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statistical techniques you have learned throughout the book. Equally important,

it provides a thorough review of those techniques. [### Tip for Success: To
understand this chapter, you should already have covered the chapters on ¢ tests, analy-
sis of variance, correlation, and prediction. You should also have covered the first part
of Chapter 15 that provides an introduction to the general linear model. We suggest
that you re-read that section before reading this chapter.]

This chapter is intended to integrate and deepen your knowledge about the major

The General Linear Model

In Chapter 15, we introduced you to the general linear model, which is a general state-
ment of the influences that make up an individual’s score on a particular variable. The
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general linear model states that the value of a variable for any individual is the sum
of a constant, plus the weighted influence of each of several other variables, plus error.
Bivariate and multiple correlation and regression (and associated significance tests),
the ¢ test, and the analysis of variance are all special cases of the general linear model.
You also learned in Chapter 15 that bivariate correlation/prediction and analysis of vari-
ance are special cases of multiple regression, and that the ¢ test can be derived directly
from either bivariate correlation/prediction or analysis of variance (for a summary,
see Figure W4—1, which is the same as Figure 15—1 in Chapter 15). We describe these
relationships in detail in this Web chapter.

The General Linear Model and Multiple Regression

The link between the general linear model and multiple regression is very intimate—
they are nearly the same. Traditionally, they have not been equated because the gen-
eral linear model is understood to be behind other techniques, such as bivariate
correlation and the analysis of variance, in addition to multiple regression. However,
in recent years psychologists have become increasingly aware that these other tech-
niques can be derived from multiple regression as well as from the general linear model.

Bivariate prediction and Correlation
as Special Cases of Multiple Regression

Bivariate prediction, prediction from one predictor variable to one criterion variable,
is a special case of multiple regression, which is prediction from any number of pre-
dictor variables to one criterion variable. Similarly, bivariate correlation, the associ-
ation between one predictor variable and one criterion variable, is a special case of
multiple correlation, the association of any number of predictor variables and one cri-
terion variable.

The t Test As a Special Case of the Analysis of Variance

Both the 7 test and the analysis of variance test differences between means of groups.
You use the 7 test when there are only two groups.! You usually use the analysis of vari-
ance, with its F ratio, only when there are more than two groups. However, you can
use the analysis of variance with just two groups. When there are only two groups, the
t test and the analysis of variance give identical conclusions.

The strict identity of ¢ and F applies only in this two-group case. You cannot fig-
ure an ordinary # test among three groups. This is why we say that the 7 test is a spe-
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cial case of the analysis of variance. The test is mathematically identical to the analy-
sis of variance in the particular case where there are only two groups.

Intuitive Understanding of the Relationship
of the Two Procedures

One way to get a sense of the link of the two procedures is through the analogy of sig-
nal-to-noise ratio that we introduced in Chapter 9 to explain the analysis of variance.
The idea is that the analysis of variance F ratio is a measure of how much the signal
(analogous to the difference between group means) is greater than the noise (analo-
gous to the variation within each of the groups). The same idea applies to a ¢ test,
which is also really about how much the signal (the difference between the two group
means) is greater than the noise (the standard deviation of the distribution of differ-
ences between means, which is also based on the variation within the groups).

Parallels in the Basic Logic of the Two Procedures

The analysis of variance F ratio is the population variance estimate based on the vari-
ation between the means of the groups divided by the population variance estimate
based on the variation within each of the groups. That is, the F ratio is a fraction in
which the numerator is based on the differences among the groups, comparing their
means, and the denominator is based on the variation within each of the groups.

The t score is the difference between the means of the two groups divided by the
standard deviation of the distribution of differences between means (and this stan-
dard deviation is based mainly on a pooled variance estimate that is figured from the
variation within each of the two groups). Thus, the 7 score is a fraction in which the
numerator is the difference between the groups, comparing their means, and the de-
nominator is based on the variation within each of the groups.

In other words, as shown in the top sections of Table W4—1, an F ratio and a ¢ score
are both fractions in which the numerator is based on the differences between the
group means and the denominator is based on the variances within the groups.

Table W4a-1 Some Links Between the ¢ Test for Independent Means and the Analysis

of Variance
f Test Analysis of Variance
Numerator of 7 is the difference between Numerator of F is partly based on variation between
the means of the two groups. the means of the two or more groups.

Denominator of ¢ is partly based on pooling Denominator of F is figured by pooling the population
the population variance estimates figured ~ variance estimates figured from each group.
from each group.

Denominator of ¢ involves dividing Numerator of F involves multiplying by number of
by number of scores. scores. (Multiplying a numerator by a number
has the same effect as dividing the denominator by
that number.)

When using two groups, t = \VF When using two groups, F = £*
df =(Ny = 1) + (N, = 1) dfwinin = (N1 = 1) + (N = 1) + ... + (Npaq — 1)
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Numeric Relationship of the Two Procedures

The formula for a ¢ score comes out to be exactly the square root of the formula for
the F ratio in the situation where there are just two groups. Most of you will not be
interested in the precise derivation, but there is an important implication. If you fig-
ure a t score, it will come out to be exactly the square root of what you would get if
you figured an F ratio for the same study. For example, if you figured a 7 of 3 and then
you figured F for the same study, the F would come out to 9. Similarly, consider the
cutoffs in a 7 table. These are exactly the square roots of the cutoffs in the column of
an F table for an analysis of variance for two groups (that is, the part of the F table
with numerator df = 1).

An apparent difference between the two procedures is how they are affected by
sample size. In the analysis of variance, the sample size is part of the numerator. As
we saw in Chapter 9, the numerator of the F ratio is the population variance estimate
using the difference among the means multiplied by the number of scores in each
group. That is, . In the ¢ test, the sample size is part of the denominator. As we saw in
Chapter 8, the denominator of the ¢ test uses the pooled population variance estimate
divided by the number of scores in each group. That is, Spjfrerence = and ; ; . This ap-
parent contradiction is resolved, however, because multiplying the numerator of a
fraction by a number has exactly the same effect as dividing the denominator by that
number. For example, take the fraction 3/8. Multiplying the numerator by 2 gives 6/8,
or 3/4; dividing the denominator of 3/8 by 2 also gives 3/4.%

Worked-Out Example of the Two Procedures

An example with all the figuring makes the equivalence more vivid. Table W4-2
shows the ¢ and F figuring for the ¢ test Example Worked-Out Problem from Chapter
8. Notice the following: (a) The pooled population variance estimate in the ¢ test ( =
4.17) is the same as the within-group population variance estimate for the analysis of
variance ( = 4.17), both figured as part of the denominator. (b) The degrees of free-
dom for the ¢ distribution (df = 12) is exactly the same as the denominator degrees of
freedom for the F distribution (dfwimin = 12). (c) The cutoff ¢ for rejecting the null hy-
pothesis (2.179) is the square root of the cutoff F for rejecting the null hypothesis ( =
2.179). (d) The ¢ for these data (2.73) is the square root of the F (= 2.75, the slight dif-
ference being due to rounding error). And (e) the conclusion is the same. With both
methods, you reject the null hypothesis (and if you were to get an exact p value using
a statistics program, both methods would give exactly the same exact p value).

how are you doing?

1. How is bivariate prediction a special case of multiple regression?

2. When can you use an analysis of variance to do the same thing as a t test?

3. How is the numerator of a t test like the numerator of an F ratio in an analysis
of variance?

4. How is the denominator of a t test like the denominator of an F ratio in an analy-

sis of variance?

. How is like ?

. When figured for the same scores, what is the relation of the t to the F?

7. What is the relation of the t cutoff to the F cutoff for the same study (involving
two groups)?

o O
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Table Wa4-2 tTest and Analysis of Variance Computations for the Same Study (Fictional Data)

Experimental Group Control Group
Xi Xo— My (X — M) X Xo— My (Xp— Mp)?
6 0 0 6 3 9
4 -2 4 1 -2 4
9 3 9 5 2 4
7 1 1 3 0 0
7 1 1 1 -2 4
3 =3 9 1 -2 4
6 0 0 4 1 1
> 42 0 24 21 0 26
M, =6 53 =24/6 = 4 My =3 5% =26/6 = 4.33
N1:7 df1:N1_1:6 N2:7 df2:N2_1=6
ttest ANOVA
Numerator
Mean difference = 6.00 — 3.00 = 3.00 dfgerween = Nerowps —1 =2 -1 =1

GM = (6+3)/2=9/2=45

S(M — GM)* = (6 — 45)* + (3 — 4.5)?
=152+ -152
=225 +225=45

S(M — GM)? 4.5
S%elween or MSpepween = | — 57— (”) =\ (7) =315
deetween 1

Denominator

af, df, 6 6 ST+ 85+ ...+ Sy 4+433
Sooled = ( )(S%) + < )(S%) = (E)(“) + <*>(4~33) Sithin OF M Syitnin = " =

dfTotal dantal 12 NGmups 2
8.33
= (.5)(4) + (.5)(4.33) =2.00 + 2.17 = 417 = T =417

S%)iffcrcncc = S%\/Iz + S%\/Il - (Sf’oolcd/Nl) + (SlzJoolcd/NZ)

= (4.17/7) + (4.17/7)

=.60 + .60 = 1.20
SDiffcrcncc =V S%)iffcrcncc =V 1.20 = 1.10

Degrees of Freedom
dfro = dfy + df; = 6 + 6 = 12 dfwinin = df1 +dfy...df g =6 +6=12
Cutoff
Needed ¢ with df = 12 at 5% level, Needed F with df =1, 12 at 5% level = 4.75
two-tailed = = 2.179
Score on Comparison Distribution
t = (M; — M,)/Sbiterence = (6.00 — 3.00)/1.10 = 3.00/1.10 = 2.73 F = Sheween / Stvithin 07 M Spetween/ M Swinin = 31.5/4.17 = 7.55
Conclusions

Reject the null hyposthesis; Reject the null hypothesis;
the research hyposthesis is supported. the research hypothesis is supported.
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The t Test as a Special Case of the Significance Test
for the Correlation Coefficient

The relationship of the correlation coefficient to the ¢ test is far from obvious. The
correlation coefficient is about the degree of association between two variables; the ¢
test is about the significance of the difference between two population means. What
is the possible connection?

As you learned in Chapter 11, one connection is that both use the 7 distribution
to determine significance. As a reminder, the score for a correlation coefficient on the
comparison distribution is a ¢ score figured from the correlation coefficient using the
formula # = (formula 11-2, Chapter 11, page 453). However, knowing about this pro-
cedure does not give much insight into why the correlation coefficient can be turned
into a t score for purposes of hypothesis testing or of the connection between this ¢
based on the correlation coefficient and the ¢ test for the difference between means of
two groups. It is to these issues that we now turn.

Group Differences as Associations Among Variables

We usually think of the correlation coefficient as the association between two variables,
typically a predictor variable and a criterion variable. Testing the significance of a
correlation coefficient asks whether you can reject the null hypothesis that in the pop-
ulation there is no association between the predictor and criterion variable (that in the
population, r = 0).

The ¢ test for independent means examines the difference between two popula-
tion means, based on the means of two samples. The sample scores are on a measured
variable that is like a criterion variable (you want to know the effect on it). The dis-
tinction between the two groups in a ¢ test is like the predictor variable. In our exam-
ple from the previous section (see Table W4-2), the variable that divides the two
groups was whether participants were in the experimental or control group. Thus, you
can think of the f test as about whether there is any association between the variable
that divides the groups and the measured variable (see Table W4-3).

Numerical Predictor Variables Versus Two-Category
Nominal Variable that Divides the Groups

“But wait!” you may say. “The predictor variable in a correlation coefficient is a nu-
merical variable, such as number of hours sleep or high school GPA. The variable
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Table W4-3 Relation between Correlation and ¢ Test for Independent Means

Correlation tTest
Variable 1 Predictor Variable Variable that Divides the Groups
Variable 2 Criterion Variable Measured Variable
Relation tested High scores on predictor go Those in one group on the variable that divides
with high scores on criterion the groups have higher scores on the measured
variable

that divides the groups in a ¢ test for independent means is a variable with exactly two
values, the two categories, such as experimental group versus control group.” Yes,
you are quite correct. This is precisely the difference between the situations in which
you use a correlation coefficient and those in which you ordinarily use a ¢ test for in-
dependent means.

How can this gap be bridged? Suppose that you arbitrarily give a number to each
level of the two-category nominal variable that divides the groups. For example, you
could make the experimental group a 1 and the control group a 2. (Using any other
two numbers will, in the end, give exactly the same result. However, which group
gets the higher number does determine the plus or minus sign of the final result.) Once
you change the two-category nominal variable that divides the groups to a numerical
variable, you can then figure the correlation between this two-valued numeric variable
and the measured variable.

Example of the Numeric Equivalence of the t Test
and the Correlation Coefficient Significance Test

Table W4—4 shows the figuring for the correlation coefficient and its significance
using the scores from the same 7 test example we used earlier (see Table W4-2). No-
tice that in this correlation setup, each individual has two scores: (a) a 1 or a 2, de-
pending on whether the person is in the experimental group or the control group, and
(b) a score on the measured variable.

The resulting correlation is —.62. Using the formula for changing a correlation to
a t score gives a t of —2.74. This ¢ is the same, within rounding error, that we figured
earlier (2.73) using the ordinary 7-test procedures (see Chapter 8, Table 8—8 and Table
W4-2 in this chapter). The difference in sign has to do with which group gets the 1
and which group gets the 2—a decision that is arbitrary. The degrees of freedom, and
thus the needed ¢ for significance and the conclusion, are also the same as for the 7 test
for independent means.

In sum, the significance test of the correlation coefficient gives the same result
as the ordinary 7 test. We say that the ¢ test is a special case of the correlation coeffi-
cient, however, because you can use the ¢ test only in the situation in which the pre-
dictor variable has exactly two values.

Graphic Interpretation of the Relationship of the t Test
to the Correlation Coefficient

Figure W4-2 shows the scatter diagram, including the regression line, for the scores
in the example we have been following. The predictor variable (the variable that di-
vides the groups) has just two values, so the dots all line up above these two values.
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Table W4a-4 Figuring of the Correlation Coefficient and a Hypothesis Test of the Correlation Coefficient Using the Data from Table W4—2
(and Table 8-8) and Changing the Variable that Divides the Groups Into a Numeric Variable Having Values of 1 (for the
Experimental Group) or 2 (for the Control Group)

Variable that Divides the Groups
(Experimental Versus Control)

Measured Variable

(X) (84]
Deviation
Deviation Squared Deviation Deviation Squared Products of Deviation Scores
X X =My (X = My)? Y Y= My (Y= My? (X= My (Y = My)
1 -5 25 6 1.5 2.25 =.75
1 -5 25 4 -5 25 25
1 -5 25 9 4.5 20.25 —-2.25
1 -5 25 7 2.5 6.25 —1.25
1 -5 25 7 2.5 6.25 —1.25
1 -5 25 3 —1.5 2.25 75
1 -5 25 6 1.5 2.25 =.75
2 5 25 6 1.5 2.25 75
2 5 25 1 —-3.5 12.25 —-1.75
2 5 25 5 5 25 25
2 5 25 3 —1.5 2.25 =.75
2 5 25 1 —-3.5 12.25 —-1.75
2 5 25 1 —-3.5 12.25 —-1.75
2 5 25 4 -5 25 —-.25
> =21 3 =85,=35 > =063 > =SS, =815 > =-10.5
M=15 M =45
S[(X — Mx)(Y — My)] 3 - 10.5 - 10.5

df =N —2=14-2=12.

r =

t needed with df = 12 at 5% level, two-tailed = =2.179.

V(S5x)(SSy)

t=)/VA=A)(N=-2)=(-.62)/V1 - (- .62))/(14 —2) = (- .62)/\V 0513 = —2.74

Decision: Reject the null hypothesis; the research hypothesis is supported.

V35)8ls) V28525

Copyright © 2009 Pearson Education, Inc., Upper Saddle River, NJ 07458. All rights reserved.

e



Ch04_Final 0808.gxd 8/9/08 7:04 AM Page 40

40 Chapter W4

FIGURE W4-2  Scatter dia-
gram and regression line for the ex-
ample, originally analyzed with a t
test for independent means, with a
value of 1 for the experimental
group and 2 for the control group.
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Note that the regression line goes through the middle of each line of dots. In fact,
when making a scatter diagram of the scores for a 7 test, the regression line always goes
exactly through the mean of each set of dots. This is because the regression line shows
the best predicted score at each level of the predictor variable, and for any group of
scores, the best predicted score is always the mean.

Figure W4-3 shows some additional examples. In Figure W4-3a, the two means
are nearly the same. Here, the slope of the regression line is about 0; the correlation
is low and not statistically significant. The correlation is .10; thus, with 20 partici-
pants, = = = .43. Thinking in terms of a 7 test for independent means, because there
is little difference between the means of the two groups, the 7 test will not be signifi-
cant. The mean difference is 7.39 — 7.60 = —.21. The standard deviation of the distri-
bution of differences between means is .48; thus, r = (M| — M»)/Spifrerence = (7.39 —
7.60)/.48 = —.44. This is the same result as you get using the correlation approach
(within rounding error, and ignoring sign).

[### Insert Figure W4-3 about here]

In Figure W4-3b the means of the two groups are somewhat different, but the dots
in each group are even more widely spread out. Once again, the correlation coefficient
is low and not statistically significant. In the 7 test for independent means, the spread
of the dots makes a large estimated population variance for each group, creating a
large pooled variance estimate and a large standard deviation of the distribution of
differences between means. In a ¢ test you divide the mean difference by the standard
deviation of the distribution of differences between means; thus, the larger this stan-
dard deviation, the smaller the ¢ score. In the example the mean difference is .52 and
the standard deviation of the distribution of differences between means is 1.21. This
gives a t of .43, which is clearly not significant.
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FIGURE W4-3  Three possible
scatter diagrams of scores analyzed
1+ with a t test for independent means,
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Finally, in Figure W4-3c there is a large difference between the means and less
variation among the dots around each mean. Thus, the regression line is a very good
predictor. Similarly, the large mean difference and small variance within each group
make for a large 7 using a ¢ test for independent means.

The principle that these figures illustrate is that the 7 test for independent means
and the significance test for the correlation coefficient give the same results because
both are largest when the difference between the two means is large and the variation
among the scores in each group is small.

The Analysis of Variance as a Special Case of the
Significance Test of Multiple Regression

The relationship between the analysis of variance and multiple regression parallels the re-
lationship we just considered between the ¢ test for independent means and the correlation
coefficient. And in both, the solution is the same. The analysis of variance tests whether
there is a difference on the measured variable between means of three or more groups. The
multiple regression approach sees this as a relationship between a criterion variable (the
measured variable) and a predictor variable (the different levels of the variable that di-
vides the groups). For example, in the Hazan and Shaver (1987) study of attachment style
and jealousy discussed in Chapter 9, the analysis of variance showed a significant differ-
ence in jealousy (the measured variable) among the three attachment styles (the variable
that divides the groups). A correlation or regression approach, by contrast, would describe
this result as a significant association between jealousy (the criterion variable) and at-
tachment style (the predictor variable). We describe the relationship between analysis of
variance and regression in more detail in an Advanced Topic section later in the chapter.

Choice of Statistical Tests

We have seen that the four major statistical procedures you have learned in this book
can be considered special cases of multiple regression. You may now wonder why
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you don’t learn just one technique, multiple regression, and do everything using it. You
could. And you would get entirely correct results.

Why, then, should anyone use, say, a ¢ test instead of an analysis of variance? The
reason is that it is a procedure that is traditional and widely understood. Most re-
searchers today expect to see a  test when two groups are compared. It seems strange,
and somehow grandiose, to see an analysis of variance when a ¢ test would do—though,
in fact, the sense of grandiosity is simply a holdover from the days when all the figur-
ing was done by hand and an analysis of variance was harder to do than a ¢ test.

To use a correlation coefficient (and its associated significance test) in the two-
group situation instead of an ordinary 7 test would confuse people who were not very
statistically sophisticated. Similarly, analyzing an experiment with several groups
using multiple regression instead of analysis of variance would confuse those same
unsophisticated readers.’

There is one advantage in using correlation and regression over the 7 test or an
analysis of variance: The correlational approach automatically gives you direct in-
formation on the relationship between the variable that divides the groups and the
measured variable as well as permitting a significance test. The ¢ test and the analy-
sis of variance give only statistical significance. (You can figure an effect size for ei-
ther of these, but with a correlation coefficient or a multiple regression, you get the
effect size automatically.)

how are you doing?

1. How can you understand a difference between groups on a measured variable
in terms of an association between a predictor and a criterion variable?

2. How can you make a two-level nominal variable that divides the groups into a
numeric variable that you can use in correlation or regression?

3. (@) What is the effect of the scores being spread out around their mean, and (b)
why, for the t test for independent means?

4. When you make a scatter diagram for the scores in a t test for independent
means, (a) what does it look like, and (b) where does the regression line go?

5. How do the variables in an analysis of variance correspond to the variables in
a regression?

6. (a) Why do researchers use t tests and analyses of variance when they could
use correlation or regression instead? (b) What is an advantage of using re-
gression and correlation over using analysis of variance and the t test.
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Controversy: What Is Causality?

The general linear model itself is not very controversial; it is simply a mathematical
statement of a relationship among variables. In fact, its role as the foundation of the
major statistical techniques has not yet been widely realized among practicing re-
searchers. There is, however, an area of controversy that is appropriate to mention
here. It has to do with the role of statistics in science generally, but in practice it is most
often raised in the context of the major general linear model-based procedures. This
is the issue of causality. We have already addressed this issue at one level in Chapter
11, where we considered the problem of inferring a direction of causality from a study
that does not use random assignment to groups. But there is a still deeper level to the
issue: What does causality mean?

In a classic discussion of the issues, the eminent developmental psychologist,
Diana Baumrind (1983) outlined two main understandings of causality that are used
in science. One, which she calls the regularity theory of causality, has its roots in
philosophers like David Hume and John Stuart Mill (as well as early scientists, in-
cluding Galileo). This view holds that we recognize X as a cause of Y if (a) X and Y
are regularly associated, (b) X precedes Y, and (c) there are no other causes that pre-
cede X that might cause both X and Y. In psychology, we address the (a) part by find-
ing a significant correlation between X and Y. We address the (b) part, if possible, by
our knowledge of the situation (for example, in a correlation of whether one is the first-
born in one’s family with anxiety later in life, you can rule out the possibility that
anxiety later in life caused the person to be firstborn) or designing the study into an
experiment (by manipulating X prior to measuring Y). The (c) part has to do with the
issue of a correlation between X and Y being due to some third variable causing both.
Ideally, we address this by random assignment to groups. But if that is not possible,
various statistical methods of equating groups on proposed third factors are used as a
makeshift strategy (we explore some of these in Chapter 15).

As psychologists, we are only sometimes in a position to do the kind of rigorous
experimental research that provides a strong basis for drawing conclusions about cause
and effect. Thus, much of the criticism and controversy involving research of practi-
cal importance, where it is usually least easy to apply rigorous methods, often hinges
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on such issues. For example, if marriage correlates with happiness, does marriage
make people happier, or do happy people get and stay married?

There is another view of causality, a still more stringent view that sees the regu-
larity theory conditions as a prerequisite to calling something a cause, but that these
conditions are not sufficient alone. This other view, which Baumrind calls the gener-
ative theory of causality, has its roots in Aristotle, Thomas Aquinas, and Immanuel
Kant. The focus of this view is on just how X affects Y. This is the way most nonsci-
entists (and nonphilosophers) understand causality. The very idea of causality may
have its roots as a metaphor of experiences such as willing your own arm to move
(Event X) and it moves (Event Y). Scientists also take this view of causality very much
to heart, even if it offers much more difficult challenges. It is addressed primarily by
theory and by careful analysis of mediating processes. But even those who emphasize
this view would recognize that demonstrating a reliable connection between X and Y
(by finding statistical significance, for example) plays an important role at least in
identifying linkages that require scrutiny for determining the real causal connection.

Finally, there are also those who hold—with some good arguments—that demon-
strating causality should not be a goal of scientific psychology at all. But we have al-
ready had enough controversy for one chapter.

ADVANCED TOPIC: Detailed Examination of The
Analysis of Variance as a Special Case of the
Significance Test of Multiple Regression

In order to follow the material in this Advanced Topic section, you must have read the
Advanced Topic sections in Chapter 9 (on the structural model in the analysis of vari-
ance) and Chapter 12 (on error and proportionate reduction in error).

Earlier in the chapter we noted that the relationship between the analysis of vari-
ance and multiple regression parallels the relationship between the ¢ test for indepen-
dent means and the correlation coefficient. Here, we give a detailed analysis of the
relationship between the analysis of variance and multiple regression.

Analysis of Variance for Two Groups As a Special Case of
the Significance of a Bivariate Correlation

The link between the analysis of variance and multiple regression is easiest to see if
we begin with a two-group situation and (a) consider the correlation coefficient in
terms of its being the square root of the proportionate reduction in error (see Chapter
12), and (b) consider the analysis of variance using the structural model approach (see
the Advanced Topic section of Chapter 9). Table W4-5 shows the scores for our ex-
perimental versus control group example. However, this time we show the predicted
scores and the errors and squared errors, as well as the figuring for the proportionate
reduction in error. Table W4—6 shows the analysis of variance figuring, using the
structural model approach, for the same scores.

There are several clear links. First, the sum of squared error figured in the corre-
lation when using the bivariate prediction rule (SSgor = 50) is the same as the within-
group sum of squared deviations (SSw;min) for the analysis of variance. Why are they
the same? In regression, the error is a score’s difference from the predicted value, and
the predicted value in this situation of only two values for the predictor variable is the
mean of the scores at each value (that is, the mean of each group’s scores). In other
words, in the regression, the sum of squared error comes from squaring and summing
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Table WAa-5 Figuring of the Proportionate Reduction in Error With Bivariate Prediction Using the Data From Table W4—2 (and Table 8-8)

Predictor Variable

(Experimental Versus Control) Criterion Variable
Actual Score Predicted Score Error Error?
Y y Y-y (Y —1)?
1 6 6 0 0
1 4 6 -2 4
1 9 6 3 9
1 7 6 1 1
1 7 6 1 1
1 3 6 -3 9
1 6 6 0
2 6 3 3 9
2 1 3 -2 4
2 5 3 2 4
2 3 3 0 0
2 1 3 -2 4
2 1 3 -2 4
2 4 3 1 1

2 = SSenor = 50
Sum of squared error using the overall mean as a prediction rule (computation not shown): SS 1o = 81.5
SSTotal - SSErmr _ 81.5 — 50 _

= .39
SSTolal 81.5

Proportionate reduction in error =

r2:.39;r:\/,§= \/37=:t62

the difference of each score from its group’s mean. In the analysis of variance, you fig-
ure the sum of squared error within groups as precisely the same thing—the sum of
the squared deviations of each score from its group’s mean.

Second, the sum of squared error total (SSty,) 1S the same in regression and
analysis of variance (in this example they are both 81.5). They are the same because
in regression, SSy 1S the sum of the squared deviations of each criterion variable
score from the overall mean of all the criterion variable scores and in the analysis of
variance, SStya 1S the sum of the squared deviations of each measured variable score
from the grand mean, which is the overall mean of all the measured variable scores.

Third, the reduction in squared error in regression—the sum of squared error
using the mean to predict (that is, 81.5) minus the sum of squared error using the bi-
variate prediction rule (that is, 50)—comes out to 31.5. This is the same as the analy-
sis of variance sum of squared error between groups (that is, SSgetween = 31.5). The
reduction in error in regression is what the prediction rule adds over knowing just the
mean. In this example, the prediction rule estimates the mean of each group, so the
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Table WA4-6 Figuring of the Proportional Reduction in Error with the One-Way Analysis of Variance Structural Model Approach Using the

Data From Table W4-2 (and Table 8-8)

One-way analysis of variance structural model calculation

GM =45
Experimental Group Gontrol Group

Xq X—GM X—M M—GM X X—GM X—M M—-GM

Dev Dev? Dev Dev? Dev Dev? Dev Dev? Dev Dev? Dev Dev?
6 1.5 2.25 0 0 1.5 2.25 6 1.5 2.25 3 9 —-1.5 2.25
4 -5 25 -2 4 1.5 2.25 1 -3.5 12.25 -2 4 —-1.5 2.25
9 4.5 20.25 3 9 1.5 2.25 5 S 25 2 4 —-1.5 2.25
7 2.5 6.25 1 1.5 2.25 3 —-1.5 2.25 0 0 —-1.5 2.25
7 2.5 6.25 1 1 1.5 2.25 1 -3.5 12.25 -2 4 —-1.5 2.25
3 —-1.5 2.25 -3 9 1.5 2.25 1 -3.5 12.25 -2 4 —-1.5 2.25
6 1.5 2.25 0 0 1.5 2.25 4 -5 25 1 1 —-1.5 2.25
2 39.75 24 15.75 41.75 26 15.75

Note: Dev = Deviation; Dev? = Squared deviation

Sums of squared deviations:

S(X — GM)? or SStou = 39.75 + 41.75 = 81.5
S(X — M)? or SSyinin = 24 + 26 = 50

S(M — GM)? or SSperween = 15.75 + 15.75 = 31.5

Degrees of freedom:

dfrgq =N —-1=14-1=13

df wimin = dfy +dfy; + ... +dfLq=6+6+ 12
Afpetween = Narops =1 =2 =1 =1

Check (dftow = df within T @fBetween): 13 — 12 + 1

Population variance estimates:

ol OF M St = SStow/df o = 81.5/13 = 6.27

Stvithin OF MSwitin = SSwitin/df winin = 50/12 = 4.17

Shetween OF MSpenveen = SSbetween/Af evween = 31.5/1 = 31.5

F ratio: F = Shueen /Sithin OF M Sperween/ M Switnin = 31.5/4.17 = 7.55

R® = eta® = SSpeueen/SStom = 31.5/81.5 = 39

reduction in squared error for each score is the squared difference between the mean
of that score’s group and the overall mean. In analysis of variance, you figure SSg..
wween DY adding up, for each participant, the squared differences between the partici-
pant’s group’s mean and the grand mean.

Finally, the proportionate reduction in error in the regression (> = .39) comes
out to exactly the same as the proportionate reduction in error used as an effect size
in analysis of variance (R? or eta = .39). Both tell us the proportion of the total vari-
ation in the criterion (or measured) variable that is accounted for by its association with
the predictor variable (the variable that divides the groups). That these numbers come
out the same should be no surprise by now; we have already seen that the numerator
and the proportionate reduction in error are the same for both.
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Thus, the links between regression and the analysis of variance are quite deep. In
fact, some researchers figure the significance of a correlation coefficient by laying it
out as a regression analysis and plugging the various sums of squared error into an
analysis of variance table and figuring F. The result is identical to any other way of
figuring the significance of the correlation coefficient. If you figure the ¢ for the cor-
relation, it comes out to the square root of the F' you would get using this procedure.

Analysis of Variance for More Than Two Groups as a
Special Case of Multiple Correlation

When considering the ¢ test for independent means or the analysis of variance for two
groups, we could carry out a correlation or regression analysis by changing the two
categories of the nominal variable that divides the groups into any two different num-
bers (in the example, we used 1 for the experimental group and 2 for the control
group). The problem is more difficult with an analysis of variance with more than
two groups because the variable that divides the groups has more than two categories.

In the two-category situation, the particular two numbers you use do not matter
(except for the sign). However, when there are three or more groups, making up a
predictor variable with arbitrary numbers for the different groups will not work. What-
ever three numbers you pick imply some particular relation among the groups, and not
all relations will be the same. For example, with three groups, making a predictor
variable with 1s, 2s, and 3s gives a different result depending on which groups gets
put in the middle. It also gives a different result than using 1s, 2s, and 4s.

Recall the example from Chapter 9 comparing ratings of a defendant’s degree of
guilt for participants who believed the defendant had either a criminal record or a
clean record or in which nothing was said about the defendant’s record. Suppose that
we arbitrarily give a 1 to the first group, a 2 to the second, and a 3 to the third. This
would imply that we consider these three levels to be equally spaced values on a nu-
merical variable of knowledge about the criminal record. For this particular example,
we might want to think of the three groups as ordered from criminal record to clean
record, with the no information group in between. However, even then it would not
be clear that the groups are evenly spaced on this dimension.

More generally, when you have several groups, you may have no basis in ad-
vance for putting the groups in a particular order, let alone for deciding how they
should be spaced. For example, in a study comparing attitudes of four different Cen-
tral American nationalities, nationality is the nominal variable that divides the groups.
But you can’t make these four nationalities into any meaningful four values of a sin-
gle numerical variable.

There is a clever solution to this problem. When there are more than two groups,
instead of trying to make the nominal variable that divides the groups into a single nu-
merical variable, you can make it into several numerical predictor variables with two
levels each.

Here is how this is done: Suppose that the variable that divides the groups has four
categories—for example, four Central American nationalities: Costa Rican,
Guatemalan, Nicaraguan, and Salvadoran. You can make one predictor variable for
whether the participant is Costa Rican—1 if Costa Rican, 0 if not. You can then make
a second predictor variable for whether the participant is Guatemalan, 1 or 0; and a
third for whether the participant is Nicaraguan, 1 or 0. You could make a fourth for
whether the participant is Salvadoran. However, if a participant has Os on the first
three variables, the participant has to be Salvadoran (because there are only the four
possibilities).
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Table Wa4-7 Example of Nominal Coding for Participants of Four Central American

Nationalities
Variable 1 Variable 2 Variable 3
Participant Nationality Costa Rican or Not Guatemalan or Not Nicaraguan or Not
1 Guatemalan 0 1 0
2 Nicaraguan 0 0 1
3 Salvadoran 0 0 0
4 Nicaraguan 0 0 1
5 Costa Rican 1 0 0
6 Costa Rican 1 0 0
7 Salvadoran 0 0 0
8 Nicaraguan 0 0 1
9 Costa Rican 1 0 0
10 Guatemalan 0 1 0

In this example, you know any participant’s nationality by the scores on the com-
bination of the three two-value numerical variables. For example, a Costa Rican par-
ticipant would have a 1 for Costa Rican and Os for Guatemalan and Nicaraguan. Each
Guatemalan participant would have a 1 for Guatemalan but Os for Costa Rican and
Nicaraguan. Each Nicaraguan participant would have Os for Costa Rican and
Guatemalan. Each Salvadoran participant would have Os on all three variables. (Inci-
dentally, you can use any two numbers for each two-valued nominal variable; we just
used 1 and O for convenience.) Table W4—7 shows this coding for 10 participants.

Table Wa4-8 Example of Nominal Coding for the Criminal Record Example

Predictor Variable Criterion Variable
Variable 1: Variable 2: Participant’s Rating
Experimental Criminal Clean of
Participant Condition Record or Not Record or Not Defendant’s Guilt

1 Criminal record 1 0 10
2 Criminal record 1 0 7
3 Criminal record 1 0 5
4 Criminal record 1 0 10
5 Criminal record 1 0 8
6 Clean record 0 1 5
7 Clean record 0 1 1
8 Clean record 0 1 3
9 Clean record 0 1 7
10 Clean record 0 1 4
11 No information 0 0 4
12 No information 0 0 6
13 No information 0 0 9
14 No information 0 0 3
15 No information 0 0 3
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This entire procedure is called nominal coding. The result in this example is that
the variable that divides the groups, instead of being a nominal variable with four cat-
egories, is now three numerical variables but with only two values each. Creating sev-
eral two-valued numerical variables in this way avoids the problem of creating an
arbitrary ranking and distancing of the four levels.

Table W4-8 shows another example, this time for the criminal record study from
Chapters 9 and 10. The variable that divides the groups, instead of being a nominal vari-
able with three categories, is now two numerical variables (each with values of 1 or 0).
More generally, you can code the nominal variable that divides the groups in an analy-
sis of variance into several two-value numerical variables, exactly one less such two-
valued numerical variables than there groups. (Not coincidentally, this comes out the
same as the degrees of freedom for the between-group population variance estimate.)

Once you have done the nominal coding (changed the variable that divides the
groups into two-value numerical variables), you then want to know the relation of
this set of variables to the measured variable. You do this with multiple regression,
using the set of two-value numerical variables as predictors and the measured variable
as the criterion variable. Consider again the criminal record example. Having done the
nominal coding, you can now figure the multiple regression of the two numerical pre-
dictor variables taken together with what you now think of as the criterion variable,
rating of guilt. The result (in terms of significance level and R?) comes out exactly the
same as the analysis of variance.

The nominal coding procedure is extremely flexible and can be extended to the
most complex factorial analysis of variance situations. In practice, researchers rarely
actually do nominal coding—usually, a computer does it for you. We wanted you to see
the principle so that you can understand how it is possible to make an analysis of vari-
ance problem into a multiple regression problem. There are, however, a number of
analysis of variance research situations in which there are advantages to using the mul-
tiple regression approach (such as in a factorial analysis with unequal cell sizes). In fact,
many analysis of variance computer programs do the actual computations not using the
analysis of variance formulas, but by doing nominal coding and multiple regression.

how are you doing?

1. Under what conditions can you use the analysis of variance to find the signif-
icance of a bivariate prediction or correlation?

2. When there are only two groups, explain the similarity between the analysis of
variance structural model approach and regression in terms of (a) SSTotal, (b)
SSWithin and SSError, (c) SSBetween and SSTotal — SSError, and (d) propor-
tionate reduction in error.

3. Based on what you have learned in previous sections, give an argument for why,
when there are only two groups, the analysis of variance and correlation should
give the same significance.

4. (a) What is nominal coding? (b) How is it done? (c) Why is it done? (d) Why
can’t you just use a single numeric variable with more than two values? (e) In
a particular study, participants 1 and 2 are in Group A, participants 3 and 4 are
in Group B, and participants 5 and 6 in Group C. Make a table showing nom-
inal coding for these six participants.
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D

1. The general linear model states that the value of a variable for any individual is
the sum of a constant, plus the weighted influence of each of several other vari-
ables, plus error. Bivariate and multiple correlation and regression (and associated
significance tests), the 7 test, and the analysis of variance are all special cases of
the general linear model.

2. Multiple regression is almost identical to the general linear model, and bivariate
correlation and regression are the special cases of multiple regression/correla-
tion in which there is only one predictor variable.

3. The ¢ test for independent means can be mathematically derived from the analy-
sis of variance. It is a special case of the analysis of variance in which there are
only two groups. The 7 score for the same data is the square root of the F ratio.
The numerators of both ¢ and F are based on the differences between group means;
the denominators of both are based on the variance within the groups; the de-
nominator of ¢ involves dividing by the number of participants, and the numera-
tor of F involves multiplying by the number of participants; and the # degrees of
freedom are the same as the F' denominator degrees of freedom.

4. The ¢ test for independent means is also a special case of the significance test for
the correlation coefficient. A correlation is about the association of a predictor vari-
able with a criterion variable. In the same way, by showing a difference between
group means, the 7 test is about an association of the variable that divides the
groups with the measured variable. If you give a score of 1 to each participant in
one of the two groups and a 2 to each participant in the other group (or any two
different numbers), then figure a correlation of these scores with the measured
variable, the significance of that correlation will be the same as the ¢ test. Draw-
ing a scatter diagram of these data makes a column of scores for each group, with
the regression line passing through the mean of each group. The more the means
are different, the greater the proportionate reduction in error over using the grand
mean and the greater the 7 score based on a comparison of the two groups’ means.

5. The relationship between the analysis of variance and multiple regression paral-
lels the relationship between the ¢ test for independent means and the correlation
coefficient. The grouping variable in an analysis of variance is like a predictor vari-
able in regression. The measured variable in an analysis of variance is like a cri-
terion variable in regression.

6. The ¢ test, analysis of variance, and correlation can all be done as multiple re-
gression. However, conventional practice leads to these procedures being used in
different research contexts, as if they were actually different.

7. The regularity view identifies X as a cause of Y if X and Y are associated, X pre-
cedes ¥, and no other third factors precede X that could cause them both. The
generative view argues that in addition there must be a clear understanding of
the mechanism by which X affects Y.

8. ADVANCED TOPIC: The analysis of variance and regression also have many
similarities. SSy, in regression and in the analysis of variance are both about the
deviations of each score from the mean of all the criterion or measured variable
scores. The group means in an analysis of variance are the predicted scores for
each individual in regression; thus, SSg.or and SSwimin are the same. The reduc-
tion in squared error (SStora — SSEmor) i regression is the same as the sum of
squared deviations of scores’ group’s means from the grand mean (SSgetween) I
the analysis of variance. Finally, regression’s proportionate reduction in error (
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or R?) is the same as the proportion of variance accounted for (R? or eta?) effect
size in analysis of variance.

9. ADVANCED TOPIC: An analysis of variance can be set up as a multiple re-
gression using nominal coding to make the categories for the different groups
into two-value numerical variables. The analysis of variance is a special case of
multiple regression in which the predictor variables are set up in this way.

it
I

nominal coding

et

These problems involve figuring. Most real-life statistics problems are done on a com-

puter with special statistical software. Even if you have such software, do these prob-

lems by hand to ingrain the method in your mind. To learn how to use a computer to
solve statistics problems like those in this chapter, refer to the Using SPSS section at
the end of this chapter and the Student’s Study Guide and Computer Workbook that
accompanies this text.

All data are fictional unless an actual citation is given.

SET I (for Answers to Set I problems, see the end of this Web chapter)

1. (a) Look up and write down the ¢ cutoff at the .05 level (two-tailed) for 5, 10, 15,
and 20 degrees of freedom. (b) Square each ¢ cutoff and write it down next to the
t. (c) Look up and write down, next to the squared ts, the cutoffs for F distribu-
tions with 1 degree of freedom in the numerator and 5, 10, 15, and 20 degrees of
freedom as the denominators. (The results should be identical, within rounding
error.)

2. Below are two data sets. For the first data set, in addition to the means and esti-
mated population variances, we have shown the ¢ test information. You should fig-
ure the second yourself. Also, for each, figure a one-way analysis of variance
using the regular Chapter 9 method (not the structural model approach shown in
the Advanced Topic section of that chapter). Make a chart of the similarities of
(a) tdf to F denominator df, (b) t cutoff to square root of F cutoff, (c) to, and (d)
the ¢ score to the square root of the F ratio. (Use the .05 level throughout; 7 tests
are two-tailed.)

Experimental Control
Group Group t test
N M § N M § df tneeded t
(i 36 100 40 36 104 48 70 1.995 44 2.56
G 16 73 8 16 75 6

3. Below is a data set from practice problem 3 in Chapter 8. If you did not figure the
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t test for this problem with Chapter 8, do so now. Then, also figure a one-way
analysis of variance using the regular Chapter 9 method (not the structural model
approach shown in the Advanced Topic section of that chapter). Make a chart of
the similarities of (a) # df to F denominator df, (b) ¢ cutoff to square root of F cut-
off, (c) to, and (d) the ¢ score to the square root of the F ratio.

Experimental Group Control Group
N M s N M s?
30 12.0 24 30 11.1 2.8

4. Group A includes 10 people whose scores have a mean of 170 and a population
variance estimate of 48. Group B also includes 10 people: M = 150, §? = 32.
Carry out a t test for independent means (two-tailed) and an analysis of variance
(using the regular Chapter 9 method, not the structural model approach shown in
the Advanced Topic section of that chapter). Do your figuring on the two halves
of the same page, with parallel computations next to each other. (That is, make a
table similar in layout to the lower part of Table W4-2.) Use the .05 level for
both.

5. Do the following for the scores in practice problems (a) 6, (b) 7, and (c) 8: (i) Fig-
ure a ¢ test for independent means, (ii) figure the correlation coefficient (between
the group that participants are in and their scores on the measured variable), (iii)
figure the ¢ for significance of the correlation coefficient (using the formula ¢ =)
and note explicitly the similarity of results, and (iv) make a scatter diagram. For
(a), also (v) explain the relation of the spread of the means and the spread of the
scores around the means to the 7 test result.

6. ADVANCED TOPIC: For the scores listed below, figure a ¢ test for independent
means (two-tailed) if you have not already done so and then figure an analysis of
variance using the structural model approach from Chapter 9 (use the .05 level for
both). Make a chart of the similarities of (a) ¢ df to F' denominator df, (b) ¢ cutoff
to square root of F cutoff, (c) to, and (d) the ¢ score to the square root of the F

ratio.
Group A Group B
13 11
16 7
19 9
18
19

7. ADVANCED TOPIC: Below we list scores from practice problem 5 in Chapter
8. If you did not figure the ¢ test for these with Chapter 8, do so now, using the
.05 level, two-tailed. Then figure a one-way analysis of variance (also .05 level)
using the structural model method from Chapter 9. Make a chart of the similari-
ties of (a) ¢ df to F denominator df, (b) ¢ cutoff to square root of F cutoff, (c) to
, and (d) the ¢ score to the square root of the F ratio.

Ordinary Story Own-Name Story
Student Reading Time Student Reading Time

A 2 G 4

B 5 H 16

C 7 I 11

D 9 J 9

E 6 K 8
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8. ADVANCED TOPIC: For the scores listed below, figure a ¢ test for independent
means if you have not already done so and then figure an analysis of variance using
the structural model approach from Chapter 9. Make a chart of the similarities of
(a) t df to F denominator df, (b) t cutoff to square root of F cutoff, (¢) to, and (d)
the ¢ score to the square root of the F ratio. (Use the .05 level throughout; the ¢
test is two-tailed.)

Group A Group B

7 .6
9 4
8 2

9. ADVANCED TOPIC: Do the following for the scores in practice problems (a) 6,
(b) 7, and (c) 8: (i) Figure the analysis of variance using the structural model ap-
proach from Chapter 9 if you have not done so already; (ii) figure the proportionate
reduction in error based on the analysis of variance results; (iii) carry out a re-
gression analysis (predicting the measured variable score from the group that
participants are in); (iv) figure the proportionate reduction in error using the long
method of figuring predicted scores, and finding the average squared error using
them; and (v) make a chart showing the parallels in the results; for (a), also (vi)
explain the major similarities. (Use the .05 level throughout.)

10. ADVANCED TOPIC: Participants 1, 2, and 3 are in Group [; participants 4 and
5 are in Group II; participants 6, 7, and 8 are in Group III; and participants 9 and
10 are in Group IV. Make a table showing nominal coding for these ten partici-
pants.

SET II

11. (a) Look up and write down the F cutoff at the .01 level for distributions with 1
degree of freedom in the numerator and 10, 20, 30, and 60 degrees of freedom in
the denominator. (b) Take the square root of each and write it down next to it. (c)
Look up the cutoffs on the ¢ distribution at the .01 level (two-tailed) using 10,
20, 30, and 60 degrees of freedom, and write it down next to the corresponding
F square root. (The results should be identical, within rounding error.)

12. Below are three data sets. For the first two data sets, in addition to the means and
estimated population variances, we have shown the ¢ test information. You should
figure the third yourself. Also, for each, figure a one-way analysis of variance
using the regular Chapter 9 method (not the structural model approach shown in
the Advanced Topic section of that chapter). Make a chart of the similarities of
(a) tdf to F denominator df, (b) t cutoff to square root of F cutoff, (c) to, and (d)
the ¢ score to the square root of the F ratio. (Use the .01 level throughout; ¢ tests
are two-tailed.)

Experimental Control
Group Group t test
N M § N M 5 df tneeded t

(i 20 10 3 20 12 2 38 2724 2.5 4
(i) 25 7.54 25 452 48 2690 3.0 6.12
(i) 10 48 8 10 55 4

13. Below we list scores from two data sets, both from practice problem 16 in Chap-
ter 8. If you did not figure the ¢ tests for these with Chapter 8, do so now, this time

using the .01 level, two-tailed. Then, for each, also figure a one-way analysis of
variance (also .01 level) using the regular Chapter 9 method (not the structural
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model approach shown in the Advanced Topic section of that chapter). Make a
chart of the similarities of (a) ¢ df to F denominator df, (b) ¢ cutoff to square root
of F cutoff, (c) to, and (d) the ¢ score to the square root of the F ratio.

Experimental Control
Group Group
N M s N M s
1) 10 604 60 10 607 50

(i1) 40 604 60 40 607 50
(iii) 10 604 20 10 607 16

14. Group I consists of 12 people whose scores have a mean of 15.5 and a popula-
tion variance estimate of 4.5. Group B also consists of 12 people: M = 18.3, §?=
3.5. Carry out a ¢ test for independent means (two-tailed) and an analysis of vari-
ance (using the regular Chapter 9 method, not the structural model approach
shown in the Advanced Topic section of that chapter), figuring the two on two
halves of the same page, with parallel computations next to each other. (That is,
make a table similar in layout to the lower part of Table W4-2.) Use the .05 level.

15. Do the following for the scores in practice problems (a) 16, (b) 17, and (c) 18: (i)
Figure a ¢ test for independent means, (ii) figure the correlation coefficient (be-
tween the group that participants are in and their scores on the measured variable),
(iii) figure the ¢ for significance of the correlation coefficient (using the formula
t =) and note explicitly the similarity of results, (iv) make a scatter diagram, and
(v) explain the relation of the spread of the means and the spread of the scores
around the means to the ¢ test results.

16. ADVANCED TOPIC: For the scores listed below, carry out a ¢ test for indepen-
dent means (two-tailed) if you have not already done so and an analysis of vari-
ance using the structural model method from Chapter 9. (Use the .05 level for
both.) Make a chart of the similarities of (a) ¢ df to F' denominator df, (b) ¢ cutoff
to square root of F cutoff, (c) to, and (d) the ¢ score to the square root of the F

ratio.
Group A Group B
0 4
1 5
0 6
5

17. ADVANCED TOPIC: For the scores below, figure a  test for independent means
if you have not already done so (.05 level, two-tailed) and an analysis of vari-
ance (.05 level) using the structural model method from Chapter 9. Make a chart
of the similarities of (a) ¢ df to F denominator df; (b) ¢ cutoff to square root of F
cutoff, (c) to, and (d) the ¢ score to the square root of the F ratio.

Group A Group B
0 0
0 0
0 0
0 0
0 0
0 0
0 1
0 1
0 1

Copyright © 2009 Pearson Education, Inc., Upper Saddle River, NJ 07458. All rights reserved.

- S o



Ch04_Final 0808.gxd 8/9/08 7:04 AM Page 56 $

56 Chapter W4

—_—_——_——0 0O
e e

18. ADVANCED TOPIC: Below we list scores from practice problem 17 in Chapter
8. If you did not figure the ¢ test for these with Chapter 8 (or for practice prob-
lem 17 in this chapter), do so now, using the .05 level, two-tailed. Then figure a
one-way analysis of variance (also .05 level) using the structural model method
from Chapter 9. Make a chart of the similarities of (a) ¢ df to F denominator df,
(b) t cutoff to square root of F cutoff, (c) to, and (d) the 7 score to the square root
of the F ratio.

Big Meal Group Small Meal Group
Subject Hearing Subject Hearing
A 22 D 19
B 25 E 23
C 25 F 21

19. ADVANCED TOPIC: Do the following for the scores in practice problems (a) 16,
(b) 17, and (c) 18: (i) Figure the analysis of variance using the structural model
approach from Chapter 9 if you have not already done so; (ii) figure the propor-
tionate reduction in error based on the analysis of variance results; (iii) carry out
aregression analysis (predicting the measured variable score from the group that
participants are in); (iv) figure the proportionate reduction in error using the long
method of figuring predicted scores, and finding the average squared error using
them; and (v) make a chart showing the parallels in the results.

20. ADVANCED TOPIC: Participants 1 and 2 are in Group A; participants 3, 4, 5,
and 6 are in Group B; and participants 7, 8, and 9 are in Group C. Make a table
showing nominal coding for these nine participants.

L
i SIPSE
LUTTHTT

The 8 in the following steps indicates a mouse click. (We used SPSS version 15.0 for
Windows to carry out these analyses. The steps and output may be slightly different
for other versions of SPSS.)

For each SPSS analysis below, we use the scores from the Exampled Worked-
Out Problem for the 7 test for independent means from Chapter 8. This is also the
main example we used in this chapter (see Tables W4-2 and W4—4, and also Table
W4-6 if you read this chapter’s Advanced Topic section). First, we use SPSS to fig-
ure a ¢ test for independent means for the example. We compare the results of this ¢
test with the results of a one-way analysis of variance. Next, we figure the correla-
tion coefficient for the example and compare it with the results for the 7 test. Finally,
in an Advanced Topic Section, we figure the bivariate prediction (regression) for the
example and compare the results to the analysis of variance results.

For the results of each test below, we highlight the most important parts of the
SPSS output. For additional information on the SPSS steps for each test and a more
detailed description of the SPSS output, see the Using SPSS sections in the relevant
chapters (Chapters 8, 9, 11, and 12).
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t TEST FOR INDEPENDENT MEANS

@ Enter the scores into SPSS as shown in Figure W4—4. In the first column (labeled
“group”), we used the number “1” to indicate that a person is in the experimental
group and the number “2” to indicate that a person is in the control group.

£: *Untitled1 [DataSet0] - PSS Data Editor R sy daia el

Hle bdit “ew Uata  lransform Analyze  kephe Ubbbes  Add-ons  wndow  Help Using SPSS examples, showing
scores on an equal-interval variable

= EI I‘I% ET L d" 1!':'|m E':' H "E E E 'Er-: EI': % {i " for individuals in an experimental

and a control group.

14 | sewre 4
gruup | ECOFa | Wl Wl wiEl | Al
1 1.00 E.00 i
2 1.00 1.00 o
3 1.00 .00 i
4 1.00 F.00
4 1.0U /.U §
H| 1101 {1
7 1.00 E.00
] | 200 E.00
9| 200 1.00
10| 200 £.00
11 200 .00
1 21 11
17] 200 1.00
14 2.00] 4.00]
15 =
1 v Daaview £ vanabic View £ ] 7
ok Hroosscor 15 rasdy
= 2 Analyze.

> & Compare means.

7 & Independent-Samples T Test.

#" & on the variable called “score” and then 8 the arrow next to the box labeled “Test
Variable(s)”.
< the variable called “group” and then 8 the arrow next to the the box labeled
“Grouping Variable.” 8 Define Groups. Put “1” in the Group 1 box and put “2”
in the Group 2 box. 8 Continue.
& OK. Your SPSS output window should look like Figure W4-5.

The first table in the SPSS output provides information about the two variables
(see Chapter 8 for a detailed description of this information). The second table shows
the actual results of the 7 test for independent means. Note the 7 value of 2.750 in the
SPSS output in Figure W4-5 is consistent (within rounding error) with the value of ¢
(of 2.73) shown in Table W4-2 earlier in the chapter. The result of the 7 test is statis-
tically significant, as the significance level of .018 is less than our .05 cutoff signifi-
cance level.
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FIGURE W4-5 SPSS output

22 Dulgut] Movemmnti] - N

windowforaltestfor independent Tia Ml Swa Natn Tosecher ewt Meest Aashos Gophe | Bec frrkoss S i
means using the scores shown in EHAERE M= as & &
Figure W4—4. Fr Ao &L ERE
-
Groap Sathcs
Z Emr
qrua il L1} HIJ. U Ce0as LIy
e 100 ] Himn AmEnm rasdll
L 7| a0m poeitr | 7D
Indapurdant Samplas Tasr
wrerne i e e

E.HIT areadanie s

AT Creiriancn
Izkreal aha

st Emer InBstencs

Loy 1 o Lalsrvmicw Lum=rwt Uapee

st gl NEInes

P —— TTH KA ErE] T

T HFr Allrea

L e

nil s et Ll 14

1enrd higiu W

|
|

One-way analysis of variance

We will carry out the analysis of variance using the same set of scores as shown in Fig-
ure W4—4.
@ < Analyze.
= <2 Compare means.
> & One-Way ANOVA.
%" < on the variable called “score” and then 8 the arrow next to the box labeled “De-
pendent List”.
" & the variable called “group” and then 8 the arrow next to the the box labeled
“Factor.”
< OK. Your SPSS output window should look like Figure W4-6.

FIGURE W4-6  SPSS output

window for a one-way analysis of

e Uutput] |Pocumentl ] - SPY5 Wiewer

variance using the scores shown in Fie Flil Wrw Dela Trashiem Oredl Fooond  Sosbvee Gagde DBl Siblboe Winhes  Hed
Figure W4—4. EHAREL BT » BExk @@ E &
w & = = F[] TE H
-
ANCWA
SLATR
Surn o
Niuarea df Mean Nnuars r fig
Hotseon Groups 4 &N 1 M A0n T 5RN nin =
Within Crnnps o0.000 12 4 167
Tulsl 21.500 12 =
=
= I 2l
SFSS Procescor ks ready I |
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Note the F value of 7.560 in the SPSS output in Figure W4-6 is consistent (within
rounding error) with the value of F (of 7.55) shown in Table W4-2. Also, note that if
we figure the square root of the F value of 7.560 from the SPSS output, the result is
2.750. As we would expect, this is exactly the same value as the value of ¢ from the
SPSS output shown in Figure W4-5. Notice also that the F test is statistically signif-
icant, as the significance level of .018 is less than our .05 cutoff significance level. The
fact that the square root of the F value from this analysis of variance is exactly the same
as the ¢ value from the ¢ test for independent means, and the fact that the significance
levels of both tests were exactly the same (.018), show that the 7 test is a special case
of the analysis of variance.

Finding The Correlation Coefficient

We will find the correlation coefficient using the same set of scores as shown in Fig-
ure W44,
@ & Analyze
= < Correlate
> & Bivariate
7 & on the variable called “group” and then 8 the arrow next to the box labeled
“Variables”. 8 on the variable called “score” and then 8 the arrow next to the box
labeled “Variables”.
" & OK. Your SPSS output window should look like Figure W4-7.

FIGURE W4-7  SPSS output

window for a correlation coefficient

n= Qutputl [Documentl] - SPS5S Viewer

Ble Edt ¥ew Data Transform Incett Format  Mnabyze araphs Woides  add-ons Window  Help . R
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«=» +=- &1l =22
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group  Pearson CGorrclation 1 - R
fig (-tailadd) ma
M 14 14
soore  Hearsan Gorrclation - R 1
Slg. (2 talled) Ay 7
M 14 14
= Currglalion s ignilican @l e 0005 level (2-lailad), w
< I 8
l IS5 Mrocossar is roady

Note that the correlation coefficient (r) of —.622 shown in the SPSS output in Fig-
ure W4-7 is consistent with the correlation coefficient of —.62 shown in Table W44
earlier in the chapter. As with the ¢ test (and analysis of variance), the correlation co-
efficient is statistically significant, as the significance level of .018 is less than our
.05 cutoff level. Again, the .018 significance level is identical to the .018 signifi-
cance level found for the ¢ test (and the analysis of variance) SPSS output. This
demonstrates that the 7 test is a special case of the significance test for the correla-
tion coefficient.
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FIGURE W4-8  SPSS output
window for a bivariate prediction
using the scores shown in Figure
W4—4.

—p—

Advanced Topic: Bivariate Prediction

We will figure the bivariate prediction using the same set of scores as shown in Figure
W44, using “group” as the predictor variable and “score” as the criterion variable.
@ < Analyze.
= 2 Regression. 8 Linear.
> < the variable called “score” and then 8 the arrow next to the the box labeled “De-
pendent”. 8 the variable called “group” and then 8 the arrow next to the the box
labeled “Independent(s)”.
7" & OK. Your SPSS output window should look like Figure W4-8.
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Note that the values of SSg;ror SSTotal, R Square, and R in the model summary table
of the SPSS output in Figure W4-8 are the same as the equivalent values in Table
W4-5 earlier in the chapter. Notice also that the values in the “ANOVA” table for the
bivariate prediction shown in Figure W4-8 are identical to the values in the “ANOVA”
table for the one-way analysis of variance shown in Figure W4-6. (The only differ-
ences between the two “ANOVA” tables is in their terminology: The “Regression
Sums of Squares” and “Residual Sums of Squares” for the table for bivariate predic-
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tion in Figure W4-8 are called “Between Groups Sums of Squares” and “Within
Groups Sums of Squares” for one-way analysis of variance in Figure W4-6.) This
shows that analysis of variance is a special case of prediction (regression). This par-
ticular example shows the equivalence of analysis of variance and bivariate prediction,
which is an example of the more general principle that analysis of variance is a spe-
cial case of multiple regression.

Overall, the series of analyses in this Using SPSS section show that ¢ tests, analy-
sis of variance, correlation, and regression (bivariate prediction and multiple regres-
sion) are all based on the same underyling formula provided by the general linear
model. Your knowledge and understanding of this concept will provide a solid foun-
dation for learning additional statistical procedures in intermediate and advanced sta-
tistics courses.

ANSWERS TO SET | PRACTICE PROBLEMS

1.
df 5 10 15 20
(@ ¢ 2571 2228 2132  2.086
® r2 66l 496 455 435
() F 6.61 497 454 435
2. 0
(a) (b) (c) (d)
Within-Group
df Cutoff Variance tor F
t 70 1.995 S%ooted = 44 2.56
F 70 3.980 Stvitin = 44 6.55
(V = 1.995) 2.56)
(i) (@) (b) (c) (d)
Within-Group
df Cutoff Variance torF
t 30 2.043 Shooted = 7 -2.13
F 30 4.170 Sinin = 7 —4.57
(V =2.042) (V =2.14)
3 (a) (b) (c) (d)
Within-Group
df Cutoff Variance tor F
r 58 2.004 82 e = 2.6 2.16
F 58 4.020 Skithin = 2.6 4.67
(V' = 2.005) (V = 2.16)

Copyright © 2009 Pearson Education, Inc., Upper Saddle River, NJ 07458. All rights reserved.

e




Ch04_Final 0808.gxd 8/9/08 7:04 AM Page 62 $

62 Chapter W4

t-Test ANOVA

Numerator

Mean difference = 170 — 150
=20

GM = (170 + 150)/2
=160

(M — GM)* = (170 — 160)*
= (150 — 160)?
=200

S(M — GM)?

df Between
= (200/1)(10)
= 2,000

2 —
SBetween - n

Denominator
S%ooled = (df / af Tolal)(S%) S%Vilhin or MSyipin =

+ (de/dmeal) (S%) (S% + S% + ..t SzLast)/(NGroups)
= (5)(48) + (:5)(32) = (48 +32)/2 = 40
=40

2
N Difference

(Sin + S

= (SPooted/N1) + Shooiea/ N2)
(40/10) + (40/10) = 8

S2,

Difference

=V S%)ifference(s2
= V8 =283

Degrees of Freedom
Af roa = dfy +df; =9+9 =18
Afwiin df1 + dfy + .. T df e =9+9 =18
Cutoff
Needed 7 (df = 18, p < .05,) Needed ¢ (df = 1, 18;

two-tailed): 2.101 p <.05): 4.41 (\/ =21)

Score on Comparison Distribution

t = (M, — M;)/Sbitierence F = 5 /Sithin

Between
=20/2.83 0r M Speeen/ M Swithin

=7.07 =2,000/40 = 50 \V/ = 7.07
Conclusions

Reject the null hypothesis. Reject the null hypothesis.
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5. (a)(i) t = 4.60 (see question 6 below); (ii) r = 15/16.99 = .88; (iii) # = (result is
same as 4.60 within rounding error).

@iv) 01
19 |
1%
17
T3
15
4
13
I
11

SormiF)

e ed a..ILr:'r\-u:uh:E

Group (X
(v) A t test is the difference between the means divided by the standard deviation
of the distribution of differences between means. So, the larger the difference be-
tween the means, the larger the ¢ test result. The standard deviation of the distri-
bution of differences between means is largely based on the variances in each
sample, and the variance in each sample is an indication of how spread out the
scores in each sample are around the mean. So, the smaller the variance in each
sample (that is, the closer the scores are to the mean of the sample), the larger the
t test result (since you will be dividing by a smaller number when figuring the
value of 7).
(b)) t =-1.73 (see question 7 below); (ii) r = —.50; (iii) t =—1.73; (iv) similar to
8 (a)(iv) above.
(c)() t = 3.1 (see question 8 below); (i) r = .84; (iii) ¢t = 3.10; (iv) similar to 8
(a)(iv) above.

6. (@) (b) () (d)

Within-Group
df Cutoff Variance tor F
t 6 2447  Shoeq = 5.67 4.60
F 6 599  MShinn = 5.67 21.16
7 (a) (b) (c) (d)
Within-Group
df Cutoff Variance tor F
t 9 2262 S gea = 11.69 -1.73
F 9 599  MSwinin = 11.69 3.02
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(@ (b) (©) (d)

Within-Group
df Cutoff Variance tor F
t 4 2.776 82 oiea = 0.25 3.1
F 4 7.71 M Swithin = 0.25 9.6
(@)
Regression ANOVA
Meanof Y = 14 Grand Mean = 14
SSrow = 154 SSrow = 154
Predicted Y for Group A = 17 Mean of Group A = 17
Predicted Y for Group B = 9 Mean of Group A = 9
SSError =34 SSWiLhin =34
Reduction in Error = 120 SSBetween = 120

(vi) You can think of the analysis of variance as about the relationship between the
variable on which the groups differ (Group A versus Group B in this problem)
and the measured variable. If you think of the variable on which the groups differ
as a predictor variable, regression is also about the same thing. In this problem
you can consider those in Group A to have a score of 2 on this predictor and those
in Group B to have a score of 1 on it. (Any two numbers would do; these are just
examples.) In fact, the underlying mathematics is the same. Here are some of the
parallels. In both regression and the analysis of variance, you figure the total
squared deviations from the overall mean (in both, this is SSty,)). A deeper link is
that the best predictor for those in either group is the group’s mean, so the linear
prediction rule predicts the mean for each group. The result is that the errors of pre-
dictions are deviations of the scores from the mean. If you square these and add
them up, they are called SSg,o, in regression and SSwimi, in ANOVA. In regres-
sion, before figuring the proportionate reduction in error, you figure the reduction
in error (SStotal — SSEmor)—the amount of squared error that the prediction rule
saves over predicting from the overall mean of the criterion variable. This is the
same as SSgerween iIN ANOVA, because when there are only two group means, re-
gression improves on prediction only to the extent that the means of the two groups
are different. Finally, because SSt, is the same in both regression and analysis
of variance, and because reduction in error = SSgetweens 2 in regression has to
come out the same as R? figured as an effect size in ANOVA.
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(b)

Regression

—p—

Integration and the General Linear Model

ANOVA

Mean reading time = 7.64

SS ol = 140.55

Predicted reading time ordinary story = 6
Predicted reading time own — name story
SSEwor = 105.2

Reduction in Error = 35.35

(©)

Regression

Grand Mean = 7.64
S8 Toa = 140.55
Mean reading time ordinary story = 6
= 9.6  Mean reading time own — name story = 9.6
SSwithin = 105.2
SSBeiween = 35.35

ANOVA

Mean of criterion variable = .6
SStota = 34

Predicted score for Group A = .8
Predicted score for Group B = .4
SSError = -1

Reduction in Error = .24

Grand Mean = .6
SStota = 34

Mean of Group A = .8
Mean of Group A = 4
SSwithin = -1

SSpetween = 24

10. Variable 1 Variable 2 Variable 3
(Group | (Group Il (Group Ill
Participant Group or not) or not) or not)
1 1 1 0 0
2 1 1 0 0
3 1 1 0 0
4 1I 0 1 0
5 1| 0 1 0
6 I 0 0 1
7 I 0 0 1
8 I 0 0 1
9 v 0 0 0
10 v 0 0 0

O

1. In this chapter, we focus on the ¢ test for independent means (and also the analysis
of variance for between-subject designs). However, the conclusions are all the same
for the ¢ test for dependent means. It is a special case of the repeated-measures analy-
sis of variance. Also, both the ¢ test for dependent means and the repeated-measures
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analysis of variance are special cases of multiple regression/correlation. However,
the link between these methods and multiple regression involves some extra steps
of logic that we do not consider here to keep the chapter focused on the main ideas.

. Other apparent differences (such as the seeming difference that the F-ratio nu-

merator is based on a variance estimate and the ¢ score numerator is a simple dif-
ference between means) are also actually the same when you go into them in detail.

. Another reason for the use of different procedures is that the ¢ test and analysis of

variance have traditionally been used to analyze results of true experiments with ran-
dom assignment to levels of the variables that divide the groups, while correlation
and regression have been used mainly to analyze results of studies in which the
predictor variable was measured in people as it exists, what is called a correlational
research design. Thus, using a correlation or regression approach to analyze a true
experiment, while correct, might imply to the not-very-careful reader that the study
was not a true experiment.
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