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Abstract 

Objective:  

Many studies have demonstrated the existence of a link between action verb processing and 

action. However, little is known about the changes in this relationship with aging.  

Method:  

To assess this point, we compare the performances of younger and older people during a 

priming task consisting of judging whether an image contains a human after listening to an 

action verb.  

Results: 

In accordance with previous literature, the results showed that younger people were faster to 

detect the presence of a human in the image in congruent conditions, namely, when the action 

verb and the image refer to the same action. However, this effect was not present in older 

adults participants. 

Conclusion: 

These findings suggest that the link between action and language decreases with age. We 

discuss these findings in the context of the embodied view of cognition. 

 

. 
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Introduction 

In connection with the theory of embodied cognition, which postulates that all 

cognitive functions are rooted in sensorimotor experiences (Barsalou, 1999, 2008), many 

studies in the last twenty years have focused on the link between action and language (see 

Fischer & Zwaan, 2008; Jirak, Menz, Buccino, Borghi, & Binkofski, 2010; Willems & 

Hagoort, 2007 for reviews). Overall, regardless of the modality of action considered (i.e., 

action production, action simulation, action observation), these studies have shown that 

action and language are based on common mechanisms (e.g., Bidet-Ildei & Toussaint, 2015; 

Boulenger et al., 2006) including activation of the mirror system (e.g., Tettamanti et al., 

2005), a network of brain areas known to activate both when an individual produces an action 

and when observing the same action produced by others (Iacoboni & Dapretto, 2006).  

Interestingly, although many experiments have studied the link between action and 

language in younger adults (see Bidet-Ildei et al., 2020, for a review), nothing is known about 

the evolution of this link with aging. In the literature, language understanding has been shown 

to be one of the most preserved cognitive capacities in aging (Shafto & Tyler, 2014; Tyler, 

Cobb, & Graham, 1992). Actually, older people are able to automatically access lexical 

representations and can construct new syntactic and semantic representations in real time 

construct online new syntactic and semantic representations (Birren, Schaie, Abeles, Gatz, & 

Salthouse, 2006). However, to our knowledge, action language understanding has never been 

specifically studied, and it was the aim of this paper. Given that activation of motor 

representations would be directly linked to action verb processing (e.g., Aziz-Zadeh et al., 

2006), we can suppose that action verb understating could be affected in aging. Indeed, 

despite a relative preservation of the mirror neuron system (Farina et al., 2017), several 
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studies have demonstrated that older people have difficulty using motor imagery and motor 

simulation (Gabbard, Caçola, & Cordova, 2011; Mulder, Hochstenbach, van Heuvelen, & 

den Otter, 2007; Personnier, Ballay, & Papaxanthis, 2010; Personnier, Kubicki, Laroche, & 

Papaxanthis, 2010; Personnier, Paizis, Ballay, & Papaxanthis, 2008; Saimpont, Mourey, 

Manckoundia, Pfitzenmeyer, & Pozzo, 2010; Saimpont, Pozzo, & Papaxanthis, 2009; Skoura, 

Papaxanthis, Vinter, & Pozzo, 2005; Skoura, Personnier, Vinter, Pozzo, & Papaxanthis, 

2008), even though these difficulties can vary with the complexity of the task (Saimpont, 

Malouin, Tousignant, & Jackson, 2013). For example, using a mental chronometry paradigm 

to compare executed and imagined gait, Personnier, Kubicki et al. (2010) demonstrated that 

older people systematically overestimated imagined gait in comparison with executed gait, 

suggesting that motor imagery becomes less accurate with aging. Interestingly, this decrease 

in motor imagery capacity also appears when the use of motor simulation is implicit. Indeed, 

using a hand laterality task (Cooper & Shepard, 1975), Saimpont et al. (2009) have shown 

that the performances of older people declined compared to younger people, suggesting that 

implicit use of motor simulation is impaired with aging. This effect is very interesting since it 

has been shown that the involvement of the motor system in action verb processing is linked 

to an implicit–not an explicit–use of motor simulation (Beauprez & Bidet-Ildei, 2018; 

Willems, Toni, Hagoort, & Casasanto, 2010). 

  In the present study, we examined the possible effects of advanced age on the link 

between action and language. For this, we exposed younger and older participants to a 

priming task in which listening to an action verb was followed by a perceptual task implying 

a human action. In younger subjects, this type of protocol has shown that action verb 

processing leads to an increase in performance concerning the perceptive judgment of an 

action congruent with that presented in the prime (e.g., Bidet-Ildei, Sparrow, & Coello, 2011). 

Linked to embodied theories of cognition (Barsalou, 1999, 2008), these results suggest that 
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both action verb processing and action observation lead to the implicit activation of common 

sensorimotor representations (Beauprez & Bidet-Ildei, 2018). Related to the known difficulty 

of aging people to use implicit motor representations (Saimpont et al., 2009), we hypothesize 

that the link between action and language should decrease with age, which should be 

manifested as a decrease in the facilitation effect observed when the action verb and the 

perceived action are congruent. 

METHOD 

Participants 

Twenty-five younger (mean age = 20.96 ± 2.76, range= 18-30; 9 females) and twenty 

older (mean age = 74.1 ± 7.15, range= 65-84; 17 females) participants were included in the 

experiment
1
. The younger adults were students from the University of Poitiers. The older  

adults were recruited through associations or disseminating information about the study. All 

subjects were in good health, with normal or corrected-to-normal vision and declared  no 

history of motor or neurological disorders by completing a brief questionnaire. A French 

version of the Mini-Mental State Examination (MMSE) (Folstein, Folstein, & McHugh, 

1975) was administered to assess global cognitive function of the older adults subjects. None 

of the participants had cognitive impairment (mean score = 28.63±0.97, range 27–30) All 

participants were voluntarily participating in the experiment, and all signed a written 

informed consent form before their inclusion. Younger people received course credit for their 

participation. 

 

Apparatus 

                                                           
1
 No a priori calculation was made because no previous study has used the same paradigm. However, previous 

studies using action verbs as prime and visual judgements as target have shown that 18 participants are 
sufficient to have a significant difference (at p<.05) with a power of 0.80. 
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The participants sat on a chair in front of a table in a dimly lit room. A laptop (Dell, 

15’, 1768*724) and a felt marker were on the table. A keyboard was accessible to the 

participants so that they could easily provide their responses by pressing the buttons 

associated with the “yes” or “no” answers.  

 

Primes and Stimuli 

For the language-action task, the primes were included 15 action verbs (see Appendix 

1) selected from the lexique3 database (http://www.lexique.org, New, Pallier, Ferrand, & 

Matos, 2001). All verbs were presented in French in the infinitive form. The stimuli were 

included 30 pictures, with 15 representing concrete objects and 15 representing human 

actions. All images were selected from the French database Clic images 2.0, which provides 

royalty-free illustrations (see Clic-Image2-0 –Réseau Canopé http://www.cndp.fr/crdp-

dijon/clic-images/). All images were presented on a computer with a dimension of 960*720 

pixels. Vertical and horizontal resolutions were 96 dpi. All images used are presented in 

Appendix 2. 

 

Procedure 

The experiments were composed of three phases with a duration of approximately 20 

minutes. First, all participants completed the language-action task. This task was performed 

with the software E-prime 2 (https://pstnet.com/welcome-to-e-prime-2-0/). The task 

comprised 49 trials (4 training and 45 experimental) during which participants first heard an 

action verb and then had to judge as quickly as possible if an image contained a person or not. 

Of the 45 experimental trials, fifteen presented a congruent relationship between the prime 

and the stimulus (e.g., the participant heard the verb “run” and then saw an image 

representing a running movement), fifteen trials presented an incongruent relationship 

between the prime and the stimulus (e.g., the participant heard the verb “run” and then saw an 

http://www.cndp.fr/crdp-dijon/clic-images/
http://www.cndp.fr/crdp-dijon/clic-images/
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image representing a drawing movement) and fifteen trials presented no relationship (i.e., the 

participant heard an action verb and then saw an image that did not contain a person). These 

last kinds of trials were not analyzed; they were only present to develop a task for children. 

To answer, the participants had to click on the letter A (with the left hand) or P (with the right 

hand) on an azerty keyboard. 

The response buttons were indicated by different color stickers. The response “yes” was 

always entered with the preferred hand of the participants. Response accuracy and response 

time were recorded for each trial. After the participants responded, they had to verbally 

reported verb presented in prime to ensure that they processed it correctly during the priming. 

No time limit was given for this task, but the experimenter encouraged the participants to be 

spontaneous. The procedure is presented in Figure 1. 

 

 

Figure 1: Procedure used in the experiment. For each trial, the participant had to listen to an 

action verb and to judge as quickly and accurately as possible if a static image contained or 

not a person. After the response was made, the participant had to verbally report the word 

presented in prime without a time constraint. 
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Subsequently, a recognition task was performed. The experimenter presented each 

action image used in the action-language task (15 images) and asked the participants to name 

the represented action, without time constraints. For each image, the response was checked 

by the experimenter to ensure that participants knew the correct corresponding action verb. 

 

Analysis of the results 

For the language-action task, accuracy of responses, accuracy of verbal report and 

response times (for correct answers and correct repetitions only) were analyzed. We also 

calculated the differences between the incongruent conditions and congruent conditions as an 

index of the link between action and language (Beauprez & Bidet-Ildei, 2017). For the 

recognition task, we calculated the percentage of correct responses for each participant. 

 Given that all these variables did not respect the principle of normality (all p<0.05 

with Shapiro-Wilk normality test for at least one group), we used non parametric independent 

and dependent comparisons to assess respectively the differences between young and old 

participants (with the Mann-Whitney U test) and the differences between congruent and 

incongruent conditions (with the sign test). For all comparisons, we consider as significant 

the difference for p<.05.  The data that support the findings of this study are openly available 

in figshare at http://doi.org/10.6084/m9.figshare.11426550
2
. 

 

 

RESULTS 

Language-action task 

                                                           
2
 The DOI becomes active when the item is published. 
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Regarding the percentage of correct responses, the analysis showed no difference 

between younger and older people across congruent (U = 221.5; p = .52) and incongruent (U 

= 246.5; p = .94) conditions and no difference between the incongruent and congruent 

conditions in young (Z = 0; p = 1) and old participants (Z = 0.89; p = .37).(). For both 

congruent and incongruent conditions, both age groups had a percentage of correct responses 

between 87.5 and 100% (mean congruent = 99.2%, SD = 2.5%; mean incongruent = 98.7%, 

SD = 2.5%). 

Regarding the percentage of correct repetitions, the analysis showed no difference 

between younger and older people across congruent (U = 225; p =.56) and incongruent 

conditions (U = 212.5; p = .40) and no difference between the incongruent and congruent 

conditions in both age groups (No enough variability to make the test) ). For both congruent 

and incongruent conditions, both age groups had a percentage of correct repetition between 

93.3 and 100% (mean congruent= 99.7%, SD=1.3%; mean incongruent = 99.5%, SD=1.7%).  

Regarding the response times, the analysis showed an effect of age for congruent (U = 

24; p < .05) and incongruent (U = 32; p > .05) conditions . For both the congruent and 

incongruent conditions, younger people (mean congruent = 626.2 ms, SD = 170.7 ms; mean 

incongruent = 654.9 ms, SD = 175.7 ms) had faster response times than older people (mean 

congruent= 1377. ms, SD = 474.2 ms; mean incongruent= 1374.6 ms, SD =  491.3 ms). 

Moreover, the younger participants present a difference between congruent and incongruent 

conditions (mean difference = 28.59 ms, SD = 43.9 ms; Z = 2; p < .04) but not the older 

participants (mean difference = -2.98 ms, SD = 131.4 ms; Z = -0.22; p = .82).  
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Figure 2: Mean differences between incongruent and congruent conditions for younger and 

older participants. Error bars represent the 95% confidence interval. 

 

Furthermore, when we looked the individual distribution of participants concerning 

the presence of a link between action and language (i.e., when there was a difference between 

incongruent and congruent trials), it clearly appeared that the interindividual variability in 

performance increased with age (see Figure 3). Moreover, the number of participants who 

presented a positive difference between incongruent and congruent trials (i.e., a link between 

language and action) have a tendency to decrease significantly with age, with 72% of 

younger participants and 50% of older participants showing this link (chi² (1) = 2.29; p = .13). 
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Figure 3: Individual representations of the difference between incongruent and congruent 

conditions. Positive values indicate the presence of a link between action and language. 

 

Recognition task 

The analysis showed a difference in recognition (U = 127; p < .05) with lower 

accuracy in the younger (mean = 92.4%; SD = 8.3%) than the older (mean = 99.7%; SD= 

1.5%, p < .001) participants. 

  

DISCUSSION 

The present study aimed to assess the link between action and language with aging. 

For this, we compared the performances of younger and older participants in a priming task 

consisting of judging whether an image contained a human after listening to an action verb. 

The results showed that younger people performed better in the congruent than incongruent 

conditions, whereas this effect was not present in the older participants. Importantly, this 

effect was not linked with a misunderstanding of the task or lower knowledge of action verbs, 

as indicated by the similar accuracy scores between the younger and older participants and by 

a stronger recognition of action by older than younger participants. The findings obtained in 
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younger people largely agreed with previous literature and confirm with static images that 

perceptive competencies to judge human movements are directly affected by the previous 

judgments of action verbs (Bidet-Ildei, Gimenes, Toussaint, Almecija, & Badets, 2017; 

Bidet-Ildei, Gimenes, Toussaint, Beauprez, & Badets, 2017; Bidet-Ildei et al., 2011). 

 Considering the embodied view of cognition (Barsalou, 1999, 2008) and the number 

of studies demonstrating the functional equivalence between action observation and action 

language processing (e.g., Aziz-Zadeh et al., 2006; Moreno, de Vega, & Leon, 2013), we can 

speculate that this effect was related to the activation of action representations during action 

verb processing (Bidet-Ildei et al., 2011). The basis of this interpretation, the absence of an 

effect in older participants could have been due to difficulty in activating and/or using motor 

representations during action verb processing. This view agrees with recent findings that 

suggested a default in embodiment in older people (Costello & Bloesch, 2017). Moreover, it 

is also in accordance with studies that have demonstrated that motor simulation and motor 

imagery were impaired with aging (Gabbard et al., 2011; Mulder et al., 2007; Personnier, 

Ballay, et al., 2010; Personnier, Kubicki, et al., 2010; Personnier et al., 2008; Saimpont et al., 

2010, 2009; Skoura et al., 2005, 2008).  

Relating these difficulties to motor imagery, we can suppose that older people have 

more difficulty than younger people in systematically activating the motor representations 

associated with an action verb. This effect could be related to a modification of the link 

between action and language throughout life. Indeed, following the “associationist theory”, 

which proposes that the link between action and language is gradually built from the repeated 

associations between the activation of the motor system and the activation of the language 

system (Pulvermüller, 1996, 1999, 2005), we can speculate that the link between action and 

language would follow an inverted U-shaped pattern during development with an increase in 

these connections until adolescence, then a decrease at adulthood and during aging. Actually, 
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we can suppose that associations between action and language could increase in childhood 

related to the increase in common activation of language and motor systems when the 

meaning of the words are learned but that these associations could decrease in adults related 

to more abstract competencies and fewer associations between action language and motor 

practice. In this context, it is possible that action verbs are less embodied in older than 

younger people. Future experiments should precisely study this possibility. 

Alternatively, it is possible that the absence of the link between action and language 

could be related to the discrepancy between the observed actions and the simulated actions by 

the older adults. Indeed, the majority of the characters present in the images were young, and 

we know that the activation of sensory-motor representations in language processing can be 

related to the motor experience of the participants (Lyons et al., 2010; Tomasino, Guatto, 

Rumiati, & Fabbro, 2012). Thus, if older adults activate a sensorimotor representation 

different from the perceived image, we can assume that all situations become incongruent, 

and it is therefore normal to have no difference. However, this hypothesis remains less 

probable because other studies have shown that the link between action and language could 

appear independent of the possibility of simulating the perceived action at the motor level. 

Even with actions that cannot be practiced (nonhuman actions, modified human actions), the 

link between action observation and action language processing remains observable 

(Beauprez & Bidet-Ildei, 2018; Beauprez, Bidet-Ildei, & Hiraki, 2019). Moreover, we have 

shown with the same material and the same task that the link between action and language 

appears with younger children (from 8 years) although no child is represented in the images 

(Bidet-Ildei, Beauprez & Toussaint, in preparation).  

Another possibility to explain the difference between younger and older participants 

could result from the sex ratio between the groups. In fact, there was only 36% of women in 

the younger group, whereas 81% of the older participants were women. We can hypothesize 
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that women are less performant than men in action-language tasks. Future studies should 

clarify this point. However, this hypothesis is improbable if we consider the literature 

demonstrating that women are better than men concerning action observation tasks (e.g., 

Bidet-Ildei & Bouquet, 2014; Pavlova, Sokolov, & Bidet-Ildei, 2015) and that women and 

men are also efficient in language tasks (e.g., Parsons, Rizzo, Zaag, McGee, & Buckwalter, 

2005). 

 Importantly, the disappearance of the action-language link in aging could also be 

related to the decrease in some cognitive functions such as speed processing (see Salthouse, 

1985) or executive functions (see West et al., 1996). Some authors have proposed that 

cognitive function declines are mediated by age-related decrements in the speed of processing 

(Salthouse et al., 1991) or inhibition (Hasher & Zacks, 1988). It would therefore be 

interesting to clarify these findings by testing the possible mediating role of these variables. 

 Finally, the finding that the interindividual variability increased with age was in 

agreement with the concept of cognitive reserve (see Stern et al., 2019). According to this 

theory, some related life factors (e.g., educational level, physical activity level, etc.) may 

moderate the performance level of individuals, causing different trajectories of cognitive 

aging and consequently amplifying the individual heterogeneity in aging. Hence, it remains 

possible that the older participants exhibiting an action-language link (i.e., 48.2%) have a best 

cognitive reserve compared to the other older participants (i.e., 52.8%). Future studies should 

pay attention to this question, for example, by analyzing older adults in different groups 

according to their physical activity level or their educational level. 

 

Conclusion 

Using a priming task, the present experiment demonstrates that the link between 

action-verb processing and human action observation decreases with age. Future studies will 
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have to precisely determine the mechanisms underlying this effect and the consequences of 

this decline for the use of action-language links in reeducation. 
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Appendix 1: The verbs used in the experiments with the frequency, the number of 

letters and the number of syllables from http://www.lexique.org.  

   

 

Verb Frequency (per 

million occurrences 

in the corpus of 

subtitles)  

Number of 

letters 

Number of syllables 

Boire (Drink) 142.15 5 1 

Chanter (Sing) 48.12 7 2 

Courir (Run) 47.19 6 2 

Cueillir (Pick) 6.26 8 2 

Danser (Dance) 70.06 6 2 

Dessiner (Draw) 9.1 8 3 

Frapper (Knock) 37.08 7 2 

Lire (Read) 89.58 4 1 

Manger (Eat) 207.63 6 2 

Marcher (Walk) 85.34 7 2 

Monter (Climb) 85.7 6 2 

Nager (Swim) 18.71 5 2 

Patiner (Skate) 1.26 7 3 

Saluer (Salute) 11.85 6 2 

Sauter (Jump) 57.89 6 2 
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Appendix 2: Action and concrete images used in experiments. All images were selected from 

the French database Clic images 2.0 (see Clic-Image2-0 –Réseau Canopé 

http://www.cndp.fr/crdp-dijon/clic-images/). 
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