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ABSTRACT: Forensic anthropologists commonly use simple linear regression to estimate the 
value of a dependent variable, such as stature, for a single specimen where the value of the inde- 
pendent variable, such as humerus length, is known. Published studies providing regression 
equations for such use almost invariably include the standard error of estimate. Unfortunately, it 
is exceptional for forensic anthropologists to use the standard error to calculate correctly the 
confidence limits for their single predicted value. We attempt to show why this may be and pro- 
vide explicit guidelines for the proper construction of confidence intervals in such circumstances. 
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Linear  regression is widely used in forensic anthropology to provide an est imate of a mea- 
surement ,  or variable,  unob ta inab le  directly. Linear  regression formulas  have been em- 
ployed in es t imat ing age at  death,  but  perhaps  the most common usage is the de terminat ion  
of the living s tature  of an individual now represented by one or more long bones.  Such for- 
mulas take the form Y = a + b X ,  where X is the long-bone measurement ,  or the indepen- 
dent  variable, and  Y is stature,  or the dependent  variable (dependent  because its relation- 
ship to the long-bone lengths is what  is to be determined,  thus  the regression of Y on X, 
which is not the same as the regression of X on Y). The intercept  and the slope of the regres- 
sion line (a and  b, respectively) are determined by the method known as least squares.  Pub- 
lished regression formulas  almost invariably include a plus-minus n u m b e r  known as the  
sample s tandard  error of estimate.  This statistic is no more than  simply the square root of 
the average of the squared  errors (error be ing  defined as the observed value minus  the pre- 
dicted value) for the sample.  (Technically, an  unbiased  est imate requires the average to be 
the  result  of d~viding by the  sample  size N -- 2 ra ther  than  N.) 

Recently, the forensic science communi ty  has  shown concern over uncrit ical use of statis- 
tics, not only in forensic anthropology [1,2] but  more generally. Zerr  [31 and  Aitken [4] have 
examined the  use of regression analysis, the  latter not ing tha t  generally in the measurement  
of variation,  " too often have I seen, for example,  confidence intervals wrongly constructed or 
wrongly in te rpre ted"  [4]. 

In forensic anthropology,  the mis interpreta t ion of confidence intervals for individual esti- 
mates  based  on regression equat ions may be t raceable to an  article by Professor Edward 
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Keen [5], a surgeon, on stature estimation. Keen stated that "the error in using regression 
formulae for reconstruction of stature from long bones is statistically expressed as the 'stan- 
dard error of the estimate. '  This is the measurement  of the error likely to be made in recon- 
structing the stature of an individual known to belong to a population similar to that from 
which the regression formula was calculated" [5]. His example was that if an individual's 
stature had been estimated as 180 cm from a known femur length, and the standard error 
(SE) of estimate was -4-3.2 cm, then an interval of -4-2 SE around the estimate (that is, 173.6 
to 186.4 cm) would not include the correct stature only 1 out of 22 times by chance. Now, if 
both variables (stature and femur length) are normally distributed, we can say that  our er- 
rors should not exceed --+6.4 cm (-4-2 SE) more than 1 out of 22 times, or approximately 5% 
of the time. Unfortunately, we cannot say this, as Keen did, for a single, specific predicted 
value for stature, but  only as a general proposition if the method of prediction is applied a 
great number of times to normally distributed data. For a single predicted value, a modified 
standard error, described below, must be calculated. 

Regrettably, the example which displayed Keen's misunderstanding of this particular use 
of the standard error of estimate was picked up in its entirety in the first American text on 
forensic anthropology, Professor Wilton Krogman's  The Human Skeleton in Forensic Medi- 
cine [6]. Krogman's  well-earned authority in forensic anthropology undoubtedly gave credi- 
bility and widespread dissemination to Keen's statistical misstep. Krogman's  reprinting of 
Keen's example was further flawed by a typo not in the original (limits of -t-3 SE exclude 3 of 
1000 cases, not 1 of 1000). Unfortunately, both the erroneous example and the typo are 
included in the second edition [7]. 

The standard error of the estimate is a measure of how much the individual observations 
of the original data base vary from the regression line. But in forensic anthropology it is more 
appropriate to determine the confidence interval for a single predicted value of the depen- 
dent variable. As it turns out, confidence intervals for predictions from regression equations 
are not parallel bands on either side of the regression line, but are the arms of a hyperbola 
(Fig. 1). The point at which the arms are closest together is the mean of the X values; the 
further the observed individual X is from the mean, the greater the confidence interval for 
the predicted Y value. This arrangement is quite understandable, since to make these esti- 
mates in the first place it is assumed that the distributions of X and Y are bivariate normal 
or approach it. Clearly then, the security of the prediction is greater near the mean value of 
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FIG. 1--Conftdence intervals for single predicted value of Y for given X. 
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the distribution, and less at either end. Properly constructed confidence intervals should 
reflect this. 

The paper by Maples and Rice [8] is one of the few by forensic anthropologists to recognize 
and discuss the nonlinear nature of the confidence interval band for predicted values from 
regression equations. The authors cite Blalock [9], a standard social science statistics text, in 
noting that "computat ions are tedious and rarely used." What Maples and Rice are inter- 
ested in, and what Blalock finds tedious, however, is plotting the entire confidence interval 
band for a regression line as shown in Fig. 1. Fortunately, there is no need to do this exten- 
sive computation when one is concerned with a confidence interval for a single predicted 
value of X, rather than for a/ /values,  that is, a band. 

The method for obtaining confidence intervals for a single predicted value of Y obtained 
from a known X by simple linear regression is presented in many statistics texts [10-12], but  
the format found in the lucid presentation of regression analysis, particularly appropriate for 
physical anthropologists, by Simpson, Roe, and Lewontin [13] is used here. If Yxo is the 
predicted value of Y for a given X0, then the confidence interval for Yxo is 

/ 1 + (X0 -- 2 )  2 
Yxo +-- tsrx 1 q- --~ (N -- 1)s x 

where 

srx = sample standard error of estimate for the regression of Y on X, 
X0 = known individual X, 
~" = mean of the sample values of X, 
2 = variance of the sample values of X, S X 

N = sample size, and 
t = t-distribution value at the desired probability level with N -- 2 degrees of freedom. 

Data from a paper by Snow and Luke [14] (reprinted in Ref 15) can be used to illustrate 
the proper construction of confidence intervals for a single predicted value. Snow and Luke 
were faced with the problem of estimating the stature of a white female for whose humerus 
and femur they could obtain maximum length measurements.  To use the humerus, they 
selected from the stature-on-length-of-long-bone regression formulas published by Trotter 
and Gleser [16.17] the one for white females, Y = 3.36X + 57.97, where Y = stature and 
X = humerus length, and entered their value for X, 19.8 cm. This yields a predicted stature 
Y of 124.5 cm. Trotter and Gleser's papers provide the necessary information for the calcu- 
lation of the confidence interval for a single estimate: for the white female sample N = 63, 
the mean humerus length is 30.43 cm with a standard deviation of 1.728 cm, and the stan- 
dard error of estimate for the regression is -t-4.45 cm. Entering these figures in the formula 
given above for confidence intervals, and choosing the 95% level of confidence, t 97s, in a t- 
distribution table at 61 degrees of freedom, we have 

•/ 1 (19.8 -- 30.43) z 
124.5 "+" (2.00)(4.45) 1 + 63 + (63 -- 1)(1.728) 2 

124.5 -F (8.9)~1.016 + (112.997/185.131) 

124.5 + ( 8 . 9 ) q l . 6 2 6  

124.5 +__ 11.349 
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The confidence interval of ___ 11.35 cm is approximately  2 in. (5 cm) larger than  the ___8.9- 
cm interval (which is twice the  publ i shed  value of the s tandard  error  of estimate) offered by 
Snow and  Luke. The difference does not  affect Snow and  Luke 's  conclusions in this case, bu t  
it does i l lustrate t ha t  toward the extremes of the  distr ibut ion,  confidence intervals calculated 
correctly are going to be larger than  the ones customari ly cited by forensic anthropologists .  

Fortunately,  since they are so widely used, the regression formulas  of Trot ter  and  Gleser  
were publ ished with the necessary data  to calculate confidence intervals: s t andard  error  of 
estimate,  mean  and  s tandard  deviation of the independen t  variable,  and  the sample size. 
Not all researchers  have done so in the past,  for example,  Ref 18, bu t  such informat ion 
should be included in fu ture  publ icat ions  involving the predictive use of l inear regression. 
The calculat ion of correct confidence intervals is not a t i resome procedure with even simple 
modern calculators.  Wi th  the expanding  use among forensic anthropologists  of da ta  disks 
for personal computers  [19], including on them the equat ion to calculate confidence inter- 
vals for single predicted values f rom regression formulas  could make its computa t ion  truly 
routine.  The correct  de te rmina t ion  of confidence intervals is especially impor tan t  in increas- 
ing the power of expert  tes t imony offered in the courtroom. 
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