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Abstract
It is surprising how easily we are able to recognize people whom we have not seen in many years, somehow compensating for the aging-related facial changes that occurred. We measured the limits of the ability to recognize faces across the lifespan. Images of five males and five females at young and old ages were morphed in 10% increments to create aged face images across the lifespan. Fifty-eight participants (28 females) judged whether pairs of photographs were the same or different identity. Women outperformed men for female faces, exhibiting a sex difference and own sex bias Additionally, an own-age bias was found for older participants, who outperformed their younger counterparts with older stimuli. It appears that the recognition of faces is affected by the own-age and own-sex biases, potentially allowing us to remember some people better than others, thus mediating our interaction with the world.

Almost all of us have, at some point, been in a situation where we met a person whose face seemed familiar, but we could not quite recall who the person was, or where we had previously met. After a few moments of a nagging inability to remember, we may suddenly realize that we went to high school together 15 years ago, or perhaps we used to be neighbours 10 years ago. How do we accomplish this incredible task of recognizing someone many years after we last met, compensating for all the aging-related changes their face must have undergone during this time? Such questions in face recognition have been studied within fields as varied as psychology, neuroscience and computer engineering (Zhao, Chellappa, Phillips, & Rosenfeld, 2003).  The aim of the current study was to explore the limits within which we are able to accomplish the task of recognizing that a younger and an older face belong to the same person. 
OWN-AGE BIASES
A number of studies have shown that we tend to better recognize people of our own age, also known as the own-age bias, although these findings are not always consistent (Macchi Cassia, 2011). Younger adults are better than older adults at various face recognition and categorization tasks (Harrison & Hole, 2009), although these studies typically test recognition of only young adult face images. It is therefore possible that the younger participants’ superior performance is not due to superior face processing abilities but rather is due to the facilitating effect of recognizing face images of one’s own age. Face recognition studies that utilized memory in younger and older women for photographs of both younger and older females and males showed an own-age bias such that younger women performed significantly better with younger faces and older women tended to make fewer errors with older faces (Mason, 1986). It is possible, however, that the poorer performance of the older participants may have been affected by age-related declines in memory (Wright & Stroud, 2002). 
In the context of eyewitness testimony, the own-age bias has also been shown (Wright & Stroud, 2002). Younger and middle-aged adults were shown videos of crimes perpetrated first by a young adult male and then by an older male. When recognizing the culprits in a photographic lineup, participants performed better with their own age group, and older participants performed particularly poorly when the culprit was young, but slightly better when the culprit was older. This suggests that younger adults are not better at face identification per se, but rather that the own age bias persists for both younger and older participants. Thus, it appears that both the age of the face and the age of the participants are important factors in face recognition ability. 
Similar results have been demonstrated with young children(Anastasi & Rhodes, 2005). Children performed best at recognizing photographs of children, while older adults were better at recognizing photos of older adults, demonstrating that the own-age bias begins at a young age. Therefore, it may not be memory per se that is declining with age and affecting older adults’ performance on face recognition tasks, but rather memory for those of one’s own age group is simply better than that for other age groups. Together, these findings show that a clear own-age bias exists across the lifespan, which highlights the importance of assessing the interactions between participant age and face stimulus age when measuring face recognition ability. 
SEX DIFFERENCES
A sex difference in face recognition has long been demonstrated -- women tend to perform better at face-recognition than men (Brewster, Mullin, Dobrin, & Steeves, 2011; Guillem & Mograss, 2005; Lewin, 2001; Lewin, 2002; Mason, 1986; Park, 2010; Rizzolatti & Buchtel, 1977). This female advantage has not only been demonstrated for face identity recognition but also has been shown to manifest in terms of face emotion recognition (Burton & Levy, 1989). In order to account for these sex differences it has been proposed that superior verbal abilities in women allow them to better apply verbal labels onto stimuli during encoding, which then allows for better retrieval of these labels during recall. However, when verbal ability was measured it did not predict face recognition performance(Lewin, 2002). These sex differences are reflected in differences between women and men in the underlying neural correlates of face recognition, as shown with neuroimaging measures. For instance, event-related potential (ERP) responses show distinct spatial and temporal components between the sexes(Guillem & Mograss, 2005) as well as a more pronounced right-lateralization in men than in women(Proverbio, Brignone, Matarazzo, Del Zotto, & Zani, 2006). 
OWN-SEX BIASES
Most studies agree that women do exhibit an own-sex bias in a variety of face-related tasks such that female participants’ recognition memory is better for female faces [e.g.(Lewin, 2002; Loven, Herlitz, & Rehnman, 2011; Rehnman & Herlitz, 2006)]. Men usually perform equally for faces of either sex, but they have also been shown to perform better for female than male faces suggesting an opposite sex bias for men [e.g.(Godard & Fiori, 2010; Lewin, 2002; Rehnman & Herlitz, 2006; Wright & Sladden, 2003)]. 
[bookmark: _Toc164783807][bookmark: _Toc164905629][bookmark: _Toc164905691][bookmark: _Toc164906121][bookmark: _Toc165622542][bookmark: _Toc165622683][bookmark: _Toc165623537][bookmark: _Toc165625871][bookmark: _Toc165626068][bookmark: _Toc165630023][bookmark: _Toc165688280][bookmark: _Toc165689776]Are women also better at recognizing faces they have not seen in many years, especially faces of other females? To answer this question, we measured the performance of older and younger men and women at recognizing older and younger male and female faces. Typically, when studying face recognition, it is common to use face stimuli that are designated into two discrete bins of “younger” and “older” face images. However, this may not reflect everyday life accurately, since we are more likely to encounter faces which are intermediates of the “younger” and “older” bins at the extremes of the age-continuum. In light of this, the present study measured thresholds for age differences in face recognition using morphed versions of older and younger faces, in 10% increments, across the lifespan. These face images may represent a more ecologically-valid continuum between the “younger” and “older” extremes.
[bookmark: _Toc164781171][bookmark: _Toc164783808][bookmark: _Toc164905630][bookmark: _Toc164905692][bookmark: _Toc164906122][bookmark: _Toc165622543][bookmark: _Toc165622684][bookmark: _Toc165623538][bookmark: _Toc165625872][bookmark: _Toc165626069][bookmark: _Toc165630024][bookmark: _Toc165688281][bookmark: _Toc165689777]We predicted (1) a sex difference – that women will perform better than men, (2) an own-sex bias – that women will perform better for female stimuli than will men, and men will perform better for male stimuli than will women, (3) an own-age bias – that performance will be better when the faces are within the participant’s own age group.	Comment by Marina V: Jen, there was another prediction you added: 

and (3) an own-age by sex interaction – that within one’s own age group, women will perform better than men, particularly for female stimuli.

However, we cannot answer it with the current analysis of the data (see table of results).  Still, I do have means for performances across the expanded categories, and I decided to mention them in the table and text, although we can remove this (highlighted in baby blue in table & text). I just feel that both reviewers and readers will wonder where this information is, since we clearly have age+sex information on participants and stimuli. I think including this data gives a much more complete picture of our results (and frankly, I found it very interesting!)

JEN: We can include the data if we are able to analyze it appropriately. Have we? I’ve not read down yet. Otherwise a reviewer might say, why didn’t you test for such and such effect. << As per this comment as well as the lower comments, I have reported the results of the statistical tests for the expanded bins in the results section. However, my main findings are for the “young, old, women, men” bins, so I left the sample characteristics here and the hypotheses for those ones.  
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Participants
There were thirty-five young participants (Mean age= 20.57 years, sd= 3.08) and 23 older participants (Mean age= 45.09 years, sd= 9.79), with 30 participants being male (Mean age= 30.20 years, sd= 13.77) and 28 being female (Mean age= 30.39 years, sd= 13.98). I think it would read more easily if you could just list the four groups since you analyse the data this way, right?: There were 58 participants in total. XX were young female participants (mean age = xxx years, sd =), xx were young male participants (mean age = xxx years, sd =), xx were older female participants (mean age = xxx years, sd =) and xx were older male participants (mean age = xxx years, sd =). Thirty one of the total 58 participants were undergraduate students at York University and, for their participation, received course credit toward their grade in an introductory psychology course. 
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	Access was obtained to the FG-NET face database (Face and Gesture Recognition Research Network), and images of five male and five female identities were selected for their consistency in lighting, face viewpoint and neutral expression. None of the images contained outstanding features (e.g. glasses, mustaches, etc.). The selected face images showed the individuals at two different ages: (1) a young face, designated “100% young” and (2) an old face, designated “0% young”. Face images were rated for their perceived age by 20 independent observers and the faces that were chosen that had high rater reliability for perceived age. The perceived ages were as follows: Young female faces: mean age=17 years, SD=1; young male faces: mean age=17 years, SD=1; older female faces: mean age = 46 years, SD = 6; older male faces: mean age = 43 years, SD = 4. 
	Using FantaMorph 5 (Abrosoft), each individual’s 100% young and 0% young photos were morphed together in 10% increments in order to create additional composite images, which contained varying degrees of young and old facial information along the age continuum [similar to the process used by (Anzures, Ge, Wang, Itakura, & Lee, 2010)]. Including the original 100% young and 0% young images, there were 11 images per individual (Figure 1), totaling 110 across the 10 target faces. Distractor non-target face identities were created with composite images of other non-target individuals. After the morphing was complete, the composite images were rendered grayscale.  The face area was made visible through an oval aperture, as in Figure 1, in order to exclude non-face cues to face identity such as the hair and ears. All faces subtended approximately 6.5x8 degrees of visual angle. 

-----------------------------------------------
INSERT FIGURE 1 ABOUT HERE
-----------------------------------------------
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Stimuli were presented on a Macintosh computer with SuperLab (version 4.0; Cedrus Corp.). Participants were seated approximately 57 cm from the display. Before the experiment, participants were told that the image pairs will show people of different ages and that some individuals will be of the same identity but shown at different ages while others will be two images of a different identity. Trials began with a fixation cross, followed by the first image, followed by another fixation cross and the second image (Figure 2). Both fixation crosses and images were presented for 500ms each. The presentation of the second image was followed by a 4s blank screen, giving the participant an opportunity to indicate his or her response. Participants were instructed to indicate, as quickly as possible, whether the two photos were the same or different identity, regardless of age by pressing the corresponding button on the computer keyboard. If no response was recorded within the 4s window, the next trial was presented. 
The experiment consisted of 220 same-identity trials with two faces of the same identity (of varying ages), and 440 different identity trials with faces of different identities (also of varying ages). A same identity trial consisted of either a 100% young base face or a 0% young (i.e. “old”) base face and a composite morphed face of a different age but the same identity, presented sequentially in random order. Trials were categorized according to the percent age separation between the two images. For example, a trial where the 100% young base face was compared to a 20% young face of the same identity was categorized as an 80% age separation trial. Trials comparing aged morphed faces to the young base face were equal in number to those comparing aged morphed faces to the old base face. On half of the trials the base face was presented first.  
Combinations of the images for the face pairs presented were chosen systematically such that each image was compared with each other image (as well as itself) within the same sex. Each comparison occurred twice for the same identity trials, and 4 times for the different identity trials.
Before the experiment, participants were told that the image pairs will show people of different ages and that some individuals will be of the same identity but shown at different ages while others will be two images of a different identity. Trials began with a fixation cross, followed by the first image, followed by another fixation cross and the second image (Figure 2). Both fixation crosses and images were presented for 500ms each. The presentation of the second image was followed by a 4s blank screen, giving the participant an opportunity to indicate his or her response. Participants were instructed to indicate, as quickly as possible, whether the two photos were the same or different identity, regardless of age by pressing the corresponding button on the computer keyboard. If no response was recorded within the 4s window, the next trial was presented. 
-----------------------------------------------
INSERT FIGURE 2 ABOUT HERE
-----------------------------------------------
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	Four different discrimination thresholds were calculated for each participant’s performance for trials showing (1) female faces, (2) male faces, (3) 100% young base faces and (4) 0% young base faces. Thresholds were calculated by determining the percent correct responses for each of the age separations between the base and morphed images within the same-identity trials, for the female and male, young and old base faces. This threshold therefore reflects the size of age separation between the young or old base face that can be discriminated. SigmaPlot (version 10.0; Systat Sofware inc.) was used to perform a logistic regression analysis of percent correct identity discrimination for each age separation for old, young, male and female base faces for each participant. Thresholds were calculated as the percent age separation that yielded 75% correct identity discrimination. In a few cases where the logistic regression would not converge, group means were used in place of the missing threshold value.
In order to examine the effects of participant sex and stimulus sex, we initially performed a 4 x 4 mixed-model analysis of variance (ANOVA; SPSS, IBM Statistics version 20), with sex and age of participant x sex and age of stimuli; e.g., young women’s performance on young female faces. We found a trend toward significance for a main effect of participant age, F(1, 57) = 3.590, p = 0.063. A Bonferroni post-hoc adjustment for multiple comparisons revealed a significant difference in the performance of old and young participants on old male faces (p = 0.035), with older participants (threshold = 64.2%) outperforming their younger counterparts (threshold = 58.6%). 
Table 1: Mean thresholds for participant and stimulus groups, with lower and upper bounds of 95% CI. Bolded pairs of thresholds show a significant difference, with asterisk marking the group that performed best. 	Comment by Marina V: I decided to report the bounds of the 95% CI instead of the standard error of the mean (this is a much more complete picture)….is this OK?
	

	Young Base Faces
	Old Base Faces
	Female Faces
	Male Faces

	Younger
	56.104 (50.688, 61.521)
	54.063 (47.967, 60.158)
	57.030 (52.663, 61.396)
	57.998 (52.625, 63.370)

	Older
	57.338 (50.675, 64.002)
	69.601 (62.102, 77.099)*
	59.491 (54.119, 64.863)
	61.158 (54.549, 67.768)

	Women
	60.076 (53.980, 66.172)
	64.897 (58.037, 71.757) 
	62.644 (57.730, 67.558)*
	63.036 (56.989, 69.082)

	Men
	53.367 (47.319, 59.414)
	58.767 (51.961, 65.573)
	53.877 (49.001, 58.752)
	56.121 (50.122, 62.119)

	

	
	Young Female Base Faces
	Old Female Base Faces
	Young Male Base Faces
	Old Male Base Faces

	Younger Women
	60.852 (54.493, 67.212)
	63.706 (55.983, 71.428)
	64.997 (56.441, 73.552)
	54.122 (45.760, 62.484)

	Older Women
	58.033 (50.698, 65.376)
	64.797 (55.879, 73.714)
	64.581 (54.702, 74.460)
	68.980 (59.324, 78.636)

	Younger Men
	48.939 (43.250, 54.628)
	55.693 (48.785, 62.600)
	62.578 (54.926, 70.230)
	59.660 (52.180, 67.139)

	Older Men
	57.732 (50.678, 64.790)
	63.593 (55.025, 72.161)
	63.350 (53.859, 72.841)
	63.689 (54.412, 72.966)*



In order to increase power and sample size per bin, we then collapsed the categories into four bins: women, men, young and old. A 2 x 2 (sex of participant x sex of stimulus) mixed-model ANOVA was then performed. This analysis revealed a significant main effect of participant sex, F(1, 54)=5.565, p = 0.022. A post-hoc Bonferroni test showed that when stimuli were of female faces, women (threshold=62.6%) outperformed men (threshold = 53.9%), p = 0.014 (see Figure 3b and Table 1). 
An analysis of the effects of participant and stimulus age was also performed with a 2 x 2 (age of participant x age of stimulus) mixed-model ANOVA, and showed a trend toward significance for participant age, F(1, 54)=3.431, p = 0.069. A Bonferroni-corrected post hoc t-test showed that when stimuli were of old base faces, older participants (threshold = 69.6%) outperformed their younger counterparts (threshold=54.1%), p = 0.002 (see Figure 3a and Table 1). A significant interaction between participant age and stimulus age was also found, F(2.514, 54)=3.818, p = 0.017.  

-----------------------------------------------
INSERT FIGURE 3 ABOUT HERE
[bookmark: _Toc164781176][bookmark: _Toc164783813][bookmark: _Toc164905635][bookmark: _Toc164905697][bookmark: _Toc164906127][bookmark: _Toc165622548][bookmark: _Toc165622689][bookmark: _Toc165623543][bookmark: _Toc165625877][bookmark: _Toc165626074][bookmark: _Toc165630029][bookmark: _Toc165688286][bookmark: _Toc165689782]-----------------------------------------------
DISCUSSION
Overall, we found that performance decreased as age separation between the pair of face photographs increased. This is reasonable, since larger age separations caused the faces to look increasingly different from each other.  We show an own-age bias since older participants performed significantly better with older base faces while younger participants tended to perform slightly better with younger base faces (see Table 1), although this wasn’t significant. Further, we also show a sex difference such that women performed significantly better than men, particularly with female face stimuli.	Comment by Jennifer Steeves: Cool but I didn’t see this in the anova you did. You should at least report it. Or is it that unknown effect of age that you have above? The trend? 
<<It’s simply seen from the means in Table 1, young participants for young: 56, for old: 54. 
To measure discrimination performance, we determined age difference thresholds for face recognition. This allowed for a quantitative discrimination of age separation along the stimulus age continuum – in our case between about 17 and 45 years old. Most previous studies have simply analyzed percent correct performance for two discrete age bins of “young” and “old” faces, and therefore were only able to conclude that certain groups did better with one or the other age bin. Here, we were able instead to measure the degree of performance across the age continuum, which gives a more complete picture of participants’ performance. Additionally, in some experiments, participants’ performance was based on learning and recalling younger and older faces [e.g.(Anastasi & Rhodes, 2005)]. The current study relied less on recognition memory and instead examined participants’ perceptual face recognition within trials that lasted only a few seconds. 
Regarding age, we showed that older participants were significantly better than younger participants at recognizing identities for older base pairs. For example, if shown the 0% young base face and then a 60% young face (a 60% trial), older participants were far likelier than younger participants to indicate that the two faces showed the same person. This indicates that older individuals may be more sensitive to older face images compared to younger observers.
	Regarding sex, we found that the performance of women surpassed that of men for both male and female faces, but was especially higher for female stimuli. This suggests that women can better recognize face identity despite larger differences in age of female face pairs compared to men. This is no easy feat given the differences in the face that occur with the aging process get larger with age . This notion is supported by previous literature that frequently – although not always – has found that women perform better than men with female faces [e.g. (Lewin, 2002; Loven, Herlitz, & Rehnman, 2011; Rehnman & Herlitz, 2006)]. 
Various explanations have been proposed in an attempt to understand the source of the variation between the performance of men and women. Some evidence suggests that while men demonstrate strong hemispheric lateralization during face processing (Proverbio, Brignone, Matarazzo, Del Zotto, & Zani, 2006), women show a faster, more efficient inter-hemispheric cooperation and thus faster reaction times, even when accuracy scores are similar(Godard & Fiori, 2010; Ino, Nakai, Azuma, Kimura, & Fukuyama, 2010). Thus, faster processing may facilitate women’s performance during the very fast presentation in the current experiment. Additional Other explanations have includedsuggest greater exposure to females during childhood and greater familiarity with female faces due to exposure to magazines geared toward womenmay have improved women’s performance (Lewin, 2002). 
Age-invariant face recognition is a complex process due to the many changes our faces undergo as we age. In addition to growth of the skull during formative years, texture changes during later years account for a large portion of the perceived age of an individual(Albert, Ricanek Jr, & Patterson, 2007). Far from a simple addition of wrinkles, the aging process of facial skin is complex and driven by several factors, among them sex, genetics, lifestyle, diet, exposure to the elements, smoking and stress(Albert, Ricanek Jr, & Patterson, 2007; Ramanathan, Chellappa, & Biswas, 2009).
Thus, the continuous facial alterations that occur as we mature and age, and the many environmental factors that interact with the already-complex biological processes involved make it exceedingly difficult to reduce the process to its basic elements. 
Still, face recognition and aging have been studied within various disciplines. Research in computer vision, while attempting to produce facial recognition software capable of correctly identifying a person regardless of age, has broken down the task into several steps requiring face storage and comparison schemes. Two possible such schemes have been described by computer scientists, and match similar concepts outlined by neuroscientists: (1) geometrical feature matching – a face could be recognized by examining the sizes of features such as eyes, eyebrows or nose, as well as by computing the relative distances between these features; (2) template matching or holistic processing – a face could be stored in its entirety as one “template”; several templates may be stored for each face, in order to account for variations in appearance when seen from different viewpoints. Finally, a more complex system could store only one template per person, with information on the ways in which a generic face would change when viewed from various angles (Brunelli & Poggio, 2002; Tolba, El-Baz, & El-Harby, 2005). The latter strategy would be particularly efficient in humans, since we must learn to recognize many faces throughout our lifetime. 
Despite the various changes that the human skull and skin undergo as faces age, we can often identify each other even after not having met for many years, provided the changes are within some allowable tolerances. The purpose of this study was to learn more about the tolerances within which we are able to compensate for age-related facial changes. We utilized a novel method of exploring possible sex and age effects when young and old women and men viewed faces of young and old females and males. We were able to show that older participants performed better with older base faces, demonstrating a version of the own-age bias, and that women performed better than men, in particular for female faces. 
Thus, it seems that perhaps women will indeed be better at recognizing a long-lost female friend, while men will be less able to recognize long-lost friends of either sex, and older people may be better at recognizing a friend who is currently within their age group. These data will help inform future research on age- and sex-based differences in facial recognition ability by improving our understanding of the limits within which the brain accomplishes this task. It seems that the recognition of faces – a very social form of perception – is affected by the own-age and same sex biases, potentially permitting us to remember some people better than others, and thus perhaps mediating our interaction with the outside world. 
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Figure Captions
Figure 1. Eleven images of one female identity. Left to right: 100% young to 0% young (original images taken from FG-NET database)

Figure 2. A schematic showing the order of presentation of stimuli within a  trial. This example shows images of the same identity.

Figure 3. Panel A. Thresholds for age discrimination of old and young participants for old base pairs. Panel B. Thresholds for age discrimination of male and female participants of female faces. Asterisks represent significance. Error bars show standard error of the mean. 
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