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to the selection of reference areas in epidemiologic
research concerning environmental issues

by Robert A Murdie, PhD,! Walter O Spitzer, MD, MPH,2 Samy Suissa, PhD?

MURDIE RA, SPITZER WO, SUISSA S. Application of an Euclidian distance measure to the selection
of reference areas in epidemiologic research concerning environmental issues. Scand J Work Environ Health
14 (1988) 168—174. A procedure for selecting reference areas in epidemiologic research employing census
data and squared Euclidian distance is described. The procedure was adapted from cluster analysis, a
multivariate statistical technique that has been applied in many disciplines. With the use of 12 census vari-
ables as the basis for evaluating sociodemographic differentiation, squared Euclidian distances were cal-
culated between a geographically delineated index area in southwest Alberta, where residents had com-
plained for several years about the effects of exposure to sour gas emissions, and 119 provincial census
tracts in the rest of nonmetropolitan southern Alberta. The Euclidian distances can be interpreted as so-
cial distance scores with values close to zero representing a high level of sociodemographic similarity be-
tween the index area and potential reference areas. The social distance scores, in association with environ-
mental data, suggested a clear choice for the most comparable unexposed reference area and illustrated
the difficulty of finding a suitable most comparable exposed reference area. Results from the demograph-
ic component of the subsequent health survey indicated that the index area and reference area were simi-
lar in most respects. Furthermore, tests with and without statistical adjustment for confounding variables

produced negligible differences on most of the important target outcome variables.
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Protocols for evaluating the health status of popula-
tions in areas affected by environmental contaminants
usually call for the selection of one or more reference
populations that will serve as comparison benchmarks.
The problem in epidemiologic nonexperimental re-
search is developing a procedure for identifying suit-
able reference populations from which a sample of par-
ticipants can be obtained for health status evaluation
and scientifically rigorous comparison with the affected
population. Generally, this procedure involves select-
ing one or more reference areas that are similar
demographically to the affected area, but free from
environmental contaminants. In this paper we describe
and evaluate a procedure for identifying reference areas
that are the most similar demographically to an index
area or area at risk. Methodological procedures and
results from the Southwest Alberta Medical Diagnos-
tic Review Project are used to illustrate the technique.
Reference is also made to results from the Toronto
Junction Triangle Study.

The Southwest Alberta Medical Diagnostic Review
Project was an environmental epidemiology study
mandated by the Acid Deposition Research Program
of the Government of Alberta to help settle a public
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health and environmental controversy (20). For near-
ly 30 years, residents of the communities of Twin
Butte, Hill Spring, Glenwood, Mountain View, and
Willow Creek (hereafter referred to as the index area)
had been concerned that the emissions from sour gas
plants in the vicinity were causing an excess of chronic
respiratory disease, an excess of cancer, an excess of
birth defects, unfavorable pregnancy outcomes, and
even an excess of overall mortality. Sour gas is natur-
al gas contaminated, mainly, with sulfur derivatives,
but also with other heavy metals and trace metals. Con-
taminated sour gas has to be purified in a sour gas plant
in order to yield ‘‘sweet gas,’’” which can be marketed
in the normal way.

Concurrent cross-sectional and cohort studies in
which nearly 4 000 residents of Alberta were inter-
viewed and examined in the summer of 1985 were
designed and implemented to establish whether the resi-
dents of the index area did in fact demonstrate such
excesses of adverse health outcomes. The key challenge
in this nonexperimental research project was to deline-
ate comparison or reference areas as similar as possi-
ble to the index area which had been demarcated by
Alberta Environment (the department of the environ-
ment of the Province of Alberta). The unique feature
of the sequence of activities was that, once the study
was completed, it was possible to establish empirical-
ly whether the described method does in fact yield com-
parable areas.

Because of the presence in the index area of a large
Mormon population with particular lifestyle charac-



teristics the protocol called for the identification of two
reference areas, the most comparable unexposed refer-
ence area, which was as comparable as possible
demographically to the index area but not exposed to
sour gas emissions, and the most comparable exposed
reference area, which was as comparable as possible
demographically to the index area and exposed to sour
gas emissions.

Selection of such areas for comparison would allow
an evaluation of the effects of both demography and
sour gas emission on the health problems of the index
area. For example, if health problems were found to
be significantly more serious in the index area and the
most comparable exposed reference area than in the
most comparable unexposed reference area, sour gas
emission could be considered a potential cause of ad-
verse health effects. Alternatively, if health problems
were found to be significantly more serious in both the
index area and the most comparable unexposed refer-
ence area than in the most comparable exposed refer-
ence area, demographic characteristics, lifestyle fac-
tors, and environmental contaminants other than sour
gas could be considered potential causes.

In addition, we expected that, by oversampling the
non-Mormon population in the unexposed most com-
parable reference area, a sufficient sample of ‘‘aver-
age non-metropolitan southern Albertans’” would re-
main in that sample to compare with a similar group
in the most comparable exposed reference area. Using
the groups so assembled, we would be able to ascer-
tain the effect of sour gas emissions on the health
status of ‘‘average nonmetropolitan southern Alber-
tans.”’

The Junction Triangle Study concerned an old in-
dustrial area at the junction of two major rail routes
in the western part of Toronto where residents have
complained for several years about the long-term
health effects of exposure to industrial contaminants.
The research design required the selection of a refer-
ence area in the city of Toronto that was demographi-
cally similar to the Junction Triangle but minimally
exposed to industry.

Methods

Definition of the benchmark area

Statistics Canada, the national census agency, provides
demographic data for a variety of spatial scales (22).
However, the index area, as defined by Alberta En-
vironment for the Southwest Alberta Medical Diag-
nostic Review Project, did not correspond exactly with
any of the available census boundaries. For this reason,
a benchmark area was defined as the most compara-
ble aggregate of enumeration areas that corresponds
with the index area. Enumeration areas are the smallest
data collection units for which Statistics Canada rou-
tinely collects census data. The benchmark area had

a 1981 census population of 2 827, whereas the esti-
mated population for the index area in 1981 was 2 228.
Although the benchmark area is slightly larger in areal
extent and population size, there is no reason to be-
lieve that it is not similar demographically to the in-
dex area. If the index area had been located in an ur-
ban center with a population of 50 000 or larger, Statis-
tics Canada’s geocoding system could have been used,
albeit at additional cost, to match the demographic
data with the exact boundaries of the index area. Un-
fortunately, special data tabulations of this sort are
not available for rural areas such as southwest Alberta.

Definition of the comparison areas

Enumeration areas, with populations ranging from less
than 100 to over 1 000, were considered too small on
the average and too variable in population size for
identifying comparison areas. Instead, it was decided
to aggregate the enumeration area data to the level of
provincial census tracts. The latter generally have 3 000
to 8 000 people, with an average of 5 000, and follow
well-recognized natural or man-made boundaries. For
this analysis the major advantage of provincial cen-
sus tracts is their relative spatial compactness and uni-
form population size. The search space for suitable
reference areas was restricted to the area south of an
east-west line running through Edmonton but exclud-
ing the Calgary and Edmonton census metropolitan
areas. Since the benchmark area was predominantly
rural we excluded the two largest cities. Excluding the
benchmark area, 119 provincial census tracts were in-
cluded in the analysis.

Variable selection

The evaluation of demographic similarity was based
on 12 variables from the 1981 census of Canada. These
variables represent a wide range of demographic
characteristics including age structure, family size, mo-
bility, income, educational achievement, occupation-
al status, and religion (table 1). In total, it was assumed
that the 12 variables would provide a comprehensive
demographic summary of residents in the index area
and would serve to differentiate this area from other
nonmetropolitan areas in southern Alberta. As a con-
trol for population size differences between census
tracts, all variables except average household income
were expressed as percentages. Because of the relatively
large Mormon population in the index area, religion
was deemed to be a particularly important variable for
comparison with other parts of Alberta. Unfortunate-
ly, Mormon religion was not available by enumeration
area for 1981 and therefore was not included in the
formal analysis. Mormon religion was available,
however, by provincial census tract for 1971, and this
information was used to supplement the main analy-
sis.
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Table 1. Variables included in the analysis — 1981 census
data.

Shortened -

fiaifiie Full description

Pop 0 to 4 Percentage of the population 0 to 4
years of age

Pop 5 to 14 Percentage of the population 5 to 14
years of age

Pop =65 Percentage of the population 65 years of
age and over

6+ families Percentage of the families with 6 or

more persons
Average household income

Percentage of the population 15 years of
age -and over not attending school with
primary education only

Percentage of the population 15 years of
age and over not attending school with
some postsecondary education
Percentage of the total labor force
engaged in farming

Percentage of the total labor force en-
gaged in primary occupations (other
than farming)

Percentage of the population United
Church religion

Mean income
Low educ

Some univ

Farmers

Primary

United Church

Catholic Percentage of the population Catholic
religion

Occup Percentage of the private households

<2 years occupying present house for two years

or less

Measurement of demographic similarity

The method for measuring demographic similarity be-
tween areas was adapted from cluster analysis. Cluster
analysis is a multivariate statistical technique that has
been used by disciplines in both the physical and so-
cial sciences. Much of the early work was in biology
(19) and psychology (4), but there are examples in fields
such as geography (2) and marketing (11). Romesburg
(16) has provided a recent summary of the technique
and various applications. Although there is a large
number of classification procedures available, the most
commonly used is the stepwise or hierarchical group-
ing technique developed by Ward (24) and operation-
alized for the computer by Veldman (23). The basic
objective of cluster analysis is to classify objects (eg,
skulls, tree leaves, individuals, cities, areas within cities,
areas within states or provinces) on the basis of a set
of relevant characteristics (eg, length, width, shape,
size, personality traits, economic structure, age of
population, ethnicity, occupational status). Examples
of the use of the procedure in work related to this study
include classifications of Canadian and American cities
(10, 15), socioeconomic regionalization of census sub-
divisions in Ontario and Quebec (3), and classifications
of census tracts in Calgary (5) and Edmonton (6).
The indicator of similarity among two or more com-
munities or populations is expressed as a social dis-
tance score where the possible values start with the
lowest score of zero, denoting perfect similarity, to very
high values. The values depend on the number of vari-
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ables employed in the analysis and the unit of mea-
surement of these variables. The method used by Ward
(24) for computing distances in the clustering proce-
dure is based on the Pythagorean theorem (the square
of the hypotenuse of a right triangle is equal to the
sum of the squares of the other two sides). More gener-
ally, the squared Euclidian distance between any two
observations and any number of characteristics can be
determined according to the following algorithm (13):

n
Dif' = kE‘l(Xik _)(jk)zi

where X}, and X, are the values for observations i
and j on variable k, n is the number of characteristics
or variables, and ij is the squared distance separat-
ing observations i and j.

The 12 variables listed in table 1 were standardized
with the use of Z scores in order to give each charac-
teristic the same importance in the analysis. Squared
distance (D?) values were then computed between the
benchmark area and the other 119 provincial census
tracts in Alberta south of Edmonton. In effect, these
scores are measures of social distance between the
benchmark area and provincial census tracts. The
smaller the value, the more similar the census tract is
to the benchmark area. In this study, the distance
measure was obtained through a modification of Veld-
man’s HGROUP computer program (23). Recently,
however, it has become possible to obtain this mea-
sure with one of three widely available statistical soft-
ware packages, ie, BMDP (8), SAS (17), and SPSS*
(14). The 28 provincial census tracts with social dis-
tance scores of less than 15 were mapped and rank or-
dered from the lowest to the highest. The social dis-
tance score is a descriptive measure for which there
is no test of statistical significance. Given the nature
of the data in this study, it was judged that scores
greater than 15 would be difficult to handle even with
statistical adjustment.

Location of sour gas plants

The location of sour gas plants in Alberta was derived
from a number of sources, including Alberta Environ-
ment (1), the Energy Resources Conservation Board
(9), and Delta Projects Limited (7). No attempt was
made to categorize the plants by characteristics such
as size, emissions, date of construction, and emission
controls. An attempt was made, however, when we re-
fined the research for the most comparable exposed
reference area, to take into account the predicted areas
of deposition surrounding each plant on the basis of
prevailing wind direction and height of stack.

Results

Demographic comparisons for the benchmark area and
the average and standard deviation values for all



provincial census tracts included in the analysis are
shown in table 2. Compared with the average tract,
the benchmark area had a considerably younger popu-
lation, a much larger family size, a higher proportion
of persons with university training, a much higher
proportion of agricultural workers, and a less mobile
population. It enjoyed about the same income as the
average tract and had an average proportion of per-
sons with low educational achievement. In terms of
religion, it was dramatically different from the aver-
age with much lower proportions of protestant Unit-
ed Church adherents and Catholics and a very high
proportion of Mormons.

The provincial census tracts that were the most simi-
lar demographically to the benchmark area were all
relatively close to the Twin Butte area of southwest
Alberta. This circumstance is simply a reflection of Al-
berta’s physical, economic, and cultural geography.
That these areas emerged from the analysis in spite of
the exclusion of Mormon religion from the calculation
of social distance scores attests to the relatively unique
sociodemographic characteristics of the Mormon
population and the robustness of the technique. The
four census tracts that were the most similar
demographically to the benchmark area were deemed
the best candidates for the most comparable unexposed
reference area. Demographically, there was little on
which to base a choice between them, and none of them
were exposed to sour gas contaminants. Consequent-
ly, Stirling/Raymond, which had the lowest social dis-
tance score (ie, 1.4) and was within daily commuting
range of the index area, was selected as the preferred
most comparable unexposed reference area. The so-
ciodemographic similarity of Stirling/Raymond and
the benchmark area is illustrated for all 12 variables
in table 2. Only the percentage of the labor force en-
gaged in farming occupations differed between the two
areas, a result of the presence of more rural service
centers in the Stirling/Raymond area.

In contrast to the selection of the most comparable
unexposed reference area identification of a suitable
area for the most comparable exposed reference area
was much more problematic. Indeed, the areas with
social distance scores of less than 15 and the areas ex-
posed to emission from sour gas plants were spatially
independent of each other. The distance scores for the
areas most demographically similar to the benchmark
area and exposed to sour gas were minimally in the
15-t0-20 range, as compared to scores of less than four
for areas that were demographically similar and not
exposed. In our experience with the Alberta results so-
cial distance scores higher than 20 render the commu-
nities impossible to compare even with statistical ad-
justments. Social distance scores of less than 15 are
workable, and those under 10 are easily handled with
adjustments. Scores under four permit comparisons
without statistical adjustments, especially as one ap-
proaches zero.

Table 2. Comparison of all areas in the study, the benchmark
area, and the Stirling/Raymond area — 1981 census data.

All areas in the stud it

) b d i Benchmark  Suring/

Variables 2 Standard afes Raymond
Mean ot area
deviation

PopQto4 86 19 11.3 12.8
Pop 5 to 14 16.8 3.0 21.9 223
Pop =65 10.2 4.5 7.8 9.0
6+ families 6.1 3.4 17. 16.1
Mean income® 25 520 4815 24 555 22935
Low educ 186 6.7 18.3 21.0
Some univ 11.9 46 15.6 15.2
Farmers 205 16.8 50.0 29.7
Primary 27 24 .75 0.0
United Church 27.0 8.4 10.7 75
Catholic 21.3 7.7 116 11.0
Occup <2 years 371 10.3 26.6 285
Mormons, 1971 3.4 74 40.7 416

2 See table 1 for a complete explanation of the variables.
® |n Canadian dollars (CAD).

The five areas exposed to sour gas emissions with
the lowest social distance scores all had a much higher
proportion of non-Mormon religion, a dramatically
smaller family size, and fewer children than the bench-
mark area. They were all relatively close to Calgary
although they differed somewhat in demographic com-
position according to their proximity to the Calgary
metropolitan area. Given these circumstances it was
determined that areas that were demographically com-
parable to the index area and exposed to sour gas emis-
sions do not exist. Faced with this evidence we had to
change the main research plan. The main comparison
for the health analysis continued to be between the in-
dex area and the most comparable unexposed refer-
ence area. However, in addition, the social distance
algorithm was used to identify an area that was ex-
posed to sour gas emissions and was the most repre-
sentative of a@// nonmetropolitan southern Albertans
(the mean values in table 2). Of the various alterna-
tives, an enlarged area surrounding several gas plants
north of Calgary was judged to be the most represent-
ative exposed reference area. Thus, for many of the
comparisons in the health analysis, we had a sample
of “‘exposed average nonmetropolitan southern Alber-
tans’’ to compare with a subsample selected from the
population of the most comparable unexposed refer-
ence area (Stirling/Raymond) by excluding Mormons
of that area in many of the comparisons done in the
analysis.

Evaluation of the appropriate selection of reference
areas can be determined from the actual distribution
of relevant demographic variables in the samples drawn
for health surveys and medical examination. The
similarity in most variables between the index area and
the most comparable unexposed reference area is strik-
ing (table 3). The differences in proportions and means
are small. For some of the continuous variables, small
differences attained statistical significance because of
the very large sample size we employed. However, these
are not of important consequence. With respect to the
mean age of the population, we note that the index
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Table 3. Comparison of the index area and the Stirling/Ray-
mond area with respect to selected sociodemographic varia-
bles for adults 15 years and older — 1985 questionnaire data.

Stirling/
. Index
Variable aFEa Raymond
area

Sample size (N)2 1396 494
Gender femaie (%) 48.8 46.6
Age

15—64 years (%) 85.4 911

=65 years (%) 14.6 89

Mean age (years) 42.1 39.2
Family income?®

<CAD 9000 (%) 5.2 5.9

CAD 9 000—20 000 (%) 19.4 14.8

>CAD 20 000 (%) 58.9 60.3
Education®

<6 years 2.2 22

7 years to some postsecondary 74.5 69.6

Postsecondary and higher 22.8 249
Occupation farmer (%) 27.4 24.7
Median length of residence (years) 120 9.0
Religion®

United Church (%) 14.3 4.1

Catholic (%) 14.3 16.9

Mormon (%) 50.1 443
Family size®

1 person (%) 51 36

2—5 people (%) 64.3 59.6

=6 people (%) 30.5 30.5

»

A complete survey was undertaken of all residents in the in-
dex area, whereas for the Stirling/Raymond area a complete
census of all residents was done from which a probability
sample, stratified by age and religion, was drawn. In part, this
latter procedure was used to obtain a sufficient sample of
average nonmetropolitan southern Albertans from Stirling/
Raymond who could be compared with a similar sample from
the most representative exposed reference area. The town
of Raymond was excluded from the survey so that Stirling/
Raymond would more closely approximate the rural charac-
ter of the index area. Specific details are available in the
report by Spitzer (20).

Percentage for those reporting.

Data based on the entire sample of aduits and children (in-
dex area, N =2161; Stirling/Raymond area, N = 840).

o o

area was somewhat older and would have tended to
produce health status findings that were more adverse
for the index area than for the Stirling/Raymond area.
In the subsequent health evaluation the data were ana-
lyzed with and without statistical adjustment for pos-
sible confounders, including sociodemographic vari-
ables. The difference for the most important target out-
come variables was negligible if one compares the crude
rates with those statistically adjusted. Thus, the main
results were presented unadjusted, exactly as they were
obtained in the field.

Discussion

The objective of this study was to select two reference
areas for comparison with the Twin Butte index area
in southwest Alberta, ie, the most comparable unex-
posed reference area and the most comparable exposed
reference area. Measurement of demographic similarity
was based on 1981 Canadian census data and the cal-
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culation of Euclidian distance scores between a spe-
cifically defined benchmark area and the other 119
provincial census tracts included in the analysis.

The results indicated a clear choice for the most com-
parable unexposed reference area. Fortunately, the
people of the Stirling/Raymond area accepted the role
of principal control community in the main environ-
mental epidemiology project. For a variety of reasons,
selection of the most comparable exposed reference
area was not feasible. The basic problem was that no
other area in Alberta south of Edmonton with sour
gas emission was very similar demographically to the
index area. This circumstance was due primarily to the
unique cultural characteristics of the index area and
adjacent parts of southern Alberta — a relatively high
proportion of Mormons and associated characteristics
of a large family size and high educational achieve-
ment. Thus, the research design was altered to select
an area exposed to sour gas emissions and representa-
tive of all nonmetropolitan southern Albertans.

The Euclidian distance measure has also been used
in Ontario for a number of health studies in which the
research designs required the identification of refer-
ence areas (21 and a report submitted by Murdie to
the Ontario Ministry of Health in 1985, a report sub-
mitted by Murdie to the Toronto Department of Public
Health in 1985, and a report submitted by Spitzer to
the Toronto Medical Officer in 1984). Of these, the
Toronto Junction Triangle Study (21 and report by
Spitzer to the Toronto Medical Officer in 1984) is the
most relevant because it is the only study, aside from
the Alberta project, for which it is possible at present
to evaluate the validity of the procedure. The results
from the questionnaires that were administered to a
sample of residents in both the Junction Triangle and
the comparison census tract revealed a close correspon-
dence between the areas in terms of demographic com-
position (table 4). The only major difference between
the two areas was in ethnic makeup, Portuguese rather
than Italian being the major non-Anglo-Saxon group
in the Junction Triangle tract. However, this differ-
ence had been expected beforehand, and it was subse-
quently confirmed that it did not prejudice the
relevance of the research results.

Although the procedure outlined in this study has
been used with considerable success in epidemiologic
research, there are numerous methodological issues
connected with the application of cluster analysis
generally and with the application of social distance
measures more specifically. The most important for
the present analysis were the measure of similarity,
scale of measurement, and the orthogonality issue.

For the present analysis squared Euclidian distance
(D?) was used as a measure of social distance.
However, several measures have been suggested for de-
termining similarity (16, 19). Some, such as the chi-
square or phi-squared technique, are more appropri-
ate for use with binary data than with continuous data,
while others, such as the Pearson correlation coeffi-



cient, measure pattern similarity rather than distance
per se. For the application described in this paper Eu-
clidian distance is the preferred measure of similari-
ty. With the Euclidian distance measure itself, con-
troversy concerns the use of D or D?. For the present
application the controversy is irrelevant since the ulti-
mate purpose is to rank observations according to their
similarity with an index area. However, there is a slight
advantage in using D? in that differences between ob-
servations are exaggerated exponentially and it may
be easier to identify breaks between groups of obser-
vations that are relatively similar to the index area.

Values obtained from Euclidian distances depend on
the scale of measurement used in the analysis. For this
analysis the 12 variables listed in table 1 were stan-
dardized with the use of Z scores (mean=0, vari-
ance=1) in order to give each characteristic the same
importance in the analysis. This procedure seems
reasonable when, as in this study, variables are ex-
pressed in different units of measurement (eg, per-
centage of the population 0 to 4 years of age and aver-
age household income) and display very different
means and variances. Johnston (12) has, however, ar-
gued that, depending on the values of means and var-
iances, there may be situations where the results differ
greatly from expectations based on the nonstan-
dardized data.

The third major issue concerns orthogonality. In this
analysis the first 12 variables from table 1 were used
in standardized form to compute D?. Many research-
ers (13) argue that, since the Pythagorean theorem ap-
plies to right-angled triangles, the variables used in the

" calculation of distance measures should be orthogonal
or uncorrelated with each other. A common method
of achieving orthogonality is to use scores from a prin-
cipal components or factor analysis of the data as in-
put to the distance calculations. Other authors (4, 18)
see no objection to using correlated variables. Intui-
tively, this position is justifiable if the correlations be-
tween variables are not excessive (excessive defined as
>10.8l). The troubling issue then is double counting.
It could be argued, for example, that, if measures of
income, occupational status, and educational achieve-
ment are all relatively highly related and included in
an analysis, the concept of economic status gets count-
ed three times. Conversely, it could be argued that each
of these variables is conceptually independent and all
three should be included in the analysis as individual
variables. In practical terms we have found relatively
little difference between social distance scores based
on the original variables and on an orthogonal trans-
formation of the variables.

The procedure described in this report is an efficient
and accurate means of selecting reference populations
for epidemiologic studies in which the objective is to
maximize demographic similarity between a geographi-
cally delineated index area and a suitable reference
area. Given the widespread availability of computer-
readable census data and the recent inclusion of cluster

3

Table 4. Comparison of the Junction Triangle area and the
reference area (city of Toronto) with respect to selected so-
ciodemographic variables for adults 15 years and over —
1983—1984 questionnaire data.

Junction
. Control
Variable Triangle
stéa area

Sample size 279 261
Gender female (%) 516 50.2
Mean age (years) 39.4 41.4
Family income?

< CAD 9000 (%) 13.2 10.2

>CAD 20 000 (%) 56.6 54.4
Education?

<6 years (%) 19.6 23.0

7 years to some post-

secondary (%) 66.2 63.0

Postsecondary or higher (%) 142 14.0
Median length of residence
(years) 7.0 9.0
Ethnicity

Anglo-Saxon 33.7 41.4

Italian 5.4 16.1

Portuguese 140 4

Other 47.0 422

2 Percentage of those reporting.

routines with Euclidian distance measures in the stan-
dard statistical software packages, the procedure is also
relatively easy to operationalize.
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