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Abstract
Research has found a stranger’s perceived age changes when they appear in a group.
Typically, results indicate that a face appears younger when surrounded by younger faces.
The mechanisms behind these findings are unknown, though, ensemble coding theory is a
proposed explanation. Ensemble coding is an adaptive mechanism where an average
across a group of stimuli is taken, allowing larger amounts of information to be processed. If
ensemble coding does explain past findings of age estimation is groups, it is expected that a
stranger will appear younger when flanked by a larger number of faces and a weaker effect
will occur when faces are viewed for a longer period. To examine this, we presented 237
participants with a series of 30 target faces, 10 presented alone, 10 presented alongside 2
younger flanker faces and 10 presented alongside 4 younger flanker faces. Half of the
participants viewed each face for 2 seconds and half viewed each face for 4 seconds.
Results replicated previous findings. We found that target faces appeared younger when
presented alongside younger flanker faces, and the effect increases as the number of
flankers increased. The time faces were presented had no impact. Thus, it is suggested that
individuals do appear younger when surrounded by younger faces and as the number of
faces increases, the younger they appear. It is further suggested that ensemble coding may
not explain the influence of time on age estimation, as target faces continued to appear

younger when seen for four seconds.
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Do People Appear Younger When Surrounded by Younger Individuals?

The ability to accurately estimate someone’s age is a fundamental part of our
everyday lives. Daily, we unconsciously estimate the age of strangers, which influences our
interactions (Pilz & Lou, 2022). Age estimation is crucial in many legal aspects, including
assessing if an individual is old enough to purchase age-restricted items such as alcohol and
tobacco (Pilz & Lou, 2022). Further, police often ask eyewitnesses of crimes how old they
perceived the criminal, requiring them to estimate the age of a stranger (Thorley et al.,
2022). Evidence suggests that people are often accurate to within a few years in estimating
the age of strangers when they’re viewed alone (Thorley, 2021). More recently, researchers
have investigated how well we are able to estimate the age of a stranger when they are in a
group. Awad et al. (2020) found that the perceived age of strangers changes when they’re
viewed within a group, with individuals appearing younger when surrounded by other
younger individuals.

One proposed explanation for these findings is ensemble coding theory. Ensemble
coding theory proposes that when presented with a group of stimuli, individuals automatically
extract an average of the stimuli allowing them to rapidly form accurate impression of the
objects (Phillips et al., 2018). This study will investigate the suitability of ensemble coding as
an explanation by examining whether ensemble coding effects are accentuated when the
number of younger flanker faces surrounding a target face increases, and whether they
disappear when the groups of faces are seen for extended periods.

Studying Age Estimation

Many different methods have been used to study age estimation accuracy. The most
common method used is presenting participants with passport-style photographs of an
unfamiliar face and asking participants to estimate the age of the individual (Thorley et al.,
2022). Less frequently used methods include sorting tasks where participants categorise and
rank photographs from youngest to oldest (Rhodes, 2009). Voelkle et al., (2012), had
participants estimate the age of individuals presented in photographs and found estimates of

ages were inaccurate on average by 6.35 years. A similar average age estimate error was



found by Amilon et al., (2007), who had participants estimate the age of an individual
presented in a video recording and found an average of 5.1 years of inaccuracy for age
estimation. In addition to finding out how accurate we can estimate strangers ages,

researchers have also examined which facial cues are used to estimate age.

How Do We Estimate Age

Typically, people observe the facial features of an individual to make age estimates
of strangers. As we age, there are a multitude of changes the face undergoes which impacts
how we perceive the age of strangers (Rhodes, 2009). From childhood to adulthood,
individuals undergo many facial developments which typically end at around 20 years of age
(Burt & Perrett, 1995). As adults age, the eyes become smaller and sink deeper into their
orbits, the ears and nose become elongated and lips becoming thinner (Thorley, 2021).
These changes, including wrinkle development and the skin becoming saggier and thinner,
have been found to influence an individuals perceived age (Gunn et al., (2009), Fink & Matts
(2008)).

Liao et al., (2020), found that when estimating age, individuals focus on the central
regions of the face, including the eyes, nose, and lips. Their study tracked participant’s eye
movements when estimating the age of faces and found participants generally spend more
time looking at the eyes, followed by the nose and mouth. In George & Hole’s (1998) study,
they digitally swapped these facial features (eyes, nose, and mouth) between individuals of
two differing ages. They found that adding older features to the younger face increased
perceived ages by 40% and adding younger features to older faces decreased age
perception by 33%. Evidently, age estimation is influenced by facial changes, however, there
are other contributing factors to age estimation accuracy.

Age Estimation in Groups

Changes in age estimation of an individual when they appear in a group, is a

contextual effect that has been studied by Awad et al., (2020). They examined how the

presence of a group of flanker faces would influence an individual's perception of a target



face’s age. Participants were required to estimate the age of a target face when viewed
alone, flanked by younger faces and flanked by older faces. The stimuli used included
passport-style photographs, with the three conditions randomly interleaved. Condition one
had no flanker faces (i.e., the target was viewed alone), condition two had two younger
flanker faces presented alongside the target face and condition three had two older flanker
faces presented alongside the target face. The target face was always presented in the
middle and in the flanked conditions the faces were presented horizontally with no gaps
between the three faces. The flanker faces were always both younger or both older than the
target face, with age offsets between the flanker and target of £5, £10, £15 and £20 years.
Participants were not informed of the age range between stimuli. Participants were required
to enter a two-digit numerical age estimation of the target face presented after viewing the
target faces for two seconds. Contextual effects on age perception were found as results
showed that the perceived age of the target changed when surrounded by flanker faces. The
target faces were found to appear younger when flanked by younger faces and appeared
older when flanked by older faces. This indicates that the presence of flankers does
influence participant’s estimates of strangers ages.

A similar study was conducted by Pilz & Lou (2022). The same method as Awad et
al., (2020) was utilised, where participants were required to estimate the age of target faces
presented in passport-style photographs for two seconds each. The three flanker conditions
were randomly interleaved; however, all three conditions had a target face presented
alongside two flanker faces. Condition one had a target face flanked by two identical faces
as the target face, condition two had a target face flanked by two different younger faces and
condition three had the target face flanked by two older target faces. The flanker faces
presented in condition 2 and 3 were all within the age range of 10 years. Like Awad et al.,
(2020), Pilz & Lou (2022), found that target faces appear younger when flanked by younger
faces and older when flanked by older faces. A more pronounced effect for the younger

flanker condition was also found. The exact reason behind why these contextual effects
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occur are unknow, however, one potential explanation proposed by Awad et al. (2020) is

ensemble coding.

Ensemble Coding

We frequently encounter groups of similar objects in our visual environment.
Research indicates that our visual field has limited attentional and short-term memory
capacity to process and store everything we view at a short glance (Haberman & Whitney,
2009). Studies suggest that rather than coding every element we view, the visual system
utilises a mechanism known as ensemble coding (Haberman & Whitney, 2009). Ensemble
coding allows individuals to quickly and effectively extract a summary statistic or average of
the group of stimuli being viewed (Phillips et al., 2018). It allows individuals to process a
rapid “gist” of the characteristics of large groups of stimuli that are being viewed for a short
period of time (Elias et al., 2017). Using this mechanism reduces computational load for
individuals when they do not have a long period of time to process each individual objects or
characteristic in their visual field (Elias et al., 2017). Ensemble coding is also flexible and is
used across a range of visual features (Elias et al., 2017). Effects of ensemble coding have
been found in many low-level features such as motion and spatial orientation as well as mid-
level features including perceived size of objects and depth perception (Whitney &
Yamanashi, 2018). Recently, research has highlighted the significance of ensemble coding
in high-level objects such as facial perception. Ensemble perception has been found to be
useful in groups of face stimuli, allowing observers to quickly access the emotional tone or
intent of a crowd at a short glance (Whitney & Yamanashi, 2018). de Fockert & Wolfenstein
(2009), tested these ensemble coding effects in facial identity. They had participants observe
four different faces for 2000ms, followed by a single test face and were asked to indicate
whether the test face was previously presented in the set of four faces. The test was either a
member of the preceding set of four, a member of a different set of four or a morphed
average of the four previously viewed faces. Results found that if the target face was a
morphed average, the probability of it being perceived as a member of the preceding four

was significantly higher. These results support findings that ensemble coding is used to
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represent an average of facial emotions and individuals do extract averages of group faces.
Similar results have also been found in studies looking at emotional expressions and facial
attractiveness. (See Haberman & Whitney (2007, 2009) and Lou & Zhou 2018). However,
there are many additional factors that contribute to ensemble coding representations.

The rapid process of ensemble coding allows individuals to form representations of
groups of stimuli that are viewed for as little as 50ms; however, coding stimuli within a group
tends to take longer, around 500ms for mid-level perception and closer to 2 seconds for
higher-level perception such as facial identity and expressions in groups (Neumann, et al.,
2018). It is suggested that the relationship between ensemble coding and representation
depends on processing time, referred to as the time-dependent assumption (Liu et al.,
2023). Li et al. (2016), examined this effect by manipulating the available processing time
during a membership identification and mean discrimination task. Participants were first
presented with a set of four emotionally differing faces followed by a test face. They were
asked to indicate whether the test face was a member of the previously displayed set or not
by answering “yes” for members and “no” for non-members. The target face presented to the
participants was either a face with the mean emotion intensity of the preceding set or was a
face not shown in the set at all. Exposure times were manipulated and counterbalanced
between participants, with the set of four faces appearing for either 50ms, 500ms or
2000ms. Results found that when participants were exposed to the set of four faces for
50ms there was a higher rate of “yes” responses for the test face being a member of the
preceding set of four. The same results were found when the stimuli were presented for
500ms, however, when stimuli were presented for 2000ms, the ratio of “yes” responses did
not increase. These results are consistent with evidence of ensemble coding, where
participants unconsciously represent the mean information of a set of stimuli when there is
limited time available to process the information. When exposure time is increased,
individuals have more time to process information. See Neumann et al., (2018) for similar

findings. Findings from studies observing the influence of time on ensemble coding
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demonstrate that as viewing time increases, ensemble coding effects decrease,
emphasising that the ability to process multiple faces is dependent on time.

Further, ensemble coding has been found to be sensitive to the number of stimuli
presented. This effect was studied by Robitaille & Harris (2011), where they had participants
observe the average size of circles and were then asked to indicate whether the mean size
of the set was larger or smaller than the preceding target circle. Sets of 2, 4, 6, 8, 10 and 12
circles were used, and results showed that increasing the number of stimuli presented
increased participant’s estimation accuracy. These results lead to the conclusion that
ensemble coding relies on a distribution attention model that operates across the whole
display and therefore, ensemble coding benefits from a larger sample for the summary
statistic to be calculated from. However, opposing results have been found in ensemble
coding in facial emotion studies. Haberman & Whitney (2009), found that accuracy in
determining the location of an individual face in sets of 1, 2, 3 or 5 declines from perfect
accuracy in a set of 1 to 50% accuracy for a set of 4. These results indicate that as the
number of stimuli increases, ensemble coding effects decrease. See Neumann et al., (2018)
for similar findings.

Awad et al. (2020) propose ensemble coding as an explanation for their findings in
their study on age estimation. This was proposed as an explanation as their results indicate
that when a target face was surrounded by a group of younger faces, it appeared younger
and when it was surrounded by older faces it appeared older, compared to when the target
face was viewed alone. These results can be explained using ensemble coding as the theory
proposes that individuals take an average of the group of stimuli being presented for a
limited amount of time. Therefore, it is plausible that the participants in Awad et al's study
estimated an average age of the faces being viewed causing the target face to appear older
or younger when viewed in a group than when viewed alone. However, limited research has

been done on the effects of ensemble coding on age estimation of faces.
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Aims and Hypotheses

Age estimation studies have found that faces appear younger when flanked by
younger faces and older when flanked by older faces. Ensemble coding has been proposed
as an explanation for these findings.

Studies on ensemble coding theory have found ensemble coding effects appear to
be sensitive to two factors: time and the number of stimuli. It has been found that as viewing
time of stimuli increases, ensemble coding effects decrease. Further, research on the
number of stimuli presented has found conflicting results. Studies observing the effects of
the number of stimuli presented using shapes has found that as the number of stimuli
increases, ensemble coding effects also increase, however, facial emotion studies have
found that as the number of stimuli increases, ensemble coding effects decrease.

Manipulating these factors in the present study will enable us to determine whether
ensemble coding does influence age estimation of strangers. This has two aims. First, to
examine whether contextual effects increase as the number of younger flankers surrounding
the target faces increases from two to four faces. Second, to examine whether contextual
effects persist as the amount of time spent viewing the stimuli increases from two seconds to
four seconds.

Participants were presented with 30 different target faces and were asked to provide
a two-digit numerical estimate of the target faces perceived age. Target faces were either
presented alone, flanked by two younger faces, or flanked by four younger faces. Half the
participants viewed stimuli for two seconds and half viewed them for four seconds. All flanker
faces were younger than the target face. Younger flanker faces were selected as both Awad
et al. (2020) and Pilz & Lou’s (2022) studies have previously found a more pronounced
effect of target faces appearing younger when presented alongside younger flanker faces.

In the past, age estimation studies have only examined contextual effects when the
target face is present alone versus presented with two flanker faces and stimuli has only

been presented for two seconds. The present study will build on past findings by observing if
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two flankers versus four flankers influences age estimation. The time the stimuli is presented
for will also be examined by presenting faces for 2 seconds as well as 4 seconds.

Past research indicates that ensemble encoding effects disappear when groups of
objects are viewed for more than 1.6 seconds due to more information processing time.
Awad et al. found that ensemble coding effects still occur after displaying stimuli for 2
seconds. To examine if Awad et al’s results are due to ensemble coding, we will replicate
their study by displaying stimuli for 2 seconds to half of our participants and for 4 seconds to
half of the participants. Weaker effects should be found when faces are presented for 4
seconds if ensemble coding does have an impact.

Conflicting results have been found for the effects of the number of stimuli presented
and ensemble coding as studies of shapes have found stronger contextual effects as
number of stimuli increases, however, facial expression studies have found contextual
effects decrease as number of stimuli increases. Past studies have not examined the effects
of more than two flankers presented alongside a target face, therefore, our study will
examine the influence of increasing the number of flankers on age estimation.

Given these conflicting findings around ensemble coding effects in shapes and faces,
we are unsure of the impact the number of stimuli presented will have on the participants
perceived age of the target faces. However, we expect that contextual effects will occur
when faces are seen for two seconds but not for four seconds due to ensemble coding.

Our study will test if Awad et al. and Pilz & Lou’s findings can potentially be explained

by ensemble coding, or whether an alternative explanation may be more appropriate.
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Method

Participants

An a-priori power analysis was calculated in G Power to ensure our study would
detect a small-sized effect if the data were analysed using the anticipated 2 x 3 mixed
measures ANOVA. The power analysis determined that a sample size of 164 participants
would be required to detect a small effect (Cohen’s f=0.10, 1-=0.80, a=0.05).

The final sample for the study included 237 participants (male = 49 , female = 186,
other = 2), aged 17 — 40 years (M =19, SD = 3.04), 68% from European backgrounds, 23%
from Asian background and the remaining from other diverse backgrounds. All participants
were students at the University of Adelaide currently enrolled in Psych 1A (PSYCHOL1000).
Students were recruited through the school of Psychology’s online Research Participation
System and the study was conducted online using Qualtrics. All participants received course
credit for partaking in the study. The study was approved by the Human Research Ethics
Committee of the University of Adelaide and all participants gave informed consent prior to
participation.
Design

The study had a 2x3 mixed-subjects design, with two independent variables. The first
independent variable was the number of flankers presented along a target face. This
variable had a within-subject’s design and three levels: (1) O flankers, (2) 2 younger flankers,
and (3) 4 younger flankers. The second independent variable was coding duration, which is
the length of time the faces are seen before participants estimate their age. This variable
had a between subject’s design and two levels: (1) 2 seconds and (2) 4 seconds. The study
had one dependent variable, which was the participants’ estimates of the target faces age in
years.
Stimuli

180 different passport-style photographs of stranger’s faces were used from the

Minear & Park (2004) and Ebner et al. (2010) databases. The photographs were all
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presented in colour and only showed the individuals head and shoulders. All faces were
forward facing and had neutral facial expressions. The faces presented were all Caucasian
and varied in hair and eye colour as well as hair length varying between photographs. None
of the faces presented had any form of accessories obstructing the view of the face (e.g.,
glasses). The age range of the 180 faces presented was between 17 and 75 years. 90 of the
faces presented were female aged between 18 and 64 years, and 90 were male between 18
and 75 years. The size of the image presented varied depending on the device used to
complete this online study.

From the 180 photographs used within the study, participants were required to
estimate the age of only 30 different faces. Each participant viewed a total of 90 different
faces, 30 being the target face and 60 being younger flanker faces presented alongside the
target face. The age of the 30 target faces presented to participants ranges between 27 and
75 years (M = 40.47, SD = 14.05). 15 of the faces being estimated were females aged
between 27 and 64 (M= 36.4, SD = 10.4) and 15 were males aged between 28 and 75 (M =
44.53, SD = 16.3). The target faces presented were always 10 +/- 1 years older than the
flanker faces presented alongside it (e.g. if the target face was 29 years old, the two or four
flanker faces presented alongside it were all 18-20 years old).

Each individual photograph was digitally edited to ensure all faces appeared against
a white background and appeared either alone, in a group of three or in a group of five.
Thus, there were 3 versions of each photograph. Participants either viewed the target face
alone in the middle of the screen, in a group of three, presented horizontally with a flanker
face to the left and flanker face to the right of the target face or in a group of five with a
flanker to left, right, above and below the target face, all with no gaps in-between them. The
target face was always presented in the centre of the screen. See Figure 1 for stimuli

presentation.
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Figure 1 - Stimuli Layout

Layout of stimuli in study. Target face presented alone, target face presented with 2 flanker

faces and target face presented with 4 flanker faces.

Individually Presented

sl
Group of Three

Group of Five

Procedure

The study was conducted online using Qualtrics. Participants were encouraged to
complete the study on a laptop or computer in full screen in a quiet, distraction free location
of their choice. Instructions on how to complete the study in full screen were provided. An
information page was initially shown to inform participants that the study would be examining

their ability to estimate the age of a stranger’s face and if the number of faces in the group
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presented influences their age estimation. Participants were informed on how many faces
they were estimating the age of and how many faces could appear on the screen at one
time. There was no mention of the duration they would be viewing faces for. Any potential
harms, benefits of the project and participants right to withdraw at any time was made clear
prior to participants consenting to participate. After consenting, participants were required to
complete a demographic’s questionnaire. Instructions were then provided to inform
participants on how the study would be run. These instructions stated that they would now
be presented with a series of passport-style photographs that will appear in the middle of the
screen and they are required to estimate the age of the target face by entering a 2-digit
number into a textbox. Participants were informed that if faces appeared alone, they were
required to estimate the age of that individual face. If faces appeared in a group of three or
five, they were informed that they were required to estimate the age of only the face
presented in the middle of the screen.

Participants then commenced a pilot practice study, consisting of three practice age
estimation trials. The first image displayed was an individually presented face, the second
was presented in a group of three with a flanker to the left and to the right of the target face
and the final image was in a group of five with a flanker to the left, right, above and below the
target face. The target face in each trial round was outlined in red to highlight to the
participant which face they were required to estimate the age of. The stimuli presented in the
practice trials were presented in the same format as the main study; however, the faces
viewed in the practice study did not appear again in the present study and faces were not
outlined in red in the real study. Following completion of the pilot study, participants were
informed that the main study was about to commence.

Participants were then presented with the 30 target faces. Each target face was only
presented once to the participant in a fully randomised order. The stimuli were presented in
the middle of the screen against a white background. Participants always saw ten faces
alone, ten faces within a group of three with a younger flanker either side and ten faces in a

group of five with four younger flankers faces surrounding the target face. Five of the ten
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target faces were always male and five were female. The 30 target faces used within the
study were counterbalanced across participants (e.g. participant 1 saw a 27 year old female
alone, participants 2 saw her in a group of 3 with 2 younger flankers and participant 3 saw
her in a group of 5 with four younger flankers). Participants were randomly allocated to either
view the faces for 2 seconds or for 4 seconds. Further counterbalancing was done across
participants to see the stimuli for either 2 seconds or 4 seconds creating 6 possible
conditions participants could be randomly allocated to (e.g. participants 1 saw a 27 year old
female alone for 2 seconds. Participant 2 saw her in a group of 3 with 2 younger flankers for
2 seconds. Participant 3 saw her in a group of 5 with four younger flankers for 2 seconds.
Participant 4 saw her alone for 4 seconds. Participant 5 saw her in a group of 3 with 2
younger flankers for 4 seconds. Participant 6 saw her in a group of 5 with four younger
flankers for 4 seconds). Participants were randomly allocated to one of the six study
conditions and faces were presented in a random order for each participant.

Each trial began with a 500ms fixation point ( X displayed in the middle of the
screen), followed by a blank white screen for 200ms and then the stimulus was displayed for
either 2 seconds or 4 seconds. Participants were then instructed to estimate the age of the
target face. See figure 2 for illustration of trial sequence. A 2-digit numerical value was
required to be entered in the textbox provided for participants to proceed to the next face.
The study was completed after the participant had estimated the age of 30 target faces. The
duration of the study on average was 8 minutes for the 2 second condition and 13 minutes

for the 4 second condition.
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Figure 2 - Trial Sequence Set Up

Trial sequence set up example. Fixation point X displayed in the middle first, followed by a
blank screen. Face stimuli then presented where the participants are required to estimate
the age of the target face presented in the middle, followed by the text box participants are

required to enter a 2-digit age estimate into.

Fixation

Blank
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ﬁ a & e
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l J
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Results

This experiment required participants to provide age estimations of 30 passport style
target faces. Faces were presented either alone, surrounded by two different flanker faces or
by four different flanker faces. The faces were presented for either 2 seconds or four
seconds. To examine the influence of the number of flankers and presentation time has on
our dependant variable, age estimation in years, we converted each participant’s age
estimations in years to bias. These bias scores were calculated by determining how many
years participants underestimated or overestimated the target faces veridical age. For
example, if the target face was 30 years old and the participant estimated the age to be 35,
their bias score was 5 years overestimated. Likewise, if the age estimation was 25, the bias
score would be 5 years underestimated. Age estimation bias was calculated for all 6
conditions and each participant had a total of three scores reflecting their overall bias score
for the alone condition, 2 flanker condition and 4 flanker condition.

Prior to data analysis, four outliers were identified during initial screening of the data.
The identified outliers were removed from the data set due to random and unrealistic age
estimations, with figures being consistently repeated throughout the same participant’s
estimations.

Following initial data screening, we conducted a bias analysis to determine if there
was a significant difference for each of the 6 conditions. Results indicate that participants
generally overestimated target faces ages. See table 1 for mean bias scores in each
condition. Mean bias scores indicate that participants on average overestimated the target
face’s age by 2.29 regardless of the conditions. To determine if there was significant bias in
the results a one-sample t-test was run. Results were statistically significant with all values ¢
=>4.7, p <.001 and Cohen’s d = above .43. These results show a statistically significant
overestimation of target age in each of the 6 conditions.

To examine if age estimations differed when faces were seen alongside two or four
flankers as well as if faces were viewed for two or four seconds, a 2x3 mix measures

ANOVA was conducted. We first checked that assumptions of a 2x3 ANOVA were met.
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There was homogeneity of variance, with all Levene’s test p-values being above .41. Data
was normally distributed in each condition, with a Shaprio-Wilk test showing all p-values
being above .16.

As assumptions of a 2x3 mixed measures ANOVA were met, we proceeded
conducting the ANOVA. We found a significant main effect of number of flankers F(2, 470) =
5.67, p < 0.005, w?=.006. As a significant effect was found, post-hoc tests were conducted
to identify which groups differed from each other. Results found there was no significant
difference (p = 1.00) between the no flanker condition (M=2 .60) and two flanker conditions
(M = 2.44). A significant, small effect (p = 0.005, d = 0.2) was found between the no flanker
condition and four flanker condition (M = 1.82), indicating that faces look younger when
surrounded by 4 flankers than when presented alone. A significant effect (p = 0.03, d = 0.16)
was also found between the 2-flanker condition and 4 flanker condition, demonstrating that
target faces appear younger when presented with 4 flanker faces than when presented with
2 flanker faces. We did not find a significant main effect of condition; 2 seconds vs 4
seconds F(1,235) = 1.4, p > 0.05, w?< .001. Additionally, there was no significant interaction
between the number of flankers and time condition, F(2, 470) = 0.41, p > 0.05.

These reported results indicate that time does not impact age estimation bias. The
number of flankers presented with the target does however influence age estimation bias as
participants estimated the target faces to be younger when they were presented alongside 4
flanker faces than when they were presented with only two flanker faces or when presented

alone.
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Mean and standard deviation age estimation bias, in years, in three flanker conditions for 2

second and 4 second condition

Number of Condition N Mean SD 95% CI 95% ClI
Flankers Upper Lower
None 2 Seconds 119 2.22 3.80 2.9 1.54

4 Seconds 118 2.99 4.00 3.71 2.26
Two 2 Seconds 119 2.27 3.85 2.94 1.58

4 Seconds 118 2.62 4.16 3.37 1.87
Four 2 Seconds 119 1.62 3.74 2.29 0.95

4 Seconds 118 2.03 413 2.77 1.28
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Discussion

This study had two aims. The first was to examine whether contextual effects would
increase as the number of younger flanker faces surrounding a target face increased. Here,
we found participants perceived the target face to be younger as the number of flanker faces
presented increased. The second aim was to examine whether contextual effects persist as
the amount of time spent viewing stimuli increased. Here, it was concluded that time does
not impact age estimation bias. Age estimation results will now be discussed in more detail.
In accordance with past research, our participants overestimated the age of the target faces
presented (see Voelkle et al., 2012; Amilon et al., 2007). Past studies have found age
estimation of strangers to be overestimated by an average close to 5 years (Voelkle et al.,
2012; Amilon et al., 2007; Thorley et al., 2022), however, participants in our study, on
average, overestimated target faces age by a mean of 2.29 years. While an overestimation
was still found, the lower average of overestimation in our study can be explained by other
past studies that have found that the perceived age of a stranger changes when viewed in a

group (Awad et al., 2020; Pilz & Lou 2022).

Age Estimation in Groups

Our study replicated Awad et al’s (2020) and Pilz & Lou’s (2022) findings on age
estimation in groups. Our results found that when target faces were presented alongside two
younger flanker faces, participants perceived the target face’s age to be younger by an
average of .2 years compared to when viewed alone. Further, when the target face was
viewed alongside four younger flankers, the perceived age of the target face was younger by
an average of .8 years, than when viewed alone and younger by .6 years on average when
viewed with four younger flankers compared to two younger flanker faces. These results
suggest that when an individual appears within a group of younger individuals, we perceived
them to be younger and as the size of the group increases from a group of three to five, age
estimates decrease. Similar results were found by Awad et al. (2020) and Pilz & Lou (2022),
who also found that faces appeared younger when presented alongside two younger flanker

faces compared to alone.
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Moreover, we observed the effect timing would have on participants age estimates of
target faces. Here, we did not find a significant result, indicating that time does not influence
the age estimation of strangers. While past age estimation studies have not looked at the
impact of time on age estimation, these results are surprising as it was anticipated that
contextual effects would persist when participants viewed the stimuli for 2 seconds and

decrease when participants viewed the stimuli for 4 seconds.

Age Estimation and Ensemble Coding

Our findings offer insight into the mechanisms used in age estimation. Limited
research on age estimation in groups has been conducted, therefore, our study aimed to
build on Awad et al. and Pilz & Lou’s age estimation in groups findings, and similar results
were found. An explanation proposed by Awad et al. (2020), for why individuals perceive
faces to be younger when surrounded by younger flanker faces is ensemble coding theory.
Ensemble coding theory proposes that when we have limited processing time available, we
extract an average of large groups of stimuli we are presented with (Phillips et al., 2018).
This theory could explain why participants in Awad et al., (2020) and Pilz & Lou’s (2022)
study perceived the target face to be younger when viewed in a group. Participants were
only able to view the stimuli for 2 seconds, and therefore, ensemble coding was likely used
to take an average of the all the faces and make an estimate of the target face’s age. By
taking an average age estimate of all three faces, where the two flanker faces were younger
than the target, the target face appeared younger than it truly is.

Our study looked further into whether ensemble coding is an appropriate explanation
for these findings. Studies have found that ensemble coding is influenced by two factors: the
number of stimuli and available processing time. We observed the effects of these factors by
combining and manipulating them both.

Past research has found conflicting results of the impact that the number of stimuli
has on ensemble coding. Ensemble coding tasks looking at perception of shape size, found
that as the set size increases, ensemble coding increases. Proposing that ensemble coding

is used when large numbers of stimuli are presented. In accordance with ensemble coding
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theory and studies looking at the influence of the number of stimuli (see Robitaille & Harris,
2011), we found similar results in support of the utilisation of ensemble coding in age
estimation. Participants in our study perceived the target face to be younger when presented
in a group with other younger faces, compared to when viewed alone. As the group size
increased from three to five, contextual effects increased, with target faces continuing to be
perceived as younger than their actual age. These results indicate that participants may be
using ensemble coding to make their age estimates. As the surrounding flankers are
younger than the target face, the average age taken during the ensemble coding process,
causes the target face to appear younger. Conflicting results have been found in previous
research focusing on the influence of the number of stimuli presented on facial identity. It
has been found that as the number of stimuli increases, ensemble coding effects decrease
(Haberman & Whitney, 2009 and Neumann et al., 2018). A potential explanation for these
conflicting results is that these studies focus on facial identity and the participants accuracy
and ability to determine whether they had previously viewed the target. Therefore, perhaps
ensemble coding is not used in memory tasks of facial identity, but, as our results suggest,
are used in perception-based tasks such as age estimation. Our findings here support Awad
et al’s proposed explanation that ensemble coding is used in the age estimation of strangers.
To further examine the effects of ensemble coding on age estimation in groups, we
manipulated viewing time. Past studies have found that ensemble coding effects decrease
after 1.6 seconds, presumably due to having more time to process information (Neumann et
al., 2018). We, therefore, expected to find that contextual effects would disappear as viewing
time increased from 2 seconds to 4 seconds. Surprisingly, we found no effect. Our results
showed that contextual effects persisted as the viewing time increased, and it is therefore
concluded that timing does not influence the age estimation of strangers in groups.
Opposing results have been found in previous facial identity studies and the influence of
time. Past research has found that when participants are given more time to view stimuli,
ensemble coding effects decrease as there is more time available to process information,

supporting ensemble coding theory. One possible explanation for these results may be
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because of the differing types of tasks being used. These studies that support ensemble
coding theory (see Lie et al., 2016 and Neumann et al., 2018), have used memory and true
or false tasks. Having more processing time available in these memory identification tasks
would increase the participants accuracy in determining if they have seen the target face
previously, as they have longer to process information and are not needing to extract an
average of the stimuli. Thus, resulting in ensemble coding effects disappearing. Our study
differed as it relied on subjective measures, using a perception-based task. Our findings,
alongside Carragher et al., 2019, propose that viewing time does not matter in perception-
based tasks. Carragher et al., 2019, examined the influence of time on the ‘cheerleader
effect’, which has been found to rely on the averaging process used in ensemble coding.
Participants rated the attractiveness of a target face presented either alone or in a group, for
varying lengths of time, up to 7000ms. Results found that faces were perceived to be more
attractive when presented within a group than presented alone, regardless of viewing time.
Concluding that contextual effects still occur at longer exposure durations up to 7 seconds.
Results from Carragher et al., 2019 and our study here, indirectly suggest that timing does
not influence the process of ensemble coding in perception-tasks. A proposed explanation
for these findings is that the influence of time on ensemble coding is task dependant. With
ensemble coding appearing to be used in memory-based tasks and not in perception-based

tasks.

Implications

Our findings here are important in understanding the mechanisms behind estimating
the age of strangers in groups. A large amount of research has been conducted on the age
estimation of strangers more generally. However, recently research has found that age
estimation of stranger’s changes when the target face appears in a group. A very small
amount of research on the effects of groups on age estimation has been conducted.
Therefore, only a proposed explanation, ensemble coding, has been suggested to explain

these results. Our findings here contribute to this emerging body of literature and suggest
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that the proposed explanation, ensemble coding, appears to be a plausible explanation for

the contextual effects that occur in the age estimation of strangers in groups.

Limitations

Our study had limitations that may influence the generalisability of its findings. One
limitation is that participants were only required to estimate the age of strangers in a group of
up to five individuals. Past research on lower-level perception of shapes, where sets of up to
12 circles were presented, have found that ensemble coding benefits from individuals being
presented with a larger number of stimuli. Increasing stimuli enables a more accurate
summary statistic to be calculated (Robitaille & Harris, 2011). Previous age estimation in
groups studies have only examined the effects of two flanker faces on age estimation and
our study built on these findings by examining the effects of up to 4 flanker faces. To further
determine if ensemble coding is used when estimating the age on strangers when in a
group, future research should further increase the number of flankers presented to examine
the influence this has on age estimation and if contextual effects still appear as the number
of stimuli continues to increase. This will provide more evidence as to whether ensemble
coding is a feasible explanation for the results found here and in Awad et al. (2020) and Pilz
& Lou (2022) studies.

Another limitation is that the groups of faces presented in our study were all the same
gender. While stimuli included both male and female faces, there was never a group of
mixed gender faces presented to the participants. Viewing faces of different genders may
have an influence on the averaging process used in ensemble coding, as there is more
information to process. Future research should therefore examine whether having groups of
mixed gender faces will influence whether contextual effects persists or if they will disappear,
and if having mixed genders will make age estimates of a target face more or less accurate.
Conclusion

Our results show that individuals perceive target faces to appear younger when

surrounded by other younger faces in the age estimation of strangers. Moreover, contextual
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effects increase as the number of faces presented increases. Indicating that a target face
continues to appear younger as the size of the group presented increases. Additionally,
contextual effects also persist as viewing time available increases, indicating that time does
not impact age estimation. These findings are useful in understanding the mechanisms
behind age estimation in groups and demonstrates that ensemble coding is a plausible
explanation for the contextual effects found in the age estimation of strangers in groups. The
results further indicate that the number of stimuli does influence ensemble coding in
perception-based tasks, however, the factor of time is not relevant for the ensemble coding
used in age estimation. Rather estimating the age of strangers in groups, relies on an

averaging process of the stimuli regardless of how much processing time is available.
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