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Fig. 2. Results from Study 5. The scatterplots (with best-fitting regres-
sion lines) show the relationship between pronounceability rating and
harmfulness rating for (a) medicines and (b) poisons.

participants were asked to judge the substances’ harmful-
ness on a scale from 1 (harmless) to 7 (very barmful) on
the basis of their names.

Pronounceability of names used in the study was rated
by an independent sample of 80 MTurk workers on a
scale from 1 (easy to pronounce) to 5 (hard to pro-
nounce). To make it easier to compare the results with
those of the first four studies, we reversed the average
ratings such that the pronounceability score was higher
for easier-to-pronounce items. A negative slope for pro-
nounceability therefore indicates the association between
fluency and safety. We also centered the scores by sub-
tracting the mean of pronounceability ratings from all
values.

Results

A mixed-effects model with harmfulness rating as the
dependent variable showed that harder-to-pronounce

items were not judged to be significantly more harmful,
1(65.4) = -0.91, p = .37, b = -0.12, 95% confidence inter-
val (CD = [-0.38, 0.14]. Even though neither of the effects
was significant, the effect of pronounceability on harm-
fulness rating was weaker for poisons than for medicines,
1(5435.7) = 1.68, p = .09, b = 0.13, 95% CI = [-0.02, 0.28],
and was stronger for items used in the original study by
Song and Schwarz (2009) than for the newly constructed
items, #(56.2) = =1.45, p = .15, b = —0.35, 95% CI = [-0.81,
0.12]. The intercept was higher for poisons than for medi-
cines, #(568.0) = 3.91, p < .001, b = 0.21, 95% CI = [0.11,
0.32], and it did not differ between the original items and
the newly constructed items, #56.0) = =1.20, p = .24, b =
-0.18, 95% CI = [-0.47, 0.11].5

Although the interaction between item source and
pronounceability was not significant, we were interested
in whether the effect of pronounceability on judgment of
harmfulness might differ between the original items and
the newly constructed items. Therefore, we conducted
separate analyses for the original items and the newly
constructed items. The results showed a significant pro-
nounceability effect for the original items, #12.8) = =3.02,
p=.01, b=-0.48,95% CI = [-0.79, —=0.17], but not for the
newly constructed items, #(58.8) = —=0.79, p = 43, b =
-0.11, 95% CI = [-0.39, 0.16]. The interaction between
category of judgment and pronounceability was not sig-
nificant for either of the two item sources. Figure 2 shows
the effect of pronounceability on harmfulness ratings at
the item level.

Discussion

Although we found that the effect of disfluency on judg-
ment of harmfulness was somewhat stronger for medi-
cines than for poisons, the interaction was not significant
and the effect was not in the opposite direction for poi-
sons. The hypothesis that the effect of fluency on judg-
ment of harmfulness might be reversed for some
categories of stimuli was therefore not supported even in
a study using random sampling of stimuli.

The results suggest that the effect of pronounceability
on judgment of harmfulness might be limited only to the
original items used by Song and Schwarz (2009). As in
Studies 2 and 3, we replicated the effect for the original
items, even when using different scenarios. However, we
did not find a significant effect for the newly constructed
items. Because the interaction of item source and pro-
nounceability was not significant, we conducted an addi-
tional study that explored this result further.

Study 6

In Study 6, we again used the original “food additives”
scenario along with the original items to compare results
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Fig. 3. Results from Study 6. The scatterplots (with best-fitting regres-
sion lines) show the relationship between (a) harmfulness ratings and
pronounceability ratings and between (b) novelty ratings and pro-
nounceability ratings.

of a direct replication of Song and Schwarz (2009) and a
replication using the same sort of materials but using
newly constructed items.

Method

We recruited 200 Czech participants for the study. We
excluded 14 participants who used the same rating 12 or
more times out of 15 possible opportunities, in accor-
dance with our preregistered exclusion criterion. The
experiment was conducted in a lab using a custom-writ-
ten Python program using groups of up to 13 people as
a part of a larger set of unrelated studies.

Participants were given the “food additives” scenario
adopted from Song and Schwarz (2009) and judged the
harmfulness of 15 food additives on the 7-point harmful-
ness scale used in Study 5. We used 10 items from the
original study and additionally created 40 new items. The
new items were created using the list of 12-letter medicine

names from Study 5. We randomly substituted one letter
in each word, randomly selected a 10-letter continuous
string from this new name, and appended a 2-letter suffix
from a list of suffixes that we based on a list of Czech
names of food additives. The created names varied in pro-
nounceability and were similar to the original names used
in Song and Schwarz (2009).°

All participants rated the harmfulness of 10 newly con-
structed food-additive items and 5 original food-additive
items. Next, participants were divided into two groups.
The first group (7 = 105; 100 after exclusion) rated the
novelty of 10 newly constructed food-additive items and
the 5 remaining original food-additive items on a 7-point
scale from 1 (very old) to 7 (very new). The second group
(n = 95, 86 after exclusion) rated the pronounceability of
20 newly constructed items and the 5 remaining original
items on a 7-point scale from 1 (hard to pronounce) to 7
(easy to pronounce). All items were randomly selected,
and participants did not rate the same item twice. We
used average pronounceability ratings as a predictor in
the analysis.

Results

We found no overall effect of pronounceability on judg-
ment of harmfulness, #(52.9) = =0.71, p = .48, b = —0.03,
95% CI = [-0.12, 0.06]. As in Study 5, the interaction
between item source and pronounceability was nonsig-
nificant, #(39.9) = -1.70, p = .10, b = -0.12, 95% CI =
[-0.206, 0.02], but the effect of pronounceability was again
stronger for the original items than for the newly con-
structed items. We again conducted separate analyses for
the original items and the newly constructed items:
Although participants judged harder-to-pronounce items
to be more harmful when judging the original items,
(7.9) = =2.54, p = .03, b = —0.15, 95% CI = [-0.27, —0.04],
there was no significant effect for the newly constructed
items, #39.5) = -0.59, p = .56, b = -0.03, 95% CI = [-0.11,
0.00).

A similar analysis for novelty ratings showed that easier-
to-pronounce items were judged to be less novel, #(46.9) =
-3.81, p < .001, b = -0.21, 95% CI = [-0.31, —=0.10]. How-
ever, the analysis did not show a significant interaction
between item source and pronounceability, #41.7) =
—-0.30, p = .77, b =-0.03, 95% CI = [-0.20, 0.14]. When we
conducted separate analyses for the original items and the
newly constructed items, we found that easier-to-pronounce
items were judged to be less novel for both the original
items, €7.3) = —4.14, p = .004, b = -0.23, 95% CI = [-0.34,
—0.12], and the newly constructed items, #38.2) = —3.65,
p < .001, b = -0.20, 95% CI = [-0.31, —0.09]. Figure 3
shows the effect of pronounceability on harmfulness and
novelty ratings at the item level.
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Discussion

These results, together with the results of Study 5, sug-
gest that the effect of pronounceability on judgment of
harmfulness may be limited to the items used by Song
and Schwarz (2009). There was no evidence for the effect
in the newly constructed items. Although the interaction
between item source and pronounceability was not sig-
nificant in either of the studies, this might have been
caused by limited statistical power due to the small num-
ber of original items (Westfall, Kenny, & Judd, 2014). Fur-
thermore, when the interaction effects from both studies
were meta-analytically combined, the result was signifi-
cant, z = 2.14, p = .03, r = .22, 95% CI = [.02, .40]. On the
other hand, the effect of pronounceability on perceived
novelty was evident even for the newly constructed
items, which suggests that a different robust fluency
effect can be replicated even with the newly constructed
items.

Study 7

In addition to the “food additives” scenario (used in cur-
rent Studies 1-3 and 6), two other scenarios were used
by Song and Schwarz (2009). In these two scenarios,
people had to judge the extent to which amusement-
park rides were adventurous or risky. In Study 7, we rep-
licated this experiment, again using the original items
and the newly constructed items.

Method

We posted a human intelligence task for 1,000 workers
on MTurk; ultimately, 1,042 MTurk workers participated.
We excluded 60 participants who used the same rating
for all items in a scenario, in accordance with a preregis-
tered exclusion criterion. We also excluded 32 partici-
pants who did not complete the whole study, resulting in
the final sample of 950 participants.

We used two scenarios adopted from Study 3 in Song
and Schwarz (2009). Participants were asked to imagine
that they were visiting an amusement park and reading a
brochure with names of amusement-park rides. In the
“desirable risk” scenario, they imagined looking for the
most adventurous ride, and they judged all presented
rides on a scale ranging from 1 (very dull) to 7 (very
adventurous). In the “undesirable risk” scenario, they
imagined not feeling well that day, and they were told
that they wanted to avoid rides that were too adventur-
ous, which could make them sick. In this scenario, par-
ticipants judged all presented rides on a scale ranging
from 1 (very safe) to 7 (very risky). Participants were
given the two scenarios in random order; each scenario
required the evaluation of 11 randomly selected items.

We used a total of 206 items, 6 of which were Native
American names used as stimuli in Study 3 by Song and
Schwarz (2009). The original names were 6 to 13 letters
long, so we randomly selected 25 Native American names
for each of the lengths within this range from an Internet
database. Because there were not enough names 11 to 13
letters long, we created the remaining names (to reach a
total of 25) by randomly combining 3- to 5-letter names.
We thus obtained 200 names. Next, we randomly changed
one letter in half of the names to introduce more vari-
ability in pronounceability and to reduce the association
between pronounceability and word length, which were
confounded in the study by Song and Schwarz.

An independent sample of 303 MTurk workers was
given a random sample of 50 names out of the 206 and
asked to rate pronounceability on a scale from 1 (easily
pronounceable) to 7 (hard pronounceable). To make it
easier to compare the results with those of Studies 1 to 6,
we reversed the average ratings such that the pronounce-
ability variable was higher for easier-to-pronounce items.
We also centered the variable by subtracting the mean of
pronounceability ratings from all values. The name length
was recoded on a scale from —0.5 to 0.5. The analysis was
conducted using only the newly constructed items, and
the mixed-effects model included random slopes for par-
ticipants for name length, pronounceability, and scenario.

Results

A preregistered analysis of the ratings of the rides showed
that rides with longer names were perceived as riskier,
1(230.3) = 5.18, p < .001, b = 0.71, 95% CI = [0.44, 0.98]
(Fig. 4, right graphs).” There was no significant effect of
pronounceability on riskiness ratings, #198.1) = —0.28,
p=.78,b=-0.01,95% CI = [-0.09, 0.07]. Participants gave
higher ratings in the scenario presented second than in
the scenario presented first, #947.7) = 3.82, p < .001, b =
0.16, 95% CI = [0.08, 0.24], and somewhat lower ratings in
the “undesirable risk” scenario than in the “desirable risk”
scenario, #(949.4) = =2.02, p = .04, b = —-0.05, 95% CI =
[-0.10, —0.00]. These effects were qualified by their inter-
action, #(953.3) = —4.31, p < .001, b = —0.21, 95% CI =
[-0.31, —-0.12], showing that the difference between
adventurousness and riskiness ratings was higher for the
scenario presented first. The effect of pronounceability
did not differ on the basis of name length, #(197.9) = 0.42,
p=.67,b=0.04,95% CI = [-0.13, 0.20], but it was stron-
ger for the “undesirable risk” scenario, #(18,749.3) =
-5.53, p < .001, b = =0.11, 95% CI = [-0.14, —0.07], than
for the “desirable risk” scenario.?

Given the scenario and order effects and the strong
confounding association between pronounceability and
name length, 7(204) = —.79, 95% CI = [-.84, —.74l], p < .001
(see also Fig. 4), we next analyzed the data for the two
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Fig. 4. Results from Study 7. The scatterplots (with best-fitting regression lines) on the left show the relationship between pronounceability
ratings and riskiness ratings for an undesirable risk (top) and the relationship between pronounceability ratings and adventurousness ratings for
a desirable risk (bottom). Words of different lengths are represented by different colors, from green (6 letters) to blue (13 letters). The graphs
on the right show the association between name length and riskiness ratings for an undesirable risk (top) and the relationship between name
length and adventurousness ratings for a desirable risk (bottom). Black crosses indicate the average riskiness and adventurousness ratings for
names of each length. For each word-length group, the points are shifted according to the items’ pronounceability rating, recoded on a scale
from —0.5 to 0.5 (mean pronounceability = 0). The pronounceability of the names is also represented by the color of the plotted points, from

blue (1; hard to pronounce) to red (7; easy to pronounce).

scenarios separately, using only the data from each partici-
pant’s first scenario. There was no significant association
between pronounceability and perceived risk for either of
the scenarios when name length was taken into account,
whereas name length still significantly predicted the rat-
ings. Furthermore, adding pronounceability as a predictor
to a model with name length did not improve the model,
whereas adding name length to a model with pronounce-
ability resulted in a significantly better fit. Therefore, the
pronounceability effect that was seen without inclusion of
name length as a predictor for both riskiness ratings,
€275.0) = =7.03, p < .001, b = -0.23, 95% CI = [-0.29,
—0.17], and adventurousness ratings, #(286.0) = -6.73, p <
001, b =-0.25, 95% CI = [-0.32, —0.17], could be entirely

driven by the association between pronounceability and
name length. Figure 4 (left graphs) suggests that the rela-
tionship between pronounceability and perceived risk
might be present for names of 7 and 13 letters. However,
analysis estimating the effect of pronounceability sepa-
rately for each name length yielded no significant pro-
nounceability effects. In summary, the pronounceability of
names of amusement-park rides was associated with their
predicted riskiness and adventurousness; however, this
effect disappeared when length of the names was taken
into account.

Study 3 by Song and Schwarz (2009) used only three
fluent and three disfluent items, and all the disfluent
items were longer than the fluent items. It was therefore
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not possible to evaluate the difference between the origi-
nal items and the newly constructed items with adequate
statistical power. However, we found no significant asso-
ciation between pronounceability and riskiness ratings
for the original items for either of the scenarios. Mean
riskiness ratings averaged across both scenarios were
4.98, 4.19, and 4.35 for the fluent items and 4.04, 4.69,
and 4.57 for the disfluent items, respectively. Curiously,
although we replicated the results of Song and Schwarz
in Studies 5 and 6 using only their original items, in Study
7 we obtained the opposite pattern of results—we found
the association between pronounceability and perceived
risk only with the newly constructed items, not with the
original items used by Song and Schwarz.

General Discussion

In the current research, we originally tested whether the
association between processing fluency and judgment of
risk differed depending on the category of evaluated
objects (Studies 1-4). Although we initially found some
support for the hypothesis, we obtained opposite results
when trying to replicate the findings. The unexpected
variability in the outcomes might have resulted from
treating stimulus as a fixed factor and using different
stimuli for each scenario: When we gave participants the
same stimuli for two scenarios in which we expected
opposite associations, we found no significant effect of
the scenario (Study 4). Moreover, the effects that we
believed supported our hypothesis were no longer statis-
tically significant when we conducted a more appropri-
ate statistical analysis in which we treated stimulus as a
random factor.

Next, we randomly created new stimuli to eliminate
any possible bias in the stimuli selection. Using these
newly constructed stimuli, we found no significant effect
of pronounceability on judgment of harmfulness. On the
other hand, when analyzing only the original stimuli
used by Song and Schwarz (2009), we found the original
effect even for new scenarios (Study 5). This pattern of
results was replicated even when using Song and
Schwarz’s original “food additives” scenario. Although we
found no overall effect of pronounceability on judgment
of harmfulness, we found an effect of pronounceability
on judgment of novelty for both the original stimuli and
the newly constructed stimuli (Study 6). In the final study,
using another scenario employed by Song and Schwarz,
we found the association between pronounceability and
perceived safety for the newly constructed stimuli. How-
ever, the effect might have been driven completely by
word length, which was confounded with pronounce-
ability in Song and Schwarz’s study. Furthermore, we did

not replicate the pronounceability effect with the original
stimuli used by Song and Schwarz.

In summary, the results show that the effect of pro-
nounceability on judgment of riskiness may be much
weaker than originally thought or even nonexistent.
Although we found the relationship between pronounce-
ability and perceived safety in the final study, the effect
seemed to be completely driven by the association
between pronounceability and name length. After con-
trolling for name length, the effect of pronounceability
disappeared. This is consistent with results of Studies 5
and 6, in which we found no significant effect of pro-
nounceability on perceived riskiness when using the
newly constructed names of the same length. Future
studies could investigate specific aspects of stimuli
responsible for the differences in the results obtained
with the newly constructed stimuli and with the original
stimuli in Studies 5 and 6, because it is possible that an
unknown feature other than fluency caused the apparent
association between fluency and perceived safety for the
original stimuli. Although the study casts doubt on the
effect of pronounceability on perceived risk, we repli-
cated the effect of pronounceability on perceived nov-
elty, and we found the association between word length
and judgment of risk. It is possible that word length itself
may be associated with processing fluency. Participants
were not asked to read the stimuli aloud, so it is possible
that pronounceability was a weaker manipulation of
reading fluency than word length. Nevertheless, the
degree to which the effect of word length is caused by its
association with processing fluency and the degree to
which it is caused by other factors (e.g., Lewis & Frank,
2016) remains an area of inquiry for future studies.

Our study underscores the importance of using ran-
dom sampling of stimuli and appropriate analysis meth-
ods in both original and replication studies (Fiedler, 2011;
Judd, Westfall, & Kenny, 2012; Westfall, Judd, & Kenny,
2015; Westfall et al., 2014). The results of Song and
Schwarz (2009) were replicated in three recent studies
(Cho, 2015; Dohle & Siegrist, 2014; Topolinski & Strack,
2010). However, two of the studies (Dohle & Siegrist,
2014; Topolinski & Strack, 2010) used the stimuli from
Song and Schwarz, and the third (Cho, 2015) used only
four different names; in all three studies, stimulus was
treated as a fixed factor. Our results show that possible
conclusions from these and similar studies are limited,
and psychologists should follow the advice of Judd et al.
(2012) to treat stimulus as a random factor if they want
their results to be generalizable.
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Notes

1. In all the studies reported here, a small number of participants
judged most items using the same rating. This behavior can be
perceived as noncompliance with instructions because these par-
ticipants probably did not try to read and judge individual items.
Therefore, we excluded data from these participants. The exclu-
sion was done ad hoc on the basis of the judgment of an author
blinded to participants’ condition in the first two studies (1 and 2)
and according to preregistered exclusion criteria for the next two
studies (3 and 4). The exclusion criteria as well as examination of
additional factors not relevant for the present article (e.g., instruc-
tions to read the names carefully, order effects) can be found at
the Open Science Framework (https://osf.io/fjs56). The number
of participants after exclusion is given in Fig. 1.

2. We did not continue data collection after analyzing data,
except in the case of Study 2, for which data were pooled from
two data sets. An additional study with a small sample size and
subpar methods is described at https://osf.io/tswqy.

3. We directly asked a separate sample of participants whether
within a given category, they expected exemplars with names
that were familiar or easy to pronounce to be more or less dan-
gerous. Although participants expected exemplars of prisoners,
cities in a war zone, and poisons to be more dangerous if they
had names that were familiar or easy to pronounce, they held
the opposite expectation for food additives, tourist destinations,
roller coasters, and medicines (the results can be found at the
Open Science Framework, https://osf.io/6ytdm).

4. Although we intended to change two letters in the names,
an error in code led to this deviation from the preregistered
protocol in Studies 5 and 6.

5. Including random slopes for pronounceability in a model,
as recommended by Barr, Levy, Scheepers, and Tily (2013), did
not change the results of this or the next study. We thus report
the results of preregistered analyses without the inclusion of
the random slopes.

6. A possible concern may be that the newly constructed names
might have retained some similarity to the names of the medi-
cines from which they were derived. To check this possibility,
we asked a separate sample of 210 participants to assess the
degree to which the names reminded them of the name of an
existing substance (1 = not at all, 7 = very). None of the names
reminded the participants strongly of the names of existing sub-
stances (all mean ratings were lower than 2.7), and there was
no difference between the newly constructed items and the
original names, #(48.0) = 0.17, p = .87, b= 0.02, 95% CI = [-0.21,
0.25]. For details of the analysis, see https://osf.io/cswyn.

7. Additional details of the analysis presented can be found at
the Open Science Framework (https://osf.io/eth4n).

8. However, we did not include the interaction between name
length and scenario in the model, so the interaction between
pronounceability and scenario may have been due to the asso-
ciation between name length and pronounceability.
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