
Measurements can exist in numerous forms and, for purposes
here, all forms are viewed as falling somewhere along a contin-
uum of objectivity, from those that involve subjective judgments,
such as “wide” or “narrow,” to those that are more specific ob-
servations, such as “open” or “closed,” to those that are observa-
tions taken with the aid of a measuring device, such as a length
measurement taken with calipers. Values of the more subjective
measurements can be idiosyncratic to the researcher, while those
relying upon a specific device tend to be less affected by the ob-
server.

The great philosopher of science Thomas Kuhn began his essay
on the role of measurement in the physical sciences by referring
to the quotation on the façade of the Social Sciences Research
Building at the University of Chicago (1). The statement, made
over a century ago by Lord Kelvin, is, “If you cannot measure,
your knowledge is meager and unsatisfactory.” Lord Kelvin
placed heavy emphasis on quantification in the study of nature.
Kuhn determines that the most critical role of measurement 
(and mathematical analyses of measurement data) lies in the res-
olution of conflict between competing theories. Where scientists
seek to choose the more desirable of two competing theories, they
make a three-way comparison between theories and between each
theory and the world. Here, measurement has its greatest advan-
tage. For this reason, physical scientists have for centuries
demonstrated a strong commitment to the objectivity and power
offered by measurement data and mathematical analyses of the
same.

Faith in measurement data is not unique to the physical sciences.
The biologist D’Arcy Thompson, in the 1917 classic, On Growth

and Form, expressed his view on measurement as follows:

“ . . . numerical precision is the very soul of science, and
its attainment affords the best, perhaps the only criterion of
the truth of theories and the correctness of experiments”
(2).

Thompson demonstrated that many aspects of biological form
could be explained using the principles of geometry and served
to showcase the power of mathematical treatment of biological
measurement data. In keeping with developments in biology,
physical anthropologists began to aggressively measure the hu-
man form during the infancy of the discipline in the 19th century
(c.f., 3,4) and to base their interpretations concerning human
types on statistical analyses of anthropometric data. It was un-
derstood from the very beginning that information such as aver-
age height, or the relationship between bone lengths and height,
could be reliably determined only through measurement and sta-
tistical analysis.

Forensic science in general has not been oblivious to the ad-
vantages of measurement and appears to be rapidly expanding the
role that measurement and quantitative analyses play in the in-
vestigative process (5). The Federal Rules of Evidence today
place emphasis on reliability in the conclusions drawn by scien-
tists. In many cases, reliability is determined by the measurement
of error rates for the methods used, and it is understood that tech-
niques incorporating statistical analyses of appropriate measure-
ment data lend themselves to the accurate determination of error
rates. Congress and the judiciary look to quantification in scien-
tific analyses for the same reasons Kuhn outlined for the physical
sciences: judges and juries must invariably select the most rea-
sonable choice among competing theories. Measurement data are
believed to be objective, and they allow the examiner to go be-
yond subjective assessments such as “similar” or “different.”
With measurement data the examiner is able to quantify the de-
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gree of difference or similarity and state how much confidence
can be placed in this interpretation.

Statistical hypothesis testing is a formal expression of the quest
for reliability and repeatability Forensic identification of skeletal
remains provides a case in point. Konigsberg et al. (6) argue that
the first goal of forensic anthropology—developing a biological
profile of the remains under analysis—is actually a statistical prob-
lem and should be understood as probability based. The view that
the results of scientific analyses must be treated as probabilities is
becoming more important in forensic science as a whole (5). Thus,
we can treat the respective candidates for an identification as com-
peting theories and formally evaluate them against case-specific
data and reference data by testing statistical hypotheses (7,8) and
using likelihood ratios (6).

Forensic anthropologists have been particularly avid in pursu-
ing quantitative methods in skeletal biology, as exemplified by
the development of the Forensic Data Bank at the University of
Tennessee in the 1980s and the many methods based upon that
data (9,10). For example, forensic anthropologists routinely use
cranial measurements to assist in the determination of race and
sex of an unknown individual, as well as postcranial measure-
ments to ascertain stature and sex. The software package
FORDISC 2.0 (10) generates posterior probabilities that measure
the similarity of skeletal elements to selected populations or sexes
given the measurement data entered. Byrd and Adams (8) advo-
cate conducting stature analysis with a statistical hypothesis test-
ing approach. In addition, recent research has shown that metric
techniques can be utilized for sorting commingled skeletal re-
mains (7). Due to the significant implications that the results of
these metric analyses hold (e.g., the identification or exclusion of
an unknown individual), it is of utmost importance that the mea-
surements utilized can be accurately and reliably taken and that
they are replicable between observers. Incorrect measurements
could result in potentially misleading results. Furthermore, signif-
icant interobserver measurement variation could potentially com-
promise pooled datasets compiled from multiple researchers and,
in turn, bias research based on these data.

We must confront the reality that the methods of forensic an-
thropology do not provide absolute answers, but rather estimates
with associated error rates. The variation inherent in the methods
must be considered in the grand scheme. The error rate of a method
utilizing measurements is the sum of at least two sources of error:
error resulting from the natural variability in the trait being mea-
sured and error resulting from variability due to inconsistent mea-
surement. An important example of the latter is interobserver vari-
ation. Though the overall error rates of methods relying upon
subjective measurements can be lower than those relying upon the
more objective, it is reasonable to assume that data collected with
measuring devices will typically have lower interobserver error
rates. But how low is this rate of error? Following the guidance of
Konigsberg et al. (6) makes it necessary that we determine error
rates for the methods of forensic anthropology. If interobserver
variation is sufficiently high to affect results, it must be incorpo-
rated into interpretations.

While interobserver measurement error has been tested for an-
thropometric studies of the living (e.g., 11–13), measurement error
of the postcranial skeleton has not been formally considered. In or-
der to address this important issue, the validity and reliability of se-
lected postcranial measurements were tested. The postcranial mea-
surements selected for this study were chosen due to their
anticipated difficulty and, as such, represent the “worst case” sce-
nario in regard to interobserver variation.

Materials and Methods

In order to test the variability of selected postcranial measure-
ments, it was necessary to collect measurement data from a sample
of individuals with a wide range of osteometric experience. Partic-
ipants for the study were primarily composed of individuals at-
tending the 52nd Annual Meeting of the American Academy of
Forensic Sciences in Reno, Nevada. While most studies that test in-
terobserver error compare the results of only two individuals, the
present research utilized a total sample of 68 participants. Names
of participants were kept anonymous, but each individual was
asked to provide information regarding the number of years expe-
rience with osteometrics, their field of study, and the average num-
ber of skeletons that they measure annually. The vast majority of
participants were anthropologists, although odontologists and
pathologists also contributed. The sample breakdown by years of
experience with osteometrics is presented in Table 1.

A total of 22 postcranial measurements were selected for the
study (Appendix 1). All participants measured the same skeletal
samples. Thirteen of these measurements consisted of standard
postcranial measurements as outlined by Moore-Jansen, Ousley,
and Jantz (14), as well as nine nonstandard measurements de-
scribed by Byrd and Adams (7). Digital calipers or an osteometric
board were used for all measurements, and participants were in-
structed on which device to use. Participants were directed to
record all measurements taken with the digital calipers to the tenth
of a millimeter; measurements taken with the osteometric board
were recorded to the nearest millimeter. As previously stated, many
of the measurements were selected for this study because they were
suspected of being problematic in terms of the difficulty in getting
consistent results between observers. In addition, most of the par-
ticipants had no previous experience with many of the nonstandard
measurements.

The results of the study revealed several types of errors: (1)
transposed numbers (e.g., recording 37 mm instead of 73 mm), (2)
decimal place errors (e.g., osteometric board measurements
recorded in centimeters despite instructions to use only millime-
ters), (3) failure to “zero out” the digital calipers, resulting in con-
sistently skewed values, (4) recording the wrong measurement
(e.g., recording maximum length of the femur when the desired
measurement was epicondylar breadth), and (5) lack of under-
standing of the measurement definition or skeletal landmarks. In
general, the errors of Types 1–4 were easily recognized and could
be readily adjusted since the actual measurement was known. In
other situations in which the specimen is not available for remea-
surement, these errors would not be as easily resolved. The specific
causes of error for other outliers (Type 5) in the dataset were not as
easily recognized and likely stem from a general misunderstanding
of the measurement definition or skeletal landmarks and cannot be
attributed to carelessness.

TABLE 1—Participants in study.

Experience with Number of
Osteometrics Participants

0–1 year 7
1.1–5 years 19
5.1–10 years 17
10� years 25
Total 68



In order to “clean” the data prior to statistical analysis, all mea-
surements that were deemed to be so erroneous as to be beyond the
range of possible human variation were removed from the dataset
or were corrected if the cause of the error was apparent. This was
accomplished through several steps. In most instances, the cause of
the measurement error was the careless recording of the incorrect
measurement (e.g., recording the maximum femur length instead of
the epiphyseal breadth). These observations were placed with the
appropriate measurement when possible. Next, all errors that were
the result of data entry mistakes were corrected (e.g., transposed
numbers or measurements recorded in centimeters instead of mil-
limeters). At this point, the dataset was in a semi-clean state. All
blatant errors stemming from carelessness had been either removed
or corrected when the reason for the error was obvious. Still present
within the data were numerous observations that were clearly erro-
neous, but the cause of the error was not readily apparent. In order
to establish an arbitrary criterion for performing the final step in the
cleaning process, the median and standard deviation were calcu-
lated for each of the 22 measurements. All measurements that fell
outside of five standard deviations from the median were removed
from the dataset. Although there was only a slight difference be-
tween the median and mean for each measurement, it was deter-
mined that since the majority of measurements tended to cluster
around the median, this figure best represented the “gold standard.”
The exclusion of these data from consideration in the final analysis
was justified in that they were widely divergent from a reasonable
value (given the size of the bone) and should be easily recognized
as such in any dataset. (Even if the measurement value went unno-
ticed, the use of the measurement in further analyses would pro-
duce outlandish results.)

As might be expected, Fig. 1 shows that the number of individ-
uals that had to have observations edited (i.e., corrected) due to
careless errors dropped based on the level of experience with os-
teometrics. The individuals with 0–1 year of experience were the
worst, with 43% of the participants needing to have at least one
measurement modified. The most experienced group (over ten
years) did not have any entries that needed to be adjusted due to
careless recording errors. Perhaps more surprising is that the num-

ber of individuals that had to have observations deleted (i.e., re-
moved due to extreme and unexplainable error) is not as dependent
on the level of experience. Individuals with over ten years osteo-
metric experience committed a greater number of serious measure-
ment errors than any other experience group except for the indi-
viduals with less than one year. Figure 1 shows that, again, the
individuals with the least experience most frequently had unex-
plainable errors, with 57% of the participants needing to have at
least one entry removed from the sample. The most experienced
group had 24% of the participants that needed to have at least one
value removed, while the intermediate experience groups fell be-
tween these frequencies. Overall, the number of measurements that
needed to be “cleaned” was small and most measurements were
taken accurately. Furthermore, as the measurements were not taken
in a laboratory setting that was free of distractions (the majority of
the data was collected in a hallway at the 52nd AAFS meeting), it
is not surprising that some careless errors were committed.

The data were subsequently analyzed with the “clean” dataset
and were sorted based on years of experience with osteometrics. In
order to compare the results of the study in regard to the specific
measurements, as well as by individuals, a Scaled Error Index
(SEI) was calculated. This index permits comparison of measure-
ments regardless of scale. Calculation of the index is provided in
Eq 1. The absolute value of the difference between the raw mea-
surement and the median is divided by the median. In order to con-
vert this value to the percent error from the median, it is then mul-
tiplied by 100. All statistics regarding the Scaled Error Index were
based on the clean dataset.

Scaled Error Index � � 100 (1)

Results

Validity is the degree to which a measurement measures what it
is purported to measure and the extent to which it fulfills its pur-
pose (15). Reliability is the degree to which a measurement yields
the same results when taken on at least two different occasions by

|Raw Measurement � Median|
����

Median
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FIG. 1—Results of data-cleaning process.
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a minimum of two different examiners (15). Thus, the reliability of
a measurement can be evaluated by reference to the interobserver
error rate, while the validity of a measurement determines whether
it should be used at all. With high reliability (low interobserver er-
ror), measurements made by different observers may be used inter-
changeably without compromising the utility of the data.

A well-documented situation that exemplifies the potential im-
plications of measurement error was elucidated by the research of
Jantz, Hunt, and Meadows (16,17). They found compelling evi-
dence that significant discrepancies existed between Trotter and
Gleser’s tibia measurement definition and the actual data used in
the calculation of the stature estimation equations outlined in their
1952 article (18). Jantz et al. (16,17) found that, although the tibia
definition explicitly stated that the medial malleolus should be in-
cluded in the measurement, in actuality the malleolus had been ex-
cluded during data collection. The authors’ research into primary
documents from the former Central Identification Laboratories has
determined that the tibia was measured inconsistently over time by
Army personnel, which has possibly introduced significant noise
into the Trotter and Gleser models. In turn, estimates of stature
based on the guidelines of Trotter and Gleser’s 1952 article will re-
sult in skewed estimates and possibly inflated standard errors. The
variation between the defined measurement and the actual mea-
surement used to calculate the regression equations will lead to
overestimates of stature averaging 2.5 to 3.0 cm (17).

Due to the asymmetric morphology of the tibia, this bone has
been notoriously problematic for osteometric analysis. The results
of the present study show that there is still confusion among ob-
servers regarding the measurement of the tibia length (Figs. 2 and
3). While the variation seen in Fig. 2 is not extreme, it is greater
than would be expected for a standard long bone length measure.
Furthermore, the variation does not appear to be entirely dependent
on the level of experience, as can be seen in Fig. 3 in which even
the most experienced osteologists show variation in the measure.
Figure 4, on the other hand, provides a good example of a mea-
surement that has very little interobserver variation, regardless of
the level of experience.

By far the most problematic standard measurement tested was
found to be pubis length, a result that will be of no surprise to those
familiar with osteometrics. Figure 5 demonstrates that the interob-
server variation associated with this measurement is not specific to
any one experience group. As can be seen in Fig. 6, the overall in-
terobserver variation was high for this measurement, with an aver-
age SEI value of 8.32. Furthermore, the subtrochanteric femur
measurements were found to be problematic, but not to the degree
of the pubis length. Three of the nonstandard measurements were
found to have large SEI values (Minimum A/P Diameter of the Fe-
mur Diaphysis, Maximum Diameter of the Femur along the Linea
Aspera, and Ilium Thickness at the Sciatic Notch). Figure 6 shows
that the average SEI values for these three measurements fall in be-
tween the subtrochanteric femur measurements and the pubis
length. It is believed that the problems observed with these non-
standard measurements stemmed from an unfamiliarity with the

FIG. 2—Variation observed in measurement of tibia length (based on
“clean” dataset).

FIG. 3—Variation observed in tibia length sorted by experience level 
(N � 67).

FIG. 4—Example of a measurement with low interobserver variation.



landmarks and/or measurement description, and that accurate val-
ues could be derived with only minimal instruction. Table 2 pro-
vides SEI values for all tested measurements according to the ex-
perience level of the participants.

Analysis of the effect of experience on the degree of interobserver
variation revealed that the overall SEI dropped as experience in-
creased (Fig. 7). Those individuals having the least experience pro-
duced the most variation (SEI � 4.20), and those with the most ex-
perience displayed the least variation (SEI � 2.31). In order to

observe whether the differences in the means were statistically sig-
nificant, one-tailed t-test comparisons were performed, and the re-
sults are presented in Table 3. It was found that there is a statistically
significant difference ( p � 0.05 level) between those individuals
with under five years experience and those with over five years ex-
perience. The data suggest that after five years of experience with
osteometrics that there is no improvement in measuring ability.
Those with less than five years experience show greater interob-
server variation. In general, it was found that the same measure-
ments were problematic regardless of the experience level (e.g., pu-
bis length and subtrochanteric femur measurements); the main
difference was the degree to which this variation was expressed.

A comparison was performed to observe whether the measure-
ment device had an effect on the interobserver variation, and it was
found that measurements that utilize an osteometric board were
generally found to be more consistent. As these measurements gen-
erally entail maximum length or breadth dimensions, the results are
not surprising. The large difference in average SEI values accord-
ing to the measurement device utilized is likely a reflection of the
difficulty of the measurements and not an indication that one de-
vice is superior to another. Figure 8 shows the difference in the SEI
for the two devices.

Conclusions and Recommendations

Anthropologists have followed the trend among scientists in
general in placing increasing emphasis on measurement data as the
fuel for their analytical fire. One of the reasons for this emphasis is
the alleged reliability of measurements and the results of mathe-
matical analyses of the same. We have formally evaluated the effi-
cacy of this belief on the part of biological anthropologists by mea-
suring the variability in selected skeletal measurements due to
interobserver error. Where this variation is found to be inordinately
high, then our faith is misplaced.
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FIG. 5—High interobserver variation exemplified by pubis length mea-
surements.

FIG. 6—Ranked Scaled Error Index across all experience groups.
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TABLE 2—Scaled error index by experience level.

FIG. 7—Box plot of Scaled Error Index across all variables and sorted by experience (N � 68).



This study should be viewed in the perspective that the mea-
surement sample represents some of the most difficult postcranial
measurements and, as such, provides a “worst case” scenario for
interobserver variation. The fact that there was agreement between
most measurements recorded by most participants is satisfying, al-
though the extreme variation observed in others is cause for con-
cern. Overall, this study has shown that interobserver variation is a
valid concern with osteometrics, and that it must be considered
when we interpret the results of quantitative analyses. For example,
the application of a stature estimation model to a forensic case is
valid only if the case examiner takes the measurement(s) in the
same manner as those who collected the data used to derive the
model. Where this is uncertain, the conclusions should reflect the
problem. Interobserver variation in the original reference data will
tend to increase the standard error and could potentially bias the
stature estimation model. Most of the measurements in this study
have proven reliable, and we suspect that this will be true of the ma-
jority of skeletal measurements in use today. Although maximum
length measurements of long bones were not tested (with the ex-
ception of tibia length), it is believed that these measurements can
be accurately taken between observers due to the simplicity in their
definitions and use of the osteometric board. As noted previously,
special care needs to be taken with the tibia. The most problematic
standard measurements tested were the pubis length and both sub-
trochanteric femur measurements. As the pubis length was found to
be universally problematic, it can be determined that the ischium
length would be equally as problematic since the same landmarks
of the acetabulum are utilized.

With the exception of pubis length and the subtrochanteric femur
measures, most of the observed errors can be explained as unfamil-
iarity with landmarks or a misunderstanding of the measurement de-
scription. We believe the pubis length to be an invalid measurement
due to the problem of locating the landmark within the acetabulum
and recommend that it not be used in analyses (the same is recom-
mended for ischium length). The subtrochanteric measurements on
the femur are valid, but require better measurement descriptions than
currently used, and quite likely specific training from experienced
osteologists to make them reliable. Two problems here are how far
distal to the lesser trochanter should the measurement be taken, and
how closely must the measurer maintain the anterior-posterior or
transverse orientation (there is a tendency to rest the flattened portion
of the anterior surface against the caliper jaw when taking the
anterior-posterior measurement). In general, measurements requir-
ing maximum or minimum dimensions are more reliable than mea-
surements based on orientation (A/P or M/L) or landmarks. Non-
standard measurements that are based on recognizable landmarks
and still show significant variation across all experience groups are
evidence that training and practice are necessary. There appears to be
a statistically significant improvement with osteometrics after five
years of experience, but some of the same careless or unexplainable
measurement errors are observed across all experience groups.

Quality control during the data-gathering process is essential and
is an effective means of controlling errors. Measurements should
be checked against reference data for obvious outliers. Our experi-
ence has shown that most mistakes are easy to spot because they
produce numbers notably out of line with others on record. Those
managing the Forensic Data Bank report similar findings, though
they lament the amount of effort that is sometimes involved in
quality control (Richard Jantz, personal communication). We stress
the importance of university training in osteometrics to promote
continuity in data collection. Beyond the university, forensic labo-
ratories should include detailed measurement descriptions in their
standard operating procedures and provide osteometric training to
new staff members. The recent publication of laboratory manuals
(14,19) has simplified this process. New procedures utilizing skele-
tal measurements should favor measurements that are relatively
easy to take and provide clear definitions of the measurements in
any publications. These steps will improve the overall precision
and accuracy of anthropological findings derived from metric data.

Overall, this study demonstrates that anthropologists have cor-
rectly placed a high degree of faith in the reliability of skeletal mea-
surements. The selected standard measurements—some of the
most difficult postcranial measurements—show only modest error
rates (generally �3%) and, thus, high reliability. More important is
that the distributions for most of the measurements have the ma-
jority of participants obtaining the same measurements value. It is
believed that the interobserver variation for other postcranial mea-
surements (e.g., most of the maximum long bone lengths) would be
almost nonexistent. Interobserver variation of problematic skeletal
measurements can be further reduced with the recommended steps
of intensifying the training anthropology students receive in osteo-
metrics and improving certain measurements descriptions.
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TABLE 3—One-tailed T-test p-values comparing Scaled Error Index
by experience.

1.1–5 5.1–10 Over 10
Years Years Years

0–1 year 0.095 0.004* 0.000*
1.1–5 years 0.038* 0.006*
5.1–10 years 0.371

* Indicates significance at 0.05 level.

FIG. 8—Scaled Error Index comparison between measurements derived
with an osteometric board versus calipers.
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APPENDIX 1
Measurements and Definitions Used in Study (* denotes the “nonstandard’ measurements, all othes as defined by Ref 14)
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APPENDIX 1 Continued
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