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13.5: Practice with a 2x2 Factorial Design- Attention

Let’s go through the process of looking at a 2x2 factorial design in the wild.

Scenario: Stand at Attention

Do you pay more attention when you are sitting or standing? This was the kind of research question the researchers were asking in
the study we will look at. The research taht we are basing our calculations on is from a paper called “Stand by your Stroop:
Standing up enhances selective attention and cognitive control” (Rosenbaum, Mama, & Algom, 2017), although Dr. MO tweaked
the experiment to simplify ANOVA Summary Table calculations a tiny bit. This paper asked whether sitting versus standing would
influence a measure of selective attention, the ability to ignore distracting information.

They used a classic test of selective attention, called the Stroop effect. In a typical Stroop experiment, participants name the color
of words as fast as they can. The trick is that sometimes the color of the word is the same as the name of the word, and sometimes it
is not. Some examples are in Figure 13.5.1 Try it yourself! It's really difficult to name the color of the word in the Incongruent
condition; your brain wants to read the word, not look at the color of the letters!

Congruent Incongruent

RED RED
GREEN
BLUE BLUE
YELLOW

Figure 13.5.1: Examples of congruent and incongruent Stroop stimuli. The task is to name the color, not the word. (CC-BY-SA

Matthew J. C. Crump from Answering Questions with Data- Introductory Statistics for Psychology Studcnts)

The task is to name the color of the letters. Congruent trials occur when the color and word match. So, the correct answers for each
of the congruent stimuli shown would be to say, red, green, blue and yellow. Incongruent trials occur when the color and word
mismatch. The correct answers for each of the incongruent stimuli would be: blue, yellow, red, green.

The Stroop effect is an example of a well-known phenomena. What happens is that people are faster to name the color of the
congruent items compared to the color of the incongruent items. This difference (incongruent reaction time - congruent reaction
time) is called the Stroop effect.

Many researchers argue that the Stroop effect measures something about selective attention, the ability to ignore distracting
information. If this theory is true, Dr. MO is very bad at ignoring distracting information! In the Stroop task, the target information
that you need to pay attention to is the color of the word, not the word itself. For each item, the word itself is distracting, it is not
the information that you are supposed to respond to. However, it seems that most people can’t help but notice the word, and their
performance in the color-naming task is subsequently influenced by the presence of the distracting word.

People who are good at ignoring the distracting words should have small Stroop effects. They will ignore the word, and it won’t
influence them very much for either congruent or incongruent trials. As a result, the difference in performance (the Stroop effect)
should be fairly small if you have “good” selective attention in this task. People who are bad at ignoring the distracting words
should have big Stroop effects. They will not ignore the words, causing them to be relatively fast when the word names the color of
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the letters, and relatively slow when the word mismatches. As a result, they will show a difference in performance between the
incongruent and congruent conditions.

If we take the size of the Stroop effect as a measure of selective attention, we can then start wondering what sorts of things improve
selective attention (e.g., that make the Stroop effect smaller), and what kinds of things impair selective attention (e.g., make the
Stroop effect bigger).

The research question of this study was to ask whether standing up improves selective attention compared to sitting down. They
predicted smaller Stroop effects when people were standing up and doing the task, compared to when they were sitting down and
doing the task.

Let's start by seeing if you understand the scenario.

? Exercise 13.5.1

Answer the following questions to understand the variables and groups that we are working with.

1. What are the I'Vs and their levels?

2. What is the DV (quantitative variable being measured)?

3. Is this a 2x2 factorial design? If not, what kind of design is it?
4. List out each of the combinations of the levels of the IVs.

Answer

1. One IV is whether the color of the letters and the word are congruent or incongruent; let's call that one Congruency. The
other IV is whether the participants were standing or sitting, and we can call that Posture.
2. The DV is how long it took participants to name the color. This was probably measured in milliseconds.
3. Yes, this is a 2x2 factorial design because there are two IVs (two numbers) and each IV has two levels (each number is a
"2").
4, Because 2x2 = 4, we will have four combinations:
1. Congruent color while standing
2. Congruent color while sitting
3. Incongruent color while standing
4. Incomgruent color while sitting

Step 1. State the Hypothesis

They had participants perform many individual trials responding to single Stroop stimuli, both congruent and incongruent. And
they had participants stand up sometimes and do it, and sit-down sometimes and do it. Figure 13.5.2is a bar graph of the means.

1000

Congruency

mean_RT

St Stand
Posture

Figure 13.5.2: Means from Rosenbaum et al (2017). (CC-BY-SA Matthew J. C. Crump from Answering Questions with Data-
Introductory Statistics for Psychology Students)

We can see in Figure 13.5.2that Stroop effects were observed in both the sitting position and the standing position because it took
participants longer to respond when the word was incongruent with the color of the letters. In the sitting position, mean congruent
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reaction times (RT) were shorter than mean incongruent RTs (the red bar on the left of each pair is lower than the aqua bar on the
right of each pair). The same general pattern is observed for the standing position.

Based on these means, what do you predict for your research hypotheses? Will there be a main effect for Congruency? A main
effect for posture? An interaction of Congruency and Posture?

v/ Example 13.5.1

Use the information in Figure 13.5.2to describe any main effects or interaction that you predict (in words only). Make sure
that you predict the direction of effects by naming which group will have shorter reaction times.

Solution

Looking at the set of two differently colored bars, Dr. MO predicts that there will be a main effect of Congruency such that
participants will react faster (smaller reaction time) when the words and colors match (Congruent) than when they do not
match (Incongruent).

Trying to look at only Posture (sort "averaging" the pairs of bars in my head, Dr. MO predicts that there may be a main effect
of Posture, too, such that participants react faster while standing rather than sitting. [Note to readers: This is not at all clear in
the data or in the way that the data is presented, but that's why it's a hypothesis, an educated guess!]

Is there an interaction? Dr. MO would say yes, reaction time seems to be even faster for congruent words when standing than
sitting, with participants with incongruent words while sitting being particularly slow to react to.

Research hypothesis are pretty complex when ther are more than two I'Vs. Researchers have prior reserach and theory that often
suggests one specific interaction to expect. Being new to statistics and new to this field of selective attention, we are sorta going in
blind.

What about null hypotheses? We still have those in factorial designs!

? Exercise 13.5.2
What are the null hypotheses for this scenario (in words)?

Answer
You could simply state that all means will be similar.
If it makes more sense to you to mirror the research hypotheses, you can also list out the main effects and interaction:

e The null hypothesis for Congruency is that the mean reaction time for the congruent condition will be similar as the
reaction time for the incongruent condition.

o The null hypothesis for Posture is that the mean reaction time while sitting will be similar as the reaction time while
standing.

o The null hypothesis for the interactoin is that the average reaction for Congruency and Posture combined will be similar.
[You could list out all of the combinations here again, too.]

Step 2. Find the Critical Values

You are welcome to complete this step after you've completed the ANOVA Summary Table so that we have all of the necessary
Degrees of Freedom, but we'll use the formulas for Degrees of Freedom to do that now.

Formulas for Degrees of Freedom
1. Cells: (k1 X ko)—1
1. Remembering that “k” is the number of groups, k; is the number of levels of the first IV and , kj is the number of levels of
the other IV.
2. Between group for one variable (IV1;): k;—1
3. Between group for the other variable (IV,): ko—1
4. Interaction: df; X dfs
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5. Within group: d froti— dfceis
6. Total: N —1

1. With N being the number of scores.

? Exercise 13.5.3

What are the Degrees of Freedom for each of the six sources if N = 50?

Answer
1. Cells: (k1 x k2)-1=(2x2)—1=4-1=3
2. Between group for one variable (IV1): k;—1=2-1=1
3. Between group for the other variable (IVy) kg)-1=2-1=1
4. Interaction: df; xdfs =1x1=1

1. Notice that we are multiplying the Degrees of Freedom of each, not k! It's so easy to get confused...
5. Within group: d frota— dfceins =49 —3 = 46

1. You have to find the Degrees of Freedom for the Total (#6 here) before you can find this one.
6. Tota: N —1=50—-1=49

Well, that was a lot!

Now, let's use these to find the critical values.

? Exercise 13.5.4

Using the Table of Critical F-Scores, what are the critical values of F for p=0.05 for:

1. Main Effect of IV 1 (Congruency)?
2. Main Effect of IV 2 (Posture)?
3. Interaction?

Answer

1. Main Effect of IV 1 (Congruency) = Using the Degrees of Freedom of the numerator (IV 1) and the denominator (WG),
Ferit(1,46) = 4.08(if you round down) or 4.03 (if you find the nearest df of the denominator).

2. Main Effect of IV 2 (Posture) = Using the Degrees of Freedom of the numerator (IV 2) and the denominator (WG),
Ferit(1,46) = 4.08(if you round down) or 4.03 (if you find the nearest df of the denominator).

3. Interaction = Using the Degrees of Freedom of the numerator (Interaction) and the denominator (WG),
Ferit (1,46) = 4.08(if you round down) or 4.03 (if you find the nearest df of the denominator).

Step 3: Compute the Test Statistic

We'll complete an ANOVA Summary to whether the differences in the means are likely or unlikely to be due to chance. The
ANOVA Summary Table will give us main effects for Congruency and Posture (the two IVs), as well as one interaction effect to
evaluate (Congruency X Posture). The interaction effect tells us whether the congruency effect changes across the levels of the
posture manipulation.

Table 13.5.1- Two-Way ANOVA Summary Table

Source SS af MS F
vi 576,821.64
v 2 32,303.45
Interaction 6,560.34

Within Groups (Error) 35,859.07
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That wasn't so hard! Now, let's figure out what this all means.

Step 4. Make the Decision

Total ~ Source 651,544.505S df MS F
Vi 576,821.64
v/ Example 13.5.2 32.303.45
nisethesum of Squares prayisdgd in Table 13.5.1to fill in the rest of the ANOVA Summary Table in Table 13.5.2
Vél%‘llrpepoups (Error) 35,859.07
Table 13.5.2- Two-Way ANOVA Summary Table with Calculations
Source SS df MS F
Total 651,544.50
885, 576821.64 MS,  576821.64
V1 576,821.64 ki—1=2-11 dfi 1 MSwe ~ 779.55
= 576821.64 =1739.94
885, 35303.45 MS,  32303.45
IV 2 32,303.45 ky—1=2-1=1 dfs 1 MSwe ~ 779.55
= 32303.45 =41.44
SSiny  6560.34  MSpueraction  6560.34
Interaction 6,560.34 dfi xdfs =1*1=1 dfinve 1 MSwe  779.55
= 6560.34 = 8.42
_ SSwe  35859.07
Within Groups (Error)  35,859.07 4 frotat ;Cffzfé”s =49- g fwe 46 N/A
a = 779.55
Total 651,544.50 N—-1=50—-1=49 N/A N/A
To complete the table, you need to need to calculate the degrees of freedom of cells \((df_{cells} = (k; \times ky) — 1)\)
although there’s no place in the table to include this information:
dfcells = (kl * k2 )_ 1
dfcells = (2 * 2) -1
dfcells =4-1
dfcells =3

To make the decision, we need to compare each calculated F-score to the critical values that we found in Step 2.

? Exercise 13.5.5

or rejected.

Answer

https://stats.libretexts.org/@go/page/22140

For each calculated F (main effect for IV 1, main effect for IV 2, interaction), decide if the null hypothesis should be retained

(Critical < Calculated) = Reject null = At least one mean is different from at least one other mean. = p < .05

(Critical > Calculated) = Retain null = All of the means are similar. = p > .05

1. For the Main Effect of IV 1 (Congruency): Fep;t (1,46) = 4.08(if you round down) or 4.03 (if you find the nearest df
of the denominator). With an F' — Clalc = 739.94, we reject the null hypothesis.

2. For the Main Effect of IV 2 (Posture): Fey.;: (1,46) = 4.08 (if you round down) or 4.03 (if you find the nearest df of the
denominator). With an F,;. = 41.44, we reject the null hypothesis.

3. For the Interaction: Feyit(1,46) = 4.08(if you round down) or 4.03 (if you find the nearest df of the denominator).
With an Fy. = 8.42, we reject the null hypothesis.
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That wasn't so hard, but now what?

v/ Example \(\Pagelndex{3\)

What would the statistical sentences look like for each effect?
Solution

1. Main Effect of IV 1 (Congruency): F(1, 46)=739.94,p<.05
2. Main Effect of IV 2 (Posture): F(1, 46)=41.44,p<.05
3. Interaction: F(1, 46)=8.42,p<.05

Before we can write the conclusion, we need to know the means and see if they are in the direction that we hypothesized way back
in Step 1. The means are shown in the Punnett's Square in Table 13.5.3

Table 13.5.3-Means for 2x2 (Congruency by Posture) Factorial ANOVA

IV Levels IV1: Congruent IV1: Incongruent Marginal Means for IV2
IV2 (Posture): Sitting 821.92 940.79 881.35
IV2 (Posture): Standing 807.96 903.91 855.94

(You could put the Total Mean

Marginal Means for IV1 814.94 922.35
here)

Oh, snap, what about post-hoc pairwise comparisons?

The good news is that pairwise comparisons aren't necessary to calculate with either statistically significant main effect because
both of our IVs only have two levels. When we rejected the null hypothesis for the main effects, we determined that the bigger of
the two means was statistically bigger.

But what about the interaction? We rejected that null hypothesis, too! And as we discussed in the prior section, pairwise
comparisons are necessary when the null hypothesis for an interaction is rejected. However, just like the Sums of Squares are more
of a hassle to do by hand than is worth it for factorial designs, the post-hoc analyses are also confusing to calculate with the
combinations of cells. Instead, let's find the pairwise mean differences, and compare them to a critical value of 14.86; any mean
differences that have an absolute value larger than 14.86 are statistically significantly different.

v/ Example 13.5.4

Calculate the mean differences for each pair of means in the interaction, and determine which are statistically significantly
different when the critical value is 14.86.
Solution
Table 13.5.4- Mean Differences
Pairs Being Compared Mean Difference Statistically Significant?
Congruent while Sitting minus Congruent No (13.96 is smaller than the critical value
. . 13.96
while Standing of 14.86)
Congruent while Sitting minus
e -118.87 Yes
Incongruent while Sitting
Congruent while Sitting minus
. . -81.99 Yes
Incongruent while Standing
Congruent while Standing minus
R -132.83 Yes
Incongruent while Sitting
Congruent while Standing minus
. . -95.95 Yes
Incongruent while Standing
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Pairs Being Compared Mean Difference Statistically Significant?

Incongruent while Sitting minus
Incongruent while Standing 36.88 Yes

Based on these calculations, all of the pairwise comparison are statistically significant (the mean differences are larger than the
critical value of 14.86) except for the combination of Congruent while Sitting compared with Congruent while Standing.

We are ready to do the write-up! To remind ourselves of the research hypotheses, let's list them here and identify if they were
supported or not.

For IV 1, Congruency, Dr. MO predicted a main effect such that participants will react faster (smaller reaction time) when the
words and colors match (Congruent) than when they do not match (Incongruent). This prediction was supported because
there was a significant main effect (F(1, 46) = 739.94, p<.05). Looking at the means in Table 13.5.3 the Congruent group (M
= 814.94 ms) did have a faster (smaller) reaction time than the Incongruent group (M = 922.35 ms).

For IV 2, Posture, Dr. MO predicted a main effect such that participants react faster while standing rather than sitting. This
prediction was supported because there was a significant main effect F(1, 46) = 41.44, p<.05). Looking at the means in Table
13.5.3 the Standing group (M = 855.94 ms) did have a faster (smaller) reaction time than the Sitting group (M = 881.35 ms).

Dr. MO predicted an interaction such that reaction time seems to be even faster for congruent words when standing than
sitting, with participants with incongruent words while sitting being particularly slow to react to. There was a significant
interaction F(1, 46) = 8.42, p<.05). Looking at the means in Table 13.5.3 and the mean differences in Table 13.5.4 this
prediction was partially supported. It is true that participants were particularly slow to react to incongruent words while
sitting (M = 940.79), but reaction times did not differ for congruent words while standing (M = 807.96) compared to sitting
(M = 821.92).

Oops, we accidently just did the whole write-up!

v/ Example 13.5.5

Are all of the four required components when Reporting Results included?

Solution

e The statistical test is preceded by the descriptive statistics (means)- We included almost all of the means in the actual write-
up, and directed readers to the tables with all of the means.

o The description tells you what the research hypothesis being tested is- Yes, each paragrph re-stated what the prediction was.

o A "statistical sentence" showing the results is included- Yes, each prediction had a "statistical sentence."

o The results are interpreted in relation to the research hypothesis- Yes, it was stated whether the research hypotheses
(predictions) were supported, or partially supported.

Summary of Stand At Attention

Another way to think about this is to look at the mean differences for the Stroop effect (which was the main effect of IV 1, the
difference between the congruent condition and the incongruent condition).

o In the sitting condition the Stroop effect was roughly 941-822=119 ms.
o In the standing condition the Stroop effect was roughly 904-808=96 ms.

So, the Stroop effect was 119-96=23 ms smaller when people were standing. This is a pretty small effect in terms of the amount of
time reduced, but even though it is small, a difference even this big was not very likely to be due to chance.

Based on this research there appears to be some support for the following logic chain. First, the researchers can say that standing up
reduces the size of a person’s Stroop effect. Fine, what could that mean? Well, if the Stroop effect is an index of selective attention,
then it could mean that standing up is one way to improve your ability to selectively focus and ignore distracting information. The
actual size of the benefit is fairly small, so the real-world implications are not that clear. Nevertheless, maybe the next time you
lose your keys, you should stand up and look for them, rather than sitting down and not look for them.
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Let's try one more practice, this time with mindset data!

Contributors and Attributions
¢ Matthew J. C. Crump (Brooklyn College of CUNY)

Dr. MO (Taft College)

This page titled 13.5: Practice with a 2x2 Factorial Design- Attention is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or
curated by Michelle Oja.

e 9.8: Real Data by Matthew J. C. Crump is licensed CC BY-SA 4.0. Original source: https://www.crumplab.com/statistics/.
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