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The objective of this protocol is to perform both one-way and two-way analyses of vari-
ance (ANOVA) using the SPSS software. First, a one-way analysis of variance (ANOVA-1)
is conducted. Subsequently, a two-way analysis of variance (ANOVA-2) is performed us-
ing SPSS. To ensure clarity and understanding, the different steps of the analysis are also
demonstrated through a concrete example.

Exercise 1 We aim to compare three types of feed based on their effect on milk production.
We randomly assign 15 cows as follows:

• A1 to the first 5 cows,

• A2 to the next 5 cows,

• A3 to the last 5 cows.

A1 A2 A3

38 42 30
40 45 32
41 43 41
35 44 34
36 39 33

At a significance level α = 5%, test the hypothesis that the feeds have no effect on milk
production.

Solution Using SPSS

1. Data Entry: Enter all values into a single variable called “Production”, and create
a second variable named “Feed” to indicate group membership.
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Figure 1: Data entry in SPSS

2. Running the Test: Navigate in SPSS through:

Analyze → Compare Means → One-Way ANOVA

Figure 2: One-Way ANOVA menu in SPSS
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3. Assigning Variables:

• Dependent List: This space is reserved for the quantitative variable that we want
to analyze. In our example, it corresponds to the variable “Production”.

• Factor: This box is reserved for the qualitative variable (the factor) that indicates
the grouping of the observations. In our example, this box is reserved for the
grouping variable “feed”.

Figure 3: Variable assignment window

Figure 4: ANOVA results in SPSS

4. Results Output: Interpretation of the results:
Compare the significance value (p-value) with α = 0.05:
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α < p-value: H0 accepted (no significant effect)

α ≥ p-value: H0 rejected (significant effect)

Thus, in our example, the feed type has a significant effect on milk production.

Exercise 2 A biology researcher wants to evaluate the effect of two factors on plant
growth: the type of fertilizer (F1, F2, F3) and the type of soil (S1, S2). Each combina-
tion of fertilizer and soil is tested on 5 plants (repetitions), and plant height is measured
after 4 weeks. The results are:

F1 F2 F3

S1 12, 14, 13, 15, 14 17, 18, 18, 17, 18 20, 21, 21, 20, 21

S2 11, 12, 12, 11, 12 16, 17, 16, 16, 17 20, 20, 21, 20, 20

At significance level α = 4%, test:

• the effect of fertilizer on growth;

• the effect of soil on growth;

• the interaction between fertilizer and soil.

Solution with SPSS

Open SPSS and load your data: In the bottom bar choose Variable View and
define the following variables: two qualitative variables and one quantitative variable:
fertilizer type, soil type, and plant growth.

Choose the categories for each qualitative variable in Value Labels. For example:
assign value 1 to F1, value 2 to F2, and value 3 to F3; similarly for the soil variable.
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Enter the data in Data View as follows:
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By clicking on Value Labels, you can display the coding of the categories.
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Performing the two-way ANOVA test: Analyze −→ General Linear Model −→
Univariate (one dependent variable).
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Place plant growth in Dependent Variable, and place the two factors fertilizer
and soil in Fixed Factors.

For Model: drag the factors into the interaction model.
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For Plots: place fertilizer on the horizontal axis and soil on separate lines, then
click Add −→ Continue (this option allows checking interaction graphically).
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For Options: place the factors and the interaction in the box (Display Means for),
then check: Descriptive statistics, Effect size estimates, and set the risk to 4%.
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Interpretation of results

The first two tables provide an overall view of the descriptive statistics for the depen-
dent variable as well as for the qualitative variables. The second table presents the means
for each cell (intersection between level i and level j).
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The two-way ANOVA table (Tests of Between-Subjects Effects) allows us to
determine whether there is: an effect of fertilizer on plant growth, an effect of soil
on plant growth, and an interaction effect between the two factors on the dependent
variable.

For the interaction effect: we have (sig = 0.044 > 0.04), so the null hypothesis is
accepted for the interaction; therefore, there is no interaction effect.

For the factor fertilizer type: we note that sig = 0.000 < 0.04. Thus, we reject the
null hypothesis; there is an effect of fertilizer type on plant growth.
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For the factor soil type: we note that sig = 0.000 < 0.04. Thus, we reject the null
hypothesis; there is an effect of soil type on plant growth.

The plot indicates that there is no interaction between the two factors: it is enough
to observe that there is no intersection between the line segments.

Exercise 3 Three laboratories, L1, L2 and L3, are required to measure the phosphorus
content in 4 common products P1, P2, P3 and P4. Each product is measured twice by each
laboratory. The results are:

P1 P2 P3 P4

L1 19, 17 29.8, 29.2 34.6, 33.4 59.1, 57.1

L2 20.5, 19.5 28.3, 27.7 35.4, 33.4 58.8, 57.8

L3 19.3, 18.7 26.9, 26.1 34.6, 33.8 58.7, 57.7

Same work for a significance level α = 5%.
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