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Abstract

Age mimicry is a well-known phenomenon in the application of osteological age-

estimation methods. Age mimicry refers to the fact that predicting age-at-death from

a specific trait (age indicator) based on the relation observed in a specific reference

sample implies that age estimates to some degree reflect the age structure of the ref-

erence sample. In particular, the estimated population mean in a target population in

which an age-estimation method is applied is shifted towards the mean in the

method-specific reference sample. Consequently, differences in population means

between different age-estimation methods in the same target population may be due

to differences in mean age of the reference samples used to develop the

age-estimation methods. We aim at quantifying the expected magnitude for such

differences. Fifteen different traditional age-estimation methods were applied to a

sample of 675 adult individuals from the early medieval cemetery of Mannheim-

Seckenheim. The relation of the observed estimated population age means and the

mean age in the reference samples was analyzed by linear regression. We find that

up to 80% of the variation in the estimated population age means can be explained

by the variation of the mean age in the reference samples. Furthermore, differences

in the magnitude of 3 to 4 years in the mean age between two reference samples can

imply a 1-year difference in estimated target population age means. Because large

differences in mean age between reference samples used to develop different age-

estimation methods are common, some care is needed in interpreting differences

between individual age estimates or population mean age estimates in cases where

different age-estimation techniques are used.
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1 | INTRODUCTION

An individual's age-at-death is one of the most basic and important

pieces of information in both forensic and bioarchaeological contexts

and likewise at the population level. Many characteristics have been

identified for age diagnosis and various age-estimation methods

developed. The pubic symphysis, the facies auricularis of the os ilium

and dental wear are prominent examples for such characteristics. In

everyday osteological work, it is common usage to consider multiple

traits and to come to a final judgment, which is also based on the

observers' individual experience. The judgment is typically expressed

as a numerical age interval or with respect to an age classification sys-

tem. European anthropologists commonly follow the system intro-

duced by Martin (1928) using the six classes Infans I (0–6), Infans II

(7–12), Juvenis (13–18/20), Adultas (20–40), Maturitas (40–60), and

Senilis (60+), although there are also variations (Herrmann, 1990;

Lohrke, 2004). By contrast, American anthropologists often use the

seven classes fetus, infant (0–3), child (3–12), adolescent (12–20),

young adult (20–35), middle adult (35–50), and old adult (50+)

(cf. Buikstra & Ubelaker, 1994). In cases of larger uncertainty, multiple

categories are chosen in either classification system.

However, age-estimation methods can be also applied more for-

mally, assigning point estimates of age instead of age classes, poten-

tially accompanied by a quantification of the precision. In recent

years, there has been an increasing interest in such more formal

approaches to age estimation, which may reduce the subjective ele-

ments and hence increase comparability across studies. This was in

particular expressed and stimulated by the so-called “Rostock Mani-

festo” (Hoppa & Vaupel, 2002). However, it is well known that using

age estimates based on reference samples carries the risk to shift esti-

mates of the age-at-death distribution in a given sample towards the

distribution of the reference sample (e.g., Aykroyd et al., 1997;

Bocquet-Appel & Masset, 1982; Konigsberg & Frankenberg, 1992).

This phenomenon has been called “age mimicry” (Mensforth, 1990)

and has led to discussions on the applicability of age-estimation

methods in forensic or archaeological contexts. Buckberry (2015)

states that mean age estimates in a new target population are a direct

reflection of the age structure of the reference sample and should be

avoided unless the target population has a similar age-at-death struc-

ture compared with the reference sample.

Traditional age-estimation methods report age-at-death as a

function of a score derived from a trait, or as a regression equation.

This means that they use the reference sample to predict age directly

based on the observed trait. Typical examples are the Suchey–Brooks

method, translating maturational changes in the pubic symphysis into

six stages and assigning the sex-specific mean age observed in the ref-

erence sample to each stage, or the regression equation developed by

Prince and Ubelaker (2002) to translate three quantitative markers

related to dental root translucency into an age estimate. Age mimicry

then has the following effect on age estimates: If two samples with

different mean ages are drawn from the same reference population,

age estimates based on the two samples will systematically differ;

a formal derivation of the statement is found in Appendix S2. Age

estimates based on the reference sample with the lower mean age will

tend to give lower estimates than those based on the older reference

sample, that is, the one with the higher mean age. Moreover, if indi-

vidual age estimates are obtained by one specific age-estimation

method in a target population, then the estimated population mean in

the target population will be biased in the direction of the reference

sample. Therefore, if the true (but unknown) mean age in the target

population is below the mean age in the reference sample, target pop-

ulation mean age is overestimated, or underestimated vice versa.

Age mimicry has an obvious effect if different age-estimation

methods are applied in the same target population. The methods will

differ in the estimated population means if the reference samples

used to develop the different age-estimation methods differ in their

mean values. Indeed, application of different age-estimation methods

in the same sample can lead to highly varying estimates of the popula-

tion mean age (Clark et al., 2019; Wittwer-Backofen et al., 2008).

However, it is not well explored to which degree such differences can

actually be explained by differences in the mean age of the reference

sample. This study aims to explicitly quantify the magnitude of the dif-

ferences in estimated population age means we have to expect due to

differences in mean age between the reference samples.

For this purpose, we applied 15 different age-estimation methods

based on eight different osteological/dental traits in an early medieval

archaeological population from Mannheim-Seckenheim, Germany. All

selected methods are well established and allow translating a specific

age indicator into an age estimate. We compare the estimated age dis-

tributions between the 15 methods and also describe correlations

between the age-estimation methods. The observed population mean

values from the different methods in the target population are then

correlated with the mean age in the corresponding reference samples.

The selected methods often also provide a quantification of the

uncertainty of the specific age estimate in form of intervals or stan-

dard deviations, but this aspect does not play a role in our

investigation.

In selecting age-estimation methods for this case study, we aimed

at including different skeletal elements but also at comparing different

methods on the same feature (e.g., the facies auricularis of the os

ilium). Our focus was to select well-established and noninvasive

methods in the field of paleodemographic studies (Buckberry, 2015;

Falys & Lewis, 2011; Wittwer-Backofen et al., 2008), which can be

applied in large archaeological samples by macroscopic inspection and

without application of imaging techniques or further technical

methods of investigation.

We did not include more recent age-estimation methods that do

not suffer from age mimicry as these methods do not use the relation

between trait expression and age observed in the reference sample to

simply predict age based on the observed trait. In contrast, they use

information on biological age development by predicting the state of

the trait based on age in the reference sample. Transition analysis

introduced by Boldsen et al. (2002) combines this information with a

priori assumptions on the age distribution in the target sample to

obtain individual age estimates. This approach has been studied by

several authors (Bullock et al., 2013; Godde & Hens, 2015; Hens &

NAVITAINUCK ET AL. 1227
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Godde, 2016; Jooste et al., 2016; Milner & Boldsen, 2012; Simon &

Hubbe, 2021). Alternatively, the information can be combined with

distributional assumptions on the age distribution to directly obtain an

estimate of the latter (Konigsberg & Frankenberg, 1992, 2002; Müller

et al., 2002). These approaches are outlined in Appendices S3 and S4.

2 | MATERIAL AND METHODS

2.1 | Age-estimation methods

Fifteen well-known and frequently used age-estimation methods

were chosen for this study, all of which represent nondestructive pro-

cedures. The methods are based on assessing features on the pelvis

(os pubis and os ilium), skull, dentition (tooth wear and root translu-

cency), clavicle, or first rib. They are listed and described in Table 1.

All traits were assessed according to the guidelines described in the

original publications by one assessor (DN), who is a PhD student and

familiar with the application of the methods. By realizing the age

estimation by only one observer, we avoided interobserver errors.

Additional scores or categories other than in the original publications

are explained below.

Table 1 presents the 15 age-estimation methods considered in

this study.

The term “age-estimation method” here refers to procedures

generating a single age estimate for an individual. For most methods

this is based on translating a score or a phase determined from the

specific features of a given trait into an age value. The translation

tables used in the paper are summarized in Table 2. Age-estimation

according to Lovejoy's (1985) method of assessing dental wear is

based on two translation tables for the maxilla and the mandibula,

respectively. These are regarded as two separate methods in our

investigation, although usually the two age estimates are averaged.

The combined method of Nemeskéri et al. (1960) is based on transla-

tion tables for four different features of which only two (cranial

sutures and pubic symphysis) were considered in our investigation.

For the other two, the original publication required sawing open the

proximal femur and humerus epiphyses, and we excluded such inva-

sive measures in our analysis. As Brooks and Suchey (1990) reported

sex-specific translation tables, this method was only applied to indi-

viduals with available sex estimations based on DSP2 (Bruzek

et al., 2017). The two age-estimation methods based on dental root

translucency were performed on a subsample of 100 adult individuals.

This subsample consisted of 50 female and 50 male individuals over

25 years of age, with sex estimation using DSP2 and a first

(preliminary) age estimation using tooth wear (Lovejoy, 1985 and

Miles, 1963). If available, one single-rooted tooth from each quadrant

was assessed and the age estimates averaged (tooth notation accord-

ing to FDI ISO 3950; Alt & Türp, 1998). Overall, tooth root transpar-

ency was measured on the labial surface in 383 single-rooted teeth.

The methods by Miles (1963) and Kunos et al. (1999) are not included

in Table 2, as they require reading the age from a graph or from sev-

eral tables, depicting the relation of the traits to age.

Table 2 is the translation table used in application of the age-

estimation methods.

Five of the age-estimation methods translate scores to an interval

and not a single age. Here, the midpoint of the interval was used as

age estimate. The methods of Todd (1920) and Lovejoy et al. (1985)

do not assign an upper bound to the interval for the oldest individuals.

Here, we made an own choice for the age estimate. Szilvássy (1977)

assigns an age between 26 and 30 to the oldest subjects. Here, the

assessor (DN) assigned an age of 30+ for individuals in whom epiphy-

sis closure was achieved some time since and showing first signs of

osteoarthritis of the facies articularis sternalis. For three of the age-

estimation methods, the assessor (DN) introduced intermediate score

values to reflect that some individuals could not be placed in one of

two predefined score values. For these intermediate values, age was

interpolated from the two neighboring values.

2.2 | The target population: An archaeological
sample

All 675 adult individuals from the early medieval cemetery of

Mannheim-Seckenheim (“Hermsheimer Bösfeld”), Germany, were

analyzed in this study (see also Navitainuck et al., 2021). Classification

as an adult individual was based on complete epiphyseal closure

(especially the spheno-basilar junction).

2.3 | Mean values of the reference samples

The original publications describing the development of each age-

estimation method were screened for any information on the mean

age of the reference sample used. Only in one publication was the

mean value reported directly. However, with one exception, we were

able to reconstruct the specific mean ages in an approximate manner

at least. The details are described in Appendix S6. Hence, with the

exception of Lovejoy's method based on the facies auricularis, for

each age-estimation method, a corresponding reference sample mean

value could be identified. Note that the study of Miles (1963) uses a

pseudo-reference sample of quasi-age-known/age-determined indi-

viduals. In younger individuals, age was assessed based on determin-

ing the functional age of the molars by means of seriation and

comparison with age-known individuals from other series. Miles states

that the system is one of decreasing reliability with advancing age

because age was extrapolated for older individuals due to antemortem

tooth loss and so on.

2.4 | Statistical methods

Before investigating the relation between population mean age esti-

mates and the mean age of the reference samples, we performed pre-

liminary analyses with regard to the single age-estimation methods.

The applicability of the methods is depicted by the number of

1228 NAVITAINUCK ET AL.
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TABLE 2 Translation of phases/stages into ages

Aging method Phase/stage Mean age

PS-T 1 18.5

1.5 19.5

2 20.5

3 23

4 25.5

5 28.5

6 32.5

7 37

8 41.5

9 47

10 65†

PS-N 1 26.3

2 46.5

3 51.1

3.5 54.6

4 58.1

5 68.5

PS-BS 1 18.5

Male 2 23.4

3 28.7

4 35.2

5 45.6

6 61.2

PS-BS 1 19.4

Female 2 25.0

3 30.7

4 38.2

5 48.1

6 60.0

FAu-L 1 22

2 27

3 32

4 37

5 42

6 47

7 55

8 70†

FAu-BC 5, 6 17.33

7, 8 29.3

9, 10 37.9

11, 12 51.4

13, 14 59.9

15, 16 66.7

17, 18, 19 72.3

EnS-N 1 28.6

2 43.7

TABLE 2 (Continued)

Aging method Phase/stage Mean age

3 49.1

4 60.0

5 65.4

EcSv-ML 1, 2 30.5

3, 4, 5, 6 34.7

7, 8, 9, 10, 11 39.4

12, 13, 14, 15 45.2

16, 17,18 48.8

19, 20 51.5

EcSa-ML 1 32.0

2 36.2

3, 4, 5 41.1

6 43.4

7, 8 45.5

9, 10 51.9

11, 12, 13, 14 56.2

FAr-S 1 19

1.5 21

2 23

2.5 25.5

3 28

>3

DW-L1 1 15

2 18

3 20

4 22

5 27

6 32.5

7 37.5

8 45

DW-L2 1 15

2 18

3 20

4 22

5 27

6 32.5

7 37.5

8 42.5

9 50

Note: The methods PS-T, FAu-L, FAr-S, DW-L1, and DW-L2 translate the

scores or phases to a small age range and not a single value. Here the

middle of the interval was used. For PS-T and FAu-L, the original

publications do not report an upper bound for the respective oldest

stages. The values chosen by us are marked with an †. For FAr-S, the
oldest stage was too wide in order to justify such a choice so no age value

was chosen for stage >3. Additional (intermediate) score values chosen by

the assessor are marked in italics. Not all values shown in this table were

actually assigned to individuals in the sample analyzed in this study. In

particular, this applied to EnS-N, Stage 5 of which was never assigned.
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individuals for whom the methods could be applied. The distribution

of the individual age estimates achieved by the single methods is visu-

alized by dot plots. To explore systematic differences between the

age-estimation methods, we considered all pairwise comparisons. For

each pair of methods, we determined the mean difference between

the two methods including only those individuals for whom both

methods could be applied. A two-sided paired t test was used to

assess the statistical significance for a deviation of the mean differ-

ence from 0, using a significance level of 5%. To depict the degree of

association between the individual age estimates created by different

age-estimation methods, we considered all pairwise Pearson correla-

tion coefficients. The coefficients are displayed as a heat map, using

the heatplot command provided by Jann (2019).

In the main analysis, the mean age estimates from the Bösfeld

sample are related to the mean ages of the reference samples using

linear regression. The variation explained by the differences in refer-

ence sample means is measured by the adjusted R2 value (expressed

as a percentage). To take into account that the target population

mean estimates have a known imprecision, we also performed a meta-

regression using the observed standard error of the mean as addi-

tional input. The slope of the regression is reported together with a

95% confidence interval. The slope is used to describe how differ-

ences in mean age between two reference samples translate into a

difference between population mean age estimates.

All statistical computations have been performed using Stata

16.1. The computations and the data used in the figures are documen-

ted in Appendix S7.

3 | RESULTS

3.1 | Applicability of the age-estimation methods

Table 3 gives an overview of the applicability of the different age-

estimation methods.

The methods based on tooth wear were most widely applicable,

followed by those based on the facies auricularis, applicable in about

40% of individuals. All other age-estimation methods were applicable

(or applied) in 102 or fewer individuals.

3.2 | Observed age distributions and systematic
differences between age-estimation methods

Figure 1 depicts the distribution of the age estimates for each

method. As some methods are based on only a few score values, they

also produce few different age values, and hence their distributions

are quite discrete. Substantial differences can be observed with

respect to the mean values. These are, however, partially due to the

fact that some of the methods mainly distinguish ages within a certain

range. The assessment of the sternal clavicle of Szilvássy (1977), for

example, produces values only in the range up to 30 years of age,

whereas the methods of Meindl and Lovejoy (1985) for cranial suture

closure can only produce age estimates above that age, and the two

methods of Nemeskéri et al. (1960) each only produce a single value

below the age of 43.

In general, we observe distinct differences in the age distribution

and the mean age between the different age-estimation methods. This

holds even for different methods based on the same trait. The three

estimations based on the pubic symphysis give mean estimates in the

range from 33 to 51 years, while the two methods based on the facies

auricularis differ in the estimated mean age by 8 years.

The differences observed in Figure 1 may to some degree be

explained by differences in the subpopulations to which each age-

estimation method could be applied. However, statistically significant

differences are also frequently observed in pairwise comparisons if

considering only those subjects assessed by both methods (Figure 2).

In particular, the two methods by Nemeskéri et al. (1960) produce on

average estimates 10 to 15 years higher than all other methods. In

contrast, the methods of Brooks and Suchey (1990), Szilvássy (1977),

and Miles (1963) tend to produce values lower than most other age-

estimation methods. In general, differences between the age-

estimation methods are often 5 years or more, that is, of a relevant

absolute magnitude.

3.3 | Correlations among age estimates

The pairwise correlations between the age estimates of the differ-

ent methods are shown in Figure 3. As may have been expected,

TABLE 3 The number of subjects scored for each age-estimation
method

Abbreviation Aging method n

PS-T Pubic symphysis (Todd) 86

PS-N Pubic symphysis (Nemeskeri) 87

PS-BS Pubic symphysis (Brooks and Suchey) 65

FAu-L Facies auricularis (Lovejoy) 272

FAu-BC Facies auricularis (Buckberry and

Chamberlain)

255

EnS-N Endocranial suture closure (Nemeskeri) 83

EcS1-ML Ectocranial suture closure vault (Meindl and

Lovejoy)

102

EcS2-ML Ectocranial suture closure anterior (Meindl

and Lovejoy)

81

FAr-S Facies articularis sternalis (Szilvássy) 60

FR-K First rib (Kunos et al.) 94

DW-M Tooth wear molars (Miles) 380

DW-L1 Tooth wear maxilla (Lovejoy) 385

DW-L2 Tooth wear mandibula (Lovejoy) 431

RT-L Lamendin 100a

RT-PU Prince and Ubelaker 100a

aRoot translucency-based methods were applied to a random sample of

100 subjects.
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we can observe high correlations for methods based on the same

trait. An exception is the methods based on the cranial suture

closure where correlations are less pronounced, in particular

between the vault and the anterior suture complex. In general, at

least moderate correlations among all age-estimation methods are

to be expected, as all methods aim to estimate age. However, dis-

tinct differences in the degree of correlation are observed between

methods assessing different traits or features. In particular, the esti-

mates based on dental root translucency showed partially negative

or rather low positive correlations with the majority of the other

age-estimation methods. In addition, age estimation based on endo-

cranial suture closure showed on average a higher correlation to the

other age-estimation methods than age estimation based on the

ectocranial sutures.

3.4 | Relation of target population means to mean
age in the reference sample

Figure 4 depicts the relation between the estimated target population

age means according to the different age-estimation methods and the

mean age in the corresponding reference samples. Generally, a high

correlation is observed, with the mean values in the reference sample

explaining 68% of the variation in the estimated target population age

means.

The age-estimation methods by Szilvássy (1977) and Nemeskéri

et al. (1960) contribute markedly to the variation in the target popula-

tion means. In our appraisal, this is not only due to the notably low or

high age means in the corresponding reference samples but is also

related to the limited number of possible values the age estimates for

F IGURE 2 Mean differences in the pairwise
comparison of age-estimation methods. Each dot
refers to the mean difference in age estimation
when comparing two age-estimation methods and
including all individuals for whom both methods
are applicable. The size of the plot symbol is
relative to the number of individuals. Values with
differences significant from 0 are marked by
diamonds, and all others are marked by dots.
[Colour figure can be viewed at wileyonlinelibrary.
com]

F IGURE 1 The distribution of the estimated
age values for each method. The size of the dots
represents the number of individuals from the
target population assigned a specific age value.
The red vertical lines indicate the mean age
estimate for each method. [Colour figure can be
viewed at wileyonlinelibrary.com]
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these methods can assume. This is particularly obvious for the method

of Szilvássy (1977), allowing to assign an explicit maximum age of 30.

Furthermore, the methods of Nemeskéri et al. (1960) assign only a

single age value below the age of 43 or 46 years, respectively, and

hence fail to differentiate between individuals below those ages.

Excluding the three corresponding data points from the statistical

analysis, 80% of the remaining variation in the target population age

means are explained by the variation in mean age in the reference

samples. Taking into account the imprecision of the target population

mean estimates, an even higher 86% of the variation is explained. Fit-

ting a corresponding regression line (cf. Figure 4) obtains a slope of

0.28 (95% CI: 0.18–0.38). This means that a difference of 1 year

between the mean ages in two reference samples predicts a differ-

ence of 0.28 years in the corresponding target population age means.

We can rescale this statement also in the following way: We find that

a difference of 3.6 years between the mean ages in two reference

samples predicts a difference of 1 year in the corresponding target

population means.

A concrete example may illustrate the relevance of this finding.

The age-estimation methods based on dental wear considered in this

paper use a reference sample with a mean age about 35 years. On the

other hand, the methods based on root translucency use reference

samples with a mean age of about 57 years. The difference in age

means between these methods is 22 years, which implies that we can

expect a difference of 22 * 0.28 = 6.2 years in population mean age

estimates between the methods. Similarly, we can state that a differ-

ence of 18 years in mean age between two reference samples implies

a difference of 5 years in the target population age means, and a dif-

ference of 36 years implies a difference of 10 years.

4 | DISCUSSION

In this study, we applied 15 different age-estimation methods to

675 adult individuals from an archaeological population. In general,

estimates of the mean age in the target population differed substan-

tially between the different age-estimation methods used. This is also

true for pairwise comparisons between methods, restricting the analy-

sis to those individuals for whom both age-estimation methods were

applicable. This is in line with a similar investigation presented by

Wittwer-Backofen et al. (2008) based on 121 individuals from the

Early Medieval skeletal sample of Lauchheim, Germany. In particular,

they observed the highest target population mean values for the so-

called “complex method” of Nemeskéri et al. (1960) and the auricular

surface approach by Buckberry and Chamberlain (2002), as it was also

the case in our study. Furthermore, Clark et al. (2019) applied five

F IGURE 3 Pairwise correlations
among the 15 age-estimation
methods expressed in a heat map.
Correlations are only computed if
there are at least five individuals with
age estimates for both methods. For
method abbreviations, see Table 1.
[Colour figure can be viewed at
wileyonlinelibrary.com]
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different age-estimation methods to 93 individuals from Late Archaic

and Prehistoric periods in Northeast Ohio. Four of these methods

were also considered in our study, returning nearly the same ranking

in mean age in both their and our studies.

In addition, we investigated the variation in the target population

mean age estimates with regard to the well-known phenomenon of

age mimicry, which suggests that target population age estimates to a

certain degree reflect the age structure in the reference samples used

in developing the specific age-estimation methods. We were able to

demonstrate that up to 86% of the variation in the target population

mean estimates is explained by the variation in mean age in the refer-

ence samples. We found that differences of 18 years in the mean

values between two reference samples explain a difference of 5 years

in target population mean estimates. Differences of such a magnitude

between mean values in the reference samples are not uncommon, as

illustrated by our investigation. Consequently, some care is needed

when comparing individual age estimates or population mean age esti-

mates if different age-estimation methods are used.

A monotonic relation between the mean target population age

and the mean age in the reference sample is also detectable in the

results of Clark et al. (2019), as shown in Figure 5. Unfortunately,

with four age-estimation methods and a small target population that

study does not allow to estimate the regression line in a reliable

manner.

Although the present study focused on population mean esti-

mates, insights into the bias due to using different age-estimation

methods also apply to individual age estimates. A bias in the popula-

tion mean implies that individual age estimates are on average biased

to the same degree. However, the variation of individual age esti-

mates across different methods cannot be explained by the differ-

ences in reference sample age means alone. In addition, variation in

individual age estimates also reflects different expressions of separate

age indicators within a single individual.

In principle, the relation observed between the mean values in

the reference samples and target population mean values for the dif-

ferent age-estimation methods can be used for some type of bias

correction. Averaging among the 14 age-estimation methods included

in the comparison, we obtain an average target population mean

value of 37.4 years and an average reference sample mean value of

43.8. This difference of 5.4 years suggests that the estimate 37.4

overestimates the true target population mean by

0.28 * 5.4 = 1.5 years. However, this correction changes the esti-

mated target population mean age, and the argument has to be iter-

ated. In Appendix S5, a corresponding bias correction is outlined, and

a bias-corrected estimate of 33.9 years is obtained for the true target

population mean.

However, instead of developing bias corrections, it would be

more useful to use approaches that allow estimating the mean

age in the target population (and even the whole age distribution)

without suffering age mimicry. As mentioned above, such tech-

niques do exist and have been applied successfully; the principle

behind these techniques is outlined in Appendix S3, where also

F IGURE 5 Scatterplot of the target population age means
according to four different age-estimation methods in the study of
Clark et al. (2019) and the mean age in the corresponding reference
sample. Note that Clark et al. do not differentiate between vault and
anterior in using the ectocranial suture closure and evaluated maxilla
and mandibula together in evaluating dental wear. [Colour figure can
be viewed at wileyonlinelibrary.com]

F IGURE 4 Scatterplot of the target population age means
according to the different age-estimation methods and the mean age
in the corresponding reference sample. The line shows the fitted
regression after exclusion of three data points (PS-N, EnS-N, and
FAr-S). A justification for excluding these data points is given in
the text. [Colour figure can be viewed at wileyonlinelibrary.com]
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further references are given. There are, however, two challenges

with such approaches.

First, they require that in the reference population the distribu-

tion of the age indicator is described as a function of age. This is in

contrast to all age-estimation methods considered in this paper, which

are based on considering (mean) age as a function of the age indicator.

The reporting in the original publications usually does not allow to

derive a description in the opposite direction. Second, these tech-

niques require fitting specific types of models to the data from the

target sample, which is beyond the scope of standard statistical

packages.

Although age mimicry is a quantitative phenomenon, it is usu-

ally described by qualitative terms in the literature. For example,

Clark et al. (2019) refer to age mimicry as “a phenomenon in which

the age distribution of the target population mirrors the distribution

of the reference population,” while Liversidge et al. (2010) use the

phrase “age estimation mirrors the data upon which a method is

based.” These descriptions refer to the original investigation of

Bocquet-Appel and Masset (1982), who presented a graphical com-

parison of the age distributions in reference samples with the esti-

mated age distribution in corresponding target populations. Our

study serves as a direct extension of that investigation in consider-

ing such 14 comparisons and focusing on the mean estimates only.

We have thus been able to quantify the effect of age mimicry in an

empirical manner.

Such a quantification can be also helpful for expert age estima-

tions based on long-term experience. In that scenario a final estimate

should also consider that some age-estimation methods are well

known to tend to either overestimate age-at-death or otherwise

underestimate old age when using the given age estimates. This

applies in particular to the complex method introduced by Nemeskéri

et al. (cf. Jopp, 2007; Kemkes-Grottenthaler, 1996, 2002;

Langenscheidt, 1985). Quantifications as provided by our investiga-

tion can be helpful for informing to which degree the suggested age

estimates are to be corrected. However, this is always a tricky issue,

as the bias depends on the difference in mean age between the target

population and the reference sample, meaning that some prior guess

about the mean age of the target population is necessary in order to

deduce the correct value for the correction.

We were also able to confirm some correlations between the dif-

ferent age-estimation methods, reflecting that the features they eval-

uate are indeed related to age. The poorest association was found for

the methods based on dental root translucency, which has been also

observed by Wittwer-Backofen et al. (2008). Correlations between

age estimations based on the same traits were rather high, with cra-

nial suture closure as a notable exception. This result is in line with

previous discussions about the potential differences between the

three age-estimation approaches based on suture closure

(Bindl, 2009; Key et al., 1994; Meindl & Lovejoy, 1985). In our sam-

ple, age estimation based on endocranial suture closure showed on

average a higher correlation with the other age-estimation methods

than ectocranial suture closure. In contrast, Bindl (2009) regarded

ectocranial suture closure as superior to endocranial closure. Key

et al. (1994) recommended combining both endocranial and ectocra-

nial suture closure to enable age estimation for both young and older

adults.

Our investigation is, however, subject to some limitations. All

age-estimation methods were applied by a single observer, which may

imply that systematic differences noted between the age-estimation

methods may be unequal in a different observer. Similarly, we disre-

garded any differences in the sex distributions among the reference

samples and between the reference samples and the target popula-

tion, which may also affect differences in the target population mean

values. However, because the unexplained variation in the target pop-

ulation mean estimates is small, we may conclude that the impact of

these limitations is of negligible magnitude and our calculations are

trustworthy.

5 | CONCLUSIONS

In this study, we were able to quantify the effect of age mimicry on

target population age means in relation to the method-specific refer-

ence samples used for age estimation in archaeological samples. Our

results suggest that differences of about 3.5 years in mean age

between two reference samples imply a systematic difference in age

estimates of 1 year. Because large differences in mean age between

reference samples used to develop different age-estimation methods

are common, some care is needed in interpreting differences between

individual age estimates or population mean age estimates in cases

where different age-estimation techniques are used.
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