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Chapter 19

Selecting Statistical Tests

We have now arrived at the point where we have to talk about selecting the appropriate statis-
tics to test hypotheses. In several earlier chapters we talked in general terms about the necessity of
inferring that two variables covary, as part of establishing that a causal or covariance relationship
exists between them. And in Chapters 11 and 12 we have described some basic outlines of how this
is accomplished.

The way we detect covariance is through the use of inferential statistical tests, but there are
hundreds of these statistical tests. How should you select the ones to use?

The Six Questions
To answer this question, we’ll have to back up a little and talk about the characteristics of your

research design and variable measurement that you need to consider. These will guide you toward
the appropriate statistical test.

We’ll try to simplify this by posing a set of six questions that apply to your research design and
variables. The pattern of answers to the questions will point toward the appropriate statistical test.
1. How many independent variables covary with the dependent variable? If the answer is “one”, you will

use bivariate statistical tests. If it is more than one, you will need multivariate statistical tests.

2. At what level of measurement is the independent variable? If the independent variable is conceptual-
ized as a nominal variable, the hypotheses will be comparative, and you will need a statistical
test that compares two or more groups, where each group represents one level of the indepen-
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dent variable. There are some statistics which work only if the independent variable consists of
two levels (groups), while others work for more than two groups.

If the independent variable is conceptualized as an interval or ratio variable, the hypotheses
usually will be relationship hypotheses, and you will need a statistical test that summarizes the
covariance between the independent and dependent variables within each unit of analysis.

If the independent variable is measured at the ordinal level, your hypothesis may be either
comparative (if the ordinal variable is considered as a set of categories) or relationship (if it is
considered as an ordered set of continuously varying classes).

3. What is the level of measurement of the dependent variable? Different statistics will be required if the
dependent variable is measured at the interval/ratio, ordinal or nominal level.

4. Are the observations independent or dependent? Independent observations are made when each
group or sample contains a different set of sampled units of analysis. With independent obser-
vations, completely different persons, dyads, organizations, messages, etc. are observed in each
of the two or more samples in testing a comparative hypothesis. In testing a relationship hy-
pothesis with independent observations, the dependent variable is measured only once for each
unit of analysis.

Dependent observations are made when selection of the first sample or group determines
the composition of the second or subsequent samples. With dependent observations, the same
or related persons, dyads, organizations, messages, etc. are observed in each of the two or more
samples used in testing a comparative hypothesis. The same dependent variable is measured
multiple times within the same (or related) units in testing a relationship hypothesis with de-
pendent observations.

Dependent observations come about in two different ways. The first of these consists of
letting the members of the first sample also be the members of the second sample. Observations
of the same units are made in both of the groups which represent the two levels of the indepen-
dent variable. This might occur when measurements are made on the same units at two time
points, as in a panel design in observational research or in a test-retest experimental design.

This is a situation we discussed when we covered over-time research designs in Chapter 17.
The observations in an equivalent samples research design are independent, since a new sample
is drawn at each time point, while those in a repeated measures or panel research design are
dependent because the same set of persons, organizations, etc., are measured at each time point.
In a repeated measures design, a subject is exposed to first one level of the independent vari-
able, then subsequently to a second level, (and possibly third, fourth, etc., level), and the depen-
dent variable is measured within the same subject after each exposure.

The second major way that dependent observations are obtained is via matched samples. In
a matched sample, each member to be included in the second sample is selected so as to pro-
vide, on a number of relevant variables, as perfect a match as possible to a member which has
already been selected into the first sample. Although different units of analysis appear in each
group, the characteristics of the members of the first sample determine the characteristics of the
members of the second sample, so the observations made in these samples are dependent.

5. Is the hypothesis being tested a comparative or relationship hypothesis? If your independent variable
is a set of nominal or ordinal categories, only comparative hypotheses can be stated. But if it is
a continuous ordinal or interval/ratio variable, it is possible to test either kind of hypothesis.

6. Are you comparing populations to populations, a sample to a population, or are you making comparisons
between two or more samples? Since a population parameter has no error variance, different tech-
niques are needed to compare a sample statistic to a population value than are needed to com-
pare two sample statistics, both of which are subject to sampling error.

If dependent observations are made, the population to population and population to sample
comparisons use tests identical to those used in independent observations. There is either no sam-
pling error at all (population to population tests) or a single source of sampling error (population to
sample tests), so sampling error distributions are identical to those found in independent observa-
tion tests.
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But sample-to-sample comparisons need different statistical tests which account for the non-
random error that occurs whenever the same or related units are measured. These tests remove
error due to individual subjects (which appears systematically in both groups or samples, since it
comes from the same or matched subjects) from other random error.

In Table 19-1, we’ve listed some statistical tests that are appropriate for each combination of
answers to the five questions posed above. These are not the only statistical tests that are appropri-
ate for each situation, but they are commonly used. You’ll need to refer to standard statistics books
and manuals (like Hays, 1981; Bruning & Kintz, 1977; Norusis, 1992) for details about most of these
tests.

We’ll sidestep the Herculean task of describing each of the different statistical tests, and in-
stead focus on a few of the most common statistics used in communication research. These will
illustrate the general logic of using statistics to test hypotheses. We’ll give a brief description of how
they work and how we can use them to test hypotheses.

Common Statistical Tests

The Contingency Table and Chi-Square
Although they are the least sensitive form of measurement, nominal variables are very com-

mon in communication research. Exhibit 19-1 describes a typical kind of research project which will
produce nominal independent and dependent variables. In this kind of design, the statistical test to
be used is a simple contingency table that cross-tabulates the levels of the nominal independent
variable with the levels of the nominal dependent variables.

In Exhibit 19-1, the independent variable is a nominal factor called Academic Program Type,
of which there are three levels: BA only, BA plus MA, and the BA, MA and PhD program. The
dependent variable (Book Adoption) also is a trichotomy: the instructors may adopt the text, may
not adopt the text, or may wish to reserve judgment. The data is collected into a contingency table,
as shown in the Table E19

1. The null hypothesis associated with this problem is that educational setting has no effect on
adoption decisions:

H0: Adopters will constitute the same proportion of the population in all three educa-
tional settings, as will nonadopters and those who defer judgment.

The Alternative hypothesis states that there are differences, or

HA: Not H0

The region of rejection for the null hypothesis will be set at p = .05.
If H0 is correct, then the number of observations that appear in any cell of the contingency table

is determined by random chance. We can estimate this chance value by computing the expected
frequency in the cell

where:
Erc is the expected frequency of the cell at Row r and Column c
Rtotal is the total frequency observed in Row r
Ctotal is the total frequency observed in Column c
N is the total number of observations

This formula represents the probability of an observation appearing in a particular cell as the
probability of being in the particular row (total frequency in a row divided by the total number of
observations) multiplied by the probability of the observation being in the particular column (total
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frequency in the column divided by N). When this joint probability is multiplied by the total num-
ber of observations, it gives the number of observations that should appear in a cell as the result of
random chance. This is the value that would be expected if the null hypothesis is correct.

If the alternative hypothesis is correct, the observed frequency will differ from this random
expected frequency. The hypothesis is appropriately tested by means of Chi2, using the formula

where O is the observed frequency in a cell of the contingency table
E is the expected frequency in a cell

nr is the number of rows (categories in the dependent variable)
nc  is the number of columns (groups in the independent variable)

In Table E19-1, the expected frequencies are shown in parentheses. The resulting value of Chi2

is:

The Contingency Table and Chi-
Square

A publisher of communication text-
books is interested in determining
whether a text that is currently in the plan-
ning stages will have different levels of
adoption in different educational settings.
An evaluation package containing a
sample chapter and outline of the text is
mailed to a random sample of 200 instruc-
tors in communication who are asked to

indicate whether they (a) would adopt the
text; (b) would not adopt the text, or (c)
wish to reserve judgment until they can
see the whole book. Of the instructors who
received the package, 146 return the evalu-
ation form. These 73 respondents are clas-
sified according to characteristics of the
communication program where they
teach: BA only; BA plus MA; and BA, MA
and PhD. The data are shown in Table E19-
1.

EXHIBIT 19-1 Nominal Independent and Dependent Variables
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Determining the significance of Chi-square
The degrees of freedom for a contingency table is equal to (columns - 1) * (rows - 1), or (3-

1)*(31) = 4. Looking in Appendix C, we see the critical value of Chi2 for p = .05 and 4 d.f. is 9.488.
Values higher than this occur fewer than 5 times in 100 by chance alone.

The observed value of Chi2 is 31.32, sufficiently large to reject the null hypothesis. Conse-
quently, we conclude that educational setting probably does affect instructors’ decisions about text
adoption.

The t-Test
A very common situation is communication research arises when we have the independent

variable represented by two nominal levels such as “male, female”, “viewers/nonviewers”, “pur-
chasers/nonpurchasers”, etc. If the dependent variable is measured at the interval/ratio level, the t-
test is an appropriate statistical test.



307 Part 3 / Research Designs, Settings, and Procedures

Chapter 19: Selecting Statistical Tests

Two-Sample t-test for Independent Observations
Exhibit 19-2 illustrates a typical situation. The directional research hypothesis HA being tested

is:

AccuracyOne Year or Less < AccuracyGreater than one year

The competing null hypotheses H0, to be tested at p = .05 are:

AccuracyOne Year or Less = AccuracyGreater than one year

We know that if H0 is true, taking a separate sample from each population should give us this
result:

AccuracyOne Year or Less - AccuracyGreater than one year =0

The statistical test will contrast the observed difference between the two sample means to a
difference of 0.0, which is expected if H0 is true. This difference is evaluated by means of the t-test
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for two independent samples:

Where:
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is the mean of the first group (those married ≤ one year)

is the mean of the second group (those married >one year)
0.0 is the mean of the sampling distribution of differences between means

is the sum of the squared deviations i=1 of the group married ≥ one year

is the sum of the squared deviations of the group married < one year

N1 and N2 are the # of observations in the first and the second group, respectively
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The t-test between independent
samples

A researcher is interested in deter-
mining how the length of time people
have been married to one another affects
the accuracy with which partners perceive
one another’s positions on a number of
public and private issues. After all, the
researcher reasons, the longer people have
been married, the more opportunity they
have had to communicate with one an-
other and to assess one another’s attitudes
and beliefs. This leads the researcher to
expect that people who have been married
longer should have more accurate assess-
ments of their partner.

The university employing this re-
searcher maintains a housing complex for
married students and she turns to the ad-
ministrators of this housing unit for help.
From tenant application records she can
determine how long a couple has been
married. This allows her to divide the ten-
ants into two groups: those married less
than one year, and those married for more

than one year. From each of these two
groups a random sample of 50 couples is
drawn.

The researcher prepares a list of 15
issues (having children early in marriage,
prayer in school, public funding for pri-
vate education, etc.) on which one
partner’s opinion will be obtained. This
partner will be asked to state whether he
or she is, or is not, in favor of the particu-
lar act or issue. The other partner will then
be asked to provide an estimate of that
opinion: Is your partner in favor of, or not
in favor of (this act or issue), or don’t you
know? For each couple, a flip of the coin
is used to determine whether the wife or
the husband will be asked to provide es-
timates of the other’s positions on these
issues.

A response is considered accurate
when the position ascribed to one of the
partners matches the position actually
stated by that partner. Accuracy is thus
measured by the number of correct esti-
mates, ranging from 0 to 15.

EXHIBIT 19-2 Nominal Independent Variable with an Interval/Ratio Depen-
dent Variable: Two Independent Groups
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The numerator of this formula is the difference between the sample means, and the denomina-
tor is the pooled standard error (due to sampling error) from both sample means. The standard
error of the sampling distribution of differences between means is estimated from the two unbiased
sample variances.

Using the data shown in Table E19-2,

Determining the significance of t for independent samples. The degrees of freedom associ-
ated with this t-test are determined by (N1 + N2) - 2, or 50 + 50 - 2 = 98. The closest tcritical from the table
of t-values in Appendix D for these d.f. and p =.05, 1-tail (for a directional hypothesis), is 1.671. Since
the tobserved is much greater in magnitude and in the correct (negative) direction, we can conclude that
the longer people have been married, the more accurately they perceive their partner’s stance on
issues.

Two-Sample t-test for Dependent Observations
Often a researcher will want to measure the change in a sampled group at two times, to find

out if any significant shift in the dependent variable has occurred. Exhibit 19-3 illustrates this kind
of situation.

The narrative suggests this directional research hypothesis:

H0: t2 - t1 > 0

Competing are the null hypotheses of no effect and opposite effect:

H0: t2 - t1 = 0

The dependent t-test will contrast the mean difference in the dependent variable between
Time1 and Time2 to the mean difference expected when the null hypothesis H0 is true. This differ-
ence is 0.0. We will use the data from Table E19-3 to test the null at p = .01, 1-tail.

The value of t is computed by:

Note that the standard error of the sampling distribution of the differences is based on an
unbiased estimate of the variance of the sample of difference scores around the mean of the set of
difference scores.

Determining the significance of t for dependent samples. Given that the data for this test
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consist of 24 difference scores, the degrees of freedom are (N - 1) or 23. The critical value of t is found
by entering the t-table at p= .01, 1-tail and 23 degrees of freedom. The observed value of t (3.247) is
larger than the critical value of t (2.50). We fail to accept the H0, and conclude that the alternative
research hypothesis is supported.

Analysis of Variance
In this section we will focus on those cases where the independent variable has more than two

levels, so that three or more groups will be compared on an interval/ratio dependent variable.

One-Way ANOVA for Independent Observations
From the narrative in Exhibit 19-4 we derive the following H0 to be tested at p = .05.

H0: tastes good = rich and creamy = no preservatives

The alternative research hypothesis asserts that the appeals will differ in their effectiveness:

HA: NOT H0

indicating that all appeals will not necessarily produce the same levels of sales.
One way to test the multiple group differences is to conduct a series of t-tests, and compare all

pairs of means. This is a bad idea. Multiple ttests increase the probability of making a Type 1 error,
since the probabilities sum. For example, if we did 20 t-tests at p = .05, we would expect that one of
the tests would be significant simply by random sampling error.

Instead we’ll test the Null hypothesis with an Fratio. The F-ratio is computed by the following
formula:

The t-test between dependent samples
The management of a public library

is interested in increasing grade schoolers’
use of library resources by combining ef-
forts with a local cable television system.
The cable television company agrees to
locally produce an educational children’s
program on a wide range of topics, using
a variety of experts living in the commu-
nity. After each program segment, a trailer
will inform viewers that the library has
books, videotapes, and other materials
that provide more in-depth information
on the topic. The library hopes to attract
new users, as well as increase the use of
the library by current users. To evaluate
the effect of this program on current us-

ers, a research study is designed.
The library keeps records on its in-

dividual cardholders and their borrowing
behaviors, so it is possible to draw a ran-
dom sample of N = 25 of grade school age
from this list. The records allow the re-
searcher to determine how many books
and other materials were borrowed by the
members of this sample during the two-
month period preceding the beginning of
the cable program.

Three months after the first airing of
the program, records of these same stu-
dent cardholders are pulled again to de-
termine borrowings during the preceding
two months.

EXHIBIT 19-3 Nominal Independent Variable with an Interval/Ratio Depen-
dent Variable: Two Dependent Groups
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The formula indicates that the focus of the statistical test is on variance. More specifically, it is
the ratio of two estimates of population variance. This explains why the process of analyzing differ-
ences among multiple means is also referred to as Analysis of Variance or ANOVA.

If H0 is true, the means of the three appeal conditions will differ from one another by no more
than can be accounted for by sampling error. In fact, the Central Limit Theorem suggests that under
a true H0, the variance of the set of sample means can be used to estimate a population variance.
Note that by just rewriting how we compute sampling variance,

EXHIBIT 19-3 cont.
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Analysis of variance for independent
samples

A researcher for a large food products
company wants to test the comparative ef-
fectiveness of three different appeals for per-
suading shoppers to buy its brand of salad
dressing. The choice in the three strategies
centers on whether to emphasize taste (Tastes
Good!), texture (Rich and Creamy!) or prepa-
ration (No Preservatives!)

He decides to run a test using one of
the three appeal types (Tastes Good, Rich and
Creamy, and No Preservatives) in the

company’s advertising in three equivalent
urban areas, so that a different appeal will be
used in each city. Within each city nine su-
permarkets are randomly selected. The mea-
sure of the effectiveness of the different mes-
sages will be the percentage of salad dress-
ing sales in each supermarket which are ac-
counted for by our researcher’s product.

In this example the independent nomi-
nal factor (Appeal Type) has three levels. The
dependent variable (Percent of Salad Dress-
ing Sales) is a ratio variable. The observed
data is shown in Table E19-4.

EXHIBIT 19-4 Nominal Independent Variable with an Interval/Ratio Depen-
dent Variable: Two Independent Groups
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ó2/ N

we can compute the population variance:

ó2 = N * (sampling variance)

We’ll call this estimate of the population variance the Variancebetween, as it comes from differ-
ences between the means of the groups which represent the different levels of the independent
variable.

The variance of scores in a sample around the mean of that sample can be used as an estimate
of the unknown population variance. The variances of multiple samples can also be combined into
a single estimate of the population variance, as we did for the two-sample t-test. We’ll extend the
idea in this section and refer to this estimate as Variancewithin, as it comes from within samples.

When the H0 is true, these two variance estimates should be equal, and the F-ratio should be
equal to 1.0. If the H0 is not true, that is, if the different appeals had an effect and produced sample
means that are different from one another, the Variancebetween estimate should be quite a bit larger
than the Variance Within estimate and F should be greater than 1.0. The greater the value of F, the
greater the likelihood that H0 is not the true hypothesis:

If H0 is false:

From the data in Table E19-4 we obtain the estimates of the population variance. In computing
the Variancebetween, the first step is to compute the sampling variance as an unbiased estimate:

degrees of freedom (d.f.)=Number of groups -1

The first unbiased estimate of the population variance then is

ó2 = N · sampling variance
= 9 * (13) = 117 = Variancebetween.

For Variancewithin for the three groups, the first step is to compute the Sum of Squares for each
of the three sample distributions (see Table E19-4). After that we’ll add the three sums together and
divide that sum by the sum of the degrees of freedom. From the data:

The F-ratio is then computed as:



322 Part 3 / Research Designs, Settings, and Procedures

Chapter 19: Selecting Statistical Tests

Determining the significance of F. In order to determine the critical level of F in the table in
Appendix E, three pieces of information are needed: the level of significance of the statistical test
(the Type 1 or a error); the degrees of freedom associated with the numerator (d.f. for the
Variancebetween) and the degrees of freedom associated with the denominator (d.f. for the Variance
within). For this example these are .05, 2 and 24, respectively. We find that 3.40 is the critical value of
F. As the F-ratio we observed (14.77) is greater than the critical value of F, we can reject the null
hypothesis of no difference due to communications appeal, and conclude that different appeals
covary with different levels of sales (with less than a 5 percent chance that this finding is due to
sampling error).

The Alternative Hypothesis Revisited: Post hoc tests. The statement that the null hypothesis
is not true does not imply this alternative hypothesis:
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HA1: tastes good - rich and creamy - preservatives

Although this hypothesis-that all means are not equal to one another-might be true, there are
additional hypotheses that might also be true when the F-ratio falls into the region of rejection of the
null hypothesis. In fact, there are seven ways in which the group means might differ from the Null
hypothesis. For example, two of the alternative hypotheses are:

HA2: tastes good > rich and creamy = no preservatives

and

HA3: tastes good = rich and creamy < no preservatives

These hypotheses assert that two of the three means are equal to one another, but are less than
the remaining third. As all are alternatives to the H0, the HA is stated simply as “Not H0”.

Post hoc tests are used to investigate the differences among various group means. These tests
account for some of the problems associated with increased Type 1 error when multiple tests are
conducted. Discussions of these tests can be found in Hays (1981), McNemar, (1969) and in Kerlinger
(1986).

Correlation
If we have defined both the independent and dependent variables at the interval/ratio level,

we can use correlation to describe the relationship between the variables. The sampling distribution
of the correlation statistic is then used to test the hypothesis relating the independent to dependent
variable.

Table 19-2 shows seven observations of individuals’ age and the number of minutes each day
that each spends reading newspapers. The first step in examining two variables for a linear relation-
ship is to determine where each observation’s value is located relative to the mean of all the observa-
tions for that variable. This step is seen in columns (3) and (4) of Table 19-2. The plus and minus
signs associated with these deviations show a fairly clear pattern which indicates that these two
variables are positively related.

Crossproducts
A way of combining the simultaneous deviations from the two means is shown in column (5)

of Table 19-2. This column displays the product of the two deviations for each observation. It is
frequently referred to as the crossproduct of the two deviations. Because of the strong positive
relationship between these variables, each crossproduct has a positive value. Across all observa-
tions the sum of crossproducts equals +920, where the sign of the sum of crossproducts indicates the
positive direction of the relationship.

A negative relationship between the two variables would be seen when the positive deviations
from the mean of the Age variable are associated with negative deviations from the mean of the
Time variable. If this was the case, the crossproducts would have a negative sign, and a negative
sum.

What pattern of simultaneous deviations from the mean would be observed if two variables
are not systematically related? In such a case we’d see that for any given observation, the deviation
from the mean on the Age variable would be equally likely to be associated with either a negative or
a positive deviation from the mean of the Time variable. As a consequence, the crossproducts will
tend to cancel one another out when they are summed. When two variables are not related to one
another, the sum of crossproducts will be zero, plus or minus some sampling error.

Factors Affecting the Sum of Crossproducts
The sum of crossproducts is a summary description of the linear relationship between the two

variables. Its sign indicates whether the relationship is positive or negative. On first glance it would
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appear that the size of the sum should indicate the size of the relationship. But the size of sum of the
crossproducts is affected by two additional factors: the units of measurement of the independent
(X) and the dependent (Y) variables, and by the number of observations contributing to the sum of
crossproducts. To be a useful description that can be applied to any two variables with any sample
size, these two factors have to be removed.

To remove the effect of the unit of measurement we standardize the two distributions. The z-
scores or standard scores convert the values in the two data distributions into two sets of scores
which have a mean of 0.0 and a standard deviation of 1.0, regardless of the original unit of measure-
ment. The z-score was described in Chapter 8.

Using the means and standard deviations for the variables Age and Time with Newspapers
we can compute z-scores for the two variables, then calculate the cross-products of the two z-scores.
These z-scores and their cross-products are also shown in Table 19-2. The important fact to remem-
ber is that a sum of crossproducts obtained from z-scores is completely independent of the original
units of measurement.

The second factor that contributes to the size of the sum of crossproducts is the number of
observations. The sum of crossproducts can be standardized for the number of observations con-
tributing to the sum by simply dividing by the number of observations, i.e., computing the average
or mean crossproduct.

Pearson Product Moment Correlation Coefficient
Once the average crossproduct has been computed, we have arrived at the formula for the

Pearson correlation between variables X and Y, commonly referred to as “rXY”:

For the example data the correlation coefficient between variables X and Y is +.93. Other for-
mulas to compute the Pearson r are frequently used. We will present one of these formulas in a
moment.

We have already seen that the sum of the crossproducts (as well as the value of the Pearson r)
will be zero if there is no relationship between the two variables. We also know that for a non-null
relationship the correlation coefficient’s sign indicates the direction of the relationship. What, how-
ever, are the limits of the values for the correlation coefficient?

These limits are relatively easy to establish once we realize what is meant by a perfect linear
relationship between two variables. In such a relationship, every observation of X and Y, if plotted,
would fall exactly on top of a straight line. By knowing the value of X, we could predict exactly the
value of Y from the simple formula for a straight line: Y = MX + B, where M is the slope of the line
and B is the Y-axis intercept. From the standpoint of hypothesis testing, this would represent perfect
covariance of X and Y, with no error.

We can see one perfect linear relationship by looking at the relationship of any variable with
itself, that is, by making Y = X. If we were to compute the correlation coefficient between a variable
and itself we would obtain the index of a perfect positive relationship. (Of course, the coefficient
computed between a variable and its inverse would be the index of perfect negative relationship).
For any set of values (and you may want to determine this with either the Age variable or the Time
variable), the correlation between a variable and itself is equal to +1.00, and it is -1.00 between a
variable and its inverse. These are the upper and lower limits for the correlation.
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Testing Relationship Hypotheses With Correlation Coeffi-
cients

In Exhibit 19-5 we describe a fictitious research study of the relationship between two
independent variables and one dependent variable. For the moment we will be concerned only
with the relationship between the Number of New Products Introduced (NPRO) and the Percent-
age of Coworkers named as Communication Partners (PTAR). The directional alternative research
hypothesis associated with this relationship is:

HA: rNPRO-PTAR > 0

The associated H0 is then

H0: rNPRO-PTAR = 0

It is important to realize that this statement means that under the H0, the true population
correlation between these two variables is assumed to be equal to 0.00. Our test of the H0 is then a
test that the sample correlation coefficient equals the population correlation coefficient, which equals
0.00. This is a sample statistic (the observed r) to population parameter contrast, where the popula-
tion Null r is assumed to be equal to 0.00. For this example, we will test the H0 at p = .01.

If we reject the H0, we must also eliminate the following alternative hypothesis before we can
claim support for our directional research hypothesis:

rNPRO-PTAR < 0

The formula we will use for computing the value of r for this data set is a relatively simple
computational equivalent to the conceptual formula that we developed earlier in this chapter. It is
just an algebraic combination of the z-score and average crossproducts formulas. While it looks
complex, calculating it is really just a matter of computing the various squares and crossproducts
and summing them up.

The various steps associated with this computational process are laid out in Table 19-3. As it
indicates, the value of r is this set of observations is +.783.

Determining the Significance of the Correlation Coefficient. The Null Hypothesis of No
Relationship between X and Y is

H0: rXY = 0

If we were to draw many samples of size N from a population where the parameter r = 0.00, we
would obtain a symmetrical sampling distribution of r where 0.00 is the mean, median, and mode.
If N was extremely large, this sampling distribution of r would approximate the Standard Normal
Distribution (see Chapter 10). Since sample sizes are usually far smaller than infinity, the sampling
distribution of r is more properly approximated by the t-distribution. The test of the H0 is therefore
carried out by ttest, using this computational formula:
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Correlations Between Interval/Ratio
Variables

A researcher is interested in identi-
fying factors which affect communication
among co-workers in organizations. More
specifically, she is interested in determin-
ing why it is that in some employees con-
sistently communicate on workrelated
topics with a broad range of co-workers,
where in other organizations individual
communication tends to be more special-
ized among a smaller set of co-workers.

She theorizes that work-related com-
munication behavior at this level is likely
to be affected by the amount of change
confronting the organization and by the
amount of information that can be pro-
vided by co-workers in an organization.
She argues that the greater the change con-
fronting the organization, the less the like-
lihood that any particular co-worker will
be informed enough to be consistently the
main source of information. Furthermore,
she argues, the greater the number of
knowledgeable coworkers, the greater the

potential range of communication part-
ners.

From a sample of 17 equal-sized, for-
profit organizations she obtains three
measures. The first measure is the num-
ber of new products introduced by that
organization in the preceding year
(NPRO). This number indicates the
amount of change facing the organization.
The second measure is the percentage of
members of each organization who are
identified by at least three co-workers as
a consistent communication partner
(PTAR). The greater this percentage, the
more communication is distributed across
the entire organization. The third measure
is the percentage of subordinates in the
organization who have advanced aca-
demic degrees in areas relevant to the
organization’s mission (NAVD). The
greater this percentage, the greater the
available information.

The data obtained for the seventeen
organizations is shown in Table E19-5.

EXHIBIT 19-5 Interval/Ratio Independent Variable With An Interval/Ratio De-
pendent Variable
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The numerator of this formula is the difference between the sample and the population values
for r, with the population value set at the null value of 0.00. The critical value of t is established
with N - 2 degrees of freedom. Why N - 2? Since two observations define a straight line, computing
a correlation coefficient using only two observations will always result in a perfect linear relation-
ship with a value of r of +1.0, or -1.0. The correlation is not free to vary.

This means that in any set of observations, only N - 2 observations will be free to vary and to
determine the value of the correlation coefficient.

The critical value of t for our study (from Appendix D) is 2.602. The correlation coeffi-
cient of .783 has an associated t-value of 4.89. Since this is beyond the critical value of t, we will reject
the H0. As the sign of the obtained correlation is in the predicted positive direction, we can accept
the HA and conclude that a substantial positive relationship exists between these two variables.

Summary
The choice of the correct statistical test depends upon the definition of the variables, and par-

ticularly upon their level of measurement. It also depends upon the research design used, and the
nature of the hypotheses: are they comparative or relationship; is there more than one independent
variable?

The answers to six questions will isolate the correct statistical test:
1. How many independent variables covary with the dependent variable?
2. At what level of measurement is the independent variable?
 3. What is the level of measurement of the dependent variable?
4. Are the observations independent or dependent?
5. Are you comparing populations to populations, a sample to a population, or are you com-

paring two or more samples?
6. Is the hypothesis being tested comparative or relationship?
Using the answers to the six questions in conjunction with Table 19-1 will point you in the

direction of the correct statistical procedures.
We’ve shown some examples of statistical tests commonly used in communication research. In

examining relationships between nominal variables, contingency table Chi2 tests can be used. If the
dependent variable is interval, and the independent variable is a nominal variable with two classes,
a t-test is appropriate. A t-test can be used to contrast two different samples (t-test for independent
observations) or to contrast the same units at two different times (t-test for dependent observations).

If the independent variable is a nominal factor with more than two classes, and the dependent
variable is interval/ratio, Analysis of Variance (ANOVA) can be used to test hypotheses. Finally, if
both independent and dependent variables are measured at the interval/ratio level, a Pearson corre-
lation coefficient can be used to describe the size of the relationship, and to compute a t-statistic that
will test the null hypothesis.

The competent communication researcher will need a background in statistical procedures
that goes well beyond what we’ve been able to include in this book. That might include an introduc-
tory statistics course, and it most certainly includes using a good statistics textbook as a natural
companion to this book.
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