
520 /A //
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Fig.2 Mean RTs observed in the comparison task of Experiment 1.
*=p<.05; ns=non-significant. Error bars are standard errors of the
mean

640+
e 1
620- s "o %,
5
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2 4 .
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5404 ® Heavier weight
T 1
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Abs(Rated weight target - Rated weight reference)

Fig.3 Mean RTs for each target word (excluding the two anchors,
‘ant’ and ‘whale’) as a function of the mean absolute difference
between its rated weight and the rated weight of the reference (i.e.
‘sheep’). Black and grey circles are for ‘heavier’ and ‘lighter’ target
words, respectively. Numbers refer to the word list reported in Table 1
(Experiment 1). The intercept and slope of the regression line are
627.8 ms and — 0.875, respectively

In order to test for the existence of a distance effect, we first
computed, for each participant, the mean RTs associated with
each target word. Then, we computed the absolute difference
between the mean rated weight of each target word and the
mean rated weight of the reference word. The distance effect
implies shorter RTs for larger absolute differences between
the weight associated with the target word and the weight
associated with the reference word. This negative relationship
was indeed confirmed by a linear mixed-effects regression
analysis with fixed effects for the intercept and the slope of
the regression line relating RTs to rating differences, and ran-
dom (by-subject) effects for the intercept and the slope of the
same regression line, b=—0.88, SE,=0.19, #(24.29)=—-4.52,
p<.001 (see Fig. 3). Moreover, the mean absolute difference
between the weight of ‘heavier’ words and the weight of
the reference (M =29.69, SE=0.95), was smaller than that
between the weight of ‘lighter’ words and the weight of the
reference (M =35.66, SE=2.44, 1(12.96)=—2.28, p< .05,
d=-0.97). Namely, ‘heavier’ words were represented as
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closer to the reference than ‘lighter’ words (see also Fig. 3). It
is also worth noting that left-side responses for ‘heavier’ words
tended to be slower than the responses in the other conditions
(see Fig. 2). We can hypothesise that this finding was due to
the combination of the SQUARC effect (for ‘heavier’ words,
left-side responses were slower than right-side responses), the
handedness effect (left-side responses were slower than right-
side responses) and the distance effect (responses to ‘heavier’
words were slower than responses to ‘lighter’ words).
Finally, we also explored whether the degree of handed-
ness (i.e. EHI scores) predicted the SQUARC effect magni-
tude (computed as reported in the “Appendix”), in line with
the body-specificity hypothesis (Casasanto 2009). Indeed,
Casasanto (2009) showed that right-handers represented
negative concepts (e.g. ‘bad) on the left, and positive con-
cepts (e.g. ‘good) on the right, whereas the reverse map-
ping emerged for left-handers. Here, a positive correlation
between the EHI scores and the SQUARC effect magnitude
would be indicative of a positive relationship between the
degree of right-hand preference and the strength of the left-
to-right representation of weight. However, a non-signifi-
cant negative correlation emerged (b=—0.55, SE;=0.68,
1(24)=—-0.81, p=.42, *=0.027; see also Fig. 6).

Experiment 2

Experiment 1 provided evidence that target words referring
to animals can elicit a SQUARC effect based on weight, thus
extending Sellaro et al. (2015) who reported—for the same
target words—a SQUARC effect based on size. In Experi-
ment 2, we aimed to replicate the results of Experiment 1 by
using word stimuli referring to materials (e.g. iron) instead
of animals. We decided to use materials mainly because,
differently from animals, they are not necessarily associ-
ated with a given size. For instance, plastic can be used to
create objects of different dimensions, such as a shirt button
or a table. Moreover, the material-weight illusion provides
indirect evidence that, regardless of size, denser materials
(e.g. metals) are expected as heavier than less dense materi-
als (e.g. wood or polystyrene; see Buckingham et al. 2011;
Vicovaro and Burigana 2017). For these reasons, materials
appear to be suitable to get a reliable manipulation of weight.
Hence, we sought to obtain further supporting evidence for
the hypothesis that weight can elicit both a SQUARC and
a distance effect—even when weight is not strictly coupled
with size.

Materials and methods
Participants

A new sample of 26 students naive as to the objective of
the study (Mean age =19 years, SD=0.86, 7 males) were
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tested. Since we planned to collect 75 trials per condition for
each participant, a minimum number of 22 participants was
required (see Brysbaert and Stevens 2018). Informed con-
sent was obtained from all individual participants included
in the study. Three participants declared to be left-handers.
However, one of these three participants had an EHI of 50,
which suggests a preference for the right hand. Overall, the
EHI provided a mean score of 57 (range: from — 55 to 100).

Stimuli, apparatus and procedure

Everything was identical to Experiment 1, with the follow-
ing exceptions: The reference word was ‘wood’ and 10 tar-
get words were used, half describing a material lighter than
wood, and half a material heavier than wood (see Table 1).
Moreover, the two experimental blocks were composed of
150 trials each (i.e. 300 experimental trials in total) and
were preceded by a practice block of 20 trials. Each tar-
get word was presented randomly and for an equal number
of times, in both the experimental (i.e. 15 times per block)
and the practice (i.e. 2 times per block) sessions. Finally,
in the rating task, the lower and the upper anchors were
‘feather’ and ‘truck’, respectively, and all the target words
were presented.’

Results and discussion

Data were analysed as in Experiment 1.

For the comparison task, missed responses (0.18% of tri-
als), wrong responses (2.58% of trials) and outliers (1.74%
of trials) were removed and excluded from further analyses.
In so doing, each experimental condition was associated
with a minimum number of 1852 observations, thus war-
ranting adequate statistical power (see Brysbaert and Stevens
2018).

The model that best fitted RTs of correct trials according
to a likelihood ratio test comparing increasingly complex
models (from the null to the saturated model) included,
as fixed effects, the relative weight implied by the target
word (lighter vs. heavier than the reference word ‘wood’),
response side (left vs. right), and the interaction term.
As random effects, it included intercepts for subjects and
items (i.e. target words), by-subject random slopes for
the effects of weight and response side, and by-item ran-
dom slopes for the effects of response side. The results
showed that the main effect of weight was not statistically

3 Please note that anchors and target words belonged to different
categories (i.e. objects vs. materials, respectively). For the sake of
reliability of the rating scale, the weight implied by the two anchors
should be represented similarly among participants, and we reasoned
that this was more easily achieved by using familiar objects instead of
materials.

640-
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Fig.4 Mean RTs observed in the comparison task of Experiment 2.
*=p<.05; ns=non-significant. Error bars are standard errors of the
mean

significant, F(1, 8.64)=2.90, p=.12, d=0.05, as well
as the main effect of response side, F(1, 14.23)=4.22,
p=.059, d=0.03. Although the latter main effect fell short
of statistical significance, right-side responses (M =554 m:s,
SE =12.53) tended to be faster than left-side responses
(M =562 ms, SE=13.12). The interaction between the
two factors was significant, F(1, 7.98)=14.71, p<.01,
d=0.05. Planned Tukey’s HSD comparisons showed
that while no significant differences between left-side
responses (M =562 ms, SE=13.66) and right-side responses
(M =565 ms, SE=13.16) emerged for ‘lighter’ target words,
1(12.30)=—-0.77, p=.45, d=—0.49, ‘heavier’ target words
led to shorter RTs for right-side responses (M =542 ms,
SE=12.96) than for left-side responses (M =561 ms,
SE=13.68), 1(12.14)=—-13.98, p<.005, d=—2.52 (Fig. 4).
As in Experiment 1, the significant two-way interaction
between relative weight and response side indicates the pres-
ence of a SQUARC effect. As in Experiment 1, a difference
in RTs between left- and right-side responses emerged for
‘heavier’ but not for ‘lighter’ target, likely because most of
the participants were right-handed.

As for the distance effect, a linear mixed-effects regres-
sion analysis was performed, with fixed effects for the inter-
cept and the slope of the regression line relating RTs to
rating differences, and random (by-subject) effects for the
intercept of the same regression line. The analysis revealed
a statistically significant negative relationship between mean
RTs and the absolute difference between the mean weights
of the target and the reference word, b=—-0.37, SE, =0.09,
1(234.08)=—4.28, p<.001 (see Fig. 5). Moreover, the mean
absolute difference between the weight of ‘heavier’ words
and the weight of the reference (M =36.5, SE=2.8), was
larger than that between the weight of ‘lighter’ words and the
weight of the reference (M =18.14, SE=1.66, #(6.5) =5.63,
p<.005, d=3.99). Namely, ‘heavier’ words were rep-
resented farther from the reference than ‘lighter’ words
(see also Fig. 5). This pattern was the opposite of what we
observed in Experiment 1. We also note that, differently
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Fig.5 Mean RTs for each target word as a function of the mean abso-
lute difference between its rated weight and the rated weight of the
reference (i.e. ‘wood’). Black and grey circles are for ‘heavier’ and
‘lighter’ target words, respectively. Numbers refer to the word list
reported in Table 1 (Experiment 2). The intercept and slope of the
regression line are 567.98 ms and —0.373, respectively

from Experiment 1, right-side responses for ‘heavier’ words
tended to be faster than the responses in the other conditions
(see Fig. 4). We can hypothesise that this finding was due to
the combination of the SQUARC effect (for ‘heavier’ words,
right-side responses were faster than left-side responses), the
handedness effect (right-side responses tended to be faster
than left-side responses) and the distance effect (responses
to ‘heavier’ words were faster than responses to ‘lighter’
words).

Finally, as in Experiment 1, a linear regression analy-
sis between the EHI scores and the SQUARC effect mag-
nitude (see the “Appendix”) was performed. Similarly to
Experiment 1, the results showed a non-significant nega-
tive correlation (b=-0.37, SE, =0.38, #(24)=-0.96,
p=.34, r2=0.037). This held true even when the data of
the two experiments were combined (b=—-0.41, SE, =0.31,
1(50)=-1.32,p=.19, = 0.034), confirming the lack of a
linear relationship between the degree of right-hand prefer-
ence and the strength of the left-to-right representation for
weight (see Fig. 6).

Overall, the results of Experiment 2 align with those
observed in Experiment 1, as we found evidence of both a
SQUARC and a distance effect for weight.

General discussion

In two experiments we explored the possible existence of
both SQUARC (e.g. Walsh 2003) and distance (e.g. Krause
et al. 2013) effects in a weight comparison task. More pre-
cisely, participants were asked to press either a left- or a
right-side response key to classify a centrally placed target
word—describing an animal (e.g. cow; Experiment 1) or a
material (e.g. iron; Experiment 2)—as either lighter or heav-
ier than a reference word. We hypothesised that, in line with
a SQUARC effect, responses would be faster when ‘lighter’
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was associated with the left response side and ‘heavier’ was
associated with the right response side, as compared with
the reverse mapping (i.e. lighter-right; heavier-left). Over-
all, the results of both experiments provided support to this
hypothesis, even if a difference between left- and right-side
responses emerged only for ‘heavier’ words (for similar
results, see also Chang and Cho 2015; di Rosa et al. 2017).
After the comparison task, participants were asked to rate
the weight associated with each word stimulus. A negative
correlation emerged between the mean RTs for a given target
word and the absolute difference between its mean rated
weight and the mean rated weight of the reference word, thus
indicating a distance effect. Taken together, these results are
consistent with the hypothesis that ‘lighter’ items might be
represented on the left, and ‘heavier’ items might be repre-
sented on the right. This is also consistent with some previ-
ous studies in which a SQUARC effect emerged even for
non-numerical dimensions, such as loudness (e.g. Chang and
Cho 2015), luminance (e.g. Fumarola et al. 2014), time (Val-
lesi et al. 2008) and size (e.g. Sellaro et al. 2015).

It is important to remember that in the natural world
weight is intertwined with size, since heavier objects are
also typically larger than lighter objects. The positive rela-
tionship between weight and size was particularly evident for
the set of word stimuli—taken from Sellaro et al. (2015)—
employed in Experiment 1, namely animals. For instance,
a mouse is not only lighter but also smaller than a sheep
and, symmetrically, a cow is not only heavier but also larger
than a sheep. The results of Experiment 1 suggest that these
items can lead to a SQUARC effect based on weight, other
than on size such as in the study by Sellaro et al. (2015).
The weight—size correlation was less obvious for the set of
word stimuli employed in Experiment 2, as materials are
not necessarily associated with a given size. For instance,
everyday life objects made of a light (i.e. low density) mate-
rial, like plastic, can be either small (e.g. a shirt button) or
large (e.g. a table). Likewise, objects made of a heavy (i.e.
high density) material, like steel, can be either small (e.g. a
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fork) or large (e.g. a car). The SQUARC and distance effects,
which emerged in both experiments, provide support for the
hypothesis that a possible link between weight magnitudes
and space may emerge both when weight and size are strictly
related (i.e. Experiment 1) and when this relationship is
weaker (i.e. Experiment 2). Nevertheless, we cannot unam-
biguously exclude the possibility that, in Experiment 2, light
and heavy materials might have also activated an implicit
representation of small- and large-size objects, respectively.

Notably, the standard SNARC effect introduced by
Dehaene et al. (1993) has been widely explored by making
numerical magnitude either task relevant or task irrelevant.
On the one hand, when magnitude is task relevant, partici-
pants are typically asked to decide whether the target number
is either smaller or larger than the reference number. On the
other hand, when magnitude is task irrelevant, participants
are typically asked to decide whether the target number is
either even or odd. Similarly to the standard SNARC effect,
SQUARC effects have also been explored by varying the
relevance of target dimension. In some studies, target dimen-
sion was only task relevant (see Bruzzi et al. 2017; Ren et al.
2011; Vallesi et al. 2008). For instance, in five experiments
Ren et al. (2011) asked participant to directly compare the
magnitude of a target and a reference stimulus varying in
numerical/physical size (smaller or larger; Experiments 1, 2,
4), luminance (lighter or darker; Experiment 3) and auditory
intensity (quieter or louder; Experiment 5). In other studies,
target dimension was both task relevant and irrelevant (see
Chang and Cho 2015; Fumarola et al. 2014; Hartman and
Mast 2017; Sellaro et al. 2015). For instance, in the study
by Sellaro et al. (2015; Experiment 2), participants were
asked to decide whether the centrally placed target word,
referring to either an animal or to an inanimate object, was
either smaller versus larger than a reference (i.e. size was
task relevant) or ‘animate’ versus ‘inanimate’ (i.e. size was
task irrelevant). When the target word referred to a small
item, shorter RTs emerged when the correct response was
associated with a left- than a right-side key, whereas when
the target word referred to a large item, shorter RTs emerged
when the correct response was associated with a right- than
a left-side key. According to the authors, this could provide
support for a SQUARC effect based on size. However, the
strong correlation between size and weight as for the stimuli
employed by Sellaro et al. (2015) invite caution. Indeed,
our data suggest that these stimuli can also lead to a weight-
based SQUARC effect, in line with the existence of a gen-
eral mechanism for magnitude processing (e.g. Walsh 2003,
2015).

Taken together, our results are consistent with the
hypothesis of an intrinsic spatially coded representa-
tion of weight (see also Walsh 2003). However, since
the nature of SQUARC effects is still widely debated,

alternative interpretations are worthy of consideration. For
instance, according to the polarity correspondence model
(see Proctor and Cho 2006), ‘lighter’ and ‘left’ could be
associated with a negative polarity, whereas ‘heavier’ and
‘right’ could be associated with a positive polarity. Con-
sequently, faster responses would emerge when there is a
match between polarities (i.e. lighter-left; heavier-right)
rather than a mismatch (i.e. heavier-left; lighter-right). Our
data also fit with this prediction and can therefore be inter-
preted in terms of polarity correspondence. Additionally,
we cannot exclude that the left-to-right mapping of weight
might result from dynamic and unstable task-dependent
strategies (e.g. Fischer 2000), in line with a situated rep-
resentation of weight (see Myachykov et al. 2014). More
precisely, since responses were provided with lateralised
response keys, this may have prompted participants to
spontaneously represent items along a left-to-right axis.
In future studies, it will be of great interest to investi-
gate the SQUARC effect for weight by employing a ver-
tically oriented response box, thus allowing for testing
two competing hypotheses. On the one hand, the vertical
representation of weight might be similar to that of other
magnitudes—such as numbers (e.g. Winter et al. 2015;
see also Shaki and Fischer 2018) or loudness (e.g. Bruzzi
et al. 2017)—in which ‘smaller’ and ‘larger’ are typically
associated with lower and upper keys, respectively (i.e.
‘up’ is typically associated with ‘more’; see Myachykov
et al. 2014). On the other hand, the vertical representation
of weight might be linked to gravity force. In line with this
notion, ‘lighter’ and ‘heavier’ responses should be faster
if provided with the upper and the lower response key,
respectively. Furthermore, the potential existence of body-
specific representation of weight (see Casasanto 2009)
should be further explored by testing a larger number of
participants, equally divided in left- and right-handers.
To conclude, two experiments based on weight com-
parison tasks revealed distance and SQUARC effects for
weight (we may call this a ‘space-weight association of
response codes’: SWARC), indicating a possible spatial
representation for this physical dimension.
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Appendix

The strength of the SQUARC effect was computed through
the following equation:

SQE, = [RT,(heavy, left) — RT,(heavy, right)]
+ [RT,(light, right) — RT,(light, left)]

where SQE,; stands for the strength of the SQUARC effect
for the ith participant. RT,(heavy, left) and RT (heavy, right)
stand for the average RTs for the ith participant when she/
he responded to ‘heavier’ target words with the left-side key
and the right-side key, respectively. RT,(light, right) and
RT,(light, left) stand for the average RTs for the ith partici-
pant when she/he responded to ‘lighter’ target words with
the right-side key and the left-side key, respectively. The
SQE,; increases with the strength of the association between
‘heavier’ (‘lighter’) words and the right-side (left-side)
response. A negative SQE; would indicate the presence of
an inverted SQUARC effect.
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