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January 25, 2013

Introduction

The following figure is taken from a paper by social psychologist Dirk Smeesters “The effect
of color (red versus blue) on assimilation versus contrast in prime-to-behavior effects”. It
shows the average scores on a simple multiple choice general knowledge test alleged to
have been taken by 169 subjects (psychology students) who were split into 12 experimental
groups according to three different experimental conditions. The subsequent table contains
the summary statistics of this experiment: average score, sample standard deviation, and
size of group. The numerical part of this table can be downloaded from http://www.math.

leidenuniv.nl/~gill/summary.csv.

Number of correct answers

The same ANOVA on the number of correct answers yielded a
significant three-way interaction between color, prime, and dimen-
sion, F(1, 157)=3.08, pb .05 (see Fig. 1). We further analyzed this
significant three-way interaction by conducting separate 2 (prime:
stereotype vs. exemplar)× 2 (dimension: intelligent vs. unintelligent)
ANOVAs at each level of color.

The ANOVA in the white condition revealed a significant prime ×
dimension interaction, F(1, 157)=8.59, pb .01. Participants primed
with an intelligent stereotype (M=12.07, SD=2.78) gave more
correct answers than those primed with an unintelligent stereotype
(M=9.78, SD=2.66), F(1, 157)=4.41, pb .05 (an assimilation effect).
Further, participants primed with an unintelligent exemplar
(M=11.71, SD=2.87) gave more correct answers than those primed
with an intelligent exemplar (M=9.56, SD=2.83), F(1, 157)=4.17,
pb .05 (a contrast effect).

The ANOVA in the blue condition only revealed a significant effect
of dimension, F(1, 157)=9.68, pb .01. Participants exposed to an
intelligent prime (M=11.93, SD=2.98) answered more questions
correctly compared to participants exposed to an unintelligent prime
(M=9.53, SD=2.87). Hence, blue leads to behavioral assimilation
irrespective of whether the prime is an exemplar or stereotype.

The ANOVA in the red condition also only revealed a significant
effect of dimension, F(1, 157)=9.15, pb .01. Participants exposed to
an unintelligent prime (M=11.59, SD=2.86) answered more
questions correctly compared to participants exposed to an intelligent
prime (M=9.25, SD=2.77). Thus, red leads to behavioral contrast
irrespective of the type of prime.

We conducted two mediated moderation analyses to examine
whether the increased similarity focus in the blue (versus white)
condition was responsible for the behavioral assimilation when
primed with an intelligent or unintelligent exemplar and whether
the increased dissimilarity focus in the red (versus white) condition
accounts for behavioral contrast when primed with an intelligent or
unintelligent stereotype. These analyses indicated that, compared to
white, blue led to more correct answers in the intelligent exemplar
condition (z=1.96, p=.05) and fewer correct answers in the
unintelligent exemplar condition (z=−1.97, pb .05) due to an
increased similarity focus. Further, compared to white, red led to
fewer correct answers in the intelligent stereotype condition (z=
−2.40, pb .05) and more correct answers in the unintelligent
stereotype condition (z=2.17, pb .05) due to an increased dissimi-
larity focus. See the supplemental onlinematerials for full information
on these analyses.

Analyses on the positive (α=.86) and negative affect (α=.88)
scores did not reveal any significant effects (Fsb1, psN .41).

General discussion

The findings of this study demonstrate that color can modify the
prime-to-behavior effect. Whereas primed stereotypes [extreme
exemplars] typically lead to assimilation [contrast] in behavior
(shown in the white condition), exposure to the colors blue and red
altered these effects. Specifically, independent of the type of prime,
blue led participants to assimilate to the primed construct, whereas
red caused participants to contrast away from the primed construct.
This occurrence of assimilation [contrast] was induced by a focus on
similarities [dissimilarities] in the blue [red] condition.

Whether assimilation or contrast is the result of priming depends
on a host of moderators, such as properties of the prime (e.g.,
extremeness, Dijksterhuis et al., 1998) and aspects of the self-concept
of the prime recipient (seeWheeler et al., 2007;Wheeler & DeMarree,
2009). Very few papers have examined whether assimilation or
contrast occurs depending on features of the physical environment.
Such features are often used as a priming tool to activate certain
constructs. For instance, Kay, Wheeler, Bargh, and Ross (2004)
demonstrated how business-related objects activated the construct
of competitiveness (see also Berger & Fitzsimons, 2008; Maimaran &
Wheeler, 2008). However, the current research shows that a physical
cue, unrelated to the primed constructs, can influence the direction of
the priming effect.

Our finding that colors can determine the way accessible
constructs affect behavior contributes to the literature on color (Elliot
et al., 2007, 2009; Mehta & Zhu, 2009), which mainly focused on the
direct effects of colors on behavior (IQ test performance, performance
on a detail-oriented task, creativity). This paper shows that colors can
also exert indirect effects on behavior by modifying the relationship
between primed constructs and behavior. Further, this paper also
corroborates the link between color and avoidance/approach motives
(Mehta & Zhu, 2009) in the context of prime-to-behavior effects, and
further demonstrates that cues that activate approach (blue) or
avoidance (red) are likely to lead to assimilation or contrast
respectively (Friedman & Förster, 2010).

All together, the current paper adds to the growing body of
literature on color psychology and shows a new moderator of
assimilative and contrastive behavioral priming effects. As such, our
research helps to advance knowledge of how subtle contextual cues
can shape behavior.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
doi:10.1016/j.jesp.2011.02.010.
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Fig. 1. Number of correct answers as a function of color, prime, and dimension.

655D. Smeesters, J.(E.) Liu / Journal of Experimental Social Psychology 47 (2011) 653–656

The data in this table, and later the raw data from the experiment, has been analysed
by fraud buster Uri Simonsohn who was thereby able to obtain strong evidence that the
data was actually completely fabricated.
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group means sds numbers colour prime dimension
1 11.85 2.66 14 blue stereotype intelligent
2 9.64 3.03 14 blue stereotype unintelligent
3 12.00 3.37 14 blue exemplar intelligent
4 9.43 2.82 14 blue exemplar unintelligent
5 12.07 2.78 14 white stereotype intelligent
6 9.78 2.66 14 white stereotype unintelligent
7 9.56 2.83 16 white exemplar intelligent
8 11.71 2.87 14 white exemplar unintelligent
9 9.07 2.55 14 red stereotype intelligent
10 11.43 2.79 14 red stereotype unintelligent
11 9.43 3.06 14 red exemplar intelligent
12 11.77 3.03 13 red exemplar unintelligent

In this examination project you will construct a complete data-set matching these
summary statistics, and use a permutation approach to investigate one of Simonsohn’s
claims: the data is too good to be true. Notice that there are six groups with similar, large
average; and six groups with similar, small average score. This was actually the prediction
of Smeester’s psychological theory and the experiment certainly appears to confirm that.
You will see that the variation of the group averages of groups predicted to be similar is
much too small, compared to the variation within the groups.

The data concerns 12 experimental groups, defined according to three factors: colour
(blue, white, red), prime (stereotype, exemplar), and dimension (intelligent, unintelligent).
The sizes of the groups vary (see column “number”). There are 10 groups of size 14, one
of size 16, one of size 13, so altogether there were 10*14+16+13=169 subjects in the
experiment. For each group we know the sample average (“mean”) and sample standard
deviation (“sd”) on the score of a certain test carried out on each of the subjects in each
of the groups.

1 Step 1 (data manipulation).

Read the summary statistics into R and use it to generate a data frame with 12 rows cor-
responding to the 12 groups, and having, as well as the three numerical variables reported
in the table (mean, sd and number), also the three factors colour, prime, dimension with
the just mentioned levels.

2 Step 2 (graphics).

Reproduce the barplot Figure 1 within R as well as you are able (but don’t spend more
than 30 minutes on this part of the exam). The heights of the bars are the values of the
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sample means in the table, minus a “baseline” value of 6.
Don’t bother to reproduce the annotation below the bar plot. But do try to get the

labelling of the vertical axis correct.

3 Step 3 (more data manipulation).

Create a data frame with 169 rows corresponding to 169 subjects with variables: colour,
prime, dimension, group, id.

The first three variables should be factors, with the levels just defined. The variable
group is to be numerical and is just the group number, 1 through 12. The variable id is
to be numerical and is to represent the within-group subject identity, so it runs from 1 up
to the number of subjects in the group. Add to this table a new variable consisting of any
numbers you like chosen to have, per group, sample average equal to the group mean from
the original (summary) table and sample standard deviation equal to the group standard
deviation from the table. Hint: suppose X is a numerical vector and a, b are any two
numbers (numerical vectors of length 1). Define Y = a + b*(X-mean(X))/sd(X). What is
the sample mean and sample standard deviation of the numbers in the vector Y?

4 Step 4 (statistical analysis and a permutation test).

Notice from Figure 1 that six of the groups have large and roughly equal averages, and
the other six have small and roughly equal averages. Use analysis of variance to test the
hypothesis that the true means of the six “small” groups are all equal to one another and
that the true means of the six “large” groups are all equal to one another. Extract the
p-value of the F-statistic. [Reminder from your course on linear models: suppose group is
a factor with 12 levels and megagroup is a factor with 2 levels corresponding to combining
the original groups into two. The ANOVA you need could be done by something like
anova(aov(Y∼megagroup),aov(Y∼group)).]

If the two groups of six were indeed statistically indistinguishable, we could pool all
subjects in each of the two combined “mega-groups” (of sizes 84 and 86) and then redis-
tribute the scores at random again to groups of the original sizes (14, 14, 14, 14, 14, and
13 for the megagroup of the large averages, 14, 14, 14, 16, 14, and 14 for the megagroup
of the small averages).

1000 times, create a new data set with the subjects of the large average groups randomly
permuted, and those of the small average groups randomly permuted, perform the analysis
of variance, and extract the p-value of the F-statistic. Compare the p-value of the F-
statistic for the original (unpermuted) data with the empirical distribution of p-values for
the randomly permuted data sets (i.e., determine what proportion of the 1000 permutation
p-values are smaller and what proportion are larger than the original p-value).

Note: a random permutation of a finite number of distinct elements is just a sample
without replacement from the set of elements of the same size as the original set.
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