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Abstract

:

The magnitude associated with a stimulus can be spatially connoted, with relatively smaller and larger magnitudes that would be represented on the left and on the right side of space, respectively. According to recent evidence, this space–magnitude association could reflect specific brain asymmetries. In this study, we explored whether such an association can also emerge for face age, assuming that responders should represent relatively younger and older adult faces on the left and on the right, respectively. A sample of young adults performed a speeded binary classification task aimed at categorising the age of a centrally placed adult face stimulus as either younger or older than the age of a reference face. A left-side and a right-side response key were used to collect manual responses. Overall, older faces were categorised faster than younger faces, and response latencies decreased with the absolute difference between the age of the target stimulus and the age of the reference, in line with a distance effect. However, no evidence of a left-to-right spatial representation of face age emerged. Taken together, these results suggest that face age is mapped onto space differently from other magnitudes.
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1. Introduction


A prominent phenomenon emerging from the scientific literature on human cognition is that magnitudes of different nature can be spatially represented. In this regard, the most classic example involves the numerical domain, with relatively smaller and larger numbers that are typically associated with the left and the right part of space, respectively. Typically, this left-to-right spatial representation of numbers can be unveiled through a behavioural task consisting in classifying, by means of a manual key press, a centrally presented digit as either smaller (e.g., ‘1’) or greater (e.g., ‘9’) than a reference digit (e.g., ‘5’). Importantly, the two response keys are typically placed on two opposite spatial locations along the horizontal axis. As a main result, faster responses are generally reported when small and large numbers are responded to with the left- and right-side response keys, compared to when the opposite mapping (i.e., small-right/large-left) is used. This phenomenon is referred to as the spatial–numerical association of response codes, or SNARC effect [1], and it can emerge even when the number magnitude is task-irrelevant, that is, when digits are classified as either odd or even rather than as smaller or larger than a reference, thus indicating that number magnitude can be extracted automatically [1]. Moreover, in the numerical domain, another interesting and well-known phenomenon is the so-called ‘distance effect’ [2], according to which the time required to make a comparison between two numbers (e.g., which number is the largest?) is inversely correlated with the distance between the two. The SNARC and the distance effects have led to the hypothesis that numbers are spatially represented along a ‘mental number line’ (MNL) oriented from left to right. Specifically, according to the MNL construct, small and large numbers would be preferentially associated with the left and the right side of space, respectively, which would explain the SNARC effect. Moreover, longer distances on the MNL would be associated with an increased discriminability of number pairs, which would also explain the distance effect.



Although the SNARC effect has been widely replicated and investigated under many different conditions and tasks [3], its origins are still debated. On the one hand, the fact that the direction of the SNARC effect can be shaped by reading habits—for instance, it can go from right to left among Arabs [4]—speaks in favour of culturally based roots. On the other hand, recent studies using non-symbolic numerical magnitudes (e.g., dots) have provided supporting evidence for a SNARC effect, even among newborns [5] and nonhuman animal species [6]. This is a remarkable result that questions the cultural origins of the SNARC and that, according to some authors, would arise because of specific brain asymmetries influencing magnitude processing [7,8,9]. For instance, according to one of these accounts [8], given that the left hemisphere would be more strongly engaged by positive valenced stimuli (or approaching behaviours) and the right hemisphere with negative valenced stimuli (or withdrawal behaviours) [10], one may assume that relatively small magnitudes would be coupled with negative emotions (i.e., ‘less’ could be associated, for instance, with the concept of ‘scarcity’; e.g., scarcity in food, resources, etc.), whereas relatively large magnitudes would be coupled with positive emotions. If the possible origins of the SNARC effect can be found within a biological dimension, it is also true that additional variables (e.g., cultural and/or situational differences) can later intervene in further shaping its direction (e.g., from left to right, or the contrary; see also [11,12,13]).



Of particular relevance for the present work, the spatial mapping of magnitudes can also embrace nonnumerical variables such as time [14], size [15], or weight [16], confirming that ‘less’ is associated with the left side of space, and ‘more’ with the right one. For instance, as for the time dimension, in [14] relatively short (i.e., 1 s) and long (e.g., 3 s) durations were responded to faster with a left- and right-side response key, respectively, compared to when the opposite mapping (i.e., short-right/long-left) was used. Intriguingly, some studies have also tried to unveil whether SNARC-like effects could be also detected within a social domain by employing human faces, which are likely the most complex and information-rich social stimuli that our brain is constantly called upon to process. To the best of our knowledge, all these studies focused on facial expressions—which are known to shape a variety of cognitive mechanisms pervasively, such as memory [17] or attention [18]—reporting evidence for the notion that both emotional valence and intensity can be horizontally spatialised (i.e., negative/low-intensity and positive/higher-intensity emotions would be mapped on the left and on the right, respectively), at least under some circumstances [19,20,21,22]. Interestingly, some studies employing neutral or emotional faces within a SNARC-like task have also reported evidence of a spatial representation of magnitude reflected in eye movements [23,24], which are known to be heavily shaped by these important social stimuli [25]. Overall, all of these works are of great relevance because they provide novel evidence not only for the space–magnitude literature, but also for the face processing domain, which is one of the building blocks of social interactions [26].



In the present work, we wanted to further investigate the potential role of social variables conveyed by faces in eliciting a SNARC-like effect by focusing on another important dimension characterising individuals, namely their age. Indeed, in our daily life, it is undoubtful that we tend to shape our social behaviour according to the age of the person we are interacting with. For instance, our social behaviour can be exceptionally different when interacting with a relatively young person (e.g., a children) or an older one (e.g., an elderly). Hence, it is not surprising that a variety of studies reported that face age, similarly to facial expressions, can also deeply modulate cognition [27,28]. Moreover, the case of face age is rather peculiar because, differently from other facial variables, such as the strict dichotomy deriving from biological gender (that generally remain stable for the whole life of an individual), or the richer range of facial expressions (which can vary quickly and for several times per day, according to both endogenous and exogenous stimuli), face age can be seen as a succession of different magnitudes whose development is linear and relatively slow, and definitely not under volitional control (excluding peculiar external factors; e.g., aesthetic surgery). For this reason, it is highly likely that adults should possess rather defined and stable mental representations of faces belonging to different age categories, similarly to the defined and stable mental representations of number magnitudes. On this basis, we developed a SNARC-like task related to face age, trying to remain as adherent as possible to standard approaches employed to reveal the classic SNARC effect with number stimuli [1]. In particular, participants had to categorise the age of a centrally placed adult target face as either younger (i.e., 20, 30, or 40 years old) or older (i.e., 60, 70, or 80 years old) than a reference face belonging to an individual of 50 years old. Critically, in one block of trials (i.e., the congruent condition), the younger faces had to be classified with a left-side key and the older faces with a right-side key, whereas in another block of trials (i.e., the incongruent condition), the response mapping was inverted (i.e., younger-right, older-left). In so doing, we expected to observe a SNARC-like effect for face age, with faster responses emerging in the congruent than in the incongruent condition, similarly to what is typically observed within the numerical domain. Moreover, additional evidence of a potential relationship between face age and space could be provided by the distance effect. For this reason, we also expected that the greater the absolute difference between the age of the target face and the age of the reference face, the shorter the latencies associated with the manual response.




2. Materials and Methods


2.1. Participants


Since we planned to analyse our data through linear mixed effects models including both subjects and items as random effects, the sample size was estimated following the main guidelines for such a data analysis approach [29]. More specifically, these guidelines suggest that each experimental condition should be associated with at least 1600 observations. In the present context, in which we intended to collect 60 trials per experimental condition, at least 27 participants were therefore necessary. We stopped at n = 30 for convenience at the end of a booking session. The sample was composed of young adults (mean age = 22.1 years, SD = 1.88, mode = 21, range = 20 to 29; 10 males) with normal or corrected-to-normal vision, recruited at the University of Padova. Two participants declared being left-handed. Manual preference was also assessed by asking participants to complete the Edinburgh Handedness Inventory (EHI) short form [30]. This tool gives a handedness score along a scale varying from −100 (i.e., total preference for the left hand) to +100 (i.e., total preference for the right hand). Here, the mean EHI score was +73.75 (SD = 44.81; mode = +87.5; range = −100 to +100). Furthermore, following the EHI classification scale [30], two participants were actually categorised as left-handed (i.e., EHI scores = −100; −62.5) and another participant as mixed-handed (i.e., EHI score = +37.5). All other participants (n = 27, mean age = 22.04 years, SD = 1.95, mode = 21, range = 20 to 29; 9 males) were classified as right-handed (i.e., EHI mean score = +86.57; SD = 11.97; mode = +87.5; range: +62.5 to +100).




2.2. Stimuli and Apparatus


Face stimuli, extracted from the FACES database [31], consisted of photographs of 24 individuals (half males and half females) displaying a neutral expression. To exclude potential social confounds, all faces belonged to White individuals (i.e., the same ethnic group of the participants). Importantly, the FACES database offers rating scores for the perceived age of each face stimulus as declared by different groups of observers of different ages. Since we planned to collect data among young adults, we selected facial stimuli by using the mean perceived age declared by female and male young adult observers. In so doing, three face categories younger than 50 years (20, 30, and 40 years old), and other three face categories older than 50 years (60, 70, and 80 years old) were created. Each category comprised two female and two male identities whose perceived face age precisely corresponded to—or, in a few cases, closely approached—the age of the category. Two additional faces, belonging to one male and one female with a perceived age of 50 years old, served as the ‘reference’ stimuli on which participants were asked to rely to complete the age classification task successfully. The use of facial stimuli belonging to a relatively wide age range and to both genders also has the advantage of increasing the ecological validity of the results since it mimics the variety of individuals we typically meet during everyday social interactions. For the sake of clarity, all identification codes associated with each face model can be found in a dedicated file (please see the Data Availability Statement).




2.3. Apparatus


A PC running E-Prime 2 was used to handle stimulus presentation and collect manual responses. Stimuli were presented on a PC monitor (1920 × 1080 px, 60 Hz) placed 57 cm from the participant. The screen background was set to grey (R = 192, G = 192, B = 192). A standard keyboard was used to collect manual responses.




2.4. Experimental Procedure


Firstly, participants were involved in a SNARC-like task, which was divided in two main blocks. At the beginning of each block, the two ‘standard’ faces of 50 years old were presented separately for 10 s each at the centre of the screen (see also Figure 1). Participants were informed about the age of the standard faces and they were asked to pay attention to both of them. Then, the first block started. Each trial began with a black fixation cross (side: 1°) presented at the centre of the screen for 700 ms, followed by a central facial stimulus (about 8° width × 12° height). Participants were asked to classify—as fast and accurately as possible—the face as belonging to either an individual younger than 50 y.o. or older than 50 y.o. by pressing one of two horizontally aligned response keys (i.e., the ‘d’ and ‘k’ keys). They were also instructed to look at the centre of the screen for the whole duration of the trial. The face remained visible until a response was detected or 1500 ms elapsed, whichever came first. Then, a central visual feedback appeared for 500 ms, consisting of a green ‘O’ (side: 1°) in case of a correct response, and a red ‘X’ (side: 1°) in case or either a wrong or a missed response. Finally, a blank screen was presented for 800 ms. There were two practise blocks of 10 trials (i.e., 20 practice trials in total), both followed by an experimental block of 120 trials (i.e., 240 experimental trials in total; 2 blocks × 6 age categories × 4 faces × 5 repetitions). In order to control for any potential order effect, face stimuli were always presented in a random order. The association between age (i.e., younger vs. older than 50 y.o.) and response side (i.e., left vs. right) was inverted in two blocks; namely, in one block, younger faces were responded with the left key and older faces with the right key (i.e., congruent block), while in the other block, the opposite occurred (i.e., incongruent block). The block order was counterbalanced across participants. Secondly, at the end of SNARC-like task, participants completed a computerised version of the EHI [30].





3. Results


3.1. Data Handling


Data were handled and analysed through R software. Missing responses (0.31% of trials) and trials with a wrong response (2.33% of trials) were removed and not further analysed because of their low percentage. Correctly responded trials with a latency smaller or greater than 3 SD from each participant’s mean (computed separately for each condition) were classified as outliers and removed as well (1.9% of trials).




3.2. Analyses of the SNARC-like Effect


The latencies of correctly responded trials were analysed through a linear mixed model. Several models were computed through the lmer package [32], ranging from the null model to the saturated one. Then, the likelihood ratio test was used to select the best model fitting data, which included, as the fixed effects, face age (2: younger vs. older), response side (2: left vs. right), and their interaction. As random effects it included the intercepts for subjects and face stimuli (i.e., the 24 face identities). The lmerTest package [33] was then used to submit the model to a Type 1 ANOVA (Satterthwaite’s approximation for degrees of freedom). This revealed that the main effect of face age was significant, F(1, 22) = 4.314, p = 0.0497, with smaller latencies in response to older faces (M = 557 ms, SE = 14) than to younger faces (M = 581 ms, SE = 14). The main effect of response side was also significant, F(1, 6822) = 9.409, p = 0.002, with smaller latencies associated with the right-side key (M = 565 ms, SE = 12.9) than the left-side key (M = 573 ms, SE = 12.9), likely reflecting the fact the most participants were righthanded. Importantly, the face age × response side interaction was not significant, F(1, 6822) = 0.508, p = 0.476. This unexpected latter result indicates the absence of a SNARC-like effect elicited by face age (see also Figure 2, panel A).




3.3. Analyses of the Distance Effect


Evidence of a distance effect would imply a linear decrease in response latencies as the absolute distance between the age of the target face increases with respect to the age of the reference face. Hence, we firstly computed the absolute difference between the age of each target face (i.e., 20, 30, 40, 60, 70, and 80 years old) and the age of the two reference faces (i.e., 50 years old). Then, RTs were analysed, independently of response side, through a linear mixed model in which the absolute age difference between the target and the reference faces was entered as the fixed effect, while the intercepts for subjects and face stimuli were entered as the random effects. A statistically significant negative relationship between absolute age difference and RTs emerged, b = −2.311, SEb = 0.6, t(21.937) = −3.853, p < 0.001, indicating the presence of the distance effect (see also Figure 2, panel B).




3.4. Relationship between Handedness and the SNARC-like Effect


Finally, because there is evidence showing an association between the degree of handedness and the degree to which participants tend to represent concepts in space [34], the EHI score of each participant was correlated with an overall index of the SNARC-like effect. The index was computed in the following manner: Mi = [RTi(younger, right) − RTi(younger, left)] + [RTi(older, left) − RTi(older, right)], where Mi represents the magnitude of the SNARC-like effect associated with the ith participant, RTi(younger/older, right) and RTi(younger/older, left) represent the mean latencies associated with the ith participant when responding to younger or older target faces with the right-side and left-side key, respectively. The stronger the link between younger-left and older-right, the greater the Mi value. In the present context, a positive correlation would have denoted a positive relationship between the degree of right-hand preference and the strength of the left-to-right spatial representation of face age. Nevertheless, a non-significant negative correlation emerged, b = −0.121, SEb = 0.301, t(24) = −0.400, p = 0.692





4. Discussion


This work aimed to reveal whether face age, intended as a succession of different magnitudes, can give rise to a SNARC-like effect [35], with relatively young and old faces that should be mapped onto the left and right side of space, respectively. To reach this goal, several target face identities, belonging to different age groups, had to be classified—by means of a speeded manual response provided with left- and right-side keys—as either younger or older than a reference face. The possible link between face age and space was also expected to be revealed through the so-called distance effect, consisting of faster latencies as the absolute distance between the age of the target and the reference face increases.



Importantly—and unexpectedly—no evidence of a SNARC-like effect emerged, as testified by the absence of the interaction between face age and response side. However, a reliable distance effect was instead reported, which suggests that face age magnitudes were actually processed by participants. Despite this latter evidence, it appears that the processing of face age failed to be translated into a clear left-to-right horizontal spatial representation; we speculate that this may have occurred for two main reasons. First, in the present context, we decided to manipulate face age as similarly as possible to what is typically carried out for eliciting the SNARC effect, namely, by presenting participants with a succession of age magnitudes (i.e., 20, 30, 40, 60, 70, and 80 years old; in the SNARC effect, digits 1–4 and 6–9 are typically used [1]) and providing them with an age reference characterised by a fixed value (i.e., 50 years old; in the SNARC effect, digit 5 is typically used [1]). If, on the one hand, this approach could allow one to draw comparisons with previous studies on the SNARC effect, it is also possible that it was less than optimal to induce a mental representation of face age as arranged along a continuum. Indeed, because each different age category was associated with different identities, it cannot be excluded that this context may have hindered a representation of age as an incrementing magnitude, thus weakening the potential spatial representation of age. More precisely, the use of different identities may have induced participants to build up an exemplar-based social perception of faces, which, in turn, may have weakened the mental construction of a clear left-to-right spatial vector. This possibility seems to be further supported by the fact that individuals are particularly skilled in extracting face identity throughout age progression, which is an essential ability to maintain the track of familiar faces and, in turn, navigate successfully within social settings [36]. For this reason, it may be speculated that a mental representation of age as a continuous magnitude could potentially emerge when a singular personal identity is employed (e.g., a specific individual getting older). In so doing, making face identity a fixed property, responders would be immerged in a context that may facilitate a clearer and stronger face representation along the age dimension. In this regard, it is interesting to note that supporting evidence for a left-to-right spatial representation of face age has been found in a study [37] in which participants saw two photos of Woody Allen presented in succession, and then they were asked to decide if the second photo depicted him in either an earlier or later time point of his life with respect to the first photo. Although the task employed in that study [37] strongly deviates from what is typically used to elicit both SNARC and SNARC-like effects—and the use of a famous face identity may be associated with some temporal confounders (e.g., participants could associate the age of famous individuals with precise historical periods rather than with the biological age per se)—the idea of manipulating face age within the same face identity may be an important element to be considered to reveal possible associations between face age and the left-to-right spatial domain. Currently, and to the best of our knowledge, we are not aware of any standardised face database composed of photos of the same individuals collected at different time points of their lives. Alternatively, we do not exclude that specific photo-editing software could be employed to artificially introduce aging to a set of standard faces, thus mimicking biological aging of specific individuals. Future works are therefore necessary, and they could also employ inverted faces (see also [38]), as they represent a perfect control condition to take into account any potential confounding effects due to low-level perceptual differences among stimuli. Second, a possible explanation for the lack of a SNARC-like effect for face age could call into question more subtle mechanisms contributing to building up the mental representation of magnitude and, more generally, concepts. In this regard, it is important to recall that the valence—other than the magnitude—associated with a stimulus appears to be spatially connoted as well, with relatively negative concepts associated with the left side of space, and relatively positive concepts with the right side [22,39,40], at least among right-handed individuals [41]. As for the age dimension, several studies have reported that younger individuals are typically more positively connoted than older individuals [42,43]; therefore, one may speculate that younger and older faces would be more easily associated with the right and left side of space, respectively. This, in turn, may have introduced a source of conflict with the left-to-right spatial vector potentially deriving from age magnitude, thus preventing the emergence of the SNARC-like effect. Unfortunately, since we do not have a measure concerning age bias within our sample, this latter consideration must be taken with caution and additional studies are needed.



Even if face age failed to interact with the response side, it led to a significant main effect, with older faces that were responded to faster than younger faces. Although we did not make any specific predictions about this result, it appears to resemble what is reported in a few previous studies documenting an advantage in the categorisation of faces belonging to a different age group than that of the responder [44,45,46]. In our specific case, because our sample was composed of individuals aged between 20 and 29 years, we believe it is reasonable to assume that they have broadly identified themselves as belonging to the ‘younger’—rather than to the ‘older’—face category. Overall, the main effect of age seems to align with the well-known phenomenon known as the other-race categorisation advantage [47,48], which consists of faster responses when the to-be-classified face belongs to a different ethnic group than that of the responder. Taken together, these two phenomena, related to age and ethnic group, would arise because faces belonging to an outgroup—rather than to an ingroup—would be processed in less detail, thus leading to a relatively fast categorization [49].



Interestingly, if it is true that most of studies exploring the link between magnitude and space focused on the horizontal axis, it is also true that others focused on the vertical dimension, showing that smaller quantities are generally associated with the bottom part of space, and larger quantities with the top part. This bottom-to-top representation emerged for numbers [50], but also for non-numerical dimensions [51,52], leading to the common view that ‘more is up’. The vertical representation of face age could therefore be another future avenue that might be worth exploring. Moreover, we also feel that, under some specific circumstances, it could be even more salient than the horizontal dimension. Indeed, from birth to adulthood, individuals not only grow in age, but they also grow in height, an aspect that could make the spatial mapping of age more adherent to the vertical, rather than horizontal, dimension, at least for faces belonging to a specific age range. Finally, future studies could also collect eye movements [23,24] since, compared to manual responses, they are known to provide a richer data set [53,54,55] and represent a more sensitive and direct index of ongoing visual processing, or even neuroimaging measures, as facial and numerical stimuli would be treated by different cerebral regions [56,57]. Neural measures may also shed fresh light on the role of possible functional hemispheric asymmetries [58] in handling face age dimension.




5. Conclusions


In this work, faces belonging to different ages did not elicit a SNARC-like effect, but they led to a distance effect. This pattern of results may reflect the fact that faces are complex stimuli whose social interpretation is multifaceted. This, in turn, could lead to a compound mapping of face age within space and, more generally, to a more complex mental representation of this social dimension as compared, for instance, to the numerical domain. Taken together, these results may be informative for both social cognition (i.e., face processing mechanisms) and the SNARC-like domain (i.e., spatial representational of social magnitudes).
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Figure 1. (A) Example of a reference face stimulus depicting a 50-year-old (y.o.) female face; (B) example of a trial in which an older female face is depicted alongside a green “O”, indicating a correct response; (C) examples of face stimuli used in the experiment. None of the stimuli are drawn to scale. Note: our experimental face stimulus set was comprised of FACES database [31] models whose identification codes can be found in a dedicated file (please see the Data Availability Statement). These models are not depicted here to comply with the conditions of use of the FACES database. 
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Figure 2. (A) Mean latencies as a function of face age (younger vs. older) and response side (left vs. right). Error bars are SEM; (B) mean latencies as a function of the absolute difference between the age of each target face (i.e., 20, 30, 40, 60, 70, 80 years old) and the age of the reference faces (i.e., 50 years old). Please note that the regression line had 615.316 ms as the intercept value and −2.311 as the slope value. 
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