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Abstract

:

Attractiveness is perceived based on both facial physical features and prior experience for adults. Infants also prefer attractive or familiar faces, but it is unclear whether facial physical features and prior experience affect their preference. In this study, we investigated whether infants’ preference for faces was shaped by both facial physical features and facial looking experience. This experiment comprised two tasks, observation and preference looking. We manipulated fixation durations in the first task (observation experience) to differ between presented faces and measured the preference for faces in the second task right after the observation task. We conducted two experiments: the same faces in the same positions through both tasks in Experiment 1, and the same faces in different positions in Experiment 2, and analyzed the interaction between observation experience and attractiveness of face images in terms of preference. Observation experience and facial attractiveness only affected preference in Experiment 2: Infants generally looked longer at the flickered position but different face, but looked for the attractive face when the face in the flickered position changed from attractive to unattractive. We suggest that observation experience arouses spatial attention, and that facial attractiveness attracts infants’ attention only when they notice changes of faces.
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1. Introduction


Facial attractiveness is enhanced by some facial physical features such as symmetry [1,2], averageness [3], sexual dimorphism [4,5,6,7], large eyes [8,9,10], and facial expressive features [8,11,12]. Most of these features are suggested to have evolutionary advantages, especially in mate selection. For instance, facial symmetry relates to good health and potential heritable fitness, because symmetry in humans is an honest indicator of the ability to cope with developmental stress and of phenotypic and genotypic quality [13,14,15]. Preference for symmetry has also been suggested to appear as a result of avoiding asymmetry, indicating something ill, rather than choosing symmetry [16]. On the other hand, the observer’s experience also enhances the attractiveness of a face. For example, the mere exposure effect is well known, whereby visual stimuli, including face images, observed beforehand are rated more attractive than new ones [17]. Mere repeating affects the attractiveness of a person in daily life, even if the observer did not interact with the person earlier [18]. Peskin and Newell [19] showed that more contact with a face increase its attractiveness, and Cooper and Maurer [20] found that preceding experience affected the attractive arrangement of face. In addition, the students at girls’ or boys’ schools prefer the faces closer to their own sex prototype more than students at coeducational schools do [21]. Thus, humans tend to rate preceding or familiar faces as attractive.



Infants prefer attractive faces and tend to look longer at an attractive female face than an unattractive one, which arises at six months of age [22,23]. The preference for larger eyes in photographed faces emerges at five months of age [9]. Therefore, the discrimination of attractiveness is suggested to be an important ability for humans. On the other hand, experience also affects face preference. Four-day-old neonates looked longer at their mother’s face than at a stranger’s face [24], but it was suggested that they discriminate their mother’s face from strangers based on features such as hair lines and outer contours [25]. Four-month-old infants prefer their mother with hairstyle absent [26]. Infants aged three to four months prefer female faces when their primary caregiver is a woman, and vice versa [27]. The preference for faces of own race than other races is also present in nine-month-olds [28]. Therefore, experience shapes infants’ preference for faces in a similar way as in adults and then enlarges the preference category along with development, mainly centering on people who have frequent contact with them. The preference for attractive faces may be shaped by the interaction between the physical features of the face itself and observation experience of the face.



In this study, we investigated whether infants’ preference for faces was affected by not only the face itself but also looking experience to the face. To generate the difference in observation experience, we manipulated fixation duration to a particular face among simultaneously presented faces by bottom-up attention. In addition, we investigated whether the interaction between observation experience and attractiveness of face images appeared in preference looking. Fixation duration to each stimulus during a paired comparison is an informative behavioral measure of infant attention. Longer fixation duration shows the infant’s attention or preference for the stimulus. If infants prefer the face they looked at for longer before than the other one, this may indicate a familiarity preference but not a novelty preference. For adults, familiar faces were preferred [29], so this tendency may be found for infants. In this case, the influence of observation experience on face preference may be demonstrated. If infants prefer an attractive face regardless of observation experience, this may indicate the effect of attractiveness as it captures infants’ attention. In this study, we targeted 6- and 9-month-old infants, because the discrimination of attractiveness arises at 6 months of age [30], and the preference based on experience arises at 9 months [28]. Therefore, the effect of attractiveness on face preference would occur even in 6-month-old infants, but the fixation duration at the face would be longer in 9-month-old infants and the effect of attractiveness on face preference would be more pronounced. In order to examine the relationship between attractiveness and observation experience, it is also necessary to ensure that the observation experience is attributed to the face itself rather than to the location of the face’s presentation. We also conducted two experiments to investigate whether observation experience by bottom-up attention affects the face itself or the presentation position: the same faces in the same position through observation and preference looking tasks in Experiment 1, and the same faces in different positions in Experiment 2. If infants in Experiment 2 look at the same face in a different position for longer, it can be suggested that the observation experience is attributed to the face itself rather than the presentation position. Moreover, if the effects arise differently depending on attractiveness, we can suggest that a combination of attractiveness and observation experience shapes facial preferences.




2. Experiment 1


2.1. Methods


2.1.1. Participants


The participants consisted of 10 Japanese infants aged 6 months (five boys and five girls; M = 198.00 days, SD = 8.92) and 10 Japanese infants aged 9 months (five boys and five girls; M = 282.30 days, SD = 6.94). We recruited infants of relevant age from the list of participants at the Center for Baby Science, Doshisha University. Parents provided verbal confirmation of the infants’ good health condition. We obtained written informed consent from the parents of all participants before starting the experiment and paid a reward according to the standards of Doshisha University. This study was approved by the Ethics Committee of Doshisha University (Approved Number: 19038) and was conducted in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki).




2.1.2. Stimuli


The stimuli consisted of facial images of 20 Japanese women (18–25 years, undergraduate and graduate students) in frontal view with a neutral expression. All images were presented in greyscale. For the first observation, we used movie stimuli (10 s) where two faces were presented simultaneously and one of the faces was accompanied by a flickered outline of an image with a width of approximately 0.5 degrees of visual angle. The flicker interval was 0.5 s and the area outside the faces was filled with black color. The face images were presented with a size of 12 × 12 degrees at eight visual angles from the center of the screen to the center of the face image. For the second task, preference looking, we used image stimuli where the same two faces were presented in the same position and same size.




2.1.3. Procedure


The infants were seated on their parent’s lap and the parent was seated on a chair in front of the monitor. The visual distance was about 60 cm. The parent was asked to sit still during the experiment.



This experiment consisted of two stages: first, observation, and second, preference looking (Figure 1). Calibration was performed prior to the start of the observation phase, with five-point attention getters. For both stages, all trials began with the attention-capturing stimulus in the center of the screen to attract the infants’ attention. Following the stimulus, two faces were presented for 10 s on the right and left of the screen. We measured infants’ gaze when observing faces by an eye tracker. In only the observation stage, one of the face images was accompanied by the flickered outline of the image. In the preference looking stage, the same faces were presented in the same position as the first observation. We set three conditions for face pairs: attractive-attractive, unattractive-unattractive, and attractive-unattractive. The mean attractiveness score of faces was 5.19 for attractive faces and 2.75 for unattractive faces in a pilot study where adults rated facial images on a 7-point scale. Participants observed 15 pairs (5 pairs × 3 conditions) total. Pairs of faces and presented position (left or right) were counterbalanced between participants but consistent in the two stages.




2.1.4. Apparatus


The stimulus was presented on a 20-in LCD display (Dell 2001FP, 1600 × 1200 pixels) with a refresh rate of 60 Hz. We used an eye tracker (Tobii X3-120) to measure infants’ gazes with a sampling rate of 120 Hz. We controlled the experiment and analyzed the fixation duration with Tobii Pro Studio.




2.1.5. Data Analysis


All fixation duration data used were provided by Tobii Pro Studio. In the observation phase using movies, we aimed to differentiate the observation time by using a flickered stimulus in order to perform an experimental manipulation of giving the observation experience to the face. Therefore, it is necessary to check whether the observation time of the paired-presented faces differs depending on the flickered stimulus during the observation phase. In addition, because the subsequent preference looking phase treats the experience formed by the flicker as a factor that does not intertwine with attractiveness, it is necessary to ensure that there is no interaction between the flickered and attractiveness in the observation phase. Furthermore, it is also necessary to check whether the effect of flickering depends on age. Therefore, a three-way ANOVA (month × flickered × attractiveness) was conducted in the observation phase involving movies.



In the preference looking phase using still images, a three-way ANOVA (month × congruent/incongruent × attractiveness) was conducted to examine the effects of experiences formed during the observation phase (congruent/incongruent) and the attractiveness of facial images, and to test whether these effects differed by age. A simple main effect test was used for the post-hoc test to analyze the interactions. In the preference looking phase, the presentation time was divided into the first half (first time bin) and the second half (second time bin) of the presentation, considering the possibility that infants’ interest in faces may change with time.





2.2. Results and Discussion


The data of five participants (two 6-month-olds and three 9-month-olds) were excluded from the analyses because their data were not complete (i.e., crying or not watching the monitor).



2.2.1. Verification of the Validity of the Movie Stimuli


We used movie stimuli (10 s) where two faces were presented simultaneously and one of the faces was accompanied by the flickered outline of the image to generate the difference in observation experience. We then investigated whether the movie stimuli affected infants’ fixation duration with three-way ANOVA (month × flickered × attractiveness) for each (un)attractive-(un)attractive (same attractiveness) and attractive-unattractive (different attractiveness) pair.



For the same-attractiveness pair, results revealed that both 6- and 9-month-olds looked longer at the face with flickered outline (flickered: M = 2.54 s (SD = 1.15) vs. non-flickered: M = 1.71 s (SD = 0.68); F(1, 15) = 31.63, p < 0.001, ηp2 = 0.68; see Figure 2), which suggests that bottom-up attention through the flickered stimuli attracted infants’ gaze and affected the fixation duration. We also found a significant main effect of month such that 9-month-olds looked longer at faces than 6-month-olds (6-month-olds: M = 1.63 s (SD = 0.70) vs. 9-month-olds: M = 2.67 s (SD = 1.06); F(1, 15) = 14.34, p = 0.002, ηp2 = 0.49), but there were no significant interactions.



For the different-attractiveness pairs, results revealed that both 6- and 9-month-olds looked longer at the face with flickered outline (flickered: M = 2.64 s (SD = 1.47) vs. non-flickered: M = 1.65 s (SD = 0.95); F(1, 14) = 16.05, p = 0.001, ηp2 = 0.53; see Figure 3), suggesting that bottom-up attention by flickered stimuli attracted infants’ gaze and affected the fixation duration even though the attractiveness differed between the presented faces. We also found a significant main effect of month such that 9-month-olds looked longer at faces than 6-month-olds (6-month-olds: M = 1.62 s (SD = 0.86) vs. 9-month-olds: M = 1.51 s (SD = 1.51); F(1, 14) = 10.47, p = 0.006, ηp2 = 0.47), and marginally significant interactions between month and flicker (F(1, 14) = 3.85, p = 0.070, ηp2 = 0.22). A simple main effect test revealed that both 6- and 9-month-olds looked longer at flickered stimuli than non-flickered stimuli (6-month: flickered M = 1.87 s (SD = 0.92) vs. non-flickered M = 1.36 s (SD = 0.74), F(1, 7) = 5.79, p = 0.047, ηp2 = 0.45; 9-month: flickered M = 3.42 s (SD = 1.54) vs. non-flickered M = 1.93 s (SD = 1.08), F(1, 7) = 8.34, p = 0.023, ηp2 = 0.54) but the fixation duration in 9-month-olds was longer than in 6-month-olds for flickered stimuli (6-month-olds: M = 1.87 s (SD = 0.92) vs. 9-month-olds: M = 3.42 s (SD = 1.54); F(1, 14) = 11.27, p = 0.005, ηp2 = 0.45).



We therefore verified the validity of the movie stimuli, because the results mentioned above indicate that infants tended to look longer at the faces with flickered outlines. It was also confirmed that this observation experience did not depends on the attractiveness of the face and could be treated as a factor not confounded with attractiveness in the preferential gaze phase using still images.




2.2.2. Preference Looking


We investigated how the observation experience and facial attractiveness themselves affect the fixation duration of face images with a three-way ANOVA (month × congruent/incongruent × attractiveness) for each same- and different-attractiveness pairs. Congruent/incongruent is a measure of the impact of experience during the observation phase, and the congruent shows the same facial images at the same position that were flickered during the observation phase. We also investigated whether the looking behavior varied depending on the presentation time and divided the observation duration (i.e., 10 s) into two time bins. We then conducted the ANOVA mentioned above for each time bin. Figure 4 shows the data for the same-attractiveness pairs, and Figure 5 for different-attractiveness pairs.



For the same-attractiveness pairs, we found neither significant main effects nor interaction in the first time bin. In the second time bin, however, we found only a significant main effect of month (F(1, 15) = 11.77, p = 0.004, ηp2 = 0.44), which means that 9-month-olds (M = 1.31 s, SD = 0.53) looked longer at faces than 6-month-olds did (M = 0.90 s, SD = 0.59).



The results were similar for the different-attractiveness pairs. In the first time bin, we found neither a significant main effect nor an interaction. In the second time bin, we found a significant main effect of month (F(1, 14) = 14.91, p = 0.002, ηp2 = 0.52), which means that 9-month-olds (M = 1.35 s, SD = 0.68) looked longer at faces than 6-month-olds did (M = 0.90 s, SD = 0.69).



The results of Experiment 1 revealed that preference looking was not affected by observation experience or facial attractiveness, which might be due to the poor change of visual information because infants did not need further information.






3. Experiment 2


3.1. Methods


3.1.1. Participants


The participants consisted of eight Japanese 6-month-olds (two boys and six girls: M = 197.25 days, SD = 10.54) and 12 Japanese 9-month-olds (seven boys and five girls: M = 281.75 days, SD = 8.56) who did not participate in Experiment 1. We recruited infants of relevant age from the list of participants at the Center for Baby Science, Doshisha University. Parents provided a verbal confirmation of the infants’ good health condition. We obtained written informed consent from the parents of all participants before starting the experiment and paid a reward according to the standards of Doshisha University. This study was approved by the Ethics Committee of Doshisha University (approval number: 19038) and was conducted in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki).




3.1.2. Stimuli


We used the same face images as in Experiment 1.




3.1.3. Procedure


This experiment was conducted in a similar way to Experiment 1, except that we switched the left and right faces in the second (preference-looking) stage.




3.1.4. Apparatus


We used the same apparatus as in Experiment 1.




3.1.5. Data analysis


We analyzed the fixation duration data provided by Tobii Studio Pro. Furthermore, we conducted three-way ANOVA (month × flickered × attractiveness) for the fixation duration data in observation phase, and three-way ANOVA (month × congruent/incongruent × attractiveness) in preference looking phase. A simple main effect test was used for the post-hoc test to analyze the interactions. In the preference looking phase, the presentation time was divided into the first half (first time bin) and the second half (second time bin) of the presentation. All procedures of data analysis were the same as in Experiment 1.





3.2. Results and Discussion


The data of six participants (one 6-month-old and five 9-month-olds) were excluded from the analyses because they were incomplete (i.e., crying or not watching monitor).



3.2.1. Verification of the Validity of the Movie Stimuli


We investigated whether the movie stimuli affected infants’ fixation duration with a three-way ANOVA in the same way as in Experiment 1.



We found similar results to those in Experiment 1 for the same-attractiveness pairs, showing that both 6- and 9-month-olds looked longer at the face with flickered outline (flickered: M = 2.40 s (SD = 1.53) vs. non-flickered: M = 1.37 s (SD = 0.82); F(1, 15) = 33.40, p < 0.001, ηp2 = 0.69; see Figure 6), and that 9-month-olds looked longer at faces than 6-month-olds (6-month-olds: M = 1.36 s (SD = 0.61) vs. 9-month-olds: M = 2.25 s (SD = 1.55); F(1, 15) = 5.30, p = 0.036, ηp2 = 0.26). We also found a significant interaction between month and flicker (F(1, 15) = 11.46, p = 0.004, ηp2 = 0.43). A simple main effect test revealed that the 9-month-olds looked longer at flickered stimuli than the 6-month-olds did (6-month-olds: M = 1.55 s (SD = 0.54) vs. 9-month-olds: M = 3.00 s (SD = 1.72); F(1, 15) = 6.63, p = 0.021, ηp2 = 0.31), and that flickered stimuli were looked at longer than non-flickered stimuli by both 6- and 9-month-olds (6-month-olds: flickered M = 1.55 s (SD = 0.54) vs. non-flickered M = 1.16 s (SD = 0.63): F(1, 6) = 12.08, p = 0.013, ηp2 = 0.67, 9-month-olds: flickered M = 3.00 s (SD = 1.72) vs. non-flickered M = 1.51 s (SD = 0.91): F(1, 9) = 17.67, p = 0.002, ηp2 = 0.66).



We also found similar results to those in Experiment 1 for the different-attractiveness pairs in terms of the significant main effect of flicker, which means that infants looked longer at the flickered stimuli than non-flickered stimuli (flickered: M = 1.89 s (SD = 1.10) vs. non-flickered: M = 1.45 s (SD = 0.94); F(1, 12) = 5.05, p = 0.044, ηp2 = 0.30; see Figure 7). Any other main effects or interactions were not significant.



The effect of the flickered stimuli was confirmed. It was also confirmed that this observation experience did not depend on the attractiveness of the face and could be treated as a factor not confounded with attractiveness in the preferential gaze phase using still images. We then verified the validity of the movie stimuli, as in Experiment 1.




3.2.2. Preference Looking


We conducted a three-way ANOVA (month × congruent/incongruent × attractiveness) in a similar way to Experiment 1. Congruent/incongruent is a measure of the impact of experience during the observation phase, as in Experiment 1, and the congruent shows the same facial images at a different position that were flickered during the observation phase.



For the first time bin of the same-attractiveness pairs, we found a significant main effect of congruent/incongruent, which means that infants looked longer at the flickered position (i.e., incongruent face) than the non-flickered position (i.e., congruent face) (congruent faces: M = 0.94 s (SD = 0.53) vs. incongruent faces: M = 1.13 s (SD = 0.70); F(1, 15) = 6.44, p = 0.022, ηp2 = 0.30). We also found a marginally significant main effect of month (F(1, 15) = 3.37, p = 0.086, ηp2 = 0.18). For the second time bin, we found only a significant main effect of month (F(1, 15) = 5.48, p = 0.033, ηp2 = 0.27), such that 9-month-olds looked longer at faces than 6-month-olds did (6-month-olds: M = 0.61 s (SD = 0.31) vs. 9-month-olds: M = 0.86 s (SD = 0.56); Figure 8).



For first time bin of the different-attractiveness pairs, we found a significant main effect of month (6-month-olds: M = 0.85 s (SD = 0.56) vs. 9-month-olds: M = 1.33 s (SD = 0.86); F(1, 12) = 5.46, p = 0.038, ηp2 = 0.31) and a marginally significant main effect of attractiveness (F(1, 12) = 4.34, p = 0.059, ηp2 = 0.27), which means that attractive faces (M = 1.26 s, SD = 0.93) was looked longer than unattractive ones (M = 0.90 s, SD = 0.48). We also found a marginally significant interaction between attractiveness and congruent/incongruent (F(1, 12) = 4.08, p = 0.066, ηp2 = 0.25). A simple main effect test revealed that infants looked longer at incongruent faces (i.e., flickered position) for unattractive faces (congruent faces: M = 0.75 s (SD = 0.46) vs. incongruent faces: M = 1.07 s (SD = 0.47); F(1, 12) = 5.06, p = 0.044, ηp2 = 0.30) and that attractive faces were looked at for longer than unattractive ones for congruent faces (i.e., non-flickered position) (attractive faces: M = 1.45 s (SD = 1.16) vs. unattractive faces: M = 0.74 s (SD = 0.46); F(1, 12) = 6.97, p = 0.022, ηp2 = 0.37). For the second time bin, we found a significant main effect of attractiveness, which means that infants preferred attractive faces to unattractive ones (attractive faces: M = 0.87 s (SD = 0.67) vs. unattractive faces: M = 0.61 s (SD = 0.32); F(1, 12) = 6.34, p = 0.027, ηp2 = 0.35; Figure 9).



In Experiment 2, the effect of the observation experience and the effect of attractiveness were found in face preference. In particular, in the first time bin, for face pairs with the same attractiveness, the effect of the observation experience was seen for the presentation position, while for pairs with different attractiveness, the observation experience was seen for the attractive face. These trends were also observed in both 6-month-old and 9-month-old infants.






4. General Discussion


In this study, we targeted 6- and 9-month-olds and investigated whether the interaction between observation experience and attractiveness of face images appeared in preference looking. In Experiment 1, observation experience and attractiveness did not affect the preference looking in either 6- or 9-month-olds. However, in Experiment 2, observation experience and facial attractiveness affected preference looking: infants looked longer at the flickered position but different face in the first time bin of the same-attractiveness pairs and in the first time bins for the unattractive faces of the different-attractiveness pairs, but looked longer at the attractive face in the first time bin for the congruent faces (non-flickered position) of the different-attractiveness pairs. The difference in results between Experiments 1 and 2 show that infants recognized the faces they had observed before and remembered the flickered position they focused on, and that the change of face in the flickered position generally attracted infants’ gaze except when attractive faces in the flickered position of movie stimuli changed to unattractive ones.



The results of Experiment 1 suggest that looking behavior was not affected by the observation experience or facial attractiveness. A possible reason is the poor change of visual information, because the faces were presented in the same position in the observation and preference-looking phases. Infants may understand the same faces in the same position, and did not need to seek further information on the face. Another possible reason is that our results might include both novelty preference and familiarity preference. According to the results for different time bins, time variation did not affect the fixation pattern. Therefore, both preferences might be suggested to appear throughout.



The results of Experiment 2 showed that infants looked longer at the face in the congruent position (i.e., flickered position in the movie stimulus) in the first time bin of the same-attractiveness pairs, which suggests that infants noticed the change of the face images in the flickered position and observed the face in that position. The results for the different-attractiveness pairs also revealed a similar fixation behavior for unattractive faces. Therefore, observation experience has the advantage of presentation position generally. This result may relate to the tendency for infants to have a hard time habituating to unfamiliar places. On the other hand, attractive faces were looked at longer than unattractive faces presented simultaneously: When attractive faces were presented in the incongruent position (i.e., non-flickered position in the movie stimuli) in the first time bin and in all cases for the second time bin. Infants might tend to look for and stare at the attractive face, which did not appear in the results of Experiment 1 where the faces for preference looking were presented in the same position as the movie stimuli. Therefore, we suggest that facial attractiveness attracted their attention only when they noticed the change of faces. We also suggest that the change from attractive faces to unattractive ones alters their fixation pattern from position superiority to face superiority, which merits special note in that drawing an infant’s attention depends on the direction of change but not on the difference itself in facial attractiveness. This asymmetry effect of attractiveness on preference looking suggests that facial attractiveness and observation experience together motivate infants to search for and look longer at the attractive face. That is, a familiarity preference for infants was found only when noticing the change from attractive to unattractive faces.



The reaction to change from attractive to unattractive faces in focused position might reflect sensitivity toward the change from symmetry to asymmetry. One of the attractive facial features is symmetry, and the change from attractive to unattractive faces might reflect a change from symmetry to asymmetry. Therefore, we suggest that infants may be more sensitive to change to asymmetry than to symmetry. In terms of evolutionary advantage, high facial symmetry in an individual reflects good health and potential heritable fitness, because symmetry in humans is an indicator of the ability to cope with developmental stress and of phenotypic and genotypic quality [13,14,15]. Therefore, symmetry is preferred as an honest indicator of mate selection. Preference for symmetry is also suggested to appear as a result of avoiding asymmetry, indicating something ill, rather than choosing symmetry [16]. Therefore, the sensitivity toward decreasing symmetry is adaptive for us, and this reaction to the change in symmetry might have been acquired by 6-month-olds, according to the results of Experiment 2. A previous study [31] involving 12- to 24-month-olds revealed preference for symmetrical faces, while another study [32] involving 5- to 8-month-olds revealed preference for asymmetrical faces rather than symmetrical faces. In the present study, when changes in symmetry occurred as a result of face image replacement, 6-month-old and 9-month-old infants may have disliked the reduction in symmetry and consequently showed a preference for faces with higher symmetry. However, the present study did not directly manipulate the symmetry, and this should be examined in detail in the future.



We also found that 9-month-olds tended to look longer at the faces than 6-month-olds did in most cases. This is consistent with the previous finding that infants looked at a face longer with greater age [33,34,35]. However, age did not accompany a change in the effect of facial attractiveness and observation experience on fixation duration. The fixation tendency mentioned above is suggested to arise in 6-month-olds, which means that sensitivity toward the change of the face in the particular area focused on beforehand is an important ability for infants, and that their looking for attractive faces when seeing a change from attractive to unattractive faces reflects their perceiving faces not only as object recognition but also as including an attractiveness judgment. That is, a change of face in a particular area spurs them to detect the change in the area in terms of an object, but the change from an attractive to an unattractive face drives them especially to look for the attractive face. For 6- and 9-month-olds, therefore, the level of facial attractiveness might have a more important meaning than the morphologic difference. According to Liao et al. [29], familiar faces are preferred by adults, but this tendency was limited in infants. The familiarity preference of faces may be shaped along with development, mainly centering on attractive people who have frequent contact with them.



This study has some limitations. In the present experiment, it can be said that the familiarity preference for faces arose when the gaze was directed to an attractive face in an observation situation, where the attractiveness of the paired faces was different. However, no familiarity preference for high-attractive faces arose when the attractiveness of the paired faces was the same. This result could point to the possibility that infants may have used differences in attractiveness for their facial preferences, but it is also possible that the effect of attractiveness did not fully manifest itself in preference looking because the influence of flickering stimuli in the observation phase was too strong. This point should be considered in the future. Furthermore, the number of participants might be small. We calculated the sample size required to test the interaction in ANOVA using G*Power’s prior test (a priori), with parameters of 0.25 (medium) for effect size, 0.05 for α (level of significance), and 0.80 for power (power of test), and found that the sample size required was 12 participants at each month of age (24/2 = 12 participants). However, we computed the compromise power analysis with total 14 participants assuming that both α and β error are equally costly (i.e., the ratio q: beta/alpha = 1) which is probably the default in basic research. We therefore found 0.80 for power. Since the number of participants in this study was about seven or eight in each age group, we cannot rule out the likelihood of both false positive and false negative outcomes, and need further verification with a larger sample size [36,37]. Further, we used a 2D face in this study, therefore, the results of this study may not be extended to real-life situations. The ecological validity of the findings should be further evaluated using 3D or virtual reality.



Observation experience affects spatial attention in most cases, but manifested in this study in the preference of looking to a particular face when two simultaneously presented faces differed in facial attractiveness. The decline of attractiveness in the focused area rather than an increase in attractiveness might trigger a search for a particular face, but not a check for changes in the area. The asymmetry effect of observation experience when both attractive and unattractive faces were presented simultaneously means that the level of attractiveness is important to infants. Note that our results might be qualitatively different from observation experience in daily life because we investigated the preferences for face images right after observation. For example, sensitivity toward the change in the focused area might differ depending on the time between observation and preference-looking. In this study, however, we used bottom-up attention through a flickering outline of the images, and found that the interaction between the preceding observation experience and the level of attractiveness informed infants’ preference for faces, and that this preference did not differ between 6- and 9-month-olds. Our findings suggest that infants perceive faces not only as objects, but also as having attractiveness, and that the reaction to change of attractiveness differs depending on the direction of change. Therefore, we suggest that attractive faces are important to infants as well as adults.
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Figure 1. Procedure of a trial in this experiment. The face images in this figure are average faces to protect models’ privacy, but original faces were used in the experiment. 
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Figure 2. Mean fixation durations (s) for the movie stimuli of the same-attractiveness pairs in Experiment 1. Panel (a) shows the data for 6-month-olds and (b) for 9-month-olds. The error bars indicate standard errors. 
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Figure 3. Mean fixation durations (s) for the movie stimuli of the different-attractiveness pairs in Experiment 1. Panel (a) presents the data for 6-month-olds and (b) for 9-month-olds. The error bars indicate standard errors. 
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Figure 4. Mean fixation durations (s) for the preference looking to the same-attractiveness pairs in Experiment 1. Panels (a,c) show the data for 6-month-olds and (b,d) for 9-month-olds. The upper two panels show the fixation durations in the first time bin and the bottom two for the second time bin. Congruent means the fixation duration to the same face at the same position as the face with flickered outline in the movie stimuli. The error bars indicate standard errors. 
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[image: Symmetry 12 01082 g004]







[image: Symmetry 12 01082 g005 550] 





Figure 5. Mean fixation durations (s) for the preference looking at the different-attractiveness pairs in Experiment 1. Note that faces presented at the same time were either congruent attractive face and incongruent unattractive face or incongruent attractive face and congruent unattractive face. Panels (a,c) show the data for 6-month-olds and (b,d) for 9-month-olds. The upper two panels show the fixation durations in the first time bin and the bottom two in the second time bin. Congruent means the fixation duration to the same face at the same position as the face with the flickered outline in movie stimuli. The error bars indicate standard errors. 
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Figure 6. Mean fixation durations (s) for the movie stimuli of the same-attractiveness pairs in Experiment 2. Panel (a) shows the data for 6-month-olds and (b) for 9-month-olds. The error bars indicate standard errors. 
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Figure 7. Mean fixation durations (s) for the movie stimuli of the different-attractiveness pairs in Experiment 2. Panel (a) shows the data for 6-month-olds and (b) for 9-month-olds. The error bars indicate standard errors. 
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Figure 8. Mean fixation durations (s) for preference looking to the same-attractiveness pairs in Experiment 2. Panels (a,c) show the data for 6-month-olds and (b,d) for 9-month-olds. The upper two panels show the fixation durations in the first time bin, the bottom two in the second time bin. Congruent means the fixation duration to the same face, at the different position, as the face with the flickered outline in movie stimuli. The error bars indicate standard errors. 
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Figure 9. Mean fixation durations (s) for preference looking to the different-attractiveness pairs in Experiment 2. Note that presented faces at the same time were either congruent attractive face and incongruent unattractive face, or incongruent attractive face and congruent unattractive face. Panels (a,c) show the data for 6-month-olds and (b,d) for 9-month-olds. The upper two panels show the fixation durations in the first time bin, the bottom two in the second time bin. Congruent means the fixation duration to the same face, in a different position, as the face with the flickered outline in movie stimuli. The error bars indicate standard errors. 
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