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Abstract

Embodiment of action-related language into the motor system has been extensively
documented. Yet the case of sensory words, especially referring to touch, remains overlooked.
We investigated the influence of verbs denoting tactile sensations on tactile perception. In
Experiment 1, participants detected tactile stimulations on their forearm, preceded by tactile or
non-tactile verbs by one of three delays (170, 350, 500ms) reflecting different word processing
stages. Results revealed shorter reaction times to tactile stimulations following tactile than non-
tactile verbs, irrespective of delay. To ensure that priming pertained to tactile, and not motor,
verb properties, Experiment 2 compared the impact of tactile verbs to both action and non-
tactile verbs, while stimulations were delivered on the index finger. No priming emerged
following action verbs, therefore not supporting the motor-grounded interpretation. Facilitation
by tactile verbs was however not observed, possibly owing to methodological changes.
Experiment 3, identical to Experiment 2 except that stimulation was delivered to participants’
forearm, replicated the priming effect. Importantly, tactile stimulations were detected faster
after tactile than after both non-tactile and action verbs, indicating that verbs’ tactile properties
engaged resources shared with sensory perception. Our findings suggest that language
conveying tactile information can activate somatosensory representations and subsequently

promote tactile detection.
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1. Introduction

Theories framing human cognition within the context of the limits and opportunities offered by
the human body, have received an ever growing attention over the last couple of decades.
Embodied Cognition theories indeed consider high-level cognitive processes, such as language,
as relying on broadly distributed neural networks shaped by the interactions of our body with
the environment (Barsalou, 2010; Gallese & Lakoff, 2005). Accordingly, linguistic processes
do not only engage core language-specific perisylvian areas, but are also grounded in the
sensorimotor systems. Understanding word meaning would entail re-instantiation of the sensory
and motor states experienced when first encountering words (Barsalou, 2008; Fischer & Zwaan,
2008; Pulvermuller, 2005). An overwhelming amount of work has provided substantial
evidence for sensorimotor cortical activations during semantic processing of words and
sentences. Most of this evidence comes from research on words denoting bodily actions (e.g.,
draw, kick), which offered the opportunity to investigate the functional links between language
processing and the motor system. Since the seminal work by Hauk and colleagues (Hauk,
Johnsrude, & Pulvermller, 2004) in functional Magnetic Resonance Imaging (fMRI), several
neuroimaging and behavioral studies reported that (pre)motor brain regions are called upon
during processing of action words, either in isolation or embedded in a sentential context,
whether literal or figurative (Boulenger, Hauk, & Pulvermdller, 2009; Desai, Binder, Conant,
Mano, & Seidenberg, 2011; Fargier et al., 2012; Glenberg & Kaschak, 2002; Pérez-Gay Juérez,
Labrecque, & Frak, 2019; Postle, McMahon, Ashton, Meredith, & de Zubicaray, 2008;
Pulvermdiller, Hauk, Nikulin, & IImoniemi, 2005; Rueschemeyer, Lindemann, van Rooij, van
Dam, & Bekkering, 2010; Tettamanti et al., 2005; Tremblay & Small, 2011; Vukovic, Feurra,
Shpektor, Myachykov, & Shtyrov, 2017; Willems, Toni, Hagoort, & Casasanto, 2010).
Moreover, kinematic recordings of grasping movements indicated that reading action verbs can
interfere with concurrent movement execution. This crosstalk turned to facilitation when action
words were displayed before movement onset, underlining the existence of shared neural
resources between the two processes (Boulenger et al., 2006; Boulenger, Silber, et al., 2008).
Despite flourishing support for motor activity during action word processing, the issue of its
functional relevance to language understanding, namely whether motor regions are integral part
of the comprehension network or not, remains controversial (Hauk & Tschentscher, 2013,;
Hickok, 2010; Mahon, 2015; Mahon & Caramazza, 2005; Pulvermuller, 2005; Pulvermiller &
Fadiga, 2010). Studies using electro/magnetoencephalography (EEG/MEG) reported early

(within 200ms) and/or automatic motor resonance during action word processing, suggesting
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an involvement of motor circuits in lexico-semantic retrieval (Boulenger, Shtyrov, &
Pulvermuller, 2012; Hauk, Davis, Kherif, & Pulvermdiller, 2008; Mollo, Pulvermuller, & Hauk,
2016; Moseley, Pulvermiller, & Shtyrov, 2013; Shtyrov, Butorina, Nikolaeva, & Stroganova,
2014; van EIk, van Schie, Zwaan, & Bekkering, 2010). Other studies have however challenged
the irrepressible nature of language-related motor activation and showed that this varies with
context and occurs only when task-relevant (Aravena et al., 2014, 2012; Gianelli, Farne,
Salemme, Jeannerod, & Roy, 2011; van Dam, Rueschemeyer, & Bekkering, 2010). A
Transcranial Magnetic Stimulation (TMS) study by Papeo and colleagues (Papeo, Vallesi, Isaja,
& Rumiati, 2009) demonstrated that motor cortex activity, as reflected by motor-evoked
potentials from hand muscles, increased in a semantic task but not in a lexical syllabic-
segmentation task. In addition, this motor modulation was observed when the motor cortex was
stimulated at post-conceptual stages of word recognition, namely 500ms after word onset, but
not at 170 and 350ms post-onset. Studies in patients suffering from motor disorders have also
emphasized that motor regions functionally contribute, but are not mandatory, to action word
recognition (Bak, O’Donovan, Xuereb, Boniface, & Hodges, 2001; Boulenger, Mechtouff, et
al., 2008; Desai, Herter, Riccardi, Rorden, & Fridriksson, 2015; Fernandino et al., 2013; Papeo
et al., 2015). Hence, sensorimotor regions would likely supplement language understanding by
providing enriched multimodal information, without being strictly necessary.

As previously outlined, embodied theories primarily found support from studies investigating
the processing of words referring to actions. Other studies have endeavored to examine
interactions between perceptual word processing and neural circuits for perception (Pecher,
Zeelenberg, & Barsalou, 2004; Pulvermiiller & Hauk, 2006; Richardson, Spivey, Barsalou, &
McRae, 2003; Simmons et al., 2007; Vermeulen, Corneille, & Niedenthal, 2008; Vermeulen,
Mermillod, Godefroid, & Corneille, 2009). Kaschak and colleagues (Kaschak et al., 2005)
asked participants to make sensibility or grammaticality judgements on sentences describing
visual motion (upward, downward, towards or away; e.g., ‘The cat climbed the tree’ or ‘The
car approached you’) while simultaneously viewing visual stimuli depicting either congruent
or incongruent motion. In both tasks, reaction times were longer in the congruent condition,
that is, when visual motion was in the same direction as the linguistically-described motion.
The authors proposed that the involvement of neural mechanisms to process motion in a
particular direction prevented them to be fully available for motion simulation in the language
comprehension task, thus leading to an interference effect (see also Kaschak, Zwaan, Aveyard,
& Yaxley, 2006). Such an influence of visual motion on language comprehension has also been

corroborated by others (Meteyard, Zokaei, Bahrami, & Vigliocco, 2008; Zwaan & Taylor,
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2006). Yet, evidence for the embodiment of language in the perceptual system is scarcer if one
looks at sensory modalities other than vision. In two fMRI and EEG experiments, Kiefer and
colleagues (Kiefer, Sim, Herrnberger, Grothe & Hoenig, 2008) demonstrated overlapping early
(150-200ms) activation of associative auditory areas (left posterior superior and middle
temporal gyri) for processing words associated with acoustic features (e.g., telephone) and for
actual sound perception (see also Brunyé, Ditman, Mahoney, Walters, & Taylor, 2010).
Another fMRI study reported activity in the primary olfactory cortex - encompassing the
piriform cortex and the amygdala - during reading of odor-related words (e.g., cinnamon)
(Gonzélez et al., 2006). In the same vein, Barros-Loscertales and colleagues (Barros-
Loscertales et al., 2012) showed that taste-related words such as “salt” sparked the primary and
secondary gustatory cortices.

To date, crosstalk between language processing and the tactile sensory modality has barely been
investigated. Among the rare studies, Connell and collaborators (Connell, Lynott, & Dreyer,
2012) demonstrated that tactile (from vibrating cushions) or proprioceptive stimulation (from
holding a ball) on the hands facilitated size judgement on object names, as compared to
stimulation on the feet. Importantly, this effect was only found for small, manipulable objects
for which such perceptual information is functionally relevant. This led the authors to conclude
that body-specific tactile and proprioceptive information contributes to conceptual
representations of objects. Evidence that perceptual experiences are reactivated during language
comprehension also comes from the work by Brunyé and colleagues (Brunyé et al., 2012). They
showed that reading sentences conveying texture-specific tactile properties influences tactile
perception. Participants rated fabrics as smoother after reading smooth-related sentences (e.g.,
“Karen tied a long silk ribbon onto her gifts””) whereas they provided rougher ratings following
rough-related sentences (e.g., “Karen touched the grainy sandpaper”). Brunyé et al. (2012)
designed a task that required participants to categorize the texture of fabrics, thus relying on
conceptual processing which may have overlapped with sentence semantic processing.

In the present study, we sought to further assess the hypothesis of the crosstalk between
language and somatosensation. To this aim, we devised a paradigm to test whether tactile-
related verbs can affect tactile detection. We specifically asked whether processing verbs
referring to tactile properties (e.g., to touch) can impact the perceptual processing of tactile
stimuli in a simple stimulus-detection task. We report on three behavioral experiments wherein
verbs conveying tactile sensation, or not (i.e. controls), were visually displayed to participants
and could be followed by a tactile stimulation on their right forearm (Experiments 1 and 3) or

index finger (Experiment 2). Tactile stimulation was delivered at one of three delays following
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verb onset (170, 350 and 500ms) thought to reflect the multistage nature of word processing
(Barber & Kutas, 2007; Bentin, Mouchetant-Rostaing, Giard, Echallier, & Pernier, 1999; Hauk,
Davis, Ford, Pulvermiller, & Marslen-Wilson, 2006; Papeo et al., 2009). We predicted that, if
tactile-related language processing involves somatosensory processing, tactile verbs, as
compared to non-tactile verbs, would affect detection of tactile stimuli in terms of response
times and/or accuracy. In line with findings that motor activation to action-related verbs occurs
early (Boulenger et al., 2012; Hauk et al., 2008; van Dam et al., 2010), such an effect might
already be observed at 170ms, namely during word lexico-semantic retrieval. Alternatively, if
somatosensory brain regions are called upon during later, post-conceptual stages of word
recognition (i.e. mental imagery) (Papeo et al., 2009; Tomasino, Fink, Sparing, Dafotakis, &
Weiss, 2008), influence of tactile verbs on touch detection would only occur at the longest

500ms delay.

2. Experiment 1

2.1. Materials and Methods

2.1.1. Participants
Twenty-one healthy French native participants (9 females, age range = 18-36 years old, mean
age = 23, mean score +SD from the Edinburgh handedness inventory = 70£25, Oldfield, 1971)
took part in the experiment. All had normal or corrected-to-normal vision and reported no
language, motor, tactile or any other neurological disorders. They were naive to the purpose of
the study. The protocol conformed to the declaration of Helsinki and was approved by the
national ethics committee (CPP SUD-EST IV 11/005). All participants gave their written

inform consent and were paid for their participation.

2.1.2. Stimuli

Two lists of 12 French verbs each were created: tactile verbs referred to painless tactile
sensation (e.g., “toucher”/to touch) whereas non-tactile verbs did not (e.g., “remplacer”/to
replace). All verbs were transitive and presented in the infinitive form. The two lists were
matched for psycholinguistic variables such as written and oral word frequencies, numbers of
letters and syllables, as well as numbers of homophones, homographs and orthographic
neighbors (see Table S1 in Appendix) taken from the Lexique 3 database (New, Pallier,
Brysbaert, & Ferrand, 2004; New, Pallier, Ferrand, & Matos, 2001).



Tactile stimulations consisted in short-duration (100us), painless electrocutaneous pulses
delivered by a constant current stimulator (Digitimer DS7A) through two disposable electrodes
located (1 cm away) on the volar surface of participants’ right forearm. Stimulation intensity
was set individually to obtain about 100% detection prior to the experimental session (intensity
range = 2-9.6mA).

2.1.3. Procedure

Participants were comfortably seated in front of a computer screen, with their right arm resting
on a cushion, palm upwards, and their left hand placed on a keyboard. Verbs were presented 10
times each (for a total of 240 trials) on the computer screen and were followed, in 90% of the
trials, by a tactile stimulation delivered on the participant’s right forearm (10% of catch trials,
whereby no tactile stimulus was delivered). Tactile and non-tactile verbs were presented in a
pseudo-random order (different for each participant), with no more than two consecutive
presentations of the same verb and three consecutive trials from the same condition (tactile,
non-tactile or catch trials).

Each trial started with a white fixation cross presented at the center of a black screen for 500ms,
followed by a verb (in lowercase) that lasted between 970 and 1500ms. When present, tactile
stimulation occurred at one of three possible delays following verb onset: 170, 350 or 500ms
(Figure 1). Verbs remained on the screen for 800ms or 1000ms after the tactile stimulus had
been delivered (i.e. six possible verb display durations: 970, 1150, 1170, 1350, 1300, 1500ms).
For 9 out of 10 repetitions, each tactile and non-tactile verb was associated three times with
each of the three stimulation delays, leading to a total of 36 (12x3) tactile trials and 36 (12x3)
non-tactile trials for each delay. When verbs were not associated with a tactile stimulation (1
out of 10 repetitions, 12 tactile and 12 non-tactile trials), they remained on the screen for 970
or 1500ms. Participants were instructed that they would see task-irrelevant words on the screen
and that their task was to focus on touch perception and press the space bar of the keyboard
with their left index finger as quickly as possible whenever they felt a tactile stimulus on their
right forearm. The next trial automatically began after a varying delay of either 800 or 1300 ms
(black screen). The experiment was conducted with Presentation software

(http://www.neurobs.com/) and lasted about 10 min. Reaction Times (RTs) were measured as

the time interval (in ms) between the onset of the electrical pulse and the participants’ key press.

Accuracy was assessed as the number of correct detections of the tactile stimuli.


http://www.neurobs.com/

Tactile stimulation
170 ms "

350 ms

970 to
1500ms

Figure 1: Experimental procedure used in the three experiments. After the display of a fixation
cross for 500ms, a verb was presented on the screen for a duration of 970 to 1500ms. This verb could
either be a tactile, a non-tactile or an action verb (in Experiments 2 and 3 for the latter). A tactile
stimulation was then delivered on participants’ right forearm (Experiments 1 and 3) or right index finger
(Experiment 2). This stimulation was delivered in 90% of the trials and occurred at one of three possible
delays following verb onset: 170, 350 or 500ms. Participants were instructed to focus on touch
perception and press the space bar of the keyboard with their left index finger as quickly as possible
whenever they felt a tactile stimulus on their forearm or index finger. The next trial automatically began
after a delay of 800 or 1300ms.

2.1.4. Statistics

Linear mixed model analyses were conducted with the R program for statistical computing (R
Core Team, 2018) on participants’ individual raw RTs (on correct responses only, for the 90%
of trials accompanied by tactile stimulation). We used Ime4 (Bates, Machler, Bolker, & Walker,
2015), ImerTest (Kuznetsova, Brockhoff, & Christensen, 2017) and car (Fox & Weisberg,
2011) packages. The package “car” was used to obtain main effects from the output of “lme4”.
We modelled the data to analyze the effects of Stimulation Delay (170ms vs 350ms vs 500ms)
and Verb Category (tactile vs non-tactile) as well as their potential interaction, while taking into
account the variability between subjects and items as well as the fact that each item was repeated
10 times during the experiment (i.e. Repetition effect). An analysis of variance showed that the
model including Subjects, Items and Repetition as random effects ((1|Subjects) + (1|ltems) +
(1|Repetition), Akaike Information Criterion AIC = 38811) fitted the data significantly better
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than the model including Subjects only ((1|Subjects), AIC = 38824, (1) =17.26, p < .001).
Our model for analyzing raw RTs therefore included Stimulation Delay and Verb Category as
fixed factors, and Subjects, Items and Repetition as random effects. To check the robustness of
our results, we performed the same mixed model analysis on log-transformed RTs as well.
Finally, participants’ accuracy was analyzed with a binomial generalized linear mixed model
including the same fixed factors (i.e. Stimulation Delay and Verb Category) and random effects

(i.e. Subjects, Items and Repetition) as in the RT analysis.

2.2. Results

The analysis revealed a significant main effect of Stimulation Delay (¥3(2) =265.83, p < .001)
on raw RTs. Participants took more time to respond to the tactile stimuli when they were
delivered 170ms after verb onset (mean RT = 416ms £138) rather than after 350ms (362ms
+131; SE =4.53,t = 12.45, p <.001) and 500ms (347ms £129; SE = 4.55, t = 15.56, p < .001;
Figure 2A). RTs were also significantly longer in the 350ms condition as compared to the
500ms condition (SE = 4.38, t = 3.28, p =.001). Most interestingly, a significant main effect of
Verb Category was observed (¥3(1) = 3.82, p = .050). Participants detected tactile stimulation
earlier when preceded by tactile verbs (mean RT = 369ms £134) as opposed to non-tactile verbs
(mean RT = 378ms +137; Figure 3A). The two fixed factors did not significantly interact (y3(2)
= .873, p = .646). The same analysis on log RTs confirmed this pattern of results, namely
significant main effects of Stimulation Delay (y2(2) =325.50, p <.001) and Verb Category (33(1)
=5.06, p =.024), with no interaction between the two (y3(2) = 2.20, p = .332).

Participants’ accuracy was also significantly affected by the Delay between verb onset and
tactile stimulation (¥3(2) = 50.87, p <.001), with lower performance at the shortest 170ms delay
(mean score = 67.91% *46.7) than at 350ms (78.12% *41.3; SE = .094, z = 6.74, p < .001) and
500ms (75.90% +42.8; SE = .092, z = 5.24, p < .001). There was no significant difference
between the 350 and 500ms conditions (SE = .096, z = -1.55, p = .120). Verb Category did not
interact with Stimulation Delay (y?(1) =2.99, p =.223) nor affected participants’ accuracy (¥3(1)
= .003, p = .953). Mean scores were comparable for tactile stimulations preceded by tactile
verbs (74.0% £43.8) and non-tactile verbs (73.9% +43.9).
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Figure 2: Effect of Stimulation Delay on the detection of tactile stimulations in A) Experiment 1,
B) Experiment 2 and C) Experiment 3. Participants’ mean Reaction Times (RTs) to detect tactile
stimuli as a function of the delay between verb onset and tactile stimulation (170, 350 or 500ms). The
bold lines represent RTs averaged over all participants in each condition, standard errors are illustrated
by rectangles. Each dot represents the mean RT for one participant in the corresponding condition. *
indicate significant differences between conditions.

2.3. Summary of Experiment 1

Results of Experiment 1 reveal that, as compared to non-tactile verbs, verbs denoting tactile
sensations significantly boost tactile detection on the forearm. While this can be taken as
preliminary evidence in favor of a crosstalk between language and somatosensation, it should
be noted that the French tactile verbs used in this experiment do not only refer to perceptual
sensation, but also to manual actions. For instance, “toucher” (to touch) depicts both the action
of touching something/somebody and the tactile sensation evoked by touching. Accordingly,
the reported facilitation effect could pertain, at least in part, to the motor component of verbs
instead of their tactile properties per se. To tease apart the motor and tactile components of this
phenomenon, we conducted a second experiment wherein tactile verbs were compared both to
verbs denoting manual actions without any particular sensation (e.g., “arroser”/to water) and to
non-tactile verbs. In addition, we reasoned that if motor characteristics of tactile verbs primed
motor response to tactile stimuli in Experiment 1, the result should be even stronger when
stimulation is applied to the same effector as the one used to perform the depicted actions.
Along this view, facilitation (i.e. shorter RTs) should be observed both for tactile and action
verbs, with even stronger effects for the latter. To test this prediction, we delivered tactile

stimulations on participants’ right index finger (vs right forearm in Experiment 1).
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Alternatively, if tactile properties of verbs do underlie the facilitation effect observed in
Experiment 1, detection of tactile stimuli should be faster only in the tactile verb condition.

3. Experiment 2

3.1. Materials and Methods

3.1.1. Participants
Twenty-four healthy French native students from the University of Lyon (13 females, age range
= 19-28 years old, mean age = 22 years old; mean handedness score = 76 + 20) volunteered for
the experiment. None of them had participated in Experiment 1. They reported normal or
corrected-to-normal vision and no language, motor, tactile or neurological disorders. The
protocol conformed to the declaration of Helsinki and was approved by the national ethics
committee (CPP SUD-EST IV 11/005). All participants gave their written inform consent and
were paid for their participation.

3.1.2. Stimuli

The stimuli consisted in the 12 tactile verbs and 8 (out of 12) non-tactile verbs from Experiment
1. Note that four new non-tactile items without any motor nor tactile component were selected
(e.g., “guider”/to guide in Experiment 1 was replaced by “inciter”/to encourage). We
additionally created a list of 12 non-tactile action-related verbs referring to hand actions but
without evoking any strong tactile sensation (e.g., “arroser’’/to water). The three lists of verbs
were matched for the same psycholinguistic variables as in Experiment 1 (see Table S2 in
Appendix). The somatosensory-relatedness (tactile) and action-relatedness of the three
categories of verbs were assessed in a pilot rating study conducted in nineteen naive French
native speakers (different from the participants in Experiments 1 and 2). They were instructed
to read the 36 verbs and rate, on a 6-point scale, the strength with which each verb evokes a
tactile sensation and an action. ANOVAs revealed a significant main effect of Verb Category
on both dependent variables (somatosensory-relatedness: F(2,33) = 285.8, p < .001; action-
relatedness: F(2,33) = 160.9, p <.001; see Table S3 in Appendix). Tactile verbs were rated as
significantly more related to tactile sensation (mean = 4.28 +0.40) than action verbs (2.04 £0.59;

= -13.15, p < .001) and non-tactile (abstract) verbs (0.22 £0.14; t = -23.87, p < .001).
Conversely, action verbs were judged as more related to actions (4.27 +0.20) than non-tactile
verbs (1.88 £0.40; t = -16.46, p < .001) and tactile verbs (3.97 £0.42, although the difference
did not reach significance in this case, t = 2.05, p = .11).
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Verbs were accompanied by a tactile stimulation delivered through electrocutaneous pulses
using the same previously described material and procedures, except that electrodes were
placed on the second and third phalanxes of the participants’ right index finger (duration: 100us;
intensity range: 2.5 to 7.7mA). As in Experiment 1, this stimulation was delivered in 90% of

the trials and at three possible delays after verb onset (170, 350 or 500ms).

3.1.3. Procedure
The experimental procedure was identical to the one used in Experiment 1. At the end of the
experiment, participants were asked to rate the somatosensory- and action-relatedness of verbs
using the same procedure as described in the Methods section. The total duration of the

experiment was approximately 20min.

3.1.4. Statistics
Data from verb ratings were analyzed with ANOVAs including somatosensory- and action-
relatedness scores as dependent variables and Verb Category as the fixed factor. For the main
experiment, the same analyses as in Experiment 1 were carried out on participants’ individual
raw RTs to detect tactile stimulations, as well as on log transformed RTs, using linear mixed
models. Including Repetition of items with Subjects and Items as random effects significantly
improved the fit of the model (AIC value = 69476) as compared to when only the Subjects
effect was entered (AIC = 69487, ¥3(1) = 15.297, p < .001). The final model used to analyze
raw RTs and log RTs thus included Stimulation Delay (170, 350 and 500ms) and Verb Category
(tactile, non-tactile and action verbs) as fixed factors and Subjects, Items and Repetition as
random effects. Participants’ accuracy was analyzed with a binomial generalized mixed model

including the same factors.

3.2. Results

3.2.1.Rating scores

Analyses on participants’ verb ratings confirmed the main effect of Verb Category on word
somatosensory-relatedness (F(2,33) = 169.7, p <. 001). Tactile verbs were judged as
significantly more associated with tactile sensation (4.31 +£0.31) than both non-tactile (0.77
+0.32, t = -18.31, p < .001) and action verbs (2.21 £0.69, t = -10.86, p < .001). An effect of
Verb Category on word action-relatedness was also found (F(2,33) = 59.08, p < .001), with

action verbs being significantly more related to actions (3.65 +0.27) than tactile verbs (3.17
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+0.37; t = 3.32, p = .006) and non-tactile verbs (2.11 £0.41; t = -10.62, p < .001; see Table S3
in Appendix).

3.2.2. Tactile detection

The mixed model assessing verb influence on tactile detection revealed a significant main effect
of Stimulation Delay (y3(2) = 427.71, p < .001), with longer responses to tactile stimulation as
the delay from verb onset decreased. Mean RTs in the 170ms condition (mean = 464ms +156)
were significantly longer than those at 350ms (mean = 405ms £137; SE = 4.11,t = 15.16, p <
.001) and 500ms (mean = 389ms £129; SE = 4.08, t = 19.98, p <.001). The 350ms and 500ms
conditions also significantly differed from each other (SE = 3.96, t = 4.86, p <.001; Figure 2B).
Contrary to Experiment 1, no main effect of Verb Category was observed (y3(2) = 1.81, p =
.405), indicating that RTs to tactile stimuli did not differ when these stimuli were preceded by
tactile verbs (mean = 414ms +139), non-tactile verbs (mean = 419ms +147), or action verbs
(mean =418ms +145; Figure 3B). No interaction between the two fixed factors was found (y3(4)
= 244, p = .654). The same results were obtained on log-transformed RTs with only a
significant main effect of Stimulation Delay (y3(2) = 381.48, p <.001), whereas Verb Category
did not affect performance (2 (2) = .588, p =.745), nor interacted with Stimulation Delay (33(4)
=.497, p = .973).

The analysis on participant’s accuracy to detect tactile stimuli revealed a significant main effect
of Stimulation Delay (y3(2) = 93.67, p < .001), with lower scores at 170ms (mean score =
65.81% +47.44) than at 350ms (72.83% *44.48; SE = .065, z = 5.93, p < .001) and 500ms
(76.08% £42.67; SE =.067,z=8.75, p < .001). The 350 and 500ms conditions also significantly
differed from each other (SE = .068, z = 2.87, p = .004). Neither the interaction between
Stimulation Delay and Verb Category nor the main effect of Verb Category were significant
(¥¥(2) = 3.25, p =.197 and »3(4) = 1.57, p = .814 respectively). Participants’ accuracy to tactile
stimuli was comparable for tactile verbs (72.37% +44.72), non-tactile verbs (71.87% +44.96)
and action verbs (70.48% +45.61).

3.3. Summary of Experiment 2

Experiment 2 aimed at testing whether the priming effect from tactile verbs observed in
Experiment 1 could pertain to words’ motor properties instead of their tactile ones. The results

do not show any effect of verb category on tactile detection: as compared to non-tactile abstract
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verbs, neither tactile nor action verbs affected responses to tactile stimulations on the index
finger. Such a pattern does not conform to the predictions of a previous motor-grounded effect.
Indeed, despite the stimulation of the index finger may have enhanced the motor bias in
Experiment 2, motor response to tactile stimulations was not facilitated when action verbs
(conveying tactile sensation or not) were displayed. Altogether, it would therefore be tempting
to conclude that tactile detection was faster following tactile verbs in Experiment 1 because
words’ tactile properties per se triggered somatosensory representations that are shared with
sensory perception. However, this facilitation effect was not replicated in Experiment 2. This
was unexpected as verb ratings performed by two independent groups of participants (including
those in Experiment 2) highlighted that tactile verbs were indeed more highly associated with
tactile sensation than the two other verb categories. The semantic distinction between tactile
and non-tactile verbs was furthermore sharpened in Experiment 2 as the non-tactile condition
only included abstract verbs that did not evoke any action nor tactile sensation. Such lack of
priming by tactile verbs in Experiment 2 may pertain to methodological considerations, and
particularly to the change of stimulation site from the right forearm to the right index finger. As
discussed before, this aimed at verifying whether the priming effect resulted from (hand) action
rather than tactile properties of verbs. Tactile sensitivity, as measured with two-point
discrimination tasks for instance, tends to be lower on the fingers than on the volar surface of
the forearm (Mancini et al., 2014; Morioka, Whitehouse, & Griffin, 2008; Tong, Mao, &
Goldreich, 2013; Weinstein, 1968). Yet, mean reaction times to detect tactile stimulations were
generally longer in Experiment 2 (stimulation delivered on the index finger; overall mean RT
= 418.35ms +68.1) than in Experiment 1 (stimulation on the forearm; overall mean RT =
370.75ms +82.8, t(38) = -2.076, p = .045). It is therefore possible that overall longer RTs may
have lowered task sensitivity, in turn preventing the priming effect by tactile verbs to emerge.
To verify this interpretation, we conducted a third experiment which was entirely similar to
Experiment 2 except that tactile stimulations were delivered on participants’ right forearm, as
in Experiment 1. If the priming effect by tactile verbs vanished in Experiment 2 because
stimulating the index finger lowered task sensitivity, applying the stimulation again to the
forearm should restore the effect: tactile stimulations should be detected faster when preceded

by tactile verbs, as compared to non-tactile and action verbs.
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Figure 3: Effect of Verb Category on the detection of tactile stimulations in A) Experiment 1, B)
Experiment 2 and C) Experiment 3. Mean RTs of participants to detect tactile stimulations when they
were preceded by non-tactile, tactile and action verbs depending on the experiment. The group mean,
individual RTs and standard errors in each condition are represented by bold lines, dots and rectangles

respectively. * stand for significant differences between conditions.

4. Experiment 3

4.1. Materials and Methods

4.1.1. Participants
A new group of twenty-four healthy right-handed French native participants (age range = 18-
30 years old)?, also recruited from the student population of the University of Lyon, volunteered
for the experiment. They reported normal or corrected-to-normal vision and no language,
motor, tactile or neurological disorders. The protocol conformed to the declaration of Helsinki
and was approved by the national ethics committee (CPP SUD-EST IV 11/005). All participants

gave their written inform consent and were paid for their participation.

4.1.2. Stimuli, procedure and statistics
The stimuli and experimental procedure were identical to those in Experiment 2 except that the
tactile stimulation was delivered on the participant’s right forearm as in Experiment 1. For verb
ratings, ANOVAs were conducted on somatosensory- and action-relatedness variables

including Verb Category as the fixed factor. Mixed model analyses were used to assess the

1 Due to the closure of the laboratory because of Covid-19 containment measures, we are unable to provide some
of the information regarding participants. Please note that these participants were recruited according to the same
criteria as in the two previous experiments (aged between 18 and 30 years old; right-handed as assessed with the
Edinburgh handedness inventory, Oldfield, 1971).
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influence of Stimulation Delay and Verb Category on participants’ RTs to detect tactile
stimulations. Analyses of variance showed that the data were best modelled when including
Subjects, Items and Repetition as random effects (AIC = 80327) than when considering
Subjects only (AIC = 80357, y3(1) = 33.66, p <.001). The model used to analyze raw RTs and
log RTs therefore included Stimulation Delay (170, 350 and 500ms) and Verb Category (tactile,
non-tactile and action verbs) as fixed factors and Subjects, Items and Repetition as random
effects. The same factors and effects were entered in the binomial generalized mixed model

used to analyze participants’ accuracy to detect tactile stimulation.

4.2. Results

4.2.1.Rating scores

ANOVAs on verb ratings showed that Verb Category significantly affected the way participants
evaluated word somatosensory-relatedness (F(2,33) = 231.9, p <. 001). They judged tactile
verbs as significantly more related to tactile sensation (4.48 £0.19) than non-tactile (0.62 £0.27,
t =-21.28, p < .001) and action verbs (2.03 £0.69, t = -13.48, p < .001). An effect of Verb
Category on word action-relatedness was also observed (F(2,33) = 114.6, p <.001): action verbs
were significantly more associated with actions (3.78 +0.35) than tactile verbs (3.38 £0.42; t =
2.63, p = .033) and non-tactile verbs (1.62 £0.33; t = -14.23, p < .001; see Table S3 in
Appendix).

4.2.2. Tactile detection
Mixed model analyses revealed a significant main effect of Stimulation Delay (¥?(2) = 540.41,
p <.001), with longer responses to tactile stimulation for shorter delays between verb onset and
stimulation. Participants took more time to detect the stimulation at 170ms (mean = 409ms
+121) than at 350ms (mean = 356ms +111; SE = 3.03, t = 17.96, p <.001) and 500ms (mean =
346ms +£108; SE = 3.02,t = 21.99, p <.001; Figure 2C). The 350ms and 500ms conditions also
significantly differed from each other (SE = 2.95, t = 4.10, p < .001). Most importantly, a
significant effect of Verb Category was found (y2(2) = 39.63, p <.001; Figure 3C): participants
exhibited shorter RTs to tactile stimulations when preceded by tactile verbs (mean = 358ms +
108) than by both non-tactile (mean = 374ms +120; SE = 2.99, t = 5.26, p < .001) and action
verbs (mean = 376ms +£120; SE = 2.99, t = 5.56, p < .001). Moreover, RTs in the non-tactile
and action verbs conditions did not significantly differ from each other (SE = 2.99, t =-0.31, p
= .754). The Stimulation Delay x Verb Category interaction was not significant (y(4) = 6.89,
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p =.141). The analysis on log-transformed RTs confirmed the overall pattern with significant
main effects of Stimulation Delay (y3(2) = 671.53, p <.001) and Verb Category (y3(2) = 38.97,
p < .001) and lack of interaction between the two factors although barely significant (32(4) =
9.24, p =.055).

The mixed model applied to participants’ accuracy only revealed a significant effect of
Stimulation Delay (¥3(2) = 128.71, p < .001): participants detected tactile stimulations more
accurately when they followed action verb onset from 350ms (mean = 88.32% +32.11; SE =
0.08, z = 8.83, p <.001) and 500ms (mean = 89.14% +31.11; SE = .08,z =9.74, p <.001) than
from 170ms (mean = 79.88% +40.10). There was no significant difference between the 350ms
and 500ms conditions (SE = .09, z =.976, p =.329). Verb Category did not significantly interact
with Stimulation Delay (y3(4) = .428, p =.980) nor affected participants’ accuracy (¥3(2) = 1.23,
p = .540). The tactile stimulations were detected with the same accuracy when tactile verbs
(mean = 85.59% +35.11), non-tactile verbs (mean = 86.32% +34.36) and action verbs (mean =
85.42% £35.29) were displayed.

5. Discussion

The present study sought to test the hypothesis that language could be cognitively embodied
into the tactile modality. Embodied cognition theories, indeed, would predict that
somatosensation may also contribute to ground language comprehension, but this prediction
has scarcely been examined so far. To fill this gap, we assessed whether processing of verbs
describing tactile sensation, as opposed to non-tactile verbs (Experiments 1 to 3) and action
verbs (Experiments 2 and 3), specifically affects the detection of tactile stimuli. By varying the
delay between verb onset and tactile stimulation, we furthermore examined whether such
crosstalk may occur at the lexico-semantic stage of word retrieval or later, during post-
conceptual processing.

Results from the three experiments first show that performance to detect tactile stimulations
decreased, as reflected by longer reaction times and lower accuracy, when tactile stimuli
followed verb onset with a short delay of 170ms relative to 350 and 500ms. Reaction times
were also longer at 350ms than at 500ms, and this was observed independently of verb category.
Lexico-semantic access during written word processing is thought to occur within 150-200ms
after word onset (Barber & Kutas, 2007; Bentin et al., 1999; Hauk et al., 2006). The longer

reaction times and lower accuracy for the 170ms delay could thus indicate substantial cognitive
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cost when lexical access occurred simultaneously with the processing of tactile stimulations.
Alternatively, this pattern may also reflect general expectancy effects (Hobeika, Taffou,
Carpentier, Warusfel, & Viaud-Delmon, 2019; Kandula, VVan der Stoep, Hofman, & Dijkerman,
2017; Naatanen, 1970; Umbach, Schwager, Frensch, & Gaschler, 2012). The longer the delay,
the more confident participants were that the tactile stimulation was about to be delivered, hence
shortening reactions times and increasing accuracy for tactile detection.

Most interestingly for the purposes of the present study, Experiments 1 and 3 revealed a priming
effect of tactile verbs on tactile detection: participants from two different groups were
respectively 9ms and 16ms faster in responding to tactile stimulations delivered on their
forearm when tactile vs non-tactile verbs were displayed. These findings provide new support
for the embodiment of language into the perceptual system (Barsalou, 1999, 2008) and more
specifically into tactile perception. As outlined in the Introduction, only few studies have
investigated the interactions between linguistic processes and somatosensation, and when they
did, the designed tasks usually relied on conceptual processing (evaluation of textures in Brunyé
et al., 2012; object size judgement in Connell et al., 2012). Here we show that processing of
verbs referring to tactile sensations boosts relatively low-level aspects of tactile perception, thus
suggesting that word representations and perceptual processing may share common neural
resources (see van Dantzig, Pecher, Zeelenberg, & Barsalou, 2008 for an effect from perceptual
processing to conceptual processing using visual, auditory and tactile stimuli). Our results are
in line with the study by Meteyard and collaborators (Meteyard, Bahrami, & Vigliocco, 2007)
in the visual domain showing modulation of low-level visual processes by motion words. In
their work, listening to upward or downward motion verbs (e.g., ‘rise’ vs ‘fall’) decreased
participant’s sensitivity to visual motion patterns when these did not match the direction of
motion expressed by words. The authors suggested that motion word processing activated low-
level sensory brain regions and thus interfered with detection of incongruent motion stimuli.
Along the same line, Ostarek and Huettig (2017) reported that spoken object words triggered
low-level visual representations and consequently facilitated the detection of object pictures
that were otherwise invisible in a continuous flash suppression paradigm. By varying the delay
between word and picture onset, they furthermore showed that this effect occurred within 200-
400ms post-word onset, thus suggesting that low-level visual attributes are accessed rapidly
from language input. In agreement with these studies, Goldberg and colleagues (Goldberg,
Perfetti, & Schneider, 2006) demonstrated that retrieving gustatory, auditory, visual and tactile
knowledge from words in a property verification task activated brain regions that encode these

sensory experiences (see also Simmons, Pecher, Hamann, Zeelenberg, & Barsalou, 2003). In
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particular, deciding whether a word was associated with the property “soft” recruited the left
somatosensory and (pre)motor cortices. Accordingly, the priming effect reported in our
Experiments 1 and 3 may have emerged because viewing tactile-related verbs pre-activated
somatosensory - and possibly motor - regions to the point it facilitated subsequent detection of
tactile stimuli. As indicated by the lack of interaction with stimulation delay, this tactile
advantage does not seem to depend on a specific word processing stage. This suggests that brain
sensorimotor areas may be called upon early during word lexico-semantic access (Boulenger et
al., 2006, 2012; Hauk & Pulvermuller, 2004; Mollo et al., 2016; Ostarek & Huettig, 2017;
Shtyrov et al., 2014) and that this activation may persist at least until 500ms post-word onset
(see, for similarly late effects, Papeo et al., 2009). The priming effect observed despite no
explicit task was performed on verbs provides additional evidence that somatosensory
activation occurs independently of intentional access to words’ sensory properties (Connell &
Lynott, 2010; Shtyrov et al., 2014 for action words; Vermeulen et al., 2009).

The results of Experiment 2 however highlight that the benefit for tactile detection may depend
on the site of tactile stimulation. Experiment 2 was aimed at providing fine-grained
experimental control for one potential confound of Experiment 1, namely that tactile verbs also
evoke manual actions. To test this possibility, we added non-tactile action verbs to the two other
verb categories and most importantly, we delivered tactile stimulations on the effector used to
perform the linguistically-depicted actions, namely on the index finger of the right hand.
Changing tactile stimulation site, we did not replicate the effect of tactile verbs on tactile
detection. The fact that sensory priming by tactile verbs is not immune to methodological
changes could stem from processing specificities of touch-related words as compared to other
modality-specific words or to action words for which crosstalk with the motor system has been
reported in various paradigms. Alternatively, tactile processing per se could act differently from
other modalities. Support from such an interpretation comes from studies showing tactile
disadvantage in perceptual processing, namely generally slower detection of tactile stimuli than
of visual and auditory targets (Spence, Nicholls, & Driver, 2001). Modality-shifting effects
(Spence & Driver, 1997; Sutton, Hakerem, Zubin, & Portnoy, 1961) are furthermore more
costly when touch is involved: participants’ responses are longer and less accurate when they
have to shift away from the tactile modality (to respond to an auditory or visual stimulus) or
toward this modality (while they attended another modality in the preceding trial) (Spence et
al., 2001; Turatto, Galfano, Bridgeman, & Umilta, 2004). This asymmetry between tactile and
visual/auditory processing has been described at the conceptual level as well. In a modality

detection task, Connell and collaborators (Connell & Lynott, 2010; Connell, Lynott, & Dreyer,
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2011) reported lower accuracy and slower responses to decide whether adjectives could be
experienced through touch rather than through either vision, smell, taste or audition. This was
also observed for bimodal words with both visual and tactile properties (e.g., fluffy): with the
same lexical items, participants were worse at processing information related to the sense of
touch than to the sense of sight. The authors proposed that tactile stimuli may suffer from weak
attentional endogenous control so that they would be more prone to disruption from other
modalities and thus more difficult to detect successfully. Overall, the available findings
therefore highlight modality-specific differences in both perceptual and conceptual processing
with a disadvantage for the tactile modality.

Although future studies are needed to directly compare touch to other modalities, the results of
Experiment 3 emphasize the sensitivity but also the robustness of the priming effect by tactile
verbs. In this experiment, delivering the tactile stimulation again to the participants’ forearm
was sufficient to restore the facilitation seen in Experiment 1. In both Experiments 2 and 3, we
added action verbs to abstract and tactile verbs, to examine whether verbs’ motor component,
instead of their tactile properties, may have facilitated tactile detection. In line with this
potential interpretation, Goldberg and coworkers (Goldberg et al., 2006) reported activation not
only in somatosensory but also in premotor and motor cortical regions for adjectives that evoke
tactile properties. Hence, priming in Experiment 1 could result from the recruitment of motor
regions which may have sped up manual responses to tactile stimulations. Findings from
Experiment 3 fully replicated and extended the facilitation exerted by tactile verbs processing.
Priming effects between tactile and non-tactile verbs were even stronger in Experiment 3
(16ms) than in Experiment 1 (9ms, despite overall comparable RTs, t(42) = .292, p = .772),
probably owing to the refinement of the non-tactile verb category to only include abstract verbs
as controls. Crucially, this third experiment revealed that tactile verbs significantly enhanced
tactile detection not only when they were compared to non-tactile, but also to action verbs, with
a 18ms advantage. Furthermore, rating scores witnessed that actions verbs were not primarily
associated with any tactile sensation. This provides solid arguments that somatosensory
semantic properties of tactile verbs, and not their motor component, underlie the faster detection
of tactile stimulations. In this view, tactile properties of words may have engaged the same
resources as those used for sensory perception, thus boosting tactile detection, an effect which
cannot be attributed to overall faster motor responses to verbs that evoke manual actions. The
fact that participants did not detect tactile stimulations faster when action verbs were displayed

as compared to non-tactile verbs also speaks against a motor-grounded facilitation.
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6. Conclusion

The present study brings new evidence in favor of the embodiment of language into perception
by showing that reading tactile-related verbs speeds up the detection of tactile stimulations as
compared to non-tactile and action verbs. As suggested by our third experiment, this facilitation
effect most probably arises from the tactile information carried by verbs rather than from their
motor properties. Beyond extending previous research, these findings demonstrate influence of
word lexico-semantic processing on low-level perceptual detection which has, to the best of our
knowledge, not been reported so far in the somatosensory modality. Tactile words can activate
somatosensory representations that are sufficiently low-level to enhance the mere detection of
tactile stimulations. Although these results provide evidence that the two processes may share
common neural substrates, our results also emphasize the fickleness of the newly reported
crosstalk, which could partly relate to a general tactile disadvantage in processing modality-
specific information. Future studies using different methodologies should further dig into this
issue given the importance of touch in our bodily interactions with the world and consequently

in the construction of grounded linguistic representations.
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Appendix

Table S1. Lists of tactile and non-tactile French verbs used in Experiment 1 together with their
corresponding psycholinguistic variables from Lexique 3 database (New, Pallier, Brysbaert, & Ferrand,
2004; New, Pallier, Ferrand, & Matos, 2001). Means and Standard deviations (SD) are reported for each
list. Oral Lex Freq = Oral lexical frequency; Writ Lex Freq = written lexical frequency; Nb letters =
number of letters; Nb Syll = number of syllables; Nb Homogr = number of homographs: Nb Homoph =
number of homophones; Nb Orth Neigh = number of orthographic neighbours. There were no significant

differences along these variables between the two lists as reported in the last line of the Table.

Oral Lex | Writ Lex Nb Nb Nb Nb Nb Orth
Freq Freq Letters Syll Homogr | Homoph Neigh

Tactile verbs
caresser 5.66 18.24 8 3 1 5 3
chatouiller 0.85 1.69 11 3 1 6 2
effleurer 0.62 4.59 9 3 1 6 3
froler 0.68 4.19 2 1 6 3
frotter 4,01 8.99 7 2 1 9 6
gratter 5.03 8.85 7 2 1 6 2
grattouiller 0.01 0 12 3 1 2 1
masser 2.98 2.09 6 2 1 8 9
palper 0.97 4.19 6 2 1 5 4
tater 1.94 5.74 5 2 1 4 6
toucher 49.43 56.15 7 2 2 12 8
tripoter 3.09 2.3 8 3 1 7 3
Mean 6.27 9.75 7.67 2.42 1.08 6.33 4.17
SD 13.72 15.39 2.10 0.51 0.29 2.53 2.52
Non-tactile verbs
blamer 4.37 2.03 6 2 1 6 2
découvrir 37.11 50.88 9 3 1 2 2
défier 3.92 4.39 6 2 1 5 6
délaisser 0.28 1.01 9 3 1 1 2
diriger 13.94 17.64 7 3 1 10 3
disputer 10.54 4.12 8 3 1 10 3
distraire 7.56 13.38 9 2 1 2
guider 7.29 6.76 6 2 1 6 2
héberger 2.8 2.7 8 3 1 2
menager 1.73 8.45 7 3 3 9 4
négliger 1.62 4.73 8 3 1 12 3
remplacer 22.95 18.38 9 3 1 6 2
Mean 9.69 11.01 7.67 .67 1.7 6.17 2.75
SD 11.31 14.47 1.23 0.49 0.58 3.61 1.22

F(1,22)=| F(1,22) = | F(1,22) < | F(1,22) = | F(1,22) = | F(1,22) = | F(1, 22) =
Statistics 413, .059, .001, 1.478, .200, .017, 3.083,

p=.527 | p=.810 p=1 p=.237 | p=.659 | p=.897 | p=.093
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Table S2. Lists of tactile, non-tactile and action verbs used in Experiments 2 and 3 along with their
corresponding psycholinguistic variables from Lexique 3 database. Means and Standard deviations (SD)
are reported for each list. The three lists did not significantly differ in terms of these variables as shown
by ANOVAs (see Table S1 for abbreviations).

Oral Lex | Writ Lex Nb Nb Nb Nb Nb Orth
Freq Freg Letters Syll Homogr | Homoph Neigh

Tactile verbs
caresser 5.66 18.24 8 3 1 5 3
chatouiller 0.85 1.69 11 3 1 6 2
effleurer 0.62 4,59 9 3 1 6 3
froler 0.68 4.19 6 2 1 6 3
frotter 4.01 8.99 7 2 1 9 6
gratter 5.03 8.85 7 2 1 6 2
grattouiller 0.01 0,00 12 3 1 2 1
masser 2.98 2.09 6 2 1 8 9
palper 0.97 4.19 6 2 1 5 4
tater 1.94 5.74 5 2 1 4 6
toucher 49.43 56.15 7 2 2 12 8
tripoter 3.09 2.3 8 3 1 7 3
Mean 6.27 9.75 7.67 2.42 1.08 6.33 4.17
SD 13.72 15.39 2.10 0.51 0.29 2.53 2.52
Non-tactile verbs
blamer 4.37 2.03 6 2 1 6 2
défier 3.92 4.39 6 2 1 5 6
délaisser 0.28 1.01 9 3 1 1 2
disputer 10.54 4.12 8 3 1 10 3
distraire 7.56 13.38 9 2 1 1 2
héberger 2.8 2.7 8 3 1 6 2
inciter 2.01 2.43 7 3 1 5 3
méditer 2.44 4.8 7 3 1 6 3
ménager 1.73 8.45 7 3 3 9 4
négliger 1.62 4.73 8 3 1 12 3
plaisanter 6.24 6.01 10 3 1 3 2
présenter 56.16 28.99 9 3 2 7 2
Mean 8.31 6.92 7.83 2.75 1.25 5.92 2.83
SD 15.35 7.70 1.27 0.45 0.62 3.34 1.19
Action verbs
amener 35.6 18.18 6 3 1 6 1
arroser 5.53 4.46 7 3 1 10 3
batir 5.62 8.24 5 2 1 3 5
déchirer 4.27 8.72 8 3 1 10 2
découper 4.36 4.93 8 3 1 10 3
éplucher 1.32 3.04 8 3 1 6 2
percer 6.19 11.22 6 2 1 9 5
renverser 7,00 7.64 9 3 1 10 2
scier 1.12 2.43 5 1 1 8 4
tricoter 1.37 3.11 8 3 1 6 3
verser 4.62 9.86 6 2 1 10 5
visser 1.45 0.88 6 2 1 10 6
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Mean 6.54 6.89 6.83 2.50 1,00 8.17 3.43

SD 9.39 4.82 1.34 0.67 0,00 2.37 1.56
F(2,33)=| F(2,33) = | F(2,33) = | F(2,33) = | F(2,33) = | F(2,33) = | F(2,33) =

Statistics 086, 304, 1.32, 1.17, 1.24, 2.22, 1.58,
p=.918 | p=.740 | p=.280 | p=.322 | p=.302 | p=.124 | p=.222
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Table S3. Rating results for the somatosensory- and action-relatedness of tactile, non-tactile and action
verbs used in Experiments 2 and 3. Ratings were performed on a 6-point scale from 0 to 5 (0: verb not
related at all to any tactile sensation/action; 5 = verb highly related to a tactile sensation/action). Rating
1 was done by 19 naive French volunteers (different from participants of the three experiments). Ratings
2 and 3 were carried out by the participants at the end of Experiments 2 and 3, respectively. Means and
Standard Deviations (SD) are reported for each verb list. In the three rating sessions, tactile verbs were
significantly more associated with tactile sensation than action verbs (rating 1: t = -13.15, p < .001;
rating 2: t = -10.86, p < .001; rating 3: t = -13.48, p < .001) and non-tactile verbs (rating 1: t = -23.87, p
< .001; rating 2: t = -18.31, p < .001; rating 3: t = -21.28, p < .001). Action verbs also significantly
evoked more tactile sensation that non-tactile verbs (rating 1: t = -23.87, p<.001; rating 2: t = -7.45,
p<.001; rating 3: t = -7.80, p < .001). As to action-relatedness, participants in the three ratings judged
action verbs to be more associated with actions than tactile verbs (rating 1: t = 2.05, p = .11, rating 2: t
=3.32, p =.006; rating 3: t = 2.63, p = .033) and non-tactile verbs (rating 1: t = -16.46, p < .001; rating
2:t=-10.62, p <.001; rating 3: t = -14.23, p < .001). Note that as expected, tactile verbs were also rated
as more action-related than non-tactile verbs (rating 1: t = -14.41, p < .001; rating 2: t = -7.30, p < .001;
rating 3: t =-11.59, p <.001).

Tactile Action Tactile Action Tactile Action
(ratingl) (ratingl) (rating2) (rating2) (rating3) (rating3)

Tactile Verbs

caresser 4.58 4.21 4.67 3.29 4.58 3.79
chatouiller 4.32 411 4.62 3.50 4.33 3.62
effleurer 411 3.42 4.37 2.75 4.67 2.87
froler 3.21 2.95 3.87 2.67 4.25 2.62
frotter 4.21 4.26 4.08 3.46 4.25 3.79
gratter 4.37 4.47 4.17 3.58 4.42 3.67
grattouiller 4.05 4.16 4.04 3.17 4.42 3.12
masser 4.68 4.32 4.75 3.75 4.83 3.92
palper 4.37 3.84 4.50 3.33 4.67 3.58
tater 4.32 3.79 3.96 2.67 4.25 3.29
toucher 4.79 411 4.62 2.96 4.62 2.87
tripoter 4.37 4.05 4.08 2.92 4.42 3.42
Mean 4.28 3.97 431 3.17 4.48 3.38
SD 0.40 0.43 0.31 0.37 0.19 0.42

Non-Tactile Verbs

blamer 0.11 2.16 0.29 2.04 0.62 1.59
défier 0.05 1.68 0.54 2.46 0.25 1.79
délaisser 0.11 1.74 0.62 1.83 0.50 1.67
disputer 0.26 2.26 0.92 2.29 0.62 1.79
distraire 0.05 2.05 1.29 2.46 1.00 1.75
héberger 0.16 1.79 0.54 242 0.50 1.37
inciter 0.32 1.89 0.58 2.17 0.46 1.42
méditer 0.42 2.05 1.33 1.87 1.21 1.50
ménager 0.42 1.47 0.83 1.71 0.79 1.24
négliger 0.16 1.05 0.50 1.17 0.46 1.08
plaisanter 0.32 1.79 0.96 2.62 0.58 2.04
présenter 0.37 2.63 0.83 2.25 0.42 2.25
Mean 0.22 1.88 0.77 2.11 0.62 1.62
SD 0.14 0.40 0.32 0.41 0.27 0.33

Non-Tactile Action Verbs
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amener 1.00 4.16 1.12 3.54 1.04 3.75
arroser 1.21 4.16 1.71 3.71 1.75 4.00
batir 1.84 411 1.54 3.75 1.50 3.25
déchirer 2.42 4.16 2.71 3.75 2.71 3.67
découper 2.26 421 2.37 3.42 1.62 3.79
éplucher 2.63 4.47 3.04 3.46 3.37 4.12
percer 2.63 4.42 3.04 3.96 2.62 3.67
renverser 1.95 4.05 1.96 3.54 1.92 3.08
scier 2.68 4.58 2.75 4.21 242 4.33
tricoter 2.32 4.05 3.00 3.21 2.50 4.12
verser 1.32 4.32 1.46 3.46 1.21 3.83
visser 2.26 4.58 1.83 3.83 1.71 3.75
Mean 2.04 4.27 2.21 3.65 2.03 3.78
SD 0.59 0.20 0.69 0.27 0.69 0.35

F(2,33) = F(2,33) = F(2,33) = F(2,33)= F(2,33) = F(2,33)=
Statistics 285.8, 160.9, 169.7, 59.08, 231.9, 114.6,

p <.001 p <.001 p <.001 p <.001 p <.001 p <.001

34




