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ABSTRACT

Laboratory research has shown that age can be estimated with mean absolute errors of
approximately five years for faces and ten years for voices. However, it is less clear how precise
such age estimates are in real-world settings, where observers often judge from a distance with
less controlled and more variable access to facial and vocal cues. This proof-of-concept study
assessed the feasibility of examining age estimation under ecologically valid conditions through
naturalistic observation in public settings. Two observers estimated the ages of 565 strangers in
public from a distance and subsequently approached each individual to record their self-
reported age. The findings demonstrate that age estimation can be feasibly conducted in a
systematic way through naturalistic observation, with preliminary evidence suggesting that the
resulting mean absolute error was comparable to—and possibly lower than—errors reported in
laboratory studies. While tentative, these results highlight the potential of studying age
estimation in public contexts and support further observational research with larger and more
diverse samples.
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Theoretical frameworks across the social and behavioral sciences agree that when we meet
another person for the first time, we quickly form an initial characterization of them based on
salient behavioral and bodily features—including their age (Fiske, 2018; Turner, 2010). This
social categorization shapes how we perceive strangers and how we interact with them. One
example, pronounced in some cultural contexts, is that politeness norms require people to
adjust their manners and forms of address according to the age difference between
interlocutors (e.g.,, Yoon, 2004). Another example of age-based categorization is in the sale of
alcohol and cigarettes, where sales staff are legally required to make rapid assessments of a
customer’s age to determine whether a purchase is permitted (Kask & Tael-Oeren, 2017).

In line with these examples, a substantial body of evidence suggests that humans can often
estimate the chronological age of strangers within a relatively small margin of error (for
comprehensive reviews, see Moyse, 2014; Rhodes, 2009). This is typically examined by
instructing participants to age-estimate images of faces or recordings of voices. Both faces and
voices provide physiological cues of age, such as graying hair, facial wrinkling (Lowry, 2020),
and increased instability in voice pitch and loudness (Dehqan et al., 2012). In general, age is
more accurately estimated from faces than voices—the mean absolute error between estimated
and actual age is typically around five years for faces and 10 years for voices (Moyse, 2014).
Further, various group characteristics of observers and subjects, such as their age, ethnicity, and
gender (Voegeli et al., 2021), can impact the accuracy of age estimates. For example, studies
have identified an own-age bias, whereby people estimate the ages of individuals from their
own age group more accurately than those from other age groups (Rhodes & Anastasi, 2012).

These findings on human age estimation accuracy have paralleled and informed
developments in computer vision, where researchers have sought to automate estimations.
Studies within this line of research have shown that computer-based age estimation from facial
images often has accuracy comparable to that of humans (Alarifi et al., 2019). However, there
are notable variations between studies, with some showing that computers can outperform
humans (Han et al,, 2013), and others finding that computers are less accurate and more biased
than humans (Ganel et al.,, 2022). Additionally, computer vision research has estimated age
from gait (i.e., manner of walking) and speech features, but with lower accuracy than face-
based estimates (Punyani et al.,, 2018).

Most existing evidence on human and computer-based age estimation comes from
controlled laboratory studies, raising questions about the ecological validity of these findings
(Shamay-Tsoory & Mendelsohn, 2019). For example, human error in age estimates observed in
laboratory settings may partly reflect serial dependency biases, whereby judgments are
systematically influenced by the age of the immediately preceding face (Clifford et al., 2018).
Further, the accuracy of estimating high-quality facial images and voice recordings in
laboratory settings may be inflated compared to estimates made in real-world settings, where
observers have less controlled and more variable access to facial and vocal cues. This issue is
indicated in the computer vision field, where research has shown that when faces are observed
at a distance—a typical condition in naturalistic public settings—the accuracy of face-based
age estimation decreases, since facial features become unreliable (Yuan et al.,, 2018).

In theory, age estimation from a distance in real-life public settings may be more precise, as
such contexts provide a variety of alternative cues that can compensate for limited access to
facial and vocal information. This expectation aligns with the Brunswikian Lens Model, which
holds that when particularly informative cues—such as detailed facial features—are only
partially available, observers can draw on and integrate multiple alternative cues to arrive at an
accurate judgment (Brunswik, 1952; Wolf, 1999). This is an adaptive feature of human
perception that enables humans to survive and act effectively in the face of environmental
uncertainty and incomplete information. Estimating chronological age has been highlighted as
a core example of the Brunswikian Lens Model, as age estimation plausibly involves the
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combination of cues—facial, vocal, bodily, postural, contextual, and clothing-related—that

together support accurate estimation (Hastie & Dawes, 2009). For example, contextual

indicators such as the tendency for people in their twenties to gather in certain urban areas, the

presence of age-typical activities like walking with a stroller, or generational fashions may
complement physical cues and substitute for restricted access to facial and vocal detail.

Overall, there are compelling methodological and theoretical reasons to examine the
ecological validity of the predominantly laboratory-based age estimation literature. To date,
such an examination largely remains to be undertaken. This body of work also shares the
broader limitations of social and behavioral research, which has been extensively criticized for
its often low ecological validity (Vazire et al., 2022).

The purpose of this paper is to explore the feasibility and relevance of adopting a more
ecologically valid approach to studying age estimation in real-world contexts. To this end, we
present a proof-of-concept study that develops and tests an on-site observational approach to
examining age estimation from a distance in public settings. This design provides the potential
to compare laboratory-based and observational age estimation, thereby helping to validate
laboratory findings and enhance the ecological validity of the age-estimation literature.

METHOD

Data and sampling

The empirical material consisted of individuals observed in public spaces in Copenhagen,
Denmark, during the fall of 2019 (codebook, questionnaire, data, scripts, and full outputs are
available at https://osf.io/h3u74). To ensure variation, observations were conducted at 52
different locations across the city, including parks, the central station, shopping malls, and
recreational nightlife areas. Data collection took place on both weekdays and weekends,
spanning mornings, afternoons, and late evenings.

The dataset was originally collected with the additional aim of examining whether social
relations could be inferred from interpersonal behavior; results of that analysis are reported
elsewhere (Liebst et al., 2023). Accordingly, sampling was based on randomly selected pairs of
individuals co-present in the same location. While some of these pairs were socially affiliated,
this relational aspect is not relevant here, as the present study focuses solely on age estimation
at the individual levell. In total, we observed 565 individuals across 36 observation days. We
spent more than 250 hours in the field, of which approximately 24 hours consisted of active
observation of individuals, with the remainder spent on logistics, breaks, identifying
participants, and post-observation procedures.

The use of naturalistic observations in public places is consistent with the ethical guidelines
of the American Sociological Association (2018, Section 11.1b). The study was approved by
the Ethics Review Board at the Department of Sociology, University of Copenhagen.

Coding procedure

For each selected person, covert observations were designed to last 1-5 minutes,
mimicking the brief periods during which strangers are typically observed in everyday public
settings. This corresponds to a focal sampling strategy, where individuals are observed
continuously for a defined period (Altmann, 1974). During these observations, data were
recorded using a codebook containing detailed behavioral definitions and observer
instructions, in line with methodological guidelines from the ethological tradition of
naturalistic observation (Altmann, 1974; Jones et al., 2018). The codebook was developed
through weeks of qualitative field observations, which allowed us to familiarize ourselves with
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the observation settings, develop behavioral codes and procedures, and iteratively refine the

codebook design.

All observations reported in the present paper were conducted by the two junior
researchers—both co-authors—who had developed and refined the codebook, thereby
acquiring extensive training with it. This means that observer selection constituted a
convenience sample, as the two observers were chosen for their role as researchers rather than
through random sampling. The observers were male university students in their twenties
residing in Copenhagen.

After developing the codebook, we assessed its interrater reliability by double-coding 86
individuals, which is well above the commonly recommended minimum of 30 for agreement
testing (McHugh, 2012). To ensure comparability, the two observers coordinated on-site to
identify the same individuals, who were then observed independently. These individuals were
sampled from 15 urban settings and varied across weekdays, weekends, and times of day. The
results of this reliability test are reported in the Results section. Outside this interrater
reliability subset, all observations were conducted by one of the two observers.

The codebook included a range of behavioral measures; however, for the present study, the
key measure was each observers’ best-guess estimate of the individual’s age, based on all
available situational information. By employing this open-ended age definition, we allowed for
the natural variations in the sensory cues available when observing strangers in public
(Goffman, 1971). In practice, this meant that in some cases observers could view the
individual’s facial appearance, though always from a distance that typically limited access to
finer facial details. The observation distance was roughly 20 to 30 meters. Observers could not
hear what the person was saying, although in some cases fragmented sound cues were audible.
However, they could always observe various nonverbal aspects, such as the person’s clothing,
behavior, and the setting in which the observation occurred—all of which may carry cues
about age and could be used to estimate the person’s age (Hastie & Dawes, 2009).

After each observation had concluded, the observed person was approached on site and
asked a range of questions, including their actual chronological age. At this point, we briefly
introduced the purpose of the project, with the additional aim of obtaining informed consent
for inclusion in the study. Although we did not systematically record a response rate, our field
experience indicated that the vast majority of individuals approached agreed to participate.

RESULTS

The median age of the sampled individuals was 30 years (range = 18-93). A nonparametric
sign test (p < .001) suggested that this median age was lower than the adult population median
of 37 years in Copenhagen Municipality, where all sampling was conducted. The average
observation time was 3.6 minutes (SD = 1.4, range = 0.67-5.0).

The interrater reliability of the observers in judging age yielded a Krippendorff’s (2004)
alpha of .91 (95% CI [.88, .95]), exceeding the .75 threshold typically regarded as excellent
(Fleiss, 1981). We then examined whether this interrater reliability was accompanied by high
accuracy in estimating the actual age. This was supported by an alpha of .93 (95% CI [.92, .95])
for the association between the estimated and actual age. However, the magnitude of this latter
alpha score was sensitive to the weighting scheme used to define how errors are penalized
(Klein, 2018). In this calculation, we applied a quadratic weight, which penalizes minor
disagreements (e.g., 20 vs. 21) less than larger ones (e.g., 20 vs. 22). By contrast, when a linear
weight was applied—penalizing disagreements in direct proportion to their size—the alpha
decreased to .77 (95% CI [.75, .79]), only just above the cited threshold of .75 for excellent
agreement.
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Another and more commonly used measure of age estimation accuracy is the mean

absolute error (MAE) between the estimated and actual age (Agbo-Ajala et al., 2022). In our

data, the mean absolute error was 4.0 years (SD = 4.1), with a 95% confidence interval ranging

from 3.6 to 4.3. For comparison, typical mean absolute errors reported in the laboratory-based

literature—around S years for face-based estimates and around 10 years for voice-based

estimates—fall above the upper bound of this confidence interval. This indicates that age

estimation may be more accurate under naturalistic observation conditions compared to
laboratory-based settings.

Because mean absolute error is sensitive to outliers (Wang et al., 2017), we examined its
distribution. In our data, 3.4% of cases were mild outliers and 1.1% were severe outliers,
defined as observations beyond Tukey’s inner and outer fences, respectively (Dawson, 2011).
These correspond to instances where raters made very large errors in estimating age, with mild
outliers deviating by more than 11 years and severe outliers by more than 17 years. As an
outlier-robust alternative (Wang et al., 2017), the median absolute error (MedAE) was 3 years
(bootstrapped 95% CI [2.9, 3.1]).

Next, the absolute error in estimations was found to increase with the subjects’ actual age,
as shown by a statistically significant regression coefficient, B = 0.06, 95% CI [0.04, 0.07], p <
.001. This indicates that the accuracy of age estimation declines as individuals get older. All
regression models used robust regression to account for outliers in age estimation errors
(Mehmetoglu & Jakobsen ,2017). In terms of the magnitude of the positive effect of actual age
on the absolute error in years, the error was predicted to be 2.3 for 20-year-old subjects and 4.5
for 60-year-old subjects. Further, Figure 1 illustrates the pattern underlying the positive
regression slope: observers systematically overestimated ages when judging younger
individuals and underestimated ages when judging older individuals.

Figure 1.

Scatterplot of estimation error in years by actual age.

Estimation error in years
[6)]

20 40 60 80 100
Actual age

Note. The figure was constructed with a binned scatterplot (Starr & Goldfarb, 2020), which helps visualize
associations without distortion from outliers. Each point represents the average estimation error in years for a
given actual age value. The histogram along the x-axis shows the distribution of actual age.
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We also assessed whether the absolute error between the actual and estimated age was
associated with the observation time in minutes, as a longer observation time could potentially
provide the observer with more information to make an accurate estimate. However, this
association was not statistically significant, B = -0.12, 95% CI [-0.30, 0.05], p = .151. Moreover,
we tested whether absolute error was associated with how many days into the sampling period
data were collected, as observers might become more accurate with practice over time. This
test was also not statistically significant, B =-0.01,95% CI [-0.06, 0.04], p = .732.

DISCUSSION

The purpose of this proof-of-concept study was to evaluate the feasibility of examining age
estimations through naturalistic public observations, thereby providing a basis for assessing the
ecological validity of findings from predominantly laboratory-based research. Overall, our
approach appeared feasible: the codebook could be systematically applied in field settings, as
demonstrated by high interrater reliability, and the questionnaire instruments were efficiently
employed.

What further underscores the relevance of our observational method for studying age
estimation is that the approach yields results that are both meaningful and complementary to
the laboratory-based literature. Our age estimates showed a mean absolute error comparable to
—and possibly lower than—scores reported in face- and voice-based laboratory studies. This
provides tentative evidence that laboratory-based results appear generalizable to real-world
settings. Moreover, consistent with previous laboratory findings, we also found that the
accuracy of age estimates was higher for younger than for older individuals (Moyse, 2014), and
that younger persons were overestimated while older persons were underestimated (Clifford et
al,, 2018). Replicating these detailed patterns from the existing literature demonstrates that our
approach can generate valid and interpretable findings.

While our design proved feasible and capable of yielding informative results, its
implementation also revealed a practical challenge: the substantial labor required to carry it out
at scale. In our case, more than 250 hours were spent in the field, yet the effective observation
time amounted to only about 24 hours. This imbalance—long recognized in the observational
methods literature (Altmann, 1974)—underscores the considerable resources required for
tield-based observation. This time imbalance may incentivize researchers to favor laboratory-
based approaches, not because they are more appropriate but because they allow data to be
obtained more quickly (see Cialdini, 2009).

Implications

The current findings have several implications. First, the fact that observers achieved age
estimation accuracy comparable to laboratory research—despite limited access to detailed
facial and vocal cues—suggests a need to reconsider how age estimation functions in
naturalistic settings. The Brunswikian Lens Model provides a plausible framework: when
access to one type of cue is restricted, observers may compensate by drawing on multiple
alternative cues (Brunswik, 1952; Wolf, 1999). While facial appearance is a particularly
informative age cue, our findings indicate that comparable accuracy can also be achieved by
attending to the broader range of cues available in public encounters, encompassing the
person’s “setting, appearance, and manner” (Goffman, 1956, p. 16). In our study, such cues may
have included age-typical styles of dress (Twigg, 2015) and public behaviors (Marcum, 2013),
as well as local knowledge of where different age groups tend to congregate (Santani et al,,
2016). For example, a substantial proportion of our data was collected in recreational nightlife
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areas known to attract younger people—knowledge that was readily available to our observers
as residents of the city.

At the same time, it should be acknowledged that our design does not reveal which specific
cues—or which combinations of cues—informed the judgments, since observers were simply
instructed to use any information available in the situation. Future research should therefore
disentangle the relative importance and interplay of different cue types in real-life public
settings.

Second, our results are encouraging for observational research involving age estimation in
naturalistic contexts where direct age measurement is not possible. This includes studies in
small-scale societies where individuals may not track their age in calendar years (Diekmann et
al,, 2017), and observational studies relying solely on public security camera footage (Liebst et
al,, 2022). In such contexts, a key methodological issue arises: researchers should not rely solely
on interrater reliability tests of age estimates, as is commonly done. High interrater reliability
indicates consistency across observers, but it does not guarantee validity or accuracy, as
observers may simply be systematically wrong in their evaluations (Menon et al., 2025). We
therefore recommend that observational studies capturing age data combine interrater
reliability assessments with accuracy validation tests, using methodological designs similar to
the one presented here.

Third, our preliminary results may have practical implications for both professionals and
systems that rely on accurate age estimation—for example, police officers identifying suspects
(Anda et al.,, 2018), online age verification mechanisms (Jarvie & Renaud, 2024), and sales
staff handling age-restricted products such as alcohol and tobacco (Kask & Tael-Oeren, 2017).
For sales contexts, it is noteworthy that age estimates are more accurate for younger individuals,
precisely where evaluations of legal purchasing age are most consequential. Although we found
a slight tendency to overestimate the ages of younger individuals (see also Moyse, 2014), the
widespread violations of age restrictions are thus unlikely to be explained by misjudgments of
age alone. They should also be understood in relation to sociological factors, such as a lack of
motivation to enforce restrictions despite recognizing underage customers (Gosselt et al.,
2012).

Limitations

The main limitation of this study—and the reason it is a proof-of-concept rather than a full-
scale investigation—is the reliance on a very small, non-randomly selected sample of only two
raters. While they produced informative estimates with an error comparable to that reported in
laboratory research, the nature of the sample severely limits the generalizability of the findings.
Furthermore, because both raters shared similar demographics, training, and experience, we
were unable to assess potential between-rater heterogeneities in age-estimation accuracy. For
example, it is plausible that untrained members of the public would provide less accurate
judgments (Sorqvist & Eriksson, 2007). While we found no evidence that accuracy improved
over the sampling period, both raters had already undergone several weeks of codebook
development and training before data collection began, setting them apart from typical
laypersons. In addition, both raters were in their twenties, which may have inflated the
observed association between actual age and absolute error, consistent with an own-age bias
whereby accuracy is higher when judging individuals closer to one’s own age (Rhodes &
Anastasi, 2012). Future large-scale studies should therefore recruit a broader and more diverse
pool of raters to strengthen generalizability and enable systematic examination of between-
rater heterogeneities.

Another related limitation concerns the generalizability of our findings across contexts and
the demographics of those observed. Because younger individuals’ ages are generally estimated
with greater accuracy, the lower median age of our sample compared to the general adult
population of Copenhagen could have deflated the reported mean absolute error. Additionally,
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we did not consider how age estimation accuracy might be influenced by properties of the
setting or of the individuals being judged, including the wearing of sunglasses in summer
(Thorley, 2021), face masks during the COVID-19 pandemic (Thorley et al, 2022),
differences in ethnic background (Voegeli et al., 2021), or the presence of other faces in the
vicinity (Awad et al,, 2020). Finally, it would be valuable to vary the distance between
observers and subjects. In the present study, observations were restricted to distant viewing
without direct face-to-face interaction, which limited access to fine-grained facial and vocal
cues. By contrast, observers who interact directly with strangers in public may gain richer and
more dynamic information than is typically available in laboratory settings. Future research
should explore age estimation across a broader range of contexts and interactional conditions,
and should ideally include culturally and nationally diverse settings (Vazire et al., 2022).

Conclusion

This proof-of-concept study demonstrated that age estimations from a distance can be
systematically and reliably conducted through naturalistic observations in real-world public
settings. The preliminary finding that such estimates achieve an accuracy comparable to or
exceeding laboratory results provides tentative support for the ecological validity of laboratory-
based research. Building on and adapting the methodological approach developed here, future
studies should test whether these patterns replicate in larger and more diverse samples.

NOTE

10ne concern is that sampling two individuals at a time could violate the statistical
assumption of independent observations. For example, if two people were observed together in
the same group, the estimate for one person might influence the estimate for the other because
their shared group membership could lead the observer to assume they are similar in age. To
address this, we reanalyzed the data using only one individual from each selected pair. This
reanalysis did not meaningfully alter any of the reported results.
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