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Introduction

Across cultures, concepts of ‘good’ and ‘bad’ are frequently mapped onto spatial
dimensions, where the right side is associated with positive qualities and the left
side with negative ones (McManus, 2002). This pattern appears in language and
common phrases, with ‘right’ often associated to positive meanings and ‘left’ to
negative ones (McManus, 2002). In English, for instance, ‘right’ conveys both a
spatial direction and correctness, while the phrase ‘left to rot’ suggests neglect or
abandonment.

However, in addition to language and cultural frameworks, individuals tend to
associate spatial areas with positive or negative meanings based on their own
handedness and motor proficiency (e.g., Casasanto, 2009; Milhau et al., 2015).

According to embodied cognition theories (Barsalou, 1999, 2008), the Body Spe-
cificity Hypothesis (BSH) introduced by Daniel Casasanto (2009) posits that
right-handed individuals are more likely to associate ‘good’ with their dominant-
hand side and ‘bad” with the opposite side. This tendency likely stems from gre-
ater comfort and fluency in actions performed with the dominant hand, which
fosters positive emotions (Beilock & Holt, 2007; Cannon et al., 2010). The BSH
suggests that these fluency-based preferences influence spatial associations with
affect, leading to space-valence associations.

Research backing this hypothesis spans numerous cultures and age groups, inclu-
ding studies with children as young as five (de la Fuente et al., 2015). It has been
examined across varied contexts, such as response time experiments (de la Vega et
al., 2012; Kong, 2013), simulated job interviews (Casasanto 2009, exp. 5), group
membership (Dalmaso et al., 2022; Kiihne et al., 2022), and even analyses of
politicians’ hand gestures during speeches (Casasanto & Jasmin, 2010).

Asaforementioned, while prior research employed response time paradigms within
the BSH framework (de la Vega et al., 2012, 2013; Kong, 2013; Milhau et al.,
2015), limited attention has been given to the influence of the spatial placement
of stimuli on valence evaluation without motor feedback (e.g., without hands or
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feet movements). In this vein, a few studies (Everhart et al., 1996; Natale et al.,
1983) have examined the effect of the spatial placement of stimuli on valence
judgments, exclusively focusing on facial expressions as stimuli. Specifically, in a
valence judgment task (Natale et al., 1983), individuals with right-handed domi-
nance judged all expressions except happiness as more negative when presented in
the left visual field (LVF). However, in a study by Everhart et al. (1996), a diffe-
rent pattern was observed: while right-handed participants consistently perceived
neutral faces regardless of the visual field, left-handed individuals evaluated neu-
tral faces as more positive (happy) when presented in the LVF and more negative
(angry) when presented in the right visual field (RVF).

Furthermore, Casasanto’s (2009) investigations primarily focused on the spatial
positioning of stimuli, either through drawing or vocal responses, such as in the
“Bob goes to the zoo” task (see below) or through binary choices tasks: for examp-
le, participants were instructed to attribute positive or negative qualities to items
(alien creatures) positioned on the right or left side.

Considering the limited evidence concerning the impact of spatial stimuli on ex-
plicit valence evaluation, we assert that it is crucial to deeply investigate this as-
pect in absence of motor responses. Specifically, we think it is worth investigating
whether body-specific associations might be evident in a valence judgment task
involving neutral images placed alternately at the center, right, and left of a screen.
Images should be presented to both right-handed and left-handed participants as,
consistent with the BSH, their space-valence associations are expected to be op-
posite: for right-handers, right is positive and left is negative, whereas for left-han-
ders, left is positive and right is negative. It is important to underscore that when
we refer to body-specific associations, we refer to the valence reinforcement effect
that has been found over time in studies involving lateralized hands movements
(for example, see Cervera Torres et al., 2020). The valence reinforcement effect is a
reinforcing effect on the valence appraisals of stimuli (i.e., stimuli being more posi-
tively/negatively evaluated) when there is a match between the valence category of
the stimuli, the hand used for interaction, and the starting side of the movement.

The rationale for investigating this phenomenon considering exclusively the
different (center vs right vs left) visual field is diverse. Firstly, it is necessary to
consider that in the “Bob goes to the zoo” task (Casasanto, 2009), positive ani-
mals were associated with the right side by right-handed individuals and with
the left side by left-handed individuals, then hypothetically, presenting images
on the right, left, and center visual field could also potentially modify valence
judgments within right-handers and left-handers respectively, as well as between
right-handers and left-handers. Secondly, excluding those few studies (Everhart
et al., 1996; Natale et al., 1983) that used exclusively facial expressions as stimu-
li, as mentioned earlier, the valence reinforcement effect has been investigated
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mainly when associated with hand movements, typically lateralized (Cervera Tor-
res et al., 2020; Milhau et al., 2013). For example, in the study conducted by
Milhau et al. (2013), in a valence judgment task, right-handed participants who
performed smooth rightward arm movements using an evaluative scale aligned
with their space-valence association (where positivity was associated to the right
and negativity to the left) tended to offer more positive assessments for neutral
words. Conversely, when executing non-fluent leftward movements with an in-
congruent scale, participants displayed a tendency toward negative evaluations.
Therefore, it can be assumed that studies exclusively examining the exposure of
stimuli to the right and left are indeed scarce (Everhart et al., 1996; Natale et
al., 1983) and those few have focused on a single type of stimuli, namely, facial
expressions. Therefore, considering these factors, the research questions are as fol-
lows: (1) do neutral stimuli placed at the center, right, and left of a screen affect
participants’ valence evaluations based on their space-valence associations? (2) If
s0, do valence evaluations differ between right-handed and left-handed individu-
als in accordance with their space-valence associations?

According to the BSH, we expected participants to provide more positive eva-
luations for images positioned in the space aligned with their dominant hand,
typically associated with positive concepts. Conversely, we anticipated more ne-
gative evaluations for images placed on the side aligned with their non-dominant
hand, generally associated to negative concepts. Additionally, we hypothesized
that left-handed participants would rate images in the LVF more positively than
right-handed participants, while right-handers would evaluate images in the RVF
more positively than left-handers. To test these hypotheses, we conducted a va-
lence judgment task in which participants evaluated stimuli positioned in the
center, right, and left visual fields across two experimental sessions.

Method

Participants

Based on existing literature using a similar procedure (Everhart et al., 1996) and
on an a priori power analysis performed using the G*Power software (Faul et
al., 2007), a sample size of 30 participants was estimated to have 80% probabi-
lity to detect a significant interaction (a=.05) with a medium effect size (r=.25)
in a mixed model, following Cohen’s guidelines (Cohen, 1977). Therefore, 30
participants (20 females; Mage = 27.72, SDage = 3.62) from the University of
Milan-Bicocca, of which 15 right-handers and 15 left-handers, were enrolled as
volunteers. Handedness was assessed with the Edinburgh Inventory (Oldfield,
1971), short version, in Italian translation. This 10-item inventory includes a
series of tasks to be performed by the person being evaluated. The responses
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can be recorded either through direct observation of the individual’s actions or
via self-reported descriptions of their daily activities. Descriptive statistics of the
Edinburgh Handedness Inventory scores, including mean, standard deviation,
mode, and range for right-handers and left-handers, are reported in Table 1.

Table 1. Descriptive statistics of handedness scores.

Handedness Mean Std. Dev Mode Range
Right-Handers (N = 15) +67.5 28.27 +100.0 +25.0, +100.0
Left-Handers (N = 15) -70.0 25.79 -100.0 -25.0, -100.0

All participants had normal or corrected to normal vision and were naive to the
purpose of the experiment. All participants read and signed a consent form prior
to data collection in accordance with the Declaration of Helsinki (World Medical
Association, 2013). Ethical approval for the study was received by the Committee
for Research Evaluation of the University of Milan-Bicocca (Protocol number:
RM.2022-544).

Design

The study utilized a 3 x 2 mixed-design, incorporating both within-subjects and
between-subjects factors. The factors included image Location (center vs right
vs left visual field) as a within-subject factor and Handedness (right-handed vs
left-handed) as a between-subject factor, with Valence Evaluation (VE) as the
dependent variable.

Apparatus and Stimuli

A Galaxy Chromebook Go laptop with a 14.0-inch display and a resolution
of 1366 x 768 pixels was used to present the stimuli. The experiment was run
on a native Android mobile app developed by the BiCApP (Bicocca Center for
Applied Psychology) and built according to the “React Native” framework (Zam-
metti, 2018). This app, integrated with Qualtrics (https://www.qualtrics.com/)
automatically recorded all user-sessions data in a non-interactive Qualtrics sur-
vey, with information represented through embedded fields.

The stimuli were 36 images (500 x 400 pixels) from the Open Affective Standar-
dized Image Set (OASIS, Kurdi et al., 2017), an open-access online stimulus set
consisting of 900 color images depicting a broad spectrum of themes. The OASIS
database contains images of humans, animals, objects, and scenes, along with
normative ratings on two affective dimensions—ualence (i.c., the degree of posi-
tive or negative affective response that the image evokes) and arousal (i.e., the in-
tensity of the affective response that the image evokes) both measured on 7-point
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Likert scale (1=very negative, 2=moderately negative, 3=somewhat negative,
4=neutral, 5=somewhat positive, 6=moderately positive, and 7=very positive).

We selected images covering four main themes: scenes (N=12), objects (N=11),
and animals (N=13), by choosing images with neutral valence (i.e., correspon-
ding approximately to a rating of 4, indicating “neutral”) and low arousal (ran-
ging from a minimum of 1 to a maximum of 2, indicating “very low” or “mode-
rately low”). Descriptive statistics for the selected images, divided by theme, are
reported in Table 2. This choice mirrors Milhau et al. (2013), who used neutral
words for their experiment.

Table2. Descriptive statistics (mean and standard deviation) of selected images divided by themes.

Theme
Scenes Objects Animals
Valence 4.03 (0.23) 4.13 (0.21) 4.23 (0.18)
Arousal 2.05 (0.04) 2.12 (0.03) 2.17 (0.05)

Procedure

The experiment comprised two experimental sessions separated by a 3-week
washout period. During the first session, participants undertook a valence evalu-
ation task featuring a set of 36 neutral images presented in a randomized order.
This first session served to obtain a baseline measure of valence evaluation (VE)
for the images. The images were exclusively shown at the CVE while, in the se-
cond session, each image was randomly presented once on the right side of the
screen and once on the left side.

Before starting the experiment, participants were informed that a second session
would be administered after three weeks. Participants were comfortably seated at
a desk in front of a laptop positioned approximately 70 centimeters away, at the
center of the desk, and aligned with the body’s midline. Before the start of the
experiment, participants were briefly introduced to the study and completed the
informed consent procedures, including the provision of personal information
such as age, gender, and educational level.

A brief training session, featuring two images, preceded each main session. In
the first session, a single image was presented in the CVF for a duration of 4
seconds. Subsequently, participants were instructed to judge whether the pre-
viously seen image was positive or negative by clicking on a vertically oriented
9-point Likert scale consisting of small squares numbered from 1 to 9, with
I=very negative and 9=very positive. After their response, a countdown timer
from 3 to 1, lasting 750 milliseconds, preceded the presentation of the next
image.
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The second session was identical to the first session, with the primary difference
being the location of the images on the screen: images appeared alternately on
the right and left sides of the screen. To ensure variety and prevent order effects,
images were not shown consecutively on the same side, with at least ten different
images interspersed between repetitions. Each experimental session lasted appro-
ximately 10 minutes. Overall, each participant viewed and evaluated 108 images:
36 images in the first session and 72 in the second session, with 36 images in each
of the three positions.

Statistical analysis

Data were analyzed with a linear mixed effects model (LMM) using the software
Jamovi (version 2.3; The Jamovi Project, 2023). All statistical tests were conducted
on a two-tailed .05 level of significance. To select an appropriate random compo-
nent, we started setting all plausible effects as random. The model that converged
included only the intercept as random coefficient. Therefore, the final model
featured a random intercept across participants as random factors, with handed-
ness (right-handed vs left-handed), locations (center vs right vs left), and their
interaction as fixed factors. To calculate p values estimates for the fixed effects, it
was used a Type III Satterthwaite approximation (e.g., Carr et al., 2016).

Results

The main effect of Handedness was not statistically significant, /(1, 28.1) = 0.41,
p = .52, indicating that Handedness alone did not significantly influence VE.
Similarly, the main effect of Location was not significant F(2, 3019.9) = 1.59,
p=.20.

The interaction between Handedness and Location approached significance
K2, 3025.8) = 2.39, p = .09 (Figure 1) but did not meet the threshold for
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Fig. 1. Plot shows a significant interaction between handedness and location (left vs center) on
valence evaluations (p = .02). The darker line represents right-handed participants, while the lighter
line indicates left-handed participants. Error bars depict standard errors (SE).
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statistical significance, indicating that the combined influence of Handedness
and Location on VE may be worth further investigation.

Therefore, a singular test (Fixed effects parameter estimates) was performed on this
interaction. The test (Table 1) revealed a statistically significant effect for the interac-
tion between handedness and Location (b = 0.31, SE = 0.14, p = .02) at the Left vs
Center images’ location. Specifically, left-handers (M = 5.69, SE = 0.0836), compared
to right-handed participants (M = 5.45, SD = 0.0739), tended to assign higher VE to
images located on the Left side versus the Center side of the screen (Table 3, Figure 1).

Table 3. Fixed Effects Parameter Estimates.

95% Confidence
Interval
Names Effect Estimate SE  Lower Upper Df t p
(Intercept) (Intercept) 5.6370 0.1207 5.4004 5.8736 55.2 46.698 <.001
Handedness] ~Left-Handers-  0.0988 0.1526 —0.2004 0.3979 28.1 0.647 0.523

Right-Handers
Locationl Right - Center —0.0993 0.0727 —0.2419 0.0432 3026.8 —1.366 0.172
Location2 Left - Center ~ —0.1224 0.0728 —0.2650 0.0202 3027.0 —1.682 0.093
Handedness1 * Left-Handers-  0.1570 0.1443 —0.1258 0.4399 3042.2 1.088 0.277
Locationl Right-Handers *

Right - Center
Handedness1 * Left-Handers-  0.3157 0.1444  0.0327 0.5988 3042.5 2.186 0.029
Location2 Right-Handers *

Left - Center

Simple effects analysis

For a more detailed examination of the effects of location on VE, we conduc-
ted a simple effects analysis of location with handedness (right-handers vs left-
handers) as the moderator. The omnibus test revealed that only for right-handed
participants there was a significant effect of location on VE, F(2.3037) = 3.72,
2 = .02, indicating that VE varied across different locations (Table 4). Specifically,
in right-handed individuals, VE was lower in the LVF (M = 5.45, SE = 0.125)
compared to the CVF (M = 5.74, SE = 0.125) (p = .007; Table 5). Notably, right-
handed participants also tended to evaluate images slightly more positively when
they were in the CVF (M = 5.74, SE = 0.125) compared to the RVE (M = 5.55,
SE = 0.125) but this difference did not reach significance (p = .08).

Conversely, in left-handed participants, there was no significant effect of location
on VE, F(2,3037) = 0.16, p = .85, suggesting that the relationship between loca-
tion and VE did not differ significantly among diverse locations (Table 4).
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Table 4. Simple effects of Location: Omnibus Tests.

Moderator levels

Handedness F Num df Den df P
Right-Handers 3.722 2.00 3037 0.024
Left-Handers 0.159 2.00 3037 0.853

Table 5. Simple effects of Location: Parameter estimates.

Moderator 95% Confidence
levels Interval
Handedness  Contrast Estimate SE  Lower Upper df t P

Right-Handers Right - Center -0.1779 0.104 -0.382 0.0258 3037 -1.712 0.087
Left - Center  —0.2802 0.104 —0.484 —0.0766 3037 -2.698 0.007
Left-Handers  Right - Center -0.0208 0.101 -0.219 0.1772 3037 -0.206 0.837
Left - Center 0.0355 0.101 -0.163 0.2338 3037 0.351 0.726

Discussion

The purpose of this study was to extend the investigation of the Body Specificity
Hypothesis (Casasanto, 2009) by examining valence evaluations of neutral ima-
ges across different spatial locations (center, right, and left visual fields) in both
right- and left-handed individuals. Participants rated the valence of 36 images
using a 9-point Likert scale. In the first session, images were presented centrally,
while, in the second session, the same images appeared alternately in the right

and left visual fields.

Based on the BSH, we expected both right- and left-handed participants to as-
sign more positive evaluations to images located on the side aligned with their
dominant hand, and more negative evaluations to those on the side of their non-
dominant hand.

The results partially supported our predictions. While the omnibus test did
not reveal significant differences for the image location factor, certain compa-
risons (e.g., center vs. left visual field) reached significance in the fixed effects
analysis. Specifically, right-handed participants rated images in the LFV more
negatively than those in the CVE but this pattern did not hold for left-handed
participants, whose evaluations did not significantly differ across different vi-

sual fields.

Consistent with our expectations, a significant interaction between handedness
and image location was observed. Right-handers assigned lower valence ratings
to images in the LVF compared to left-handers. Specifically, right-handers judged
neutral images in the LVF as more negative, whereas left-handers evaluated the
same images more positively. Overall, these findings offer partial support for the
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BSH. While right-handers demonstrated the anticipated pattern of space-valence
associations, left-handers did not exhibit the same effect.

Interestingly, right-handers exhibited a linear decrease in valence ratings from the
center to the LVE with the most pronounced effect observed between the center
and left locations. However, we did not anticipate that centrally positioned ima-
ges would be rated as the most positive overall. In line with the BSH, we expected
images on the right to receive more positive evaluations. We believe this finding
aligns well with certain universal aesthetic principles. Indeed, several studies have
demonstrated that observers tend to prefer more symmetrical versions of stimuli,
whether they are familiar objects or abstract patterns (Eisenman, 1967; Rhodes
et al., 1998). Additional evidence supporting symmetry as a general aesthetic
principle comes from cross-cultural research (for a recent review, see Che et al.,
2018). Moreover, implicit measures have confirmed an association between sym-
metry and positive valence (Makin et al., 2012). This preference for symmetry
could explain the preference for images shown at the center of the screen, which
are displayed in a more balanced disposition.

Conversely to right handers, left-handers exhibited a flatter trajectory, as evi-
denced by their consistent ratings across visual fields. This may suggest that left-
handers are more accustomed to conditions that do not align with their natural
space-valence associations. This discrepancy could be attributed to the fact that
the world is predominantly designed for right-handed individuals. Left-handers
often encounter various inconveniences, ranging from simple tools like scissors
and conference chairs with folding tables, to more complex digital devices such
as keyboard shortcuts typically positioned on the right (e.g., Sonnino & Sonnino,
2024). Consequently, left-handed individuals face more challenges in their daily
lives. In addition, technology and product design often favor right-handed users.
For instance, computer mouse, number pads, and even smartphone interfaces
are typically designed with right-handed individuals in mind. Nevertheless, left-
handed users are accustomed to use devices as “right handers” (for example, see
Thomas et al., 2019). Therefore, considering the adaptability that left-handers
have developed in their daily lives, this may explain the divergence in our results,
which show variability across different visual fields in our right-handed group and
a relatively flat trajectory in our left-handed group.

Conclusion

In conclusion, our findings highlight the relationship between handedness and
location in shaping participants’ valence perceptions. These results suggest that fu-
ture research on valence assessments should take these factors into account, espe-
cially in contexts where spatial location is relevant. Understanding these dynamics
may help clarify how individual characteristics influence subjective evaluations.
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Summary

The Body Specificity Hypothesis (BSH) suggests that individuals tend to associate posi-
tive evaluations with the space corresponding to their dominant hand and negative evalu-
ations with the non-dominant hand. Valence reinforcement effects, related to BSH, have
been demonstrated when stimuli are evaluated following lateral hand movements (e.g.,
dominant hand rightward—positive, non-dominant hand leftward—negative) on large
touchscreens and keyboards. However, limited research has explored how spatial stimuli
affect explicit valence judgments without motor responses. This study investigated the
impact of spatial placement across different visual fields on valence judgments of neu-
tral images, comparing right- and left-handed individuals. Thirty participants (15 right-
handed, 15 left-handed) rated neutral images displayed in the center, right, or left visual
field using a 9-point Likert scale. Two experimental sessions were conducted, separated
by a 3-week washout period. The first session measured baseline valence evaluations (VE)
with images presented centrally, while the second session randomized the images to the
left and right visual fields. Results revealed that left-handers tended to assign higher VE
to images located in the left visual field (LVF) compared to the center visual field (CVF;
p = .02), while right-handers rated images in the LVF more negatively than those in
the CVF (p = .007). Additionally, left-handed participants exhibited a flatter pattern
across spatial placements. These findings may suggest that body-specific associations are
stronger in right-handed individuals, while left-handers may show reduced sensitivity to
body-specific associations, due to the predominance of right-handed design in digital
technologies.

Keywords: Body Specificity, Affective valence, Embodied cognition.

Zusammenfassung

Die Body Specificity Hypothesis (BSH) legt nahe, dass Individuen positive Bewertungen
mit dem Raum ihrer dominanten Hand und negative Bewertungen mit dem Raum ihrer
nicht-dominanten Hand assoziieren. Valenzverstirkungseffekte, die mit der BSH in
Verbindung stehen, wurden beobachtet, wenn Stimuli nach seitlichen Handbewegungen
bewertet wurden (z. B. dominierte Hand nach rechts—positiv, nicht-dominierte Hand
nach links—negativ) auf groflen Touchscreens und Tastaturen. Allerdings gibt es nur be-
grenzte Forschung dartiber, wie riumliche Stimuli explizite Valenzurteile ohne motorische
Reaktionen beeinflussen. Diese Studie untersucht den Einfluss der riumlichen Platzierung
in verschiedenen visuellen Feldern auf die Valenzurteile neutraler Bilder und vergleicht
dabei rechtshindige und linkshindige Individuen. Dreiflig Teilnehmer (15 rechtshin-
dig, 15 linkshindig) bewerteten neutrale Bilder, die in der Mitte, rechts oder links im
Sichtfeld angezeigt wurden, mithilfe einer 9-Punkte-Likert-Skala. Es wurden zwei ex-
perimentelle Sitzungen durchgefiihrt, die durch einen dreiwéchigen Washout-Zeitraum
voneinander getrennt waren. In der ersten Sitzung wurden die Basis-Valenzbewertungen
(VE) mit zentral angezeigten Bildern gemessen, wihrend in der zweiten Sitzung die
Bilder zufillig im linken und rechten Sichtfeld prisentiert wurden. Ein lineares gemis-
chtes Modell zeigte cine signifikante Interaktion zwischen riumlicher Platzierung und
Hindigkeit. Linkshinder neigten dazu, héheren VEs fiir Bilder im linken Sichtfeld (LVF)
im Vergleich zur Mitte (CVF) zuzuordnen (p = .02), wihrend Rechtshinder Bilder im
LVF negativer bewerteten als die in der Mitte (p = .007). Dariiber hinaus zeigten linkshin-
dige Teilnehmer eine konsistentere, flachere Reaktion tiber die riumlichen Platzierungen
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hinweg. Diese Ergebnisse deuten darauf hin, dass korperliche spezifische Assoziationen
bei rechtshindigen Individuen stirker ausgeprigt sind, wihrend Linkshinder méglicher-
weise eine reduzierte Sensitivitit gegeniiber riumlichen Manipulationen aufweisen. Dies
kénnte mit der Dominanz des rechtsseitigen Designs in digitalen Technologien zusam-
menhingen, was die korperlich spezifischen Assoziationen bei linkshindigen Nutzern
abschwichen konnte.

Schlagwérter: Korperspezifitit, Affektive Valenz, Verkorperte Kognition.
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