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Abstract  

 

This study investigated the developmental trajectory of social facilitation and inhibition across 

207 participants aged 8-22 in numerosity and phonological comparison tasks. Tested alone or 

in coaction with a familiar peer, younger participants exhibited social inhibition on reaction 

times (RT), while a shift toward facilitation occurred around ages 13-14. Analysis of 

individual RT distributions revealed that peer presence modulated predominant response 

strategies: younger participants used slower, reactive strategies, while older participants 

employed faster, anticipative ones. By enhancing the strategy predominating in each age 

group, peer presence led to social inhibition in children and early adolescents, but social 

facilitation in mid-adolescents and adults. These findings challenge Zajonc’s "dominant 

response" theory, suggesting that peer presence affects overall decision-making strategies. 

 

Keywords: developmental trajectory, response strategies, social influence direction’s 

breakpoint, bimodal RT distributions, coaction 

 

 

 

 

 

 



 3 

Introduction 

 

Social facilitation and inhibition (SFI) effect refers to the positive or negative influence of 

someone else presence on our own performance. This phenomenon has been described across 

various behaviors, and has been the subject of extensive literature since the late 19th century 

(Baron et al., 1978; R. Zajonc, 1965; R. B. Zajonc et al., 1969). However, similar to the 

majority of studies conducted to explore human behavior, most of the research investigating 

the SFI effect has focused on young adults, primarily recruited from pools of university 

students. Foundational references in this literature, such as Guerin’s book (2010) and Bond 

and Titus's meta-analysis (1983), indicate that children and adolescents are underrepresented, 

as only 3 to 6% of published studies in this field focus on this age group (Bond & Titus, 1983; 

Guerin, 2010). Recently, there has been a growing interest for studying effects of SFI on 

children and adolescents. However, this has been specifically directed towards certain 

behaviors. For example, studies have investigated effects of SFI in contexts which are 

relevant to combat childhood obesity, such as food consumption (Bevelander, Lichtwarck-

aschoff, et al., 2013; Bevelander, Meiselman, et al., 2013; Drewett, 2007; Engelmann et al., 

2015; Lumeng & Hillman, 2007; Salvy et al., 2008) and active versus sedentary activities 

(Barkley et al., 2014; Coppinger et al., 2010; Gonzales et al., 2019; Kieffer, 1977; Rittenhouse 

et al., 2011; Salvy et al., 2009; Siegmund et al., 2014). Other studies have focused on risky 

decision-making in adolescents to understand and explain deviant behaviors during this 

developmental stage (Chein et al., 2011; Gardner & Steinberg, 2005; Hoffmann et al., 2018; 

Reniers et al., 2017; Smith et al., 2018; Somerville et al., 2019; Telzer et al., 2015, 2017; van 

Hoorn et al., 2018). While evidently these issues have major societal relevance, it is surprising 

that the effects of social influence on cognitive skills and academic knowledge remain 

relatively understudied in children (Camarda et al., 2021; Dumontheil et al., 2016; Tricoche et 
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al., 2021; Tricoche, Pélisson, et al., 2023; Wolf et al., 2015), given that children spend most of 

their daily lives at school where they learn among peers and are heavily influenced by them.   

One reason effects of SFI in the context of academic learning are understudied could be that 

schooling spreads over a wide developmental timespan and that the developmental trajectory 

of SFI effect remains largely unknown. To our knowledge, no study has compared children, 

adolescents, and adults on a continuum to evaluate the development of this basic form of 

social influence. Indeed, most studies focused on a single population, except for a few of them 

that compared two age groups (Camarda et al., 2021; Chein et al., 2011; Dumontheil et al., 

2016; Gardner & Steinberg, 2005; Somerville et al., 2019; Tricoche et al., 2021; Tricoche et 

al., 2023). Yet,  the influence of social presence is not restricted to adults but extends to 

children and adolescent’s immature brains (Breiner et al., 2018; Chein et al., 2011; 

Dumontheil et al., 2016; Smith et al., 2018; Tricoche et al., 2023; van Hoorn et al., 2018; Van 

Hoorn et al., 2016). There is also evidence that the social brain continues its development 

during adolescence (Albert et al., 2013; Blakemore, 2015; Burnett et al., 2011; Rauchbauer & 

Grosbras, 2020). Therefore, it is crucial to understand how and to what extent SFI effect 

evolves with age. 

In the present study we explored the entire developmental trajectory of effects of SFI on 

participants from the age of 8 to the age of 22, using two tasks that are relevant in the context 

of academic learning and require participants to compare the numerosity of sets of dots and 

the phonology of words (stimuli were sequentially presented in both cases, see Figure 1). 

Participants performed these tasks alone or in a coaction situation with a familiar peer (i.e., 

both participants doing the same task at the same time). A main goal of the present study was 

to extend the developmental findings from a previous study conducted in 8- to 10-year-olds 

and young adults. In that study, similar numerosity and phonological tasks were used and 

showed a social facilitation in both tasks, though the effect was stronger in children than in 
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adults (Tricoche et al., 2021). Here we propose to recruit an additional group of participants 

(adolescents 11- to 19-year-old) and use a complementary analysis method to identify the 

developmental changes of performance and processes modulated by social presence. 

Specifically, we studied the strategy adopted by participants to make their decision in these 

tasks, which both involve the sequential presentation of two stimuli. Indeed, to perform these 

tasks, individuals were previously found to adopt either an ‘anticipative’ strategy that was 

relatively fast or a ‘reactive’ strategy that was slower (by 500 to 600ms). The former was 

more frequently observed in adults than in children or adolescent (Tricoche et al., 2021; 

Tricoche et al., 2023). Here, we predicted that peer presence might favor the adoption of the 

anticipative strategy in children, helping them to reduce their developmental gap as compared 

with adults’ performance (Tricoche et al., 2021). As a developmental effect was previously 

found on the preferred strategies adopted by individuals (Tricoche et al., 2023), we also 

expected to find in the present study a peer presence effect on these response strategies that 

would vary with age.  

 

Methods 

 

Participants & sample size justification 

Two hundred and seven participants from 8 to 22 years old (113 females, mean age 15.81 

years +/- 4.11) were recruited via social network advertising. All participants were native 

French speakers, without any psychiatric or neurological disorders. The study received 

approval from the local ethics committee (CPP Sud Est II Ethics Committee) on November 7, 

2018 (ClinicalTrials.gov Identifier: NCT03453216) as well as by the Institutional Review 

Board of the INSERM (protocol code 15-282-ter, date of approval: 19 December 2018). All 
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participants, or their parents for participants under 18, signed an informed consent. Each 

participant received a 10 € compensation for their time.  

To explore the developmental trajectory of effects of SFI, we divided participants into five 

age groups: 27 children (8-10 years), 43 young adolescents (11-13 years), 50 middle 

adolescents (14-16 years), 28 late adolescents (17-19 years), and 58 young adults (20-22 

years) (see table 1 for sample size and demographic information per group). Data from the 

fifty-eight participants in the young adult group and from eleven participants in the late 

adolescent group were previously analyzed and contributed to the results reported in Tricoche 

et al., 2021 (Tricoche et al., 2021). 

Our sample size was calculated based on a previous study comparing the peer presence effect 

in young and old adolescents in a relational reasoning task (Wolf et al., 2015). This study 

found a lower accuracy in the friend-present condition relative to the experimenter-present 

condition on easy-relational trials in young adolescents, while old adolescents showed this 

presence effect across all difficulty levels. An a priori power analysis, based on the effect size 

obtained by Wolf et al on this Age (Young adolescents, Old adolescents) × Condition (Friend, 

Experimenter) × Difficulty (Easy, Hard) interaction (η
𝑝

²=0.09, d=0.6), indicated that we 

would need a sample size of 40 participants to detect a similar interaction with our five sub-

groups (η
𝑝

²=0.09, power=0.95, α=0.05). As our analyses required the addition of a fourth 

factor (i.e., Task), we increased the sample size beyond that indicated by the power analysis.  

Social context 

Participants were tested in a coaction condition or alone. In the coaction condition, 

participants were recruited by pairs, as friends, significant others, or siblings. The two familiar 

peers of each pair were matched in age and gender. They completed the seven-point Inclusion 

of the Other in the Self (IOS) scale (Gächter et al., 2015) in order to evaluate the subjectively 
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perceived closeness of their relationship. The mean score obtained was of 5.73 (standard 

deviation: ±1.32), which confirmed an overall close relationship. The two peers were seated 

side by side, each facing a computer screen and a keyboard, and completed the same tasks at 

the same time. In the alone condition, participants were tested alone in the experimental room. 

In both conditions, at the beginning of the experiment, after giving all the instructions, the 

experimenter left the experimental room. One hundred and twelve participants were tested in 

the coaction condition and 95 participants were tested in the alone condition. One participant 

was excluded from the analyses as one of our main measures of interest, age, was not reported 

in the dataset. Group composition is reported in Table 1.  

 

Table 1: Number of participants (N) in each age group according to the condition (coaction, 

alone), as well as their mean age (and standard deviation, sd) and gender repartition. IOS 

scores are also reported for the Coaction condition.  

 Coaction condition Alone condition 

Age sub-

group 

N 

Mean age  

± sd 

Gender   

Male - Female 

Mean IOS 

score ± sd 

N 

Mean age ± 

sd 

Gender  

Male - Female 

8-10y 15 9.06y ± 0.82 9 - 6 5.87 ± 1.41 12 8.61y ± 0.64 4 - 8 

11-13y 19 12.69y ± 0.65 6 - 13 5.27 ± 1.67 24 12.62y ± 0.57 12 - 12 

14-16y 32 14.84y ± 0.75 18 - 14 5.67 ± 1.49 18 14.72y ± 0.80 8 - 10 

17-19y 12 18.08y ± 0.86 7 - 5 5.83 ± 1.19 16 17.94y ± 0.66 9 - 7 

20-22y 33 20.85y ± 0.70 11 - 22 5.91 ± 0.98 25 21y ± 0.80 9 - 16 

 = 111    = 95   

 

 

Tasks & Stimuli 
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Participants completed the same two tasks that were previously used in Tricoche et al., 2021 

(Tricoche et al., 2021) and based on previous studies (Prado et al., 2011, 2014). The first task 

was a numerosity comparison task, in which participants decided which of two sequentially 

displayed dots arrays contained the largest number of dots. The second task was a 

phonological comparison task, in which participants decided if two words appearing 

sequentially rhymed or not. The trials time line is shown in Figure 1. All sub-groups 

completed the same version of the tasks, each composed by 144 trials.  

Dot arrays used for numerosity comparison contained 12, 18, 24 or 36 dots. Differences in 

cumulative surface areas and distribution of dot sizes were both controlled for each pair of dot 

arrays (Gebuis & Reynvoet, 2011). Difficulty was varied according to the ratio between the 

two dots arrays, from easy trials with a ratio comprised between 0.33 (e.g., 12 versus 36 dots) 

and 0.5 to hard trials with a ratio comprised between 0.67 (e.g., 24 versus 36 dots) and 0.75.  

Words used for phonological comparison contained 1 or 2 syllables and 3 to 8 letters, with 

similar frequency in French language as assessed by the New and Pallier’s dictionary (New B. 

et al., 2001). Difficulty was varied by manipulating orthography and phonology between the 

two presented words. In easy trials the two words had congruent orthography and phonology 

(both same, e.g. dix-six [dis-sis] or both different, e.g. jeu-doux [ʒoe-du]), whereas in hard 

trials orthography and phonology were incongruent (e.g. dos-taux [do-to] or tapis-iris [tapi-

iris]). 

Stimuli were presented in a pseudorandomized order, mixing both numerosity and 

phonological comparison tasks together in the same block of trials (i.e., no more than three 

successive trials of the same difficulty or task was presented).  
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Figure 1: Trial’s temporality for Numerosity comparison (A) and Phonological comparison 

(B). Stimuli were presented successively during 800ms with a 200ms in-between interval. 

Participants made their decision by pressing one of two possible keys. They could respond as 

soon as the second stimulus appeared, but before the red square (displayed for a randomized 

duration) disappeared (‘Response delay’).  

Analyses  

Frequentist statistical analyses were conducted using RStudio (v.4.0.0). We measured for each 

task and difficulty level the global accuracy as the proportion of correct responses relative to 

the total number of decisions (%Corr), then we measured the reaction time of each correct 

response (RT) as the delay between the second stimulus appearance and the key press. We 

conducted 5 X 2 X 2 X 2 ANOVAs, with Age (8-10y, 11-13y, 14-16y, 17-19y, 20-22y) and 

Condition (Coaction, Alone) as between-subject factors, and Task (Numerosity, Phonology) 

and Difficulty (Easy, Hard) as within-subject factors. Post-hoc comparisons were conducted 

through two-sample Student’s t tests with FDR corrections. Effect sizes were reported using 

partial eta squared values (η
𝑝

²). Frequentist statistical analyses were complemented by 
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Bayesian statistics, calculating the Bayes Factor inclusion (𝐵𝐹𝑖𝑛𝑐𝑙), using JASP (v.0.10.2). 

Extreme, strong, moderate or anecdotal evidence for the null hypothesis (H0) were qualified 

for a 𝐵𝐹𝑖𝑛𝑐𝑙 < 0.001, < 0.01, < 0.33, <1 respectively; whereas extreme, strong, moderate or 

anecdotal evidence for the alternative hypothesis H1 were qualified for a 𝐵𝐹𝑖𝑛𝑐𝑙 > 100, > 10, 

> 3 and > 1 (Keysers et al., 2020; Wagenmakers et al., 2018). 

We also analyzed, separately for each task and each difficulty level, the relation between RT 

and Age (measured in days), combining all sub-groups of participants in two superimposed 

scatter plots (coaction and alone condition). We then estimated the linear trend-lines (y= 

bx+a) for each condition (coaction and alone) using the least squares method. As reported in 

the Results part, all 4 scatter plots (2 tasks x 2 difficulty levels) showed that the linear trend-

lines intersected, indicating an age where the direction of the coaction effect changed. We 

adjusted to the RT data a segmented regression model (RT ~ Age*Condition) to estimate 

these age-breakpoints means and confidence intervals at 95% (𝐶𝐼95) and to investigate if 

there was a significant difference in the relation between the RT and the Age according to the 

Condition (‘segmented’ package on R). This segmented regression model analysis was 

justified as it allows to identify potential nonlinear and complex relationships between 

variables (Age and Condition), that cannot be assessed by ANOVAs which focus on average 

effects. It also provides a nuanced view of developmental transitions in SFI effect by 

identifying breakpoints.  For the accuracy data, which did not show any social effect with 

ANOVAs, the results of this segmented regression model analysis are reported in Appendix 

A. 

Finally, we computed the RT distributions of correct responses for each subgroup and each 

task, comparing the two conditions using a Kolmogorov-Smirnov (K-S) test. For the sake of 

clarity, we combined easy and hard trials, as our analyses revealed similar social effects. As 

we mainly obtained bimodal RT distributions at group level indicating two discrete strategies, 
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we calculated the proportion of participants in each profile (fast or slow responders) using the 

method previously developed (Tricoche et al., 2021; Tricoche et al., 2023) and detailed in 

Appendix B. We then conducted Chi-square tests with Yates continuity correction, 

comparing the proportion of fast and slow responders between the alone and coaction 

conditions, for the different ages and tasks separately. In addition to the X², we reported the 

Bayes Factor 10 (𝐵𝐹10) and the effect sizes as estimated using Cramer’s V (Cramer, 1946). 

Significance level was set at p<0.05 for all frequentist analyses. 

 

Results 

 

Social effect on accuracy and RT  

Accuracy 

As illustrated in Figure 2, the Condition x Age x Task x Difficulty ANOVA revealed a main 

effect of Age (F(4, 196)=22.37, p<0.001, η
𝑝

²=0.31, 𝐵𝐹𝑖𝑛𝑐𝑙>100), Task (F(1, 588)=4.52, 

p=0.03, η
𝑝

²=0.008, 𝐵𝐹𝑖𝑛𝑐𝑙>100) and Difficulty (F(1, 588)=742.07, p<0.001, η
𝑝

²=0.56, 

𝐵𝐹𝑖𝑛𝑐𝑙>100), but no Condition effect (F(1,196)=1.14, p=0.29, 𝐵𝐹𝑖𝑛𝑐𝑙=0.05). We also observed 

two significant interactions: Age by Task (F(4, 588)=7.47, p<0.001, η
𝑝

²=0.05, 𝐵𝐹𝑖𝑛𝑐𝑙>100) 

and Difficulty by Task (F(1, 588)=6.57, p=0.01, η
𝑝

²=0.01, 𝐵𝐹𝑖𝑛𝑐𝑙=2.74).  

As expected, accuracy was higher on easy trials (mean %Corr±SEM= 93.2%±0.4 when 

averaging numerosity and phonology comparisons) than hard trials (79.5%±0.5 when 

averaging numerosity and phonology comparisons). In line with a number of previous studies, 

accuracy was also higher for numerosity (85.9%±0.5 when averaging easy and hard trials) 

than phonology comparison (86.9%±0.7 when averaging easy and hard trials) (Prado et al., 



 12 

2011, 2014; Tricoche et al., 2021; Tricoche, Meunier, et al., 2023; Tricoche, Pélisson, et al., 

2023). Overall, older participants were more accurate than younger participants (8-10y: 

76.4%±1.6; 11-13y: 86.5%±0.8; 14-16y: 86.1%±0.8; 17-19y: 89.3%±1.0; 20-22y: 

89.8%±0.7). All post-hoc comparisons are given in Appendix C.  

Substantiating the absence of main Condition effect, no interaction was found with this factor, 

suggesting no social effect on accuracy.  

 

 

Figure 2: Accuracy expressed in %Corr according to the Age (by class), Condition (alone in 

purple, coaction in green), Task (A-B: numerosity; C-D: phonology) and Difficulty (A-C: easy 

trials; B-D: hard trials). Dots represent individual data, boxes show the medians, lower 

quartiles, upper quartiles and whiskers (±1.5*Inter-quartile range). 
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RT 

As shown in Figure 3, we found a significant main effect of Age (F(4, 196)=15.42, p<0.001, 

η
𝑝

²=0.31, 𝐵𝐹𝑖𝑛𝑐𝑙>100), Task (F(1, 588)=1306.22, p<0.001, η
𝑝

²=0.69, 𝐵𝐹𝑖𝑛𝑐𝑙>100) and 

Difficulty (F(1, 588)=285.99, p<0.001, η
𝑝

²=0.33, 𝐵𝐹𝑖𝑛𝑐𝑙>100) on the RTs. The Condition 

effect also reached significance, but Bayesian analyses indicated anecdotal evidence toward 

H0 (F(1, 196)=3.86, p=0.05, η
𝑝

²=0.02, 𝐵𝐹𝑖𝑛𝑐𝑙=0.59). Three interactions were significant: Age 

by Task (F(4, 588)=30.62, p<0.001, η
𝑝

²=0.17, 𝐵𝐹𝑖𝑛𝑐𝑙>100), Difficulty by Task (F(1, 

588)=46.48, p<0.001, η
𝑝

²=0.07, 𝐵𝐹𝑖𝑛𝑐𝑙>100), and Condition by Difficulty (F(1, 588)=4.09, 

p=0.04, η
𝑝

²=0.007, 𝐵𝐹𝑖𝑛𝑐𝑙=0.61).  

In line with the accuracy results, easy trials elicited faster responses (1079.1ms±19.7) than 

hard trials (1225.7ms±21.8), and numerosity trials showed lower RTs (995.7ms±18.0) than 

phonology trials (1309.0ms±21.1). Older participants were faster than younger participants 

(8-10y: 1540.3ms±39.2; 11-13y: 1258.2ms±29.4; 14-16y: 1109.2ms±28.1; 17-19y: 

998.9ms±38.1; 20-22y: 1004.6ms±24.2). All post-hoc comparisons are given in Appendix C.  

Concerning the main objective of our study, results indicated that the significant main 

Condition effect was directed toward a social facilitation (coaction: 1111.2ms±19.8; alone: 

1200.5ms±22.4). The interaction with the Difficulty factor was due to this social facilitation 

reaching significance only for hard trials, as revealed by post-hoc comparisons (easy: p=0.10; 

hard: p=0.01).   
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Figure 3: RT expressed in ms according to the Age (by class), Condition (alone in purple, 

coaction in green), Task (A-B: numerosity; C-D: phonology) and Difficulty (A-C: easy trials; 

B-D: hard trials). Same conventions as in Figure 2. A significant social facilitation was found 

by comparing alone (purple) and coaction (green) conditions, for hard trials (*: p=0.01). 

 

The direction of social effect is modulated by age  

When investigating the relation between RT and age according to the social context, we found 

a developmental change in the direction of the social effect. As illustrated in Figure 4, linear 

trend-lines intersected around 13-14 years old. This pattern indicates a social inhibition before 

13-14 years (longer RTs in coaction than alone condition) and a social facilitation after this 

period (shorter RTs in coaction than alone condition), for both tasks and both trial difficulties. 

Applying a segmented regression model to the data for each task and difficulty level allowed 

us to estimate breakpoints falling in a narrow age-range [5150 - 5220 days] for all 4 cases 
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(Numerosity-Easy: 5159 days, 𝐶𝐼95: ±56.35; Numerosity-Hard: 5159 days, 𝐶𝐼95: ±57.69; 

Phonology-Easy: 5220 days, 𝐶𝐼95: ±76; Phonology-Hard: 5159 days, 𝐶𝐼95: ±118.3). Finally, 

contrasting with the ANOVA results reported above, the results of the segmented regression 

models indicated a significant Age by Condition effect (t’s=[-2.53:-2.21], p’s=[0.01:0.03]). 

Thus, this analysis which does not require pooling participants into different sub-groups, 

showed that the effect of Age on RT was modulated by the Condition, whatever the Task and 

Difficulty. Overall, we conclude that children under 13-14 years old were socially inhibited 

whereas older children were socially facilitated.   

 

 

Figure 4: Relation between the Age (in days) and the RT (in ms) according to the Condition 

(alone in purple, coaction in green), Task (A-B: numerosity; C-D: phonology) and Difficulty 

(A-C: easy trials; B-D: hard trials). The segmented regression models indicated significant 

an Age by Condition effect in each of the 4 situations, showing that the effect of Age on the RT 



 16 

is modulated by the Condition. Further, the direction of the social effect 

(inhibition/facilitation) changed around 5100-5200 days, as revealed by the estimated 

breakpoints (red dashed lines, with confidence intervals at 95%). Note that the slight 

difference between the observed graphical intersection of the curves and the statistically 

determined values of breakpoint can be explained by the fact that the latter is affected by 

precision of statistical modeling, contrary to the former. 

 

The social context improves the preferred strategy  

To evaluate whether the strategies potentially used by participants could change according to 

age, tasks, or conditions, we plotted the RT distributions of correct responses in each age 

group and for both tasks. First, to focus on the developmental effect, we pooled the two social 

conditions together (Figure 5A). These distributions were all bimodal (i.e., two peaks of 

density). This pattern, which is in line with previous studies (Tricoche et al., 2021; Tricoche et 

al., 2023) is particularly conspicuous for older participants. Based on these bi-modal 

distributions at the group level, participants were classified in two profiles according to their 

individual RT distribution: participants who responded relatively fast (mean RT around 

600ms) and participants who responded relatively slowly (around 1,100ms) (Appendix B). 

This distinction between fast responders around 600ms and slow responders around 1,100ms 

replicated previous results, as well as the observed developmental trajectory (Tricoche et al., 

2021; Tricoche al., 2023). Indeed, while the youngest participants adopted preferentially the 

slow strategy, the number of fast responders increased with age, such that it becomes the 

predominant strategy in the 17 years old group (Figure 5A).   

Then, to test whether there was an effect of Condition, we plotted for each sub-group and 

each task, the ‘‘alone’’ versus ‘‘coaction’’ distributions. Conducting K-S tests, we found that 
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the ‘‘alone’’ distributions differed from the ‘‘coaction’’ distributions for all sub-groups in 

both tasks (D’s=[0.10: 0.23], all p’s<0.001) (Figure 5B). Using the method previously 

developed (Tricoche et al., 2021;2023) and detailed in Appendix B, we calculated the 

proportion of participants in each profile (fast responders, slow responders), and investigated 

for each task separately, if this proportion differed with the Condition according to the Age 

(Chi-square tests). For Numerosity, we found a significant effect of Condition on the 

proportion of fast and slow responders for the 11-13y (X²=9, p=0.003, V=0.21, 𝐵𝐹10=1.04), 

14-16y (X²=6.1, p=0.01, V=0.17, 𝐵𝐹10=0.69) and 20-22y (X²=9.8, p=0.002, V= 0.22, 

𝐵𝐹10=1.35). For Phonology, this Condition effect was found for the 8-10y (X²=16.46, 

p<0.001, V=0.29, 𝐵𝐹10=1.91), 11-13y (X²=26.33, p<0.001, V=0.36, 𝐵𝐹10=7.49) and 20-22y 

(X²=12.75, p<0.001, V=0.25, 𝐵𝐹10=2.1), while being marginal for the 14-16y (X²=3.19, 

p=0.07, V=0.13, 𝐵𝐹10=0.49) (Figure 5C). Interestingly, and as illustrated in Figure 5B&C, the 

direction of this social effect seemed to differ according to the sub-groups, favoring the slow 

strategy in younger participants (8 to 13 years), while improving the fast strategy in older 

ones (>14 years).  
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Figure 5: A: RT distributions of correct responses superimposed for the different Age sub-

groups (colors) separately for Numerosity (left) and Phonology (right). B: RT distributions of 

correct responses superimposed for the alone (purple) and coaction (green) Conditions 

separately for the Age sub-groups (left-to-right) and for Numerosity (upper row) and 

Phonology (lower row). Two profiles of participants can be seen: fast (first peak of density 

around 600ms) and slow (second peak of density around 1,100ms) responders, with a 

developmental trajectory from the slow to the fast strategy. C: Proportion of fast (upper row) 

and slow (lower row) responders in the alone (purple) and coaction (green) condition, ranked 

according to the Age sub-groups separately for Numerosity (left) and Phonology (right). Even 

though the proportion of slow responders complements that of fast responders, both graphs 

are displayed for enhanced visual clarity. While the slow strategy dominates in younger 

participants (8 to 13 years), the fast strategy increases in older ones (>14 years) (#: p<0.08; 

*: p<0.05; **: p<0.01; ***: p<0.001).   

 

Discussion 

 

In this study, we investigated the developmental trajectory of peer presence effects in two 

judgment tasks (numerosity or phonology) involving a comparison of two items presented 

sequentially. We compared five age sub-groups, from childhood to adulthood, tested either 

alone or in a coaction condition with a familiar peer.  

When analyzed at the group level, without considering developmental differences, the 

coaction condition led in both tasks to a social facilitation on RT (but not on accuracy) for the 

hard trials. These findings only partially replicated findings from our previous study in the 

youngest and oldest subjects groups (Tricoche et al., 2021). Indeed, we previously found a 
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social facilitation in these tasks for both groups of participants, and for both trial types 

(including easy trials). However, in our previous study, some of the children completed a 

simplified version of the tasks. This might explain why, at the group level, they were 

facilitated by social presence across all trials. In contrast, in the present study, all participants 

completed a more difficult version of the task. This may have led to a more heterogeneous 

performance at first: while some participants (essentially the older participants) might have 

been mature enough to succeed at the required level, others (essentially the youngest 

participants) might not have fully developed the necessary skills. Consequently, the effect of 

social presence on RTs may have fluctuated between facilitation and inhibition depending on 

the participants' individual skill levels, which could not be fully captured in a group-level 

analysis. Thus, these results at the group level must be considered cautiously, especially as the 

segmented regression analysis of the effect of age (in days) and condition on RT led to a more 

nuanced pattern. Indeed, this analysis indicated that the social effect on RT was modulated by 

age, with a switch between social inhibition and social facilitation around 13-14 years oldThis 

finding suggests an important age-dependent inter-individual variability: while the youngest 

participants are inhibited, older participants are facilitated by peer presence. Camarda and 

collaborators (2021) also found a similar pattern of social influence on a creativity task, with a 

social inhibition in early adolescents (11 years old) and a social facilitation in middle 

adolescents (15 years old) (Camarda et al., 2021), suggesting that a switch can occur in 

several cognitive tasks.  

 

Furthermore, another critical contribution of our study, based on the analysis of RT 

distributions, is that the difference in the direction of the social effect might be due to an 

improvement in the participants' predominant response strategy. For the youngest participants, 

the predominant strategy was to produce relatively slow responses, whereas older participants 
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adopted a more optimal strategy allowing faster responses without cost on accuracy 

(Tricoche, Meunier, et al., 2023). Peer presence may drive the cognitive system and lead 

participants to focus on the most appropriate way to succeed in the task. Our proposal is that 

by improving the predominant strategy used by participants, peer presence led to social 

inhibition in children and young adolescents (<13-14 years) and to social facilitation in mid-

adolescents and adults. This interpretation aligns with and complements Zajonc’s seminal 

theory therein social presence increases the probability of the dominant response, which is the 

most probable or common response during the performed task (R. Zajonc, 1965; R. B. Zajonc 

et al., 1969). While Zajonc’s physiological perspective primarily focuses on an arousal 

modulation origin of social facilitation/inhibition effects, our findings suggest a broader 

perspective of social influence. Instead of simply inducing moderate changes of the reaction 

time (~a few tens of msec) of dominant responses through increased arousal, we revealed a 

global change in the participants' response strategy, and hence of the decision-making 

process, ultimately resulting in a substantial modification of response time up to several 

hundred milliseconds. This suggests a more comprehensive strategic adjustment due to social 

context rather than a mere reflexive response driven by heightened arousal. In Tricoche, 

Meunier, et al., 2023, it was proposed that the fast strategy could be associated with an 

anticipatory process which develops with age in relation with the growing capacities of 

working memory (Adam et al., 2012; Chen et al., 2007; Swensson & Edwards, 1971); it was 

also argued that young children, on the other hand, adopted a more reactive and cautious 

strategy, waiting for the second stimulus appearance before making a decision with a high 

degree of certainty (see also Hedge et al., 2019). The lower working memory abilities in 

individuals before thirteen years old (Van Duijvenvoorde et al., 2012) could be a potential 

explanation of why they preferentially adopted the reactive strategy. Thus, this developmental 



 22 

factor may also help to account for the presently-observed inhibition before this period of age 

and switch to facilitation later on.  

 

Interestingly and contrary to the present results, it was previously found that social presence 

helped children to adopt the fast strategy, allowing them to become more ‘‘adult-like’’ in their 

behavior (Tricoche et al., 2021). This difference between the two studies could be explained 

by the adapted difficulty in this previous study where children completed a simplified version 

of the task. This adaptation possibly enhanced their ability to adopt a fast strategy for this very 

well mastered task. To our knowledge, no other study has been conducted to investigate the 

social influence on these decision-making strategies, preventing us from comparing our 

findings with the existing literature. Moreover, it is important to keep in mind that these 

conclusions are only valid for these specific sequential comparative judgment tasks and 

cannot yet be extended to other forced-choice tasks or general decision-making abilities. 

Nonetheless, our findings open the door to a better understanding of the social influence effect 

on the traditionally known "dominant response."  
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