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The Effect of Variety on Perceived Quantity: Failures to Replicate
Redden and Hoch (2009)
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Redden and Hoch (2009) found that variety in a set of items robustly decreased the
perceived quantity of the sum of these items across multiple studies. For example, a set
of multicolored M&M'’s was estimated to contain fewer M&M’s than an equally large
set of single-colored M&M’s (e.g., Redden and Hoch, 2009, Study 3). We conducted
six studies with methods that were similar to those used by Redden and Hoch (2009)
and did not find this effect in any of them. A meta-analysis of the four original studies
and 6 replication studies (N = 1,383) revealed no evidence for the phenomenon that

variety reduces perceived quantity.
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Transparency Statement

This report is an exhaustive report on all data avail-
able from research projects related to the estimation of
variety and perceived quantity of items in which GF was
the principal investigator. This includes not only null
findings or unexpected findings but also studies that are
considered to have failed, with careful explanation of
the circumstances of the failure (e.g., experimental er-
ror, failed manipulation check). The context in which
these data have been collected and whether the data
are connected to published studies (e.g., dropped ex-
periments) are carefully explained.

Making a set of items appear to contain more or
fewer items than it actually has simply by manipulat-
ing their variety (e.g., whether the items have different
shapes or colors) can be of use in many different set-
tings. For example, the serving size of a meal can be
made to appear large for a customer in a restaurant or
the number of people in a demonstration may be per-
ceived as large when there is variety. Whether the fries
in a serving all have the same shape or whether the peo-
ple in a demonstration wear the same shirts can easily
be varied to create the desired effect. On the basis of
the principles of Gestalt psychology, Redden and Hoch
(2009) argued that quantities, such as the number of
objects, appear smaller in number if they are heteroge-
neous (i.e., varied in terms of colors or shapes) than if
they are homogeneous (e.g., single-colored). We call

this the variety effect. The argument is that perceiving a
set of items as a whole makes it appear larger in number.
In four studies, Redden and Hoch (2009) asked people
to estimate the numbers of objects in matrices (Stud-
ies 1 and 2) and to pour M&M'’s (Studies 3 and 4) and
found that variety in the items reduced the perceived
quantity with a very large average effect size of d =
1.105, 95% CI [0.886, 1.324]. Variety was manipulated
by including one or multiple colors or shapes. The effect
did not depend on the “strength” of the variety, that is,
whether there were two colors or shapes or more than
two. In line with the Gestalt argument, arranging dots
in a pattern (vs. randomly), as would be the case in
a Gestalt, has led people to estimate sets as larger in
number (e.g., Ginsburg, 1978, see also Frith and Frith,
1972; Vos et al., 1988).

However, findings on the relationship between vari-
ety and perceived quantity have not been consistent in
recent research. In line with Redden and Hoch (2009)
findings, Dakin et al. (2011, p. 19554, Figure 3J) found
that a set of black and white dots appeared smaller in
number than a set of white dots. However, they did not
provide data or effect sizes for the difference. Zhao and
Yu (2016) found the opposite: They organized (vs. ran-
domized) how different items appeared in a set and thus
facilitated the perception of a whole Gestalt. Across
four studies, they did not find that heterogeneous sets
of items were perceived as smaller in number than ho-
mogeneous sets of items. More specifically, Zhao and Yu
(2016) Experiment la revealed a very small or impre-
cise effect (p = .03) of heterogeneity, and their Exper-



iments 1b, 2, and 3 revealed no variety effect. Experi-
ments la, 1b, and 2 revealed an interaction with variety
and actual quantity. Accordingly, varied sets of items
were perceived as larger in number if they were large
in number (i.e., 20 items) but not if they were small
in number (i.e., 10 items). Finally, Burr et al. (2017)
found that the estimates of items with very high density
resulted in a set being perceived as a texture. In their
study, high density was associated with estimates of a
large number of items but a severe underestimation of
the number of items. By contrast, if there were different
items (vs. identical items) in a set, the set was not per-
ceived as a texture as easily. Based on this argument and
contrary to the prediction made by Redden and Hoch
(2009), variety may increase the perceived quantity for
large numbers as it prevents the objects from “blurring”
into a single texture.

Across three consecutive years (2012 to 2014), we
conducted six replications of the studies reported by
Redden and Hoch (2009). We report our studies in
chronological order. The studies were part of student
projects that were supervised by a professor. The stud-
ies’ research questions went beyond the variety effect
to some extent. In this report, however, we tested
the variety effect in all results sections first. All avail-
able study materials and data sets can be found online
(https://osf.io/9s4w7). We invite other researchers to
reanalyze our data or to conduct studies using our ma-
terials and to replicate the results. We report how we
determined our sample size, all data exclusions (if any),
all manipulations, and all measures in the study (Sim-
mons et al., 2012). In all studies, we used R version
4.2.1 (R Core Team, 2018) to analyze the data and
R functions provided by Wolf (2021) to report the re-
sults. The analysis code for all studies is available online
(https://osf.io/jtn4f).

Study 1

To find out whether variety reduces perceived quan-
tity, we asked participants to estimate the quantities of
single-colored or multicolored Nestlé Smarties (this is
the European equivalent to M&M’s, different from the
Smarties found in the U.S.) in a between-subjects de-
sign. Note that Redden and Hoch (2009) chose to ma-
nipulate variety between-subjects in the pouring stud-
ies (Studies 3 and 4) and within-subjects in the quan-
tity estimation studies (Studies 1 and 2). We chose a
between-subjects manipulation for our studies that fea-
tured Smarties because we wanted to prevent demand
characteristics: The well-known advertisement slogan
of Smarties is “many many colorful Smarties” (in Ger-
man “viele viele bunte Smarties”). Thereby, the German
word “bunt” explicitly refers to something having more

than one color (e.g., varied; colorful can also be un-
derstood as an antonym to colorless instead of single-
colored). We were concerned participants would be
made aware of that slogan and accordingly report that
colorful Smarties are more numerous.

Besides the photographs of 144 multicolored Smar-
ties in each of the four containers, we created pho-
tographs of only brown, blue, green, purple, pink, red,
orange, and yellow (eight single-color conditions). We
went beyond the original study as we manipulated the
container in which the Smarties were presented (small
round bowl vs. rectangular bowl vs. large round bowl
vs. slim jar) in a within-subjects design. Container sizes
were previously identified as another predictor of es-
timate biases (Kahn & Wansink, 2004), and we were
curious about how this would interact with the vari-
ety effect. On the basis of findings by Wansink and
van Ittersum (2003), we hypothesized that the height
of the containers would lead to an overestimation of
the quantity. That is, estimates should be largest for
the slim and high container (Number 3 in Figure 1).
Another deviation from the original studies was the use
of an anchor (e.g., Tversky and Kahneman, 1974): Be-
fore asking participants how many Smarties were in the
different bowls (free-text entry), we asked them “was
the number of Smarties more than or less than 100?”
They had to check either “more” or “less” We expected
that such an anchor would reduce the variance of the
estimates.
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Figure 1

Containers used in Studies 1 and 2 with Homogenous Sets
of Smarties

e

Containers used in Studies 1 and 2 with Multicolored Sets
of Smarties

Figure 2



Participants were randomly assigned to one of the
color groups (half were presented the multicolored sets
and half were presented one of the eight single-colored
sets of Smarties). The photographs of the Smarties in
the four containers were presented in a random order.
After viewing each photograph, participants (a) esti-
mated the number of Smarties in each container, (b)
stated how much fun they would have eating that many
Smarties, and (c) stated whether they would like to eat
from the container. The last two questions were asked
because we expected participants to prefer consuming a
heterogeneous set of Smarties (Kahn & Wansink, 2004)
and ultimately wanted to unconfound whether consum-
ing a larger quantity of multicolored Smarties would be
due to their appearing to be less numerous or due to
their assortment appearing more pleasant. At the end of
the study, participants provided demographic data (sex,
age, and how often they actually consumed Smarties).

Method

We conducted the study online in March 2012 over
the course of 3 days and recruited mainly students.
There were N = 276 participants. We excluded all par-
ticipants who had missing values for at least one of the
quantity estimates and thus ended up with a final sam-
ple of 206 participants (118 of which were female and
102 of which saw the single-colored candy). Their mean
age was M = 23.26 years (SD = 7.39 years). The ques-
tionnaire was programmed with Equip Questionnaire
Generator (Lutsch, 2001). No power analysis was con-
ducted beforehand. As this study was part of a student
project and data had to be collected in a short amount
of time, recruitment was limited to 3 days, and we re-
cruited as many participants as possible. As this study
was a conceptual replication, we were able to compute
the achieved power given the overall effect size of all
four studies reported by Redden and Hoch (2009), that
is, d = 1.105 (Niora = 306). A post hoc power anal-
ysis indicated that the power was sufficient (1 - 8 >
.999). Power analyses for all studies were computed
with G*Power (Faul et al., 2007). Power protocols for
all studies are available online (https://osf.io/v6p28/).

Result

For our main analysis, we averaged the estimated
quantity of Smarties across all bowls. Internal con-
sistency across bowls was high (Cronbach’s o = .866,
four items). Overall, single-colored quantities were es-
timated to be smaller in number (M = 102.26, SD =
40.09, N = 102) than multicolored quantities (M =
113.97, SD = 37.43, N = 104), t(204) = -2.17, p =
.031 (two-tailed), d = -0.302. Note that the hypothesis

Figure 3

Mean Estimates of 144 Smarties by Variety and Container
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was actually one-tailed (variety reduces perceived quan-
tity). A repeated-measures ANOVA with a 2 (variety:
single-colored vs. multicolored; between-subjects) X 4
(container: small round bowl vs. rectangular bowl vs.
large round bowl vs. slim jar; within-subjects) further
revealed an effect of container, F(3, 612) = 60.63, p
< .001, n2 = .229 (see Figure 3). For example, the esti-
mated quantity in the rectangular bowl was significantly
larger than the estimated quantity in the large round
bowl. There was no interaction between container and
variety, F(1, 612) = 0.26, p = .854, n> = .001. To
account for the violation of the normality assumption
in the data set (i.e., significant Shapiro-Wilk normal-
ity test, W = 0.95, p < .001) and them being count
data, we additionally conducted a Wilcoxon rank sum
test with continuity correction for the relationship be-
tween quantity estimates and variety, which converged
with the results from the t test, W = 4173.5, p = .008
(two-tailed).

Discussion

In this study, participants estimated the number of
Smarties in glass containers with different shapes in
either a multicolored condition or one of eight single-
colored conditions. Contrary to our hypothesis, variety
increased instead of decreased the perceived quantity.
Note that this is a conceptual replication. Our study
differed from the studies by Redden and Hoch (2009)
in that (a) we used Smarties instead of M&M’s, (b) par-
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ticipants estimated the number of pieces of candy from
looking at a photograph rather than pouring them, (c)
participants were presented with an anchor before mak-
ing each estimate, (d) participants did not receive re-
muneration or course credit, and (e) the study was con-
ducted online, not in a laboratory.

Study 2

Study 2 was a close replication of our Study 1. It
was conducted to estimate the robustness of the em-
pirical effect size that was in the opposite direction of
the hypothesized effect. In addition to the multicol-
ored condition and the single-colored conditions, there
were six more conditions in which people saw 144 smar-
ties that had two colors. These color combinations
were blue-brown, blue-orange, blue-red, green-brown,
green-purple, and green-red. Half of the participants
saw one of the eight single-colored conditions and half
of them saw one of the six bicolored conditions or the
multicolored condition. Everything else remained un-
changed.

Method

During the recruitment conducted in the lab on June
9, 2012, which was the university’s open day and at-
tracted young people interested in studying but also
their parents and alumni. A total of 174 participants
completed the study. After we advertised the online ver-
sion of the study among students. There were N = 610
people who clicked on the link to the study and N = 439
complete cases (255 female, mean age 24.22 years). Af-
ter one participant made an estimate of over 4 million
Smarties (144 was the true number of Smarties), we de-
cided to exclude estimates that exceeded the mean esti-
mate by +4 SD as had been done in Study 3 by Redden
and Hoch (2009, p. 412). The questionnaire was pro-
grammed with Equip Questionnaire Generator (Lutsch,
2001). Again, no power analysis was conducted before-
hand. Recruitment was limited to 1 day in the lab but
was then continued using an online version of the study.
The power to conceptually replicate the effect size of all
four studies reported by Redden and Hoch (2009), that
is, d = 1.105 (Ny = 306), was very high (1 - g8 >
.999). The power to replicate the effect from Study 1,
that is, d = -0.302, was sufficient, too (1 - 8 > .933).

Result

To test the variety hypothesis, we averaged the es-
timated quantity of Smarties across all bowls. Internal
consistency was high (Cronbach’s @ = .875, four items).
Overall, the single-colored quantities were estimated to
be smaller in number (M = 96.85, SD = 36.79, N =

Figure 4
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240) than the multicolored quantities (M = 105.26, SD
= 40.57, N = 199), t(437) = -2.28, p = .023 (two-
tailed), d = -0.218. A repeated-measures ANOVA with
a 3 (variety: single-colored vs. bicolored vs. multicol-
ored; between-subjects) X 4 (container: small round
bowl vs. rectangular bowl vs. large round bowl vs.
slim jar; within-subjects) corroborated the variety ef-
fect, F(1, 435) = 4.31, p = .038, 2 = .010, and further
revealed an effect of container, F(3, 1305) = 118.16, p
< .001, 52 = .214 (see Figure 4) that was similar to the
effect in Study 1. For example, the quantities were es-
timated to be larger in the rectangular bowl than in the
large round bowl. There was no interaction between
container and variety, F(3, 1305) = 2.42, p = .065, n?
= .006.

To account for the violation of the normality assump-
tion in the data set (i.e., significant Shapiro-Wilk nor-
mality test, W = 0.93, p < .001) and them being count
data, we additionally conducted a Wilcoxon rank sum
test with continuity correction for the relationship be-
tween quantity estimates and variety, which converged
with the results from the t test, W = 20,856, p = .022
(two-tailed).

Discussion

Study 2 successfully replicated the effect from Study
1 because variety resulted in an increase rather than
a decrease in perceived quantity, although the effect
might have been driven by the fact that bi-colored quan-



tities descriptively appeared larger in number than both
single- and multicolored quantities. Moreover, the ef-
fects of the containers on the estimated quantities were
successfully replicated.

Study 3

The results of the previous studies were puzzling with
regard to why the effect we found was different from
the hypothesized effects. In Study 3, we sought to stick
even more closely to the procedure used by Redden and
Hoch (2009) to replicate the original findings. To also
explain our opposing findings, we varied the quantity
of the presented set of Smarties to appear either two-
dimensional or three-dimensional because this was one
of the differences between the quantities presented by
Redden and Hoch and our approach: The Smarties we
presented were in three-dimensional containers in most
cases, whereas Redden and Hoch used two-dimensional
matrices in their Studies 1 and 2. In Study 3, they
used 6-inch-diameter bowls with 52 grams of M&M'’s
(p. 412) so that the quantity was most likely! pre-
sented on a plane and in Study 4, they used 9-inch-
diameter plates (p. 413). Three-dimensional single-
colored sets of things might appear two-dimensional
due to blurring borders between objects, whereas three-
dimensional multicolored sets would allow the viewer
to infer the depth due to the different colors. Recently,
Burr et al. (2017) have argued similarly, that textures
in sets of stimuli with high density might prevent the
stimuli’s quantity from being underestimated.

Method

We had participants look at the Smarties on a plate
and then asked them to pour the same number of Smar-
ties onto an empty plate. In doing so, we manipu-
lated the variety of the Smarties we presented (one vs.
four colors), the quantity and thereby the arrangement
of the Smarties (32 flat or two-dimensional vs. 116
in a pile or three-dimensional), and the variety of the
Smarties that were poured (one vs. four colors) in an
incomplete within-subjects design. Note that arrange-
ment and quantity could not be manipulated indepen-
dently without changing the container, which also mat-
tered. Thus, arrangement was confounded with quan-
tity. However, there is no reason why quantity would
moderate the variety effect. Smarties were poured from
a transparent bottle that included a total of 248 pieces.
That is, every participant completed four trials, which
included a small single-colored, a small multicolored,
a large single-colored, and a large multicolored set of
Smarties. However, not every set was estimated by
pouring both single-colored and multicolored Smarties.
Instead, participants were randomly assigned to one of

two groups, and this determined the two sets for which
they had to use the bottles with single-colored Smarties
and for which they had to use the bottles with multi-
colored ones. The order of these sets was completely
randomized.

Participants estimated the number of Smarties that
had been presented by pouring from the single- or
multicolored bottle of Smarties and by estimating the
number afterwards. The candy that was poured was
weighed and written down by the experimenters after
the participants had completed the experiment. Be-
fore estimating the sets of Smarties and pouring their
estimates, participants were told what to do and com-
pleted a test run to see how to handle the bottle from
which they were had to pour the Smarties. Prior to
each estimate, we asked participants if there were more
or less than 80 Smarties (anchor). Figure 5 provides
an overview of the study procedure. Before estimating
the number of Smarties, participants filled out a small
form with information on their sex, age, occupation,
and whether they were familiar with the advertising slo-
gan “many many colorful Smarties.”

Participants were tested in the University lab on June
8, 2013, which was the university’s open day and at-
tracted young people interested in studying but also
their parents and alumni. There were 144 participants,
89 of whom were female (mean age = 29.6 years).
There were no exclusions.

Again, no power analysis was computed beforehand.
Recruitment was limited to 1 day. The power to concep-
tually replicate the effect size for the two candy-pouring
studies reported by Redden and Hoch (2009), that is, d
= 0.489 (Nyora1 = 169), was very high (1 - 8 > .999).

Results

The weight of the Smarties that were poured had low
internal consistency (Cronbach’s @ = .560, four items),
and the estimates had acceptable internal consistency
(Cronbach’s @ = .702, four items).

We tested the hypothesis separately for the two de-
pendent variables (weight and estimated quantity), but
this resulted in an inflation of the alpha level, and thus,
the criterion for significance that we chose to use was «
< .025 (Bonferroni-corrected).

If variety reduces perceived quantity, participants
should pour less Smarties if they are single-colored (be-
cause they look like more). However, the weight of the
poured Smarties was not significantly lower for single-
colored sets of Smarties (M = 109.09 g, SD = 16.11 g,

IPrior to the experiment, we tried to pour the Smarties into
a pile and found that as long as there was space at the bottom
of a bowl, the Smarties never sat on top of each other.
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Figure 5

Procedure of Study 3
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N = 144) than for multicolored ones (M = 107.20 g,
SD = 17.20 g), t(143) = 1.37, p = .172 (two-tailed),
dz = 0.114. The estimated number of Smarties was not
significantly larger for the single-colored sets of Smar-
ties (M = 70.39, SD = 34.99) than for the multicolored
ones (M = 66.84, SD = 30.28), either, t(143) = 1.82, p
= .070 (two-tailed), dz = 0.152. The estimated number
of poured Smarties was not influenced by the variety of
the colors of the Smarties (M = 109.73, SD = 58.67
vs. M = 106.56, SD = 52.78), t(143) = 0.35, p = .725
(two-tailed), dz = 0.029.

To test the dimensionality hypothesis, we used the
number estimates because they had higher internal con-
sistency, and we conducted a 2 (variety: single-colored
vs. multicolored; within-subjects) X 2 (quantity: 32
vs. 116; within-subjects) X 2 (pouring color: single-
colored vs. multicolored; between-subjects) mixed
ANOVA. Whereas the quantity of the Smarties had a
large effect, F(1, 141) = 365.54, p < .001, n2 = .722,
there was no main effect of variety, F(1, 141) = 2.98, p
= .087, n2 = .021. The only other effect of the model
that reached statistical significance was a small inter-
action between variety and quantity, F(1, 141) = 5.53,
p = .020, n2 = .038 (see Figure 6). Post hoc tests re-

vealed that there was no effect of variety in the small
set, t(143) = 0.64, p = .521, dz = 0.05, 95% CI [-
0.11, 0.22], and there was a small effect in the large set,
t(142) = -2.14, p = .034, dz = -0.18, 95% CI [-0.34, -
0.01]. To account for the quantity estimates’ violation of
the normality assumption (i.e., significant Shapiro-Wilk
normality test, Wyariety = 0.90, Wyo variery = 0.86, both
ps < .001) and them being count data, we addition-
ally conducted a Wilcoxon signed rank test with conti-
nuity correction for the relationship between quantity
estimates and variety, which converged with the results
from the t test, V = 5,093, p = .205 (two-tailed).

Discussion

We tried to consolidate the findings from our Studies
1 and 2 and the opposite effects reported by Redden
and Hoch (2009) by (a) using methods that closely mir-
rored the original experiments and (b) including ma-
nipulations such as the arrangement of the Smarties on
a plane versus in a pile (or a small vs. a large set) to
determine whether this was the reason for the opposite
effects. In the large set, we found a very small effect that
variety increased instead of decreased perceived quantity
and in the small set we found no effect of variety.
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Study 4

After conceptual replications produced the opposite
effect (Studies 1 and 2), and after the replication of Red-
den and Hoch (2009) pouring studies failed to produce
the hypothesized effect (Study 3), we chose to replicate
Redden and Hoch’s Study 1. Thus, participants had to
estimate the number of symbols in a matrix after we
manipulated the variety of the symbols or the symbols’
colors. For exploratory purposes, we also varied the
presentation time. Note that this time, there was no
anchor?.

Method

We created 50 matrices consisting of 100 boxes that
were presented for 750 or 1,500 ms. The matrices were
varied with respect to how many boxes were filled with
a shape or color (from 30% to 70% in steps of 10%),
what was in the boxes (colors vs. shapes), and how
many different colors or shapes were in the boxes (col-
ors: red, green, blue, orange, and purple; shapes: tri-
angle, rhombus, star, square, and smiley). Note that
for each combination (e.g., 30% red and green boxes),
there was only one picture. In Redden and Hoch’s study,
the stimuli were created anew for each trial, whereas
we had 50 fixed stimuli that were used for all partic-
ipants. Afterwards, we asked participants how many
boxes were filled. In contrast to our other studies, there

was no anchor. Examples of four matrices are presented
in Figure 7. The matrices were created in Excel (see
https://osf.io/b57gt/ for the generation program and
all the stimuli we used). The questionnaire was pro-
grammed with Inquisit Millisecond version 3 (“Inquisit
3,7 n.d.).

All factors in the design were manipulated within
subjects. Matrices were presented in a randomized or-
der. Due to a programming error, the 50 matrices were
not drawn without replacement so that each partici-
pant saw each matrix but with replacement. In cases
in which a matrix was drawn multiple times, only the
last estimate was saved, leading to missing values for
approximately 18 stimuli per participant.

Participants were recruited online between Novem-
ber 26, 2013 and January 15, 2014 via social net-
works and the university newsletter. There were 98
people who clicked on the link to the study and 82
complete cases (52 female, mean age = 27 years).
Again, no power analysis was computed beforehand.
Recruitment was limited by the course deadline. The
power to directly replicate the effect size for the
quantity-estimation studies reported by Redden and
Hoch (2009), that is, d = 1.866 (Niya1 = 137), was
very high (1 -8 > .999).

Results

Due to the programming error, we could not run our
planned analysis (i.e., a mixed-effects ANOVA with a
quantity X variety X type of symbol X presentation
time design). Instead, we aggregated all estimates of
homogenous matrices and all estimates of heteroge-
neous matrices, respectively. They were strongly cor-
related, r(80) = .711, p < .001. Homogenous matri-
ces (M = 54.31, SD = 9.81, N = 82) were estimated
to contain slightly fewer elements than heterogeneous
matrices (M = 54.58, SD = 8.29, N = 82), although
this difference was not significant, t(80) = -0.35, p =
.727 (two-tailed), dz = -0.039. Exploratory analyses
revealed no effect of presentation time.

To account for the violation of the normality assump-
tion in the data set (i.e., significant Shapiro-Wilk nor-
mality test, Wyarieryl = 0.88, Wyarieryi = 0.94, both ps <
.001) and them being count data, we additionally con-
ducted a Wilcoxon signed rank test with continuity cor-
rection for the relationship between quantity estimates

2In a personal correspondence with Joseph P. Redden, he
explained that he deliberately avoided the use of anchors be-
cause he suspected that the subtle difference of choosing an
anchor might overshadow or reverse the effect because people
give more weight to the number of types cues instead of the
Gestalt area.
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Figure 7

Examples of the Matrices used in Study 4

50%, 1 shape
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70%, 5 shapes

K * ¢ ¢ ®
EE ¢k m ke xk
IR IK) A
A ¢ ® ¢k AO
* ¢ ¢ ® ¢ Ao A
A A LICIRIKS
Y A m = * ® A A
AKX o AKX *x X
E AR ¢ ]
®© ¢ © Am O ¢ %
70%, 5 colors

Note. See https://osf.io/75bny/ for all stimuli.

and variety, which converged with the results from the
ttest, V.= 1,662, p = .996 (two-tailed).

Discussion

In an attempt to conduct a close replication of Study
1 by Redden and Hoch (2009), we failed to replicate the
effect of variety on perceived quantity. Although there
was a programming error, which led to an alternative
analysis of the results, power was not compromised. At
this point, deviations from the original study consisted
of the participants’ nationality (from the U.S. vs. from
Germany) and the specific stimuli. Neither factor was
found to explain the effect, however, namely that ho-
mogenous sets of entities form a Gestalt, which in turn
seems larger.

Study 5

This study was a direct replication of our Study 4,
except that the programming error had been fixed, and
the presentation time was set to 750 ms for all trials.

Method

Participants were recruited online from social net-
works and the university newsletter in September 2014.
There were 50 participants and 45 complete cases (38
female, mean age = 21.34 years). Again, no power
analysis was computed beforehand. Recruitment was
limited by the course deadline. The power to directly
replicate the effect size for the quantity-estimation stud-
ies reported by Redden and Hoch (2009), that is, d =
1.866 (Nioa1 = 137), was very high (1 - 8 > .999).



Results

As in Study 4, we aggregated all estimates of ho-
mogenous matrices and all estimates of heterogeneous
matrices, which were strongly correlated, r(43) = .887,
p < .001. The homogenous matrices (M = 52.62, SD =
13.60, N = 45) were estimated to contain slightly fewer
elements than the heterogeneous matrices (M = 52.09,
SD = 11.68, N = 45), although this difference was not
significant, t(44) = 0.57, p = .574 (two-tailed), dz =
0.084.

Furthermore, we computed a 5 (percentage filled)
X 5 (number of different objects) x 2 (kind of object:
shape vs. color) repeated-measures ANOVA. There was
a large effect of percentage filled on the perceived quan-
tity, F(1.44, 44.50) = 107.98, p < .001 (Greenhouse-
Geisser-corrected due to sphericity), n2 = .777. The
number of different objects, that is, the variety, had
no effect on the perceived quantity, F(3.05, 94.42) =
0.95, p = .419 (Greenhouse-Geisser-corrected due to
sphericity), n2 = .030. The analysis further revealed
an unpredicted percentage filled X number of different
objects interaction, F(9.46, 293.20) = 3.10, p = .001
(Greenhouse-Geisser-corrected due to sphericity), 2 =
.091. The conditions involved in the complex interac-
tion are presented in Figure 8.

To account for the violation of the normality assump-
tion in the data set (i.e., significant Shapiro-Wilk nor-
mality test, Wyariet = 0.82, Wyarieyi = 0.87, both ps
< .001), we additionally conducted a Wilcoxon signed
rank test with continuity correction for the relation-
ship between quantity estimates and variety, which con-
verged with the results from the t test, V. = 530, p =
495 (two-tailed, two ties).

Discussion

In another attempt to conduct a close replication of
Study 1 by Redden and Hoch (2009), we again failed to
replicate the effect of variety on perceived quantity.

Study 6

In this study, we again replicated our Study 1 but
dropped the container factor by using only one large
bowl. Instead of using the photographs of the differ-
ent single- and multicolored Smarties from the previous
studies, we manipulated the photograph of the multi-
colored Smarties to appear single-colored (see Figure
9). Thus, the arrangement of the candy in the bowl
was held constant for all colors and assortment and va-
riety were not confounded. In the bowl, the Smarties
appeared as a flat surface.

Figure 8

Mean Estimates of Boxes in Matrices by Variety (Number
of Colors or Shapes) and Quantity (Percentage of Filled
Boxes) of the Set
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Note. Error bars represent 95% confidence intervals.

Method

Recruitment was conducted online via social net-
works and the university newsletter from August to
November 2014 and yielded 259 participants. Partici-
pants were excluded if they had missing values for at
least one of the estimates, or gave estimates of 1 or 0
for the number of Smarties in the bowl. A total of 161
participants did not meet the exclusion criteria. The
questionnaire was programmed with Equip Question-
naire Generator (Lutsch, 2001).

Again, no power analysis was computed beforehand.
As this study was a conceptual replication, we were able
to compute the achieved power given the overall effect
size for all four studies reported by Redden and Hoch
(2009), that is, d = 1.105 (N = 306). A post hoc
power analysis indicated that the power to replicate the
total effect was sufficient (1 - 8 > .999). The power to
replicate the effect from our Study 1, that is, d = -0.302,
was low (1 -8 = .603).

Results

Overall, the single-colored quantities received lower
estimates (M = 79.14, SD = 45.14, N = 77) than the
multicolored quantities (M = 93.81, SD = 52.18, N
= 84), t(159) = -1.90, p = .059 (two-tailed), d = -
0.301. To account for the violation of the normality as-
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Figure 9

The Eight Colors used in Study 6 and the Multicolored Set
of Smarties
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sumption in the data set (i.e., significant Shapiro-Wilk
normality test, W = 0.86, p < .001) and them being
count data, we additionally conducted a Wilcoxon rank
sum test with continuity correction for the relationship
between quantity estimates and variety, which had a
slightly lower (and thus significant) p-value than the t
test, W = 2,619, p = .037 (two-tailed).

Discussion

In this study, we again failed to replicate the hypoth-
esized effect that variety would reduce perceived quan-
tity. Furthermore, the opposite effect reported in Study
1 of this research article was not clearly replicated ei-
ther, which might be because power was too low (1 -
= .603) to detect it.



Table 1

Overview of original and replication study features

Study v DV Manipulation Dimension Quantities Variety Stimulus type Stimulus Anchor
of variety of variety levels presenta-
tion time
[ms]
RH1 Variety Estimation Within- Color, shape 30, 40, 50, 2,3,4,5 Unfilled sym- 750
of symbols subjects 60, 70 bols in a matrix
(#/%)
RH 2 Variety Estimation Within- Color, shape 30, 40, 50, 2,3,4,5 Unfilled sym- 750
of symbols subjects 60, 70 bols in a matrix
(#/%)
RH 3 Variety of Pouring Between- Color 52g 3 M&M'’s Unlimited -
poured candy subjects
candy
RH 4 Variety of Pouring Between- Color 55g,66¢g 4 M&M’s Unlimited -
poured candy subjects
and seen
candy
1 Variety Estimation Between- Color 144 8 Photographs of Unlimited 100
of candy (#) subjects Smarties
2 Variety Estimation Between- Color 144 2,8 Photographs of Unlimited 100
of candy (#) subjects Smarties
3 Variety of Estimation Within- Color 32,116 4 Real Smarties 1000 80
seen or of candy, subjects
poured Pouring
candy candy (#)
4 Variety Estimation Within- Color, shape 30, 40, 50, 5 Filled symbols 750 or -
of symbols subjects 60, 70 in a matrix 1500
(#/%)
5 Variety Estimation Within- Color, shape 30, 40, 50, 5 Filled symbols 750 -
of symbols subjects 60, 70 in a matrix
(#/%)
6 Variety Estimation Between- Color 144 8 Photographs of Unlimited 100
of candy (#) subjects Smarties

Note. RH: Redden and Hoch, IV: Independent variable, DV: Dependent variable, #: Estimates were given as a number, #/%: Estimates were given
as a number between 0 and 100, which was equivalent with the percentage of filled boxes in the matrices.

T
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General Discussion

In six studies that included three close and three con-
ceptual high-powered replications, we could not repli-
cate the effect that variety reduces perceived quantity.
An overview of the differences between the original and
the replication studies is provided in Table 1. The results
of the original studies and our replications are summa-
rized in Table 2 and Table 3, respectively.

Meta-analysis of Effect Sizes

The meta-analytical effect that Redden and Hoch
(2009) found was positive and significant, t(4) = 2.96,
p = .042, d = 1.12, 95% CI [0.070, 2.169], Niopta1 =
306. There was no effect in our replication studies, t(7)
= -1.16, p = .284, drcplication = -0.075, 95% CI [-0.227,
0.077], Niota1 = 1,077. The difference between the ef-
fects from the original studies versus the replication ef-
fects was significant, F(1, 11) = 17.78, p = .001. The
overall effect of all 10 studies and 13 reported findings
was not significantly different from zero, t(12) = 1.49,
p =.161,d = 0.355, 95% CI [-0.163, 0.873], N = 1,383
(see Figure 10 for a forest plot). Meta-analyses were
conducted using R (R Core Team, 2018) and the pack-
ages psych (Revelle, 2018), readxl (Wickham & Bryan,
2018), forestplot (Lumley & Gordon, 2019), dmetar
(Harrer et al., 2019), and meta (Balduzzi et al., 2019).

Note that the parametric effect size estimates syn-
thesized here violate the normality assumption in most
studies and a synthesis of non-parametric estimates
would be more appropriate. However, we chose to use
Cohen’s ds to allow for comparability between stud-
ies. Moreover, in our data, results from both estimates
strongly converged.

Presence of Questionable Research Practices in our
Replications

All of the original studies were conducted during a
time in which the presence of questionable research
practices had either been an integral part of psycho-
logical science or had just begun to be noticed. Most
researchers had not yet realized that most published re-
search could not be replicated (cf. Ioannidis, 2005). Al-
though it is unclear whether there was any motivation
to engage in p-hacking (e.g., Simmons et al., 2011) in
any of the studies, the possibility that this might have
occurred should be discussed.

Note that it is possible to engage in p-hacking in mul-
tiple ways. Not only can researchers try out different
methods to see if they can obtain a significant result
in the opposite direction of the original hypothesis, but
they can also try to get a null result by engaging in so-
called null-hacking (Yeager et al., 2019). P-curve anal-

yses to test for p-hacking do not work for nonsignifi-
cant results (i.e., they do not work to determine null-
hacking, either). We want to reject potential accusa-
tions of null-hacking on the grounds that we tried very
hard to get the effect over many years and never in-
tended to fail to find the effect. If we wanted to show
that there was no effect, why would we have tested
numerous moderators and conducted further studies?
Also, at the time, null results were extremely difficult
to publish. Neither the original studies nor our repli-
cation attempts were preregistered or included a power
analysis. As is the case for almost all studies from that
time, this does not meet the current standards for exper-
imental research. We attempted to solve these problems
by reporting all studies and all measures (including a
study that had a minor programming error) by sharing
our data and analysis code (https://osf.io/9s4w7) and
by computing post hoc power analyses, which yielded
high power in all cases given the original effect sizes.
One researcher degree of freedom (e.g., Wicherts et al.,
2016) that could not be ruled out by this degree of
transparency was the addition of further observations.
There were instances in our studies when planned pe-
riods of participant recruitment were extended (Study
2). However, excluding Study 2 from the meta-analysis
did not change the finding that the total effect was 0.

Future Direction

In six different studies, we failed to replicate the ef-
fect that variety reduces perceived quantity. Based on
our results, we deem moderators, such as the “dimen-
sionality” of the sets (2D planes vs. 3D piles), the pre-
sentation time (750 ms vs. 1,000 ms vs. 1,500 ms), and
the kind of item that was estimated (symbols vs. colors
vs. Smarties) unlikely. Another possible confound was
participants’ nationality (American vs. German). More-
over, our studies differed in that the code that was used
to produce the stimuli differed from the original stud-
ies, and we used Smarties instead of M&M'’s. To allow
for closer replication, we recommend future research
to provide or reuse stimuli or code for stimuli genera-
tion. Less noisy measurements might also be achieved
by using two-alternative-forced-choice response formats
instead of letting participants estimate the number of
items. Furthermore, we recommend future researchers
to conduct more complex but more appropriate analy-
ses. Using multi-level modelling, design factors such as
the container or color can adequately be represented in
the statistical models.

However, none of these differences has a meaning-
ful theoretical connection to the reasoning behind the
effect, so either these aspects do not impact whether
the effect occurs or the theoretical account is wrong.



Table 2

Effect Sizes from the Original Studies Conducted by Redden and Hoch (2009)
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Study Page v DV Reported effect d N
RH 1 409 Variety Estimation F(1, 79) = 110.19, p < .0001 (M 2.377 80
of symbols = 56.8 vs. 53.5)
RH 2 411 Variety Estimation  F(1, 56) = 18.13, p < .0001 1.148 57
of symbols
RH 3 412 Variety of Pouring F(1, 99) = 4.00, p < .05 M = 0.394 105
poured candy 59.2 vs. 53.0)
candy
RH 4 414 Variety of Pouring F(1, 63) = 6.45,p < .02 0.645 64
poured candy
candy
RH 4 414 Variety of Pouring F(1, 63) = 6.48,p < .02 0.646 64
seen candy candy
Note. Positive effect sizes indicate that variety reduced perceived quantity.
Table 3

Effect Sizes from the Replication Studies

Study v DV Reported d Nvariety Nno variety
effect

Design

1 Variety t(204) = -2.17,p = -0.302 102 104 Between-subjects
Estimation of .031 (two-tailed), d =
candy -0.302

2 Variety t(437) = -2.28,p = -0.217 240 199 Between-subjects
Estimation of .023 (two-tailed), d =
candy -0.217

3 Variety of seen t(143) = 1.82,p = 0.108 144 144 Within-subjects
candy Estimation .070 (two-tailed), dz
of candy = 0.152

3 Variety of seen t(143) = 1.37,p = 0.113 144 144 Within-subjects
candy Pouring .172 (two-tailed), dz
candy = 0.114

3 Variety of t(143) = 0.35,p = 0.057 144 144 Within-subjects
poured candy .725 (two-tailed), dz
Pouring candy = 0.029

4 Variety t(80) = -0.35,p = -0.030 82 82 Within-subjects
Estimation of .727 (two-tailed), dz
symbols =-0.039

5 Variety t(44) = 0.57,p = .574 0.042 45 45 Within-subjects
Estimation of (two-tailed), dz =
symbols 0.084

6 Variety t(159) =-1.90,p = -0.301 77 84 Between-subjects
Estimation of .059 (two-tailed), d =
candy -0.301

Note. Positive effect sizes indicate that variety reduced perceived quantity.



14

Figure 10
Effect Sizes (Cohen’s d) from the Original Studies, Replication Studies, and Average Effect Sizes with 95% Confidence
Intervals

Study d lower upper N

R&H Matrix Study 1 2377 1.797 2.948 80 =

R&H Matrix Study 2 1.148 0.582 1.705 57 L]

R&H Pouring Study 1 0.394 0.007 0.779 105 =

R&H Pouring Study 2 B 0.645 0.14 1.145 64 L]

R&H Pouring Study 2 A 0.646 0.141 1.146 64 |

R&H Average Effect 1.12 0.07 2169 306

Container Study 1 -0.302 -0.577 -0.025 206 -

Container Study 2 -0.217 -0.406 -0.028 439 L]

Pouring Study 1: Estimate 0.108 -0.124 0.339 144 L]

Pouring Study 1: Poured Amount A 0.113 -0.119 0.344 144 =

Pouring Study 1: Poured Amount B 0.057 -0.174 0.288 144 =

Matrix Study 1 -0.03 -0.336 0.276 82 .

Matrix Study 2 0.042 -0.372 0.455 45 =

Container Study 3 -0.301 -0.613 0.012 161 |

Replication Average Effect -0.075 -0.227 0.077 1077 <

Average Effect 0.355 -0.163 0.873 1383 ——
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So, does variety reduce perceived quantity? We do not
think so. We do not accuse Redden and Hoch of ques-
tionable research practices, but we doubt that the effect
is robust. We hope that our research can guide future re-
search by showing which unsuccessful replication stud-
ies have already been attempted regarding the effect of
variety on perceived quantity.
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