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ABSTRACT: The use of reported stature, especially self-reported stature such as on a driver’s
license, as a proxy for measured stature is necessary when measured stature is unavailable,
for example, in matching data calculated from skeletal remains with data for missing persons.
The accuracy of self-reported stature for older persons and especially for tall and short people
is not well ascertained. Examination of published reports provides evidence that beginning
at age 45, people compound their stature overestimation by an additional amount related to
age (women by twice the amount of men). Analysis of anthropometric data from 8000 U.S.
Army personnel indicates that the amount of general overestimation of stature by men is 2%
times greater than that by women. Neither tall men nor tall women underestimate their
stature, but men in the upper third of the stature range, and women in the upper 10%, self-
report their stature with greater accuracy. No trends in accuracy are apparent in the remainder
of the stature spectrum for men or women.

KEYWORDS: physical anthropology, stature, human identification, height estimation, aging,
reported stature

For reasons of economy, convenience, or necessity in forensic science, actuarial, and
growth studies, reported—and particularly the subject of this paper, self-reported—
stature may replace stature actually measured for the purpose at hand. Examples include
large-scale height and weight surveys for life insurers and the determination of whether
the stature calculated from skeletal remains matches that of a missing person. In the
latter case, for example, driver’s licenses or hospital admissions records are common
sources of self-reported stature information.

As might be expected, the accuracy of reported stature has been examined to see if
its use is valid. Willey and Falsetti [1,2] have discussed the accuracy of stature recorded
on driver’s licenses in a student population; Himes and Roche [3] addressed the question
from the viewpoint of growth studies; and Rowland [4] summarized the results of the
Second National Health and Nutrition Examination Survey of 11 284 people in 1976
through 1980 (NHANES II). Although many studies indicate that there is a high coef-
ficient of correlation between measured and reported stature (with r ranging from 0.84
to 0.97 in Himes and Roche’s [3] review), there is disagreement about the overall accuracy
of self-reported stature and the systematic biases, if any, that may affect self-reported
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stature as a “‘useful proxy,” as Himes and Roche call it, for measured stature. Since in
situations involving missing persons the available stature is often only a reported one,
forensic anthropologists need to know just how accurate such estimates are likely to be
in assessing the probable correctness of matchups determined from examination of skel-
etal remains. In this paper, the authors review validity studies of self-reported stature
and present new data relating reported stature to variation in actual stature to provide
forensic anthropologists with a basis for such determinations.

Inaccuracy of Measured Stature

In assessing the accuracy of reported stature, it is important to remember that measured
stature is not necessarily a fixed datum invariably determined. Thus, the magnitude of
the difference between reported and measured stature may well include a significant
error component on the measured side. It is probably impossible to so standardize meas-
ured stature that all potential sources of extraneous variation are eliminated, but never-
theless a brief mention of major ones may show the caution with which declarative
statements of an individual’s measured stature should be viewed.

Time of Day

Although Backman’s [5] study involved only institutionalized males, it was well de-
signed and utilized a large (n = 200) sample size in concluding that, on the average,
stature fluctuates by 2.436 cm (0.95 in.) over a 24-h period. The magnitude of fluctuation
was little affected by stature, body weight, or age.

Mensurational Technique

Except in children, stature is usually measured in one of two ways: with the subject
standing against a wall or with an anthropometer while the subject is standing free. In
an examination of the differences between the two techniques, Damon [6] found that
stature measured freestanding with an anthropometer was 0.5 to 2.0 cm (0.2 to 0.8 in.)
less than stature measured against a wall with a right-angled device, with the greater
difference probably characteristic of large-scale freestanding stature surveys. A further
complication arises if the instructions for measuring a subject require ‘‘grasp[ing] the
examinee under the mastoid processes and lift[ing] him gently upward” [7]. This pro-
cedure, used mainly with children, supposedly minimizes the time-of-day factor men-
tioned above {6]. It was applied, however, in the U.S. Public Health Service’s second
National Health and Nutrition Examination Survey 1976—80 (NHANES II) [7], but not
in its first Health and Nutrition Examination Survey 1971-74 (HANES) [8], rendering
comparison between the stature results somewhat suspect.

Variation among Measurers

Anthropometric survey planners for the U.S. military go to considerable lengths to
standardize the measurement techniques used by the persons who do the actual meas-
uring. Stature is one of the easiest anthropometric measurements to standardize among
measurers [9]. Nevertheless, uniformity even among the experts is difficult to attain, as
Steggerda [10] demonstrated nearly S0 years ago when he persuaded 21 distinguished
physical anthropologists, including Coon, Hooton, Hrdli¢ka, Krogman, Shapiro, Stewart,
and Washburn, to measure Mrs. Steggerda’s stature. The maximum difference among
the 21 was 1.8 cm (0.71 in.).

Perhaps the most revealing inquiry into the accuracy of measured stature was reported
by Clyde Snow and Joan Williams [11]. They turned up 19 police and medical records
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of one man’s stature taken between the ages of 24 and 44. Only 2 of the 19 measurements
were taken by the same person, and those were 1 year apart. Medical personnel (phy-
sicians and nurses) took 7 of the measurements, police personnel the other 12. The
maximum difference among the measurements taken by medical personnel was 5.1 cm
(2 in.), among the police 12.7 cm (5 in.). Differences of that magnitude help explain
conflicting “official” records, such as information given to the public after the escape of
a convicted armed robber being treated at the Massachusetts General Hospital in Boston
that he was 5 ft, 8 in. tall (prison records) or 6 ft tall (district attorney’s office) [12].
Snow and Williams believe military anthropometric surveys provide the most accurate
data, followed by those of medical personnel and then police records.

Systematic Biases: Age

That human stature declines with age is widely accepted. Those few studies showing
no stature reduction with age, such as that of the Chelsea pensioners [13], with no change
through age 73, or that of the Columbia University students [14], with no change through
age 56, may have data irregularities (for example, full stature might not have been attained
at initial measurement). A large-scale (1813 men) longitudinal study by Friedlaender and
his colleagues [15] using 5-year cohorts demonstrated convincingly both a secular trend
(an average population change over time) in and the effect of age on stature. They
showed significant decreases in the stature of healthy white males in the Boston area,
beginning with their 40 to 44-year-old age cohort and continuing through the +70-year-
old cohort. These data suggest an average stature decrease of approximately 1 mm per
year,? or 1 cm (0.4 in.) per decade, beginning in the fifth decade of life. A subsequent
examination [17] of the same database after a 10-year interval affirmed the average
decrease found by Friedlaender et al. [15]. While a study by Cline et al. [18] on white
males in Tucson, Arizona, produced results similar to those of the Boston Normative
Aging Study [15,17], other studies in Baltimore [19], Wales [20], and Norway {21] have
shown slightly larger decreases in equivalent male age cohorts.

Cline et al. [18] examined over 1000 women and found somewhat larger decreases in
their stature than in men in the same age cohorts, as did Miall et al. [20] to a greater
degree in Wales. Forsdahl and Waaler [21], in their gargantuan (over 10 200 individuals)
study of women from the northernmost province of Norway whose stature was measured
twice with a S-year interval as part of an X-ray tuberculosis survey, reported a slightly
smaller longitudinal decrease than that found by Cline et al. [18] for women but sub-
stantially larger than that in their own companion study of 9800 Norwegian men. How-
ever, the examination by Noppa et al. [22] of 1300 Swedish women found their stature
decrease to be even less than that in men in the United States (but the oldest women at
the end of the 6-year study interval were only 66), while Chumlea et al. {23] found much
larger decreases, by several orders of magnitude, in a relatively small sample of New
Mexico white males and females.

A characteristic of the studies mentioned above, except those of Noppa et al. [22] and
Chumlea et al. [23], is an acceleration of the rate of decrease with age. For example, in
the Boston Normative Aging Study of males [17] the average decrease in stature in the
age cohort 55 to 64 is 0.8 mm/year, but that decrease grows to 1.4 mm/year in the 75 to
84 age cohort. In Arizona females [18], the equivalent decreases are 0.9 and 2.0 mm/
year.? In general, particularly in populations in the United States, it seems reasonable

2The 1-mm-per-year figure, corroborated by J. S. Friedlaender, Temple University, Philadelphia,
PA (personal communication, 7 May 1990), differs considerably from the 1.56-mm-per-year value
calculated by Galloway [16] from the same published data.

3These figures were determined from a quadratic regression equation calculated with the aid of
additional information provided by M. G. Cline, University of Arizona, Tucson, AZ (personal
communication, 20 June 1990), rather than being taken directly from Table 3 of Cline et al. [18].
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to assume a minimum average stature decrease, beginning in the mid-forties, of at least
1 mm/year in males and 1.25 mm/year in females, with the annual decrease being larger
as people age.

If reported stature in older people demonstrates an increasing overestimation of meas-
ured stature, the most probable, though not the only, explanation is a failure of perception
on the part of persons over 45 that their stature is decreasing. Supporting this explanation
is Galloway’s [16] finding that, in a sample of 141 males over the age of 50, there was
no difference between the average of reported present stature and reported maximum
stature. Her companion sample of 409 females over age 50 shows a 1-cm difference
between the two.

Studies by Rowland [4] and by Stewart et al. [24] provide data comparing reported
and measured stature subdivided by age and sex (Table 1). These data allow a deter-
mination to be made of the amount of the difference that may be attributable to a failure
to recognize actual stature reduction after age 45. (Two other studies [25,26] indicate an
increasing differential with age but do not provide gender-specific summaries of absolute
differences.) In Table 1 the difference between reported and measured stature for the
35 to 44 age group has been subtracted from data for the older age groups listed in the
table to provide an estimate of the portion of the total difference attributable to aging.
In research by Stewart et al. [24], the 35 to 44 age group was the youngest examined; in
the NHANES II survey reported by Rowland [4], there were three young age groups
(20 to 24, 25 to 34, and 35 to 44), but within each sex, the differences among these age
cohorts between reported and measured stature were nominal.

Where the two studies principally diverge is in the absolute amount of the difference
between reported and measured stature in each of the older age cohorts in Table 1, with
the New Zealand sample of Stewart et al. [24] exhibiting mean differences up to twice
those recorded in the American NHANES II survey [4]. Some similarities between the
two studies are apparent in Table 1: the magnitude of the aging differential increases
with age and is significantly greater in females. And although the specific increase in the
aging differential going from age cohort 45 to 54 to age cohort 55 to 64 in both studies
is similar, approximately 0.25 cm (0.1 in.) in males and 0.75 cm (0.3 in.) in females, it
is not similar in going from age cohort 35 to 44 to age cohort 45 to 54, but rather
considerably larger in the New Zealand study, that is, 0.28 cm (0.11 in.) as opposed to
0.69 cm (0.27 in.) in males and 0.48 (0.19 in.) as opposed to 1.04 cm (0.41 in.) in females.
These gender and population contrasts are graphed in Fig. 1 to indicate the net effect
of aging on the difference between self-reported and measured stature.

The NHANES II stature measuring technique, with upward traction under the mastoid

TABLE 1—Mean difference (Diff) between reported and measured stature in older male and
female age cohorts when the mean difference between reported and measured stature in the 35 to 44
age cohort is subtracted from the total mean difference.

45-54 Age Cohort 55-64 Age Cohort 65-74 Age Cohort
Diff, cm Ne Diff, cm N Diff, cm N
Males
Rowland [4) 0.28 665 0.58 1166 1.24 1148
Stewart et al. [24] 0.69 399 0.94 334 RN RN
Females
Roland [4] 0.48 724 1.30 1261 2.44 1334
Stewart et al. [24] 1.04 181 1.76 149 N .

2Sample size data for Stewart et al. [24] from A. W. Stewart, University of Auckland, Auckland,
New Zealand, personal communication, 27 June 1989.
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FIG. 1— Portion of the difference between self-reported and measured stature attributable to aging
in three older age cohorts. The values were determined by subtracting the mean difference for the age
cohort 35 to 44 from each older cohort. American data from Rowland (4], New Zealand data from
Stewart et al. [24].

processes, should maximize measured stature and, as a result, minimize the mean dif-
ference between measured and reported stature. Consequently, the results of the NHANES
II study should be conservative in this regard relative to the New Zealand outcome,
where stature was measured against a wall with a right-angle square, but without upward
pressure on the mastoid processes [27].

The bias attributable to aging in reported as opposed to measured stature is real and
should be compensated for when reported stature substitutes for measured stature. The
available survey data, particularly for the population in the United States, suggest that
in reported stature there is an overestimation of measured stature attributable solely to
aging (that is, in addition to other amounts of overestimation) of approximately 0.25 cm
(0.1 in.) for males 45 to 54 years old, 0.6 cm (0.25 in.) for males 55 to 64, and 1.25 cm
(0.5 in.) for males 65 to 74. In females, in each age cohort, the amounts are double. This
latter result, on one hand, seems curious, since later sections in this paper demonstrate
that women in general report their stature more accurately than men and since Galloway
[16] found older women reported their present stature as 1 cm less than their maximum
stature while older men reported no differences. On the other hand, actual stature
decrease as women age appears definitely greater than that in aging men.

Systematic Biases: Stature

The proposition reflecting the possible systematic bias of actual stature is simple; tall
people think they are shorter than they are, while short people think they are taller. A
modification of this proposition would maintain that tall people report their stature with
less of an overestimation than short people. A denial of the proposition would claim that
actual stature has nothing to do with the magnitude of overestimation (or underesti-
mation) of one’s stature. Actually, all of these outcomes, sometimes further subdivided
by sex, appear in the literature.
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The variety of these results issuing from studies of the relationship of self-reported
stature to the range of human height is a part of the question of why the magnitude of
the difference between self-reported stature and measured stature varies among studies
generally. While this question is not often addressed in the reports themselves, one
possibility could involve the incertitude of measured stature mentioned earlier. The
presence or absence of significant numbers of persons over age 45 may affect the mean
difference between reported and measured stature. Still another possibility sometimes
alluded to has been national contrasts [28].

Subjects may become sensitized to their ‘‘true” stature by their commitment to a
medical or growth-oriented study which makes their responses unusually considered and
informed. Jalkanen and her colleagues [29] demonstrated a negative association in a
Finnish study between the error in reported weight and the recency of a medical con-
sultation. The differences between reported and measured stature found by Pirie and
her colleagues [30] are small compared with those of most other studies, but the sample
used was derived from a plasma lipid research program in which the anthropometric
measurements were taken on the second of two medical screening examinations [37]. In
another case, Himes and Roche [3] believed that the relatively small mean value (0.3
cm [0.12 in.]*) they found between measured and reported stature for their 99 Fels mothers
may have resulted ‘‘from an increased awareness of their own growth and size resulting
from having been associated with a longitudinal study of physical growth” (p. 336).

Finally, the sample may have its own perspective that places a special value on tallness.
As Himes and Roche [3] point out, that is one of the few explanations that comes to
mind to account for the exceptional difference of 2.5 cm (1 in.) between self-reported
and measured stature for 1905 young (mean reported age of 22.9 years) U.S. Air Force
women investigated in 1968 [32].

A review of the literature uncovered six studies directly addressing the question of the
relationship between the magnitude of measured stature and self-reported stature. (The
study by Clauser and his colleagues [32], in which the sample of U.S. Air Force women
was divided only into tall and short, with no difference being discerned between the two
groupings, will not be further considered here, nor will a study of repeated reported
stature [33] which, although suggesting a relationship to variation in stature, did not
examine actual measurements.) The diversity of these six studies’ results are easily seen
by the response they provide to the following four questions: (1) what population was
studied, (2) how big was the sample, (3) do tall people underreport their stature and
short people overreport, and (4) what is the mean difference between reported and
measured stature (that is, reported minus measured)? In order of sample size, the answers
are as follows:

Pirie et al. [30]—Minnesotan whites; 1799 women, 1610 men; yes for men, women un-
derestimate their stature; —0.71 cm (—0.28 in.) for women, 0.56 ¢cm (0.22 in.) for men.

Stewart [26]— Americans; 1730 women, 1474 men; no, but short women overestimate their
stature to a greater degree than tall women, men’s overestimation is unrelated to measured
stature; 1.07 cm (0.42 in.) for women, 2.09 cm (0.82 in.) for men.

Stewart et al. [24]—New Zealand whites; 536 women, 987 men; no, women’s and men’s
overestimation is unrelated to measured stature®; 1.60 cm (0.63 in.) for women, 2.14 cm (0.84
in.) for men.

Palta et al. [25]—Minnesotans; 499 women, 845 men; no, but short women and men

“Galloway [16] cites the 1-cm figure given in the abstract of the paper by Himes and Roche [3]
as one “found” by them, but 1 cm is a figure they “recommend” (p. 338 in Ref 3) based on an
effort to summarize their study’s result of 0.3 cm and three other studies’ results of 0.8, 0.8, and
2.5 cm (J. H. Himes, University of Minnesota, Minneapolis, MN, personal communication, 7 May
1990).

SA. W. Stewart, University of Auckland, Auckland, New Zealand, personal communication, 27
June 1989,
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overestimate their stature to a greater degree than tall women and men; 0.9 cm (0.35 in.)
for women, 2.3’ cm (0.91 in.) for men.
Schlichting et al. [34]—Danes; 158 women, 594 men; yes; actual data not provided.
Bouchalova et al. [35]—Czechs; 267 women; no, but short women overestimate their
stature to a greater degree than tall women; 0.75 cm (0.3 in.).

The variety of results reported in these six studies suggests that the issue of whether
being short or tall affects reported stature, and if so by how much, is far from resolved.

Materials

Data generated from anthropometric surveys of U.S. Army personnel can be used to
investigate the difference between self-reported and measured stature, since some surveys
collected both [36,37]. These military surveys provide several advantages in evaluating
the effect of stature variation on reported stature. Among these advantages are the
following:

1. Very large overall sample sizes, permitting adequate sample sizes at the tall and
short ends of the stature spectrum. ,

2. Measured stature data uniformly obtained by specially trained personnel.

3. Reported stature data elicited in a nonmedical, nonresearch environment.

4. A representative, healthy, young U.S. population sample.

Possible difficulties with stature data derived from a survey of military personnel include
truncation of the very short and the very tall and nonrepresentativeness vis-a-vis the
general U.S. population. The HANES [8] and NHANES II [7] surveys provide com-
parative bases for addressing these questions, at least in regard to stature, because, as
the latter report states, their design “is a complex multistage probability- sample” with
national estimates “derived through a multistage estimation procedure” with “three basic
components: (a) inflation by the reciprocal of the probability of selection, (b) adjustment
for nonresponse, and (c) poststratification by age, sex, and race” (in Ref 7, p. 59).

At the time of the survey, the stature of U.S. Army men was supposed to lie between
152.40 cm (60 in.) and 198.12 cm (78 in.) [36]. In the sample the male range was 151.9
to 199.1 cm (4 ft, 11.75 in. to 6 ft, 6.39 in.) [36]. Published stature limitations for female
U.S. Army personnel in 1977 were not available; the actual female range was 142.6 to
183.8 cm (4 ft, 8.25in. to 6 ft, 0.36 in.) [38]. Like the men, the women measured probably
subsumed the full range of permissible stature.

The U.S. Army ranges exceed the ranges utilized in Rowland’s [4] analysis of the
NHANES II data of 1976-1980, in which the range for the sample of 5396 males was
limited to 154.94 to 190.50 cm (5 ft, 1 in. to 6 ft, 3 in.) and for 5888 females to 144.78
to 177.80 cm (4 ft, 9 in. to 5 ft, 10 in.). Only approximately 1.8% of those measured
and interviewed for NHANES II fell outside the male and female ranges used by Rowland
[4], and these outliers, when included in a reanalysis by him, did not change the conclu-
sions of his study. These results suggest that the U.S. Army samples, which provide
greater stature ranges than Rowland’s, are a reasonable representation of the range of
stature in the U.S.

In Table 2 the stature means, standard deviations, and sample sizes of the 18 to
24-year-old cohort of males and females utilized in the HANES [8] and NHANES II [7]
projects are presented with similar data for the U.S. Army samples used in this paper.
The 18 to 24-year-old cohort was chosen as most comparable with the U.S. Army sample,
which has a mean age of 22.2 + 4.6 years for the males [36], and 23.1 + 5.4 years for
the females [38]. The stature data for HANES and NHANES II are remarkably similar;
the U.S. Army female mean differs little, while the male mean for the Army is about
2.5 cm (1 in.) less than the HANES and NHANES II figures. Figures for stature from
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TABLE 2-—Stature means, standard deviations (SD), and sample sizes (N) from the Health and
Nutrition Examination Survey 1971-74 (HANES) [8), the Second National Health and Nutrition
Examination Survey 1976—-80 (NHANES 1) [7), the 1966 male and 1977 female U.S. Army
anthropometric surveys used in this paper [36,38], and the 1988 U.S. Army anthropometric
survey [39].

Males Females
Mean Mean
Stature, cm  SD, cm Stature, cm  SD, cm
Study (in.) (in.) N (in.) (in.) N
HANES 18~24 age cohort 177.0 7.1 772 163.3 6.4 1524
(69.7) 2.8) (64.3) (2.5)
NHANES II 18-24 age cohort 177.0 7.1 988 163.4 6.6 1066
(69.7) (2.8) (64.3) (2.6)
U.S. Army, 1966 and 1977 174.5 6.6 6669 163.0 6.5 1330
(68.7) (2.6) (64.2) (2.6)
U.S. Army, 1988 175.6 6.7 1774 162.9 6.4 2208
(69.1) (2.6) (64.2) (2.5)

the interim report on the U.S. Army’s 1988 anthropometric survey [39] are also included
in Table 2. The stature of the average Army man has increased by about 1 cm in the
intervening 22 years, with only a 1 mm change in the stature of the average Army woman
in the 13 years between the two surveys.

The racial distribution of the U.S. Army samples is reported in a manner which makes
detailed comparisons pointless. The male sample, obtained in 1966, is reported as 29.4%
white, 14.6% black, and 56.0% from some 38 other explicitly listed “‘ethnic backgrounds
or national extractions ” [36]. For the U.S. Army female sample, obtained in 1977, the
racial distribution is reported as “whites” (74.3%), “blacks” (22.7%), “Orientals” (1.9%),
and “not identified” (1.1%) [38].

For general perspective, the ratios of white to black soldiers in these two samples can
be estimated by reassigning in a plausible way the 38 “ethnic backgrounds or national
extractions’’ for the males. To determine the white-to-black ratio, members of all other
categories are set aside, leaving the residual population of males 84.9% white and 15.1%
black and of females 76.9% white and 23.4% black.

The HANES survey [8] provides U.S. census data suggesting that in 1972 the white-
to-black ratio as percentages in the male age cohort 18 to 24 in the general U.S. population
was 89.0 to 11.0%. The NHANES II survey [7] provides U.S. Census data that suggest
that, in 1978, the white-to-black ratio as percentages in the female age cohort 18 to 24
in the general U.S. population was 86.4 to 13.6%. Although for both sexes the figures
and the comparisons are imprecise, it is not unreasonable to conclude that, if anything,
blacks are overrepresented, but not excessively, in the U.S. Army male and female
samples used in this paper.

Stature in the U.S. Army surveys [36,37] was obtained in millimetres using an an-
thropometer with a freestanding subject erect, without shoes and with heels together and
head level. Self-reported stature was elicited in inches. No analysis appears to have been
made using the self-reported stature of the female personnel. Summary statistics of the
male data have been published, along with the suggestion that “‘perhaps small men may.
tend to overestimate or exaggerate their size, while large men may tend to underestimate
or minimize their body size” [36]. However, it was concluded that the data “in their
present form do not warrant firm conclusions” and should be analyzed “in the form of
individually paired comparisons,” as is done in this paper.
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Methods

The large sample sizes afforded by the U.S. Army data permit the measured stature
range to be arbitrarily divided into 10 approximately equal subranges with reasonably
sized subsamples in almost all. Since stature is measured to the nearest millimetre, the
subranges must be defined in whole millimetres. For the 6669 males, the absolute stature
range of 1519 to 1991 mm gave a spread of 473 mm. This was divided into 6 subranges
of 46 mm, 3 of 49 mm, and 1 of 50 mm, with 2 of the larger subranges at the upper and
lower ends of the range. For the 1330 females, the absolute stature range of 1426 to 1838
mm gave a spread of 413 mm. This was divided into 8 subranges of 41 mm and 1 each
of 42 mm and 43 mm placed at the range extremities. Table 3 provides, for both sexes,
the dimensions of each of the 10 subranges, the mean stature of the subsample in it, and
the subsample size.

For each individual in each subrange, his or her measured stature was subtracted from
the stature he or she reported. The mean value of these differences was calculated for
each of the subranges. These data are also included in Table 3. For both sexes, all but
one of these means were positive, meaning that, except for the tallest female subrange,
reported stature exceeded measured stature. A close examination of the subrange for
the tallest women shows that, in this small subsample of 8, 7 women in fact estimated
their stature to the closest inch, and the eighth overestimated her stature by % in.
(19 mm). Conversion of the estimated stature data from inches to millimetres and the
fact that the closest inch was in some cases less than the measured stature in millimetres
led to the mean underreporting of 1 mm. Despite this minute technical underreporting,
it is clear that in this sample the tallest women accurately report their stature rather than
systematically underreport it.

In Figs. 2 and 3, additional analytical results are graphically portrayed. Because the
ten subranges for measured stature were close to being of equal size, their limits form a
diagonal band with subparallel borders whose lower left limit represents the shortest
person and whose upper right limit represents the tallest. Within the band, the line
representing the mean value of measured stature varies its relative position somewhat,
since particularly at the ends of the range the subrange mean is significantly different
from the subrange midpoint. The line representing the subrange mean values of reported
stature lies entirely above the line representing measured mean value. The two lines
would cross at some point if it were true that tall people believed they are shorter than
they are. Finally, the widely separated irregular lines representing the range of reported
stature within each subrange of measured stature indicate that some people’s perceptions
of their own stature are grossly defective.

Correlation Analysis

Himes and Roche [3] noted that the somewhat unfamiliar intraclass coefficient of cor-
relation () is a better statistic with which to assess the similarity between reported and
measured stature than the standard or product-moment coefficient of correlation (r).
Haggard [40] points out that the development of the intraclass coefficient of correlation
can be traced back to the examination of fraternal resemblance around the turn of the
century. (Of interest to physical anthropologists is Franz Boas’s [4] similar but inde-
pendent idea back in 1916.) Investigators of samples made up of pairs of brothers were
not concerned with the correlation between the taller and shorter brothers, but between
stature of brothers in general. If each pair of brothers is thought of as a class, then, as
Haggard puts it, “the coefficient of intraclass correlation is the measure of the relative
homogeneity of the scores within the classes in relation to the total variation among all
the scores” (Ref 40, p. 6). In this paper looking at reported and measured stature, each
person, with his or her two scores, becomes a class.
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A hypothetical example provided by Haggard [40] may make the difference between
r and r; clear:

A
Classes (for example, B
persons) x,y ) Sum x,y Sum
a 1,1 2 1,5 6
b 2,2 4 2,4 6
c 33 6 33 6
d 4,4 8 4,2 6
e 5,5 10 5,1 6
Total 15,15 30 15,15 30

In both A and B the values for r and r; are the same, +1.00 in A and —1.00 in B.
Computing r involves looking at the columns, where the identity of the pairs of scores
going from 1,1 to 5,5 is apparent in A, while in B the pairs of scores are completely
reversed.

In the computation of r;, however, the data are viewed in terms of the scores along
the rows, that is, classes. In A there is no variation between the pairs of scores in any
row; all the variation is between the rows. Thus r, = 1.00. In B the situation is just the
opposite; all the variation is within the rows; there is none between rows and consequently
r; = —1.00. Blalock [42] discusses the relationship of intraclass correlation to other
measures of association such as analysis of variance and provides the computational details
used in this analysis.

The intraclass coefficients of correlation calculated for the self-reported and measured
U.S. Army data have very high positive values, indicating that almost all variability lies
in differences between persons, very little lies in variability within individuals, a finding
similar to that of Himes and Roche [3]. The values of the product-moment coefficient
of correlation (r) were high for the total samples of both sexes—0.941 for males and
0.964 for females—but the r, values for the total male sample, as well as the total female
sample, exceeded 0.999. Subrange r; values given in Table 3 are rounded to 3 decimal
places.

Discussion and Conclusions

The analysis of the 8000 U.S. Army personnel and the review of previous studies of
reported and measured stature can be used as a framework for the use of reported stature
in forensic science applications. It must be understood that the following conclusions
represent mean, or expected, outcomes: an individual may well report his or her stature
quite at variance with population averages. Nevertheless, as in many other arenas, in
the absence of explicit individualized knowledge of a particular case, the expectations
for a hypothetical average man or woman can be useful.

Accuracy of Measured Stature— A number of factors, including time of day, measure-
ment technique, and variation among individual measurers, combine to make measured
stature in adults something less than invariant and a probable contributor to differences
between measured and self-reported stature.

Interrelationship of Reported and Measured Stature— The intraclass coefficients of cor-
relation calculated for the U.S. Army data demonstrate a very high level of correlation
between a person’s stature and what he or she reports it to be.



778 JOURNAL OF FORENSIC SCIENCES

Magnitude of Overreporting—On the average, over the entire stature range, men
overreport their stature by approximately 2.5 cm (1 in.); women overreport by approx-
imately 1 cm (% in.).

These results, based on a U.S. Army sample larger than those used in the six studies
mentioned earlier combined, are not substantially out of line with the results of four of
those studies; the exceptions are those of Schlichting et al. [34], where the data as
presented do not allow such an assessment, and those of Pirie et al. [30]. The latter study
reports only slight overreporting by men [0.56 cm (0.2 in.)] and, surprisingly, found
underreporting by women [—0.71 cm (—0.28 in.)]. Possibly the fact that stature was
obtained on the second of two medical screening visits [37] heightened self-awareness in
the study participants, but, at best, that seems only a partial explanation for results that
clearly depart from those of most other studies, including this one. As far off in the other
direction for women is the study by Clauser et al. [32] of U.S. Air Force personnel,
where overreporting averaged 2.5 cm (1 in.).

That females, on the average and to a significant degree, more accurately report their
stature than males is substantiated by four studies reporting male and female data sep-
arately [2,24-26]. The data of Schlichting et al. [34] do not permit a straightforward
determination, and, in effect, Pirie et al. [30] and Wing et al. [43] (in a quite small sample)
did not find a gender difference in stature reporting accuracy.

Effect of Age—Men age 45 to 54 may be expected to overreport their stature by
approximately 0.25 cm (Y% in.), men 55 to 64 by 0.6 cm (% in.), and men 65 to 74 by
1.25 cm (% in.) in addition to the overreporting otherwise expected. Women age 45 to
54 may be expected to overreport their stature by approximately 0.5 cm (% in.), women
55 to 64 by 1.2 cm (% in.), and women 65 to 74 by 2.5 cm (1 in.) in addition to the
overreporting otherwise expected.

Effect of Differences in Stature—Men up to about 185 cm (73 in.) overreport their
stature by about-2.8 cm (1% in.), between about 185 and 190 cm (73 to 75 in.) by about
2.25 cm (%5 in.), between about 190 and 195 cm (75 to 76% in.) by about 1.6 cm (% in.),
and those taller than about 195 cm (76% in.) by about 0.9 cm (% in.). Overreporting by
women is much less, averaging about 1 cm (% in.) up to a stature of about 180 cm (70%
in.). Even taller women are likely to report their stature quite accurately.

These estimates, based upon a sample of 8000 U.S. Army personnel, do not bring into
question the accuracy of studies of other samples previously published and discussed
above. Nevertheless, because of the impressive disagreement among these studies, and
because of several possible advantages of the U.S. Army sample data, the latter deserve
to be taken seriously when the issue of the effect of stature variation on the accuracy of
self-reported stature is a question in an American, or perhaps other, context.

Acknowledgments

We wish to thank the Department of Anthropology, University of Illinois at Urbana—
Champaign, for the purchase of data tapes; Alistair W. Stewart, University of Auckland;
Jonathan S. Friedlaender, Temple University; Martha G. Cline, University of Arizona;
John H. Himes, University of Minnesota; Linda L. Klepinger and R. Barry Lewis,
University of Illinois at Urbana—Champaign; and, especially, Claire C. Gordon and her
colleagues in applied physical anthropology, past and present, at the U.S. Army Natick
Research, Development and Engineering Center, Natick, Massachusetts.



GILES AND HUTCHINSON » SELF-REPORTED STATURE BIAS 779

References

[1] Willey, P. and Falsetti, T., “The Inaccuracy of Height and Weight Information on Driver
Licenses,” presented at the 39th Annual Meeting of the American Academy of Forensic Sci-
ences, San Diego, CA, 16-21 Feb. 1987.

[2] Willey, P. and Falsetti, T., “The Inaccuracy of Stature Reported on Driver Licenses,” presented
at the 42nd Annual Meeting of the American Academy of Forensic Sciences, Cincinnati, OH,
19-24 Feb. 1990.

[3] Himes, J. H. and Roche, A. F., “Reported Versus Measured Adult Statures,” American Journal
of Physical Anthropology, Vol. 58, No. 3, July 1982, pp. 335-341.

[4] Rowland, M. L., “Reporting Bias in Height and Weight Data,” Statistical Bulletin, Vol. 70,
No. 2, April-June 1989, pp. 2-11.

[5] Backman, G., “Kérperlinge und Tageszeit,” Upsala Likareférenings Forhandlingar, Vol. 29
(n.s.), Nos. 3/4, 1924, pp. 255-282.

[6] Damon, A., “Notes on Anthropometric Technique: I. Stature Against a Wall and Standing
Free,” American Journal of Physical Anthropology, Vol. 22, No. 1, March 1964, pp. 73-77.

[7] Najjar, M. F. and Rowland, M., “Anthropometric Reference Data and Prevalence of Over-
weight: United States, 1976-80,” Vital and Health Statistics, Series 11, No. 238, DHHS Pub.
No. (PHS) 87-1688, U.S. Public Health Service, Washington, DC, Oct. 1987.

[8] Abraham, S., Johnson, C. L., and Najjar, M. F., “Weight and Height of Adults 18-74 Years
of Age: United States, 1971-74,” Vital and Health Statistics, Series 11, No. 211, DHEW Pub.
No. (PHS) 79-1659, U.S. Public Heaith Service, Washington, DC, May 1979.

[9] Bennett, K. A. and Osborne, R. H., “Interobserver Measurement Reliability in Anthropo-
metry,” Human Biology, Vol. 58, No. 5, Oct. 1986, pp. 751-759.

[10] Steggerda, M., “Anthropometry of the Living: A Study on Checking of Techniques,” An-
thropological Briefs, No. 2, Aug. 1942, pp. 7-15.

[11] Snow, C. C. and Williams, J., “Variation in Premortem Statural Measurements Compared to
Statural Estimates of Skeletal Remains,” Journal of Forensic Sciences, Vol. 16, No. 4, Oct.
1971, pp. 455-463.

[12] Beggy, C., “Armed Robber Flees After Sentencing,” The Boston Globe, 23 May 1986.

[13] Lipscomb, F. M. and Parnell, R. W., “The Physique of Chelsea Pensioners,” Journal of the
Royal Army Medical Corps, Vol. 100, No. 4, Oct. 1954, pp. 247-255.

[14] Damon, A. and Stoudt, H. W_, “The Functional Anthropometry of Old Men,” Human Factors,
Vol. 5, No. 5, Oct. 1963, pp. 485-491.

[15] Friedlaender, J. S., Costa, P. T., Jr., Bosse, R., Ellis, E., Rhoads, J. G., and Stoudt, H. W_,
“Longitudinal Physique Changes Among Healthy White Veterans at Boston,” Human Biology,
Vol. 49, No. 4, Dec. 1977, pp. 541-558.

[16] Galloway, A., “Estimating Actual Height in the Older Individual,” Journal of Forensic Sciences,
Vol. 33, No. 1, Jan. 1988, pp. 126—-136.

[17] Borkan, G. A., Hults, D. E., and Glynn, R. J., “Role of Longitudinal Change and Secular
Trend in Age Differences in Male Body Dimensions.” Human Biology, Vol. 55, No. 3, Sept.
1983, pp. 629-641.

[18] Cline, M. G., Meredith, K. E., Boyer, J. T., and Burrows, B., “Decline of Height with Age
in Adults in a General Population Sample: Estimating Maximum Height and Distinguishing
Birth Cohort Effects from Actual Loss of Stature with Aging,” Human Biology, Vol. 61, No.
3, June 1989, pp. 415-425.

[19] Borkan, G. A. and Norris, A. H., “Fat Redistribution and the Changing Body Dimensions of
the Adult Male,” Human Biology, Vol. 49, No. 3, Sept. 1977, pp. 495-514.

[20] Miall, W. E., Ashcroft, M. T., Lovell, H. G., and Moore, F., ‘“A Longitudinal Study of the
Decline of Adult Height with Age in Two Welsh Communities,” Human Biology, Vol. 39,
No. 4, Dec. 1967, pp. 445-454.

[21] Forsdahl, A. and Waaler, H. T., “Hgydeforandringer i Relasjon til Alder,” Tidsskrift for den
Norske Lageforening, Vol. 96, No. 4, 10 Feb. 1976, pp. 211-215.

[22] Noppa, H., Andersson, M., Bengtsson, C., Bruce, A., and Isaksson, B., “Longitudinal Studies
of Anthropometric Data and Body Composition: The Population Study of Women in Géteborg,
Sweden,” American Journal of Clinical Nutrition, Vol. 33, No. 1, Jan. 1980, pp. 155-162.

[23] Chumlea, W. C., Garry, P.J., Hunt, W. C., and Rhyne, R. L., “Distributions of Serial Changes
in Stature and Weight in a Healthy Elderly Population,” Human Biology, Vol. 60, No. 6, Dec.
1988, pp. 917-925.

[24] Stewart, A. W.,Jackson, R. T., Ford, M. A., and Beaglehole, R., “Underestimation of Relative
Weight by Use of Self-Reported Height and Weight,” American Journal of Epidemiology, Vol.
125, No. 1, Jan. 1987, pp. 122-126.



780 JOURNAL OF FORENSIC SCIENCES

[25] Palta, M., Prineas, R. J., Berman, R., and Hannan, P., “Comparison of Self-Reported and
Measured Height and Weight,” American Journal of Epidemiology, Vol. 115, No. 2, Feb.
1982, pp. 223-230.

[26] Stewart, A. L., “The Reliability and Validity of Self-Reported Weight and Height,” Journal
of Chronic Diseases, Vol. 35, No. 4, 1982, pp. 295-309.

[27] Rose, G. A., Blackburn, H., Gillum, R. F., and Prineas, R. J., Cardiovascular Survey Methods,
2d ed., WHO Monograph Series No. 56, World Health Organization, Geneva, Switzerland,
1982, p. 86. :

[28] Stunkard, A. J. and Albaum, J. M., “The Accuracy of Self-Reported Weights,” American
Journal of Clinical Nutrition, Vol. 34, No. 8, Aug. 1981, pp. 1593-1599.

[29] Jalkanen, L., Tuomilehto, J., Tanskanen, A., and Puska, P., “Accuracy of Self-Reported Body
Weight Compared to Measured Body Weight,” Scandinavian Journal of Social Medicine, Vol.
15, 1987, pp. 191-198.

[30] Pirie, P., Jacobs, D., Jeffery, R., and Hannan, P., “Distortion in Self-Reported Height and
Weight Data,” Journal of the American Dietetic Association, Vol. 78, No. 6, June 1981, pp.
601-606.

[371 Lipid Research Clinics Program Epidemiology Committee, “Plasma Lipid Distributions in
Selected North American Populations: The Lipid Research Clinics Program Prevalence Study,”
Circulation, Vol. 60, No. 2, Aug. 1979, pp. 427-439.

[32] Clauser, C. E., Tucker, P. E., McConville, J. T., Churchill, E., Laubach, L. L., and Reardon,
J. A., “Anthropometry of Air Force Women—1968,” Aerospace Medical Research Laboratory
Technical Manual AMRL-TR-70-5, Wright-Patterson Air Force Base, OH, April 1972,

[33] Boldsen, J., Mascie-Taylor, C. G. N., and Madsen, B., “Analysis of Repeated Reported Adult
Statures,” American Journal of Physical Anthropology, Vol. 69, No. 4, April 1986, pp. 537-
540.

[34] Schlichting, P., Hgilund-Carlsen, P. F., and Quaade, F., “Comparison of Self-Reported Height
and Weight with Controlled Height and Weight in Women and Men,” International Journal
of Obesity, Vol. 5, No. 1, 1981, pp. 67-76.

[35] Bouchalova, M., Bystry, J., Horalkové, E., and Omelka, F., “Reported and Measured Stature
of Parents in a Correlation Study with the Children’s Height,”” Human Growth and Physical
Development, M. Dokladal, Ed., J. E. Purkyné University, Brno, Czechoslovakia, 1976, pp.
59-72.

[36] White, R. M. and Churchill, E., “The Body Size of Soldiers: U.S. Army Anthropometry—
1966,” Technical Report 72-51-CE, U.S. Army Natick Laboratories, Natick, MA, Dec. 1971.

[37] Laubach, L. L., McConville, J. T., Churchill, E., and White, R. M., “Anthropometry of
Women of the U.S. Army—1977: Report No. 1—Methodology and Survey Plan,” Technical
Report NATICK/TR-77/021, U.S. Army Natick Research and Development Command, Natick,
MA, June 1977.

[38] Churchill, E., Churchill, T., McConville, J. T., and White, R. M., “Anthropometry of Women
of the U.S. Army—1977: Report No. 2—The Basic Univariate Statistics,” Technical Report
NATICK/TR-77/024, U.S. Army Natick Research and Development Command, Natick, MA,
June 1977.

[39] Gordon, C. C., Churchill, T., Clauser, C. E., Bradtmiller, B., McConville, J. T., Tebbetts,
I., and Walker, R. A., “1988 Anthropometric Survey of U.S. Army Personnel: Summary
Statistics Interim Report,” Technical Report NATICK/TR-89/027, U.S. Army Natick Research,
Development and Engineering Center, Natick, MA, March 1989.

[40] Haggard, E. A., Intraclass Correlation and the Analysis of Variance, Dryden Press, New York,
1958.

[47] Boas, F., “On the Variety of Lines of Descent Represented in a Population,” American
Anthropologist, Vol. 18, No. 1, Jan./March 1916, pp. 1-9.

[42] Blalock, H. M., Jr., Social Statistics, rev. 2nd ed., McGraw-Hill, New York, 1979.

[43] Wing, R. R., Epstein, L. H., Ossip, D. J., and LaPorte, R. E., “Reliability and Validity of
Self-Report and Observers’ Estimates of Relative Weight,” Addictive Behaviors, Vol. 4, No.
2, 1979, pp. 133-140.

Address requests for reprints or additional information to
Eugene Giles, Ph.D.

Department of Anthropology

109 Davenport Hall

University of Illinois at Urbana—Champaign

607 South Mathews

Urbana, IL 61801





