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have them, and how we experience and express them [START_REF] Gross | Emotion Regulation: Conceptual Foundations[END_REF]. Importantly, the notion of emotion regulation encompasses the possibilities of reducing, maintaining or increasing any affect, including positive emotions [START_REF] Gross | The handbook of emotion regulation[END_REF].

Many studies have been conducted to test this hypothesis, primarily focusing on the ability to regulate negative basic emotions such as anger [START_REF] Magai | Emotion experience and expression across the adult life span: Insights from a multimodal assessment study[END_REF], disgust [START_REF] Kunzmann | Behavioral inhibition and amplification during emotional arousal: A comparison of two age groups[END_REF][START_REF] Shiota | Effects of aging on experimentally instructed detached reappraisal, positive reappraisal, and emotional behavior suppression[END_REF], or sadness [START_REF] Magai | Emotion experience and expression across the adult life span: Insights from a multimodal assessment study[END_REF][START_REF] Shiota | Effects of aging on experimentally instructed detached reappraisal, positive reappraisal, and emotional behavior suppression[END_REF], moral emotion such as injustice [START_REF] Phillips | Effective regulation of the experience and expression of negative affect in old age[END_REF] or even negatively valenced emotions operationalized along the two psychological dimensions of pleasantness and arousal [START_REF] Opitz | Prefrontal mediation of age differences in cognitive reappraisal[END_REF][START_REF] Vieillard | Expressive suppression and enhancement during musicelicited emotions in younger and older adults[END_REF][START_REF] Winecoff | Cognitive and neural contributors to emotion regulation in aging[END_REF]. The available data depicted different age-related effects depending on the nature of the emotion regulation strategy. While older adults show preserved abilities to implement expressive suppression [START_REF] Kunzmann | Behavioral inhibition and amplification during emotional arousal: A comparison of two age groups[END_REF][START_REF] Magai | Emotion experience and expression across the adult life span: Insights from a multimodal assessment study[END_REF][START_REF] Phillips | Effective regulation of the experience and expression of negative affect in old age[END_REF][START_REF] Shiota | Effects of aging on experimentally instructed detached reappraisal, positive reappraisal, and emotional behavior suppression[END_REF][START_REF] Vieillard | Expressive suppression and enhancement during musicelicited emotions in younger and older adults[END_REF], findings indicated that they had sometimes more difficulties to decrease unpleasant emotions through some reappraisal strategies [START_REF] Opitz | Prefrontal mediation of age differences in cognitive reappraisal[END_REF][START_REF] Shiota | Effects of aging on experimentally instructed detached reappraisal, positive reappraisal, and emotional behavior suppression[END_REF]. More exactly, [START_REF] Shiota | Effects of aging on experimentally instructed detached reappraisal, positive reappraisal, and emotional behavior suppression[END_REF] demonstrated that, in comparison with younger adults, older adults were better at implementing positive reappraisal but showed a decreased ability to implement detached reappraisal. Additional findings have given evidence that older adults' reappraisal efficiency was related to their cognitive preservation [START_REF] Winecoff | Cognitive and neural contributors to emotion regulation in aging[END_REF].

However, most of the above studies have been conducted on visual stimuli with no control for gaze direction. The exploration of gaze direction is an important cue to address age-related differences in emotion regulation strategy. Indeed, the possibility that visual attentional deployment might explain the successful expressive regulation previously found in older adults cannot be excluded. The only study that controlled gaze direction in an expressive regulation task confirmed this suspicion showing that, compared to their younger counterparts, older adults displayed more gaze aversion from visual stimuli conveying injustice under expressive suppression instructions [START_REF] Phillips | Effective regulation of the experience and expression of negative affect in old age[END_REF]. This suggests that older adults might use a less costly regulation strategy of avoidance to regulate their negative emotions. Avoidance strategy indeed requires less use of cognitive resources than other emotion regulation strategies, such as reappraisal. This has been corroborated by a recent work on cognitive regulation indicating that when instructed to reappraise the affective meaning of their emotional state induced by negative pictures, older adults were more likely than their younger counterparts to shift their attention from negative visual stimuli [START_REF] Opitz | Prefrontal mediation of age differences in cognitive reappraisal[END_REF]. This advocates the idea that the older adults' preservation of emotion regulation abilities could sometimes be explained by an age-related change in the preferential emotion regulation strategies like attentional deployment [START_REF] Gross | The handbook of emotion regulation[END_REF]. Therefore, attention deployment may have a greater impact on emotional regulation success in aging than more costly strategies such as expressive or cognitive regulation. More generally, this suggests that age-related changes in regulation of negative expression and emotion perhaps are not always synonymous for more efficiency. This calls for a systematic control of gaze direction in empirical works investigating emotion regulation in response to visual stimuli.

As mentioned above, the SST model argued that aging is characterized by the intentional use of emotion regulation strategies to favor positive emotions. This model postulates that age-related differences in emotion regulation are the consequences of the older adults' preference for positive stimuli over negative stimuli [START_REF] Reed | The theory behind the age-related positivity effect[END_REF][START_REF] Reed | Meta-analysis of the age-related positivity effect: Age differences in preferences for positive over negative information[END_REF]. Literature have shown that sometimes the positivity effect is observed through a positivity bias that is the preference for positive information relative to neutral information among older adults in comparison with younger adults (e.g., [START_REF] Mather | Amygdala responses to emotionally valenced stimuli in older and younger adults[END_REF][START_REF] Mikels | Divergent trajectories in the aging mind: Changes in working memory for affective versus visual information with age[END_REF], other times it is mirrored in a reduced preference for negative information relative to neutral information among older adults in comparison with younger adults [START_REF] Charles | Aging and emotional memory: The forgettable nature of negative images for older adults[END_REF][START_REF] Vieillard | Distinct effects of positive and negative music on older adults' auditory target identification performances[END_REF]. In this study, one of our goals was to verify whether positivity bias in older adults might influence how they spontaneously respond to positive stimuli like humor and how they regulate their expression of mirth. Recent findings have demonstrated that when instructed to perform an emotion regulation strategy choice paradigm, older adults did not favor distraction strategy over reappraisal strategy in regulating their positive emotion in comparison with their younger counterparts. Actually, it has been shown that older men chose to distract less from positive images than younger men did [START_REF] Martins | Age differences in emotion regulation choice: Older adults use distraction less than younger adults in high-intensity positive contexts[END_REF]. But to date, no cross-sectional study on the more cognitively and physiologically costly strategy of the expressive regulation [START_REF] Gross | The handbook of emotion regulation[END_REF] has been conducted. To our knowledge, the only empirical work addressing the consequences of expressive regulation of humorous stimuli was based on a comparison between a group of Alzheimer's disease patients and a control group of older adults [START_REF] Henry | Emotion experience, expression, and regulation in Alzheimer's disease[END_REF]. These findings showed that the subjective experience of humor and the ability to inhibit ongoing expression were relatively similar across groups. However, these data did not provide information on the age-related differences in the affective, expressive, physiological, and gaze behavior consequences or expressive regulation.

Among positive emotions, the feeling of mirth, described as the emotion resulting from a humorous appraisal of a situation or a joke (see [START_REF] Martin | The psychology of humor: An integrative approach[END_REF] for a review), is considered to be an important factor in everyday well-being as well as an efficient form of intrinsic [START_REF] Samson | Humour as emotion regulation: The differential consequences of negative versus positive humour[END_REF] and extrinsic [START_REF] Harm | Using humour as an extrinsic source of emotion regulation in young and older adults[END_REF][START_REF] Strick | Finding comfort in a joke: Consolatory effects of humor through cognitive distraction[END_REF]) emotion regulation. Older adults have been observed to have preserved emotional responses to humor and used it as an efficient coping strategy [START_REF] Harm | Using humour as an extrinsic source of emotion regulation in young and older adults[END_REF][START_REF] Shammi | The effects of normal aging on humor appreciation[END_REF]. Further, previous studies have shown that the ability to regulate mirth can be assessed experimentally [START_REF] Giuliani | The up-and down-regulation of amusement: Experiential, behavioral, and autonomic consequences[END_REF][START_REF] Henry | Emotion experience, expression, and regulation in Alzheimer's disease[END_REF]. For instance, [START_REF] Giuliani | The up-and down-regulation of amusement: Experiential, behavioral, and autonomic consequences[END_REF] asked young adults to reappraise positively and negatively the emotion of mirth they felt while watching short humorous movies. They observed that participants successfully used reappraisal to amplify and diminish their affective (self-assessed feelings), behavioral (facial expression) and physiological (i.e., heart rate (HR), blood pressure, and skin conductance) responses. To date and to our knowledge, no previous work has investigated the older adults' abilities to enhance and inhibit the expression of positive emotions like amusement.

Current study

The goal of the present study is to observe whether aging has an impact on the spontaneous response to humorous cartoons as well as on the ability to amplify and suppress the emotional expression of mirth. To this purpose, we used three blocks of humorous cartoons previously controlled to be equally funny for the young and the elderly [START_REF] Harm | Using humour as an extrinsic source of emotion regulation in young and older adults[END_REF]. Participants were instructed to watch each block of cartoons with a specific instruction: simply watch, exaggerate, or inhibit the expression of amusement. Emotional responses to cartoons were assessed through the self-rating of amusement, facial expressivity, physiological activation, and gaze behavior. The control of gaze direction appears especially important to investigate the actual strategies used by the individuals under the different conditions.

Hypotheses of the study

Regarding the theoretical framework of the SST model described earlier, we can expect that positive emotions elicited by the humorous cartoons could be potentiated in older adults compared with their younger counterparts, resulting in a positivity bias in the "simply watch" condition. But taking into account previous findings showing that spontaneous facial expressivity is spared from age-related decline (see [START_REF] Fölster | Facial age affects emotional expression decoding[END_REF] for areview),we specifically hypothesized that, compared to younger adults, older adults would be equally expressive under the condition of spontaneous response to humor. In the condition of expressive regulation, the hypothesis of a positivity bias in the elderly leads to predicted that, compared to younger adults, older people would be more responsive to positive material and would be more efficient at amplifying their positive feeling and expression. In addition, in line with findings indicating that older adults preferentially used an attentional deployment strategy to down-regulate their emotional expression [START_REF] Phillips | Effective regulation of the experience and expression of negative affect in old age[END_REF], it can be expected that under the suppression instruction older adults would achieve expressive inhibition by using the less costly strategy of avoidance. This assumption is also in agreement with the literature indicating less efficient inhibitory processes in the elderly [START_REF] Hasher | Working memory, comprehension, and aging: A review and a new view[END_REF]. More especially, we hypothesized that compared to younger adults, older adults would show more gaze aversion from the humorous area of the cartoons. On the other hand, if older adults preferentially process positive stimuli (i.e., positivity bias), they should have more difficulty in disengaging their attention from the key areas of the humorous cartoons. Consequently, they should be less efficient at implementing suppressive expression than their younger counterparts.

Method

Participants

We recruited participants in from two age groups: 38 younger adults aged from 19 to 40 years old (M =26,SD = 7) and 38 older adults aged from 50 to 78 years old (M =62, SD = 8) through written and online advertisement in Besançon (France). All participants were volunteers and were paid for their participation. We ensured that participants had no neurological or psychiatric antecedent and reported normal or corrected visual acuity. As illustrated in Table 1, older adults reported lower general health than younger adults. The Mini-Mental Status Examination (MMSE, Folstein, Folstein & McHugh, 1975) was used to exclude older participants with possible dementia (MMSE < 27). The State-Trait Anxiety Inventory (STAI-Y, [START_REF] Spielberger | Manual for the statetrait anxiety inventory[END_REF]) and the Beck Depression Inventory (BDI-II, [START_REF] Beck | Comparison of beck depression inventories-ia and-ii in psychiatric outpatients[END_REF] were used to exclude the participants with anxiety disorders or depression, respectively; when the scores obtained by the participants were greater than the cut-off as explicated in the manual of the inventories (STAI-Y standard scores > 55; BDI-II raw scores > 27), those participants were excluded. Four volunteers (two younger adults and two older adults) were excluded due to high STAI-Y scores. No statistically significant difference was observed between age groups for the measures of anxiety and depression. The participants were also controlled for their emotion regulation styles (Emotion Regulation Questionnaire, ERQ, [START_REF] Gross | Individual differences in two emotion regulation processes: implications for affect, relationships, and well-being[END_REF], their current feeling (Positive And Negative Affectivity Scale, PANAS-X, [START_REF] Watson | The panas-x: manual for the positive and negative affect scheduleexpanded form[END_REF], and their expressivity expressivity (Berkeley Expressivity Questionnaire, BEQ, [START_REF] Gross | Revealing feelings: facets of emotional expressivity in self-reports, peer ratings, and behavior[END_REF]. No statistically significant difference was observed between age groups for these additional affective measures. Compared to younger adults, we found that older adults showed lower scores in cognitive tasks involving working memory (Letter-Number Sequencing subtest of the WAIS-III, [START_REF] Wechsler | Wechsler Adult Intelligence Scale-3rd Edition (WAIS-3®)[END_REF], inhibition inhibition (IF score of the Victoria Stroop test, [START_REF] Tremblay | The victoria stroop test: normative data in quebec-french adults and elderly[END_REF]andfluid intelligence (Advanced Progressive Matrices, APM, Set 1, [START_REF] Raven | Manual for raven's progressive matrices and vocabulary scales[END_REF] performances. No statistically significant difference between age groups was found concerning the cognitive flexibility (Trail Making Test, [START_REF] Tombaugh | Trail making test a and b: normative data stratified by age and education[END_REF]. In line with previous findings on age-related changes in personality (e.g., [START_REF] Terracciano | Hierarchical linear modeling analyses of the neo-pi-r scales in the baltimore longitudinal study of aging[END_REF], the examination of personality trait (measured by the French validation of NEO-P-IR by [START_REF] Plaisant | Validation par analyse factorielle du big five inventory français (bfi-fr) analyse convergente avec le neo-pi-r[END_REF] showed agerelated decline on the mean scores of Extraversion. No other significant difference was found.

Materials

Twelve humorous and three neutral cartoons were used in this experiment. All of these cartoons displayed a black and white drawing with a caption. The neutral cartoons depicted non-emotional social situations (e.g., two children in a library) while the humorous cartoons were taken from drawings by Gary [START_REF] Larson | Valley of the far side[END_REF][START_REF] Larson | The far side observer[END_REF][START_REF] Larson | Night of the crash-test dummies[END_REF]) previously used by [START_REF] Schmidt | The humour effect: Differential processing and privileged retrieval[END_REF] and controlled for their mirth elicitation with younger and older adults in a previous study [START_REF] Harm | Using humour as an extrinsic source of emotion regulation in young and older adults[END_REF]. The 12 humorous cartoons were divided into 3 blocks of 4 cartoons within which the order of presentation was randomized. Each block was assigned to a specific instruction of emotion regulation (i.e., simply watch, expressive amplification, or expressive suppression) with a counterbalancing across participants. Five additional humorous black and white drawing without captions were selected for training. At the end of the experiment, participants were asked to rate humorous and neutral cartoons on 10-point scales to judge whether they were understandable (with 0 meaning "pas du tout"/not at all and 9 meaning, "tout à fait"/completely), funny (with 0 meaning "pas du tout"/not at all and 9 meaning, "tout à fait"/completely), and whether they had positive meaning (with 0 meaning "pas du tout"/not at all and 9 meaning, "tout à fait"/completely). For humorous cartoons, and as illustrated in Table 1, no statistically significant difference was found across age groups on funniness and valence ratings. However, older adults judged the humorous cartoons as less easy to understand than their younger counterparts. For neutral cartoons, no statistically significant difference was found across age groups on valence ratings. But older adults judged the neutral cartoons as less easy to understand and more funny than younger adults.

Procedure

The experiment was divided into two sessions separated by an interval of about one week. During the first session, participants were asked to sign a consent form as well as a demographic questionnaire including information about their age, education level, self-reported health, visual acuity, and medical history. They were then presented with a set of cognitive and affective tests. The first session lasted about 1 handahalf.

The second session included experimental task and lasted about 1 h. Participants were tested individually in a quiet room at stable ambient temperature at the university of Franche-Comté. Once the participants were installed with the physiological and eye tracking systems, they were asked to watch five humorous pictures one by one in a set of training trials. These trials were used to familiarize participants with the expressive regulation instructions. During this training, they saw one picture with the simply watch instructions ("watch the cartoons in a natural way without controlling your expression of emotions"), two pictures with the instructions to amplify emotional expression ("try to express as much as possible your feeling of mirth so that someone looking at you would clearly know what you are feeling"), and two pictures with the instructions to suppress emotional expression ("try to not express your feeling of mirth so that someone looking at you would not know how you are feeling"). Then, the experimental trials started with one block of three neutral cartoons with the simply watch instructions followed by the three blocks of four humorous cartoons that were associated with one of the three instructions (i.e., simply watch, amplify and suppress) with counterbalancing across participants.

Each trial began after the emotion regulation instructions (i.e., simply watch, amplify or suppress) were reminded and after the participants indicated they were ready. A 10 s blank screen was displayed while physiological baseline was recorded, followed by a fixation cross of 1 s duration. Immediately after, the cartoon was displayed during 30 s. At the end of the cartoon's display duration, participants had to assess orally on a 10point Likert scale to what extent they felt the emotion of mirth ("I am amused" from 0 "not at all" to 9 "entirely"). For each trial, the experimenter carefully scrutinized the Skin Conductance Level and initiated the next trial only when it had stabilized, making sure that measure did return to the baseline.

Once the expression regulation task was ended, the eye tracking and physiological systems were removed. As described earlier, participants were then asked to rate the cartoons previously presented on three 10-point Likert scales in order to assess to what extent they found the cartoons funny, understandable and conveying positive meaning. All participants were then debriefed and paid.

Data acquisition and transformation

Physiological responses were monitored throughout the experiment using an MP150 Biopac system (Biopac Systems, Inc., Goleta, CA) at a sampling rate of 500 Hz and were processed using AcqKnowledge software. Participants' facial expressivity was assessed through their zygomaticus electromyographical activity (Facial EMG, μVolts) with two 4mm shielded electrodes located on left zygomaticus muscle (see recommendations of [START_REF] Tassinary | The skeletomotor system: surface electromyography (3rd[END_REF][START_REF] Martin | The psychology of humor: An integrative approach[END_REF].The signal was rectified using the root mean square function of the software and then smoothed using a 50 Hz band stop filter. The EMG score was calculated by subtracting the EMG signal recorded during the second before the onset of the cartoon from the EMG signal (area under the curve per second) recorded during the 10 s duration of cartoon presentation. Due to technical problem, the data from one younger participant were excluded from the analysis. Skin conductance level (SCL, μSiemens) was recorded on the left index and little fingers with two electrodes filled with isotonic gel. The reported SCL score was calculated by subtracting the SCL signal recorded at the onset of the cartoons from the SCL recorded from the third second to the end of the cartoon presentation. Electrocardiogram (HR in bpm) activity was recorded with three 8 mm electrodes located at left wrist (+), right wrist (-),andleftankle(ground).Thesignal wassmoothedusinga50Hz band stop filter. Systolic (SBP, in mm/Hg) and diastolic (DBP, in mm/Hg) blood pressure were measured with two inflatable finger cuffs at the left middle and ring fingers and recorded by a continuous non-invasive arterial pressure monitor (CNSystems, Medizintechnik AG, Graz, Austria). Two scores were derived from the HR and arterial blood pressure (SBP and DBP) data. The first score was a reactivity score corresponding to the difference between the mean signal (HR, DBP, or SBP) during the cartoons presentation and the mean signal of the preceding 10 s. The recovery score was the difference between the mean signal during the cartoons presentation and the mean measure during the 10 s following the cartoons presentation. The distribution of each variablewasexaminedtoidentifypossible remaining outliers (mean ± 3SD). Based on this criterion, about 1.8% of all measurements was excluded from the analyses. Due to technical problems, data from eight older participants and seven younger participants were excluded from the analysis.

Participants' eye movements were recorded with a Tobii T120 system (Tobii Technology AB, Danderyd, Sweden) at a sampling rate of 60 Hz and the stimuli presentation was managed by the E-prime software [START_REF] Schneider | E-Prime (Version 2.0)[END_REF]. Each fixation was defined from the eye movement data not exceeding an Eye 3.01 pixel/s threshold. Our analyses were focused on the duration of eye fixations on two different areas of interest for each cartoon: the captions and the pictures areas. Data from participants who had a number of excluded trials greater than 25% were discarded. Based on this criterion, data from one younger participant were excluded from analysis.

Analyses

The normality and homogeneity of variances were tested using Shapiro-Wilk and Levene's tests before the statistical analyses were applied. Results of these analyses are presented in the supplementary material section. T-tests and analysis of variance with age group as between-subject factor were applied for data showing a normal distribution and homogeneity of variance. Variables for which these conditions were not met were analyzed with non-parametric statistics using Kruskal-Wallis H-tests and Mann-Whitney U-tests for between-groups comparisons.

For each affective (self-reported mirth), expressive (facial EMG), physiological (i.e., SCL, HR, DBP and SBP) and gaze direction (duration of eyes fixations) measure, we verified age equivalence in reactivity to baseline condition by comparing the two age groups in their responses to the neutral cartoons under the watch instruction. We then tested the efficacy of the humorous stimuli as mirth elicitors for each age group separatly (one sample t-test, comparison of the differential score with μ =0)and additional analyses were performed to test age-related differences in the reactivity to them. To this purpose, we computed a differential score by subtracting the measure obtained for neutral stimuli in the simply watch condition from the measure obtained for humorous stimuli in the simply watch condition. The effects of expressive regulation instructions on affective, expressive, physiological responses and gaze direction were examined for each age group separatly and additional analyses were performed to test age-related differences. Again, for each measure, a differential score was calculated to determine the amount of change in response to each expressive regulation instruction by substracting the measure obtained for humorous stimuli in the expressive regulation instruction (amplification versus suppression) from the measure obtained for humorous stimuli in the simply watch condition. Positive scores corresponded to relatively higher mirth/response in the expressive regulation instruction compared to the simply watch condition. On the opposite, negative scores corresponded to higher mirth/response in the simply watch condition compared to the expressive regulation instruction. To investigate the consistency between affective, expressive, physiological, and gaze responses to spontaneous responses to humorous cartoons under the different expressive regulation instructions, correlation analyses were computed separately for younger and older adults (see supplementary material). Finally, to explore the relation between age group differences in affective and cognitive functioning and spontaneous responses to humorous cartoons and expressive regulation instructions, we performed a set of partial correlation analyses while controlling for the effects of age (see supplementary material). These correlational analyses are aimed to identify potential confounding factors known to change with age and which may explain our results in another way than by an age-related effect. For each set of correlations, a Bonferroni correction was used to account for the inflated chance of a Type I error associated with conducting multiple correlations. To this end, we adjusted the α level from 0.05 to 0.05 divided by the number of comparisons. The results of these correlational analyses are presented as supplementary materiel. 

Results

Age equivalence in baseline reactivity levels (neutral cartoons)

As shown in Table 2, no statistically significant effect of age group was found on affective (self-reported mirth), expressive (facial EMG), physiological (SCL, HR, DBP), or gaze direction (duration of eyes fixations) measures, except for SBP indicating that older adults showed higher SBP in reactivity period than the younger adults (p = .019, Mann-Whitney U =260).

Age-related effects on spontaneous responses to humor

As illustrated in Table 3, the set of one sample t-tests (μ = 0) applied on the two age groups separately indicated that younger and older adults reported to be amused by the humorous cartoons (t(35) = 9.55, p < .001 in younger adults and t(35) = 9.21, p < .001 in older adults), showed higher SCL for humorous cartoons, (t(35) = 2.70, p = .011 in younger adults and t(35) = 2.37, p = .024 in older adults), looked more toward humorous cartoons' caption, (t(34) = 7.77, p < .001 in younger adults and t(35) = 7.23, p < .001 in older adults), but less toward humorous cartoons' picture (t(34) = -6.13, p < .001 in younger adults and t(35) = -4.84, p < .001 in older adults). Younger but no older adults displayed greater EMG zygomaticus major activity (t(34) = 3.66, p < .001) and showed increased DBP in reactivity period (t(27) = 2.38, p = .023) for humorous cartoons. Age-related effect analyses indicated that the effect of humor on the EMG zygomaticus major activity was more pronounced in younger adults than in older adults (p = .023, Mann-Whitney U = 432). No other statistically significant effect of age group was found. Age-related effects on expressive regulation of mirth

Expressive amplification

As shown in Table 4, the set of one sample t-tests (μ = 0) indicated that younger as well as older adults displayed greater EMG zygomaticus major activity in expressive amplification condition with (t(34) = 3.86, p < .001) in younger adults and (t(35) = 2.99, p = .01) in older adults. Younger adults showed increased SBP recovery (t(27) = 3.67, p < .001) and HR recovery (t(27) = 2.41, p = .02) while older adults did not (t(28) = .84, p = .41 and t (28) = .35, p = .76, respectively). Age group comparisons showed that the difference between younger and older adults is marginally significant for SBP recovery (t (55) = -1.95, p = .06), but not for HR recovery, (t(55) = -1.50, p = .14). No other significant difference between age groups was found.

Expressive suppression

As illustrated in Table 4, younger adults displayed lesser EMG zygomaticus major activity under the suppression condition (t(34) = -3.07, p = .005. The pattern of facial expressivity was similar in older adults than in younger adults but did not reach statistical significance (t(35) = -1.75, p = .09). We also found that older adults looked significantly more toward cartoons' picture (t(35) = 2.27, p = .03) and less toward cartoons' caption (t (35) = -2.59, p = .01) compared with the simply watch condition but that younger adults did not (t(35) = -.71, p = .48 for cartoons' caption and t(35) = 1.77, p = .09 for cartoons' picture). Age group comparisons indicated that the difference between younger and older adults almost reached statistical significance for the gaze behavior toward cartoons' picture (p = .07, Mann-Whitney U = 477). No other significant difference between age groups was found.

Discussion

Despite the growing number of studies on age-related differences in the ability to regulate negative emotion [START_REF] Kunzmann | Behavioral inhibition and amplification during emotional arousal: A comparison of two age groups[END_REF][START_REF] Magai | Emotion experience and expression across the adult life span: Insights from a multimodal assessment study[END_REF][START_REF] Opitz | Prefrontal mediation of age differences in cognitive reappraisal[END_REF][START_REF] Phillips | Effective regulation of the experience and expression of negative affect in old age[END_REF][START_REF] Shiota | Effects of aging on experimentally instructed detached reappraisal, positive reappraisal, and emotional behavior suppression[END_REF][START_REF] Vieillard | Expressive suppression and enhancement during musicelicited emotions in younger and older adults[END_REF][START_REF] Winecoff | Cognitive and neural contributors to emotion regulation in aging[END_REF], little is known about the way younger and older people can dampen or strengthen their positive emotional expression in response to humorous stimuli. This is a question of interest because it has been repeatedly shown that in comparison with younger adults, older adults favored positive over negative stimuli in cognitive processing [START_REF] Reed | The theory behind the age-related positivity effect[END_REF][START_REF] Reed | Meta-analysis of the age-related positivity effect: Age differences in preferences for positive over negative information[END_REF]. This raises questions about the possibility that older adults would spontaneously react to or would implement expressive regulation of positive experience differently than their younger counterparts. The current study investigated the affective, expressive, physiological, and gaze behavior consequences of spontaneous responses to funny cartoons and expressive regulation (amplification/suppression) of mirth they elicit. There were five main findings.

First, regarding the spontaneous responses to humor, no age-related difference in the affective, physiological, and gaze behavior consequences was found. When faced with humorous cartoons, both younger and older adults reported to be more amused, showed higher physiological arousal, looked more toward the cartoons' captions, and less toward the cartoons' pictures. This later finding underlines that, whatever the age group, participants need to have a good understanding of the subtitles (i.e., caption) to appreciate the humorous cartoons.

The current findings give evidence for an age-related difference in expressive behavior. While previous works showed that the spontaneous facial expressiveness of older adults were comparable with those found in younger adults when they were asked to relive emotional events eliciting basic emotions [START_REF] Levenson | Emotion, physiology, and expression in old age[END_REF] or when they were instructed to watch sad or amusing film clips [START_REF] Tsai | Autonomic, subjective, and expressive responses to emotional films in older and younger Chinese Americans and European Americans[END_REF], our results indicated that older adults showed lower EMG zygomaticus major activity than their younger counterparts. Thus, they do not yield evidence for a positivity bias through this index. One possible explanation would be that older adults displayed lesser amusement simply because they had a little understanding of humorous stimuli. Our data did not corroborate this view. They showed that older adults had a mean score of understanding that was higher (6.7) than the median value (4.5), meaning that they had a good understanding of the humorous material. Therefore, the hypothesis of a decline in the cognitive processing of the humorous materiel cannot account for the decrease of spontaneous facial expression in older adults. Another explanation would be that the participants' facial expressions have not been analyzed in a similar way between previous works and the current study. Previous works have been based on the use of the Facial Action Coding System [START_REF] Ekman | Facial action coding system (FACS)[END_REF], whereas we indexed the facial expressivity with the measurement of the facial EMG activity. It is not surprising that this latter measure of facial activity was more accurate to capture effects of age than a measure based on ratings of blind judges assigning a score of expressivity. In agreement with more earlier studies [START_REF] Malatesta | The facial expression of emotion: Young, middle-aged, and older adult expressions[END_REF][START_REF] Malatesta | Emotion communication skills in young, middle-aged, and older women[END_REF], we suspect that the age-related effect we found on the spontaneous facial expression of mirth was due to structural changes in the face of older adults. This raises the question whether the expressive facial cue is the best index to capture a positivity bias in older adults. Future investigations should provide a better understanding of how and to what extent these structural changes make the older adults' expression less patent than in younger adults.

Our results showed no significant age difference in the ability to implement the expressive amplification and suppression in response to humorous stimuli. These findings extend and corroborate previous results giving empirical evidence for intact use of expressive regulation of negative emotions [START_REF] Kunzmann | Behavioral inhibition and amplification during emotional arousal: A comparison of two age groups[END_REF][START_REF] Magai | Emotion experience and expression across the adult life span: Insights from a multimodal assessment study[END_REF][START_REF] Vieillard | Expressive suppression and enhancement during musicelicited emotions in younger and older adults[END_REF]. At the same time, and given that we did not find that older adults were more efficient to amplify their positive expression (and experience), current findings are not in agreement with the hypothesis of a positivity bias in aging.

While we found that the exaggeration of the expression of mirth was accompanied by a greater physiological activity in younger adults, no statistically significant change was observed in older adults. Although our experiment was not designed to specify whether this increase observed in younger adults would mirror the physiological cost of the expressive amplification or whether it would sign a stronger experience of mirth, current findings suggest that compared to the younger adults, the older adults show a decrease in cardiovascular reactivity that might reflect a disconnection between the intentional behavioral expression and the internal bodily response. This is in line with previous data showing that the reduction in autonomic responses in older adults when processing emotional stimuli was associated with an intense subjective experience of emotions [START_REF] Levenson | Emotion, physiology, and expression in old age[END_REF] and a well-preserved ability to express them [START_REF] Tsai | Autonomic, subjective, and expressive responses to emotional films in older and younger Chinese Americans and European Americans[END_REF]. More generally, this supports the hypothesis of a weakening of mind-body connections with age [START_REF] Mendes | Weakened links between mind and body in older age: The case for maturational dualism in the experience of emotion[END_REF]. According to this view, the diminished perception of internal changes in the body observed in aging [START_REF] Khalsa | Interoceptive awareness declines with age[END_REF] would make older adults more susceptible to the environmental cues which could impact the way they perceive and experience emotions. As yet, too little is known about how the age-related physiological changes may shape emotional experience and behavior. Further research is needed to shed more light on this issue.

Although no statistically significant age difference was found under suppression instruction, our results indicated that older adults had more difficulty than their younger counterparts to implement expressive suppression relative to their baseline responding. We conjecture that they were less able to suppress their expression of mirth precisely because the latter was already appeared as reduced under the condition of spontaneous response. As mentioned earlier, this might reflect structural changes in older adults' face like a reduction in flexibility of muscle tissue. As predicted, our data indicated that when they were instructed to suppress their expression, older adults, but not younger adults, looked more toward the cartoons' pictures and less toward the cartoons' captions. This suggests that to implement the expressive suppression, older adults used an avoidance strategy involving a redirection of their attention away from the area that is a prerequisite to fully understand of humorous cartoons. Then, when they were instructed to suppress their emotional expression of mirth, older adults prefer to disengage their visual attention from the area eliciting positive responses. Such pattern of results does not advocate the idea that the positivity effect in aging might lead older people to have more difficulties to divert their attention from positive information.

Overall, the current findings show that as getting older, people display a lesser spontaneous expression of mirth but show a spared voluntary expressive regulation of that emotion. Nevertheless, the older adults' abilities to amplify or suppress their amusement have different consequences for physiological and behavioral responses. Those consequences demonstrated that when instructed to exaggerate their expression, older adults show a disconnection between what they express and what they feel while when instructed to inhibit it (i.e., when the inhibition control skill is required), older adults use a less costly strategy of redirection of their attention away from the source of mirth. Importantly, the current data indicate that the older adults' emotional responses to humorous cartoons are not driven by a preference for positive stimuli in comparison with younger adults. Hence, future research must more fully explore whether the positivity bias and the reduction of negativity bias, both considered as the cue of the positivity effect, are really the two facets of the same coin.

Table 1 .

 1 Sample characteristics.

		Younger Adults	Older Adults	Levene's	Age Group
		(n = 36)	(n = 36)	homogeneity test	Differences
		Mean	Mean	p value	p Value (a,b)
	Demographic Age (years) Education (years) Self-reported health (max. 5)	26 (7) 14.81 (2.05) 4.46 (0.84)	63 (8) 14.25 (3.20) 3.90 (0.66)	0.27 0.04 0.43	0.00 a 0.45 b 0.00 a
	Cognitive functioning				
	Mini Mental State Examination (MMSE) Flexibility: Trail Making Test (s) Fluid Intelligence: Advanced Progressive	-35.10 (56.57) 10.11 (1.69)	29.5 (0.69) 51.63 (28.44) 9 (2.28)	-0.72 0.22	0.12 a 0.02 a
	Matrices (Set 1, max. 12) Inhibition: Victoria Stroop (IF)	1.86 (0.51)	2.31 (0.78)	0.45	0.00 a
	Working Memory: Letter-Number	13.83 (3.47)	10.75 (2.63)	0.03	0.00 b
	Sequencing (max. 21)				
	Affective functioning BDI-II (max. 63) STAI-Y Anxiety State (max. 80) STAI-Y Anxiety Trait (max. 80) PANAS Positive Affect (max. 50) PANAS Negative Affect (max. 50) ERQ Suppression (max. 28) ERQ Reappraisal (max. 42) BEQ Positive Expressivity (max. 7) BEQ Negative Expressivity (max. 7) BEQ Global Expressivity (max. 7)	6.45 (4.90) 30 (8.51) 37.67 (7.54) 34.31 (5.09) 16.5 (4.39) 13.58 (5.61) 26.75 (7.44) 5.51 (0.95) 3.98 (0.96) 4.68 (0.85)	7.58 (5.83) 28.81 (7.98) 38.03 (6.87) 33.97 (6.19) 17.94 (6.09) 13.75 (5.37) 27.47 (8.20) 5.28 (1.10) 4.20 (1.00) 4.82 (0.82)	0.53 0.38 0.43 0.43 0.38 0.52 0.37 0.62 0.99 0.94	0.36 a 0.54 a 0.83 a 0.80 a 0.25 a 0.90 a 0.70 a 0.33 a 0.35 a 0.46 a
	Personality trait				
	NEO-PI-R neuroticism score (max. 192) NEO-PI-R conscientiousness score (max. 192) 111.92 (21.08) 120.77 (19.10) 87.97 (17.77) 85.86 (19.42)	0.83 0.63 0.02 0.10 b 0.31 0.07 a
	Ratings				
	Humorous cartoons Understanding (max. 9) Funniness (max. 9) Valence (max. 9)	7.18 (1.08) 5.46 (1.85) 4.23 (1.61)	6.66 (1.08) 5.43 (1.54) 4.15 (1.8)	0.98 0.06 0.45	0.04 a 0.94 a 0.86 a
	Neutral cartoons Understanding (max. 9) Funniness (max. 9)	8.12 (1.23) 0.84 (1.38)	5.59 (2.67) 1.77 (1.87)	0.00 0.03	0.00 b 0.03 b
	Valence (max. 9)	5.08 (1.75)	5.01 (2.19)	0.27	0.87

a NEO-PI-R extraversion score

(max. 192) 

113.

83 (20.21) 

103.86 (15.84) 0.09 0.02 a NEO-PI-R openness score (max. 192) 122.36 (15.19) 115.14 (17.45) 0.62 0.07 a NEO-PI-R agreeableness score (max. 192) 120.39 (20.81) 128.89 (13.11) a Notes. Standard deviations are listed in parantheses; ERQ, Emotion Regulation Questionnaire; PANAS, Positive and Negative Affect Schedule; NEO-PI-R, Revised NEO Personality Inventory; BEQ, Berkeley Expressivity Questionnaire. Number of years of education has been calculated from 6 years old (age at which school is compulsory in France). a Comparisons were assessed by t-tests. b Comparisons were assessed by Mann-Whitney's U-test.

Table 2 .

 2 Age equivalence in baseline condition (neutral cartoons).

			Age
	Younger Adults Older Adults	Comparisons
	Mean	Mean	p Value (a,b)

b Notes. Standard deviations are listed in parentheses. EMG, Electromyogram; SCL, Skin Conductance Level; HR, Heart rate; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure. a Comparisons were assessed by t-tests. b Comparisons were assessed by Mann-Whitney's U-test.

Table 3 .

 3 Spontaneous responses (differential scores) to humorous cartoons in younger and older adults.

			Age
	Younger Adults	Older Adults	Comparisons
	Mean	Mean	p Value (a,b)

level; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure. a Comparisons were assessed by t-tests. b Comparisons were assessed by Mann-Whitney's U-test. *Differential score is significantly different from 0 at p < .05; ***differential score is significantly different from 0 at p < .001.

Table 4 .

 4 Differential scores of younger and older adults' affective, expressive, physiological, and gaze behavior responses under expressive amplification and suppression instructions. Mean values are differential scores (humorous cartoons in simply watch condition minus neutral cartoons in simply watch condition). Standard deviations are listed in parentheses. EMG, electromyogram; SCL, skin conductance level; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure. a Comparisons were assessed by t-tests. b Comparisons were assessed by Mann-Whitney's U-test. *Differential score is significantly different from 0 at p < .05; ***differential score is significantly different from 0 at p < .001.

		Younger Adults	Older Adults	Age comparisons
		Mean	Mean	p-Value (a,b)
		Amplification	Suppression	Amplification	Suppression Amplification Suppression
	Affective						
	responses Self-reported	0.32 (1.88)	-0.33 (1.40)	0.04 (1.98)	-0.06 (2.11)	0.68 b	0.46 b
	mirth (max. 9)						
	Expressive						
	responses Facial EMG	0.003 (0.005)*** -0.002 (0.05)* 0.002 (0.005)* -0.001 (0.003)	0.14 b	0.22 b
	zygomaticus						
	major (area						
	under the						
	curve, mV × s)						
	Physiological						
	responses SCL (μS) HR (bpm)	0.07 (0.28) 2.63 (8.60)	-0.07 (0.26) -0.01 (10.68)	0.08 (1.18)* 2.28 (8.69)	-0.03 (0.12) 2.10 (8.72)	0.87 b 0.88 a	0.42 b 0.42 b
	reactivity SBP (mmHg)	1.06 (2.89)	-0.02 (2.44)	-0.19 (2.24)	0.50 (3.42)	0.51 a	0.78 a
	reactivity DBP (mmHg)	0.70 (2.17)	-0.02 (1.82)	0.91 (2.59)	0.46 (2.20)	0.74 a	0.37 a
	reactivity HR (bpm)	4.30 (9.46)*	0.06 (8.13)	0.60 (9.17)	-1.83 (7.68)	0.14 a	0.37 a
	recovery SBP (mmHg)	1.51 (2.18)***	0.42 (2.08)	0.36 (2.29)	-0.46 (2.12)	0.06 a	0.12 a
	recovery DBP (mmHg)	-0.21 (2.93)	-0.53 (2.44)	0.46 (2.81)	-0.09 (2.96)	0.38 a	0.09 b
	recovery						
	Gaze direction Duration (s) of	-0.24 (2.72)	0.52 (1.73)	-0.71 (3.28)	1.56 (4.12)*	0.20 b	0.08 b
	gaze fixations						
	toward						
	cartoons'						
	picture Duration (s) of	0.08 (1.61)	-0.15 (1.27)	0.07 (1.62)	-0.67 (1.56)*	0.98 b	0.13 a
	gaze fixations						
	toward						
	cartoons'						
	caption						
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