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Abstract 
 
Existing evidence has shown that adjectives modulate the grasp compatibility effect elicited by 
object nouns. The aim of the present study was to investigate the role of syntax on the sensorimotor 
activation elicited by nouns in a grasp compatibility task.  We assessed two languages with different 
syntactic rules, Italian in Experiment 1 and English in Experiment 2. In both experiments, an 
adjective-noun pair was shown on the screen. The adjective was always in pre-nominal position and 
denoted either a disadvantageous quality of the object graspability (e.g., sharp) or the object colour 
(e.g., reddish). Participants had to categorize the object nouns as natural or artifact, performing a 
precision or a power reach-to-grasp movement. On different trials, the grasp response was 
compatible or incompatible with the grip typically used to manipulate the object indicated by the 
noun. In Experiment 1 (Italian language) the adjective-noun order violated the syntactic order and 
no difference emerged between reaction times on compatible and incompatible trials (no grasp 
compatibility effect). In Experiment 2 (English language), the adjective-noun order followed the 
syntactic rule. Results showed a grasp compatibility effect when a colour adjective was presented 
before a natural object noun. When a disadvantageous adjective preceded an artifact or a natural 
object noun, an inverted grasp-compatibility effect emerged with slower responses on compatible 
than incompatible trials. Taken together, these findings suggest that adjectives can shape the 
sensorimotor activation elicited by nouns of graspable objects, only when the syntax is correct. 
Results are discussed with respect to embodied cognition theories.  
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1. Introduction  
 

Connections between action and perception have been widely demonstrated in many studies 
using the grasp compatibility task (e.g., Bub & Masson, 2010; Ellis & Tucker, 2000; Grèzes et al., 
2003; Makris et al., 2011; Rounis et al., 2018; Vainio et al., 2008). This task requires participants to 
categorize an attribute of an object by performing a power or a precision grip. Typically, participants’ 
performance improves when the response grip is compatible with the movement usually performed 
to interact with the size/shape of the object (compatible trials), whereas it worsens when the 
response grip is incompatible with the size/shape of the object (incompatible trials). The difference 
in performance between incompatible and compatible trials is called the grasp compatibility effect. 
Recently it has been demonstrated that the grasp compatibility effect can also be evoked by the 
nouns of graspable objects (e.g., Ferri et al., 2011; Glover et al., 2004; Gough et al., 2012; Marino et 
al., 2014; Tucker & Ellis, 2004). Thus, similarly to what observed for visually presented objects, also 
the semantic processing of objects nouns can recruit motor activity.  

These evidence are in line with the general view of embodied cognition according to which 
the comprehension of language is grounded in the perceptual, motor and emotional systems 
(Barsalou, 2008; Borghi & Cangelosi, 2014; Buccino et al., 2016; Gallese & Lakoff, 2005; Martin, 
2016; Pulvermüller & Fadiga, 2010). According to this perspective, the meaning of language is 
fundamentally rooted in our experiences and the re-enactment of sensorimotor systems is 
necessary for its understanding (Gallese, 2008; Garofalo et al., 2022; Vigliocco et al., 2009). The 
linguistic constituents of specific grammatical categories, such as verbs and nouns, seem to be more 
effective than others in re-enacting the sensorimotor systems during language comprehension (e.g., 
Taylor & Zwaan, 2008; Marino et al. 2012). Focusing on nouns, several studies have extensively 
documented the activation of the motor system driven by nouns of manipulable objects (Bub & 
Masson, 2012; Cattaneo et al., 2010; Glover et al., 2004; Gough et al., 2012; Marino et al., 2013; 
Rueschemeyer et al., 2010; Santana & De Vega, 2013; Tucker & Ellis, 2004) demonstrating that 
pragmatic features of the object (e.g., the shape or the typical size) are re-enacted during semantic 
processing. The re-enactment has been suggested to take place via mental simulation processes of 
experiential traces in the brain (Barsalou, 2008; Del Maschio et al., 2022; Richter et al., 2009), 
shaped through one’s interactions with objects (or with any kind of event in general). Nevertheless, 
the simulation can be extended beyond a single word (verb or noun) when words from other 
grammatical categories specify how the action is performed (i.e., the adverb) and/or how the object 
is made (i.e., the adjective) (Garofalo et al., 2021; Klepp et al., 2017; Lachmair et al., 2016; 
Sieksmeyer et al., n.d.; Taylor & Zwaan, 2008; Zwaan & Taylor, 2006).  

The first evidence for a sensorimotor involvement during the comprehension of the meaning 
of adjectives came from a TMS study (Gough et al., 2013). Single pulses were delivered to the 
participants’ hand sector of the motor cortex, when they read adjectives denoting 
positive/manipulative or negative/disadvantageous pragmatic properties (e.g., soft or thorny, 
respectively). Motor Evoked Potentials were recorded from two antagonistic muscles involved in 
avoidance and manipulative actions, respectively. Results showed that muscle activity was 
differentially modulated by the meaning of the adjectives depending on the muscle function. The 
authors suggested that this modulation of the motor system reflected the motor experience 
associated with the adjectives during the acquisition of language. It is conceivable that the meaning 
of the adjective includes all the instances in which an individual interacted with a variety of referents 
(objects) sharing similar characteristics. When individuals process the adjective meaning, they also 
re-enact these interactions, learned and generalized throughout their lifespan.  

 Recent evidence complements these considerations by suggesting that the meaning of 
adjectives can modulate the sensorimotor activation evoked by the nouns of specific graspable 
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objects. In Garofalo et al. study (2021), a pair of words, including a noun followed by an adjective, 
was presented on each trial. Participants were asked to categorize a noun as either a natural object 
or an artifact, performing a reach-to-grasp movement (either precision or power grasp), compatible 
or incompatible with the grasp typically used to manipulate the objects to which the nouns referred 
to (i.e., grasp compatibility task). Results showed the presence of a grasp compatibility effect when 
the object noun was presented together with an adjective referring to a manipulative characteristic 
of the object, such as its shape (e.g., round) or its tactile properties (e.g., soft). By contrast, the grasp 
compatibility effect was not elicited when the object noun was associated with a ‘disadvantageous’ 
adjective, which limited or prevented the typical grasping interactions with that object due to its 
potentially harmful characteristic (e.g., rotto, broken; tagliente, sharp). Interestingly, also adjectives 
denoting colours were effective in eliciting the grasp compatibility effect. This effect emerged only 
when colour adjectives were presented in combination with a natural object noun, suggesting that 
colour could convey relevant information for motor interactions at least for natural objects (e.g., 
the degree of ripeness of a fruit, see also Garofalo et al., 2022). Overall, when a motorically relevant 
characteristic of the object is made explicit by the adjective, the meaning of the adjective is 
integrated in the sensorimotor representation of the noun, modulating the motor system 
engagement (Garofalo et al., 2021). To summarize, object nouns can drive the sensorimotor 
simulation taking into account the object features which determine how it is grasped (e.g., the 
prototypical size or shape of the object). When an adjective is presented with the noun, specifying 
an additional property of the object, it can contribute to the motor simulation and can be relevant 
for the action selection process. It is therefore important to investigate how combinations of words 
from different grammatical categories (e.g., noun + adjective) contribute to the motor simulation 
process elicited during language comprehension.  

Thus far, the only study investigating the impact of noun and adjective combinations on motor 
simulation have presented a noun followed by one adjective (e.g., Garofalo et al., 2021), according 
with the typical syntax order of the Italian language (Serianni, 1989). Therefore, the evidence of the 
modulation of the grasp compatibility effects observed for different categories of adjectives are 
limited to the correct syntactical presentation of these word pairs. 

The position of the adjective with respect to the noun changes syntactically and 
morphologically in different languages. For example, in the Romance languages (e.g., French, 
Spanish, Portuguese, etc.) the adjective is typically presented in post-nominal position, whereas in 
Germanic languages (e.g., German, English), this order is typically inverted with adjectives in pre-
nominal position. Since the syntactical combinatorial rules of a particular language are learned early 
during lifespan along with the semantic of words, it is conceivable that syntax could be also 
embedded in the sensorimotor processes that allow us to attributing meaning when we understand 
language. Accordingly, it has been proposed that these learned rules could have also an equivalent 
in the activation of the sensorimotor circuits engaged during the sensorimotor processing of words 
(Kemmerer, 2022; Pulvermüller & Fadiga, 2010; Roy & Arbib, 2005). Thus, syntax could play an 
important role since we learn the use of words in a certain order, as the result of repeated 
experiences of combining words in a sentence.  

These considerations raise the question of the role of the linguistic experience of adjective 
placement within the noun-adjective pairing, that is, the role of the syntax in the sensorimotor 
processing of these word pairs. To evaluate the impact of syntax on the semantic processing of 
noun-adjective combinations, we carried out two experiments in which participants had to 
categorize nouns of graspable objects as artifact or natural, by performing a reach-to-grasp action 
(i.e., reach-to-grasp compatibility task). In both experiments the adjective (either a colour or a 
disadvantageous one) was presented before the noun in pre-nominal position. In Experiment 1, 
which was carried out in the Italian language (with Italian speaking participants), this adjective-noun 
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order violated the syntactic rule of the language, while in Experiment 2, carried out in English (with 
English speaking participants), the adjective in pre-nominal position met the principles governing 
the word order in this language.  

If the integration of the adjective meaning with the sensorimotor representation of the noun 
is syntax-independent, we expect a replication of previous results in both experiments (Experiment 
1 and Experiment 2), with fine-tuned modulations of the grasp compatibility effects regardless of 
the adjective placement. This pattern of results would suggest that syntax and semantics are 
differentially elaborated, and that syntax does not affect sensorimotor activation. 

On the other hand, if the integration is syntax-dependent, we expect a different pattern 
between results of Experiment 1 and 2. When the syntax is violated (Experiment 1), the meaning of 
adjective and noun are not integrated, and the sensorimotor simulation could be exclusively driven 
by the noun regardless of the adjective category it is paired with. This should lead to similar grasp 
compatibility effects across conditions. In contrast, when the syntax rules are met (Experiment 2), 
the meaning of the different categories of adjectives should modulate the sensorimotor activation 
driven by nouns. This pattern of results would suggest that there is an interplay between syntax and 
semantics on the sensorimotor activation. 
 
2.  Experiment 1 
 

In Experiment 1, we asked a group of Italian participants to perform a reach-to-grasp 
compatibility task. We presented on the screen two Italian words, one adjective followed by one 
object noun, and participants had to categorize the noun as natural or artifact by performing a 
precision or power grasp movement. In the original study of Garofalo and colleagues (2021), the 
noun was presented before the adjective, following the correct syntactic rule. In the present 
experiment the adjective-noun order violated the correct order of presentation. This manipulation 
represents a first attempt to investigate the role of syntax in the sensorimotor processes of 
language. If adjective and noun are integrated regardless of the incorrect syntax order, we expect a 
pattern of results similar to that observed in Garofalo et al. (2021). That is, we expect a grasp 
compatibility effect when the colour adjectives precede natural object nouns, but not when they 
are combined with artifact nouns. Disadvantageous adjectives should lead to a 
reduction/suppression of the grasp compatibility effect for both object categories, according to the 
hypothesis that integration is syntax-independent. By contrast, if the integrative process between 
noun and adjective is syntax-dependent, the syntax error may result in the disruption of the 
sensorimotor integrative processing of the adjective-noun combination, leading to a grasp 
compatibility effect driven by nouns since they are read as second word.  
 
2.1. Methods 
 
2.1.1. Sample size estimation 

We conducted an a-priori power analysis to determine the adequate sample size. We used 
previously published data from our lab (Garofalo et al., 2021, - Experiment 2), obtained with the 
same reach-to-grasp compatibility task. To determine the sample size, we used the means of 
trimmed and transformed back data of 26 participants related to the significant three-way 
interaction (Object category X Adjective X Grasp compatibility). The observed power was about 99% 
for 26 participants in Experiment 2 of Garofalo et al. (2021). Here, we assessed the minimum sample 
size needed to detect 80% of power involving the same effect size as in Garofalo et al. (2021, Exp. 
2). Power analyses were performed using the simr package in R (Green & Macleod, 2016), simulating 
and then modelling 1000 independent experiments with increasing numbers of participants. Power 
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analyses results showed that the minimum sample size ranged between 14 (Power: 77.80%, 95% 
CIs = 75.10% - 80.34%) and 16 participants (Power: 84.40%, 95% CIs = 82.00% - 86.66%). We chose 
18 participants (Power: 90.50 %, 95% CIs = 88.51% - 92.25%) for both experiments since this number 
of participants allowed us to control for possible drop-out or exclusion of participants. 
 
2.1.2. Participants  

Eighteen participants (10 females; mean age in years = 20.8 ± 2.4 SD) volunteered to take part 
in the experiment at the University of Parma. All participants were right-handed, as measured by a 
standard handedness inventory (Oldfield, 1971), native Italian speakers, and had normal or 
corrected-to-normal vision. All of them were 18 years old, or older, at the time of the study and 
naïve as to the purpose of the experiment. Prior to participation, each participant gave her/his 
informed consent, in accordance with the ethical standards of the Declaration of Helsinki. The 
research was conducted in accordance with the ethical standards of the Italian Board of 
Psychologists (http://www.psy.it/codice_deontologico.html) and of the Italian Psychological 
Society (AIP, see http://www.aipass.org) 
 
2.1.3. Task 

Participants were asked to categorize the noun presented in an adjective and noun 
combination as natural or artifact. To ensure that participants processed the whole noun-adjective 
combination, three different categories of adjectives were used (colour, disadvantageous and 
human quality adjective). When the adjective denoted a color or a disadvantageous property of the 
object (reach trials), participants were asked to perform either a precision or a power reach-to-grasp 
movement toward a custom-made response device with their right hand (see Figure 1), as indicated 
by the instructions (e.g., power grasp = natural objects and precision grasp = artifact or viceversa). 
When the adjective denoted a human quality (catch trials, e.g., arrogant cup), participants had to 
refrain from performing any reach-to-grasp movements. In this case, they were instructed to lift 
their right hand and replace it in the initial position. The introduction of catch trials forced 
participants to read not only the nouns but also the adjectives to perform the task correctly. The 
response grasp on reach trials was either compatible or incompatible with the grasp movements 
normally used to manipulate the objects denoted by the nouns. The mapping between the noun 
category (natural or artefact objects) and the required response (power or precision grasp) was 
counterbalanced across participants. On all trials (both reach trials and catch trials), the stimuli 
disappeared from the screen when the participants lifted their hand. 
 
2.1.4. Apparatus, Procedure and Stimuli 

The experiments took place in a sound-attenuated and dimly illuminated room. The 
experimental apparatus consisted of a 42ʹʹ (Experiment 1) or 24’’ (Experiment 2) monitor connected 
to a computer running E-Prime 2.0 software. Viewing distance was fixed at 57 cm by using an 
adjustable head- and chin-rest placed in front of the screen.  

The response device consisted of three parts: two wood cylinders placed on top of each other 
and a squared starting base (10 cm × 10 cm). The dimension of the bottom cylinder was compatible 
with a power grasp (power cylinder: h = 14 cm, d = 6 cm), while the dimension of the top cylinder 
was compatible with a precision grasp (precision cylinder: h = 4 cm, d = 1.5 cm). The cylinders were 
placed 43 cm from the chin-rest. The starting base was located centrally with respect to participants’ 
body midline (see Figure 1). All the three parts of the response device were connected to an external 
USB device trigger through three separate capacitive sensors. The three device parts allowed us to 
measure the Reaction Times (RTs; time between the onset of the visual stimuli and the onset of the 
hand movement) and the Movement Time (MTs) for precision and power reach-to-grasp 



 7 

movements (time between the hand movement onset and the grip of one of the two manipulanda 
(for similar task see Bub & Masson, 2010; Makris et al., 2013; Symes et al., 2008). The RTs and the 
MTs are related to the planning and the execution (or actualization) of the movement, respectively 
(Castiello, 1999, 2005; Glover, 2004; Jeannerod, 1984). 

Each trial started when the participant placed the palm of her/his right hand on the starting 
base. The device did not require pressure to detect the presence of the hand. In this way, it was 
possible to avoid the activation of hand or arm muscles, reducing possible motor interference 
between the action required to press a key and the response action. When participants placed their 
right hand on the starting base, the fixation cross (bold courier new, 30-point size) appeared in the 
centre of the screen. The cross remained on the screen for a variable duration, randomly selected 
between 500 and 1000 ms, to avoid habituation. After this variable interval, two words (the 
adjective followed by the noun, see supplementary materials for the lists of words combination) 
replaced the fixation cross and remained on the screen until the hand was lifted from its resting 
position. Both adjective and noun appeared on the same string in the center of the screen (1920 × 
1280 resolution) in white characters on a black background (bold courier new, 24-point size). 

Stimuli were adapted from Garofalo and colleagues’ study (2021) and included thirty-two 
Italian object nouns: 8 nouns referring to natural objects, graspable with a precision grip (e.g., oliva, 
olive), 8 referring to natural objects, graspable with a power grip (e.g., ‘patata’, potato), 8 referring 
to artifacts, graspable with a precision grip (e.g., ‘chiodo’, nail) and 8 referring to artifacts, graspable 
with a power grip (e.g., ‘bottiglia’, bottle). Following the procedure used by Garofalo and colleagues 
(2021) relative to the validation of pairings of objects nouns and disadvantageous adjectives 
combinations, color adjectives paired with objects nouns used in the present study were also 
validated. Results are reported in the Supplementary materials (Sassenhagen & Alday, 2016). Each 
noun was presented with one adjective selected from 8 possible different adjectives denoting a 
disadvantageous quality (e.g., ‘tagliente’, sharp) and 8 different adjectives denoting the colour of 
the object, with a total of 64 combinations. Half of them referred to objects typically grasped with 
power grip, the other half to objects typically grasped with precision grip. There were also 16 catch 
combinations consisting of one of the nouns used as stimuli and an adjective denoting a human 
quality (e.g., ‘oliva emotiva’, emotive olive). Each noun-adjective combination presented on reach 
trials was repeated randomly eight times, while catch combinations were randomly presented four 
times. Total trials were 576. All these stimuli were validated in our previous study (see Garofalo et 
al., 2021 – Appendix S1). 

The experimental task started after a practice session of 40 trials. Participants were tested 
individually, and they were instructed to find the best compromise between speed and accuracy 
while performing the task.  
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Figure 1. Representation of the experimental setup and the sequence of events. 
 
2.1.5. Analyses 

Data analyses were performed using R 4.0.0 (R Core Team, 2020). Participants’ errors were 
checked and excluded from further analyses. RTs and MTs were analysed by first removing practice, 
catch trials, datapoints indicative of anticipatory responses (< 150 ms) and outliers. Outliers were 
detected inspecting the RTs distribution to evaluate deviations from normality (see Figure 2). When 
visual inspection of these residual data showed a marked deviation of the sample quantiles 
distribution from the theoretical quantiles, we assessed whether these values were outliers using 
the Leys’ method (Leys et al., 2013) applied to the residual of the theoretical distribution (see also 
Britt et al., 2016). We excluded from the analysis responses that exceeded three times this criterion.  

Both for RTs and MTs trimmed data, we checked the distributions and whenever they showed 
a marked deviation from normality, we applied an iterative Box-Cox procedure (Box & Cox, 1964; 
Klein Entink et al., 2009) to find the transformation that best yielded data. All data and confidence 
interval limits reported in the manuscript were transformed back to ms by computing the inverse 
of the transformation. 

 

Adjective + Noun
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Figure 2. RT distributions in Experiments 1 and 2. The upper panels (A and B) show the RT distribution in Experiment 1 
with associated normal Q-Q plots (inset graphs). In the bottom panels (C and D), the distribution of RTs in Experiment 
2 is shown, as well as the normal Q-Q plots. Below the distribution graphs the values of skewness and kurtosis are 
indicated.  

Separate analyses were carried out on RTs and MTs recorded on accurate reach trials. Due to 
the design of the experiment – with multiple observations for each participant – and in agreement 
with the current recommendations in psychology and behavioural neuroscience (Barr et al., 2013; 
Cumming, 2014; Kline, 2004; Matuschek et al., 2017), we performed the analysis on RTs and MTs 
using Linear mixed model (LMM). We included in the model the fixed effects of Grasp compatibility 
(2 levels: compatible and incompatible), Object category (2 levels: natural and artifact) and 
Adjective (2 levels: colour and disadvantageous) as well as their interactions. Furthermore, 
participants and stimuli were set as random effects. Models were computed using the lmer() 
function of lm4 package (Bates et al., 2015).  

2.1.6. Results 
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Error rates were less than 5% of the total number of trials (218 datapoints, data loss = 2.37%) and 
were not analysed further. Inspection of catch trials revealed that participants performed the 
experiment accurately, making 64 errors (participants did not respond) over 1152 total catch trials 
(5.5%). Considering the RTs on reach trials, no anticipatory RTs were detected. We also removed 
381 outliers (data loss = 4.23%). After data trimming procedure, RTs data showed kurtosis = 1.2 
and skewness = 1 (see Figure 2 – A and B). With these values no further transformation was 
applied. The RTs model did not show any reliable fixed effects or interactions (see Figure 3A). MTs 
distribution was checked, and it showed a marked deviation from normality. MTs were 
transformed using lambda = 0 (Logarithmic transformation) to reduce skewness and kurtosis of 
the distribution. The analysis of MT logarithmic data did not show any reliable effect (see Figure 
3B).  

Although no reliable effects emerged for the RT and MT analyses, there was a statistical trend 
for the grasp compatibility main effect in both RTs and MTs analyses (RTs: Estimate = |12.17|, t = | 
1.48|, p = 0.14; MTs: Estimate = |7.86|, t = |1.86|, p = 0.06, see also Figure 3), with faster compatible 
(RTs: Mean = 947 ms, Std.Dev. = 254.41, Std.Err. = 3.88; MTs: Mean = 395 ms, Std.Dev. = 66.28, 
Std.Err. = 15.62) than incompatible responses (RTs: Mean = 954 ms, Std.Dev. = 259.17, Std.Err. = 
3.95; MTs: Mean = 401 ms, Std.Dev. = 63.43, Std.Err. = 14.95). 

 

Figure 3. Forest plots for the RTs and log(MTs) analyses of Experiment 1. On the x-axes are reported the estimates 
fixed effects. On the y-axes the factors of the models are reported. The dotted lines indicate the absence of the effect, 
while the red color refers to effects below 0 and blue color refers to effects above 0. The dots indicate the fixed 
effects estimated by the model with the associated 95% CIs. 

2.2. Discussion 
 

The results of the present experiment showed that the grasp compatibility effect was not 
statistically reliable when the adjective was presented in pre-nominal position, neither as main 
effect nor in interaction with object category and/or adjectives. This finding is surprising because 
the grasp compatibility effect has been replicated in several studies with nouns of graspable objects 
(e.g., Ferri et al., 2011; Glover et al., 2004; Gough et al., 2012; Marino et al., 2014; Tucker & Ellis, 
2004), and also with specific combinations of adjectives and nouns (Garofalo et al., 2021). The 
absence of the grasp compatibility effect modulation by adjectives clearly rules out the syntax-
independent hypothesis, that is the possibility that analogous grasp compatibility effects are 
triggered by the presentation of adjective and noun combinations regardless of their order of 
presentation. By contrast, these findings seem to support the syntax-dependent hypothesis. 
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Intriguingly, we had originally hypothesised that when the syntax rules are not met, the adjectives 
meaning is not integrated in the sensorimotor representation of the noun, leading to the presence 
of an overall grasp compatibility effect driven by the nouns similar across adjective categories. 
However, results suggest an even more extreme effect of syntax violation on the grasp compatibility 
effect elicited by the noun, as indicated by the fact that breaching the syntactic rule led only to a 
statistical trend for the compatibility effect. Indeed, incompatible responses were slightly slower 
than compatible ones both in the planning phase (RTs) and movement phase (MTs), without any 
modulation by adjectives. Thus, it is possible that nouns can still elicit a residual motor program 
when they are read as the second word in the adjective-noun combinations.   

While the pattern of results observed in Experiment 1 is consistent with a role of syntax in the 
sensorimotor integration of noun and adjective combinations, it is also consistent with an 
explanation based on the relative position of adjective and noun. One could argue that the 
modulations of the grasp-compatibility effect observed in the original study by Garofalo et al., 
(2021) with different types of adjectives could have been driven by the relative position of noun and 
adjective. That is, the sensorimotor circuits responsible for the grasp compatibility effect were 
initially activated by the noun (the first word), which is the verbal referent of a graspable object, 
and subsequently modulated by the mere presence of the adjective in post-nominal position. For 
example, a disadvantageous adjective could lead to the reduction of the grasp compatibility effect 
driven by the noun because it denotes a potentially harmful feature which halts the sensorimotor 
activation. In the present Experiment, when the adjective is read as the first word of the 
combination, its meaning does not affect the grasp compatibility, and the noun entirely drives the 
simulation leading to similar effects across conditions.  

Italian speakers generally use a noun–adjective word order. Thus, placing the adjective in pre-
nominal position not only breached the typical syntactic order for noun-adjective pairings but also 
altered their relative position. It is therefore possible that the (lack of) results observed in the 
present experiment is driven by the specific order of adjective and noun rather than the violation of 
their syntactic order. To disentangle between these two hypotheses, we performed a second 
experiment in a different language in which the syntactic order of noun and adjective is naturally 
inverted as compared to Italian.  

 
3. Experiment 2 – English 
 

In Experiment 2 we carried out a conceptual replication of the study by Garofalo and 
colleagues (2021) in the English language in which adjectives are usually placed before the nouns.  

This manipulation will allow us to compare the effect of the adjective in pre-nominal position, 
when the syntactic rule of adjective-noun placement is met. If the adjective-noun integrative 
process is syntax-dependent, when the adjective is presented before the noun, we expect to 
replicate the pattern of results previously observed in Italian (Garofalo et al., 2021) also in the 
English language. Specifically, the grasp compatibility effect should emerge with colour adjectives 
when these are combined with natural but not artifact objects nouns. In addition, the grasp 
compatibility effect should be reduced/eliminated when natural and artifact objects nouns are 
combined with disadvantageous adjectives. Alternatively, if findings of Experiment 1 are the 
consequence of a mere positional effect (adjective before the noun), we expect a similar grasp 
compatibility effect across different adjective types. When the adjective is read as the first word of 
the combination, the meaning of the adjective is not integrated in the sensorimotor representation 
of the noun. In this situation, the noun alone drives the sensorimotor simulation, and the adjective 
meaning does not affect the grasp compatibility.  
 



 12 

3.1. Method 
 
3.1.1. Participants  

Eighteen students from the University of Edinburgh (8 females; mean age = 23.8 ± 2.4 SD) 
were enrolled and rewarded with a credit course. All participants were right-handed (Oldfield, 1971) 
and had normal or corrected-to-normal vision. We excluded one participant from further analyses 
due to difficulties in understanding the task. All participants were naïve as to the purpose of the 
experiment and gave their informed consent prior to participation. The experiment was conducted 
in accordance with the Declaration of Helsinki and received approval from the PPLS ethics 
committee of the University of Edinburgh (Ethics Approval Code: 161-1819/1). 

3.1.2. Stimuli  
As in Experiment 1, the stimuli consisted of two words, an adjective and a noun, presented 

in the correct syntactic order for the English language (i.e., adjectives followed by nouns). The list 
of combinations of adjectives and nouns used in the present study was translated and adapted 
from the stimuli used in the study by Garofalo et al. (2021) with the help of a native English 
speaker. Some of the original combinations were replaced because they were not adaptable to the 
English language (stimuli are reported in the supplementary section). These new combinations 
were further validated by an independent group of participants and results are reported in the 
Supplementary materials. Twenty-eight nouns were used: 7 nouns referring to natural objects 
graspable with a precision grip (e.g., olive), 7 referring to natural objects graspable with a power 
grip (e.g., potato), 7 referring to artifact objects graspable with a precision grip (e.g., nail), 7 
referring to artifact objects graspable with a power grip (e.g., bottle). As in Experiment 1, each 
noun was associated either with a disadvantageous or a colour adjective in different trials, for a 
total of 56 combinations. Each adjective + noun combination was presented eight times, for a total 
of 448 reach trials. To make sure that participants read both the adjective and the noun in the 
combination presented on the screen, we added 14 control combinations (catch trials). Each 
control combination consisted of one noun preceded by an adjective denoting a human quality 
(e.g., emotive olive). Each of the 14 adjective + noun combination for catch trials was presented 
four times, for a total of 56 catch trials. Thus, the experiment consisted of 504 trials in total.  

3.2.3. Analyses and Results 
Analyses followed the same procedure described for Experiment 1. Error rates were less 

than 5% of the total number of trials (354 errors, 4.65%) and were not further analysed. Inspection 
of the catch trials revealed that participants’ accuracy was extremely high, with a total of 12 errors 
out of 1008 total catch trials (1.2%) across all participants. Considering the RTs on reach trials, we 
further excluded 345 datapoints (data loss = 4.75%) considered outliers. Trimmed RTs showed 
kurtosis = 0.6 and skewness = 0.8 (see Figure 2 – C and D) and no further transformation was 
applied. 

The RTs analysis showed a reliable fixed effect of Grasp compatibility (Estimate = |19.37|, t = 
|2.52|, p = 0.012), with faster RTs for incompatible condition (Mean = 824 ms, Dev.Std. = 199.72, 
Err.Std. = 3.43) as compared to compatible one (Mean = 831 ms, Std.Dev. = 204.82, Std.Err. = 3.45). 
The fixed effect of Adjective was also reliable (Estimate = |27.84|, t = |2.22|, p = 0.029), showing 
faster RTs for colour adjectives (Mean = 815 ms, Std.Dev. = 204.82, Std.Err. = 3.45) as compared to 
disadvantageous ones (Mean = 841 ms, Std.Dev. = 196.38, Std.Err. = 3.23). Finally, the interaction 
of interest between Grasp compatibility, Adjective and Noun category was reliable (Estimate = 
|38.55|, t = |2.53|, p = 0.011). This revealed that the presentation of a disadvantageous adjective 
before a natural or artifact object noun resulted in slower RTs on compatible compared to 
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incompatible trials, and that the presentation of a colour adjective before a natural object noun 
generated the classical grasp compatibility effect, with faster responses on compatible than 
incompatible trials. Finally, as expected, the data showed similar response times between 
compatible and incompatible responses when artifact nouns were presented in combination with 
colour adjectives. Planned comparisons testing the statistical significance of the grasp compatibility 
effect are reported in full in the supplementary materials and are summarized in Table 1. Descriptive 
statistics of the three-way interaction are presented in Table 1 and Figure 4. 
 

  Compatible Incompatible Grasp compatibility 
  mean std.dev. std.err. mean std.dev. std.err.  

artifact 
Disadvantageous 857 217.30 7.40 831 204.57 7.07 -26 * 

Colour 826 208.69 7.00 819 197.95 6.83 -7 

natural 
Disadvantageous 851 204.63 6.86 824 201.36 6.96 -27 * 

Colour 792 181.33 6.07 821 195.22 6.62 29 * 
Table 1. Descriptive statistics of Experiment 2. Grasp compatibility is calculated as the difference between 
incompatible and compatible conditions. Statistical reliable contrasts (p < 0.05) are indicated with *. 

 
Figure 4. Averages values of RTs for Experiment 2 are shown as a function of the Object Category and Adjectives 
factors. Error bars represent the standard error of the means. 
 

The inspection of MTs distribution showed a marked deviation from normality. Box-Cox 
iterative procedure suggested lambda = 0, hence MTs were logarithmic transformed. The analysis 
revealed a statistically reliable interaction between Grasp compatibility and Noun category 
(Estimate = |17.50|, t = | 2.60|, p = 0.009), showing that during the movement phase a grasp 
compatibility effect was present for natural object nouns (Compatible: Mean = 350 ms, Std.Dev. = 
63.08, Std.Err. = 15.30; Incompatible: Mean = 364 ms, Std.Dev. = 50.70, Std.Err. = 12.30), but not for 
artifact nouns (Compatible: Mean = 362 ms, Std.Dev. = 53.44, Std.Err. = 12.96; Incompatible: Mean 
= 362 ms, Std.Dev. = 50.72, Std.Err. = 12.30).  
For an overview of the results of both RT and MT models see Figure 5. 
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Figure 5. Forest plots for the RTs and log(MTs) analyses of Experiment 2. On the x-axes are reported the estimates 
fixed effects. On the y-axes the factors of the models are reported. The dotted lines indicate the absence of the effect, 
while the red color refers to effects below 0 and blue color refers to effects above 0. The dots indicate the fixed 
effects estimated by the model with the associated 95% CIs.  

3.2. Discussion  
 

The results of Experiment 2 in the English language clearly demonstrated that the 
sensorimotor simulation driven by the processing of the noun can be modulated by adjectives even 
when these are in pre-nominal position, largely replicating the findings originally reported by 
Garofalo and colleagues (2021) in Italian. This implies that the integrative process between noun 
and adjective is syntax-dependent. Experiment 2 results rule out both the possibility that the noun 
has to be presented first to observe a modulation of the grasp-compatibility effect, but also that the 
noun alone (as read after the adjective) drives the sensorimotor simulation, determining a grasp 
compatibility effect unaffected by the type of adjectives.  

In detail, the analysis of RTs revealed the presence of a grasp compatibility effect elicited when 
colour adjectives were combined with natural nouns but absent when they were combined with 
artifact nouns (see Figure 4). The effect of colour adjectives combined with natural object nouns on 
motor activation further supports the hypothesis that colour information contributes to the 
sensorimotor representation of natural objects (Berndt et al., 2018; Hansen et al., 2006; Martin et 
al., 1995; Naor-Raz et al., 2003; Simmons et al., 2007; Therriault et al., 2009). Colour can convey 
motor-relevant information and this occurs mainly for natural objects, facilitating the interaction 
with these objects (Bompas et al., 2013; Garofalo & Riggio, 2022; Naor-Raz et al., 2003). The present 
finding closely matches what previously observed with the adjective in post-nominal position in the 
Italian language (Garofalo et al., 2021). 

Furthermore, the presence of a disadvantageous adjective in pre-nominal position (regardless 
of noun category) resulted in an inverted grasp compatibility effect, with compatible responses 
slower than incompatible ones. Previous studies have shown that the presence of a broken handle 
(e.g., Buccino et al., 2009) or a dangerous object like a broken bulb (e.g., Anelli et al., 2012) disrupted 
the possibility to interact with these objects. In these cases, the automatic motor activation typically 
elicited by the intact object was reduced or eliminated when the conditions to act upon it were not 
met (e.g., Anelli et al., 2012; Buccino et al., 2009; Riggio et al., 2006). In line with this, the presence 
of the disadvantageous adjective before the object noun in the present experiment disrupted the 
motor simulation elicited by the noun, replicating previous evidence. Interestingly, the impact of 
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the adjective on sensorimotor activation appeared to be even stronger in pre-nominal position 
(Experiment 2 of the present study) compared to post-nominal position (Garofalo et al., 2021). 
Indeed, while the grasp compatibility effect disappeared with disadvantageous adjectives in post-
nominal position (Italian, Experiment 2 Garofalo et al., 2021), an inverted compatibility effect was 
observed in the present study with the adjective pre-nominal position (English). The validation 
results ruled out the possibility that the grasp-compatibility effects observed were driven by items 
properties. As expected, validation data revealed that natural object nouns were more familiar in 
combination with colour adjectives as compared to artifact nouns combined with the same class of 
adjectives. This is due to the fact natural objects have prototypical colour (e.g., yellow banana) 
whereas artificial objects are manufactured with different colours, further suggesting a close 
relationship between colour properties and natural objects (Hansen et al., 2006). 

The modulation of the grasp compatibility effects cannot be explained by differences in the 
frequency of use of the combinations of adjectives and nouns nor to difficulties in imaging the 
stimuli, since the results of the validation did not show any reliable differences. Furthermore, even 
if artifact nouns were rated as more graspable, when combined with colour adjectives this 
advantage disappear in the compatibility task. Finally, as expected, results of the explicit judgment 
task showed that disadvantageous adjectives reduced the graspability of the object which the noun 
referred to, regardless of the object category. This result is congruent with the results of the 
behavioral task. 

The present results also revealed that the modulation of the adjective on the sensorimotor 
activation elicited by the noun affected mainly compatible responses. While disadvantageous 
adjectives slowed down compatible responses, leading to a negative compatibility effect, colour 
adjectives combined with natural object nouns resulted in faster compatible responses compared 
to all other conditions. These two effects can be interpreted as interference and facilitation on the 
compatible motor program. Previous studies (e.g., Glover et al., 2004; Marino et al., 2013) have 
suggested that accessing the meaning of an object noun activates the motor program(s) usually 
related to the interaction with the object (i.e., object affordances). In the present study, when the 
adjective was combined with the noun, the adjective was able to shape the sensorimotor activation 
driven by the noun in the direction of its meaning.  

It is interesting to note that the grasp compatibility effect also manifests itself in the execution 
phase of the movement (MTs) but only for natural object nouns. Natural object nouns are not 
affected by the meaning of adjectives, with faster movements under compatible conditions with 
both disadvantageous and colour adjectives. Evidence for dissociative processes between action 
planning and its online control has been demonstrated with both visually presented objects and 
object nouns (e.g., Castiello, 1996, 1999; Gentilucci et al., 2000; Glover, 2004; Glover & Dixon, 2002). 
We speculate that the nouns presented after the adjectives were able to drive sensorimotor 
processes by themselves. The observation that a grasp compatibility effect was exclusively present 
for natural objects in the present experiment could be explained by the different types of motor 
interactions typically performed with natural and artifact objects. While artifacts evoke both 
manipulative actions and actions related to the use of the object, that do not necessarily coincide 
(Borghi & Riggio, 2015; Jax & Buxbaum, 2010), motor interactions with natural objects are mainly 
related to manipulation for grasping (Visani et al., 2021). In the language domain, stable affordances 
are typically re-enacted upon of words referring to manipulable objects (Borghi & Riggio, 2015; 
Sakreida et al., 2016). Specifically, artifact nouns mainly evoke motor programs characterized by 
objects function and use (Creem-Regehr & Lee, 2005; Gough et al., 2012; Rueschemeyer et al., 
2010), whereas natural nouns elicit motor programs related to grasping, which are more closely 
related to the motor response required in this study (Visani et al., 2021). To sum up, the results 
obtained in the present study revealed that the meaning of the adjective has a direct effect on the 
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activation of motor programs elicited by the noun. The presence of the adjective in pre-nominal 
position in this study (with the English language) shaped the sensorimotor simulation in the 
direction of the meaning of the adjectives and affected the planning of the movement. Thus, the 
sensorimotor simulation elicited by the noun was active beyond the noun itself. This observation 
supports the presence of an integrative process combining noun and adjective into larger 
information units.  

 
3.3 Results comparisons 
 

In order to evaluate the impact of syntax rules on the sensorimotor modulation driven by 
adjectives, we compared results of Experiment 1 and 2 of the present study with those of 
Experiment 2 described by Garofalo and colleagues’ study (2021), in which the words combinations 
followed the typical syntactic rule of Italian language. For all experiments, we calculated the grasp 
compatibility effect (i.e., Incompatibile RTs – Compatibile RTs) as a function of the two classes of 
adjectives (Colour and Disadvantageous) and Category of objects (Natural and Artifact) with the 
associated 95% CIs by discarding participant-by-participants variation (Morey, 2008). In this way, it 
is possible to compare the differences of the grasp compatibility effects observed with different 
object and adjective categories, different languages and different syntactic orders. Importantly, this 
method allows also to contrast the presence and absence of the grasp-compatibility effect. 

As shown in Figure 6 (left panel), results revealed robust grasp-compatibility effects when a 
natural object noun was presented with a colour adjective (Experiment 2 present study - English 
and Experiment 2 Garofalo et al. 2021 - Italian) following the correct syntactic order. When, 
however, this syntactic order was incorrect (Experiment 1 present study – Italian) there was no 
grasp-compatibility effect when the natural object nouns were paired with colour adjectives. When 
artifact nouns were combined with colour adjectives (Figure 6 - left panel), results revealed the 
absence of grasp compatibility effects in all experiments. When object nouns were combined with 
disadvantageous adjectives (Figure 6 – right panel), no reliable positive grasp compatibility effect 
emerged in any of the study. It is worth noting that in English (Experiment 2 of the present study), 
an inverted grasp-compatibility effect emerged with disadvantageous adjectives.  

Taken together these results support the hypothesis that syntax plays a relevant role in 
determining the presence and the size of the grasp compatibility effect as well as its modulation by 
the adjective category.  
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Figure 6. Averages values of grasp compatibility effects for Experiments 1 and 2 are shown in red and blue colours. We 
also added the averages values of grasp compatibility effects (green dots) taken from Garofalo et al. study (2021) for 
comparison. All averages are shown as a function of the Adjectives and Object Category factors. Error bars represent 
the 95% CIs calculated with the Cosineau-Morey method (Morey, 2008).  

 
 
4. General Discussion 
 

Recent evidence has suggested that adjectives modulate the grasp compatibility effect elicited 
by the categorization of object nouns. Here we report two experiments investigating whether this 
modulatory effect of adjectives is syntax-dependent.  Crucially, the adjective was always presented 
in pre-nominal position and this adjective-noun order followed or not the syntactic rule of the 
language tested (English, Experiment 2 and Italian, Experiment 1, respectively). A reach-to-grasp 
compatibility task was used in both experiments. Results revealed no significant grasp compatibility 
effect when the adjective-noun syntactic order was violated (Experiment 1, Italian language). By 
contrast, when the adjective-noun order was syntactically correct (Experiment 2, English language), 
strong modulations of the grasp compatibility effect by the adjectives emerged. Even though the 
order of presentation of nouns and adjectives was the same in both Experiments, different results 
emerged depending on whether the syntactic rule was met or not (see Figure 6, for comparison). 
We interpreted these findings as evidence that adjectives are integrated in the sensorimotor 
representation of the noun categories. These findings are clearly in favour of an interplay between 
semantic and syntactic aspects of language that shapes the sensorimotor processes activated during 
the processing of adjective-noun combinations.  

 
4.1. Noun-adjective combinations following syntactic rules. 
 

An important finding of this study is that results of Experiment 2 replicated previous 
observations obtained with the combination of nouns and adjectives in Italian (Garofalo et al., 2021, 
see Figure 6). Although the position of the adjective is usually post-nominal in Italian and pre-
nominal in English, overall comparable results were found in both languages and across different 
experiments. Thus, when the syntax was not violated, the modulatory impact of the adjective over 
the noun was elicited even when the adjective was presented before the object noun.  
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This suggests that the effect of the adjective on the activation of the motor program elicited 
by the noun was not entirely dependent on the adjective position (before or after the noun), 
provided that syntax was not violated. In line with this observation, a recent work by Papitto and 
colleagues (2021), investigating the understanding of negation in the Italian and German languages, 
revealed little differences between languages in the sensorimotor inhibition driven by the position 
of the negation particles. These particles are usually in pre-verbal position in Italian and in post-
verbal position (at the end of the sentence) in German. The lack of difference between languages 
suggested that the involvement of the sensorimotor system engaged by the negation process was 
unaffected by the position of the particle when the syntax was not violated. This latter aspect of 
Papitto and colleagues' study appears to support our observation that the modulatory effect of the 
adjective on the object noun was observed both when the adjective was in pre-nominal position 
(Experiment 2, English language) and when it was in post-nominal position (Garofalo et al., 2021, 
Italian language).  

However, the impact of the disadvantageous adjective on both categories of objects observed 
in the English language (Experiment 2) appeared to be particularly strong, resulting in an inverted 
grasp compatibility effect. In Italian, when the adjective was presented in post-nominal position the 
grasp-compatibility effect disappears but does not reverse (Garofalo et al., 2021). This implies that, 
when the disadvantageous adjective was presented first, the motor program driven by the noun 
was not only blocked, but also inhibited. Thus, the order of presentation of the words in the 
combination is likely to play a role into the sensorimotor integration between the meaning of the 
noun and the adjective. The idea of a modulatory role of word position on sensorimotor activation 
has been suggested recently by a study on adverbs and verbs in the German language (Sieksmeyer 
et al. 2021). In two experiments, the authors presented foot and hand action verbs combined with 
adverbs defining the manner in which the action should be performed (e.g., forcefully vs. feebly). 
Adverbs were presented in pre-verbal position or in post-verbal position in Experiment 1 and 2, 
respectively. This study showed that if the manner adverbs were placed in pre-verbal position, the 
effect was more pronounced compared to when the adverbs followed the verbs. Furthermore, it is 
important to note that in German the position of the manner adverb is not fixed, but generally the 
adverb comes close to the verb it refers to, so both verb-adverb or adverb-verb orders were 
syntactically correct. Thus, when two words are presented at the same time, there seems to be a 
‘primacy effect’ such that the meaning of the first word has a stronger modulatory impact on the 
following word compared to the opposite presentation order (provided that syntax is not violated).  
 
4.2. Noun-adjective combinations violating syntactic rules 
 

In Experiment 1, in which the Italian syntactic rule of adjective placement was breached, 
results revealed no main effect of grasp compatibility nor its interaction with different adjectives or 
nouns categories, demonstrating that the reach-to-grasp compatibility effect was not reliably 
present in this experiment. The absence of any grasp compatibility effects is clearly in contrast with 
results observed in Experiment 2 of the present study, but also with Garofalo et al. (2021, 
Experiments 2 and 3), in which the syntactic rule of the language was met. Together these 
observations clearly support the hypothesis that syntax plays a fundamental role in the 
sensorimotor processes even when it is completely irrelevant to the task.  

Numerous evidence from psychophysiological studies have shown that syntax is automatically 
processed and its violations are automatically detected (e.g., Coulson et al., 1998; Friederici et al., 
1996a; Hasting et al., 2007). For example, specific ERP components seem to be selectively sensitive 
to syntactic processing. Violations of the word category, that is the mismatch between actual and 
the required word category, affected the early left anterior negativity (ELAN), that occurs 150 ms 
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after the onset of the violation (e.g., Friederici et al., 1996b; Hasting et al., 2007; Neville et al., 1991). 
Violations that affect the tense, number or gender agreement are able to modulate the later 
anterior negativity (LAN), that occurs between 300 and 500 ms after the onset of the error (e.g., 
Coulson et al., 1998; Osterhout & Mobley, 1995). Finally, the P600 component (SPS - Syntactic 
positive shift, Osterhout & Holcomb, 1993) is also sensitive to syntactic violations involving 
positional aspects of word categories in the phrase structure (e.g., Friederici et al., 1996b; Hagoort, 
2003).  

These electrophysiological results are in line with the argument of an interplay between 
syntax and semantics during language comprehension proposed by Pulvermüller and colleagues 
(1999, 2010, 2013). The authors speculated that the combinatorial rules that define the syntax of a 
language can be computed by patterns of activation in functionally discrete neuronal assemblies 
and that this mechanism can account for the implementation of syntax in the brain following 
Hebbian rules. In other words, the authors proposed that syntax is encoded in the synchronized/a-
synchronized firing chains of neurons, which work with sequence detectors establishing recursive 
connections with each other. Through the experience of grammatical and syntactical regularities, 
these recursive connections consolidate and form brain networks in which the interplay between 
semantics and syntax is embedded (Pulvermüller, 1999). These brain networks have been suggested 
to overlap with distinct action-perception circuits for hand, mouth and articulatory actions, which 
include temporo-parietal and pre-motor areas (Fadiga et al., 2009; Pulvermüller & Fadiga, 2010). 
Therefore, the combinatorial rules of syntactic structures may have an equivalent in the action 
domains reflecting a more general mechanism underlying physical interactions with the object 
(Pulvermüller & Fadiga, 2010). Syntax violations may lead to an unusual activation pattern of 
sequence detectors. By contrast, when the syntactic rules are met, as in Experiment 2, the neuronal 
detectors in the temporo-parietal-frontal circuits are activated leading to the modulation of the 
sensorimotor activation we found.  
 
4.3. Noun local effect  
 

As discussed in the previous section, the integrative processes between adjectives and nouns 
were disrupted when the usual syntactic order was violated. Importantly, however, this is not the 
only sensorimotor process involved in the understanding of language. In addition to the integrative 
processes between the various constituents necessary to understand the sentence in its entirety 
(global processes), also processes elicited by each constituent are activated upon words 
presentation (local processes). The presence of these two levels of processes has been suggested, 
for example by Marino and colleagues (2012) in a study comparing sensible and non-sensible 
sentences. While in sensible sentences, integrative simulations are active depending on the 
sensorimotor specificity of the single words, in non-sensible sentences the sensorimotor processes 
indicate a mutual independence among simulations evoked by the single elements of the sentence. 
In general terms, it seems that both local effects and the global effects are related to the interplay 
between syntactic and semantic processes. 

Our results revealed a residual grasp compatibility effect driven by the noun but not 
modulated by the adjective also when the syntactic rule was violated (Experiment 1). This residual 
effect, evident mainly in the MTs, may be due to the local processes related to the semantic 
processing of the single word (i.e., the noun). It should be noted that when nouns are presented in 
isolation (Experiment 1, Garofalo et al. 2021) a similar trend was observed with a residual grasp 
compatibility effect in the MTs. Because the noun is the second word of the adjective-noun 
combination in the Experiments 1 and 2 of the present study, it is processed later (i.e., after the 
adjective), and its sensorimotor representation may still be active during the execution of the 
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response. It is therefore possible that the ordinal position of the single words impacts the time-
course of the sensorimotor activation and that the word that is read second affects later motoric 
stages such as the execution of the movement.  
 
5. Conclusion  
 

To sum up, our study provides one of the first evidence for a role of syntax in the sensorimotor 
processes elicited by language understanding. To the best of our knowledge, there are very few 
experimental studies addressing this issue (Koranda et al., 2020; Lebkuecher et al., 2022; Roy et al., 
2013), and no one investigating it by means of combinations of nouns and adjectives. Our results 
showed that when the syntax is violated no modulatory effect of the adjectives emerges and no 
grasp compatibility effect is observed. When the syntax is correct, the modulatory effect of the 
adjective previously found in Italian is replicated in English, even if the position of the adjective is 
reversed as compared to Italian. These findings are in line with theories of embodied cognition 
which state that the understanding of language re-recruits the same neuronal sensory, motor, and 
emotional systems involved in experiencing the content of words. Hence, the linguistic experience 
(i.e., the learned rules and the regularities of grammatic and syntax) plays a role in the sensorimotor 
processes involved in the understanding of the coupling between two or more words which allows 
to build up a sentence. Furthermore, a positional effect of single words is found in both experiments, 
demonstrating a certain variation of motor involvement in language processing (Sieksmeyer et al., 
2021), according to the syntactic rules of the language considered. When the adjectives are placed 
in pre-nominal position, they seem to influence the sensorimotor activation driven by nouns more 
strongly than the adjectives placed in post-nominal one, but only when the combination follows the 
correct syntax rule. Therefore, sensorimotor simulation seems to be susceptible to the syntactic 
constructions that modulate the characteristics of the motor programs elicited by the noun. In 
conclusion, results of the present study clearly demonstrate the importance of cross-language 
differences which should be considered when investigating the relationship between language and 
action.  
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