
16 One-way analysis of variance

I n the previous chapter we used t-rests to compare the scores of two different

groups or conditions. In many research situations however, we are interested

in comparing the mean scores of more than two groups. In this situation we

would use analysis of variance (ANOVA). One-way analysis of variance

involves one independent variable (referred to as a factor), which has a number

of different levels. These levels correspond to the different groups or con-

ditions. For example, in comparing the effectiveness of three different teaching

styles on students' Maths scores, you would have one factor (teaching style)

with three levels (e.g., whole class, small group activities, self-paced computer

activities). The dependent variable is a continuous variable (in this case, scores

on a Maths test).

Analysis of variance is so called because it compares the variance (variability

in scores) between the different groups (believed to he due to the independent

variable), with the variability within each of the groups (believed to be due to

chance). An F ratio is calculated which represents the variance between the

groups, divided by the variance within the groups. A large F ratio indicates that

there is more variability between the groups (caused by the independent

variable), than there is within each group (referred to as the error term).

A significant F test indicates that we can reject the null hypothesis which

states that the population means are equal. It does not however, tell us which

of the groups differ. For this we need to conduct post-hoc tests. The alternative

to conducting post-hoc tests after obtaining a significant 'omnibus' F test, is

to plan your study to conduct only specific comparisons (referred to as planned

comparisons).

A comparison of post-hoc versus planned comparisons is presented in the

introduction to Part Five of this book (other suggested readings are also

provided). There are advantages and disadvantages to each approach—you

should consider your choice carefully, before beginning your analysis. Post-hoc

tests are designed to help protect against the likelihood of a Type 1 error,

however this approach is stricter, making it more difficult to obtain statistically

significant differences. Unless you have clear conceptual grounds for only

wishing to compare specific groups, then it may be more appropriate to use

post-hoc analysis.

In this chapter two different types of one-way ANOVA are discussed:

• between-groups analysis of variance, which is used when you have different

subjects or cases in each of your groups (this is referred to as an inde-

pendent-groups design); and
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• repeated-measures analysis of variance, which is used when you are

measuring the same subjects under different conditions (or measured at

different points in time) (this is also referred to as a within-subjects

design).

In the between-groups analysis of variance section that follows, the use of

both post-hoc tests and planned comparisons will be illustrated.

One-way between-groups ANOVA with post-hoc tests

One-way between-groups analysis of variance is used when you have one

independent (gri .,upini.;) variable with three or more levels (groups) and one

dependent continuous variable. The `one-way' part of the title indicates there

is only one independent variable, and 'between-groups' means that you have

different subjects or cases in each of the groups.

Details of example

To demonstrate the use of this technique I will be using the survey.sav data

file, which is included on the website accompanying this book (see p. xi). The

data comes from a survey that was conducted to explore the factors that impact

on respondents' psychological adjustment, health and wellbeing. This is a real

data file from actual research conducted by a group of my Graduate Diploma

students. Full details of the study, the questionnaire and scales used are

provided in the Appendix. If you wish to follow along with the steps described

in this chapter you should start SPSS and open the file labelled survey.say.

This file can only be opened in SPSS.

Details of the variables used in this analysis are provided in the table

below:

File name Variable name Variable label Coding Instructions

survey sav Toptim Total optimism Total score on the Optimism scale. Scores can
range from 6 to 30 with high scores indicating
higher levels of optimism.

Agegp3 Agegp3 This variable is a recoded variable dividing age
into three equal groups (see instructions for this
in Chapter 8):

Group 1: 1 8-29 = 1
Group 2: 30-44 = 2
Group 3: 45+ = 3
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Summary for one-way between-groups ANOVA with
post-hoc tests

What does it do:

Is there a difference in optimism scores for young,
middle-aged and old subjects?

Two variables .

• one categorical independent variable with three
or more distinct categories. This can also be a
continuous variable That has been receded to
give three equal groups (e.g , age group:
subjects divided into 3 age categories, 29 and
younger, between 30 and 44, 45 or above). For
instructions on how to do this see Chapter 8;
and

• one continuous dependent variable
(e.g., optimism).

One-way ANOVA will tell you whether there are
significant differences in the mean scores on the
dependent variable : across the three groups.
Post-hoc tests can then be used to find out where
these differences Pie.

Example of research
question:

What do you need:

Assumptions See discussion of the general ANOVA assumptions
presented in the introduction to Part Five

Non-parametric alternative: Kruskal-Wallis Test (see Chapter 21).

Procedure for one-way between -groups ANOVA with post-hoc tests

1. From the menu at the top of the screen click on: Analyze, then
click on. Compare Means, then on One-way ANOVA.

2. Click on your dependent (continuous) variable (e.g., Total opti-
mism). Move this into the box marked Dependent List by clicking
on the arrow button.

3. Click on your independent, categorical variable (e.g., agegp3).
Move this into thc box labelled Factor.

4- Click the Options button and click on Descriptive, Homogeneity-
of-Variance and Means Plot.

5. For Missing values, make sure there is a dot in the option marked
Exclude cases analysis by analysis. If not, click on this option
once. Click on Continue.

6. Click on the button marked Post Hoc. Click on Tukey.
7. Click on Continue and then OK.
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The output generated from this procedure is shown below.

Desenpi ivos

Total Op1iirism

Std.

95% Cost idence inieival lor

Moan

N ?Jean Dev.(10 ri Sid. Error Lower BOLA d Upper bound Ar.ininium Maximum

15-24 :4/ 21 36 4.55 .58 20 62 22 111 7 30

30-14 153 2210 4.15 .34 21.41 2277 10 20

45F 135 2.96 4.49 .59 22.19 2072 0 30

Tote! 446 2.12 4.4 .21 21.70 , 22.:1 7 35

'testi)} Homogeneity of Variances

Total Optimism

Leven& Statistic df 1 41-2,

.746 2 4,32 475

ANOVA

Total 0 itirnistn

Sum of Squares df Me&n Square Sig.
Belvieon
Groups 175069 2 89.535 4.641 .010

With,o Groups 8333.91 432 19.292

Total 8513.021 134

MnItiple Comparisons

Dependent Vai.able• Total Optimism

rukey FISD

(I) (J)
AGEGP3 AGEGP3

Mean
Difference (1,1) Std. Error Sig.

95% Conf;dence Intervat

Lower Bound Upper Bound

16-29 33-44 -. 74 :31 .307 •1.93 44

45+ - 1.60' .52 .007 -2.82 -.37

30-44 18-29 .74 .51 .207 •.44 1.93

45+ -. 65 .52 .229 •2.07 .26

45- 18-29 1.6G' .82 .007 .37 2.52

30-44 .85 .52 .229 -.1.5 2.07

the mean difference is s:gnif 'cent at the .05 level.

Means Plot

31.145

AGEOP3
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Interpretation of output from one-way between-groups
ANOVA with post-hoc tests

One-way ANOVA with the additional dption.s checked above, will give you

five separate hits of information:

Descriptives
This table gives you information about each group (number in each group,

means, standard deviation, minimum and maximum etc.) Always check this

table first. Are the Ns for each group correct?

Test of homogeneity of variances
The homogeneity of variance option gives you Levene's test for homogeneity

of variances, which tests whether the variance in scores is the same for each

of the three groups. Check the significance value (Sig.) for Levene's test. if

this number is greater than .05 (e.g., .08, .12, .28), then you have not violated

the assumption of homogeneity of variance. In this example the Sig. value is

.475. As this is greater than .05, we have not violated the homogeneity of

variance assumption.

ANOVA
This table gives both between-groups and within-groups sums of squares,

degrees of Freedom etc. You will recognise these from your statistics books.

The main thing you are interested in is the column marked Sig. if the Sig.

value is less than or equal to .05 (e.g., .03, .01, .001), then there is a significant.

difference somewhere among the mean scores on your dependent variable for

the three groups. This does not tell you which group is different from which

other group. The statistical significance of the differences between each pair

of groups is provided in the table labelled Multiple Comparisons, which gives

the results of the post-hoc tests (described below). The means for each group

are given in the Descriptives table. In this example the overall sig. value is

.01, which is less than .05, indicating a statistically significant result some-

where amongst the groups. Having received a statistically significant difference,

we can now look at the results of the post-hoc tests that we requested.

Multiple comparisons
You should only look at this table if you found a significant difference in your

overall ANOVA. That is, if the sig. value was equal to or less than .05. The

post-hoc tests in this table will tell you exactly where the differences among

the groups occur. Look down the column labelled Mean Difference. Look for

any asterisks (*) next to the values listed. If you find an asterisk, this means
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