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SUMMARY

A two-phase approach using factor analysis and stepwise regression was used to identify the most
important subset of anthropometric variables from the 1%7 survey of USAF flying personnel. Factor
analysis by groups was used initially to identify a subset of variables which explain the most variation
within the population. Factors identified in the initial analysis were subsequently varimax rotated.
Of 185 variables, 32 were selected in this way. In phase 2, stepwist regression is used to regress the
remain-ing variables on the set identified in phase 1. In this way, the variables not selected as most
important can be predicted based on the selected subset. The necessary prediction equations, as well as
quality of fit indicators, are given. In all, 32 variables am identified as being the most useful subset for
explaining the total variance of 0 185 variables. This represents a significant reduction in the amount
of data which must be collected during an anthropometric survey.

The work was performed under Naval Air Development Center Program Element 62757N/F55-
525/WF55-525-OOO/ZH302.
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INTRODUCTION

This study was based on anthropometric measurements of 185 variables performed on a group of
2,420 U.S. Air Force personnel (Clauser, Alexander, and Kennedy; 1967).1 The objective was to
extract from these 185 variables a more limited set that can collectively account for most or all of the
remaining variables. These "more important" variables can be used, cost effectively, to predict and
quantify those not measured in future investigations. Since the data collection was performed on pre-
selected Air Force personnel, the data can be regarded only as representing a U.S. male military
population.

This work was performed under Naval Air Development Center Program Element 62757N/F55-
525/WF55-525-000/ZH302.

METHOD

In the survey by Clauser, Alexander, and Kennedy, (1967), 204 anthropometric attributes were
selected and measured on 2,420 male subjects. In this study, 185 variables were retained and further
studied for the sake of homogeneity within each set of variables. The appendix contains abbreviated
titles of the variables by variable numbers. Throughout this report, variable numbers will be used to
provide for tabulation of results.

As the first step in this study, all the variables measuring the same bodily attribute or belonging
to the same body organ were identified and collected in groups signifying that attribute or organ. For
instance, all skinfold measurement variables and all head measurement variables were separated from
the reamining variables and were given appropriately-designated group labels.

The next step consisted of separate factor analysis by groups on each individual set of variables.
The goal was to ascertain whether or not some underlying pattern of relationship exists so that the data
could be "reduced" to a smaller set of factors or components and used as source variables for the
observed interrelationships in the data. The factors clearly indicate the apparent "dimension" within
the particular set of anthropometric variables, thus enabling the analyst to determine how many of the
variables in that set possess the quality reflecting the dimension, how many do not, and which therefore
are unique.

1Clauser, C. E., M. Alexander, K. W. Kennedy (1967). "USAF Anthropometry of Flying Personnel - 1967,"
Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base, Ohio.
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The loadings of variables upon the factors are considered correlations between that variable and
the factors and the factors and the square of these correlations are indications of the variance of each
variable that is explained by the particular factor. Therefore, if many variables load rather heavily on
one factor (have high correlations with that factor), it seemed reasonable to select from these variables
the one with the highest correlation with the factor and to eliminate the rest. The same method of data
reduction was followed for the remaining sets of variables. Exactly the same number of variables was
retained as the number of factors for all groups combined.

To provide the user with a means of predicting the "less important" variables from the selected
ones, stepwise regression analysis was performed on every group. The regression coefficients and the
squared multiple correlations (R2 values) were recorded as an indication of the amount of variance of
the dependent variable explained collectively by all independent variables already existing in the re-
gression model.

DISCUSSION

Initially, the 185 variables in this study were grouped into ten groups of variables each representing
the body organ to which the variables belonged or the body dimension the variables were measuring.
These groups were labeled as shown in the following table:

Group Name Number of Variables

Skinfold - V2 through Vii 10
Height - V13 through V38 26
Length - V39 through V49 11
Breadth - V50 through V64 15
Circumference - V66 through V75 and V96 through V112 27
Scrotale - V76 through V95 20
Miscellaneous - V113 through V1 24 12
Foot - V125 through V133 9
Hand - V134 through V140 7

Head - V141 through V188 48

Total 185

The Statistical Analysis System (SAS) programming package was used to perform a separate factor
analysis on each group.

The factor procedure, based upon the 2,420 observations, computed the simple statistics (such as
the means and the standard deviations) and then, as the first step in factor analysis, generated the
appropriate measures of association for each set of variables-the product-moment correlation coefficients.
The second step in factor analysis consisted of extracting initial factors; this involved construction of a
set of new variables based on the interrelations exhibited in the data. The option chosen here defined
the new variables as exact linear transformations of the original data. This approach is also referred to
as principle-component analysis. These principle components are actually linear combinations of variables
within each group. The first principle component accounts for more of the variance in the data as a
whole than any other linear combination of variables. The second component accounts for the most
residual variance in the data between components which are orthogonal (uncorrelated) to each other.
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As the final step in factor analysis, varimax orthogonal rotational was specified to arrive at the
terminal solution and to achieve simpler and theoretically more meaningful factor pattern matrices
(Kaiser, 1959).2 In a rotated orthogonal factor matrix, the loadings or numbers in a row represent
regression coefficients of factors to describe a given variable. They also represent the correlation between
the factors and the variables. By using the default option, one was specified as the smallest admissible
value for an eigenvalue; therefore, any factor having an eigenvalue less than one was not further rotated.

Later, in each group the factor pattern matrices were closely examined and the one variable in
each factor with the highest weight or correlation was considered as the best representative of the under-
lying pattern or dimension expressed by that particular factor. Thus, a total of 32 variables were chosen
as the independent variables to be used in the second phase of the study. For this phase of the report,
separate regression analysis was performed on the variables chosen earlier as the independent variables
and on the remaining ones as the dependent variables in every group. This was done so that the user
could predict the "less important" variables if he desired not to measure them directly.

At each step, stepwise regression computes, among other things, the squared multiple correlation
(R2) between the predicted and the predictor variables, the ANOVA table consisting of the regression,
error, and the total sum of squares (SS) and the mean squares (MS), the F value (MSregress/MSerror),
and finally the "regression table" for the variables in the model at that step. The "regression table"
contains the regression coefficient of the independent variables together with the value for the intercept
so that an equation can be written at each step to quantify the dependent variable. Given a dependent
variable and a collection of independent variables, a maximum R2 improvement technique was specified
to be applied on the data. This technique does not settle on a single model. Instead, it looks for
the "best" variable model (one, two, or more), with "best" meaning that particular model that
produces the highest R2 statistics. When the first variable is thus chosen, the second candidate is
added to the model if and only if it would yield the greatest increase in R2 . Once a two-variable
model is established, comparisons are then made between each of the variables in the model and
each variable not in the model to ascertain whether or not, for each comparison, the removal of
the variable in the model and its replacement with the presently excluded variable would increase R2 .
After all the possible comparisons are made, the switch which brings about the largest increase in R2 is
made. This same process is then repeated many times until the procedure finds that no switch could
increase R2 . This model is therefore considered as the "best" two-variable model the technique can find.
This process of comparing-and-switching is again performed on the next variable until the "best" three-
variable model is discovered, etc.

As mentioned earlier, the value of the square of the multiple correlation coefficient R2 multiplied
by 100.0 represents the percentage of the variance of the dependent variable explained collectively by
the independent variables in the model. Obviously, the resulting product indicates the degree of the
validity of the prediction.

Tables 1 through 10 provide quick summaries of the steps followed for each set of variables in-
volved. Each table can be divided into two parts. The first part establishes the results obtained using
the factor analysis and the second part gives the results using the regression analysis. The rotated factor
loadings of the variables are listed under headings Factor 1, Factor 2, etc. Each underlined variable at
the top of a table represents the variable with the highest loading on a particular factor and thus is used
later as an independent variable. The commonalities of the variables are also listed in a special column.

2Kaiser, H. F. Computer Program for Varimax Rotation in Factor Analysis Educational and Psychological Measure-
ment, Vol. 19, 1959, pp. 413-420.
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Using the independent variables selected in the first phase of the study, the intercept and the
regression coefficients of the remaining variables on the independent variables are also listed under the
appropriate column heading; therefore, a separate regression equation can be written for each dependent
variable. The values of R2 and the standard error of estimate for all the dependent variables are also
included in separate columns. For example, consider the hand measurement group consisting of the
following variables:

V134 - Hand length

V135 - Palm length

V136 -- Hand breadth/metacarpal

V137 - Hand breadth at thumb

V138 - Hand circumference/metacarpal

V139 - Hand circumference round thumb

V140 Hand thickness/meta-3

The rotated factor pattern matrix for the above variables are as follows:

Factor 1 Factor 2

V134 0.28560 -0.89806

V135 0.14068 -0.93385

V136 0.80237 -0.36168

V137 0.74305 -0.45101

V138 0.84407 -0.35404

V139 0.82399 -0.39786

V140 0.67524 +0.09712

Based on the loadings of the variables on the two factors above, V135 and V138 were selected to
be used as the independent variables to predict and quantify the remaining dependent variables in that
group. The list of regression equations of the dependent variables on V135 and V138 together with
their squared multiple correlation (R2 ) values follow:

V134 = 24.59772 + 1.13272 V135 + .20332 V138, R' = .75756
V136 - 7.42437 + .07270 V135 +.34205 V138, R2  .66716

V137= 0.65982 + .20957 V135 +.32279 V138, R2 =.54137

V139 = 35.23607 + .22556 V135 + .91804 V138, R2 = .72097
V140 = 7.99777 - .00697 V135 + .09471 V138, R2 = .17394

RESULTS

Tables 1 through 10 give the results of the factor analysis and regression phases of the study, as
exemplified previously, for each of the ten groups of variables. An asterisk (*) is used to indicate those
variables selected as most useful in explaining the variation of all variables in that group. These variables
were then used to predict the remaining variables in each group. The coefficients in the prediction
equations are also given, as indicated in the example above.
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In all, 32 variables are identified as being the most useful subset for explaining the total variance
of all 185 variables. This represents a significant data reduction. However, it is cautioned that it is not
likely that this same subset will be identified if any data reduction criterion other than the one defined
here is employed.
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APPENDIX

LIST OF ANTHROPOMETRIC VARIABLES
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Variable No. Variable Title Variable No. Variable Title

1 AGE 61 KNEE BR*DTH BONE/L
2 WEIGHT 62 CHEST DEPTH
3 SKF SUBSCAPtR-LNGE 63 WAIST DEPTH-OMPH4N
4 SKF TRICEPS-LANGE 64 BUTTOCK DEPTH
5 SKF JUX:NIPPLE-LGE 65 THIGH CLEARANCE HT
6 SKF MAL XIPH3D-LGE 66 NECK CIRC -MAXIMUM
7 SKF SUPRAILIAC-LGE 67 SHOULDER CIRCUMOCE
8 SKF SUPRAPATELLA-L 68 CHEST CIRC AT SCYE
9 SKF SUBSCAP*R-HARP 69 CHEST CIRCUMF*ENCE

10 SKF TRICEPS-HARP;N 70 WAIST CIR-OMPHAL#N
11 SKF SUPRAILIAC-HPN 71 WAIST CIR-OMPH/SIT
12 GRIP STRENGTH 72 BUTTOCK CIRCUMF*CE
13 HEIGHT (STATURE) 73 BUTTOCK CIRCUM/SIT
14 CERVICALE HEIGHT 74 VERTICAL TRUNK CIR
15 ACROMION HEIGHT 75 VERT TRUNK CIR/SIT
16 RADIALE HEIGHT 76 SCROTALE-ANT WAIST
17 STYLION HEIGHT 77 SCROTALE-A WAIST/S
18 DACTYLION HEIGHT 78 SCRTL-SUPRASTERNLE
19 SUPRASTERNALE HGHT 79 SCRTL-SUPRSTRNLE/S
20 NIPPLE HEIGHT 80 SCRTL-ANT SCYE LVL
21 WAIST HT-OMPHALION 81 SCRTL-ANT SCYE L/S
22 ILIOCRISTALE HT 82 SCRTL-A MIDSHOULDR
23 BUTTOCK HEIGHT 83 SCRTL-A MDSHLDR/S
24 TROCHANTERION HGHT 84 SCROTALE-PST WAIST
25 GLUTEAL FURROW HGHT 85 SCRTL-WAIST OVR BK
26 CROTCH HEIGHT 86 SCROTALE-P WAIST/S
27 PATELLA TOP HEIGHT 87 SCRTL-WAIST/BUTT/S
28 KNEE CIRC HEIGHT 88 SCROTALE-CERVICALE
29 FIBULAR HEIGHT 89 SCROTA LE-CERVCLE/S
30 CALF HEIGHT 90 SCRTL-PST SCYE LVL
31 ANKLE HEIGHT 91 SCRTL-PST SCYE L/S
32 SITTING HEIGHT 92 SCRTL-P MIDSHOULDR
33 EYE HEIGHT/SITTING 93 SCRTL-MDSHLD OVR B
34 MIDSHOULDER HT/SIT 94 SCRTL-P MDSHLDR/S
35 ACROMION H:GHT/SIT 95 SCRTL-MDSHLD 0 B/S
36 ELBOW REST HGT/SIT 96 UPPER THIGH CIRCUM
37 KNEE HEIGHT/SITT*G 97 UPPER THIGH C/SIT
38 POPLITEAL HGHT/SIT 98 KNEE CIRCUMFERENCE
39 BUTTOCK-KNEE LNGTH 99 KNEE CIRCUM*CE/SIT
40 BUTTOCK-POPLITEAL 100 CALF CIRCUMF/RIGHT
41 ACRM-BICEP CIR LVL 101 CALF CIRCUMF/LEFT
42 SHOULDER-ELBOW LTH 102 ANKLE CIRCUMF*ENCE
43 ACROMION-RADIALE L 103 SCYE CIRCUMFERENCE
44 ELBOW-WRIST LENGTH 104 BICEPS C-EXTEND/RT
45 RADIALE-STYLION LH 105 BICEPS C-EXTEND/LT
46 ELBOW-GRIP LENGTH 106 BICEPS C-FLEXED/RT
47 THUMB-TIP REACH 107 BICEPS C-FLEXED/LT
48 THUMB-TIP RACH/XTD 108 ELBOW CIR-EXTENDED
49 SLEEVE INSEAM 109 ELBOW CIRC-FLEXED
50 BIACROMIAL BREADTH 110 LOWER ARM C-EXTEND
51 BIDELTOID BREADTH 111 LOWER ARM C-FLEXED
52 CHEST BREADTH 112 WRIST CIRCUMF*ENCE
53 WAIST BRDTH-OMPH:N 113 SLVE L/SPINE-SCYE
54 BICRISTALE BREADTH 114 SLVE L/SPINE-ELBOW
55 HIP BREADTH 115 SLVE L/SPINE-WRIST
56 HIP BREADTH SITT*G 116 ANTERIOR NECK LGTH
57 ELBOW BRDTH BONE/R 117 POSTERIOR NECK LTH
58 ELBOW BRDTH BONE/L 118 SHOULDER LENGTH
59 F*ARM-F#ARM BR*DTH 119 DELTOID ARC
60 KNEE BR*DTH BONE/R 120 INTERSCYE
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Variable No. Variable Title Variable No. Variable Title

121 INTERSCYE MAXIMUM 155 EAR L ABVE TRAGION
122 WAIST FRONT-OMPHON 156 HEAD BREADTH
123 CROTCH LGTH-OMPH*N 157 MAXIMUM FRONTAL BR
124 WAIST BACK-OMPHL#N 158 BITRAGION BREADTH
125 FOOT LENGTH 159 BIZYGOMATIC BR*DTH
126 INSTEP LENGTH 160 BIGONIAL BREADTH
127 FOOT BREADTH 161 EAR-TO-EAR BREADTH
128 BALL-OF-FOOT CIRC 162 BIOCULAR BREADTH
129 INSTEP CIRCUMF#NCE 163 INTERPUPILLARY BRD
130 HEEL CIRCUMFERENCE 164 INTEROCULAR BR*DTH
131 BI-MALLEOLAR BRDTH 165 NOSE BREADTH
132 LAT:L MALLEOLUS HT 166 LIP LENGTH
133 MED*L MALLEOLUS HT 167 EAR PROTRUSION
134 HAND LENGTH 168 SUBNASALE-NASAL RT
135 PALM LENGTH 169 PHILTRUM LENGTH
136 HAND BR/METACARPLE 170 LIP-TO-LIP LENGTH
137 HAND BRTH AT THUMB 171 MENTON-SUBNASALE L
138 HAND C/METACARPALE 172 MENTON-NASAL ROOT
139 HAND C ROUND THUMB 173 GLABELLA-TO-VERTEX
140 HAND THICK/META-3 174 NASAL ROOT-TO-VRTX
141 HEAD CIRCUMFERENCE 175 XTRNL CANTHUS-VRTX
142 SAGITTAL ARC/INION 176 PRONASALE-TC-VRTX
143 MINIMUM FRONIL ARC 177 SUBNASALE-TO-VRTX
144 BITRAGION-CORONAL 178 STOMION-TO-VERTEX
145 BITRAGN-MIN FRNTAL 179 MENTON-TO-VERTEX
146 BITRAG*N-SUBNASALE 180 TRAGION-TO-VERTEX
147 BITRAGION-MENION 181 GLABELLA-TO-WALL
148 BIT-SUBMANDIBULAR 182 NASAL ROOT-TO-WALL
149 BITRAG*N-POSTERIOR 183 XTRN L CANTH US-WALL
150 HEAD LENGTH 184 PRONASALE-TO-WALL
151 HEAD DIAGNL/MENTON 185 SUBNASALE-TO-WALL
152 HD DIAG/INION-NOSE 186 LIP PROMINzCE-WALL
153 EAR BREADTH 187 CHIN PROMINCE-WALL
154 EAR LENGTH 188 TRAGION-TO-WALL
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