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Abstract

Information on the degree to which individuals can make accurate estimations of
someone’s age can be of importance in different legal contexts, such as for example child
sexual abuse cases in which the victim is an adolescent and asylum procedures. There is,
however, a scarcity of studies concerning age estimations conducted with young target
persons. Using facial photos of target persons aged 12-18years, we investigated the effects
of gender, age, and ethnicity of both targets (n=240) and observers (n=869) on the
accuracy of age estimation. We also investigated the effects of targets’ facial expressions
(neutral or smiling), use of makeup, and photo quality. Participants overestimated the age
of the adolescents by, on average, 3.51 years. Participants overestimated the age of young
adolescent girls to a greater extent than that of younger boys. Men made larger
overestimations than women. Participants also estimated smiling targets as being older
than targets with neutral facial expression, and the age of girls with makeup to be older
than girls without makeup. Because there was considerable variation in the accuracy of
estimations, and overestimates were common, we conclude that the ability of individuals to
estimate the age of adolescents is generally low. This might have important legal
implications.

KEYWORDS: age estimation, adolescents, age of sexual consent, child sexual abuse, legal psychology

Introduction

Age estimation plays an important role in many legal contexts, including the selling of alco-
hol and tobacco products, asylum cases, human trafficking and situations related to child
sexual abuse (CSA) and exploitation. For instance, in asylum and human trafficking cases
(European Asylum Support Office, 2018; The Children’s Legal Centre, 2017), the authorities
may need to be alert in considering the possibility that applicants or victims may be below
the documented or reported age. Vendors of alcohol and tobacco products are in many
countries required to check the age of perceived-to -be young customers to ensure they do
not sell these products to underagedconsuments (e.g., Dutch Institute for Alcohol Policy,
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2013; Merrill et al., 2000). Furthermore,it may be debated in court whether a perpetrator in
a suspected CSA case should have realized an adolescent claiming to have attained the
legal age of consent was, in fact, below that age. Possible consequences of sexual behaviors
directed at adolescents can, thus, differ depending on both the real age of the adolescent
and on third-party perceptions (e.g., in court) of the age of the victim. The accuracy with
which the age of adolescents can be estimated, and the factors that affect it, have, how-
ever, been sparsely investigated. As social interaction increasingly occurs on social media,
and age estimation often is based solely on photos or videos of another person and not on
face-to-face encounters, there is also a need for information on age estimation accuracy
applicable to this context.

The role of age and gender on the accuracy of age estimations

Previous studies indicate that age estimations often are inaccurate and that young individu-
als often are estimated to be older than they are (Egan &Cordan, 2009; Jason et al., 2004;
Marsh et al.,, 2013; Vestlund et al., 2009; Willner & Rowe, 2001). For example, in a study by
Egan and Cordan (2009), visitors in bars and cafes were asked to estimate the age of 17-
year-old girls from photos in which the maturity-level of the faces had been manipulated
by either decreasing or increasing maturity cues. On average, the age of the girls in the
photos were overestimated by 3.5years. The estimate was higher for more mature faces,
but also more immature faces were on average estimated as older than 17 years. The age
of older targets, on the other hand, seem to be less overestimated or even underestimated
(Vestlund et al., 2009). This was demonstrated in one of the experiments by Vestlund and
colleagues (2009), in which 15-30years old participants overestimated the age of 15-19-
and 34-46-year-old individuals, but underestimated the age of the age of 56-64-year-olds
(Vestlund et al., 2009).

Previous studies also indicate that people tend to estimate female faces more inaccurately
than male faces (Dehon & Brédart, 2001; Willner & Rowe, 2001), especially when the target
is young. In a study conducted by Willner and Rowe (2001), where alcohol servers estimated
the age of 13-, 16-, 20- and 22-year-old targets from photos, overestimation errors were
greater for girls than boys in the age groups 13 and 16, whereas the age of both girls and
boys aged 20 and 22years was underestimated. In self-reports, alcohol servers also state
that they find it more difficult to assess the age of female customers than that of male cus-
tomers (Willner et al., 2000). The current literature, thus, suggests a general tendency for
people to overestimate the age of adolescents, and especially females.

Other factors affecting age estimation accuracy

Characteristics of the person who performs the age estimation, such as age and gender,
have also been shown to be of importance. According to a study, younger people (under
35years old) seem to be more accurate estimators than older people (35-50-year-olds),
regardless of the age of the target persons (Nkengne et al., 2008). Other studies have
observed an own-age bias, implying that people generally are more accurate when estimat-
ing the age of people who are close to themselves in age, compared to targets who are
much younger or older (Anastasi & Rhodes, 2005, 2006; Sorqvist et al., 2011; Vestlund et al.,
2009; Voelkle et al, 2012). This own-age bias has been proposed as one reason for why
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studies in general find that the age of young targets is overestimated, whereas the age of
older targets is underestimated (George & Hole, 1995; Willner & Rowe, 2001).

There also seem to be gender differences, as, women have been found to make more
accurate estimations than men(Nkengne et al., 2008; Vestlund et al.,, 2009). Men are more
likely to over- and underestimate age than women, especially when estimating female tar-
gets (Marsh et al.,, 2013; Nkengne et al.,, 2008). However, contradicting the previous results,
a study by Willner and Rowe (2001) indicated that women tend to make slightly higher and
thus more biased age ratings than men. In sum, more research is needed concerning the
effect of the estimator’s gender on age estimation accuracy.

The ethnicity of the target and the estimator may also affect the accuracy of age estima-
tions. Dehon and Brédart (2001) found that cross-race age estimations were more inaccurate
than within-race age estimations, indicating that it is easier to estimate the age of individu-
als belonging to one’s own ethnic group. The result is likely a part of a wider phenomenon
known as the own-race bias, implying that people tend to have better perception and
memory for faces when targets belong to an ethnicity highly represented in the context in
which the estimator has grown up (see Meissner & Brigham, 2001, for a review).

Other factors related to the target potentially affecting age estimation accuracy include
facial expression and the target’s use of makeup. There is some evidence that smiling
emphasizes neotenous, youthful features of the face and thus biases age estimations
towards underestimation (Wang et al., 2015). Voelkle and colleagues (2012) also demon-
strated that presenting individuals with photos of emotional faces lead to more inaccurate
age estimations than photos of neutral faces, and that the ages of smiling faces in particular
are likely to be underestimated. However, contradicting these results, Ganel (2015) found in
a series of experiments that, when smiling, targets were perceived to be older than when
having a neutral facial expression. Lastly, makeup can alter facial features and make young
faces look older, and older faces look yougner (Egan & Cordan, 2009; Tagai et al., 2016).

The current study

In the majority of previous studies, target faces have been administered to participants
through photos taken under standardized studio conditions. This reduces the risk of irrele-
vant photo features affecting the results, but also leads to lower ecological validity, asin
real life, individuals rarely estimate the age of faces in standardized photos. On social media
platforms, for instance, individuals are more likely to present themselves by using unstan-
dardized photos (i.e., photos taken in more naturalistic circumstances and not by professio-
nals). In the current study, we include both standardized and unstandardized photos when
investigating how accurately the ages of 12-18-year-old adolescents are estimated based
on facial photos. We further investigated the effects of gender, age, and ethnicity of the
participant and the adolescent in the photo (target) on age estimation accuracy. We also
investigated the possible effects of facial expressions (neutral vs. “small smile” vs. “large
smile”), make-up (only for female targets), and photo standardization (professional vs.
unprofessional photos). For this purpose, we asked participants to estimate the age of tar-
gets presented in photos from different databases. We also asked participants to assess the
likelihood that targets were 16years of age or older and 18years of age or older. We chose
these ages as the age limits for consent in many jurisdictions, including Finland, where this
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study was conducted, have 16 and 18 as ages of consent. Based on earlier research find-

ings, we formulated the following research hypotheses:

1. We expected participants to overestimate the age of the targets.

2. We expected larger overestimates for female compared to male targets.

3. We expected larger overestimations for smiling (vs. neutral) facial expressions and for
targets using make-up (vs. no make-up).

4. We expected female (vs. male) and younger (vs. older) participants to make more
accurate age estimations. We also expected age estimations to be more accurate if the
participant and target were of the same (vs. different) ethnicity.

We further explored the effect of photo standardization as well as forensically interesting
interactions between the age of targets, target gender, and participant gender to investi-
gate whether there was a bias for male participants to overestimate the age of young
female targets.

Method

Participants

The current study included 869 individuals aged 15 to 67 years (M =25.19, SD =8.42). Only
individuals who had turned 15years old were allowed to participate. Of all participants,
78.9% (n = 685) reported being female, 19.2% (n=167) male, and 1.8% (n=16) other. Most
participants reported currently living in Finland (95.4%); others were, for example, from
Sweden, China, the US, the UK, or Australia. Most participants (94.1%) reported having lived
most of their life in Finland, and 95.3% reported their ethnicity as Caucasian.

Participants were recruited by sending an invitation to e-mail lists of various university
student associations, as well as distributing the invitation on Facebook. The invitation was
also sent to psychology teachers in Finnish high schools and university teachers in other
countries, asking them to distribute the study among their students. Participation was vol-
untary. Participants were not compensated. The participants were informed about the pur-
pose of the study (age estimation accuracy) in the invitation. The study had received ethical
approval from the Board for Research Ethics at AboAkademi university.

Stimuli
We chose frontal facial photos of 12-18-year-old individuals from three face databases; the
APPA-REAL database (Agustsson et al., 2017), the Siblings database (Vieira et al., 2014), and
the NIMH Child Emotional Faces Picture Set (Egger et al., 2011). We screened all photos in
the databases. We included a photo if it met predefined criteria (e.g., good quality, frontal
facial neutral or smiling facial expression; see Appendix A for a full list of criteria). Photos
were either professional (i.e., studio-like photos, with one-color background, good lightning,
and high quality) or unprofessional (i.e., everyday photos, such as selfies, or photos without
studio-like conditions, poorer lightning, and lower quality). Some photos from the APPA-
REAL database were cropped if, for example, the torso was visible. Criteria for cropping
photos are also presented in the Appendix A.

Three raters independently rated the photos concerning facial expression (neutral, small
smile, or large smile) and make-up (no make-up, light make-up, or heavy make-up). We ran
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Table 1. The number of photos used by stimulus categories.

Variable Level Female target Male target Total
Age 12 8 8 16
13 12 12 24
14 27 14 41
15 27 16 43
16 26 14 40
17 23 14 37
18 27 12 39
Smile Neutral 51 55 106
Small 70 27 97
Large 29 8 37
Makeup No 58 - 58
Light 73 - 73
Heavy 19 - 19
Ethnicity Caucasian 116 73 189
Other 35 16 51
Standardization Professional 40 33 73
Unprofessional 110 57 167
Database APPA-REAL m 59 170
Siblings 6 14 170
NIMH-ChEFS 33 17 50

Note. NIMH-ChEFS = NIMH Child Emotional Faces Picture Set.

two-way mixed effects intraclass correlation coefficients in SPSS (version 25) to determine
the absolute inter-rater agreement. Agreement was high for make-up, ICC=0.89 [0.86, 0.92],
p< .001, and excellent, ICC=0.93 [0.91, 0.94], p< .001, for facial expressions. In case of dis-
agreement, we selected the alternative that two of the three raters had chosen. In the one
case, where all three raters chose different alternatives, we selected the in-between alterna-
tive (light make-up). The three raters also rated the targets’ ethnicity (Asian, African,
Caucasian, Hispanic, Middle Easterner, Native American, or Pacific Islander). Interrater agree-
ment was high also for ethnicity, /CC=0.86 [0.83, 0.89], p< .001. Because most targets were
Caucasian, the number of other ethnicities was insufficient to form separate categories. We,
therefore, divided the photos into two categories regarding ethnicity: Caucasian and Other.
The count of photos by category is presented in Table 1.

Procedure

The photos were divided into six surveys, each including 40 photos (25 girls and 15 boys).
All surveys included roughly the same number of photos of girls and boys, photos from
each age group, and professional/unprofessional photos. The invitation included links to all
surveys, and participants were asked to choose the link next to their month of birth.After
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first giving informed consent, participants were asked to report their age, gender (female,
male, or other), nationality, and ethnicity (Asian, African, Caucasian, Hispanic, Middle
Easterner, Native American, Pacific Islander, prefer not to answer, or other). Participants
were then presented with photos in two stages. First, participants were shown 40 photos
one at a time in randomized order and asked to estimate the age of each person in full
years. After this stage, participants were shown the same photos again and asked “How
likely do you think it is that this person is 16 years or older?” and “How likely do you think
it is that this person is 18 years or older?.” To both questions, participants responded on a
scale from 0 (very unlikely) to 100 (very likely) using a slider. At the end of the survey, partic-
ipants were asked four questions regarding their experience of age estimations. This was
done to obtain information about whether the participants had received feedback on age
estimating, as training in age assessments has been shown to be effective (Sorqvist &
Eriksson, 2007; Vestlund et al., 2009; Voelkle et al., 2012). Participants were asked whether
they had worked with 12-18-year-old adolescents, whether they had worked as salesper-
sons selling age-restricted products, and whether they had one or more siblings or children
currently aged between 12 and 18 years.

Statistical analyses
Data screening and recoding

In total, 31849 age estimations were included in the analyses. The participants further made
25219 likelihood ratings of the target being over 16 and 18years old, respectively. We con-
sidered age estimations of 5years or less (n=68) and 50years or older (n=5) as possible
mistakes and excluded these ratings. As a measure of estimation accuracy, we subtracted
the target's real age from each estimated age to produce an accuracy score. A positive
accuracy score, thus, indicated overestimating the target's age and a negative accuracy
score indicated underestimating the target’s age. We also recoded the participants’ ethnicity
into two categories (Caucasian or other) as there were few non-Caucasian partici-
pants (n =22).

Linear-mixed effects models

We conducted all analyses in the statistical software R (R Core Team, 2015). To account for
the clustering of responses, we used linear mixed-effects modeling (LMM) with the Imer
function in the Ime4 package (Bates et al., 2015) to test our hypotheses. In all LMM analyses,
participants and photos were treated as random intercepts, while the accuracy score was
set as the outcome variable. To obtain ANOVA-type effects, we used the package Imertest
(Kuznetsova et al., 2016) in analyses with categorical variables. For follow-up pairwise com-
parisons, we used the package Ismeans (Lenth, 2016).

Results

Descriptive results
Of the 869 respondents, 866 (99.7%) had conducted at least one age estimation in the first
stage of the survey, and 714 (82.2%) had conducted the likelihood ratings for at least one
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photo in the second stage of the survey. We investigated the zero-order correlations
between the three types of estimates. As could be expected, there was a strong correlation
between the age estimates and the perceived probability of being 16 years old or older (r = .59),
and between age estimates and the perceived probability of the target beinng 18years old or
older (r = .73). The correlation between the two probability ratings was r = .68.

After this, we plotted densities of the age estimations and perceived probabilities by
target age using heatmaps (Figure 1). To do this, the probability rating variables were
dichotomized, indicating whether the participant had reported it was more probable
than not (> 50% vs. < 50%) that the target was 16 years old or older and 18years old
or older, respectively. In panel A, the densities of estimated ages are plotted against
each target age category. A visual inspection shows that participants generally overes-
timated the targets’ age by a few years. Panel B and C show that targets as young as
14 years old were frequently perceived as having turned 16 and 18. Similarly, 16-year-
old targets were frequently perceived as being 18years old or older (Panel C). The per-
centage of responses indicating that the targets were perceived more likely than not
to be above the respective ages are presented in Appendix B (Table B1), divided by
participant and target gender. Note that the number of participants is relatively low
for older ages. The age distribution of the participants is displayed in Figure B1 in the
Appendix B.

Descriptive Heatmaps for Estimated Ages

A Estimated Age by Target Age B 16 or over by Participant and Target Age C 18 or over by Participant and Target Age
a o — e —— 65e
46 64 st
59 59
“ 5 - ==l =
57
P 5 = 5
55 55
Y 53 o 53
0 52 52

Likelihood

Low
Mid

. High

I |
37 49 49
36 48 48
35 47 a7
u 46 46
33 45 a5
2 fod et
43
42

Estimated Age
8
Participant Age
g
Participant Age
]

19 29 29
18 2 28
17 27 27
16 26 26
15 25 25
14 24 24

2 23
b 22 P

12 13 14 15 16 17 18 12 13 14 15 16 17 18 12 13 14 15 16 17 18
Target Age Target Age Target Age

Figure 1. Descriptive heatmaps for estimated ages. Panel A shows the estimated age (in years; y-axis)
plotted against the target’s actual age (in years; x-axis). Panels B and C shows the likelihood
participants of a certain age (in years; y-axis) believes it more likely than not that a target is over 16 or
18years of age, respectively, as a function of the target's actual age (in years; x-axis). Black lines
represent the correct estimate. Note that the number of participants is relatively low for older ages.
The age distribution of the participants is displayed in Figure B1 in Appendix B.
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Accuracy of age estimations
Preliminary analysis

Before testing our hypotheses, we investigated the possible effects of having work experi-
ence of age estimations and/or current contact with adolescents on estimation accuracy.
The LMM analysis showed a significant effect of work experience with adolescents, F(1,
588.40) = 6.48, p = .011, n=596, indicating that participants with such work experiences
(M=3.25, SE=0.25) were more accurate in their estimations than those without (M =3.60,
SE=0.27). The other experience and contact related variables had no statistically significant
effect on estimation accuracy: F(1, 586.52) = 0.80, p = .370 for having worked as salesper-
sons; F(1, 587.17) = 0.33, p = .562 for having adolescent siblings; and F(1, 587.41) = 0.12,
p = .733 for having adolescent children. Because of this, we conducted control analyses for
all hypothesis tests controlling for work experience. As only 596 participants had answered
the questions concerning experience, statistical power was reduced in the follow-
up analyses.

Main analyses

To investigate our first hypothesis that participants overestimate the age of the targets, we
conducted separate one-sample t-tests for each age, comparing the estimated age with the
actual target age (Table 2). For all age groups, participants significantly overestimated the
age. Averaged across all age groups, participants overestimated the age of the targets by
3.51years (SD=4.91). We also averaged the perceived probability that targets were 16 and
18years or older. When evaluating 12-year-old targets, participants on average perceived
the probability that targets were 16years or older to be more than 25% and the probability
that the 12-year-old targets were 18years or older to be close to 15%. For 14-year-old tar-
gets, participants perceived, on average, it more probable than not, that the targets were
16 years or older. Concerning 16-year-old targets, participants perceived the probability tar-
gets were 18years or older to be almost 50% (Table 2).

Target gender

To test our second hypothesis,thatoverestimates would be larger for female compared to
male targets, we ran an LMM analysis with target gender as a fixed factor and the accuracy
score as the outcome. We found that overestimates were larger for female targets
(M=3.95, SE=0.23) than for male targets (M=2.77, SE=0.29), F(1, 236.77) = 10.76, p =
.001, n=2850. The effect remained after controlling for whether or not the participants had
worked with adolescents, F(1, 236.55) = 9.79, p = .002, n =583.

Facial expression, make-up, and standardization

We then tested our third hypothesis, that overestimations would be larger for targets with
smiling facial expression, for targets using make-up, and for professional photos. We found
a significant effect of facial expression, F(2, 237.01) = 4.31, p = .015, n=2866, which
remained after controlling for whether participants had worked with adolescents, F(2,
237.07) = 4.38, p = .014, n=596. Overestimates were significantly smaller for targets with
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Table 2. Accuracy of age estimations for each target age category.

Age estimate Difference score 16 or over 18 or over

Target

age M SD t df M sD M sD M SD
12 13.85 3.82 2240%%*| 2138 1.85 3.82 27.96 30.37 13.23 2238
13 15.53 4.11 34.72%%*| 3184 253 4.11 40.27 32.70 20.95 26.52
14 17.69 3.94 69.24*** | 5469 3.69 3.94 58.20 29.51 33.88 29.22
15 18.68 443 62.66***| 5701 3.68 4.43 62.60 3043 40.76 31.75
16 19.93 4.42 64.90%**| 5319 3.93 4.42 69.63 27.69 49.40 30.84
17 20.49 4.50 54.26%**| 4887 3.49 4.50 72.96 26.97 54.07 31.21
18 22,01 4.74 60.66***| 5144 4.01 4.74 78.19 2543 63.28 29.75

Note. 16 and over and 18 and over is the averaged perceived probability a target is 16 or 18years old or older,
respectively.

Hk

p < .001.

neutral facial expressions (M =2.94, SE=0.27) than targets with a small smile (M=3.95,
SE=0.28), t(236.29) = 2.64, p = .024. Overestimates were larger for targets with a large
smile (M =4.04, SE=0.45) than targets with a small smile and neutral facial expression, but
these differences were not statistically significant, t(237.35) = 0.19, p = .981 and t(237.71) =
2.13, p = .086, respectively.

In the analyses for make-up, we included only photos of female targets. We found an
effect of make-up, F(2,145.70) = 4.79, p = .010, n=2863, and also this effect remained after
controlling for having worked with adolescents, F(2, 145.51) = 4.68, p = .011, n=596.
Overestimates were smallest for no make-up (M =3.14, SE=0.34), and differed significantly
from light make-up (M=4.45, SE=0.34), t(145.46) = 290, p = .012). The largest
overestimates were reportedfortargets with heavy make-up (M =4.56, SE=0.59). There was,
however, no statistically significant difference betweenheavy make-up and light make-
up,t(145.89) = 0.16, p = .987. Somewhat unintuitively, the difference between heavy make-
up and no make-up was also non-significant, t(145.87) = 2.08, p = .097. This is likey due to
low power, as only 19 pictures were rated as heavy make-up.

Concerning standardization, we found no statistically significant effect, F(2, 237.05) =
0.112, p = .739, n =866, and F(2, 236.86) = 0.15, p=703, n=596 when controlling for work
experience. Overestimates were larger for standardized (professional) (M =3.60, SE=0.33)
than unstandardized (unprofessional) photos (M =3.47, SE=0.22).

Participant characteristics

After this, we tested our fourth hypothesis, that female (vs. male) and younger (vs. older)
participants would conduct more accurate age estimates. Before testing the effect of partici-
pant gender, we excluded participants who reported their gender as other (n=16). We
found a significant effect of participant gender, F(1, 829.99) = 5.99, p = .015, n=2850. Male
participants (M =3.80, SE=0.22) overestimated target age more than female participants
(M=3.44, SE=0.19). The observed effect did not, however, remain after controlling for
work experience, F(2, 576.27) = 2.81, p = .094, n=596.
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Table 3. Effects of target age, target gender, and participant gender on estimation accuracy.

Fixed effects F dfyum dfpen P
Target age 5.56 1 237.50 .019
Target gender 5.62 1 237.40 019
Participant gender 28.68 1 21618.50 <.001
Target age: 4.01 1 237.40 .046
Target gender
Target age: 2342 1 30214.00 <.001
Participant
gender
Target gender: 0.54 1 30190.00 464
Participant
gender
Target age: Target 0.92 1 30190.10 337
gender:
Participant
gender
Note. n=850.

In the analysis of participant age, age was modeled as a linear predictor. We found no
effect of participant age on accuracy, B=0.00, SE=0.01, t=0.71, p = .480, n=2866, and
B=0.00, SE=0.01, t=0.08, p = .936, n =596 when controlling for work experience.

Before testing the effect of ethnicity, we excluded participants who reported their ethni-
city as not being Caucasian, due to the small sample size of this population (n=22). We
found no significant effect of ethnicity on accuracy, F(1, 229.31) = 2.03, p = .155, n=2812,
and F(1, 22930) = 2.19, p = .140, n=571 when controlling for work experience.
Overestimates were larger for targets of another ethnicity (M =4.08, SE=0.42) than targets
of Caucasian ethnicity (M =3.42, SE=0.21).

Exploring interaction effects of target age, target gender, and participant gender

In a final step, we explored forensically interesting interactions between target age, target
gender, and participant gender to investigate whether there is a bias for men to overesti-
mate the age of young females. To do this, we conducted an LMM analysis with the main
effects, as well as the two- and three-way interactions. We found statistically significant
main effects of all predictors, as well as two significant interaction effects (between target
age and target gender as well as between target age and participant gender; Table 3). The
targets’ age was significantly and positively related to estimation accuracy, B=0.23,
SE=0.10, t=2.36, p = .019, indicating larger overestimation as target age increases.

We plotted the three-way interaction between participant gender, target gender, and tar-
get age on the accuracy scores (Figure 2). For female targets, overestimates were relatively
independent of the targets’ actual age, with age estimates being higher than the actual age
already for 12-year-old targets. For male targets, the overestimates increased as targets
became older. This pattern was similar for female and male participants. Target age was
more strongly associated with increasing overestimates in female participants, and male
participants were slightly more likely to overestimate the actual age of also young targets.
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Interaction between Participant Gender, Target Gender, and Target Age on Age Estimation Accuracy
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Figure 2. Interaction between participant gender (panels), target gender (lines), and target age (x-axis)
on accuracy score (y-axis). Higher accuracy scores mean larger overestimates of target ages.

Discussion

The aim of the current study was to investigate how the participant’'s and the target
person’s gender, age and ethnicity influenced age estimation accuracy in facial photos of
12-18year-old adolescents. The effects of makeup, facial expression, and picture standard-
ization on age estimations were also studied.

Main findings and interpretation
As expected, the age of the target persons was overestimated in all age groups
(M =3.51years). On average, the participants found it 60% likely that the 14-year-olds were
16years old or older, whereas the mean perceived likelihood that the 16-year-olds were
18years old or older was about 50%. The results of the current study also indicated that, in
younger age groups, pictures of female targets were overestimated to a greater extent than
pictures of male targets. Hence, young girls (about 12 years old) have a greater risk of being
estimated as older than their actual age compared with boys of the same age or older girls
and boys (about 18 years old). This result is consistent with earlier research suggesting that
the age of females is experienced as more difficult to estimate and is more likely to be
overestimated (e.g., Willner et al.,, 2000; Willner & Rowe, 2001). One reason for this may be
the use of makeup among young girls, which may make them look more mature. In the
present study, make-up was related with an increase in age estimates. However, the female
targets without make-up were also overestimated by 3.14years on average. It is known that
girls tend to reach puberty earlier than boys (e.g.,, Grummer-Strawn et al., 2010; Walvoord,
2010), which may be the reason for why girls look more mature, and are estimated to be
older, than same-aged boys.

In line with the hypothesis, participants gave higher age estimates for smiling faces
than faces with neutral expressions. The current results are in line with Ganel’s (2015)
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series of experiments, where smiling individuals were estimated as older than their real
age. On the contrary, Wang et al. (2015) and Voelkle et al. (2012) found that smiling
faces were estimated as younger than neutral faces. In Ganel’s experiments, as well as
in the current study, the pictures were of relatively young people (20-40years old in
Ganel’s experiments), whereas the target person in the study by Wang et al. (2015) was
middle-aged (specific age not mentioned). The age range of the target persons in
Voelkle et al.’” (2012) study was wide, 19-80years. Thus, in the latter experiments, where
smiling faces were estimated to be younger than neutral faces, the target persons were
on average older. It is possible that the direction of the effect of facial expression
depends on the real age of the targets, making younger faces appear older and older
faces appear younger.

Experience of working with adolescents was found to affect age estimations by reduc-
ing overestimation. Such work experience might, for example, be teaching, tutoring, or
coaching a sports team. In these roles, the person has information about the age of a
large number of adolescents and is frequently in contact with them, which possibly
improves their age estimation accuracy. On the other hand, having children or siblings
currently aged 12 to 18years, or having worked as a salesperson selling age-restricted
products, did not affect estimation accuracy. The result concerning work experience of
selling age-restricted products is somewhat contradictory to earlier research findings
indicating that salespeople perform better in age estimation tasks than laypeople, and
that age estimation ability can be improved by training (Sorqvist & Eriksson, 2007;
Vestlund et al., 2009; Voelkle et al., 2012). However, the amount of work experience as a
salesperson was not investigated in the current study, and, as a majority of the partici-
pants was in their early 20s, it is possible that their experience of such work was
rather scarce.

Limitations

There are some limitations of the present study. First, the survey was distributed via the
Internet, which means that the conditions in which the participants completed the survey
are unknown. However, distributing the survey online allowed for the collection of data
from a large number of participants. Second, the devices with which the participants com-
pleted the survey (smartphone, tablet, or computer) are likely to have affected the size of
the presented photos, which, in turn, could have affected the results. Third, the facial fea-
tures (make-up or facial expression) were not randomly manipulated, but instead, coded as
they appeared in the photos. Especially for the more naturalistic photos, it is possible that
the causal relationships between age cues and features are the opposite of what is sug-
gested above. For example, it is possible that females who look more mature use more
make-up. However, the possible problem of reversed causality is unlikely to be relevant for
facial expression.

Unlike in earlier studies (e.g., Dehon & Brédart, 2001), ethnicity was not found to affect
age estimation accuracy in this study. However, the measures used in the present study
were crude, as target pictures were merely divided into groups of “Caucasian” and “other.”
This was done because of the low number of participants who reported their ethnicity as
other than Caucasian.
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Conclusions and legal implications

The current study adds to the existing research on age estimations by including a relatively
large sample of both participants and administered photos, and by focusing specifically on
estimating the age of adolescents. The results indicate that there is large variation in age
estimations made of facial photos, and that individuals commonly estimate that adoles-
cents, and especially female adolescents, are older than they are. Furthermore, men make
larger overestimations than women. The results, thus, indicate that mistaken age estima-
tions are common, implying that other means than relying solely on estimations of age
based on physical appearance should be taken into consideration when assessing the likeli-
hood that a person accused of CSA should have been able to estimate that a young person
is below the age of sexual consent. Based on these results, the authors would also advise
against legal practices that include subjective estimations of age, as these are likely to
be inaccurate.

In addition, the current study indicates that certain features of the photos, such as the
person in the photo wearing make-up and smiling, can further increase overestimation of
the age of adolescents. Previous research on how individuals’ rate the age of other people
has mainly been conducted on standardized photos. This kind of photos is rarely used
when people present themselves online. However, the present study did not find any differ-
ence in age estimation accuracy between standardized and more naturalistic photos, indi-
cating that the results produced in studies administering standardized photos are
generalizable to more naturalistic online settings. This, however, should be replicated in
future research.

The data that support the findings of this study are openly available in a public server at
https://osf.io/ncxb7/.
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Appendix A

Criteria for photo selection and cropping

From the APPA-REAL database (Agustsson et al., 2017), photos were selected if the head of

the individual in the photo was completely visible, the photo was frontal facial (photos where

marginal sections of the upper forehead or hair were not visible were accepted), the
individual's eyes were directed towards the camera, and the individual had a neutral or
smiling facial expression. Only pictures of 12—18-year-old persons were included in the study.

A photo was excluded if:

The lighting in the photo was significantly altered
The quality of the photo was bad(blurry or granular)

e The photo was large enough to be clearly visible (all pictures under 16 kilobytes
were excluded).

e The photo included situational cues about the age of the person, such as photos from
parties or graduations.

e The photo included more than one individual (except if it was possible to crop out
one person).

e The photo was in black and white, or had a filter (photos with minor editing was
acceptable in case it did not significantly affect the quality of the picture and did not
fade out facial features).

e The person in the photo was a famous celebrity (e.g., Justin Bieber, Selena Gomez,
Emma Watson and Miley Cyrus). Also, photos of individuals on the red carpet, on a
runway, or in other film festival-like conditions were excluded, as were photos featuring
microphones in front of the face.

e The individual in the photo was wearing any kind of costume or accessories covering
the face.

The individual in the photo was doing a gesture next to the face (e.g., a peace-sign).
The photo was partly or fully covered with a digital.

e The gender of the individual in the picture was unclear.

In case there were two or more photos of the same person, only one of them was
included. A photo where the individual had a neutral facial expression was preferred over
one where the individual was smiling. If both or all pictures were neutral or smiling, the
choice was based on quality, lighting and (a low) amount of editing. The pictures were
cropped to include mainly the face, not a torso of the person. Also, if the background of the
picture could easily distract the estimator from the task of age estimation (e.g., including
furniture and other objects, other people, or a broad scenery), the picture was cropped.
Permission to crop some of the photos was obtained from the owners of the database.

From the NIMH Child Emotional Faces Picture Set (Egger et al., 2011), where pictures of
different facial expressions from nearly all target persons (aged 12-18years) were included,
only one picture of a person was included. Every second picture was chosen as neutral and
every second as smiling. In some cases, a database only included neutral or smiling facial
expression of a person, and in this case, the available expression was included in the study.

From the Siblings database (Vieira et al., 2014), all pictures where the person was
12-18years old were included in the current study.
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Appendix B

Table B1. Percentage of Responses Indicating a Probability Rating of > 50 that the Target has Turned 16
or 18 Years Old by Participant and Target Gender.

All participants Female participants Male participants
Target Likely Likely Likely Likely Likely Likely
gender Target age over 16 over 18 over 16 over 18 over 16 over 18
Female 12 20.97 6.42 19.39 561 27.27 9.70
13 49.39 22.90 48.27 24.44 53.88 16.73
14 64.01 32.79 64.30 3293 62.84 3224
15 72.40 47.00 72.49 47.28 72.02 45.49
16 78.88 54.05 79.31 54.52 77.12 52.12
17 80.96 53.75 81.19 53.95 80.04 52.94
18 83.57 64.64 83.30 64.88 84.69 63.65
Male 12 23.07 12.32 23.03 12,12 23.21 13.10
13 26.48 9.07 26.57 9.90 26.12 571
14 53.36 20.65 52.88 2141 55.36 175
15 56.37 2542 56.51 25.44 55.82 25.37
16 70.79 41.66 70.73 41.45 71.07 42.50
17 79.75 57.28 79.27 57.24 81.66 57.44
18 88.20 74.53 87.80 75.81 89.80 69.39

Note. Values represent percentage of responses, not of participants.
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Figure B1. Histogram showing the number of participants by participant age.
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