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Abstract The prototype distortion task demonstrates that it is
possible to learn about a category of physically similar stimuli
throughmere observation. However, there have been few attempts
to test whether different encoding conditions affect learning in this
task. This study compared prototypicality gradients produced un-
der incidental learning conditions in which participants performed
a visual search task,with those produced under intentional learning
conditions in which participants were required to memorize the
stimuli. Experiment 1 showed that similar prototypicality gradients
could be obtained for category endorsement and familiarity rat-
ings, but also found (weaker) prototypicality gradients in the ab-
sence of exposure. In Experiments 2 and 3, memorization was
found to strengthen prototypicality gradients in familiarity ratings
in comparison to visual search, but therewere no group differences
in participants’ ability to discriminate between novel and presented
exemplars. Although the Search groups in Experiments 2 and 3
produced prototypicality gradients, they were no different in mag-
nitude to those produced in the absence of stimulus exposure in
Experiment 1, suggesting that incidental learning during visual
search was not conducive to producing prototypicality gradients.
This study suggests that learning in the prototype distortion task is
not implicit in the sense of resulting automatically from exposure,
is affected by the nature of encoding, and should be considered in
light of potential learning-at-test effects.
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A key debate within the category learning literature pertains
to whether some kinds of category structures can be learned
implicitly andwhether they recruit independent neural struc-
tures to explicit learning (Ashby, Alfonso-Reese, Turken, &
Waldron, 1998; Ashby & Maddox, 2005, 2011; Poldrack &
Foerde, 2008; Smith&Grossman, 2008). One paradigm that
is central to the debate is the A/Not-A prototype distortion
task. In this task, participants are exposed to a set of exem-
plars that are generated by distorting a prototype, creating a
category of stimuli that are physically similar to each other
and whose average is the prototype. Learning about the cate-
gory (A) is evident if participants can subsequently distinguish
between novel exemplars and foils (make accurate A/Not-A
judgements), or if the prototype is given the highest category
endorsement on test (e.g., Posner & Keele, 1968).
Alternatively, learning may be evident if, when judging novel
exemplars of varying distortion levels, category endorse-
ments, or recognition judgements vary as a function of the
similarity of the exemplars to the category prototype. This
pattern of generalization, referred to as a prototypicality gra-
dient, is present when the highest category endorsement or
recognition is given for low distortions of the prototype and
lowest endorsement or recognition is given for high distor-
tions of the prototype. These effects (collectively referred to
as prototype effects) can all be taken as evidence that partici-
pants have learnt something about the similarity structure of the
category. Learning in the prototype distortion task has been
labeled as implicit because of seemingly intact categorization
performance in amnesic patients, coupled with the incidental
nature of the exposure conditions, each of which will now be
reviewed.
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Intact category learning in memory-impaired
patients

Prototype effects are often regarded as implicit because of
several striking studies that have reported intact categoriza-
tion in memory-impaired patients (Bozoki, Grossman, &
Smith, 2006; Kéri, Kálmán, Kelemen, Benedek, & Janka,
2001; Kéri et al., 1999; Knowlton & Squire, 1993; Reed,
Squire, Patalano, Smith, & Jonides, 1999). The earliest
study demonstrating this was by Knowlton and Squire
(1993), who measured categorization and recognition per-
formance in amnesic patients and healthy controls after be-
ing exposed to a series of dot patterns centered around a
prototype (for a description of these stimuli, see Posner,
Goldsmith, & Welton, 1967; Posner & Keele, 1968).
Amnesic and control participants were asked to point to
the dot closest to the middle of each stimulus and were then
told to use any knowledge they had acquired in a subsequent
categorization and recognition test. While control partici-
pants were able to discriminate between category exemplars
that they had previously seen, and category exemplars that
were novel on test, amnesic patients were impaired at dis-
criminating between new and old exemplars and yet still
displayed categorization performance equivalent to the nor-
mal controls (see also Knowlton, Mangels, & Squire, 1996,
for a similar finding in probabilistic category learning;
Knowlton, Ramus, & Squire, 1992, for a similar finding in
artificial grammar learning; and Squire & Knowlton, 1995,
for a related case study). A similar result was found by Kéri
et al. (2001; see also Kéri et al., 1999) using the same dot
pattern stimuli, with impaired explicit recognition but
equivalent A/Not-A categorization performance in patients
with mild to moderate Alzheimer’s disease relative to a con-
trol group. These studies (see also Bozoki et al., 2006; Reed
et al., 1999, for similar results with different stimuli) seem to
provide evidence for a dissociation between categorization
and recognition memory, suggesting the existence of a sep-
arate system that can learn about categories in the absence of
declarative knowledge.

However, there are some issues with these studies that
limit their interpretation. The original demonstration by
Knowlton and Squire (1993), while compelling, has been
criticized on the basis of using stimuli that generate a
Bfalse^ prototype effect, where a prototypicality gradient
can result even in the absence of exposure (Nosofsky,
Denton, Zaki, Murphy-Knudsen, & Unverzagt, 2012;
Palmeri & Flanery, 1999; Zaki & Nosofsky, 2004). These
studies suggest that participants are relying on working
memory and learning about the category on test in an ex-
plicit fashion (Palmeri & Flanery, 1999). This learning-at-
test effect may be especially pronounced if the test phase
contains a large proportion of low-distortion exemplars and
foils that make the contrast between categorical and

noncategorical stimuli obvious (Nosofsky et al., 2012), or
if the test phase contains a large number of low-distortion
exemplars and prototype presentations which could high-
light the prototypical features of the category (Zaki &
Nosofsky, 2004).

Another issue concerns the small sample sizes that these
studies (e.g., Knowlton & Squire, 1993; Reed et al., 1999)
typically use. Since the dissociation requires a null effect
(that performance on categorization is equivalent between
amnesic and control groups), a small sample size means that
there will be less power to detect a possible group difference
if one exists. However, a large difference in recognition
accuracy that naturally results from comparing memory-
impaired participants with healthy participants might still
be detected. Zaki (2004) confirmed this hypothesis in a
meta-analysis on 12 studies that compared memory-
impaired participants against controls on performance in
various category-learning tasks, a subset of which were
prototype distortion tasks. Contrary to the suggestions of
the studies mentioned above, it was concluded that there
was indeed an overall impairment in categorization perfor-
mance in amnesic patients, consistent with the idea that
prototype effects are dependent on declarative memory and
underpinned by a single memory system.

Assuming that the intact prototype effects in amnesic
patients are in fact due to exposure, Nosofsky and col-
leagues (Nosofsky & Zaki, 1998; Zaki, Nosofsky, Jessup,
& Unverzagt, 2003) proposed that the dissociations
discussed above can still be explained using a single sys-
tem of memory. Dissociation can be predicted even if a
common ability (e.g., sensitivity in discriminating between
distinct exemplars in memory) underlies both categoriza-
tion and recognition tasks if we assume that this ability is
deficient in amnesic patients, and that this affects recogni-
tion judgements more than categorization judgements. In
other words, there is a parameter difference between tasks
responsible for the observed dissociations whereby chang-
es in memory sensitivity between groups results in a large
impairment in recognition and a small impairment in cate-
gorization (see Berry, Henson, & Shanks, 2006, for a relat-
ed single-system view). This idea has been supported by
the finding that after a delay of 1 week between exposure
and test, participants’ ability to discriminate between new
and old exemplars was impaired, while categorization ac-
curacy was unaffected (Nosofsky & Zaki, 1998). This dis-
sociation in healthy participants supports the idea that
even when assuming a single memory system, changes
on one measure do not necessarily entail changes on the
other. In summary, while the studies with amnesic popu-
lations are striking, the methodological issues concerning
the stimuli and the ability of single-system theories to
explain dissociations undermine the conclusion that learn-
ing in the prototype distortion task is implicit.
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Emergence under incidental learning conditions

A less-cited reason that prototype effects can be considered
implicit is that experiments demonstrating this effect have
tended to expose participants to category exemplars under
conditions where they are not encouraged to deliberately
encode the stimuli. Most studies require participants to
view the stimuli passively, such as thinking about their ap-
pearance (Bozoki et al., 2006), or perform a task that inci-
dentally exposes them to the stimuli, such as pointing to the
dot closest to the center of each stimulus (Knowlton &
Squire, 1993). It is often assumed that because these con-
ditions do not explicitly mention the existence of a catego-
ry, any learning that occurs must be incidental. However,
these passive viewing situations do not preclude the possi-
bility that participants are intentionally encoding the stimuli
in some way during this initial phase, assuming (correctly)
that they will later be useful. Classifying these exposure
conditions as incidental would be more convincing if it
could be ensured that participants’ explicit cognitive func-
tions were more fully engaged by performing a more diffi-
cult task during the exposure phase. A prototypicality gra-
dient under these conditions would suggest that participants
can learn about categories of stimuli that are physically
similar to one another in an automatic or incidental fashion,
satisfying one of the defining characteristics of implicit
learning (Cleeremans & Jiménez, 1998; Frensch, 1998;
Stadler & Frensch, 1994). One way in which to achieve
incidental exposure is suggested by another implicit learn-
ing paradigm, namely contextual cueing in visual search.

In a contextual cueing task (Chun & Jiang, 1998), partici-
pants search through a configuration of distractors (usually
rotated letter Ls) for a target (usually a rotated letter T).
Unbeknown to participants, certain configurations appear
multiple times throughout the experiment. Participants show
reliable reductions in reaction time in response to repeatedly
presented (old) configurations when compared to novel con-
figurations during training, yet sometimes fail to explicitly
recognize old configurations in a subsequent test, or accurate-
ly generate the correct location of the target when presented
with the old distractor contexts (Chun & Jiang, 1998, 2003).
While explicit knowledge is sometimes present (e.g., Smyth
& Shanks, 2008), and several studies can be criticized on the
basis of lacking sensitivity in the recognition test in compari-
son to the large number of trials involved in training (Vadillo,
Konstantinidis, & Shanks, 2016), several researchers have
concluded that learning via visual search in this paradigm is
implicit (e.g., Chun & Jiang, 2003). Contextual cueing effects
may reflect cueing of the target location by the surrounding
visual context (Chun & Jiang, 1998), or facilitation in detec-
tion or responding due to learning associations between
distractors for repeated stimuli (Beesley, Vadillo, Pearson, &
Shanks, 2015; Kunar, Flusberg, Horowitz, & Wolfe, 2007).

While there is ongoing debate about the mechanisms re-
sponsible for contextual cueing effects as well as the role
of awareness, it is clear that the learning that occurs is inci-
dental to the task being performed. Thus, employing a visual
search task that requires a correct response should sufficient-
ly engage participants such that any learning that does occur
can be confidently deemed to be incidental, in contrast to a
task such as pointing to the middle dot, where there is usu-
ally noway to assesswhether participants are performing the
task properly.

Despite the theoretical significance of incidental learning
conditions in establishing prototype effects as implicit,
there have been few attempts to compare different methods
of exposure in the prototype distortion task. One notable
exception is a study by Gureckis, James, and Nosofsky
(2011; see also Reber, Gitelman, Parrish, & Mesulam,
2003), who compared implicit and explicit learning condi-
tions as well as an intentional encoding strategy against an
incidental encoding strategy in a 2 × 2 between-subjects
design. Participants were either aware (explicit group) or
unaware (implicit group) of the existence of a category,
and were either asked to study the stimulus as a configural
whole (configural group) or imagine pointing to the center
dot (dot group). At test, they found differential activation in
response to exemplars and foils that varied as a function of
encoding strategy, while telling participants about the exis-
tence of a category (implicit/explicit) had no consistent ef-
fect. They concluded that differential brain activation found
in studies comparing implicit and explicit learning orienta-
tions (e.g., Reber et al., 2003) was better explained through
different encoding strategies, rather than the implicit status
of the learner or awareness of impending tests.

While this is an appropriate conclusion from Gureckis
et al.’s (2011) results, it should be noted that all four groups
produced an equivalent level of categorization accuracy
(there were no significant main effects or interactions), sug-
gesting that while the encodingmanipulationwas successful
in encouraging participants to adopt different strategies,
there was no evidence that this made a difference to actual
test performance. Thus, while their study suggests that par-
ticipants were obeying instructions to perform the pointing
task when asked to, the issues of whether intentional
encoding conditions have an advantage over incidental
encoding conditions, and whether other incidental encoding
conditions are conducive to prototype effects, remain
unresolved.

The current study

The aims of this were twofold. The first was to assess the
implicit status of learning in the A/Not-A version of the pro-
totype distortion task by testing whether a prototypicality
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gradient could result when participants performed a visual
search task with the category exemplars. Appropriating a vi-
sual search paradigm similar to that used in contextual cueing
allowed us to test this often-assumed property of implicit pro-
totype effects in a novel way. The second aim was to directly
compare two methods of exposure: intentional memorization
of a set of prototype-centered stimuli for a subsequent mem-
ory test (Memorize group), and a visual search task using the
same stimuli (Search group). This comparison is important
since different studies use different methods of passive expo-
sure, with the assumption that because participants are not
informed about the existence of a category, then any learning
that occurs must be incidental and in some sense equivalent.
Comparing a visual search group to a group who are given
direct instructions to memorize the stimuli allows the best
chance of detecting potential differences between incidental
and intentional encoding conditions, if they exist.

A novel aspect of our methodology was that instead of
measuring categorization and recognition in separate tests,
we chose to use a single continuous measure (familiarity
ratings) to assess both. Learning about the category would
thus be evident if participants show a generalization gradient
(i.e., a prototypicality gradient), and recognition would be
inferred if participants are able to discriminate between new
and old test items at matched levels of distortion in their
familiarity ratings. While this is a departure from the major-
ity of studies on the prototype distortion task, it was moti-
vated by the desire to test whether dissociations between
generalization and recognition performance were still possi-
ble when participants were only making one kind of
judgement.

For the following experiments, two novel sets of stimuli
were constructed to mimic the statistical properties of the dot
patterns with the aim of minimizing potential learning-at-test
effects. Experiment 1 produced similar generalization gradi-
ents between participants who received a categorization test
and participants who received a familiarity test, justifying the
use of familiarity ratings only for the subsequent experiments.
Experiment 1 also compared generalization gradients between
groups who were not exposed to the stimuli (but led to believe
that they were) against groups who did observe the stimuli.
The magnitude of any prototypicality gradients exhibited after
no exposure would indicate the degree of learning-at-test ef-
fects, allowing us to determine whether participants in subse-
quent experiments learned anything during visual search (see
Smith, 2008, for a discussion of this subtraction logic).
Experiments 2 and 3 compared prototypicality gradients for
new and old test stimuli in a subsequent familiarity test.
Experiment 3 doubled the length of exposure from Experiment
2 and added an additional visual search group, where the stimu-
lus exposure terminated after the response was made to ensure
that no explicit encoding could occur during the residual stimulus
exposure duration.

Experiment 1

The primary aim of Experiment 1 was to test for any potential
learning-at-test effects with our novel stimulus sets to use as a
basis for comparison for the subsequent experiments.
Previous studies have demonstrated that the dot pattern stimuli
generate Bfalse^ prototype effects in normal participants who
do not see the stimuli prior to the test phase (Palmeri &
Flanery, 1999; Zaki & Nosofsky, 2004). Participants in these
studies undergo a mock-subliminal procedure, where they are
led to believe that stimuli are being presented to them sublim-
inally, but in fact never see any stimuli. Despite the stimuli
being novel on test, they subsequently show a prototypicality
gradient in their categorization judgements when presented
with high- and low-distortion exemplars. One way that partic-
ipants can show false prototype effects is by learning about the
category during the test phase, since this usually involves
informing participants about the existence of a category, and
then exposing them to more category exemplars as well as the
prototype. The degree of learning-at-test effects is especially
pronounced if the test phase were to present a large number of
low-distortion exemplars and foils on test, highlighting the
contrast between categorical and noncategorical stimuli
(Nosofsky et al., 2012), or when the prototype and low-
distortion exemplars are presented multiple times during test,
which would result in high repetition of prototypical features
(Zaki & Nosofsky, 2004). For this reason, to minimize poten-
tial learning-at-test effects, we tested new and old exemplars at
matched levels of distortion with no foils, and used the mock-
subliminal procedure to test whether participants produced
prototypicality gradients in the absence of exposure.

A potential explanation for the observed dissociations in
amnesic patients discussed previously is that categorization
and recognition tests have different task-specific variance.
Usually, categorization accuracy is assessed by asking partic-
ipants to make an A/Not-A category endorsement, and recog-
nition is assessed by asking participants to make an old/new
judgement about whether they have seen a particular stimulus
before. Participants may have different response thresholds for
categorization and recognition judgments, making an equiva-
lent comparison between the two difficult. For example, par-
ticipants may be more willing to classify a test stimulus as part
of the seen category than to say that they recognize the stim-
ulus based on the same level of uncertainty, or adopt a more
stringent criterion for endorsing recognition since an exact
match is required (Nosofsky, Little, & James, 2012). An
equivalent comparison between recognition and categorization
tasks is made more difficult when we consider that previous
studies have typically measured the prototype effect using cat-
egorization judgements, and separatelymeasured recognition in
a completely different phase using different stimuli (e.g.,
Bozoki et al., 2006; Knowlton & Squire, 1993; Reber &
Squire, 1999). For this reason, we sought to test whether a
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dissociation could still occur when we equated not only the
stimuli between groups but also the test measure. Thus, another
aim of Experiment 1 was to assess category learning (as
indexed by prototypicality gradients) and recognition (as
indexed by discrimination between new and old exemplars)
using both categorization and familiarity tests and to show that
they were equivalent between test measures.

Method

Participants

Ninety-two (Mage = 19.97 years, SD = 3.38, 70 female)
University of Sydney students participated in this experiment
in exchange for partial course credit.

Apparatus

All experiments were programmed using PsychToolbox for
MATLAB (Brainard, 1997; Pelli, 1997) and run on Apple
MacMini desktop computers connected to 17-inch CRTmon-
itors, refreshed at a rate of 85 Hz. A standard Apple keyboard
and mouse were used, and testing was conducted in individual
cubicles in groups of up to five. The apparatus was the same
for all subsequent experiments.

Stimuli

The stimuli were constructed to be complex and have multiple
dimensions so that focus on a particular feature or an attempt
to derive a verbalizable rule to describe the category would be
difficult and less useful than memorizing the whole pattern.
There were two sets of stimuli constructed for these experi-
ments, each containing 10 features (circles or lines). For the
circle stimuli, there were 10 colored circles on a 600 × 600 pix-
el black square. Each circle had the following variable prop-
erties: hue (saturation and brightness were held constant at
their maximum respective values), location (x and y coordi-
nates) within the black square, line thickness, and size (see
Fig. 1). For the line stimuli, there were 10 white lines (five
oriented horizontally and five vertically) on a black square of
the same size (see Fig. 1). Each line was defined by its starting
and ending location on the border of the square, as well as line
thickness. Maximum and minimum values were chosen for
each property to constrain the possible exemplars that could
be created and to avoid placing the circles and lines outside the
stimulus boundary (see Table 1).

All variable feature properties listed above were varied
from exemplar to exemplar except for line thickness, which
was held constant at 3 pixels in both stimulus sets. Arbitrary
distortion levels were chosen ranging from 0.1 to 1.0 in incre-
ments of 0.1, with the smaller levels of distortion indicating
typical exemplars that were similar to the prototype and higher

levels indicating atypical category exemplars. While the dis-
tortion level numbers are arbitrary, they represent a ratio scale
with, for example, a distortion level of 0.1 being 10 % of the
distortion level of 1.0. Arbitrary dimension multipliers were
chosen for each feature dimension which would create a dis-
similar stimulus when multiplied by the higher distortion
levels but a highly similar stimulus when multiplied by the
lowest distortion level (see Fig. 1 for examples).

A different circle and line prototype stimulus was randomly
generated according to a seed number, which was different for
each participant number. Thus, participants with the same par-
ticipant number were exposed to exactly the same stimuli
throughout the experiment. Each category exemplar was cre-
ated by distorting the relevant prototype stimulus on a feature-
by-feature basis. This meant that the dimension multiplier (see
Table 1) was multiplied by the distortion level (e.g., 0.1) for
each dimension of the 10 features (circles or lines) separately.
The direction of change (positive or negative) was determined
randomly and independently for each dimension of each fea-
ture. For example, to create a circle exemplar at 0.1 distortion,
the sizemultiplier wasmultiplied by 0.1, and then either added
or subtracted (randomly chosen for each feature) to the proto-
type values of the first circle, with this process repeating for
the remaining circles, and this process repeating again for each
of the circle dimensions (location, hue, etc.). If any feature
values extended beyond the minimum or maximum values,
they were simply changed to either the minimum ormaximum
value they crossed (see Table 1).

Twenty circle exemplars and 20 line exemplars were
shown during the initial exposure phase (two unique exem-
plars at each of 10 levels of distortion for each set). A further
20 novel circle exemplars and 20 novel line exemplars were
also shown during the test phase (again, with two exemplars at
each level of distortion). To ensure that participants could not
rely on occasional salient features (e.g., clustering of circles in
a fashion that leads to occlusion by overlapping circles) within
the stimulus to aid memory, additional checks were imple-
mented to ensure that there would be minimal overlap be-
tween the circles (at least 50 pixels between the center of all
circles). If this check failed, then all circle locations were
randomized until this condition had been met. Note that over-
lap and occlusion was a frequent and regular feature of the line
patterns, and thus this check was not implemented for these
stimuli because it would be difficult to use a specific conjunc-
tion to aid memory for a specific stimulus. In addition, to
ensure that the average of the exposed exemplars was indeed
the prototype, the average value of the 20 exemplars was
computed for each dimension for each of the 10 features sep-
arately (e.g., x coordinate, size, starting position of lines, etc.).
If the average was not within a predetermined maximum dis-
tance from the prototype, all stimulus values were randomized
again until they were sufficiently close (see Table 1 for the
maximum distance allowed for each feature dimension).

168 Learn Behav (2017) 45:164–183



Procedure

The experiment was a 2 × 2 between-subjects design.
Participants were randomly allocated to either a mock
Bsubliminal^ (NoEx) or passive exposure (Ex) phase, and either
a familiarity (Fam) or categorization (Cat) test phase.
Participants allocated to the exposure phase saw 20 unique
exemplars from each of the circle and line categories 4 times
each, with presentation randomized within each block of 40
trials (four blocks, 160 trials in total). Participants allocated to
the subliminal exposure phase were told that they would be
presented with some subliminal stimuli, which would be quick-
ly masked by a black square. They were told that because the
presentation was so brief, all they might see is the screen flash
before the mask covered the stimulus. In the (sham) exposure

phase that followed, no stimuli were presented, but on each
trial, the screen would flash from white to black and after
10 ms return to white, along with the black stimulus back-
ground (i.e., the mask) presented for the same time (2 seconds)
as in the actual exposure phase. In the two exposure groups, the
stimuli appeared on screen for 2 seconds before disappearing.
The interstimulus interval (ISI) was a blank white screen and
was 2 seconds in both exposure conditions.

After the exposure phase, participants either completed a
familiarity or categorization test. Participants allocated to the
familiarity test were told that they would be presented with
more stimuli, where some of the stimuli would be familiar
(i.e., they had seen them before in the first phase) and others
novel (they had not seen them in the first phase). They were
then asked to rate their level of familiarity toward 84 new

Fig. 1 Examples of exemplars from each stimulus set (upper panels:
circle stimuli; lower panels: line stimuli) used throughout all
experiments. From left to right: prototype (zero distortion), a low-

distortion exemplar (0.1 distortion), a medium distortion exemplar (0.5
distortion), and a high-distortion exemplar (1.0 distortion). (Color figure
online)

Table 1 Minimum and maximum values and multiplier for each stimulus feature dimension

Dimension Minimum value Maximum value Multiplier Distortion to prototype

Circle location (x) 60 pixels 540 pixels 40 20

Circle location (y) 60 pixels 540 pixels 40 20

Circle hue None None .05 .1

Circle radius 5 pixels 50 pixels 10 5

Circle line width 3 pixels 3 pixels 0 0

Line start (x) 50 550 50 20

Line start (y) 50 550 50 20

Line end (x) 50 550 50 20

Line end (y) 50 550 50 20

Line width 3 pixels 3 pixels 0 0

Note. Location values could range from zero to 600, and the saturation and brightness were always set at 1 and 255, respectively. For vertical lines, only
the x values were varied (y values were held constant at zero and 600) and for horizontal lines, only the y values were varied (x values were held constant
at zero and 600). Hue values wrapped around 0-1 since the scale was continuous. For each dimension of each feature, if the average of the exposed
exemplars was not within the specified maximum distance to the prototype, all exemplar values were created again until this condition was met
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exemplars (for each category: the prototype presented twice,
20 old and 20 new exemplars) using a visual analogue scale
that ranged from definitely not familiar to definitely familiar.
If participants were allocated to the categorization test, they
were told that all of the stimuli they had seen formed part of a
category and that they would be presented with more stimuli
that may or may not be part of the same category. For each
stimulus, participantswere asked, BIs this stimulus part of the
circle category you saw before?^ or BIs this stimulus part of
the line category you saw before?^ It was made clear that
participants should only consider the circle category when
presented with a circle stimulus and similarly for the line
category. Participants made their rating on a visual analogue
scale that ranged from definitely no to definitely yes.

In both tests, each stimulus was presented for 2 seconds,
and then disappeared. After 500 ms, a rating scale would
appear along with the appropriate test question. Participants
made their rating by clicking a point on the scale with the
mouse and had unlimited time to make and change their
rating. It was made clear that all questions referred to stim-
uli they had seen in the first part of the experiment. The
midpoint of the scale and both endpoints were marked with
ticks. All ratings were transformed to range from zero to
100. The familiarity and categorization tests ran the same
way no matter what exposure phase participants were allo-
cated to. For this, and all subsequent experiments, the same
set of seed numbers for the random number generator were
used in each group, such that the stimuli seen and tested
were randomized but matched between groups of partici-
pants. This also meant that old and new test stimuli were
dummy coded for the no-exposure groups. There was no
feedback during the test phase.

Results and discussion

For all subsequent analyses, Greenhouse–Geisser correc-
tions to p values are reported for violations of sphericity,
and the results reported combine both circle and line stimu-
lus sets.1 Figure 2 shows the mean ratings for the test stimuli
in each of the four groups. To analyze whether the prototype
effect, and recognition, were dependent on exposure and
varied with test question, a 2 (exposure group: exposure vs.
no exposure) × 2 (test group: categorization vs. familiarity) ×
2 (novelty: new vs. old) × 10 (distortion level) ANOVAwas
performed on the exemplar ratings (excluding the prototype)
in the test phase. In all subsequent analyses we report the
linear trend contrasts (and not the main effect) in distortion
level and associated interactions, since only the linear trend
addresses our hypotheses about prototypicality gradients.

Themain effect of distortion level was significant in all cases
where the linear trend was significant.

There was a main effect of novelty, F(1, 88) = 18.85, p <
.001,ηp

2 = .176,which did not interact with test group,F< 1,
indicating that overall, participants rated old test stimuli
higher on category endorsement and familiarity than new
test stimuli. Unsurprisingly, novelty interacted with expo-
sure group, F(1, 88) = 17.97, p < .001, ηp

2 = .170, such that
participants who had been exposed to the exemplars could
discriminate between new and old test items (see Fig. 2a, c),
but participants who had not seen the stimuli could not
(Fig. 2b, d). This was confirmed in a set of separate analyses
where there were significantly higher familiarity ratings,
F(1, 22) = 10.18, p = .004, ηp

2 = .316, and category endorse-
ments, F(1, 22) = 15.24, p = .001, ηp

2 = .409, for old exem-
plars in the two exposure groups, and no differences be-
tween new and old exemplars in the two no-exposure
groups, largest F < 1.

There was a significant linear trend for distortion level, F(1,
88) = 121.9, p < .001, ηp

2 = .581, since overall ratings declined
as the level of distortion increased, indicating the presence of a
prototypicality gradient. The linear trend for distortion
interacted with exposure group, F(1, 88) = 33.48, p < .001,
ηp

2 = .276, but not test group, F(1, 88) = 1.85, p = .177, ηp
2

= .021, nor novelty, F(1, 88) = 3.58, p = .062, ηp
2 = .039. Thus,

it appears that the prototypicality gradient was stronger (i.e.,
there was a steeper gradient) when participants were exposed
to the stimuli, but did not vary according to the type of test
conducted, nor between new and old exemplars.

+None of the three-way interactions or the four-way inter-
action were significant, largest F(1, 88) = 1.31, p = .256, ηp

2 =
.015. There was a significant main effect of exposure group,
F(1, 88) = 20.37, p < .001, ηp

2 = .188, and test group, F(1, 88)
= 5.13, p = .026, ηp

2 = .055, since overall ratings were higher
for participants who had been exposed to the exemplars, and
ratings for the categorization test were generally higher than
for the familiarity test. This may have been because a few
participants in the no-exposure group rated all test stimuli as
zero on familiarity (definitely not familiar), while an equiva-
lent number of participants in the categorization test rated all
stimuli as 50, indicating a noncommittal response. Ratings for
the category prototype were significantly higher for the ex-
posed groups than for the nonexposed groups, F(1, 88) =
35.50, p < .001, ηp

2 = .287, but did not differ according to
test, F(1, 88) = 2.22, p = .140, ηp

2 = 025. There was also no
significant interaction between exposure group and test group,
F < 1.

In summary, it appears that overall, participants were able
to discriminate between new and old exemplars, and pro-
duce prototypicality gradients, and these effects depended
on whether participants underwent the mock-subliminal or
exposure phase, while there seemed to be no effect of test
question.

1 Analyses on the familiarity ratings were also performed on the circle and line
stimulus sets separately, and produced similar results for our critical findings.
We have noted where the results differed between stimulus sets.
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Exposure groups

To further explore what participants in the no-exposure groups
learned and whether equivalent prototypicality gradients were
obtained for categorization and recognition tests, the two no-
exposure groups were analyzed separately to the two exposure
groups in two 2 (test group: categorization vs. familiarity) × 2
(novelty) × 10 (distortion level) ANOVAs. For the two groups
who were exposed to the exemplars (Ex-Fam and Ex-Cat),
there was a significant main effect of novelty, F(1, 44) =
25.09, p < .001, ηp

2 = .363, and a significant linear trend for
distortion level, F(1, 44) = 153.9, p < .001, ηp

2 = .778. None
of these effects interacted with test group, largest F < 1, and
there was nomain effect of test group,F < 1, and no three-way
interaction, F < 1. Thus, it is reasonable to conclude that
equivalent prototypicality gradients were found for both fa-
miliarity and categorization tests, and participants were equal-
ly able to discriminate between new and old exemplars, giving
higher familiarity ratings and category endorsements to old
exemplars (see Fig. 2a, c). The high level of similarity in
prototypicality gradients for the categorization and familiarity
tests suggests that using familiarity ratings to assess the
prototypicality gradient is appropriate for the subsequent
experiments.

No-exposure groups

A similar analysis was performed on the ratings for the two
no-exposure groups. There was a significant linear trend for
distortion level, F(1,44) = 12.79, p = .001, ηp

2 = .225, and a
significant main effect of test group, F(1, 44) = 5.34, p = .026,
ηp

2 = .108. Importantly, the linear trend for distortion did not
interact with test group, F(1, 44) = 2.90, p = .095, ηp

2 = .062.
All other main effects and interactions were not significant,
largest F(1, 44) = 1.97, p = .167, ηp

2 = .043. It appears that our
mock subliminal procedure produced a false prototypicality
gradient in familiarity ratings, similar to previous studies (e.g.,
Palmeri & Flanery, 1999). Because an effort was made to
ensure that no intrinsic features within our stimuli would en-
able participants to discriminate between low- and high-
distortion exemplars, the most likely explanation was that par-
ticipants were able to learn about the category on test.2

Participants may have either deliberately based their judge-
ments on stimuli seen during the test phase to have some basis
for varying their responses, or found it difficult to discount the
stimuli they had seen throughout the test phase.

The mock subliminal procedure appears to have been quite
convincing. When asked at the end of the experiment, partic-
ipants allocated to the categorization test claimed to have seen,
on average, 12.04 % of the stimuli (SD = 23.93, min = 0, max
= 99.2) during the mock subliminal phase, and participants
allocated to the familiarity test claimed to have seen 15.00 %
of the stimuli on average (SD = 29.87, min = 0, max = 99.60).
While it is possible that a small number of participants

2 The false prototypicality gradient was present in the first quarter, and in-
creased from the first to the second quarter when collapsed over groups, F >
10. Therefore, learning-at-test effects appeared quite early.

Fig. 2 Category endorsement (upper panels, a and b) and familiarity ratings (lower panels, c and d) for new and old test stimuli for groups of
participants who were either exposed to the stimuli (left panels, a and c) or were not exposed to the stimuli (right panels, b and d) in Experiment 1
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misinterpreted the question, the manipulation check indicates
that on the whole, participants were convinced that stimuli had
been presented to them in the first phase and this should have
provided sufficient motivation to make a serious attempt at
judging the stimuli presented in the test phase.

In summary, the categorization and familiarity tests pro-
duced very similar prototypicality gradients and differences
between ratings for old and new exemplars. Thus, the follow-
ing experiments used familiarity ratings only to assess both of
these effects. The familiarity test was chosen over the catego-
rization test to more closely approximate other implicit learn-
ing paradigms that use recognition to assess explicit aware-
ness of the learned material, and because the test was directly
related to the instructions given to the Memorize group (see
Supplementary Materials).

Experiment 2

Experiment 2 compared prototypicality gradients in famil-
iarity ratings between intentional exposure conditionswhere
participants were told to memorize a set of stimuli for a sub-
sequent test (Memorize group), and incidental exposure

conditions where participants performed a visual search task
using the same stimuli (Search group). Participants were re-
quired to search for a singleton target, which was defined by
line width (see Fig. 3 for examples). To ensure that partici-
pants were attending to the stimuli in the Search group, they
were required to respond according to the identity of the line
width of the singleton (i.e., was the Bodd one out^ thicker or
thinner than the others?).

Experiment 2 tested whether the prototypicality gradient
would result under more cognitively engaging incidental ex-
posure conditions. If the reason why prototypicality gradients
were obtained in healthy participants in previous studies was
because of an opportunity for explicit encoding, then we may
not expect to see any evidence of learning using a visual
search task. Furthermore, comparing the Search group to the
Memorize group allowed us to test whether altering the expo-
sure conditions makes any difference to the prototypicality
gradient and ability to discriminate between new and old ex-
emplars. As mentioned previously, the choice of an intentional
memorize group was to maximize any potential group differ-
ences that may exist because previous studies (Gureckis et al.,
2011) have showed that manipulating encoding strategies
does not lead to differences in test performance.

Fig. 3 Examples of circle and line stimuli seen during the visual search
task. Stimuli on the left contain a circle/line randomly chosen to have a
thinner line width; stimuli on the right contain a circle/line randomly

chosen to have a thicker line width. Participants responded according to
the identity of the singleton (whether it was thicker or thinner)
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Method

Participants

Fifty participants (40 female, Mage = 19.58 years, SD = 5.14)
took part in Experiment 2 in exchange for partial course credit.
All participants were first-year psychology students at the
University of Sydney.

Procedure

Participants were randomly allocated to the Memorize group
or the Search group. The stimuli during exposure and test were
generated in the same way as in Experiment 1.

Exposure phase If participants were allocated to the Search
group, the task was framed as a visual cognition task (see
Supplementary Materials for exact instructions). Their task
was to search for an Bodd one out^ on each trial, which was
defined using line thickness for both the circle and line stimuli.
The singleton was created by either adding or subtracting from
the line width of a randomly chosen feature in each stimulus,
and participants had to respond by saying whether the odd one
out was thicker or thinner than the other circles/lines by pressing
either A (thicker) or L (thinner) on the keyboard as quickly as
possible (see Fig. 3 for examples of the singleton). Participants
were also given a sheet with a visual example using squares,
where one square was thicker and another was thinner, to refer
to. It was emphasized verbally that it did not matter where the
odd one out was located within the stimulus, and only the iden-
tity of the odd one out mattered for their response. There was no
feedback given as to the accuracy of each response to equate the
exposure conditions between groups as much as possible.
However, participantswere given feedback (BToo slow^) if they
failed to respond in the given timeframe (3 seconds from stim-
ulus onset) on each trial, and they were told that they could still
respond after the stimulus had disappeared. If participants were
allocated to the Memorize group, they were told to memorize
the stimuli as awhole for a subsequentmemory test, and the task
was framed as a visual memorization task (see Supplementary
Materials for exact instructions). Note that because participants
in the Memorize group would also see a singleton on each trial,
the instructions explicitly discouraged participants from attend-
ing to specific features. Participants in both groups saw each
stimulus for 2 seconds, after which there was a blank ISI of
2 seconds. As in Experiment 1, within each stimulus set there
were four repetitions of each of the 20 unique exemplars that
amounted to 160 trials in total. The identity of the singleton was
not consistent across the repeat presentations of each exemplar,
so that its location could not be predicted. The entire exposure
phase was presented in one continuous block with no breaks.

Familiarity ratings test The test phase was the same as for the
familiarity condition in Experiment 1, except that participants in
the Search group were warned that the Bodd one out^ would no
longer be present and that they should not look for it to aid their
judgements. Participants in theMemorize group were not given
any instructions about the Bodd one out^ since participants’
responses on a post-experimental questionnaire in a pilot exper-
iment did not suggest that participants noticed the singleton
during exposure.3

Results and discussion

Overall, participants were quite good at the visual search task,
performing at 88.8% accuracy (SD = 6.82, min = 75.0%,max =
99.4 %). The test data were analyzed in the same way as in
Experiment 1, with the presence of a prototypicality gradient
inferred by the presence of a significant linear trend in the famil-
iarity ratings, and recognition evident if the familiarity ratings for
old exemplars were significantly higher than that for new exem-
plars. There was a significant linear trend for distortion, F(1, 48)
= 131.3, p< .001,ηp

2 = .732, indicating an overall prototypicality
gradient (see Fig. 4). The linear trend in distortion interacted with
group, F(1, 48) = 21.85, p < .001, ηp

2 = .313, and novelty, F(1,
48) = 10.76, p = .002, ηp

2 = .183. This was due to the steeper
overall generalization gradient in the Memorize group than the
Search group, and also the steeper overall gradient for new ex-
emplars than old exemplars (see Fig. 4).

There was an overall main effect of novelty, with significantly
higher ratings for old over new exemplars, F(1, 48) = 25.76, p <
.001, ηp

2 = .349, but the interaction with group fell short of con-
ventional levels of statistical significance, F(1, 48) = 3.21, p =
.079, ηp

2 = .063. Analyses within each group revealed that both
groupswere able to distinguish between new and old exemplars in
their familiarity ratings, smallest F(1, 24) = 5.95, p = .022, ηp

2 =
.199. The three-way interaction between group, novelty and dis-
tortion level was not significant, F < 1. TheMemorize group rated
the prototype as significantly more familiar than the Search group,
F(1, 48) = 12.47, p = .001, ηp

2 = .206, and the Memorize group
also produced higher overall familiarity ratings than the Search
group, F(1, 48) = 5.47, p = .024, ηp

2 = .102.
It appears that memorizing the stimuli had a more reliable

effect on improving the prototypicality gradient (i.e., increasing
the slope of the generalization gradient) than improving recogni-
tion. However, because we used a visual analogue scale, the
range in which participants used to make their familiarity ratings
could have affected the strength of their prototypicality gradient.
To illustrate this point, consider a participant from the Memorize
group and a participant from the Search group who have equiv-
alent category knowledge. It is possible that despite both

3 In a pilot experiment, one participant out of 14 in the Memorize group
reported noticing a singleton in response to the question, BDid you notice
anything peculiar about the stimuli?^
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participants showing a significant prototypicality gradient, a par-
ticipant who had been intentionally memorizing the stimuli may
rate low-distortion exemplars higher on familiarity, and high-
distortion exemplars lower on familiarity, than their counterpart
in the Search group due to higher confidence in their knowledge
and therefore greater willingness to use the full range of the scale.
The two participants would show the same degree of differenti-
ation between low- and high-distortion exemplars, but the slope
of their generalization gradient would differ. Thus, to test whether
the two groups differed on their sensitivity in distinguishing high
and low-distortion exemplars, we conducted a signal detection
analysis.

Signal detection analysis

The distribution of responses for each participant was split into
sextiles, creating five thresholds. For the prototypicality index, for
each threshold, higher ratings for low-distortion exemplars (distor-
tion level <=0.5) counted as a hit, whereas higher ratings for high-
distortion exemplars (distortion level >=0.6) counted as a false
alarm (old and new exemplars were collapsed). Figure 5 shows
the receiver operating characteristic (ROC) curve for this analysis,
and the resulting sensitivity index (dA) calculated from the linear
transformation of the curve (see Simpson & Fitter, 1973). The
index of sensitivity in discriminating between high and low-
distortion exemplars was .859 (SD = .436) in theMemorize group
and .419 (SD= .369) in the Search group,with higher sensitivity in
the Memorize group, F(1, 48) = 14.84, p < .001, ηp

2 = .236.
We performed a similar analysis (counting higher ratings for

old stimuli as hits, and higher ratings for new stimuli as false
alarms, collapsed over all distortion levels) for discrimination be-
tween new and old exemplars (see Fig. 5). The Memorize group
(dA= .232, SD= .239) showed numerically better recognition than
the Search group, but again, this difference was marginally non-
significant (dA = .096, SD = .269), F(1, 48) = 3.55, p = .065, ηp

2=
.069. Because both tests of this group difference fell just short of
statistical significance, we will reserve discussion of whether this
group difference is meaningful until after reporting the equivalent
analysis for Experiment 3.

Comparison to Experiment 1

To test whether the prototypicality gradient observed in the Search
group was significantly larger than would be expected on the basis
of learning at test alone, the Search group was compared to the
NoEx-Fam group in Experiment 1. Although this is a between-
experiments comparison, the two experiments were run at the same
time on the same participant pool. There were significantly higher
familiarity ratings overall in the Search group, F(1, 46) = 7.51, p =
.009, ηp

2 = .140, significantly higher familiarity ratings overall for
old exemplars,4 F(1, 46) = 4.38, p = .042, ηp

2 = .087, and a signif-
icant interaction between novelty and group,5 F(1, 46) = 4.23, p =
.045,ηp

2 = .084, because only participants in the Search groupwere
able to discriminate between new and old exemplars (see Fig. 6a).
Importantly, while the linear trend for distortion level was signifi-
cant, F(1, 46) = 35.50, p < .001, ηp

2 = .436, it did not interact with
group, F < 1. There was a significant interaction between novelty
and the linear trend in distortion, F(1, 46) = 5.24, p = .027, ηp

2 =
.102, such that the slope of the generalization gradient was steeper
for new exemplars. The three-way interaction was not significant, F
< 1. There was also no difference in sensitivity in detecting low and
high-distortion exemplars between the Search group (dA = .419, SD
= 369) and the no-exposure group from Experiment 1 (dA = .528,
SD = 1.26), F < 1 (see Fig. 6b).

To provide stronger evidence for the equivalence of the
prototypicality gradients between the Search group and the No-
Ex-Famgroup in Experiment 1,we conducted aBayes factor (BF)
test comparing the slopes and sensitivity index between the two
groups. As suggested by Rouder, Speckman, Sun, Morey, and
Iverson (2009), a Bayes factor was calculated from the results of
a t test using a JZS prior for the alternative hypothesis, which
assumes a Cauchy distribution of effect sizes. This distribution
assumes a high likelihood of smaller effect sizes, but a larger
likelihood of medium-to-large effect sizes than a normal distribu-
tion. A BF01 of 3 is usually considered the threshold for conclud-
ing moderate evidence in favor of the null over the alternative

4 This analysis was significant for the circle stimuli only, but did not differ
according to stimulus set, F < 1.
5 This analysis was significant for the circle stimuli only, but there was no
interaction with stimulus set, F(1, 46) = 2.492, p = .121, ηp

2= .051.

Fig. 4 Familiarity ratings in the Memorize (a) and Search (b) groups for new and old test stimuli in Experiment 2

174 Learn Behav (2017) 45:164–183



hypothesis (that the means are different). Using this technique, a
Bayes factor of 4.1 was found when comparing the slopes, and a
Bayes factor of 4.3 when comparing the sensitivity index (dA).
Thus, the null hypothesis was more than 4 times more likely than
the alternative, suggesting that themagnitude of the prototypicality
gradients was the same for participants who searched through the
stimuli, and participants who produced a false prototypicality gra-
dient after no exposure to the stimuli.

Although it is possible that the prototypicality gradient in the
Search group in Experiment 2 resulted for different reasons than
in themock-subliminal condition in Experiment 1, themagnitude
of the prototypicality gradient (ignoring the overall higher ratings
in Experiment 2) is indistinguishable from the prototypicality
gradient that emerges in the absence of any exposure, and there-
fore could be entirely attributed to learning-at-test effects.
Nevertheless, it is possible that rather than there being a

qualitative difference between exposure conditions, the differ-
ence might be quantitative, and the Search group simply learned
less about the stimuli than the Memorize group did. Therefore,
Experiment 3 doubled the number of trials in the exposure phase
to increase the opportunity for incidental category learning.

Interestingly, participants were still able to discriminate be-
tween new and old exemplars even after incidental exposure to
the stimuli through visual search. One potential explanation is
that the visual search taskwas too easy and participants were able
to encode the stimuli in an explicit way during the exposure
phase. In addition to the high levels of accuracy, participants
took, on average, 1.47 seconds to respond (SD = 0.188, min =
1.16, max = 1.85) in the visual search task, meaning that they
could have been using the residual exposure time to study the
stimulus. Accordingly, Experiment 3 aimed to replicate
Experiment 2 with double the number of exposure trials and

Fig. 5 Results from the signal detection analysis in Experiment 2.Upper
panels show ROC curves for discrimination between new and old
exemplars (recognition, a) and discrimination between low- and high-
distortion exemplars (category learning, b), with the dotted diagonal line

indicating zero sensitivity. Lower panels show dA (sensitivity) measures
for recognition (c) and category learning (d) calculated from a linear
transformation of the ROC curve, with error bars representing the stan-
dard error of the mean

Fig. 6 a Familiarity ratings for new and old test stimuli in NoEx-Fam group in Experiment 1 and Search group in Experiment 2. b dA measures for
NoEx-Fam group and Search group. NoEx-Fam = no exposure, familiarity test phase
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ensure that any effects obtained in the Search groupwere actually
due to incidental learning, by adding an additional group where
the stimulus disappeared after a response was made in the visual
search task.

Experiment 3

Experiment 3 was a replication of Experiment 2, where the length
of the exposure phase was doubled. Since the prototypicality gra-
dients in Experiment 2 in the Search group were found to be no
different to those displayed after no exposure in Experiment 1,
increasing exposure to the stimulimay also increase themagnitude
of the prototypicality gradient, if it can indeed result from inciden-
tal learning conditions. Furthermore, althoughExperiment 2 found
no significant difference betweenMemorize and Search groups in
terms of their ability to distinguish new from old exemplars, small
numerical differences in the predicted directionwere apparent, and
statistical tests of these differences were marginal (e.g., in Fig. 5c).
Any differential recognition between groups that may exist may
become clearer with greater exposure to the exemplars.

Experiment 3 also sought stronger evidence that learning in the
Search group was actually due to incidental exposure conditions.
Because it was necessary to equate the exposure time per trial
between groups, it is possible that participants in the Search group
were not searching through the stimulus for the entirety of the 2-
sec exposure duration. In Experiment 3, a second Search group
was added (Search-Terminate) where the stimulus exposure termi-
nated after a response was made, ensuring that participants would
only be exposed to the stimuli while searching for and responding
to the target. Although the total exposure time between the two
Search groups would not be equated, a comparison between the
two groups would enable us to determine whether the residual
post-response time makes any difference to test performance.

Method

Participants

Fifty-seven University of Sydney first-year psychology stu-
dents (Mage = 19.61 years, SD = 3.06, 38 female) participated
in this experiment in exchange for partial course credit.

Procedure

The procedure was identical to Experiment 2 except for the fol-
lowing changes. The number of trials in the exposure phase was
doubled to 320 trials (eight presentations of each individual ex-
emplar for both circle and line stimulus sets). Participants could
now be allocated to the Memorize group, Search group (same as
the Search group from Experiment 2), or Search-Terminate
group. Participants in the Search-Terminate group were given
instructions identical to the Search group, except they were told

that the stimulus would disappear once their response was made.
If a response was not made within 2 seconds, then the stimulus
disappeared, regardless. Because the total trial time remained the
same between the two Search groups (4 seconds), the blank ISI
could range from 2 to 4 seconds and depended on how long
participants took on each trial to make a response. As in the
previous experiments, the test phase consisted of 84 trials that
included the 20 old exemplars, 20 new exemplars, and the pro-
totype presented twice for each stimulus set.

Results and discussion

After excluding one participant from the Search group because
of poor performance (45.0% accuracy), the average accuracy in
the Search group was 92.3 % (SD = 5.06, min = 79.4, max =
94.7), which was significantly higher than in the Search-
Terminate group (M = 83.9 %, SD = 8.82, min = 61.2, max =
94.7), t(34) = 3.51, p = .001, SED = .024. The average reaction
time (RT) in the visual search task in the Search group was
1.42 seconds (SD = .227, min = 0.89, max = 1.75), which
was significantly slower than in the Search-Terminate group,
(M = 1.25 seconds, SD = .153, min = 0.91, max = 1.54), t(34) =
2.55, p = .016, SED = .064. Thus, it appears that making the
stimulus disappear after participants responded resulted in
poorer accuracy, but faster RTs.

Memorize versus search

Because there were three groups in Experiment 3, two sepa-
rate ANOVAs were run in a similar manner to Experiment 2,
one comparing the Memorize group to the two Search groups,
and another comparing the two Search groups to each other.
This was done so that the effects of exposure conditions and
exposure time during visual search could be examined sepa-
rately. For the comparison between the Memorize group
against the two Search groups, there was a significant main
effect of novelty,6 F(1, 54) = 33.39, p < .001, ηp

2 = .382,
which did not interact with group, F < 1. This indicates that
there was an overall ability to discriminate between new and
old exemplars that did not vary according to exposure condi-
tion, similar to Experiment 2 (see Fig. 7). There was an overall
linear trend for distortion, F(1, 54) = 139.4, p < .001, ηp

2 =
.721, which did not interact with novelty, F < 1, suggesting an
overall prototypicality gradient that was equivalent for new
and old exemplars. Critically, the linear trend for distortion
interacted with group, F(1, 54) = 5.21, p = .026, ηp

2 = .088,
replicating Experiment 2. The three-way interaction was not
significant, F < 1, and the main effect of group was also not
significant, F < 1. Overall, familiarity ratings for the prototype
also did not differ according to group, F < 1. Therefore,

6 This result was significant for the line stimuli only, but did not differ accord-
ing to stimulus set, F < 1.
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similarly to Experiment 2, the prototypicality gradient was
stronger overall in the Memorize group than the two Search
groups, but this time there was no clear evidence of an advan-
tage in recognition for the Memorize group despite the exten-
sion of the exposure phase.

Search versus search-terminate

Comparing the two Search groups to each other, there was again a
significantmain effect of novelty,F(1, 34) = 17.41, p < .001,ηp

2 =
.339, that did not interact with group, F < 1. There was a signifi-
cant linear trend for distortion, F(1, 34) = 69.74, p < .001, ηp

2 =
.672, which did not interact with novelty, F < 1, or group, F < 1.
The three-way interaction was not significant, F < 1, and the main
effect of group was also not significant, F < 1. Thus, there was no
evidence to suggest that the residual exposure time in the Search
group benefitted overall recognition or the prototypicality gradient
compared to the Search-Terminate group when the stimulus dis-
appeared after a response was made. Ratings for the prototype
alone also did not differ between the two Search groups, F(1,
34) = 3.15, p = .085, ηp

2 = .085.

Signal detection analysis

A signal detection analysis was conducted in a similar manner
to Experiment 2, comparing the Memorize group against the
two Search groups and then the two Search groups to each other
(see Fig. 8). For recognition, there was no difference in sensi-
tivity (dA) comparing the Memorize group with the two Search
groups, F < 1, nor when comparing the two Search groups to
each other, F < 1. The Memorize group did have an advantage
in discriminating high- and low-distortion exemplars when
compared to the two Search groups, F(1, 54) = 6.05, p =
.017, ηp

2 = .101, but there was no difference in sensitivity
between the two Search groups, F < 1 (see Fig. 8). Therefore
we can conclude that the advantage in the prototypicality gra-
dient for the Memorize group was not due to participants using
the scale differently to the other groups.

Comparison to Experiment 1

To test whether the increased exposure resulted in a
prototypicality gradient that was greater than a learning-at-test
effect, we combined the two Search groups in this experiment
and compared them with the NoEx-Fam group in Experiment
1. As in Experiment 2, there was an overall ability to discrim-
inate between new and old exemplars,7 F(1, 57) = 8.99, p =
.005, ηp

2 = .133, and this interacted with group, F(1, 57) = 8.74,
p = .004, ηp

2 = .141, since participants in Experiment 1 did not
see any stimuli and thus could not recognize them in the sub-
sequent test phase. The linear trend for distortion was signifi-
cant, F(1, 57) = 53.48, p < .001, ηp

2 = .484, but again, impor-
tantly, the linear trend did not interact with group, F(1, 57) =
1.70, p = .198, ηp

2 = .029. The signal detection analysis com-
paring dA between experiments was also not significant, F < 1,
with similar levels of sensitivity in the two Search groups in this
Experiment (dA = .482, SD = .330) and the no-exposure group
in Experiment 1 (dA = .528, SD = .126). While we acknowl-
edge that this is a between-experiments comparison, the results
are consistent with Experiment 2, and between two methods of
analysis. To provide stronger evidence for the null hypothesis,
we conducted a Bayes factor test in a similar manner to
Experiment 2, following Rouder et al.’s (2009) technique.
This resulted in a Bayes factor of 2.04 for the comparison of
the gradient slopes, and a Bayes factor of 4.9 for the comparison
of the sensitivity index (dA) between groups, both in favor of
the null. While the BF for the slopes cannot be considered good
evidence in favor of the null, the BF for the sensitivity index
suggests that, consistent with Experiment 2, participants in the
Search groups discriminated between high-distortion and low-
distortion exemplars to an equivalent extent as those in the no-
exposure group.

The results of Experiment 3 suggest that doubling the number
of exposure trials did not exacerbate any potential group differ-
ences in recognition ability suggested in Experiment 2, but the
advantage for the Memorize group for the prototypicality

Fig. 7 Familiarity ratings in the Memorize group (a), Search group (b), and Search-Terminate group (c) for new and old test stimuli in Experiment 3

7 This result was significant for the line stimuli only, but did not differ accord-
ing to stimulus set, F < 1.
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gradient remained. Increasing exposure still did not result in a
prototypicality gradient greater in magnitude than that expected
on the basis of learning-at-test alone in the Search groups, im-
plying that the prototypicality gradient is not implicit in the sense
of resulting automatically from incidental exposure. On the other
hand, the lack of any group differences between the two Search
groups suggests that the ability of participants to recognize old
exemplars at test does arise from incidental exposure, and not
from using the residual exposure time after responding to explic-
itly encode the stimuli.

General discussion

This study tested the implicit status of learning in the pro-
totype distortion task by introducing a visual search task as
a means of incidental exposure, and tested the effect of
manipulating encoding conditions by comparing a visual
search group to a group who were simply asked to memo-
rize the stimuli. Our methodology was novel in the sense
that we used the same measure (familiarity ratings) and
also the same test stimuli to assess both the prototypicality
gradient and ability to discriminate between new and old
exemplars. Surprisingly, we found no evidence that partic-
ipants learned about the similarity structure of the stimuli
during visual search, and a dissociation of the opposite
nature to those commonly reported in amnesia studies

(e.g., Knowlton & Squire, 1993) and healthy participants
(Nosofsky & Zaki, 1998), with intentional memorization
improving prototypicality gradients but having a much less
reliable effect on improving participants’ ability to discrim-
inate between new and old exemplars.

Experiment 1 showed that the magnitudes of the prototypicality
gradients and discrimination between old and new exemplars were
equivalent for categorization and familiarity tests for participants
who were exposed to the stimuli, justifying our use of familiarity
ratings for the subsequent experiments to assess the prototypicality
gradient. It can be argued that in our decision to use a singlemeasure
in Experiments 2 and 3, we have not directly tested participants’
ability to categorize the stimuli. While we acknowledge that famil-
iarity judgements and category endorsements are potentially differ-
ent in terms of the decision rules they engage (Nosofsky, 1988), and
the responses they can produce (Squire & Knowlton, 1995), it is
clear that category structure was reflected in the prototypicality gra-
dients for familiarity ratings, and these prototypicality gradientswere
sensitive to our group manipulations. It remains to be seen whether
our results replicate using a categorization test in place of the famil-
iarity test. Presumably, in our particular task where participants are
exposed to a single category, visual similarity would be the primary
determinant of both category endorsements and familiarity ratings
because the categories are not defined using binary features or rules.

Experiment 1 also addressed an issue brought up by previ-
ous studies, that prototypicality gradients can result in the ab-
sence of exposure. By comparing generalization gradients

Fig. 8 Results from the signal detection analysis in Experiment 3.Upper
panels show ROC curves for discrimination between new and old
exemplars (recognition, a) and discrimination between low- and high-
distortion exemplars (category learning, b), with the dotted diagonal line

indicating zero sensitivity. Lower panels show dA (sensitivity) measures
for recognition (c) and category learning (d) calculated from a linear
transformation of the ROC curve, with error bars representing the stan-
dard error of the mean
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between a group of participants who were misled into believing
that they had been shown the stimuli in a mock-subliminal
procedure (Palmeri & Flanery, 1999), against a group of partic-
ipants who actually were exposed to the stimuli, we showed
that our stimuli produced false prototypicality gradients and
thus concluded that participants were learning about the cate-
gory on test. This result, along with the false prototypicality
gradients displayed in other studies (e.g., Palmeri & Flanery,
1999; Zaki & Nosofsky, 2004), exemplifies a general problem
with assessing A/Not-A category learning in the prototype dis-
tortion task. It is difficult to ensure that effects displayed on test
are due to exposure alone, and participants who have not
learned anything during the initial exposure phase may feel that
they need to provide some variation in their responses and thus
seek out information to enable them to do so on test. If this is
indeed an unavoidable problem with any stimulus set, a similar
procedure to that of Experiment 1 should be employed in future
studies before claiming that a prototypicality gradient exists.

Experiments 2 and 3 compared ability to discriminate be-
tween new and old exemplars and prototypicality gradients
using familiarity ratings between a group who searched through
the category exemplars for a singleton, and a group who
attempted to memorize the exemplars for a subsequent famil-
iarity test. Experiments 2 and 3 showed that the Memorize
groups produced steeper prototypicality gradients than the
Search groups, while there was no strong evidence for a similar
advantage in discriminating new and old exemplars. While the
Search groups in Experiments 2 and 3 displayed an ability to
discriminate between new and old exemplars that was above
chance, the prototypicality gradient (i.e., generalization gradi-
ent) displayed after performing the visual search task was found
to be no different to the false prototypicality gradient displayed
in Experiment 1 after no exposure. Doubling the length of
exposure from Experiment 2 to Experiment 3 did not have
any effect on the general pattern of results and if anything,
weakened the (nonsignificant) advantage for the Memorize
group in recognition in Experiment 2. Furthermore,
Experiment 3 showed that there were no differences between
a visual search group who were exposed to the stimuli for the
set duration (2 seconds), and a visual search group for whom
the stimulus disappeared after a response was made. This
allowed us to conclude that the ability to recognize old exem-
plars in the Search group was in fact due to learning that oc-
curred during visual search, and not due to deliberate encoding
that may have occurred after a response was made.

Learning during visual search

Contrary to claims in the literature (e.g., Smith, 2008; Smith &
Grossman, 2008), the current study found no support for the
idea that learning in the prototype distortion task is implicit in
the sense of resulting from an automatic learning process. If this
were the case, then the prototypicality gradient should have

resulted as a consequence of exposure to the stimuli during
the visual search task, despite learning about the stimuli being
incidental to the requirements of the task (searching for, and
responding to the identity of the singleton). Because the mag-
nitude of the prototypicality gradient displayed in the Search
groups across Experiments 2 and 3 was not found to be greater
than the false prototypicality gradient displayed in Experiment
1, we cannot claim to have strong evidence of learning on the
basis of the presence of a prototypicality gradient. Although this
conclusion rests on a null result, the sample sizes used in our
experiments were sufficient to detect significant group differ-
ences in prototypicality gradients, and the Memorize groups in
Experiments 2 and 3 consistently showed prototypicality gra-
dients that were substantially larger in magnitude than those
displayed in Experiment 1. Bayes factor analyses also support
the null hypothesis when comparing the slope of the
prototypicality gradient as well as the sensitivity index between
groups.

Our failure to find prototypicality gradients after visual
search may seem surprising given that there is evidence from
other paradigms, such as contextual cueing that learning reli-
ably occurs as a consequence of repeated exposures in visual
search (e.g., Chun & Jiang, 1998; 2003; Colagiuri & Livesey,
2016). There are, however, several notable differences between
the two paradigms. For example, in our visual search task,
although features of the category were certainly repeated
throughout the exposure phase, and each unique exemplar
was repeated a number of times, the stimulus configurations
did not predict the location of the singleton, and our assessment
of learning took place after the exposure phase, meaning that it
may have been harder to detect incidental learning in general.

Another reason why only a weak prototypicality gradient
was observed (i.e., equivalent to no exposure) could be that
the Search groups focused their attention on finding a singleton
during the exposure phase, which was subsequently removed in
the test phase.While the exposure and test stimuli were equated
between groups, and the Search groups were explicitly
instructed not to look for the singleton on test, it is possible that
the Search groups were affected more than the Memorize
groups by this small change between the exposure and test
stimuli. If there was indeed greater generalization decrement
in the Search group, this should have lowered familiarity ratings
for the old stimuli more than the new stimuli, weakening the
level of discrimination between old and new stimuli. The inter-
action between group and novelty was not significant in
Experiment 2 or Experiment 3, suggesting that familiarity rat-
ings were lower in the Search group by an equivalent magni-
tude for old and new stimuli. Also, because the Search groups
were able to discriminate between old and new exemplars on
test, it appears that any generalization decrement suffered by the
Search group was minimal.

The failure to find a prototypicality gradient in the Search group
is more puzzling because participants were able to give higher
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familiarity ratings to old stimuli, demonstrating that they had
learned something about the stimuli. One way to explain these
results is that the prototypicality gradient displayed after the
mock-subliminal procedure in Experiment 1 and the
prototypicality gradient displayed after visual search were not the
consequence of the same learning process despite being of com-
parable magnitude (see Smith, 2008). In other words, perhaps the
latter was a genuine consequence of learning during training and
was not further influenced by learning on test. If the visual search
task forces participants to encode the features of the stimuli serially,
on test, when participants are asked to judge familiarity of the
stimuli as a whole, the Search group may resort to searching
through the stimuli for specific features that they recognize. This
technique might be sufficient to allow a prototypicality gradient to
emerge, but one that is not larger in magnitude to that in
Experiment 1. Participants who underwent the mock-subliminal
procedure, in contrast, may have used the whole stimulus at test to
make their categorization or familiarity judgments. However, be-
cause they have not been exposed to any stimuli in the exposure
phase, what they can learn on test is obviously limited, and thus
their prototypicality gradient is similarly small in magnitude to the
Search groups. Unfortunately, our study provides no means to
determine whether this account of the failure to obtain
prototypicality gradients after visual search is true. Clearly, further
studies are needed to clarify whether incidental learning is condu-
cive to producing prototypicality gradients under different
encoding conditions (e.g., serial vs. configural feature encoding).

If we assume that the prototypicality gradients obtained after
visual search were due to incidental learning, another way in
which the prototypicality gradient can be interpreted as implicit
is if it results in the absence of explicit recognition, consistent
with the suggestion that prototype effects are not dependent on
declarative memory (Knowlton & Squire, 1993; Reber &
Squire, 1999). Again, this was not supported by our data, with
the Search groups in Experiments 2 and 3 showing higher fa-
miliarity ratings for old exemplars, consistent with contextual
cueing studies that have found above-chance recognition (e.g.,
Smyth & Shanks, 2008).

The effect of encoding conditions

Importantly, Experiments 2 and 3 found that varying the nature
of the exposure conditions does affect the ability of participants
to show a prototypicality gradient, with participants in the
Memorize groups consistently showing an advantage over the
Search groups. Our results stand in contrast to those of Gureckis
et al.’s (2011), who found no differences in test performance
between groups of participants who were asked to memorize
the stimuli as a configural whole, and participants who were
asked to imagine pointing to the center dot. As mentioned previ-
ously, one explanation for their results is that their incidental task
is not cognitively demanding, and thus participants may have
been able to explicitly encode the stimuli while performing the

task. An alternative explanation is that the task itself (pointing to
the middle dot) might result in a similar deployment of visual
attention as the memorization task. To speculate, pointing to the
middle dot might also involve configural processing of the stim-
uli as participants would have to encode spatial relations between
the features (in effect processing the stimulus as a whole) in order
to determine where the center of the pattern was located, thus
making the two encoding strategies similar in terms of what
participants attend to. Strong prototypicality gradients that have
been obtained in the past under incidental exposure conditions
may therefore be largely due to the nature of the encoding con-
ditions facilitating later performance, rather than any incidental
learning that may have occurred.

In contrast, in our study, we used amore cognitively engaging
visual search task, demonstrating that test performance can vary
between different exposure conditions. However, our visual
search task requires participants to search through individual
features of the stimuli to find the target, and thus differs both in
terms of the requirements of the task and what features
(configural vs. specific) of the stimuli participants focus on. As
mentioned above, it is possible that the Search group did learn
incidentally, but only about the specific features of the stimuli.
TheMemorize groups, on the other hand, were told to memorize
the stimuli as a whole, and thus were encouraged to encode the
configural as well as specific features of the stimuli. A prediction
concerning the impact of these encoding strategies on test can be
derived by considering how these changes in encoding may af-
fect generalization to previously unseen high- and low-distortion
exemplars.

Generalization increases as the similarity between the test
stimulus and the seen exemplars increases.8 The low-distortion
exemplars are very similar to the prototype, and therefore also
very similar to each other, whereas the high-distortion exemplars
are relatively dissimilar to each other. Thus, the prototypicality
gradient in the old test stimuli can be seen to result in the follow-
ing way: generalization is high (and therefore high familiarity
ratings are given) for low-distortion exemplars because of a high
degree of similarity to other seen low-distortion exemplars.
Generalization is reduced for high-distortion exemplars because
these exemplars are not as similar to the seen exemplars (whether
they be high or low distortion). If we assume that the Memorize
group are better able to detect overall similarity (e.g., due to
encoding of configural features of the stimuli), then generaliza-
tion will be higher in this group for the low-distortion exemplars
and thus produce a steeper prototypicality gradient. In contrast,
the Search group may have more difficulty detecting similarity
between stimuli (e.g., because they have only encoded the spe-
cific features of the stimuli in a serial fashion, and the exemplars
are created by distorting each dimension of each feature individ-
ually). As mentioned above, if the Search group were to adopt

8 This explanation can also be framed in terms of generalization from an
extracted prototype.
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the strategy at test of searching for individual features that they
recognize, this might allow them to discriminate between old and
new exemplars to the same degree as the Memorize group, but
would not enable them to produce as strong a prototypicality
gradient. Thus, a speculative conclusion is that our visual search
task may have resulted in incidental learning, but through a man-
ner of encoding that was very different to the Memorize group.

An alternative way to explain the group differences in
Experiments 2 and 3 is through awareness of the subsequent fa-
miliarity test, as this was necessarily part of the encoding instruc-
tions in the Memorize group. Although it is certainly possible that
any group differences observed could be attributed to this
awareness and not the difference in encoding conditions, the
results of Gureckis et al. (2011) and Reber et al. (2003) do not
support this idea. Both studies failed to find a difference in cate-
gorization performance when comparing groups that were aware
of the existence of a category against a group who were unaware
of the category (but note the small sample size in both of these
studies). This suggests that awareness of a category either does not
lead participants to look for similarities between stimuli to aid them
in their category judgments, or alternatively that the nature of the
stimuli makes this difficult. Although our study uses a familiarity
test rather than a categorization test, participants in the Memorize
group knew that they would be tested on their memory, and yet in
both Experiments 2 and 3 there was little evidence that this facil-
itated their performance in discriminating between new and old
exemplars. Thus, if anything, we would need to conclude coun-
terintuitively that awareness of a subsequent memory test facili-
tates prototypicality gradients, but not recognition ability. It seems
that what matters for learning in the prototype distortion task is not
whether participants are aware of the existence of a category or an
impendingmemory test, butwhat demands the particular encoding
conditions make on the participant.

The dissociation between categorization and recognition

Finally, our manipulation of encoding conditions in
Experiments 2 and 3 increased the magnitude of the
prototypicality gradient, but did not reliably improve dis-
crimination between new and old exemplars. Although the
results of Experiment 2 were suggestive of a similar advan-
tage for the Memorize group in both the prototypicality gra-
dient and ability to discriminate between old and new exem-
plars, the results of Experiment 3 showed the opposite of
what has been found when comparing amnesic patients to
healthy controls, where there is usually a discrepancy in
recognition but similar categorization performance (e.g.,
Knowlton & Squire, 1993). This result might be surprising
given that our use of a single measure should have eliminat-
ed potential differences in response thresholds and task-
specific variance. However, there is still a difference in the
statistical measures we used for the prototypicality gradient
(linear trend in ratings) and recognition (difference in ratings

between old and new stimuli). Thus, there is still a parameter
difference between these chosen indices. For example, it
may be that they are not equally easy effects to obtain using
familiarity ratings alone.

It is also worth emphasizing that if participants are learn-
ing about the category on test, as Experiment 1 suggests,
then discriminating new from old stimuli may become more
difficult, since participants would be explicitly encoding
both old and new exemplars on test. This would presumably
strengthen, or make no difference to the prototypicality gra-
dient but may contribute to a weaker level of recognition.
This potential problem also applies to most of the prototype
effect literature because test stimuli are typically a combi-
nation of old and new stimuli and usually many (if not all)
are structured around the prototype to some extent. Thus,
for the same reasons, their presentation on test should
strengthen the prototypicality gradient but weaken partici-
pants’ ability to recognize exemplars they have seen.
Ensuring that difficulty level is equated across assessment
of the prototypicality gradient and recognition is thus im-
portant for interpretation of dissociations but also difficult
to implement.

To summarize, our results call into question the logic of
interpreting single dissociations as evidence for implicit
category learning due to the inherent difficulty in ensuring
a fair comparison between tests of categorization and rec-
ognition. Because we have shown a pattern of results that is
the reverse of the majority of studies comparing amnesiacs
to controls (e.g., Knowlton & Squire, 1993), it seems that
the way in which the prototype effect and recognition are
assessed has a large influence on the pattern of results ob-
tained, and even when attempts are made to minimize dif-
ferences between tasks by using the same test stimuli and
test measure, dissociations are still possible.

Conclusion

In conclusion, this study does not support the characteriza-
tion of learning in the prototype distortion task as implicit in
the sense of resulting automatically from incidental expo-
sure during visual search, and found a dissociation opposite
to that commonly reported in the literature when the same
test measure was used to assess prototypicality gradients
and recognition. Our findings highlight the need to test for
potential learning-at-test effects before claiming that learn-
ing exists, and to exercise caution in interpreting dissocia-
tions between categorization and recognition due to the dif-
ficulty in eliminating potential parameter differences that
can cause dissociations. Our study emphasizes the impor-
tance of studying the encoding strategies and exposure con-
ditions that are required for so-called implicit learning
effects.
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