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Previous research has found that category representations are highly malleable knowledge structures, varying
widely across different contexts and individuals. However, it has also been found that such malleability does not
apply equally to all types of category information. The present research further investigates the representational
malleability versus stability of natural taxonomic categories. Using perceptual fluency as means to induce
malleability, we explored whether malleability is moderated by the degree of typicality of category information.
In the first experiment, we found that fluency-based malleability only occurs for non-typical category in-
formation. In follow-up experiments, we investigated the boundary conditions under which such fluency-based
malleability occurs. Namely, in Experiment 2, we showed that the effect of fluency on non-typical features
disappeared when there is a sensory modality mismatch between study and test phases. Finally, in Experiment 3,
we demonstrated that this effect reappears in the modality mismatch condition when participants are given a
response deadline. The implications of these findings to current theories of category representation and the

perceptual fluency literature are discussed.
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1. Introduction

Categorization is one of our most fundamental cognitive abilities.
Without being able to categorize it would be impossible to make sense
and manage the vast amount of different information one is confronted
with in everyday life. Category representations are thus at the heart of
many other cognitive abilities such as the learning of new information,
inference-making, problem-solving, judgment, or language use
(Barsalou, 2008; Lakoff, 1987; Medin & Smith, 1984).

In the last several decades, research has taught us a lot about the
inner-workings of category representations. One aspect of category re-
presentations that seems now undisputed is their great malleability
depending on the context (for reviews, see Barsalou, 1987, 1993). For
example, the representation that one constructs for eagle at one occa-
sion (e.g., when watching a wildlife documentary) might include the
features wings, long claws, and fearless, whereas the concept constructed
at another occasion (e.g., when watching an eagle performing in a bird
show at a zoo) might include the features, wings, fast, and imposing.

However, malleability is not unlimited. Some studies have shown

that not all category information is equally permeable to contextual
influences (e.g., Barsalou, 1982; Garcia-Marques, Santos, & Mackie,
2006; Santos et al., 2012, 2017). That is, category representations seem
to possess two broad types of information with different degrees of
context dependency: high-accessibility information that is readily ac-
tivated and incorporated into one's representation of a category, irre-
spective of the context; and low-accessibility information, which is in-
formation that is incorporated into representations only when cued by
relevant contexts. These two types of information provide category
representations with the capacity of being both malleable and stable.
In the current paper, we further explored these two complementary
facets of category representations. For this purpose, we used perceptual
fluency (i.e., the experienced ease of processing low-level features that
deal with the recognition of the stimulus' physical identity) as a mean to
induce malleability in category representations. Perceptual fluency has
been shown to be a contextual variable with powerful effects on cog-
nition (for a review, see Alter & Oppenheimer, 2009). Thus, our first
goal was to investigate whether one could induce category malleability
through perceptual fluency. To our knowledge, only one study has
demonstrated effects of fluency on category representations
(Oppenheimer & Frank, 2008). Our second goal was then to understand
whether fluency-based malleability would extend to all category in-
formation or, instead, is limited to low-accessibility information. Our
third, and last, goal was to investigate another possible boundary
condition of fluency-based category malleability. Namely, we explored
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whether for perceptual fluency to cause malleability it would be ne-
cessary that people would perceive fluency as a relevant contextual cue
(e.g., Westerman, Lloyd, & Miller, 2002).

In the next paragraphs, we start by briefly reviewing relevant evi-
dence for representational malleability and stability of categories.
Then, we introduce perceptual fluency as a potential source of malle-
ability. Finally, we present our goal and hypotheses.

1.1. Malleability in category representation

Within a category, not all items are perceived as good examples of
that category. Some items are seen as better examples than others. That
is, all categories possess a graded structure in which the different
members of a category differ with respect to how representative or
typical of the category they are (e.g., Armstrong, Gleitman, & Gleitman,
1983; Barsalou, 1983, 1985; Rosch & Mervis, 1975; Rothbart & John,
1985). For example, people usually consider robin as a typical member
of the natural taxonomic category birds and ostrich as a non-typical one
(e.g., Rosch, 1973). Several different factors have been identified as
important determinants of an item's typicality. For example, Rosch and
Mervis (1975) showed that an item is typical to the extent that it is
similar to the category's central tendency, namely, to the most proto-
typical items. On the other hand, Barsalou (1983, 1985) showed that,
for goal-derived categories, the most typical items are the ones that
better serve the goal of the category.

Over the last decades, a large body of evidence accumulates to show
that the graded structure of categories is greatly constrained by con-
texts, goals, and recent experiences. In other words, categories are
malleable. For example, it has been shown that different linguistic
contexts give rise to different typicality orderings of items within the
same category (Roth & Shoben, 1983), or that taking different points of
view on a category results in substantially different graded structures
for the same category (Barsalou & Sewell, 1984). Recently, it has been
shown that even the type of action associated with an item can influ-
ence how this item will then be judged regarding typicality. Namely,
faces associated with a selection response during a study phase were
subsequently judged more typical of their gender category than faces
associated with an avoidance response (Ramos, Garcia-Marques,
Santos, & Carneiro, 2015). Thus, this research suggests that graded
structures are not fixed structures but instead that they reflect people's
goals, needs, and experiences. As argued by Barsalou (1985, 1987),
changes in the graded structure of a category reflect changes in its
current representation. Thus, graded category structure is a crucial
variable in the study of category representation.

Further evidence for the malleability of graded structures comes
from research looking at the stability of category representations over
time, within the same individual. For example, in a study exploring the
stability of common categories, McCloskey and Glucksberg (1978)
asked participants to make category membership judgments for the
same exemplar-category name pairs in two sessions one month apart.
Their results showed that participants often changed their minds about
whether an exemplar was or was not a member of a category.

But, researchers also obtained evidence for malleability in the
graded structure of social categories. In a series of experiments, Garcia-
Marques et al. (2006) assessed within-individual stability in the content
and use of social category representations across sessions with 2 to
4 weeks apart. Their experiments consistently found moderate corre-
lations between participants' responses (typicality ratings and property
verification) in the two sessions. Importantly, they showed that such
moderate correlations could be explained by context instability.
Namely, when the context was kept constant across two experimental
sessions, held 2weeks apart, there was a high correlation between
participants' responses in first and second sessions. However, when the
context created in the first session differed from the context of the
second session, the obtained correlation dropped substantially.

The research described above shows that graded structures are
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highly malleable (for more examples, see Barsalou, 1987, 1993). Such
malleability is an obvious quality of category representations as it al-
lows them to adaptively respond to a constantly changing environment.
However, too much malleability can also be dysfunctional. If category
representations were to be completely permeable to contextual influ-
ences, it would be impossible for them to ensure some of its main
functions such as, for example, saving the social perceiver from coping
with infinite information and allow him or her to go beyond the in-
formation given (e.g., Crocker, Fiske, & Taylor, 1984; Fiske & Taylor,
1984; Taylor, 1981).

And, indeed, both McCloskey and Glucksberg (1978) and Garcia-
Marques et al. (2006), found that not all category content is equally
malleable. Namely, McCloskey and Glucksberg (1978) observed that
participants had changed their minds more often for non-typical cate-
gory members (e.g., bookends - furniture) than for typical members
(e.g., chair — furniture). Similarly, Garcia-Marques et al. (2006) showed
that traits rated in the first session as more central to the category (e.g.,
dishonest — gypsy) were both more stable across sessions and more
likely to be retrieved first than less central traits.

Convergent with the idea that not all category content exhibits the
same degree of malleability, it has been shown (Santos et al., 2012) that
social category unrelated traits (e.g., friendly - computer programmers)
have a higher probability of being chosen as good descriptors of certain
target categories if they have been previously subtly primed by an ir-
relevant task. However, the same was not observed for typical traits
(e.g., intelligent - computer programmers), which were always chosen
as good descriptors of a category independently of the priming task (see
also Santos et al., 2017).

The research just cited suggests that typical category items are more
resistant to contextual influences than non-typical items. One possible
reason for this may reside on the high accessibility in memory of typical
information. Several studies have shown that, for example, typical
items are recalled earlier (Mervis, Catlin, & Rosch, 1976; Rosch, 1975;
Uyeda & Mandler, 1980) and responded faster (e.g., Fujihara, Nageishi,
Koyama, & Nakajima, 1998; Hampton, 1979; Larochelle & Pineu, 1994;
McCloskey & Glucksberg, 1979; Rips, Shoben, & Smith, 1973; Smith,
Shoben, & Rips, 1974) than non-typical items. According to Barsalou
1982, see also (Barsalou, 1989, 2017), high-accessibility information
has a higher likelihood of being incorporated into an individual's cur-
rent category representation, irrespective of the context, than low-ac-
cessibility information. As further suggested (Barsalou & Medin, 1986),
information that is highly diagnostic of a category, and information that
is functionally important, are likely to be processed frequently and
thereby to become more resistant to contextual influences.

As for category information that possesses an overall low-accessi-
bility in memory, it has been suggested that its inclusion in category
representations depends largely on whether it is cued by relevant
contextual variables or not (Barsalou, 1982). For example, three legs is
not the type of feature that immediately comes to mind when we read
the word chair unless it is cued by a relevant context such as modern art
museums. Low-accessibility information can either be stored in long-
term memory along with other category information or, instead, be
inferred online, namely from specific tasks or information currently
under one's focus of attention (see Barsalou, 1989).

The research described so far shows that category representations
can vary greatly depending on a number of contextual factors.
However, such variability or malleability seems to be restricted when a
subset of relatively low-accessibility items is made contextually acces-
sible, such as, for example, non-typical or non-central category items
(e.g., category-unrelated traits, see Santos et al., 2012). Note that we
are not arguing that high-accessibility typical or central items are al-
ways included into representations and are always stable. Research, in
fact, has shown that also these items are affected by contextual factors
(e.g., Garcia-Marques et al., 2006). The point we would like to make is
simply that relatively low-accessibility non-typical or non-central items
have a higher probability of being affected by contextual factors than
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high-accessibility items.

1.2. Perceptual fluency as a potential source of malleability

Perceptual fluency has been shown to be a relevant cue for a wide
variety of judgments (for a review, see Alter & Oppenheimer, 2009). For
example, people typically judge fluent stimuli as more familiar (Jacoby
& Dallas, 1981; Jacoby & Whitehouse, 1989; Whittlesea, 1993), more
pleasant (Reber, Winkielman, & Schwarz, 1998), more truthful (Reber
& Schwarz, 1999), more trustworthy (Alter, Oppenheimer, Epley, &
Eyre, 2007; Kelley & Lindsay, 1993), more famous (Jacoby, Kelley,
Brown, & Jasechko, 1989; Topolinski & Strack, 2009), more coherent
(Topolinski & Strack, 2009), and more likely to be encountered in the
future (Palma, Santos, & Garcia-Marques, 2017) than less fluent stimuli.

According to an influential account of fluency, the attributional
account (Jacoby, Kelley, & Dywan, 1989; Whittlesea & Williams,
2001a, 2001b; Unkelbach & Greifeneder, 2013), fluency is not directly
linked to the dimension that is being judged. In this view, when a sti-
mulus is unexpectedly fluent, people attempt to find a cause to assign
the experience of fluency. Thus, fluency is seen as a neutral experience
that can be interpreted as familiarity, pleasantness, truth, and so forth
depending on a number of contextual and subject-specific variables (for
an alternative account, see Winkielman, Schwarz, Fazendeiro, & Reber,
2003; see also T. Garcia-Marques, Mackie, Claypool, & Garcia-Marques,
2004, 2010).

Recently, perceptual fluency has also been linked to judgments
about natural taxonomic categories. Namely, in a series of experiments,
Oppenheimer and Frank (2008) manipulated the perceptual fluency of
exemplar-category (e.g., dog — mammal) name pairs and feature-cate-
gory name pairs (e.g., barks — dog) using a font type manipulation. Half
of the participants received a questionnaire printed in an easy to read
font (control condition) while the other half received the same ques-
tionnaire printed in a difficult to read font (disfluency condition). Re-
sults showed that disfluent exemplars and features were considered less
typical of the target categories than its fluent counterparts.

The results obtained in Oppenheimer and Frank's (2008) research
suggest that people relied on perceptual fluency as a useful cue for
deciding on the degree of typicality of exemplars and features for a
given category. These results are thus the first demonstration that
perceptual fluency causes malleability in the graded structure of cate-
gories and, therefore, on category representations. An open question
though is whether all category items are affected by perceptual fluency.
Although the authors report that category items ranged greatly in ty-
picality, they did not report any analysis separating the typical from the
non-typical items. Therefore, one does not know whether this fluency-
based malleability applies equally to all category items or, instead, is
mainly driven by non-typical or non-central items (see Garcia-Marques
et al., 2006Santos et al., 2012).

In fact, there is already some evidence in the literature suggesting
that the influence of perceptual fluency on categorization judgments
does not apply to all category items. Using a category-learning task,
Miles and Minda (2012) presented participants with a study phase
consisting of a set of distortions of a prototype shape. They were told
that these shapes belonged all to the same category. In the test phase,
participants saw a new set of distortions of the prototype and a new set
of unrelated distortions (created from another shape) and had to re-
spond whether each shape was a member of the previously learned
category. Critically, perceptual fluency of the shapes was enhanced
through repetition priming (Jacoby & Whitehouse, 1989). That is, in
some of the trials, the target shapes were subtly primed with identical
shapes while in other trials there was no priming. Results showed that
unrelated shapes primed with identical shapes (i.e., fluent shapes) were
judged as better category members than unprimed shapes. No effect of
fluency was observed for category members (distortions of the proto-

type).
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1.3. The present research

The present research aimed at further investigating the role of
perceptual fluency (enhanced through repetition priming; Jacoby &
Whitehouse, 1989) on the malleability of natural taxonomic categories
(Oppenheimer & Frank, 2008). Specifically, in the first experiment, we
investigated whether repetition priming effects are moderated by the
degree of typicality of category items. Based on previous research (e.g.,
Garcia-Marques et al., 2006; Miles & Minda, 2012; Santos et al., 2012),
we predicted that only non-typical items should be affected by per-
ceptual fluency induced by repetition priming. Unlike typical category
items, which are easily retrieved from long-term memory and included
in current category representations, non-typical items are highly de-
pendent on whether they are made relevant by contextual variables
such as perceptual fluency. In the second and third experiments, we
sought to investigate the boundary conditions to these effects. In
Experiment 2, we tested whether a necessary pre-condition for repeti-
tion priming to affect judgments, namely perceived relevance, also need
to be to induce category malleability. Drawing on previous research
(Westerman et al., 2002), we decreased the perceived relevance of the
perceptual fluency by manipulating the match between the sensory
modalities of a study phase and a test phase. We hypothesized that the
repetition priming effects on non-typical items would be minimized or
even eliminated when there was a sensory modality mismatch between
study and test. Finally, in Experiment 3, we investigated whether time
pressure potentiates the use of perceptual fluency on categorization
judgments, even when the relevance of perceptual fluency is decreased
by the modality mismatch manipulation.

2. Experiment 1

The goal of Experiment 1 was to test our hypothesis that the in-
fluence of perceptual fluency on categorization judgments depends on
the degree of typicality of category items. For this purpose, we used a
robust perceptual fluency manipulation - repetition priming (e.g.,
Brown & Marsh, 2009; Huber, Clark, Curran, & Winkielman, 2008;
Jacoby & Whitehouse, 1989; Palma et al., 2017). Participants were
presented with typical and non-typical category features names and had
to decide whether these features were characteristic (typical) of the
category that preceded them. We predicted an interaction between
feature type and prime type. That is, we expected to observe an effect of
perceptual fluency on non-typical features, with fluent features being
judged more typical of the category than non-fluent features, but not on
typical features.

2.1. Method

2.1.1. Participants

Forty-seven students from the University of Lisbon (34 women and
13 men) participated in this experiment. They were paid in exchange
for participation. Their mean age was 23.51 years (SD = 5.15; one
participant did not report her age).

In all experiments, participants gave informed consent prior to
participation. The Ethics Committee of the Faculty of Psychology of the
University of Lisbon approved this research. We report all data exclu-
sions, all manipulations, and all measures. The data from all studies are
available at the Open Science Framework website (https://osf.io/
gtrph).

2.1.2. Materials and procedures

The stimuli were a pool of 15 animal names and 60 features names
(see Appendix A). Half of these features were true and typical (e.g., bat
— blind) and half were true but less typical, that is non-typical (e.g., bat —
swims). Each animal exemplar had two features of each type. These
features were selected so that they were unique to the target animals.
Typical features were selected from a semantic feature norm corpus
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(McRae, Cree, Seidenberg, & McNorgan, 2005), based on two measures
of feature informativeness. Firstly, we selected the most distinguishing
features, that is, the ones that were associated with only one or two
animals. Secondly, we checked the degree of distinctiveness (a measure
that reflects the continuum from truly distinguishing to highly shared)
and chose the most distinctive ones. As for the non-typical features,
they were selected from relevant books and manuals on animal
anatomy and physiology. We avoided features with more than one
word. Furthermore, we checked if these non-typical features did not
appear in the above-mentioned norms (McRae et al., 2005), to assure
that they were not at some extend spontaneously produced by normal
adults. Thus, these features belonged to the target animals, but they are
not characteristic of them.

The experiment was run in sessions of up to 8 participants at a time.
Participants were seated in front of 60 Hz CRT computer screens in
individual workstations. All instructions and stimuli were presented on
the computer. Initial instructions informed participants that they would
be presented with several different pairs of animal-feature and that, for
each pair, they should decide whether the feature was characteristic
(typical) to the animal in question or not. Each trial started with a
fixation point (+) displayed in the center of the screen for 1000 ms.
Then, an animal name appeared embedded in a mask (e.g., xxxx bat
xxxx) during 1000 ms being immediately followed by a prime feature
(e.g., swims). The prime was shown for 30 ms. This presentation time is
in line with previous studies (e.g., Lloyd, Westerman, & Miller, 2003;
Palma et al., 2017; Westerman et al., 2002). After the prime, the animal
name that had been presented before was again displayed (e.g., xxxx
bat xxxx) for another 1000 ms, giving the impression that it had never
left the screen. Finally, the prime feature was again presented as a
target and remained on the screen until a response was made. Partici-
pants were instructed to respond “yes” (key P) if they thought the
feature was typical to the previously presented animal and “no” (key Q)
if they thought the feature was not typical of the previously shown
animal. Each animal name was presented four times, two times paired
with a typical feature and two times with a non-typical feature. The
order of the pairs was randomized for each participant. Upon com-
pleting the task, experimenters thanked and debriefed participants.

2.2. Results

In this and the following experiments, we report partial eta-squares
as effect sizes for omnibus ANOVA. For planned contrasts involving a
single degree of freedom in the F-ratio's numerator, we report Cohen's d
and the respective 95% confidence interval (CI 95%).! We adopted a
significance criterion of 0.05 in all statistical tests.

A 2 (feature type: typical, non-typical) X 2 (prime type: primed, not
primed) repeated-measures analysis of variance (ANOVA) was per-
formed on the proportion of “yes” responses. All cell means are shown
in Table 1. This analysis revealed a large main effect of feature type, F
(1, 46) = 1175.70, MSE = 0.02, p < 0.001, 1,2 = 0.96, showing that
typical features were considered better category members (M = 0.90,
SD = 0.11) than non-typical features (M = 0.24, SD = 0.16). The main
effect of prime type did not reach statistical significance, F(1,
46) = 3.27, MSE = 0.01, p = 0.077, n,> = 0.07. There was also a sig-
nificant interaction between feature type and prime type, F(1,
46) = 4.96, MSE = 0.01, p = 0.031, np2 = 0.10. Planned contrasts
showed that while non-typical features were judged more frequently as
typical of the category, F(1, 46) = 8.38, MSE = 0.01, p = 0.006,
d = 0.37 95% CI [0.08, 0.67], typical features were not influenced by
the priming manipulation, F(1, 46) = 0.02, MSE = 0.01, p = 0.898,
d = 0.02 95% CI [— 0.26, 0.31].

1 Cohen's d and 95% CI were calculated based on the formulas provided by Cooper,
Hedges, and Valentine (2009, p. 228-229). These formulas correct the effect size for
within-participant comparisons with the correlation between measures.
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Table 1
Mean proportion (and standard deviations) of “yes” responses as a function of feature
type and prime type (Experiment 1).

Feature type

Prime type Typical Non-typical
Primed 0.90 (0.11) 0.27 (0.15)
Unprimed 0.90 (0.09) 0.22 (0.13)

2.3. Discussion

Experiment 1 showed that repetition priming has an effect used as a
valid contextual cue to decide upon the category typicality of non-ty-
pical but not of typical items, which is in accordance with our initial
hypothesis. Thus, these results can be seen as an extension of the results
previously obtained by Oppenheimer and Frank (2008) in the sense that
they show that the role of perceptual fluency on category malleability is
restricted to non-typical category items.

3. Experiment 2

In Experiment 1, we showed that indeed perceptual fluency affects
feature typicality judgments, but only of non-typical items. In the
second experiment, we explored the limits of this effect, namely,
whether perceptual fluency always influences non-typical items.

Although perceptual fluency effects are widely documented in the
literature, previous research has also shown that there are certain fac-
tors that discourage the use of fluency on judgments (e.g., Gallo,
Perlmutter, Moore, & Schacter, 2008; Lloyd et al., 2015; Luka &
Barsalou, 2005; Westerman, 2001; Westerman et al., 2002; Westerman,
Miller, & Lloyd, 2003; Whittlesea & Williams, 1998; Wolk, Gold,
Signoff, & Budson, 2009). One of such factors is the perceived relevance
of perceptual fluency for the judgment at hand. Namely, it has been
demonstrated that fluency only affects responses when people perceive
it as a relevant cue to the judgments at hand, such as when the same
perceptual modality is used both for study and test (e.g., Gallo, Weiss, &
Schacter, 2004; Miller, Lloyd, & Westerman, 2008; Thapar &
Westerman, 2009; Westerman et al., 2002; Westerman et al., 2003).

For example, research by Westerman et al. (2002) tested the hy-
pothesis that people should interpret fluency as a relevant cue for the
previous experience if they are being tested in the same sensory mod-
ality in which they previously experienced the test items. On the other
hand, participants should not interpret fluency as a valid cue for their
previous experience when the test items were experienced in a different
modality. This hypothesis was based on the assumption that people's
reliance on perceptual fluency as a cue to memory stems from their
knowledge that previously experienced stimuli are perceived more
fluently than are novel stimuli (see Jacoby & Dallas, 1981). Across
several studies, they found that when the sensory modality of the study
and test phases matched (i.e., were both visual), the perceptual fluency
manipulation affected judgments. However, when the modalities mis-
matched, there was no effect of fluency.

Interestingly, Westerman et al. (2002) showed that this interaction
between sensory modalities and perceptual fluency persisted even when
there were no real target items presented during the study phase.
Namely, in their third experiment, these authors manipulated the
modality of a counterfeit study list (visual vs. auditory). The counterfeit
list was supposed to comprise subliminal test items according to what
participants were told, however, it was composed only of visual or
auditory noise. In the recognition test, always presented visually, par-
ticipants had to guess which words appeared on the counterfeit list.
Some of the words were made fluent through repetition priming
(Jacoby & Whitehouse, 1989). In the condition where the study and test
modalities mismatched, results showed that the J-W illusion was
greatly reduced.
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In a related vein, Lloyd et al. (2003) told their participants that
some of the words to be presented in a recognition test had been sub-
liminally shown in a previous (counterfeit) study list. To half of the
participants, they told each word appeared five times while to the other
half they told the words appeared only once. The goal of these different
instructions was to manipulate participants' expectations about the
amount of perceptual fluency that should be associated with test words.
The results showed that the influence of the priming manipulation
(embedded on the recognition test) was greater on the latter than the
former group, supposedly because these participants were expecting a
high amount of fluency to accompany targets, and the priming ma-
nipulation was too weak to influence their responses significantly.

Although the mechanism responsible for these modality results is
not yet entirely clear, some research points to discounting, namely
participants discount or disregard fluency in the modality mismatching
conditions (Kurilla & Gonsalves, 2012). Thus, taken together, the
findings describe above provide strong support to the argument that
people develop expectations for the amount of perceptual fluency as-
sociated with a prior study episode and that these expectations mod-
erate the interpretation that subjects adopt for the source of enhanced
fluency.

In Experiment 2, we extended Westerman et al.'s (2002) ideas to the
context of our task and tested whether manipulating the perceived re-
levance of perceptual fluency would impact the typicality judgments of
typical and non-typical features. For this purpose, we manipulated the
sensory modality of a counterfeit study list. We told half of the parti-
cipants that they would be presented with a list of features that people,
in general, consider typical of animals. For some of these participants,
the counterfeit study list was visual, while for others it was auditory.
They were then given a visual test in which they were presented with
primed and unprimed features and had to decide whether these be-
longed or not to the animals in question. We predicted that, when the
counterfeit list was presented visually, participants should interpret the
perceptual fluency (due to repetition priming) associated with some
non-typical features as a sign that those features were shown in the
previous study list composed by typical animal features. As a result,
they should be positively influenced by perceptual fluency (“if it feels
fluent then it might have been presented in the visual list composed by
typical features”). On the other, when the counterfeit list was presented
auditorily, people should not attribute the fluency associated with some
non-typical features to the study list because this list was presented in a
different modality. Thus, fluency should be partially or totally dis-
counted from their judgments. We did not predict typical features to be
influenced by fluency nor modality.

To the other half of the participants, we asked for judgments of
familiarity instead of typicality. That is, we asked them to guess whe-
ther the target words (features) had been presented in the (counterfeit)
study list or not, exactly as in Westerman et al. (2002; Experiment 3). In
this condition, we expected to replicate Westerman et al., namely
people should interpret fluency as a sign of previous experience only
when there was a match between study and test modalities.

3.1. Method

3.1.1. Participants

One hundred and sixty-two University of Lisbon students partici-
pated in this experiment for course credit (104 women and 58 men).
Their mean age was 21.78 years (SD = 6.81). Participants were ran-
domly assigned to one of four between-participants conditions (n's
ranging between 40 and 41).

3.1.2. Materials and procedures

The stimuli were the same of Experiment 1. All instructions and
stimuli were presented on the computer. The experiment consisted of
two phases. In the first phase, participants were presented with a
counterfeit study list. In the modality-match conditions, the counterfeit
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list was visual. Participants were told that they were going to be pre-
sented with a subliminal study list. They were further told that these
words would appear embedded in visual noise and would be presented
so quickly they would not be able to detect them; however, they should
keep their eyes on the screen during the entire presentation, even if
they could not identify the words. They saw 60 presentations of a visual
mask (#$%&/#"&$#). In the categorization condition, participants
were told that the words corresponded to features people, in general,
consider typical of animals. In the familiarity condition, nothing was
told about the nature of the words. In the modality-mismatch condi-
tions, the counterfeit list was auditory. Participants in these conditions
were told they were going to hear several words embedded in static
noises, similar to radio static. These noises were created from the
conversion of real word sound files (personality traits not included in
the judgments task; e.g., smart, strong, meticulous) into static noise
sound files, using a specialized software package (Voice processor Alex,
a text-to-speech system, from Mac OS X Leopard, 2007). They heard 60
noises played through headphones with 2 s of delay between each. The
noises had between 388 ms and 1049 ms of duration. In the categor-
ization condition, they were told that each noise corresponded to a
different feature that people, in general, consider being typical of cer-
tain animals. In the familiarity condition, they were only told each
noise corresponded to a different word.

In the second phase, a judgment task, consisting of 60 trials, im-
mediately followed the presentation of counterfeit study list. In the
categorization condition, the task was the same used in Experiment 1.
In the familiarity condition, the repetition priming task had some minor
differences comparing to repetition priming task used in categorization
condition. Participants first saw a blank screen for 1500 ms followed by
a fixation point (+) for 1000 ms. Then, a pre-mask consisting of a row
of number signs (#######+#+#) appeared for 250 ms, followed by a
prime feature for 30 ms. A post-mask was then displayed for 250 ms.
Following a 50ms blank screen, the target feature was presented.
Participants were asked to respond whether they thought the target
feature had been presented in the subliminal study list or not. In this
condition, they were told that some words had been presented in the list
and that some were new. They were further instructed that the words
presented subliminally may “feel familiar” and that they should re-
spond “yes” to those words, even if they did not remember having seen
them. Upon completing the task, experimenters thanked and debriefed
participants.

3.2. Results

A preliminary analysis revealed that six participants from the fa-
miliarity judgment condition responded “no” to all items, and, there-
fore, their data were not included in the main analyses. To facilitate the
interpretation of the results, we performed separate ANOVAs for each
condition (categorization and familiarity).

For the categorization condition, a 2 (list modality: visual, audi-
tory) x 2 (feature type: typical, non-typical) X 2 (prime type: primed,
not primed) mixed model ANOVA (see Table 2 for all cell means) re-
vealed a large main effect of the type of feature, F(1, 80) = 1314.50,
MSE = 0.02,p < 0.001,n,”> = 0.94, showing that typical features were

Table 2
Mean proportion (and standard deviations) of “yes” responses in the typicality judgment
condition as a function of modality, feature type, and prime type (Experiment 2).

Prime type Visual modality Auditory modality

Feature type Feature type

Typical Non-typical Typical Non-typical
Primed 0.88 (0.11) 0.28 (0.12) 0.87 (0.11) 0.24 (0.15)
Unprimed 0.89 (0.10) 0.21 (0.11) 0.85 (0.15) 0.24 (0.15)
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indeed considered more typical (M = 0.87, SD = 0.10) of the animals
in question than non-typical features (M = 0.24, SD = 0.11). The main
effect of prime type was statistically significant, F(1, 80) = 4.09,
MSE = 0.03, p = 0.046, np2 = 0.05, with more “yes” responses overall
to primed (M = 0.57, SD = 0.09) than unprimed features (M = 0.55,
SD = 0.09). There was a significant three-way interaction between list
modality, feature type, and prime type, F(1, 80) = 5.67, MSE = 0.01,
p = 0.020, npz = 0.07. As a reminder, we predicted an interaction be-
tween feature type and prime type in the visual modality condition but
not on the auditory modality condition. Planned contrasts indeed
showed the predicted interaction in the visual modality condition, F(1,
80) = 5.76, MSE = 0.01, p = 0.019, n,> = 0.07. That is, priming had a
significant effect on non-typical, F(1, 80) =9.58, MSE = 0.01,
p = 0.003, d = 0.54, 95% CI [0.21, 0.88], but not on typical features, F
(1, 80) =1.62, MSE = 0.01, p = 0.207, d = 0.23, 95% CI [—0.08,
0.54]. Regarding the auditory modality condition, the interaction be-
tween feature type and prime type was not statistically significant,
(F < 1, p = 0.336). See Table 2.

For the familiarity condition, a 2 (list modality: visual, audi-
tory) x 2 (feature type: typical, non-typical) X 2 (prime type: primed,
not prime) mixed ANOVA was also conducted on the number of affir-
mative responses (see Table 3 for all cell means). This analysis yielded
two significant main effects and one interaction. There was a main ef-
fect of the type of feature, F(1, 71) = 13.77, MSE = 0.01, p < 0.001,
npz = 0.16, with typical features being more recognized (M = 0.42,
SD = 0.19) than non-typical ones (M = 0.37, SD = 0.15). The main
effect of prime type was also significant, F(1, 71) = 17.25, MSE = 0.08,
p < 0.001, np2 = 0.19. Overall, primed features were given more “yes”
responses (M = 0.46, SD = 0.23) than unprimed features (M = 0.33,
SD = 0.20). This main effect was though qualified by an interaction
with the counterfeit list modality, F(1, 71) = 10.64, MSE = 0.08,
p = 0.002, npz = 0.13. Planned contrasts showed that the effect of the
prime on familiarity judgments only occurred in the condition where
the study list was presented visually, F(1, 71) = 27.88, MSE = 0.08,
p < 0.001, d =1.14, 95% CI [0.67, 1.61], and not in the condition
where the study list was presented auditory, F(1, 71) = 0.40,
MSE = 0.08, p = 0.534, d = 0.10, 95% CI [—0.22, 0.42]. No other
interactions or main effects were significant.

3.3. Discussion

The results of our second experiment extend the findings obtained in
the first experiment in that they showed that the influence of perceptual
fluency on category membership judgments of non-typical features is
moderated by modality congruence. Namely, people used fluency to
judge non-typical features only when study and test modalities were
congruent. In the familiarity judgment condition, the results success-
fully replicated previous findings by Westerman et al. (2002;
Experiment 3). This replication is also worthwhile highlighting as it is,
to our knowledge, the first one obtained by an independent lab.

4. Experiment 3
The results of Experiment 2 showed that perceptual fluency is

Table 3
Mean proportion (and standard deviations) of “yes” responses in the familiarity judgment
condition as a function of modality, feature type, and prime type (Experiment 2).

Prime type Visual modality Auditory modality

Feature type Feature type

Typical Non-typical Typical Non-typical
Primed 0.52 (0.28) 0.48 (0.26) 0.46 (0.24) 0.40 (0.20)
Unprimed 0.26 (0.22) 0.24 (0.21) 0.44 (0.25) 0.36 (0.20)
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sensitive to a modality mismatch between the different experimental
phases. Namely, participants discounted the fluency, created by re-
petition priming, from typicality judgments when the counterfeit study
list was presented auditorily. In the present experiment, we explored
the conditions under which such discounting process takes place, that
is, whether it occurs whenever study and test phases mismatch.

Research by Westerman et al. (2002; Experiment 2) had already
shown that participants do not always discount visual fluency from
their decisions when previously exposed to an auditory study list.
Namely, when the modality of the study list was manipulated within-
participants (i.e., participants were presented with two study lists, one
presented visually and one auditorily), the interaction between study
list modality and perceptual fluency did not occur. These results suggest
that as long as some modality mismatch is not diagnostic at the test,
participants will not disregard perceptual fluency and therefore be in-
fluenced by it.

Importantly, Gallo et al. (2008) suggested that this perceptual
mismatch effect may not be due to the reliance on a post-retrieval
monitoring strategy, that is, to an evaluation of the information that
comes to mind concerning their relevance for current goals. Instead, the
effect might be caused by an overall pre-retrieval orientation strategy to
avoid perceptual fluency as a cue when modality mismatch occurs.
Thus, contrary to a post-retrieval monitoring process, which would
occur on an item-by-item basis, ignoring the fluency coming from
priming can be considered a pre-retrieval orientation process adopted
for the entire test. This possibility was based on a study in which Gallo
et al. (2008) examined the role of the distinctiveness heuristic on the
use perceptual fluency. The distinctiveness heuristic is a strategy of
responding based on distinctive details of an experience people expect
to remember. When a novel item lacks the expected distinctive in-
formation, individuals use this absence of distinctive information to
reject the item. Thus, the distinctiveness heuristic is a kind of post-
retrieval monitoring strategy for reducing misattribution errors.

In their study, these authors asked participants to study a list of
words for a subsequent memory test. In one condition each word was
paired with a picture (mismatch condition; for a similar manipulation,
see Westerman et al., 2003), while in the other condition each word
was followed by the same word spoken over the computer speakers.
After this study phase, participants were given a recognition test in
which they had to decide if the words had been presented before or not.
Some of the words (targets and lures) were made fluent trough re-
petition priming (Jacoby & Whitehouse, 1989). Critically, half or the
participants were given a response deadline. They predicted that par-
ticipants would expect more distinctive recollections from pictures and,
therefore, would rely on this distinctiveness heuristic to make their
judgments rather than on perceptual fluency. Results showed that flu-
ency effects on familiarity judgments were substantially attenuated in
the mismatch condition when participants had time to decide, but, also
when participants were under time pressure. The results in the latter
condition were surprising because the distinctiveness heuristic is as-
sumed to be a time-consuming process and thus it should only occur
when participants are not under time pressure. This unexpected result
led the authors to conclude that the attenuation of the perceptual flu-
ency effects in the mismatch condition might have occurred through
some process other than a post-retrieval process.

Note, however, that results of Gallo et al. were obtained on re-
cognition and not on typicality judgments. It is therefore important to
examine whether the effects of modality mismatch on typicality judg-
ments are more compatible with a post-retrieval monitoring or with a
pre-retrieval orientation strategy.

Moreover, a large body of research has shown that manipulations
that place participants under sub-optimal processing conditions, such as
a concurrent task, tend to amplify people's reliance on subjective ex-
periences, such as perceptual fluency, over other possible sources of
information (e.g., Benjamin & Craik, 2001; De Houwer & Smith, 2013;
Jacoby, 1991; Jacoby, Woloshyn, & Kelley, 1989).
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Drawing on the research described above, in Experiment 3, we in-
vestigated whether time pressure moderates the modality mismatch
effect obtained in Experiment 2. If putting participants under time
pressure diminishes their capacity to use other sources of information to
inform judgments, then one can predict an effect of perceptual fluency
on typicality judgments not moderated by the modality of the coun-
terfeit study list. That is, when asked to respond quickly, participants
should not be able of easily dismissing perceptual fluency as irrelevant
to the typicality judgments in the auditory modality. As a result, they
should be influenced by repetition priming. Thus, in this condition
(speeded response condition), we expected a main effect of repetition
priming and no interaction with the modality. Conversely, when not
asked to respond quickly (non-speeded response condition), partici-
pants should not be affected by repetition priming in the auditory
modality condition, precisely as in Experiment 2.

4.1. Method

4.1.1. Participants

One hundred and fifty-nine University of Lisbon students partici-
pated in this experiment in return for course credit or money (97
women and 62 men). Their mean age was 22.74 years (SD = 8.07; one
participant did not report his age). They were randomly assigned to one
of four between-participants conditions (39 participants in the auditory
non-speeded condition and 40 in each of the remaining conditions).”

4.1.2. Materials and procedures

The stimuli were the same used in the previous two experiments and
the procedures followed those described in Experiment 2, with two
exceptions. First, in this experiment, all participants made category
membership judgments. Second, we manipulated the response dead-
line. Namely, half of the participants were instructed to respond as
quickly as possible. They were told they should try to make the category
membership judgments within 1s. When a response took longer than
1s, the message “Respond Now!” appeared on the screen. This message
remained on the screen until a response was given. Thus, the computer
recorded the responses given before and after the 1s deadline. For the
other half of the participants, no response deadline was given (like in
the previous experiments). Upon completing the task, experimenters
thanked and debriefed participants.

4.2. Results

An independent t-test confirmed that participants in the speeded
response condition were faster (M = 1407 ms, SD = 682 ms) to judge
the features than participants in the non-speeded response condition
(M = 2112ms, SD = 959ms), t(157) = —5.34, p < 0.001. To facil-
itate the interpretation of the results, we performed separate ANOVAs
for the non-speeded response condition and the speeded-response
condition.

For the non-speeded response condition, a 2 (list modality: visual,
auditory) x 2 (feature type: typical, non-typical) X 2 (prime type:
primed, not primed) mixed model ANOVA (see Table 4 for all cell
means) showed a large main effect of feature type, F(1, 77) = 1571.40,
MSE = 0.02, p < 0.001, npz = 0.95, with typical features being con-
sidered more typical (M = 0.88, SD = 0.15) than non-typical features
(M = 0.23, SD = 0.16). The main effect of prime type was also sig-
nificant, F(1, 77) = 6.26, MSE = 0.005, p = 0.014, np2 = 0.07. Overall,
participants gave more “yes” responses to primed (M = 0.56,
SD = 0.13) than unprimed features (M = 0.54, SD = 0.13). There was

2 We aimed at collecting data from 160 participants (40 in each condition), however,
due to a mistake (we counted the same participant twice) we ended up with one parti-
cipant less in one of the conditions. We noticed this issue only when we were analyzing
the data and, therefore, we decided not to run an extra participant.
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Table 4
Mean proportion (and standard deviations) of “yes” responses in the non-speeded re-
sponse condition as a function of modality, feature type, and prime type (Experiment 3).

Prime type Visual modality Auditory modality

Feature type Feature type

Typical Non-typical Typical Non-typical
Primed 0.88 (0.13) 0.25 (0.13) 0.89 (0.13) 0.23 (0.13)
Unprimed 0.83 (0.12) 0.22 (0.12) 0.89 (0.12) 0.23 (0.12)

also a significant interaction between list modality and prime type, F(1,
77) = 5.74, MSE = 0.005, p = 0.019, npz = 0.07. Planned contrasts
showed that priming had an effect on typicality judgments in the visual
modality condition, F(1, 77) =12.15, MSE = 0.005, p < 0.001,
d = 0.39, 95% CI [0.07, 0.70], but not in the auditory modality con-
dition (F < 1, p = 0.940. Surprisingly, the three-way interaction be-
tween list modality, feature type, and prime type was not statistically
significant (F < 1, p = 0.719). In order to understand why this inter-
action did not reach significance, we performed planned contrasts
within each modality condition. In the visual modality condition, there
was a main effect of prime type, F(1, 78) = 12.27, MSE = 0.005,
p = 0.001, n,® = 0.14 but no interaction between this factor and fea-
ture type (F < p = 0.528). This means that repetition priming occurred
both for typical and for non-typical features, in contrast to the results of
the previous studies in which repetition priming was only effective for
non-typical features. We will address this discrepancy later. In the au-
ditory modality condition, there was no main effect of prime type
(F < 1, p = 0.940) nor an interaction between this factor and feature
type (F < 1, p = 0.908). See Table 4.

For the speeded response condition, a 2 (list modality: visual, au-
ditory) X 2 (feature type: typical, non-typical) X 2 (prime type:
primed, not prime) mixed ANOVA revealed a main effect of list mod-
ality, F(1, 78) = 4.53, MSE = 0.03, p = 0.036, 1,2 = 0.05, showing
more affirmative responses in the auditory modality (M = 0.57,
SD = 0.09) than the visual modality (M = 0.52, SD = 0.09). The main
effect of feature type was again highly significant, F(1, 78) = 1042.42,
MSE = 0.03, p < 0.001, npz = 0.93; typical features were indeed
judged as more typical (M = 0.84, SD = 0.16) of the animals in ques-
tion than non-typical features (M = 0.25, SD = 0.19). The expected
main effect of prime type was also significant, F(1, 78) = 10.47,
MSE = 0.01, p = 0.002, n,> = 0.12, showing that primed features were
given more “yes” responses (M = 0.56, SD = 0.14) than unprimed
features (M = 0.53, SD = 0.15). There was no interaction between
feature type and prime type (F < 1, p = 0.334) nor interaction be-
tween these two factors and list modality (F < 1, p = 0.969). See
Table 5.

4.3. Discussion

The main goal of this experiment was to investigate whether
speeding typicality judgments would undermine the effect of modality
mismatch on the efficiency repetition priming. And, indeed, under a
short response deadline, the modality mismatch between study and test
ceased to moderate the efficacy of repetition priming. This result con-
trasts with the results obtained by Gallo et al. (2008) as these authors
found a reduction of repetition priming in the mismatch condition
under time pressure. Note, however, that this reduced effect of repeti-
tion priming under time pressure was obtained with recognition judg-
ments while ours was with typicality judgments. In our case, to adopt
an overall pre-retrieval orientation to entirely avoid fluency as a cue for
typicality would be less functional because conceptual fluency (i.e., the
experienced ease that accompany meaning extraction and the abstract
categorization of stimuli) is an intrinsic and highly diagnostic char-
acteristic of typical items. This is not the case for an episodic memory
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Table 5
Mean proportion (and standard deviations) of “yes” responses in the speeded response
condition as a function of modality, feature type, and prime type (Experiment 3).

Prime type Visual modality Auditory modality

Feature type Feature type

Typical Non-typical Typical Non-typical
Primed 0.83 (0.12) 0.25 (0.15) 0.88 (0.12) 0.30 (0.15)
Unprimed 0.81 (0.14) 0.21(0.15) 0.85 (0.14) 0.25 (0.15)

task (as the one of Gallo et al.) in which the study list was composed of
arbitrary items. And, in fact, feature typicality always made a difference
for typicality judgments both under modality match and mismatch
conditions. Thus, in our case, the effects of modality mismatch seem to
correspond to a post-retrieval strategy (carried out at test on item-per-
item basis) by which, under modality match, features felt as fluent ei-
ther conceptually and/or perceptively fluent are indiscriminately
judged as typical whereas, under modality mismatch, only conceptually
fluent features (but not perceptively) are accepted as typical.

Under time pressure, however, participants would only be able to
discriminate between conceptual and perceptual fluency and repetition
priming would again emerge under modality mismatch.

One surprising result was that, unlike with what happened in our
previous experiments, repetition priming effects emerged with typical
features (but were apparently weaker than the same effects found with
non-typical features). To address this discrepancy and assess the relia-
bility of this effect we performed a meta-analysis.

5. Meta-analysis

The main hypothesis tested in the present set of experiments was
that perceptual fluency influences category membership judgments,
however such influence is moderated by the degree of typicality of the
category features. Namely, fluency should influence the judgments of
non-typical but not of typical category features. We found support for
this hypothesis in the first two experiments, but not in the third. In the
latter experiment, perceptual fluency affected both types of features.
Thus, in order to obtain a more precise estimate of the influence of
perceptual fluency, we conducted a meta-analysis on three key findings:
(a) the interaction between feature type and prime type (contrast codes:
1, —1, 1, —1); (b) the comparison between primed versus not primed
non-typical features (contrast codes: 0, 0, 1, —1); and (c) the compar-
ison between primed versus not primed typical features (contrast codes:
1, —1, 0, 0). We used a statistical tool developed by McShane and
Bockenholt (2017) for single-paper meta-analyses (SPM).°>  See
Appendix B for a brief explanation of this tool.

Thus, we entered in the SPM tool the relevant data (i.e., proportions,
standard deviations, covariances, and sample sizes) from each experi-
ment. Namely, on Experiment 1 we selected the all data (N = 47). From
Experiment 2, we retrieved the data concerning the categorization
judgments on the visual modality condition (N = 41), because this was
the condition where we expected an interaction between feature type
and prime type. Finally, from Experiment 3, we retrieved the data of the
non-speeded judgments on the visual modality condition because
(N = 40), again, this was the only condition where we predicted to
obtain our interaction. The SPM tool yielded a significant interaction
contrast (Estimate = 0.07; 95% CI: 0.02, 0.11; SE = 0.02; z = 3.06,
p = 0.002). Consistent with our hypothesis, the priming contrast was
significant for the non-typical features (Estimate = 0.05; 95% CI: 0.02,
0.08; SE = 0.02; z = 3.00, p = 0.003) but not for the typical features
(Estimate = 0.02; 95% CI. —0.01, 0.05; SE =0.01; z=1.22,

3 http://www.singlepapermetaanalysis.com.
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p = 0.222). Additionally, I* was estimated at 63.24% (95% CI:
19.75%-81.28%), suggesting a moderate heterogeneity (see Higgins &
Thompson, 2002; Higgins, Thompson, Deeks, & Altman, 2003; Pigott,
2012).

The results of the meta-analysis thus suggest that, taken together,
the three experiments provided reliable results in support our main
hypothesis that fluency-based malleability is more pronounced for non-
typical than to typical category features.

6. General discussion

In the current set of experiments, we investigated whether percep-
tual fluency (enhanced through repetition priming) can cause category
malleability and whether such malleability is total or limited to a subset
of category items. In Experiment 1, we tested the hypothesis that re-
petition priming would influence typicality judgments but only of non-
typical category items. The results supported this hypothesis. In
Experiment 2, we investigated whether decreasing the perceived re-
levance of perceptual fluency would affect its influence on judgments of
typicality. For this purpose, we manipulated the modality congruence
between a study and a test phase (see Westerman et al., 2002). We
again found an effect of repetition priming on non-typical but not on
typical items, thus replicating our previous results. Importantly, this
effect was moderated by modality congruence. Namely, it only occurred
when there was a match between study and test modalities. When there
was a mismatch, both types of features were immune to repetition
priming, supposedly because people did not expect a previous auditory
learning episode to be relevant for the visual test.

Finally, in Experiment 3, we explored the role of time pressure in
combination with the modality manipulation employed in Experiment
2. Previous research has shown that people are more prone to use
perceptual fluency when the task includes a short response deadline.
(e.g., Westerman, 2001). However, Gallo et al., 2008 found that the
effect of modality mismatch still occurred under time pressure and
suggested that modality mismatch results were due to a pre-retrieval
orientation (that is, a strategic decision regarding overall test perfor-
mance, in this case, a decision to ignore fluency as cue). As Gallo et al.,
2008 used recognition judgments and we used typicality judgments, it
was important to test the effect of speeding typicality responses.
Experiment 3 explored this question. Our results showed that the
modality mismatch ceased to moderate the effects of repetition
priming. Namely, repetition priming influenced judgments of typicality
on both modality conditions. Importantly, this effect did not occur
when participants were not under time pressure.

Our results are thus incompatible with a pre-retrieval global or-
ientation to avoid fluency as a cue (Gallo et al., 2008). Instead, our
results are better explained by the effect of a retrieval response strategy
based on indiscriminate fluency when study and test sensory modalities
matched. That is, a response strategy that conflates perceptual and
conceptual fluency as a cue for responding. We propose that when there
was a modality match, for the non-typical features, participants relied
only on the perceptual fluency derived from repetition priming whereas
for the typical features, participants relied both on the conceptual flu-
ency associated with these features and on the perceptual fluency
stemming from priming. When there was a modality mismatch, how-
ever, participants relied only on the conceptual fluency associated with
typical features. Under time pressure to respond, however, this retrieval
response strategy based on indiscriminate fluency was compromised
and participants would no longer be able to use perceptual and con-
ceptual fluency differentially and thus participants responded to typical
and atypical features identically.

One surprising result of this experiment was the perceptual fluency
influence on the both types of features in the non-speeded response
condition. Consistent with our main hypothesis, a meta-analysis of the
effect of perceptual fluency on the non-typical versus typical features
across the three experiments showed a much stronger effect for first
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than the latter. However, it may be possible that repetition priming
effects for typical features can emerge but have a smaller magnitude
than the same effects for non-typical effects.

6.1. Implications for theorizing on category representation

In our view, the present results have important implications for
current research and theorizing on category representation. First of all,
our results extend previous work by Oppenheimer and Frank (2008) in
that they also show that perceptual fluency can cause category malle-
ability, however its impact is much stronger on non-typical items. As
addressed before, Oppenheimer and Frank (2008) mentioned in their
paper that they used features with different degrees of typicality,
however, they did not report any analysis separating typical from less
typical features.

Second, our results resonate with studies showing malleability
within category representations is moderated by the degree of typicality
or centrality of category items. For example, work by Santos and col-
leagues showed that only non-typical information (i.e., personality
traits with certain social categories) was influenced by a subtle priming
manipulation implemented prior to a property verification task (Katz &
Braly, 1933) in which participants had to select the traits that best
described the individuals of one specific social category (childcare
professionals or computer programmers). Further research suggested
that this effect is caused by both the subtle activation of the traits and
people's poor self-monitoring capabilities such that, if participants are
asked to think about the target social category before the priming task,
the likelihood that unrelated traits will be picked as good descriptors of
a category drops substantially (see Santos et al., 2017).

In our research, why did perceptual fluency have larger effects on
non-typical category items? In the case of non-typical items, it is not
surprising that people used perceptual fluency as a signal to typicality
judgments because these features lacked clear conceptual fluency cue
values. Thus, our results suggest that perceptual fluency has a higher
probability of influencing typicality judgments when people are
somewhat uncertain about the degree of typicality of the target item.
That is, they lack other (more diagnostic) informational cues on which
to base their judgment. For example, when asked whether the feature
swims belong to a bat, one could think that a bat is a flying animal,
however, there are some birds, insects and even fishes that can fly and
swim. In situations like this, perceptual fluency has a higher probability
of being used to inform one's judgments.

Regarding typical category items, why were they less affected by
perceptual fluency? Two related possibilities are, on the one hand, that
the degree of judgment accuracy for these items is very high (sometimes
near the ceiling) and, on the other hand, that they are already accom-
panied by a feeling of fluency resulting from their high accessibility
level in memory (e.g., Fujihara et al., 1998; Hampton, 1979; Mervis
et al., 1976; Reber, Schwarz, & Winkielman, 2004; Uyeda & Mandler,
1980). The combination of these two factors leaves little room for the
impact of fluency coming from repetition priming (see Miles & Minda,
2012). This is not to say that perceptual fluency will never influence
typical items. As seen in Experiment 3, when for some reason the per-
formance accuracy on typical items decreases, perceptual fluency might
play a role in typicality judgments.

In fact, this effect of perceptual fluency on highly accurate judg-
ments is not restricted to typicality judgments. For example, it has been
argued that the effect of processing fluency on truth judgments is
moderated by stored knowledge. Namely, fluent statements are judged
“true” more often than disfluent ones, but only when participants lack
knowledge about the statements' veracity, like when sentences are
unknown to participants (Unkelbach, 2007). Recent research by Fazio,
Brashier, Payne, and Marsh (2015) has, however, challenged this con-
clusion. In their study, in their study, they found that repetition in-
creased statements' perceived truth, regardless of stored knowledge.
They propose that although people might possess the relevant stored
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knowledge, sometimes they fail to bring their knowledge to bear and/or
to appropriately apply it. In these cases, people rely on indiscriminate
fluency.

6.2. Implications for theorizing on perceptual fluency

The present findings may also have some implications for the per-
ceptual fluency literature. Namely, in Experiment 2, we showed that
visual perceptual fluency ceased to be used as a cue to typicality when
the previous learning experience was auditory. These results are thus in
line with previous work exploring the role of fluency on recognition
judgments. As it has been demonstrated, people possess metacognitive
knowledge about the types of learning episodes that give rise to later
fluency, and they are capable of using that knowledge to regulate the
influence of fluency upon their judgments (e.g., Lloyd et al., 2003;
Miller et al., 2008; Westerman et al., 2002, 2003). For example, work
by Westerman et al. (2002, 2003) showed that changing the sensory
modalities (auditory-visual) and forms (pictures-words) between study
and test reduce the validity of fluency as a sign of prior experience with
a stimulus. Therefore, our findings also have implications for the lit-
erature on fluency effects as they reinforce the idea that the inter-
pretation and translation of fluency into judgments is a very sophisti-
cated process.

Although we had no particular expectations regarding the role of
time pressure on typical features, the effect obtained for typical features
in this condition is not entirely surprising. Namely, previous research
has shown that when judgments are made under sub-optimal condi-
tions, such as when participants are given a response deadline, they
have a higher likelihood of relying on fluency cues even when other
more diagnostic cues are also available (e.g., Westerman, 2001).

We interpret the absence of a fluency effect in the auditory modality
condition as evidence that people are reluctant to attribute the visual
fluency caused by repetition priming to a study list that was presented
auditorily. In other words, the modality mismatch between study and
test compromises the relevance of the perpetual fluency. Thus, despite
the fact that the content of the study list (typical features) was highly
relevant to the test, participants did not attribute such fluency to the
auditory study list when confronted with visually fluent non-typical
features. As a result, they were less influenced by fluency than parti-
cipants who were presented with a visual study list.

Although our hypothesis and results are consistent with the attri-
butional account of fluency (Jacoby et al., 1989; Westerman et al.,
2002), there might be some open questions that need further research.
For example, repetition priming effects are usually taken to reflect
perceptual fluency, but, to differentiate between typical and non-typical
features, conceptual fluency is probably involved. Importantly, it has
been shown that conceptual fluency (produced by predictive sentence
stems) is resistant to modality manipulations like the one employed in
the current experiments (see Miller et al., 2008). Thus, if our repetition
priming manipulation also induces conceptual fluency, as it has been
suggested by some research (Silva, T. Garcia-Marques, & Mello, 2016),
why would the responses seem to ignore fluency cues?

Our answer to this question is that under modality match, partici-
pants do not need to discriminate between perceptual and conceptual
fluency. And, our results suggest they don't. That is, we obtained both
typicality (an indication of the use of conceptual fluency) and repetition
priming (an indication of the use of perceptual fluency). However,
under modality mismatch, participants cease to rely on, in this case,
irrelevant perceptual fluency and accept as typical the features with
strong conceptual fluency (i.e., typical features). As this selection and
discrimination between types of fluency supposedly require time and
resources, indiscriminate fluency again affects typicality judgments
under time pressure, both under modality match and mismatch, and
thus typicality and repetition priming effects are found under these
conditions.
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6.3. Conclusion

The present work shows that perceptual fluency induced by re-
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displaying malleability, but also stability, depending on the context.

petition priming can induce category malleability, but that such mal-

leability is not unlimited. Namely, it is more pronounced for non-typical
category information, in situations in which perceptual fluency is per-
ceived as a relevant cue to the judgment task and only when partici-
pants possess the resources to discriminate between perceptual and
conceptual fluency. These results are thus consistent with a dynamic
view of category representations in which these are capable of

Appendix A

Typical and non-typical features used in both experiments.
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Animal names

Typical features

Non-typical features

Bat
Butterfly
Camel
Cat
Crab
Chicken
Dog
Dolphin
Goat
Octopus
Pig

Rat
Spider
Tortoise
Whale

caves, blind

cocoon, delicate
humps, spits

purrs, independent
claws, sand

cluck, henhouse
barks, cats

trainable, communicates
beard, cheese
tentacles, suction cups
bacon, squeals
sewers, diseases
webs, poison
longevity, slow
spouts, breathe

swims, crest

scales, horn
ruminant, hunch
grunts, photopic
hemocyanin, gills
bladder, keel
boletus, appendix
wrinkles, electroreceptors
metacarpal, tears
autotomy, beak
cartilage, invendveis
vomits, clay
binocular, tarsus
teeth, scales
whistles, swallows

Notes. The features were freely translated from the Portuguese. The feature “suction cups”, in Portuguese, is only one word (“ventosas”). We could
not find a good English translation for the feature invendveis, which basically means that pigs can hardly be killed by poisonous animals or foods.

Appendix B

The single-paper meta-analyses (SPM) is a statistical tool developed by McShane and Bockenholt (2017) specially tailored to meta-analyze a set of
experiments. The SPM tool is user-friendly because it requires only basic summary information (e.g., means, standard deviations, and sample sizes).

The SPM tool returns individual estimates for each one of experiments analyzed and one SPM estimate. Each estimate is accompanied by 50% and
95% intervals. The tool also yields an SPM heterogeneity estimate (I?) that gives the percentage of the variation in the observations (beyond that
attributable to the experimental manipulations). Pigott (2012) provides guidance on the typical size of I? in behavioral research. This author defines
low heterogeneity as I> = 25%; medium heterogeneity as I> = 50%, and high heterogeneity as I = 75% (see also Higgins & Thompson, 2002).

The authors provide an easy-to-use website that implements the SPM methodology (http://www.singlepa permetaanalysis.com/). This website
includes a detailed tutorial that shows how use this tool.
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