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13.2.5: Interpreting Beyond 2x2 in Graphs

Our graphs so far have focused on the simplest case for factorial designs, the 2x2 design, with two IVs, each with 2 levels. It is
worth spending some time looking at a few more complicated designs and how to interpret them. We talked about more
complicated designs in the Factorial Notations and Square Tables section, but here's a more focused approach to interpreting the
graphs of these advanced designs.

2x3 design

In a 2x3 design there are two IVs. IV1 has two levels, and TV2 has three levels. Typically, there would be one DV. Let’s talk about
the main effects and interaction for this design.

First, let’s make the design concrete. Let’s imagine we are running a memory experiment. We give people some words to
remember, and then test them to see how many they can correctly remember. Our DV is the proportion (percentage) that
participants remembered correctly out of all tries. We know that people forget things over time. Our first IV will be time of test,
immediate versus one week later. The time of test IV will produce a forgetting effect. Generally, people will have a higher
proportion correct on an immediate test of their memory for things they just saw, compared to testing a week later.

We might be interested in manipulations that reduce the amount of forgetting that happens over the week. Let’s make the second IV
the number of time people got to study the items before the memory test, once, twice or three times. We call IV2 the repetition
manipulation.

We might expect data that looks like Figure 13.2.5.1 The top line shows the means when there is no delay (Immediate) for the
three levels of repetition. Notice that the proportion correct (y-axis) increases for the Immediate group with each repetition. The
bottom ling shows the One Week Delay group over the three levels of repetition. Again, more repetition seems to increase the
proportion correct. Let’s talk about this graph in terms of main effects and interaction.
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Figure 13.2.5.1: Example means for a 2x3 factorial design. (CC-BY-SA Matthew J. C. Crump via 10.4 in Answering Questions

with Data)
First, the main effect of delay (time of test) is shown by in each differently-colored line, and seems obvious; the red line is on the
top, way above the aqua line. This tells us that the proportion correct on the memory test is always higher when the memory test is
taken immediately compared to after one week.

Second, the main effect of repetition is presented on the x-axis, and seems to be clearly present. The more times people saw the
items in the memory test (once, twice, or three times), the more they remembered, as measured by increasingly higher proportion
correct as a function of number of repetitions.

Is there an interaction? Yes, there is. Remember, an interaction occurs when the effect of one IV depends on the levels of an
another. The delay IV measures the forgetting effect. Does the size of the forgetting effet change across the levels of the repetition
variable? Yes it does. With one repetition the forgetting effect is 0.9 - 0.6 = 0.4. With two repetitions, the forgetting effect is a little
bit smaller, and with three, the repetition is even smaller still. So, the size of the forgetting effect changes as a function of the levels

https://stats.libretexts.org/@go/page/22136



https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://stats.libretexts.org/@go/page/22136?pdf
https://stats.libretexts.org/Courses/Taft_College/PSYC_2200%3A_Elementary_Statistics_for_Behavioral_and_Social_Sciences_(Oja)/02%3A_Mean_Differences/13%3A_Factorial_ANOVA_(Two-Way)/13.02%3A_Introduction_to_Main_Effects_and_Interactions/13.2.05%3A_Interpreting_Beyond_2x2_in_Graphs
https://crumplab.github.io/
https://stats.libretexts.org/Bookshelves/Applied_Statistics/Answering_Questions_with_Data_-__Introductory_Statistics_for_Psychology_Students_(Crump)/10%3A_More_On_Factorial_Designs/10.04%3A_More_complicated_designs

LibreTextsw

of the repetition IV. There is evidence in the means for an interaction. You would have to conduct an inferential test on the
interaction term to see if these differences were likely or unlikely to be due to sampling error.

If there was no interaction, and say, no main effect of repetition, we would see something like Figure 13.2.5.2
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Figure 13.2.5.2: Example means for a 2x3 design when there is only one main effect. (CC-BY-SA Matthew J. C. Crump via 10.4 in
Answering Questions with Data)

What would you say about the interaction if you saw something like Figure 13.2.5.3 The Immediate group is high, but repetition
doesn't seem to matter. The One Week Delay group is flat until the third repetition, then increases the proportion correct.
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Figure 13.2.5.3: Example means for a 2x3 design showing another pattern that produces an interaction. (CC-BY-SA Matthew J. C.

Crump via 10.4 in Answering Questions with Data)
There is evidence in the means for an interaction. Remember, we are measuring the forgetting effect (effect of delay) three times.
The forgetting effect is the same for repetition condition 1 and 2, but it is much smaller for repetition condition 3. The size of the
forgetting effect depends on the levels of the repetition IV, so here again there is an interaction.

2x2x2 designs

Let’s take it up a notch and look at a 2x2x2 design. Here, there are three IVs with 2 levels each. There are three main effects, three
two-way (2x2) interactions, and one 3-way (2x2x2) interaction.

We will use the same example as before but add an additional manipualtion of the kind of material that is to be remembered. For
example, we could present words during an encoding phase either visually or spoken (auditory) over headphones.

Figure 13.2.5.4shows two pairs of lines, one side (the panel on the left) is for the auditory information to be remembered, and the
panel on the right is when the information was presented visually. The lines still show the delay, and the y-axis still shows the
number of repetitions. In this version of the study, the was only two repetitions levels: once or twice. The two lines on the left show
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auditory IV levels and the two lines on the right show visual information. The top lines show when there's no delay, and the
diagonal lines show when there is a week delay. There are only two levels of repetition, so there are only two dots representing this
IV (1 repetition on the right and 2 repetitions on the left for both auditory and visual information).
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Figure 13.2.5.4: Example means from a 2x2x2 design with no three-way interaction. (CC-BY-SA Matthew J. C. Crump via 10.4 in
Answering Questions with Data)
You can think of the 2x2x2, as two 2x2s, one for auditory and one for visual. What’s the take home from this example data? We can
see that the graphs for auditory and visual are the same. They both show a 2x2 interaction between delay and repetition. People
forgot more things across the week when they studied the material once, compared to when they studied the material twice. There
is a main effect of delay, there is a main effect of repetition, but there is no main effect of modality (no difference between auditory
or visual information), and there is not a three-way interaction.

What is a three-way interaction anyway? That would occur if there was a difference between the 2x2 interactions. For example,
consider the next pattern of results (Figure 13.2.5.5).
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Figure 13.2.5.5: Example means from a 2x2x2 design with a three-way interaction. (CC-BY-SA Matthew J. C. Crump via 10.4 in
Answering Questions with Data)
We are looking at a 3-way interaction between modality, repetition and delay in Figure 13.2.5.5 What is going on here? These
results would be very strange, but here is an interpretation.

For auditory stimuli, we see that there is a small forgetting effect when people studied things once, but the forgetting effect
gets bigger if they studies things twice. A pattern like this would generally be very strange, usually people would do better if
they got to review the material twice.

The visual stimuli show a different pattern. This different pattern is where we get the three-way interaction. Here, the
forgetting effect is large when studying visual things once, and it get’s smaller when studying visual things twice.

We see that there is an interaction between delay (the forgetting effect) and repetition for the auditory stimuli; BUT, this
interaction effect is different from the interaction effect we see for the visual stimuli. The 2x2 interaction for the auditory
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stimuli is different from the 2x2 interaction for the visual stimuli. In other words, there is an interaction between the two
interactions, as a result there is a three-way interaction, called a 2x2x2 interaction.

We will note a general pattern here. Imagine you had a 2x2x2x2 design. That would have a 4-way interaction. What would that

mean? It would mean that the pattern of the 2x2x2 interaction changes across the levels of the 4th IV. If two three-way interactions
are different, then there is a four-way interaction.
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