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cake diagram- Same as pie chart.

canned program— An old term used to describe a computer program written and docu-
mented so that the user needs only a data deck and the proper calling cards to access and
run the particular program of interest.

canonical correlation— See canonical correlation analysis.

canonical correlation analysis— A multivariate statistical technique for examining the
relationships between two sets of numerical measurements made on the same set of sub-
jects. The technique involves grouping the two sets of independent and dependent vari-
ables into linear composites which are a weighted combination of predictor variables and
a weighted combination of criterion variables. It then calculates a bivariate correlation
known as a canonical correlation between the two composites. The technique can be con-
sidered an extension of multiple regression analysis to situations involving more than a
single dependent variable. It can also be viewed as an analogue of principal components
analysis where a correlation rather than a variance is maximized. Canonical correlation
analysis is a useful and powerful technique for exploring the relationships among multiple
predictor (independent) and multiple criterion (dependent) variables.

capture-recapture sampling— A sampling scheme especially designed for the estima-
tion of size of a wildlife population such as fish in a lake or birds in a sanctuary. The pro-
cedure involves the selection of an initial sample of animals that are marked and then re-
leased and allowed to mix with the population. Subsequently, a second sample is taken and
the proportion of marked animals is determined. From this proportion the total number of
animals is estimated by using the relation between the parameters of a hypergeometric
distribution. For example, let n; be the size of the first sample, 7, be the size of the second
sample, and m the number of marked animals in the second sample. Then an estimator of
the total number of animals is given by N = niny/m. The estimator is sometimes known
as the Petersen estimator.

carryover effect— In crossover studies, a carryover effect occurs when the treatment
given in one period of the trial continues to exert its effect into the following period.
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Carryover effects may lead to treatment-period interactions, and it is generally important
to assess the relative importance of the effects attributable to the treatment given in a pe-
riod compared to the period given in the previous period. In order to minimize the influence
of carryover effects, washout periods of appropriate length must be allowed between two
consecutive treatments.

Cartesian coordinate— A point that is located by measuring the distances from the coor-
dinate axes (x axis and y axis) on a two-dimensional graph.

Cartesian graph— A graph drawn in a cartesian plane.

Cartesian plane— A plane whose points are labeled with Cartesian coordinates.
Cartesian product— The set of ordered pairs (x, y) of real numbers.

Cartesian space— Same as cartesian plane.

case— A term used most frequently in epidemiology to designate an individual in a study
population having a certain disease or condition of interest.

case-control study— An observational study that entails patient cases who have a certain
outcome or disease under investigation and comparable control subjects who do not have
the outcome or disease. It then examines backward to identify possible etiologic or risk
factors. Such a study is also called a retrospective study because it starts after the onset
of disease and looks retrospectively to identify risk or causal factors. Case-control stud-
ies are often used to investigate the relationship between an exposure or risk factor and one
or more outcomes. They are particularly useful in the study of rare disorders and infectious
disease outbreaks. However, case-control studies are prone to some common sources of
bias, such as selection bias and recall bias, among others. See also Berkson’s fallacy,
cohort study, cross-sectional study, prospective study.

Exposed
cases

Cases

Unexposed
cases

Exposed
controls

Controls
Unexposed

controls

T
Commencement Time
of the study

Direction of study

Schematic diagram of a case-control study

case-fatality rate— This rate is designed to measure the probability of death among diag-
nosed cases of a disease. It is obtained as the proportion of cases of the disease who die
during the same time period. More specifically, it is given by the number of deaths from a
disease in a given period divided by the number of diagnosed cases of that disease in the
same period.
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case report— Published report describing a detailed clinical case history of cases which are
unique or rare in certain aspects.

case-series study— A simple narrative description or case report of certain interesting or
intriguing observations that occurred in a small group of patients. Case-series studies fre-
quently lead to generation of hypotheses that are subsequently tested in a case-control,
cross-sectional, or cohort study. See also retrospective study.

categorical data— See categorical variable.
categorical observations— Same as categorical data.

categorical variable— A variable whose values are categories or groups of objects as
measurements. Examples of categorical variables are sex (male or female), marital status
(married, single, divorced, etc.), and blood group (A, B, AB, O). For convenience of data
collection and analysis, the categories are often assigned numerical labels, but they have no
quantitative significance whatsoever. The values of a categorical variable are known as
categorical data or observations. See also qualitative variable, quantitative variable.

Cauchy-Schwartz inequality— Given two random variables X and Y having finite
second moments, the Cauchy—Schwartz inequality states that

[E(XY))* < E(X*)E(Y?)

As a corollary to the above inequality it follows that [p| < 1 where p is the correlation
coefficient between X and Y. In general, if a;’s and b;’s are real integers, then it follows that

(5) ()= (54)

causal analysis— A method, such as path analysis or latent variable modeling, that ana-
lyzes correlations among a group of variables in terms of predicted patterns of causal
relations among them.

causal diagram- A graphical representation of the cause—effect relationship between
variables. In a causal diagram, paths in the form of unidirectional or bidirectional arrows
are drawn from the variables taken as causes (independent) to the variables taken as effects
(dependent). The correlation between two exogenous variables is depicted by a curved
line with an arrowhead at both ends.

Parent’s Parent’s
education income
Child’s school
/ motivation achievement
Child’s
intelligence

Schematic illustration of a causal diagram of child’s school achievement via links
between the child’s intelligence, child’s motivation, parent’s education, and
parent’s income
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causal factor— Same as causal variable.

causal inference- A form of inference used for assessing a causal relationship by
designing a valid experiment.

causality— The term is most commonly used to describe a cause—effect relationship
between variables. Many investigations in social, medical, and health sciences purport to
establish causality between certain events; for example, cigarette smoking and lung cancer.
See also causal analysis, causal diagram, causal model, causal modeling, causal variable.

causal model- A mathematical model describing causal relations among sets of exoge-
nous and endogenous variables. See also path analysis, structural equation model.

causal modeling— A method of analysis of causal relations among sets of exogenous and
endogenous variables. Path analysis and structural equation models are examples of
causal modeling.

causal relation— Same as cause—effect relationship.
causal relationship— Same as cause—effect relationship.

causal variable— A variable that brings about changes in a given variable. A causal vari-
able is treated as an independent variable. See also causal diagram, causal model, causal
modeling.

cause-and-effect diagram— A graphical device that is used to identify, display, and
examine possible causes of a poor quality or an undesirable condition present in a system
or process. It is also known as an Ishikawa diagram, after K. Ishikawa, who first popular-
ized its use during the mid-40s. The five common causes of a poor quality are environment,
materials, manpower, machines, and methods. The steps in constructing a cause-and-effect
diagram can be summarized as follows: (1) Identify the quality characteristic for which a
cause-and-effect relationship is to be established. (2) Using the experience of knowledge-
able people, generate several major categories of causes that can affect the quality. (3) For
each of those major categories of causes, identify the possible causes that fall within that
category and insert these subcauses into the diagram via horizontal lines emanating from
the major category names.

Cause a *, Causea - *,
/ *_- Cause b * - Cause b
Subcause Subcause
- N Problem
Cause a - Cause a -
o - Cause b / -Causeb
Cause ¢ - / Subcause ; - Cause ¢
‘ - Cause d
Category 3 Category 4
Cause a™., .. Cause a -
o “..- Cause b .- Cause b
Subcause 1 ;
5| Process Process Problem
Cause a - - Causea- —
Cause b / - Cause b
Cause ¢ - Subcause - Cause ¢
/- Cause d

Schematic illustration of two hypothetical cause-and-effect diagrams
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Categories of causes Categories of causes, subcauses, subsubcauses, etc.

e

Schematic illustration of a simple and a complex cause-and-effect diagram

cause—effect relationship— A term used to describe the association between two vari-
ables whenever it can be established that one of the variables causes the other. Statistical
analysis has a long way to go toward establishing the existence of a cause—effect relation-
ship between any two variables. It cannot establish the nature of any causal relationship,
nor can it be used for proving that any two variables are not causally related. Statistical
analysis may show that two variables X and Y are related; however, it cannot show X causes
Y or that Y causes X. It is just possible that the relationship shown to exist may be the effect
of a third variable Z; i.e., it may be that X and Y represent joint effects of Z. There are sev-
eral criteria, such as biological plausibility, dose-response relationship, temporal rela-
tionship, consistency with other studies, lack of bias, and confounding effect, among oth-
ers, that must be met before reaching such a conclusion.

cause-specific death rate— The death rate in a specified period of time and place due to a
specific disease, source, or cause. This rate is designed to measure the probability of death
from a particular disease. It is obtained as the total number of deaths due to the specified
cause during a calendar year divided by the midyear population of the region (expressed
per 1000). See also standardized death rate.

Death rates and percent of total deaths for the 15 leading causes of death:
United States 1980 (rates per 100,000 population)

Percent of
Rank Cause of death Rate total deaths
All causes 878.3 100.0
1. Heart diseases 336.0 38.2
2. Malignant neoplasm, including neoplasm of lymphatic
and hematopoietic tissues 183.9 20.9
3. Cerebrovascular diseases 75.1 8.6
4, Accidents and adverse effects 46.7 5.3
5. Chronic obstructive pulmonary diseases and allied
conditions 24.7 2.8
6. Pneumonia and influenza 24.1 2.7
7. Diabetes mellitus 15.4 1.8
8. Chronic liver disease and cirrhosis 13.5 1.5
9. Atherosclerosis 13.0 1.5
10. Suicide 11.9 1.4
(Continued)
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(Continued)

Percent of

Rank Cause of death Rate  total deaths
11. Homicide and legal intervention 10.7 1.2
12. Certain conditions originating in the perinatal period 10.1 1.1
13. Nephritis, nephrotic syndrome, and nephrosis 7.4 0.8
14. Congenital anomalies 6.2 0.7
15. Septicemia 4.2 0.5
All other causes 95.6 10.9

Source: National Center of Health Statistics, U.S. Department of Health, Education & Welfare.

cause-specific mortality rate— Same as cause-specific death rate.

¢ chart- A graphical device used to control a process by inspecting the number of defec-
tives (c) taken from various batches or subgroups. The values of ¢ computed from each
batch are plotted on the vertical axis and can then be used to control the quality of the
batch. The center line of the ¢ chart is the average number of defectives (¢) taken from a
pilot set (about 20 rational subgroups). Control lines are fixed at three standard devia-
tions from the center line (based on the normal approximation to the Poisson distribu-
tion, i.e., c & 3\/5). See also control chart, p chart, run chart, s chart, x-bar chart.
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An example of a ¢ chart

cell- A category of counts or values in a contingency table. It is formed by the intersec-
tion of a row and column in a statistical table. In an analysis of variance design, a cell
represents any single group.

cell count— Same as cell frequency.

cell frequency— Frequency counts relating to a particular cell in a contingency table.
cell mean— The mean of all the observations in a particular cell or level of a factor.
censored data— Same as censored observations.

censored observations— An observation whose value is unknown simply because the
subject or item has not been in the study a sufficient time for the outcome of interest, such

e
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as death or breakdown, to occur or the observation is less than the measurement limit of
detection (LOD) or it is purposely ignored. Censored observations frequently arise in many
longitudinal studies where the event of interest has not occurred to a number of subjects
at the completion of the study. Moreover, the loss to follow-up often leads to censoring
since the outcomes remain unknown.

censored regression analysis— A form of regression where the values of the dependent
variable are censored or truncated.

censored sample— A sample that has some of its values, usually the largest and/or small-
est, censored because they are unobservable.

censoring— See censored observations.

census— The complete count (enumeration) or survey involving the observation of every
member of a population or a group of items at a point in time with respect to certain well-
defined characteristics of interest. A census of the human population is a counting of the
people within the boundaries of a country. More generally, it is the total process of collect-
ing, compiling, and publishing demographic, economic, and social data pertaining, at
given time period, to all persons in a country or delimited territory. The use of information
derived from a census has become indispensable to any modern government. In modern
times, censuses have come to include many topics other than just counting people. Some of
the areas independent of the census of human population are agriculture, housing, business
establishments, and industries.

census area— The well-defined geographical area in which the census is undertaken.

census unit— The smallest geographical area into which the entire census area is divided
for administrative and data collection purposes.

center line— See control charts.
centile charts— Same as percentile charts.

centiles— In a series of observations arranged in ascending order of magnitude, centiles are
those values that divide the observations into 100 equal parts. It is an abbreviated form of
percentile not commonly used but is frequently encountered in psychological and educa-
tional testing literature. See also deciles, quartiles.

centralized database- In a multicenter clinical trial, a term sometimes used to refer to a
database that is located and maintained in a central coordinating office.

central limit theorem— A mathematical theorem that states that, regardless of the distrib-
ution form of the parent population, the sampling distribution of the sample mean
approaches the normal distribution as the sample size n becomes very large. More specif-
ically, if a random variable X has population mean . and population variance o2, then
the sample mean X, based on n observations, has an approximate normal distribution with
mean y and variance o2 /n for sufficiently large n. It enables us to use the normal proba-
bility distribution to approximate the sampling distribution of the mean whenever the sam-
ple size is large. The central limit theorem generally applies whenever the sample size
exceeds 30. This theorem is of great importance in probability and statistics since it justi-
fies the use of normal distribution for a great variety of statistical applications.
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Population Population Population Population

Value of X Value of X Value of X Value of X
N N /\n:

Value of X Value of X Value of X Value of X

n=>5 n=>5 n=>5

Value of X Value of X Value of X Value of X
n =30 n=30 n=730

Value of X Value of X Value of X Value of X

Diagram illustrating central limit theorem

central location— Same as central tendency.
central moments— See moments.

central range— The range of values that contains the central 90 percent of observations of
a data set.

central tendency— Central tendency refers to the property of clustering of the data points
in a distribution around a more or less central value. It is central or typical value of a given
data set and provides an indication of the center or middle of a distribution. It is also
referred to as location. See also measures of central tendency.

centroid method— A method of factor analysis developed by L. L. Thurstone, which
mathematically designates a center point, from which all reference axes extend. Principal
components analysis, the most common method of factor analysis, employs this method.

certainty equivalent— The figure that a decision maker would be indifferent to receiving
for certain as compared to participating in a particular gamble.

chain-base index number— A type of index number which changes its base and its
pattern of weights from one period to the other. Both Laspeyres’ and Paasche’s index
numbers can be easily converted to chain-base index.

chance- A complex system of cause and effect leading to the occurrence of an event or
phenomenon which cannot be explained otherwise. The term is loosely used as a synonym
for probability.

chance agreement— A measure of the proportion of times two or more observers would
agree in their measurement or assessment of a phenomenon under investigation simply by
chance. See also kappa statistic.
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chance error- Same as random error.
chance variable- Same as random variable.

chaos theory- A term coined to designate a scientific discipline concerned with investi-
gating the apparently random and chaotic behavior of a system or phenomenon by use of
deterministic models.

Chapman’s estimator— In capture-recapture sampling, a modification of the Petersen
estimator made to avoid the possibility of zero in the denominator. More specifically, the
Chapman estimator of the total number of animals is given by

(m+D@a+1)
m+1

N = 1

where n; and n, are the sizes of the first and second samples, respectively, and m is the
number of marked animals in the second sample.

characteristic function— A function of a variable 7 associated with the probability dis-
tribution of a random variable X, defined by

Px() = E(e"™)

where i = +/=1. If ¢x () is expanded as a power series in ¢, the coefficient of (if)*/k! gives
the kth moment of X about the origin. For some distributions, the moment generating
function does not exist. However, the characteristic function always exists and plays an
important role in the characterization of a probability distribution.

Chebyshev’s inequality— Same as Chebyshev’s theorem.

Chebyshev’s theorem— A theorem in probability theory that allows the use of the knowl-
edge of the standard deviation and mean to determine the fraction of a population within
k standard deviations of the mean. It states that, regardless of the shape of a population’s
frequency distribution, the proportion of observations falling within k standard deviation
of the mean is at least (1 — 1/k?) given that k is 1 or more. Thus, according to this theorem,
atleast (1 — 1/2%), i.e., 75% of the observations fall within two standard deviations of the
mean.

Chernoff’s faces— A statistical technique for representing multivariate data in which
each data point is represented by a computer-generated graphic resembling a human face,
and the shape, size, and feature of each face is determined by the values taken by particular
variables. The sample data are then arranged or grouped according to similarities among
faces and thus may be used to assess similarities or differences between observations.

chi distribution— The probability distribution of a random variable y = ++/X where
X has a chi-square distribution.

child death rate— The number of deaths of children aged 1 to 4 years observed in a given
year divided by the total number of children in this age group (expressed per 1000).

child mortality rate— Same as child death rate.

chi (random) variable- A random variable that has a chi distribution.
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Schematic diagram illustrating Chernoff’s faces
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chi-square distribution— The distribution may be considered as a sum of squares of k
independent variables, where each variable follows a normal distribution with mean 0
and standard deviation 1. The parameter k is known as the number of degrees of free-
dom. The distribution is frequently used in many applications of statistics, for example, in
testing the goodness of fit of models and in analyzing count data in frequency tables. The
chi-square test is based on it. The following table gives the critical values of a chi-square
variable, which denotes the value for which the area to its right under the chi-square dis-
tribution with v degrees of freedom is equal to o. The entries in this table are values of 7,
for which the area to their right under the chi-square distribution with v degrees of freedom

is equal to .

Chi-square table

e

a— | 0.995 0.99 0.975 0.95 .05 0.025  0.01 0.005 <~
vl v
1 .0000393 .000157 .000982  .00393 3.841 5.024 6.635 7.879 1
2 0.011 0.0201 0.051 0.103 5991 7.378  9.210 10.597 2
3 0.072 0.115 0.216 0.352 7.815 9.348 11.345 12.838 3
4 0.207 0.297 0.484 0.711 9.488 11.143 13.277 14.860 4
5 0.412 0.554 0.831 1.145  11.071 12.833 15.086 16.750 5
6 0.676 0.872 1.237 1.635  12.592 14.449 16.812 18.548 6
7 0.989 1.239 1.690 2.167 14.067 16.013 18.475 20.278 7
8 1.344 1.646 2.180 2.733  15.507 17.535 20.090 21.955 8
9 1.735 2.088 2.700 3325 16919 19.023 21.666 23.589 9
10 2.156 2.558 3.247 3940 18307 20.483 23209 25.188 10
11 2.603 3.053 3.816 4.575  19.675 21.920 24.725 26.757 11
12 3.074 3.571 4.404 5.226  21.026 23.337 26.217 28.300 12
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a— | 0.995 0.99 0.975 0.95 .05 0.025  0.01 0.005 o

vl v
13 3.565 4.107 5.009 5.892 22362 24.736 27.688 29.819 13
14 4.075 4.660 5.629 6.571  23.685 26.119 29.141 31.319 14
15 4.601 5.229 6.262 7.261 24996 27.488 30.578 32.801 15
16 5.142 5.812 6.908 7.962 26296 28.845 32.000 34.267 16
17 5.697 6.408 7.564 8.672  27.587 30.191 33.409 35.719 17
18 6.265 7.015 8.231 9.390  28.869 31.526 34.805 37.156 18
19 6.844 7.633 8.907 10.117  30.144 32.852 36.191 38.582 19
20 | 7434 8.260 9.591 10.851  31.410 34.170 37.566 39.997 20
21 8.034 8.897 10.283 11.591  32.671 35479 38.932 41.401 21
22 8.643 9.542 10.982 12.338  33.924 36.781 40.289 42.796 22
23 9.260 10.196 11.689 13.091  35.172 38.076 41.638 44.181 23
24 9.886 10.856 12.401 13.848  36.415 39.364 42980 45.559 24
25 110.520 11.524 13.120 14.611  37.653 40.646 44.314 46.928 25
26 | 11.160 12.198 13.844 15379 38.885 41.923 45.642 48290 | 26
27 |11.808 12.879 14.573 16.151  40.113 43.195 46.963 49.645 27
28 |12.461 13.565 15.308 16.928  41.337 44.461 48.278 50.993 28
29 |13.121 14.256 16.047 17.708  42.557 45.722 49.588 52.336 29
30 [13.787 14.953 16.791 18.493 43773 46.979 50.892 53.672 30

Source: Computed by using software.
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Area = 0.995

Area = 0.95

—— Area = 0.05—>

-Area = 0.025>

Probability density function

K 10 15 20 1 T 25
3.074 21.026
5.206 23337

(=]

Probability density curve of the chi-square distribution with 12 degrees of
freedom (area to the right of 5.226 is 0.95 and so on)

chi-square (random) variable— A random variable that has a chi-square distribution.

chi-square statistic— In general, any statistic that has a chi-square distribution. There are
many statistical applications of the chi-square statistic. One of the most common proce-
dures involves testing the hypothesis of independence for the two-way classifications of
a contingency table. In this case, the chi-square statistic is obtained as the sum of all the
quantities obtained by taking the difference between each observed and expected fre-
quency, squaring the difference, and dividing this squared deviation by the expected
frequency. See also goodness of fit statistic.

chi-square test— A test of statistical significance based on the chi-square distribution.
This test is used in many situations. Some of the more common uses are: (1) an overall
goodness-of-fit test for comparing the frequencies of events that are classified in nominal
categories with hypothetical frequencies falling into specified categories; (2) testing the
association in a contingency table by comparing the observed cell frequencies with the
frequencies that would be expected under the null hypothesis of no association; (3) testing
the hypothesis that a sample comes from a hypothetical normal population with known
variance. For the validity of a chi-square test, it is generally assumed that expected
frequencies of all the cells be greater than 1 and at least 80% of the cells have expected
frequencies greater than 5. When these assumptions are not met, other tests, such as
Fisher’s exact test, are more appropriate.

chi-square test for independence— A chi-square test used in a contingency table by
comparing the observed cell frequencies with the frequencies that would be obtained
under the null hypothesis of independence of row and column categories.

chi-square test for trend— A chi-square test used in a 2 x k contingency table with k
ordered categories to test the hypothesis of a difference in the trend of the k proportions
in the two groups. The test is generally more powerful than the usual chi-square test for
independence.

circle chart- Same as pie chart.

circular distribution— The probability distribution of a random variable defined as the
value of an angle confined to be on the unit circle. It ranges in value from O to 2. It is used
to model the phenomena that have a period of 2r so that the probability density at any
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point € is the same that any point 6 4 27tk for any integral value of k. The probability mass
may be regarded as distributed around the circumference of a circle.

class boundary- Same as class limit.
class frequency— Same as absolute class frequency.
classical inference— Same as classical statistical inference.

classical probability— A definition of probability that assumes that all the experimental
outcomes of a random phenomenon are equally likely or is based on some other objec-
tive or theoretical considerations. It is equal to the number of equally likely outcomes
favorable to the occurrence of an event of interest divided by the total number of equally
likely basic outcomes possible. See also empirical probability, objective probability, sub-
Jective probability.

classical statistical inference— Same as statistical inference. The term is sometimes used
to distinguish it from the so-called Bayesian inference.

classical statistics— Same as classical statistical inference.

classical time-series model- A time-series model that attempts to explain the pattern or
variation observed in an actual time-series data by the sum/product of the four compo-
nents: trend, cyclical, seasonal, and irregular components. See also additive time-series
model, multiplicative time-series model, mixed time-series model.

classification— The process of subdividing the range of values of a variable into classes or
groups.

classification errors— Errors in assigning or classifying persons, objects, or events into
separate classes, categories or groups.

classification techniques— A general term applied to any of the techniques used in cluster
and discriminant analysis.

class interval- One of the intervals into which the entire range of the variable values has
been divided. It represents the length of a class or the range of values covered by a class of
a frequency distribution.

class limits— In a frequency distribution, the variable values that demarcate each class
interval. For example, 2.1 and 2.4 are, respectively, the lower and upper class limits of the
class interval 2.1-2.4.

class mark- Same as midpoint.
class midpoint- Same as midpoint.
class midvalue— Same as midpoint.

class width— The length or difference between the numerical values of the upper real
limit of a class and the lower real limit of that class.

clinical decision making— Same as medical decision making.
clinical significance— Same as practical significance.

clinical trial- An experimental study of a medical treatment or procedure on human
beings, designed to investigate the efficacy of the treatment. It generally entails comparison

e
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between two or more study groups, by administering treatments/interventions to at least
one of the study groups to assess the relative efficacy of treatments. The paradigm of a clin-
ical trial is a randomized controlled trial. See also phase I trial, phase Il trial, phase 111
trial, phase 1V trial.

cluster— A cluster is a subset of the population of objects. Generally, the clusters consist
of natural groupings of the individuals or objects such as residents in a city block, a family,
hospital, school, etc.

cluster analysis— An advanced statistical technique in multivariate analysis that deter-
mines a classification or taxonomy from multiple measures of an initially unclassified set
of individual or objects. The procedure is designed to determine whether individuals or
objects are similar enough to belong to the same or separate groups or clusters. The sets of
measurements pertaining to individuals being studied, known as profiles, are compared
and individuals that are close or similar are classified as being in the same cluster or group.
During recent decades, applications of cluster analysis have grown at rapid pace. Programs
for carrying out cluster analyses are now included in much of the widely used statistical
software.

X

Schematic diagram for clusters of data

clustering— The division of a population into a number of subpopulations commonly
known as clusters. Clustering makes use of natural groupings; for example, employees in
a firm may be divided into work groups, children in a school may be grouped into desig-
nated classes, and dwellings of a city may be organized into blocks.

cluster randomization— A method of randomization in which groups or clusters of indi-
viduals rather than individuals themselves are randomly assigned to treatment groups.
Although the method is not as efficient as the individual randomization, it is useful in terms
of certain economic, ethical, and practical considerations.

cluster sampling— A two-stage sampling procedure in which the population is divided
into groups of units known as clusters. A random sample of clusters is drawn, and then
random samples of subjects within the clusters are selected. A one-stage cluster random
sample entails a complete enumeration of all randomly chosen clusters. Typically, entire
households, schools, or hospitals are sampled. Generally, the clusters consist of natural
groupings of individuals or objects. Cluster sampling is usually employed when the
researcher cannot obtain a complete list of the elements of a population under study but can
get a complete list of groups of individuals (all persons in a city block, a family, hospital,
school, etc.) of the population. In the determination of the sample size required in a study,
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where the clusters are the sampling units, it is necessary to modify the commonly used
formulas for this purpose. See also multistage sampling.

Population

O O O

Cluster 1 Cluster 2 . Cluster M

Select a simple random sample of m of the M clusters.

Schematic diagram for cluster sampling

COBOL- An acronym for Common Business Oriented Language. A business-oriented
programming language used for writing programs.

Cochran’s C test— A test procedure for testing three or more independent samples for
homogeneity of variances before using an analysis of variance procedure. It is based on
the ratio of the largest sample variance to the sum of all the sample variances and was pro-
posed by W. G. Cochran in 1941. See also Bartlett’s test, Box’s test, Hartley's test.

Cochran’s Q test— A nonparametric procedure for comparing several correlated pro-
portions arising from dependent or matched groups to determine whether frequencies or
correlations differ significantly among themselves. It is a generalization of McNemar’s
chi-square test for more than two matched groups and is best suited for nominal or
dichotomized ordinal data.

coding— A term used to refer to a variable with arbitrary origin or possibly transforming it
in some other unit.

coefficient— A constant multiplier that measures some property of a variable or functions
of a variable.

coefficient of alienation— A term sometimes used to denote a measure of the proportion
of variability in the response variable that is not explained by the estimated regression
equation. It is obtained as the ratio of the sum of squares due to residuals to the total
sum of squares. It can be considered as a measure of the lack of fit of the estimated
regression equation. It is interpreted as the amount of error in predicting values of the
dependent variable that could not be eliminated by using values of the independent
variables. It is equivalent to 1 — R> where R?> is the coefficient of multiple
determination.

coefficient of concordance- Same as Kendall’s coefficient of concordance.
coefficient of contingency— Same as contingency coefficient.
coefficient of correlation— Same as correlation coefficient.

coefficient of cross-elasticity— The mathematical relationship between a percentage
change in the price of a certain commodity or service and the resulting percentage change
in the sales of a substitute commodity or service.
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coefficient of determination— Same as coefficient of multiple determination.

coefficient of elasticity— The mathematical relationship between the percentage change in
the quantity of a commodity or service acquired or offered and the percentage change in the
price.

coefficient of kurtosis— A measure of kurtosis of a distribution defined by 8, = 4/ u%
where 1, and 4 denote the second and fourth central moments of the distribution. For a
normal or mesokurtic distribution 8, = 3, for a leptokurtic distribution 8, > 3, and
for a platykurtic distribution 8, < 3.

By<3 By=3 Br>3
Platykurtic Mesokurtic Leptokurtic

The relationship between the coefficient of kurtosis and the degree of peakedness

coefficient of linear correlation— Same as coefficient of correlation.
coefficient of multiple correlation— Same as multiple correlation coefficient.

coefficient of multiple determination- It is a measure of the proportion of variability in
the response variate that is explained by the estimated regression equation. It is obtained
as the ratio of the sum of squares due to regression to the total sum of squares. It can be
interpreted as a measure of how well the estimated regression equation fits the data or
explains the variation in the data. It is equivalent to R> where R is the multiple correla-
tion coefficient. See also adjusted sample coefficient of multiple determination, sample
coefficient of multiple determination.

coefficient of part correlation— See part correlation.

coefficient of partial determination— In multiple regression analysis, a measure of
association between the dependent variable and one of the independent variables, after
adjusting for the effects of one or more other independent variables. See also sample coef-
ficient of partial determination.

coefficient of regression— Same as regression coefficient.
coefficient of relative variation— Same as coefficient of variation.

coefficient of skewness— A measure of skewness of a distribution defined by 8; = p3/u3
where 11, and w3 denote the second and third central moments of the distribution. The size
of s relative to ,u;/ ? indicates the extent to which the distribution departs from symmetry.
Thus /B, gives a measure of the relative skewness of a distribution, or its skewness nor-
malized by its spread. It can be used to compare the symmetry of two distributions with
different values of scales. For a symmetrical distribution, /B8, = 0. For a distribution
having right tails, /B, > 0. For a distribution having left tails, /B, < 0. See also coeffi-
cient of kurtosis, kurtosis.
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Right skewed Symmetrical Left skewed
B >0 B =0 B <0

f®

The relationship between the coefficient of skewness
and concentration of tails of a distribution

coefficient of variation— A measure of relative dispersion for a data set. It is calculated
by dividing the standard deviation by the mean. It is generally represented as percentage
by multiplying it by 100. It expresses the magnitude of the variation relative to its aver-
age size and is used for comparing the variability in different distributions. The standard
deviation provides an absolute measure of dispersion of a data set expressed in the same
units of measurements, for example, tons, yards, or pounds. However, the coefficient of
variation provides a means of comparing the variability in two or more data sets measured
in different units and can be considered a statistical measure of the relative dispersion, vari-
ability, or scatter of a data set or frequency distribution. It is a purely statistical entity free
of any units of measurement. Coefficient of variation is also often used as a measure of the
repeatability of a measurement method by taking repeated measurements with the method
in question and calculating its coefficient of variation.

cofactor of a matrix— The ijth cofactor of an n x n matrix A denoted by A;; is given by
Ay = 1) | M|

where Mj; is the ijth minor of A.

cohort- A group composed of individuals of the same generation, age, occupation, geo-
graphical area; or any designated group of persons with some common characteristics who
are followed or traced over a period of time, as in a cohort analysis or study.

cohort analysis— The study of the same cohort over an extended period of time. See also
cohort study.

cohort study— An observational study that includes a group of subjects who have a risk
factor or have been exposed to an agent and a second group of subjects who do not have
the risk factor or exposure. Both groups are followed prospectively through time to deter-
mine and compare the outcomes of interest in the two groups. The alternative terms for a
cohort study are follow-up, longitudinal, and prospective study. In investigating the rela-
tionship between an exposure or risk factor and the incidence of disease, cohort studies
generally yield more precise results and are less prone to biases of different sources than
case-control studies. However, the cohort study generally entails the study of a large pop-
ulation for a prolonged period of time. Since the cohort studies can take a long period of
time to complete, they may be very costly to conduct. They are usually unsuitable for
investigating rare outcomes since it would require that an extremely large number of
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subjects be followed in order to get an adequate number of events of interest. Moreover, in
many cohort studies, some subjects may not be followed for the full length of the study
since they may move to another area or may even die. Thus, loss to follow-up and surveil-
lance bias are two common sources of bias in this type of study. See also cohort analysis,
cross-sectional study.

With condition
Exposed group

Without condition

Study
cohort
With condition
Unexposed group
Without condition
}
Commencement Time
of the study

Direction of study

Schematic diagram of a cohort study

collectively exhaustive events— Same as exhaustive events.
collinearity— Same as multicollinearity.
column chart- Same as bar chart.

column marginals— In a cross-tabulation, the frequencies of the variable appearing
across the columns. Compare row marginals.

column sum of squares— Same as sum of squares for columns.

combination— A combination is a nonrepeating arrangement or selection of distin-
guishable elements or objects in which the order is ignored. Thus, the arrangement ABC
is the same combination as BCA, CAB, CBA, or ACB. The number of possible com-
binations, each containing r objects, that can be formed from a set of n distinct objects is

given by
ny n!
r) rln—r)!’

community controls— In case-control studies, the selection of controls from the same
population from which cases are drawn. The use of community controls is appropriate if
the source population is well defined and the cases in the study sample are considered
representative of all the cases in this population. See also hospital controls.

comparative experiment— An experimental study designed to make comparisons be-
tween a control group and one or more treatment groups. In a clinical trial, the term is
synonymous with phase III trial.
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comparative study— A study designed to make comparisons between one or more groups
of subjects.

comparative treatment trial- Same as phase III trial.
comparative trial- Same as controlled trial.
comparison group- Same as control group.

comparisonwise error rate— In a multiple comparison procedure, one is concerned with
individual comparisons as well as sets of such comparisons. In individual comparisons, the
significance level is referred to as comparisonwise error rate. See also experimentwise
error rate.

compatible events— Different random events that have at least some basic outcomes in
common.

complementary event— Same as complement of an event.

complement of an event— The complement of an event A is the event containing all sam-
ple points that are not in A. It is an event contrary to the one of interest. It is denoted by A,
A’, or A€

completely randomized design— An experimental design in which the treatments are
allocated to the experimental units randomly without any restriction. This type of design
controls extraneous variables by creating one treatment group for each treatment and
assigning each experimental unit to one of these groups by a random process. Thus, a
completely randomized design assigns the experimental units to the treatments in such a
way that any one allocation of experimental units to the treatments is just as probable as
any other. See also block design, blocking, randomized block design.

compliance— A term used in clinical trial to indicate the extent of adherence of patients to
the study protocol.

component bar chart— A bar graph in which each bar is divided into sections propor-
tional in size to the components of the total they represent. The various components are
usually colored or shaded to enhance the overall appearance and effectiveness of the

graph.
100 - = o
6.2
80 | 17
E 60 23 3.8 O Other
2 O Corporate taxes
S 40k o
=¥ O Social insurance taxes
20 - 47 48.1 O Individual taxes
0
1985 1995

Component bar charts showing percent
distributions for the sources of federal income
for hypothetical data: 1985 and 1995
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component bar graph— Same as component bar chart.
composite event— Any event comprising two or more basic outcomes.

composite hypothesis— A hypothesis that specifies a range of values for an unknown
parameter—for example, the hypothesis that the mean of a population is different than
some given value.

composite sampling— A relatively inexpensive method of sampling used for items that
require an expensive and time-consuming process of measurements. For example, to esti-
mate the moisture content of a trainload of corn, one could take a bushel of corn from each
wagon, mix these in a blender, and measure the moisture content of the resulting compos-
ite sample. In this manner, every part of the trainload can be sampled but only one expen-
sive measurement need to be taken.

compound distribution— A type of probability distribution where a parameter of the
distribution is also a random variable having a given probability distribution. For exam-
ple, the negative binomial distribution can be expressed as a Poisson distribution where
the mean is a random variable having a gamma distribution.

compound event— An event that comprises two or more simple events that are not neces-
sary mutually exclusive.

computational formula— An algebraic formula that is mathematically equivalent to the
definitional formula and is easier to use for manual computations but does not directly
display the meaning of the procedure it symbolizes. Compare definitional formula.

computer-aided diagnosis— The use of computers to assist clinicians in approaching the
diagnostic task by compiling available data and developing a list of one or more diagnostic
possibilities. The basic idea behind computer-aided diagnosis is to use the historical data
gathered from the clinical study of previously examined patients to determine the likely
diagnosis in a new patient exhibiting another set of data on symptoms, signs, or laboratory
results. A computer-aided diagnosis thus requires a mathematical and statistical model
and the use of a computer to store, organize, and process vast quantities of information
related to symptoms, common clinical findings, and laboratory results. Several mathemat-
ical and statistical models have been proposed to assist the computer-aided diagnosis and
prognosis. Among the procedures employed are Bayes’ theorem, discriminant analysis,
likelihood ratio statistic, logistic regression, and numerical taxonomy.

computer-assisted survey— The use of a computer to aid the interview and data collection
process during a survey. Typically, the computer presents the question text on the screen,
along with the available response categories, and the interviewer or respondent answers
directly into the computer. The computer can also be used to undertake various forms of
data processing at the time of interview, including electronic transfer of data files.

computer-intensive statistical methods- Statistical methods that require recomputing the
test statistic for many (typically 100 to 5000) artificially constructed data sets. Examples
of these methods include randomization tests, bootstrap, and other resampling proce-
dures. However, these methods are very general; for example, practically every nonpara-
metric procedure is a special case of one of these methods. Computer-intensive methods
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are easy to use, do not make the usual assumptions about the data set, and can be used to
assess the significance in a hypothesis test.

computer package— A set of computer programs for storing, retrieving, and analyzing
data using commonly used statistical procedures and techniques. Some widely used com-
puter packages are SAS, SPSS, BMDP, and MINITAB, among others.

computer program— A set of instructions written in a language that a computer can read.
computer simulation— See Monte Carlo method.
computer software— Same as computer package.

conceptual model- The process of conceiving or defining outcomes of a phenomenon on
the basis of theoretical considerations.

concordant pairs— See Kendall’s tau.
concurrent control group- Same as concurrent controls.

concurrent controls— In a clinical trial, concurrent controls are subjects assigned to a
placebo or control group. The most widely used method of assigning subjects to a treat-
ment or control group is to use random allocation to determine which treatment each
patient receives.

conditional distribution— Same as conditional probability distribution.

conditional logistic regression— A type of logistic regression used for paired binary
data. It is commonly used in the analysis of case-control studies where cases and controls
have been individually matched.

conditional mean of Y- In a regression analysis, the mean 1y |, of a conditional prob-
ability distribution of the dependent variable Y, for a given value of the independent
variable X. For example, if two random variables X and Y with means p; and u,, vari-
ances o and o7, and correlation p have a bivariate normal distribution, then the con-
ditional probability distribution of ¥ given X is normal with mean u, + p(02/01)(x — 1)
and variance (1 — ,02)022.

conditional probability— The probability of an event given that another event has
occurred. The conditional probability of A given that another event B has occurred is
denoted as P(A|B). It is calculated by the formula P(A|B) = P(AN B))/P(B), where
P (AN B) is the probability of intersection of A and B. The formula assumes that
P(B) > 0. The conditional probability is a measure of the likelihood that a particular event
will occur, given that another event has already occurred. The notion of conditional proba-
bility plays a fundamental role in the postulation of Bayes’ theorem. Compare uncondi-
tional probability.

conditional probability distribution— In a bivariate or multivariate distribution, the
probability distribution of a random variable (or the joint distribution of several ran-
dom variables) when the values of one or several other random variables are held constant.

conditional standard deviation— In a bivariate analysis, the standard deviation of a
conditional probability distribution of Y given X.
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confidence bands— In regression analysis, dashed lines on each side of an estimated
regression line or curve that have a specified probability of including the line or curve in
the population. The confidence bands can be constructed by determining confidence
intervals for the regression line for the entire range of X values. One can then plot the
upper and lower confidence limits obtained for several specified values of X and sketch
the two curves that connect these points. Confidence bands are also known as confidence
belts.

Y

Upper limit .~
~.,.°

Lower limit
E(X), E(Y)

Estimated regression line

Confidence bands showing how the confidence
intervals for u; become larger as the distance
between X and E(X) increases

confidence belts— Same as confidence bands.

confidence coefficient— The confidence coefficient of a confidence interval for a para-
meter is the probability that the interval contains the value of the parameter of interest. It
is the percentage of intervals (obtained from repeated samples, each of size n, taken from
a given population) that can be expected to include the actual value of the parameter being
estimated. For example, if an interval estimation procedure yields an interval such that
95% of the time the value of the population mean is included within the interval, the
interval estimate is said to be constructed at the 95% confidence coefficient and 0.95 is
referred to as the confidence coefficient.

confidence interval- The interval computed from sample data that has a specified prob-
ability that the unknown parameter of interest is contained within the interval. For exam-
ple, a 1 — o confidence interval for an unknown parameter p is an interval computed from
the sample data having the property that, in repeated sampling, 100(1 — «) percent of the
intervals obtained will contain the value p. Thus, a 95% confidence interval implies that in
repeated sampling 95% of the intervals would be expected to contain the true parameter
value. It should be noted that the stated probability level refers to the property of the inter-
val in repeated sampling and not to that of the parameter. Some common confidence inter-
vals are 90%, 95%, and 99%. Note that a 99% confidence interval will be wider than the
95% confidence interval, which in turn will be wider than the corresponding 90%
confidence interval. The width of a confidence interval is also related to sample size and
measurement variability. The width is decreased by increasing the sample size, but is
increased with the increasing variability. Wide confidence intervals reflect considerable
uncertainty about the true parameter values and stem from small sample sizes, large vari-
ability, and a high confidence coefficient. The confidence intervals are very useful in
assessing the practical significance of a given result.
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confidence level- Same as confidence coefficient.

Density curve of
sample mean

Empirical illustration of confidence intervals: Twenty-five samples from the same
population generated these 95% confidence intervals. In the long run, 95% of all
samples produce an interval that contains p

confidence limits— The lower and upper limits of a confidence interval that define the
interval within which a population parameter being estimated presumably lies. These
limits are computed from sample data and have a known probability that the unknown
parameter of interest is contained between them.

confirmatory data analysis— A term used to designate statistical procedures of inferential
statistics in contrast to the methods and techniques of exploratory data analysis.

confirmatory factor analysis— See factor analysis.

confluent hypergeometric function— The confluent hypergeometric function denoted by
M(a, B, x) is defined as

L« e+l 5 a@+D@+2)
M. poo =1+t g rna” "B DBETI

Confluent hypergeometric functions have been found very useful in the solution of many
statistical problems.

confounded- A term used to describe an experiment or study that has one or more extra-
neous variables present that may lead to biased estimates and incorrect interpretations of
the results. The term is also used to refer to two or more processes whose separate effects
cannot be determined.

confounder- Same as confounding variable.
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confounding— A term used to describe a condition in a factorial design where certain
comparisons can be made only for treatments in combinations and not for separate treat-
ments; for example, main effects and interactions cannot be estimated separately. This is
so since the contrast that measures one of the effects is exactly the same that measures the
other. The two effects that are confounded are usually referred to as aliases. In epidemi-
ology, the term is used to refer to bias arising from comparing groups that are different with
regard to important risk or prognostic factors other than the factor under investigation.
For example, in comparing the incidence of heart disease between smokers and nonsmok-
ers any observed difference between the two groups could well be due to one group being
older than the other. Here, age is acting as a confounder and the effect of smoking on heart
disease cannot be properly assessed, as a result of important age differences between the
two groups.

confounding factor— Same as confounding variable.

confounding variable— A variable more likely to be present in one group of subjects than
another that is related to the outcome of interest and thus potentially confuses or
“confounds” the results. A confounding variable is associated with both treatment and
outcome and can affect both. The term is generally used in the context of epidemiologic
and other observational studies.

confounding variate— Same as confounding variable.

congruential method— A method for generating random numbers based on a congru-
ence relationship. Although the method is found to generate a good sequence of ran-
dom numbers with satisfactory statistical properties, in certain cases its behavior is too
erratic.

Conover test— A nonparametric test procedure for testing the equality of variances of
two populations having different medians. The test has rather a low power; its asymp-
totic relative efficiency compared to the traditional F test for normal distribution is only
76 percent, which is slightly higher than the Siegel-Tukey efficiency measure of 0.61. See
also Ansari-Bradley test, Barton-David test, F test for two population variances, Klotz test,
Mood test, Rosenbaum test, Siegel-Tukey test.

conservative confidence interval— A term used to describe a confidence interval in which
the actual confidence coefficient exceeds the nominal or stated level.

conservative test— A term used to describe a statistical test in which the probability of a
Type I error is smaller than the nominal or stated level. Conservative tests are often pre-
ferred when only approximate tests are available. See also exact test, liberal test.

consistency— A term used to describe the property of a consistent estimator.

consistency checks— A term sometimes used to describe the checks being performed to as-
sess the internal consistency of a set of observations in a database.

consistent estimator— A sample estimator or statistic such that the probability of its
being close to the parameter being estimated gets ever larger (and, therefore, approaches
unity) as the sample size increases. A consistent estimator is said to converge in probabil-
ity, as the sample size increases, to the parameter being estimated.

consistent test— A test of a hypothesis is said to be consistent with respect to a particular
alternative hypothesis if the power of the test approaches unity as the sample size tends
to infinity.
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constant— A mathematical term or a value that does not change; that is, it remains the same
for all units of analysis. There are the universal mathematical constants such as  and e, and
the so-called physical constants such as the velocity of light. The opposite of a constant is
variable.

consumer price index— An index number designed to measure the variations in prices of
the goods and services. It includes changes in prices of a fixed market basket of hundred of
goods and services, including such items as milk, lettuce, rent, and doctor’s visit, among
others. The index is compiled by the U.S. Bureau of Labor Statistics and is based on about
125,000 monthly quotation prices.

contingency— A chance occurrence, i.e., an event incidental to another. In a contingency
table, it is the difference between the observed frequency and the expected frequency
under the assumption that the two characteristics are independent.

contingency coefficient— In a contingency table, a measure of the strength of the associ-
ation between two categorical or qualitative variables. The contingency coefficient is a
function of the chi-square statistic and is never negative, but has a maximum value less
than one. It is calculated by the formula

2
c= [ X
n+ x?

where x? is the usual chi-square statistic for testing the independence of the two variables
and n is the sample size. See also phi (¢) coefficient, Sakoda coefficient, Tschuprov
coefficient.

contingency table— A contingency table is a table that cross-classifies bivariate data
where two variables are nominal or categorical. The cells in the table contain the
observed frequencies of the combinations of the levels of two variables. The cells are mu-
tually exclusive where each observation can be included in one and only one of the cells.
In general, a contingency table classifies data according to two or more categories associ-
ated with each of two qualitative variables. For example, if the characteristic A is r-fold
and the characteristic B is c-fold, the contingency table will have » rows and ¢ columns. It
is then often called an r x ¢ contingency table, or simply an r x ¢ table. The objective of
an analysis of a contingency table is to determine whether two directions of classifications
are dependent on each other.

Column 1 2 c Row totals
Row
1 ni nip e nie ny
np1 npy e Ny, ny
r Ny n.n ‘e Ny n,
Column totals n no n, n

General r x ¢ contingency table

contingency table analysis— Methods and techniques for analyzing relationships between
categorical variables forming a contingency table using the familiar chi-square test.
Three- and higher-dimensional tables are analyzed by using log-linear models and related
procedures.
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continuity correction— Same as correction for continuity.

continuous data— Data obtained on measures of a continuous variable, i.e., using inter-
val and ratio scales of measurement. See also discrete data, nominal data, numerical data,
qualitative data.

continuous distribution— Same as continuous probability distribution.

continuous probability distribution- It is the probability distribution of a continuous
random variable. A continuous probability distribution is represented by a continuous
function called a probability density function. Compare discrete probability distribution.

continuous quantitative variable— Same as continuous variable.

continuous scale— A scale used to measure a numerical characteristic with values that
occur on an entire continuum.

continuous stochastic process— See stochastic process.

continuous (random) variable— A (random) variable that can theoretically assume any
real value between the two points on a measurement scale with no gaps or spaces between
possible values. When recording an observation on a continuous variable, it is not
restricted to a particular value, except by the accuracy of the measurement, and a refine-
ment of the measuring instrument yields a more precise observation. Some examples of
continuous variables are height and weight. See also categorical variable, discrete vari-
able, ordinal variable.

inches
| | | | | |

55 60 65 70 75 80
Possible values of heights

Illustration of a continuous random variable

contrast (in population means)- A linear combination of the population means such
that the coefficients of the population means sum to zero. Thus, the statement that

k
Z&'Mi =i +Llps + -+ bt

i=1
is a contrast in the k populations means (i, io, ..., (i if the £;’s sum to zero; that is, if

k
Zei=EI+‘€2+"'+‘€k=0

i=1

Two such contrasts are said to be orthogonal if the sum of the pairwise products of their
coefficients is equal to zero. Contrasts are used in making post-hoc comparisons of popu-
lation means.

contrast (in sample means)— A linear combination of the sample means such that the
coefficients of the sample means sum to zero. Thus, the statement that

k
Zeifi =X + Xy + -+ Xy

i=1
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is a contrast in the k£ sample means X1, X, ..., X if the ¢;’s sum to zero; that is, if

k
Dli=titb+ o +4=0

i=1

Two such contrasts are said to be orthogonal if the sum of the pairwise products of their
coefficients is equal to zero.

control- In a case-control study, the term is used to refer to an individual who does not
have the disease or condition of interest. In a clinical trial, the term is used for a subject
assigned to the placebo or control condition. See also control group.

control charts— Graphs that highlight the average performance values and the variation
around this average so that average and variation of the past become standards for control-
ling performance in the present. A control chart is made up of three horizontal lines; one,
called the center line, is drawn at the mean value, and the other two, called action lines or
control lines, are drawn at appropriate and equal distance above and below the center line.
The center line corresponds to the mean value of the characteristic under investigation.
Control charts are used to decide whether a process is in statistical control. The process is
judged to be “in control” as long as the plotted points lie between the two lines, and is con-
sidered “out of control” if any one of the points falls outside the control limits. Central to
the idea of a control chart is the concept of variance. Walter Shewhart, an engineer work-
ing at Bell Laboratories, devised control charts. See also c-chart, p-chart, R-chart, run
chart, statistical quality control, x-bar chart.
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Figure showing a control chart

control condition— Placebo or any other standard treatment assigned to a control group.

control group— The subjects in an experiment that do not receive an intervention. In a
clinical trial, these are subjects assigned to the placebo or any other control condition.
A control group can be concurrent or historical, depending on whether subjects are inves-
tigated concurrently or taken from some historical records. In crossover trials, there is
usually a single group of subjects where each individual acts as its own control. In a case-
control study, the subjects without the disease or outcome are called a control group. See
also community controls, controlled clinical trial, crossover study, historical controls, hos-
pital controls.
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controlled (for)- A term used to describe an extraneous factor or variate that is adjusted
for its confounding effect either in the design or the analysis of the study.

controlled clinical trial- A phase III clinical trial in which subjects are allocated to a
control group as well as to an experimental treatment group. A control group may be
either the current standard treatment or a placebo. The most widely used method of unbi-
ased treatment allocation is to use random allocation to determine which treatment each
patient receives. Controlled trials provide direct comparison between the treatment and
control groups. See also clinical trial, phase I trial, phase I trial, phase Il trial, phase IV
trial, randomized controlled clinical trial.

controlled trial- Same as controlled clinical trial.
control lines— See control charts.

controls— Same as control group.

control subjects— Same as control group.

control treatment— The placebo or any other control condition being assigned to the
control group.

control variable— Same as covariate.

convenience sample— A sample selected in such a manner that convenience and expedi-
ency is the main consideration in selecting elementary units for observation, and usually
the most easily accessible units are taken in the study. Some examples of convenience sam-
ples are workers in an office, houses in block, a group of people interviewed on a street cor-
ner, or the top items in a carton. Since probability theory is not employed in drawing a
convenience sample, standard errors of the sample estimates cannot be determined. See
also judgment sample, nonprobability sample, probability sample, random sample.

convenience sampling— See convenience sample.

conventional levels of significance— The levels of significance (p < 0.05, p < 0.01) that
are widely used in scientific research and other statistical applications.

convolution— A mathematical procedure used to determine the probability distribution
of the sum of two or more random variables.

Cook’s distance— A diagnostic measure commonly used in regression analysis to detect
the presence of an outlier. It is designed to measure the shift (change) in the estimated
parameter values from fitting a regression model when a particular observation is omit-
ted. The values of measure greater than 1 suggest the undue influence of the observation on
the corresponding regression coefficients. See also DFBETA, DFFIT.

cooperative clinical trial- Same as multicenter clinical trial.

corner test— A graphical procedure designed to measure the association between two
variables. The procedure involves drawing a scatter plot for the pairs of observations,
and dividing it into four quadrants by lines parallel to x and y axes, passing through the
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medians of the bivariate data sets. The test statistic is based on the outlying members in
each quadrant.

corrected chi-square test— A chi-square test for a 2 x 2 table that uses Yates’ correction
for continuity. The corrected test, however, results in a more conservative test.

correction for continuity— When a statistic is discrete, but its distribution is being
approximated by a continuous distribution (such as the normal distribution), probabil-
ities can sometimes be more accurately obtained by using the tables of the continuous dis-
tribution, not with the actual values of the statistic, but with slightly corrected values. The
corrected values are obtained generally by adding or subtracting a value % The correction
is known as ‘correction for continuity.” See also Yates’ correction for continuity.
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Schematic diagram illustrating correction for
continuity

correlated groups— Same as dependent groups.
correlated samples— Same as dependent samples.
correlated samples ¢ test— Same as paired t test.

correlation— A general term denoting association or relationship between two or more
variables. More generally, it is the extent or degree to which two or more quantities are
associated or related. It is measured by an index called correlation coefficient. See also
intraclass correlation, Kendall’s rank correlation, Spearman’s rank correlation.

correlation analysis— A technique for measuring the association or relationship between
sets of data involving two or more variables. When the two sets of scores increase and
decrease simultaneously (or vary directly), the variables are said to be positively corre-
lated. Conversely, when the sets of scores change in opposite directions so that one set
decreases as the other set increases (or vary inversely), the variables are said to be nega-
tively correlated. See also correlation, correlation coefficient.

correlation coefficient— A numerical measure of the linear relationship between two
sets of measurements made on the same set of subjects. It is also known as the Pearson
product moment correlation coefficient. It is denoted by the letter r and its value ranges
from —1 to +1. A value of 41 denotes that two sets are perfectly related in a positive
sense and a value of —1 indicates that two sets are perfectly related in a negative sense. A
value close to zero indicates that they are not linearly related. See also rank correlation
coefficient.

e



sah51693 C.gxd 10/2/01 10:41 AM Page 64 $

64 Pocket Dictionary of Statistics

r=09 . r=08 =L r=07 < - [ r=06

© e L s @, e e

r=05 .. or=04 ST D =03 '.'_,."'.H":_O-z

O N €) ‘ U

P r=01" =206, r=—-09

Bivariate data with correlation coefficient r of various magnitudes

correlation difference test— A statistical test for testing the hypothesis concerning the
difference between two population correlation coefficients.

correlation for attenuation— Same as attenuation.

correlation matrix— A square array that represents all pairs of correlations of a set of
random variables. The correlation matrix is a square matrix with as many rows as
columns. Each cell of the matrix is occupied by a correlation coefficient between the
variables represented by the particular row and column that the cell occupies. The element
r;j of the matrix is the correlation coefficient between the variables x; and x;. The diagonal
elements, those going from the upper left-hand corner to the lower right-hand corner of the
matrix, are each equal to 1, i.e., r; = 1 for all i. Moreover, the correlation matrix is sym-
metrical about the diagonal, i.e., r;j = rj; fori # j.

Variables
X1 X2 oo xp
X 1 I Ty
X 2 1 e Iy
Variables .
Xp I'p1 I'p2 s 1

Correlation matrix

correlation ratio— Same as efa.

correlation research— Studies that do not control and manipulate variables. Correlation
research examines the covariation among variables.

correlogram— A plot of the sample values of the autocorrelation against the lag.
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correspondence analysis— A multivariate statistical technique used to describe the
relationship between two variables measured on a nominal scale. The method uses a set
of coordinate values to represent the rows and columns of a contingency table and thus
allows the association in the table to be displayed graphically. For each variable, the dis-
tance between category points in a plot reflects the relationship between categories with
similar ones plotted in proximity to each other. The horizontal and vertical coordinates are
analogous to those derived from principal components analysis. The technique, however,
differs from principal components analysis in that it involves a partition of a chi-square
statistic rather than the total variance.

cost—benefit analysis— An economic analysis in which costs and benefits of various alter-
native decisions and actions (treatments/interventions/procedures, etc.) and the associated
risks and uncertainties (loss of net earnings due to illness, death or disabilities, etc.) are
evaluated. The preferred action is one that provides the greatest benefit for a given cost or
requires the least cost for a given level of benefit.

cost—effectiveness analysis— An economic analysis of costs and effectiveness of alterna-
tive decisions and actions.

cost-minimization analysis— An economic analysis of the costs and outcomes of alterna-
tive actions when these actions can be shown to have comparable results or impact.

cost—utility analysis— An economic analysis of costs and outcomes of alternative actions
in which outcomes are measured in terms of their personal or social utility.

count data— Data relating to frequency counts of occurrences of certain random events
or phenomena in contrast to continuous data that are obtained by taking measurements
on some scale. Count data arise frequently in demographic sampling, in survey research,
in learning experiments, and in almost every other branch of social, engineering, and life
sciences.

covariance- The first product moment of two variables about their mean values. It is cal-
culated as the sum of the product of deviations of the x’s and y’s about their respective
means divided by n — 1 in a sample and N in the population. It is a measure of the joint
variance of two variables. It ranges from —oo to +00. A positive value indicates that two
variables are directly related and a negative value indicates that they are inversely related.
See also correlation, covariance matrix, sample covariance.

covariance matrix— A square array that represents all pairs of covariances of a set of
random variables. A covariance matrix is a square matrix in which main diagonal
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elements represent variances of the variables and off-diagonal elements are the covari-
ances. Moreover, like the correlation matrix, a covariance matrix is also symmetrical
about the diagonal.

Variables
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Covariance matrix

covariance structure model- Same as structural equation model.

covariate— The term used for a confounding variate as a source of possible explanation
of variation in the dependent variable. This is a variable that the researcher seeks to
control by use of techniques such as analysis of covariance and regression. The value of
a covariate is held constant in an analysis in order to observe its effect on the original
association between two or more variables. The term is also used simply as an alternative
name for an explanatory variable. It is also sometimes employed to refer to a variable that
is not of primary interest in an investigation but is thought to be related to the response
variable of interest and probably should be taken into account in any analysis and model
building. It is also known as a control variable.

covariation— Joint variation in observations involving a bivariate data set. See also
covariance.

Cox regression— Same as proportional hazards regression.

Cox-Mantel test— A nonparametric statistical test for comparing two survival curves.
If the survival experience of the two groups is the same, then the test statistic can be
approximated by a standard normal distribution.

Cramér-Rao inequality— An inequality giving a lower bound of the variance of any
unbiased estimator of a parameter 6, or more generally a given parametric function g(0),
in the probability density function f(x, 6) of the observed random variable. The
inequality states that

[g' )1

3 2
nk |:<£1oge f(x,9)> }

where T is an unbiased estimator of g(0), g’(f) is the derivative of g(6) with respect to 6,
and n is the sample size.

Var (T) >

Cramér-Rao lower bound- See Cramér—Rao inequality.
Cramér’s V- Same as Cramer’s V coefficient.

Cramér’s V coefficient— A measure of the association or relationship between two nom-
inal or categorical variables whose data are cross-classified in a 2 x 2 or higher-order
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contingency table. It is based on the usual chi-square statistic for testing the indepen-
dence and is calculated by the formula

X2
V= -
nxmin(@r—1,¢c—1)

where y? is the usual chi-square statistic, 7 and ¢ are the number of rows and columns of
the table and n is the sample size. It is related to the phi coefficient by the formula,

V=¢/Ymin(r—1,c—1).

Cramér-von Mises statistic— A goodness-of-fit statistic for testing the hypothesis that
the cumulative distribution of a random variable has a specified form. It was proposed
by Harold Cramér in 1928 and independently by von Mises in 1931.

Cramér-von Mises test— A test of normality based on order statistics from sample data.
See also Anderson—Darling test, D’Agostino’s test, Michael’s test, Shapiro—Francia test,
Shapiro—Wilk W test.

criterion variable— The dependent variable that is being predicted in a regression analy-
sis. In such usage the independent variable is known as the predictor variable.

critical bounds— Same as critical values.

critical ratio— The term for the z or £ score and other test statistics that define the critical
region of a statistical test.

critical region— In hypothesis testing, the range of possible values of the area in the sam-
pling distribution of a test statistic that leads to rejection of the null hypothesis. It is also
known as the rejection region. The value of the test statistic must fall in this region in order
for the null hypothesis to be rejected. Compare region of acceptance.
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Examples of left-tailed critical regions
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Examples of right-tailed critical regions
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critical value— The theoretical value of a test statistic that leads to rejection of the null
hypothesis at a given level of significance. It provides a cut off point for the region of
rejection and the region of acceptance of the null hypothesis. Thus, in a statistical test,
the critical value divides the rejection and the acceptance regions. The decision rule for the
test can be stated in terms of the critical value or values. The critical value is related to the
level of significance chosen.

Cronbach’s alpha— A measure of reliability or internal consistency of the items or vari-
ables in a composite index developed on a summation scale. For binary test items, it is
calculated by the formula

n 1 &,
a:n_l{l—;;a]}

where n is the number of items, o2 is the variance of the total score, and o is the variance
of binary score (0 or 1) on item j. It is commonly used to measure the reliability of multiple
item scales employed in psychological and mental health tests. A multiple item instrument
is internally consistent if its items are highly intercorrelated, and Cronbach’s alpha mea-
sures this internal consistency.

crossbreak table— Same as cross-tabulation.
cross-classification— Same as cross-tabulation.

crossed model- An analysis of variance model in which the levels of one or more factors
cut across the levels of one or more other factors. Compare crossed-nested model, nested
model.

crossed-nested model- An analysis of variance model in which the levels of some
factors are crossed while of some other factors are nested. Compare crossed model, nested
model.

crossover design— See crossover study.

crossover rate— The proportion or percent of subjects who switch over from the treat-
ment to which they were initially allocated to the alternative treatment. See also
crossovers, intention-to-treat analysis.

crossovers— In clinical trials, the term is used for patients who, for some reason, do not
take or receive the treatment to which they were allocated, but instead take or receive the
alternate treatment. See also intention-to-treat analysis.
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crossover study— A study design in which patients act as their own controls by receiving
both the treatment being assessed and the control treatment in an alternate random
sequence. The study uses two groups of subjects where one group is assigned to experi-
mental treatment and the other to placebo or control group. After a certain period of
time, both groups are withdrawn for a waiting or washout period without receiving any
treatment. After the washout period, the experimental group receives the placebo and the
control group receives the experimental treatment. The analysis of a crossover design is
complicated because of the possibility of carryover effects, that is, the residual effects of
the treatment administered on the first occasion that may remain present into the second
occasion. Thus, it is important to introduce appropriate washout periods. In the presence of
a strong treatment period interaction, the data for the second period are usually
discarded, resulting in a parallel design trial lacking in sufficient power. The use of this
type of design is not recommended if there is the possibility of strong carryover effects. In
addition, this type of design is not appropriate for studies involving acute conditions or
when treatment periods are too long, since patients are prone to drop out.
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Schematic diagram of a crossover study

crossover trial- Same as crossover study.
cross-product ratio— Same as odds ratio.
cross ratio— An abbreviated form for the cross-product ratio.

cross-sectional data— Data relating to units of different subjects that have been observed
simultaneously at a particular point in time or during a particular period of time. See also
cross-sectional study.

cross-sectional design— See cross-sectional study.

cross-sectional study— An observational study that explores the characteristics of inter-
est in a group of subjects at a single point in time. In contrast to a follow-up study, a cross-
sectional study gathers data on subjects on just one occasion. A cross-sectional study
provides a “snapshot” of the characteristics or conditions of interest. In epidemiological
studies, a cross-sectional design yields estimates of prevalence rather than incidence.
A cross-sectional study offers only indirect evidence about the effects of time and must be
interpreted with extreme caution concerning any inference regarding change. However,
such a study may be suggestive of an association that should be investigated more
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thoroughly later, say, by a prospective or retrospective study. It is also called a survey or
poll in social science research. Some common problems with this type of study are the se-
lection of an adequate sampling design and nonresponse and volunteer bias. See also
cross-sectional data.

Subjects
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Study
Subjects

Subjects
without
condition

Commencement Time
of the study

Schematic diagram of a cross-sectional study

cross-section series— A series that relates to different things or places at the same time, as
distinct from a time series which relates to the same thing or place at different times.

cross-tabulation— A frequency table involving at least two variables that have been
cross-classified. It is a way of presenting data about two variables in a table so that their
relations are more clearly understood. It is also called a contingency table or crossbreak
table. See also cross-tabulation analysis.

cross-tabulation analysis— Analysis of data sets involving two or more qualitative vari-
ables by cross-classifying in the form of contingency tables. See also cross-tabulation.

cross-validation— A procedure for applying the results of statistical analysis from one
sample of subjects to a new sample of subjects in order to assess the reliability of the
estimated parameters. It is frequently used in regression and other multivariate statisti-
cal procedures.

crude annual death rate— Same as crude death rate.
crude birth rate— Same as birth rate.

crude death rate— A measure or rate of mortality in which no adjustments are made to
take into account social, demographic, economic, or other factors that may contribute to
mortality. It is calculated as the number of deaths actually observed divided by the popula-
tion of the region as estimated at the middle of particular time period, usually the calendar
year (expressed per 100,000 of population). See also age-specific death rate, cause-
specific death rate, standardized mortality rate.

crude estimates— A term used for estimates obtained from a study population without
taking into account the effects of confounding factors. If the study involves some strong
confounding effects, then the results obtained from the crude estimates will be biased and
must be adjusted for the effects of confounding factors.

crude mortality rate— Same as crude death rate.
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crude rate— A rate for the total population that is not specific for any given segment of the
population or adjusted to take into account other factors. If different populations have dif-
ferent age structures, a direct comparison of crude rates will be biased if age is not taken
into account.

cumulant generating function— The function Wy (t) = log, ¢x (¢) is known as the cumu-
lant generating function, where ¢ (¢) is the characteristic function of a random variable
X. If Wy(t) is expressed as a power series in 7, the coefficient of (ir)¢/k! gives the kth
cumulant of X. See also moment generating function.

cumulants— The cumulants of a probability distribution are defined by the following

identity in #:
00 r 00 I oor
A it
exp (Z r! ) N r!

r=1 r=0

where «, is the 7th cumulant and u/ is the th moment about the origin. Like moments,
cumulants are used to characterize the distribution of a random variable. However,
cumulants have certain mathematical properties that make them more useful for theoretical
work.

cumulative class frequency— The number of observations belonging to a particular class
or the ones below it. It is obtained by summing all the frequencies (absolute or relative) of
previous classes including the class in question. See also absolute class frequency, cumu-
lative frequency.

cumulative distribution— Same as distribution function.
cumulative distribution function— Same as distribution function.

cumulative frequency- For a given value or outcome, the total number of cases in a data
set that are less than or equal to that value. See also cumulative class frequency.

cumulative frequency distribution— A tabular representation of a frequency distribu-
tion that shows the total number of data values with a value less than or equal to the real
upper limit for the class. See also cumulative relative frequency distribution.

Cumulative frequency/percentage distribution for student grades:

hypothetical data
Class Frequency Cumulative Frequency Cumulative Percentage
50-54 4 4 4.0
55-59 8 12 12.0
60-64 11 23 23.0
65-69 20 43 43.0
70-74 18 61 61.0
75-79 15 76 76.0
80-84 11 87 87.0
85-89 6 93 93.0
90-94 5 98 98.0
95-99 2 100 100.0

cumulative frequency polygon- A frequency polygon expressed in terms of the cumu-
lative class frequency. At the right-hand endpoint of each class interval, at a height equal
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to the cumulative class frequency of that interval, a dot is placed on a graph. Then the
successive dots or points are joined by straight-line segments to form the cumulative
frequency polygon. The term is more or less synonymous with ogive curve.

cumulative hazard- In survival analysis, the risk of an event over a specified period of
time.

cumulative meta-analysis— A special type of meta-analysis which combines the results
from individual studies, as these studies are carried out and the results gradually become
available.

cumulative percentage— See cumulative relative frequency.
cumulative percentage distribution— See cumulative relative frequency distribution.

cumulative probability distribution— A probability distribution that shows the proba-
bility of a random variable being less than or equal to any given value of the random
variable.

F(x)

1+ _— 1

F(x)

[0

Some examples of cumulative probability distributions

cumulative relative class frequency- The cumulative class frequency expressed as a
proportion or percentage of the total number of values.

cumulative relative frequency— The cumulative frequency expressed as a proportion or
percentage of the total number of values.

cumulative relative frequency distribution—- A cumulative frequency distribution
expressed in terms of proportions or percentages of cumulative relative frequency.

cumulative relative frequency polygon— A cumulative frequency polygon expressed in
terms of the cumulative relative class frequency.

Current Population Survey— The sample survey conducted annually by the U.S. Bureau
of the Census to obtain estimates of income, employment, and other characteristics of the
general labor force and of the population as a whole or of various subgroups of the popu-
lation. The survey is based on about 60,000 households, which are sampled by a complex
multistage stratified cluster design.
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curvilinear regression— Same as nonlinear regression.

curvilinear relationship— A relationship between two variables that forms a curve rather
than a straight line.

Figure showing a curvilinear relationship

cutoff level- Same as significance level.
cutoff point- See critical value.

cycle— A term used in time-series analysis to denote the period of the series resulting in
one complete up-and-down and down-and-up movement. See also cyclical component,
trend.

cycle plot— A method of graphical representation for investigating the behavior of a sea-
sonal time series. It provides a powerful visual aid for assessing the overall pattern of the
seasonal change.

cyclical component- In a time-series analysis, up-and-down fluctuations of the variable
of interest around the trend, with the swings lasting from one to several years each and typ-
ically of different length and amplitude from one to the next. These are long-term periodic
variations caused by forces generating a business cycle, as distinct from seasonal com-
ponents. There are a number of statistical procedures currently available for estimating
cyclical components. See also cycle, time series.
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Figure showing a cyclical component in a time series:
hypothetical data

cyclical fluctuation— Same as cyclical component.

cyclical variation— Same as cyclical component.
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