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Putting category learning in order: Category structure
and temporal arrangement affect the benefit of interleaved

over blocked study
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Abstract Recent research in inductive category learning has
demonstrated that interleaved study of category exemplars
results in better performance than does studying each category
in separate blocks. However, the questions of how the cate-
gory structure influences this advantage and how simulta-
neous presentation interacts with the advantage are open is-
sues. In this article, we present three experiments. The first
experiment indicates that the advantage of interleaved over
blocked study is modulated by the structure of the categories
being studied. More specifically, interleaved study results in
better generalization for categories with high within- and
between-category similarity, whereas blocked presentation
results in better generalization for categories with low
within- and between-category similarity. In Experiment 2,
we present evidence that when presented simultancously,
between-category comparisons (interleaved presentation) re-
sult in a performance advantage for high-similarity categories,
but no differences were found for low-similarity categories. In
Experiment 3, we directly compared simultaneous and suc-
cessive presentation of low-similarity categories. We again
found an overall benefit for blocked study with these catego-
ries. Overall, these results are consistent with the proposal that
interleaving emphasizes differences between categories,
whereas blocking emphasizes the discovery of commonalities
among objects within the same category.
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How to present information so that learning and memory are
optimized is an important issue in teaching and training con-
texts (Rohrer & Pashler, 2010). It has long been demonstrated
that spacing repeated presentations of the same information
results in better memory than does repeating the same infor-
mation several times within a single occasion, even when time
and number of presentations are equated (Ebbinghaus, 1913).
This memory phenomenon, known as the “spacing effect,” is
a highly robust finding (Delaney, Verkoeijen, & Spirgel, 2010;
Proctor, 1980) that has been shown both in experimental
situations with words and pictures and in more applied situa-
tions, such as flashcard studying (Kornell, 2009).

This previous work on spacing presentations is applicable
to learning contexts involving the storage and retrieval of
factual information. However, the importance of maximizing
memory for specific facts will often not be as educationally
relevant as learning general concepts with an open-ended
number of items. Whereas rote memorization can be used to
learn the factual knowledge that veins lead the blood to the
heart, open-ended concept learning and induction is required
to reliably categorize cross-sectional slides of arteries and
veins. Pedagogically speaking, it is often important to know
whether the way that instances are presented influences in-
ductive learning and subsequent generalization of the acquired
knowledge.

The question of how to present information in order to
optimize category learning and generalization has been raised
before, and several proposals have been put forward. Some of
these proposals are related to the categories being taught. For
example, Elio and Anderson (1984; see also Sandhofer &
Doumas 2008) have proposed that learning should start with
low-variability items and that items with greater variability
should be introduced later. Another proposal is that items that
present the same generalization should be presented close to-
gether in temporal sequence (Elio & Anderson, 1981; Mathy &
Feldman, 2009). Other proposals are related to categorization
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difficulty. One such proposal is that items that previous learners
had difficulty categorizing should be presented early to new
learners (Lee, MacGregor, Bavelas, & Mirlin, 1988) or that
study should be sequenced in increasing order of complexity,
from simple to complex examples (Hull, 1920; but see Spiering
& Ashby, 2008).

Interleaved versus blocked study

Researchers have also proposed interleaving items from the
categories being taught—that is, presenting one item from
one category followed by an item from another category,
rather than grouping items from the same category together
(blocking). Recent results have shown that alternating presen-
tations of the categories leads to better inductive learning and
memory than when the categories are presented in separate
blocks.

This advantage of alternating to-be-learned categories has
been observed for different kinds of concepts, such as artists’
styles (Kang & Pashler, 2012; Vlach, Sandhofer, & Kornell,
2008), bird species (Komell, Castel, Eich, & Bjork, 2010;
Wabhlheim, Dunlosky, & Jacoby, 2011), novel category learn-
ing in children (Vlach et al., 2008) and older adults (Kornell
et al., 2010; Wahlheim et al., 2011), and mathematical opera-
tions in primary school students (Taylor & Rohrer, 2010).

Initial accounts of this phenomenon related the advantage
of interleaving categories with the greater temporal spacing
introduced between repetitions of the same category (Kornell
et al., 2010). However, recently Kang and Pashler (2012; see
also Birnbaum, Kornell, Bjork, & Bjork, 2013) presented
participants with several paintings from different artists and
used a procedure similar to those from previous studies
(Kornell & Bjork, 2008), but with added presentation condi-
tions. In one experiment, the authors compared categorization
performance in a generalization test preceded by one of four
study conditions: (1) blocked, (2) interleaved, (3) blocking
in which every presentation of a painting was followed by
an unrelated filler task (temporal spaced condition), and (4)
simultaneous presentation of all exemplars from the same
artist (blocked simultaneous condition). The results showed
that only the interleaved condition resulted in better perfor-
mance than did the blocked condition, thus providing evi-
dence that greater temporal spacing of presentations is
not the critical factor for the interleaved advantage (but see
Birnbaum et al., 2013).

An alternative explanation is that interleaving maximizes
inductive learning by promoting discrimination between
stimuli of the different categories (Goldstone, 1996; Kang &
Pashler, 2012; Kornell & Bjork, 2008; Mitchell, Nash, & Hall,
2008). In the blocked condition, the juxtaposition of exemplars
of the same category would not yield any advantage because
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finding differences between those stimuli is not beneficial for
learning.

However, in some situations interleaving is not ideal,
and previous studies have also demonstrated an advantage
of blocked presentation. For example Goldstone (1996)
presented participants with complex images composed of 20
line segments. Eight of the segments were diagnostic (tending
to be present in only in one of the categories), whereas the
other 12 were nondiagnostic (tending to be present in both
categories). The study included two conditions: frequent
alternation of categories (interleaving') and infrequent alter-
nation (blocking). Participants had to classify each stimulus in
one of the two categories with corrective feedback. The results
showed that participants were better at learning the categories
in the infrequent-alternation condition. The author associ-
ates this advantage with the relative difficulty in finding the
common features shared by the members of each category
(for similar results with different stimuli, see Kurtz & Hovland,
1956; Whitman & Garner, 1963).

Given this mixed evidence of what is the best way to
present information for optimal learning, one potentially im-
portant question is, What conditions yield an advantage for
interleaving as compared to blocking? In the present work, we
tried to provide an initial answer to this question by manipu-
lating the properties of the stimuli being learned and the
temporal dynamics of the task.

Goldstone (1996) proposed that category learning might be
difficult for two different reasons: high between-category
similarity or low within-category similarity. High between-
category similarity refers to category structures in which the
different categories share most of their features, making dis-
criminating the categories a matter of finding subtle differ-
ences between exemplars (as is the case for distinguishing
between, e.g., alligators and crocodiles). Low within-category
similarity, on the other hand, refers to category structures in
which the exemplars within one category share very few
features (as is the case for, e.g., the category “animal”).

Each one of these two kinds of category structures requires
different processes for efficient category learning. In the case
of high between-category similarity, the central challenge is to
identify subtle differences between categories, which might be
facilitated by frequent alternation among the categories. For
example, distinguishing alligators from crocodiles requires
attention to relatively subtle features that discriminate between

! This manipulation of blocking/interleaving differs from the previously
described experiments. An advantage of alternating successively
presented categories either frequently (75%) or rarely (25%) is that the
category-level predictability of the two conditions is equated, while still
establishing a challenging category-leaming task. A disadvantage is that
both blocked and interleaved conditions will have category members that
are temporally distributed over the course of training. Given that our
principal goal in the present work was to investigate the role of sequential
comparison in category learning and generalization, this disadvantage
was not deemed overly serious, and we used this approach.
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the species, and alternating between these species facilitates
this. However, rapid alternation between two categories with
low within-category similarity may not facilitate the identifi-
cation of relevant properties of each category. In this case, it
might be more beneficial to block exemplars separately by
each category, so that the learner can identify the shared
features among members of a category hidden within their
diversity (Goldstone, 1996). For example, to categorize a
physics problem as requiring classical versus quantum theo-
retical constructs, it may help to train students first on a block
of one type of problem and then to present the other type of
problem. By blocking training, the subtle theoretical assump-
tions and constructs of each type of problem may be more
clearly highlighted by comparing successive problems that
share these features (see Homa & Chambliss, 1975, for
similar proposals relating to number of categories and size
of each category and its effects on highlighting common and
discriminating features).

Simultaneous presentations and interleaved
versus blocked study

Another important question is related to the temporal factors
involved in interleaving versus blocking. Even though the
interleaved advantage has been shown to be more dependent
upon the juxtaposition of different categories than increased
spacing (Kang & Pashler, 2012), previous research has
demonstrated that category learning can be facilitated by
changing the presentation delay between different categories
or exemplars of the same category—for example by present-
ing instances simultaneously. The role of simultaneous pre-
sentation in category learning has been emphasized before
in research with children (Gentner & Namy, 1999; Graham,
Namy, Gentner, & Meagher, 2010; Kotovsky & Gentner,
1996; Namy & Gentner, 2002; Sims & Colunga, 2010;
Vlach, Ankowski, & Sandhofer, 2012), and adults (Hammer,
Bar-Hillel, Hertz, Weinshall, & Hochstein, 2008; Higgins &
Ross, 2011; Spalding & Ross, 1994).

The main finding is that when two or more exemplars
of a category are presented simultaneously, participants
are better at identifying the relevant features for categoriza-
tion, even if those features are less salient than irrelevant ones.
Additionally, the advantage for simultaneous presentation can
also be seen in discrimination learning. When learning to
discriminate two similar objects, presenting both simulta-
neously results in better discrimination than presenting them
successively, either interleaved or blocked (Dwyer, Mundy, &
Honey, 2011; Mundy et al., 2007, 2008). One possible reason
for this advantage is the reduced memory constraints as com-
pared to successive presentation. This would allow learners to
more effectively compare the two objects and extract the
relevant information (Andrews, Livingston, & Kurtz, 2010).

Traditionally the study of interleaving/blocking schedules of
presentation has been done with successive presentations.
Another alternative, pursued here, is to have learners categorize
object one at a time, but to simultaneously display the previ-
ously categorized object with its correct category assignment as
well as the current object to be categorized. This manipulation
reduces the time delay between interleaved presentations with-
out increasing the amount of information available to partici-
pants (participants continue having access only to two of the
category exemplars at each moment). It is a promising method
for concept training because its categorization-with-feedback
protocol encourages an active problem-solving attitude for
learners, whereas the simultaneity of previous and current
objects may facilitate comparison between them.

How does reducing the temporal delay between successive
categorization decisions during category learning influence
which presentation schedule results in better learning for
different kinds of categories? One possibility is that simulta-
neous presentation of a previously categorized stimulus along
with a new one will reduce the memory load associated with
remembering the characteristics of the previous item, maxi-
mizing the benefits of interleaving for high-similarity catego-
ries and blocking for low-similarity categories. Another pos-
sibility is that this simultaneous presentation will introduce
new constraints. For instance, simultaneous presentation may
emphasize differences between objects that belong to different
categories (Lipsitt, 1961). This could change how participants
solve the learning task, thus changing how interleaved or
blocked study affect learning.

The present work

In this research, we investigated whether the advantage of inter-
leaved over blocked study depends on the characteristics of the
learning situation such as the categories being learned and the
time delay between successive presentations. In Experiment 1,
we showed that interleaved study of three categories results in
better generalization for high-similarity categories but blocked
study results in better generalization for low-similarity catego-
ries. In Experiment 2, we showed that when learners simulta-
neously view the preceding categorized item along with a novel
one, interleaving categories results in better generalization for
high-similarity categories, but there is no difference between the
two schedules for low-similarity categories. Experiment 3 further
explored the effect of simultaneity for low-similarity categories
and replicated the results of Experiments 1 and 2.

Experiment 1

Previous demonstrations of the advantage of interleaved study
have used highly similar categories (e.g., Kang & Pashler,
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2012; Kornell & Bjork, 2008; Kornell et al., 2010; Wahlheim
et al., 2011). In this experiment, we directly contrasted the
effects of interleaved over blocked study in categories with
different similarity structures. The objective of this manipula-
tion was to reconcile the apparently contradictory evidence
that both blocked and interleaved study can be beneficial
(see the introduction).

Two sets of categories were used: a high-similarity set, in
which exemplars had both high within- and between-category
similarity, and a low-similarity set, in which exemplars had
both low within- and between-category similarity. Participants
studied categories from one of these sets in an interleaved
and blocked fashion. Following Goldstone’s (1996) propos-
al, we predicted that interleaved study would result in better
generalization performance for high-similarity categories.
Conversely, for low-similarity categories, generalization per-
formance was expected to benefit from blocked study of the
categories.

Method
Participants

A group of 76 Indiana University undergraduate students
participated in this experiment in return for partial course
credit. All participants completed both the blocked and inter-
leaved conditions, using different categories. Of the partici-
pants, 44 completed the high-similarity condition and 32 the
low-similarity condition. Fifteen participants (all in the high-
similarity condition) did not reach the criterion of 34% or
more correct responses during categorization learning in one
or both of the schedule conditions and were excluded from
further analyses.”

Stimuli and apparatus

The stimuli used in this and the following experiments were
blob figures (see Fig. 1). All blobs were created by randomly
generating curvilinear segments. A single curvilinear segment
defined each category and was present in all exemplars of that
category. Across all of our experiments, two sets of six cate-
gories were used, a low-similarity set and a high-similarity set,
for a total of 12 categories. Each category was composed of 16
exemplars.

In the high-similarity set, exemplars shared most of their
features with all the other exemplars in the same category and
in each of'the other five categories. Moreover, variation within
each category was exactly the same for all categories, so that a

2 This is a relatively high proportion of participants who failed to achieve
an overall performance above the chance level of 34%. This reflects the
difficulty level of learning to discriminate between high-similarity
categories.
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Fig. 1 Sample stimuli from three categories in each stimulus set. The top
six stimuli are from the high-similarity set, and the bottom ones are from
the low-similarity set. A shaded area indicates the diagnostic feature for
each category. This shaded area is for illustration purposes only and was
not presented to participants

difference that could exist between two exemplars in Category
1 would also exist between two exemplars of each of the other
categories in the set.

In the low-similarity set, exemplars within each category
shared only the category-relevant feature.> Moreover, exem-
plars from different categories differed in all their features.
Some of the exemplars had an overall round shape, and others
an overall oblique shape (this variability was equally distrib-
uted across categories).

As a cover story, participants were told that a recent expedi-
tion to Mars had recovered several cells of alien organisms.
Each cell could be categorized into one of three species solely
on the basis of its perceptual features. Stimuli were presented on
a computer screen, and participants responded using keys on the
keyboard with a consistent mapping to the category assignment.

Procedure

In this experiment, we manipulated the similarity structure
of the categories being studied (low vs. high similarity,

3 Of course, all of the objects do have some features in common, such as
being closed shapes, outlined in black, curvy, and white in the middle.
Similarly, what we experimentally manipulated as one feature may have
been construed as multiple features by the participants, because each
feature involved multiple curves. We cannot be sure about the exact
number of psychological features contained in our stimuli. The logic of
our experiment only depended on the relative number of shared features
decreasing from the high- to the low-similarity sets.
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manipulated between subjects) and the schedule of presenta-
tion during study (interleaved vs. blocked presentations,
manipulated within subjects). Each participant was assigned
to one of the similarity conditions, and all completed both
schedule conditions. Each schedule condition was composed
of two identical phases: a study task and a generalization ask
(always presented in this order).

Study task In this task, participants were presented with stim-
uli from each of three categories. Participants were presented
with a stimulus in the center of the screen for 500 ms. After the
blob was removed, the participant was asked to classify the
blob into one of three species (Q, Y, and P, or A, G, and L) by
pressing the corresponding key on the keyboard. After the
participant’s response, the blob was presented again for 2,000
ms, together with the presentation of corrective feedback (e.g.,
“CORRECT! This cell belongs to species Q” or “Sorry, that is
INCORRECT! This cell belongs to species Y). A 1,000-ms
intertrial interval followed and then a new trial began.

In the blocked condition, the categories presented alternat-
ed 25% of the time, whereas in the interleaved condition, they
alternated 75% of the time. Thus, in the interleaved condition,
the probability of a blob being followed by a blob of the same
category was low, whereas for the blocked condition, this
probability was high. We used this probabilistic approach
rather than creating purely interleaved or blocked conditions
in order to diminish the possibility that participants noticed
the pattern of alternation in responses, which would affect
categorization accuracy. Furthermore, if a purely blocked
condition had been used, there would be no way to guarantee
participants’ attention to the task, as they would have no
uncertainty as to the correct categorization. This approach
has been used before in similar tasks, with successful results
(Goldstone, 1996).

The two study conditions (blocked vs. interleaved) differed
only in the frequency of category change and the species
labels. In one of the conditions, Q, Y, and P labels/keys were
used, whereas in the other, A, G, and L were used, by random
assignment. Which condition was presented first was
counterbalanced across participants and the allocation of the
stimuli to each category and condition was randomized across
participants.

Participants completed four blocks of this task, each one
composed of 72 trials (three presentations of each of the eight
stimuli from each of the three categories).

Generalization task This second phase was a generalization
task during which 48 stimuli were shown in random order—
the 24 blobs participants saw during the study task and 24
new stimuli. The new stimuli were generated in the same
manner as the training stimuli, with new instantiations of the
unique features. Each stimulus was presented in the center of
the screen for 500 ms, after which participants were asked to

classify it into one of the species just learned. After a 1,000-ms
intertrial interval, a new trial would begin. No feedback was
provided during this phase.

Results and discussion

In these and all subsequent analyses, order effects (whether
participants started with the blocked or interleaved condition)
were analyzed and no effect of order of conditions was found.

First, we report performance over the study phase, as is
depicted in Fig. 2. As can be seen from the graphs, for both
low- and high-similarity category structures, performance in-
creases across blocks and is superior for the blocked condition
as compared to the interleaved condition. Moreover, perfor-
mance for the low-similarity structure is overall superior to
that of the high-similarity structure.

A mixed analysis of variance (ANOVA) with Condition
and Block as within-subjects factors and Similarity Structure
as a between-subjects factor confirms this interpretation, re-
vealing a main effect of similarity structure, F'(1, 58) =37.64,
MSE = .091, p <.0001, and schedule condition F(1, 58) =
45.44, MSE = .041, p <.0001, but no interaction between the
two, F(1, 58) < 1, MSE = .041. The main effect of block was
also significant, indicating that for both similarity structures
and presentation conditions, participants improved their
categorization, F'(3,174)=224.30, MSE =.0058, p <.0001.
Moreover, this improvement was more marked for the low-
than for the high-similarity structure, F'(3, 174) = 18.77,
MSE =.0058, p <.0001, and the improvement was greater for
interleaved than for blocked study, across both similarity
structures, F(3, 174) = 6.35, MSE = .0053, p = .0004.

Thus, from the analyses of performance during the study
task, we would conclude that blocking results in better per-
formance overall for both category structures, and that low-
similarity categories are easier to learn overall. From these
conclusions we could predict any of three possible outcomes
for generalization performance: (1) Interleaving constitutes a
more demanding study format, implicating greater cognitive
effort and thus constituting a “desirable difficulty” (Bjork,
1994). This interpretation would predict better generalization
performance in the interleaved condition regardless of catego-
ry structure; (2) blocking results in overall better learning and
will result in equally better performance during generalization
(Kurtz & Hovland, 1956; Whitman & Garner, 1963); and (3)
even though blocking results in better performance during
study, this performance does not necessarily imply perfor-
mance at generalization. By this interpretation, the successful
acquisition and encoding of the categories is likely to depend
on several factors including the category structure and the way
items are presented during study.

The results from the generalization task are depicted in
Fig. 3. As can be seen from the graph, no overall main effect
of schedule of presentation is apparent, and performance is
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Fig. 2 Results for the study phase of Experiment 1. Error bars indicate standard errors of the means. Chance-level performance in this task was .33

higher overall for low-similarity categories. Moreover, and of
greater interest, for novel stimuli, blocked presentation during
study improves performance for low-similarity categories.
Conversely, for high-similarity categories, interleaving study
results in better generalization performance to novel items.

A mixed ANOVA with Category Structure as a between-
subjects factor and Schedule of Presentation and Type of
Stimuli (novel vs. studied) as within-subjects factors
confirms this interpretation. Performance is overall higher
for low-similarity categories, F'(1, 58) = 25.08, MSE = .094,
p < .0001, and across category structures performance is
overall higher for studied stimuli, F(1, 58) = 62.56, MSE =
015, p < .0001. Interestingly, we observed no overall
advantage of one schedule over the other, F(1, 58) = 1.53,
MSE = .048, p = .217. However, an interaction did emerge
between category structure and schedule of presentation,
F(1, 58) = 5.99, MSE = .048, p = .017, indicating that for
high-similarity categories interleaving is overall better, but for
low-similarity categories there is no overall advantage of one
schedule over the other. The interaction between the schedule
of presentation, the category structure and the type of item is
also significant, F'(1, 58) = 8.32, MSE = .0097, p = .005. To
further analyze this critical interaction, we calculated the
difference in performance between the two study schedules
for each type of item by subtracting performance for the
blocked condition from performance for the interleaved

Low Similarity

condition for each participant. This analysis is plotted in
Fig. 4: Negative values indicate a benefit for blocked study,
whereas positive values indicate a benefit for interleaving
study.

As the plot in Fig. 4 shows, for high-similarity categories,
interleaved study results in better generalization performance
to novel stimuli, but for low-similarity categories, blocked study
results in better generalization performance, #(58) = 3.00,
p =.004, d = 0.76. However, for studied items we found no
effect of category structure, #(58) = 1.26, p = .213,d = 0.32.

The results of this experiment show that (a) perfor-
mance during the study phase as a function of schedule is not
areliable predictor of later generalization performance and (b)
the benefit of interleaved over blocked study is dependent on
contextual factors such as the category structure.

It has been demonstrated before that higher performance
during study does not necessarily result in better learning
(Taylor & Rohrer, 2010). One general explanation for disso-
ciated study—test performance is that the greater variability
associated with interleaving items leads to a more difficult
categorization and implicates greater cognitive resources, thus
constituting a desirable difficulty (Bjork, 1994). By this ac-
count, interleaving should always result in better performance,
which is not the case here.

In fact, blocking resulted in overall higher performance
during study for both high- and low-similarity category
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Fig. 3 Results for the generalization phase of Experiment 1. Error bars indicate standard errors of the means. Chance-level performance in this task was .33
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Fig. 4 Differences in generalization performance between the in-
terleaved and blocked conditions. The differences were calculated
for each participant by subtracting performance following blocked
study from performance following interleaved study. Higher values
indicate a benefit of interleaving over blocking. Error bars represent
standard errors of the means

structures, which might indicate the use of a heuristic
such as “Use the previous object’s categorization for the
present object” in the blocked condition. The use of this
heuristic would allow participants to achieve 75% accuracy,
whereas the equivalent heuristic of “Guess a different category
than the previous object’s categorization” in the interleaved
condition would only allow for 37.5% accuracy (the study
included three categories and 25% repetition, .5*.75 + 0*.25).
This might indicate that blocked study results in worse learn-
ing because participants are using these heuristics instead of
studying the stimuli. However, even though the use of these
heuristics was possible, and even likely, in both the high- and
low-similarity category sets, only in the high-similarity con-
dition did we observe an interleaved advantage for novel item
generalization. In fact, for low-similarity categories the oppo-
site occurred: Blocked study resulted in improved generaliza-
tion to novel items. This is contrary to the sole use of a
heuristic without attending to the stimuli and the use of such
heuristics cannot explain the most theoretically important
results presented here. It is possible that some of the advantage
for interleaved study with high-similarity categories is the
result of decreased processing and a more extensive use of
heuristics in the blocked condition. However, we would argue
that the use of these heuristics is related to the difficulty in
identifying the discriminating features necessary to obtain
good performance. In this sense, learners might rely on other
means, such as maintaining the same answer, in order to
achieve good performance. The fact that we found an advan-
tage for blocked study with low-similarity stimuli is in agree-
ment with this explanation. Another reason to believe it is

unlikely that participants in the blocked condition are relying
only on these heuristics is the fact that previous research, using
different methodologies that do not allow for the use of these
heuristics, found similar results when high-similarity catego-
ries were used (e.g., Kornell & Bjork, 2008; Wahlheim et al.,
2011). Additionally, notice that it is unlikely that participants
were using an exemplar-based categorization approach in
this task, given that the advantage was mostly seen for novel
stimuli but not for studied ones.

Mitchell, Nash, and Hall (2008) propose an account of
interleaved study increasing the salience of the category dis-
criminating features relative to the other features. This salien-
cy increase takes place because the discriminating feature is
not repeated on every trial, whereas all of the other features
are. Although this can indeed account for the results seen for
the high-similarity set, it does not easily account for the results
seen for the low-similarity set. In fact, in the low-similarity set
the exact opposite seems to take place: Most features change
from trial to trial, and participants benefit from blocking—that
is, the repetition of the category-discriminating feature.

One possible explanation for these results is that the two
study schedules emphasize similarities and differences among
successive stimuli differently. In this way, which of the two
schedules is more beneficial will change depending on wheth-
er learning the category requires participants to find similari-
ties among objects of the same category (as for categories in
the low-similarity set) or find differences between objects of
different categories (categories in the high-similarity set).

Experiment 2

Experiment 1 demonstrated that whether interleaved or
blocked study is more advantageous for learning is a function
of the similarity structure of the categories being studied. In
this experiment, we altered the dynamics of the study task by
simultaneously presenting the previously categorized object
along with a novel, to-be-categorized one.

This manipulation reduced the memory constraints of the
task, but might also introduce new constraints related to how
participants go about solving the study task. If the effects seen
in Experiment | were due to comparison of successive stimuli,
we could amplify the advantage of each study schedule by
promoting comparison through simultaneity. However, it is
also possible that an overall amplification will not occur. It is
possible that some comparisons are selectively emphasized
through simultaneous comparison—for example, features that
differ between objects belonging to different categories (see,
e.g., Lipsitt, 1961; MacCaslin, 1954). In this way, we sought
to investigate in which ways having direct access to the
previous stimulus affected the advantage of each study sched-
ule for low- and high-similarity categories.
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Method
Participants

A group of 118 Indiana University undergraduate students
participated in this experiment for partial course credit. All
participants completed both the blocked and interleaved condi-
tions, using different categories. Of these participants, 61 com-
pleted the high-similarity condition, and 57 the low-similarity
condition. Twenty-three participants (16 in the high-similarity
condition and seven in the low-similarity condition) did not
reach the criterion of 34% or more correct responses during
categorization learning in one or both of the schedule condi-
tions and were excluded from further analyses.

Stimuli and procedure

This experiment followed a procedure similar to that of
Experiment 1, except for the following changes (see Fig. 5
for screenshots of the study phase for Exp. 2). During the study
phase, participants saw a stimulus on the right side of the
screen that they had to classify as belonging to one of the three
species of alien cells. After the participant’s response, the

This cell belongs to species 'P' Does this cell belong to species 'Q’, 'Y’ or 'P'?
Press the 'Q’, "Y' or 'P* key to record your response.

This cell belongs to species 'Q" Does this cell belong to species 'Q’, 'Y’ or 'P'?
Press the 'Q’, 'Y’ or ‘P’ key to record your response.

Fig. 5 Screenshots of trials ¢ (bottom panel) and t — 1 (top panel) in the
study phase of Experiment 2 (the low-similarity condition on the left, and the
high-similarity condition on the right). Participants had to classify the stimulus
on the right by pressing the corresponding key. After the participants’
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stimulus remained on the right side of the screen for another
2,000 ms, with feedback and correct category assignment
above it. Next, the stimulus and correct category assignment
moved via an animation to the left side of the screen and
remained there for the duration of the subsequent trial. In this
way, on any categorization trial (excluding the first one), the
participant could see the previous stimulus and category feed-
back as well as the stimulus to be categorized, simultaneously
on the screen.

Additionally, before the beginning of the generalization
task, participants performed a practice phase of four trials
similar to the trials in the generalization task but presenting
pictures of real objects. This additional practice phase was
introduced in this experiment because initial pilots revealed
that the transition from the self-paced study phase to the fast-
paced generalization task resulted in the loss of the initial trials
due to participants’ adjustment to the new type of task.

Results and discussion
We started by analyzing the data from the study phase (see

Fig. 6). As can be seen from the graph, we observed an increase
in accuracy across blocks, and this learning is more accelerated

This cell belongs to species 'P' Does this cell belong to species 'Q’, 'Y’ or 'P'?
Press the 'Q", 'Y' or 'P" key to record your response.

This cell belongs to species 'Q" Does this cell belong to species 'Q’, 'Y’ or 'P'?
Press the 'Q", "Y' or 'P' key to record your response.

responses, feedback was presented above the stimulus on the right, and then
the stimulus moved to the left along with the correct assignment. The stimulus
on the left in the bottom panel screenshot (trial ¢) is the one presented in the
previous trial (trial £ — 1)



Mem Cogn

Low Similarity

High Similarity

1.0

0.8
1

//,I’” :{/
I// E/

1

{3

Proportion Correct Responses
0.6 0.7
1

0.5

-e- Blocked
—o— Interleaved

0.4

1.0

0.8
1
<
\
\
|
\
\
|
Fped

0.7
1

0.6
1
\
.
‘\
\
\
\\

0.5

-e- Blocked
—6— Interleaved

0.4

Block

Block

Fig. 6 Results for the study phase of Experiment 2. Error bars indicate standard errors of the means. Chance-level performance in this task was .33

for low-similarity than for high-similarity categories. Moreover,
there is an overall advantage of blocking in performance, but this
advantage seems to be lost by the last two blocks of study for
high-similarity categories. No overall difference in performance
emerged between the low- and high-similarity conditions.

A mixed ANOVA with Block and Presentation Schedule as
within-subjects factors and Category Structure as a between-
subjects factor confirmed this interpretation. We found main
effects of schedule, F'(1, 92)=20.27, MSE = .059, p <.0001,
and block, F(3, 276) = 276.55, MSE = .0074, p <.0001, but
no main effect of category structure, (1, 92) = 2.09, MSE =
.14, p = .152. However, we did see significant interactions
between category structure and schedule, F (1, 92) = 4.72,
MSE = .059, p = .032, and between category structure and
block, F (3, 276) = 8.11, MSE = .0074, p < .0001. Finally, a
significant interaction emerged between schedule of presenta-
tion and block, F'(3, 276) = 13.80, MSE = .0064, p <.0001,
indicating that the improvement in performance over the study
phase was greater for the interleaved condition.

This pattern is similar to the one seen in Experiment 1. As
we saw in Experiment 1, overall blocking seems to result in
improved performance. However, simultaneous presentation
reduced this advantage for high-similarity categories. Of
greater interest is what effect simultaneous study had on
generalization for low and high-similarity categories.

The results from the generalization task are shown in Fig. 7.
As in Experiment 1, generalization seems to be better overall
for low-similarity categories. Moreover, an interaction is ap-
parent between category structure and schedule of presentation,
with interleaved study resulting in better performance for high-
similarity categories but for low-similarity categories there are
no differences in performance between the two schedules. This
is surprising, given the results of Experiment 1 and the large
difference between blocking and interleaving for the low-
similarity category structure seen during study.

A mixed ANOVA with Stimulus Type and Presentation
Schedule as within-subjects factors and Category Structure

as a between-subjects factor confirmed the main effect of
category structure, F(1, 92) = 4.02, MSE = .14, p = .048.
We also observed a main effect of schedule of presentation,
F(1, 92) = 10.80, MSE = .053, p = .001, with interleaving
resulting in overall better performance than blocking.
Performance was also higher for studied stimuli than novel
ones, F'(1,92)=43.62, MSE = .012, p <.0001. This analysis
also confirmed our initial interpretation that the schedule of
presentation seems to have an effect only for high-similarity
categories, F'(1, 92) = 14.55, MSE = .053, p = .0002.

The results of this experiment show that, when learners
have the opportunity to simultaneously study the to-be-
categorized item and the previously categorized item, the
interaction between category structure and presentation sched-
ule changes. In this situation, the advantage for blocking over
interleaving for low-similarity categories is lost, and the ad-
vantage for interleaving for high-similarity categories is pre-
served and even numerically greater. However, we still ob-
served an interaction between category structure and presen-
tation schedule: For high-similarity categories, interleaved
study resulted in higher performance, whereas for low-
similarity categories, the way that exemplars were studied
did not seem to affect learning.

One possible reason for these results is that the simulta-
neous presentation design presented here increased the num-
ber of participants who relied solely on the heuristic “choose
the same category as in the previous trial” during the study
phase. Evidently, participants could also use this heuristic in
Experiment 1, and the overall better performance for the
blocked condition across the two experiments seems to indi-
cate that they did, to some degree. However, the presence
of the object from the previous trial along with its correct
assignment on the screen is likely to increase the use of
this heuristic. Furthermore, because there is no ambiguity
(due to memory failures) about what the previous category
was, the effectiveness of the heuristic might even be higher in
Experiment 2 than in Experiment 1. The increased reliance on
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Fig. 7 Results for the generalization phase of Experiment 2. Error bars indicate standard errors of the means. Chance-level performance in this task was .33

this heuristic would result in greatly decreased learning for the
blocked condition because participants are not actively trying
to identify the categories’ properties, but rather simply using
on-screen information about the previous item’s category.

We investigated this hypothesis by calculating the propor-
tions of times that participants chose the same category on trial
t and ¢t — 1, when the category actually changed (response
stay), and the proportions of times that participants chose a
different category on trial # relative to trial # — 1, when the two
stimuli were in fact from the same category (response change).
If participants were aware of the transition probabilities, we
expected the proportions of response stays to be higher for the
blocked condition and the proportions of response changes to
be higher for the interleaved condition (i.e., being somewhat
biased to answer “same” or “different,” depending on the
condition). Moreover, we looked at differences between
Experiments 1 and 2 in this measure of bias. These analyses
revealed that participants internalized the probabilities of each
schedule, but this did not seem to change between the succes-
sive and simultaneous experiments [in the blocked condition,
Mgy = .22 (SD = .27) for Exp. 1 and Mg,y = .20 (SD = .27)
for Exp. 2, and in the interleaved condition, M change = .23
(SD =.27) for Exp. 1 and M change = 19 (SD = .29) for Exp. 2,
both ps > .05].

Another possibility is that simultaneous presentation in-
creases the saliency of the differences between stimuli from
different categories, improving performance following inter-
leaved study. In the General Discussion, we examine this
possibility to account for the different results between the
successive and simultaneous experiments.

However, given the differences found between Experiments 1
and 2 regarding the benefit of blocked study for generalization of
low-similarity categories, it was important to directly compare
simultaneous and successive presentations of low-similarity
categories. For this purpose we conducted Experiment 3.

Experiment 3

In this experiment, we directly compared simultaneous and
successive study of low-similarity categories. The main
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purpose of this study was to investigate the effect of simultaneity
on low-similarity categories. For this purpose, we developed an
experiment in which only low-similarity categories were stud-
ied, both blocked or interleaved (manipulated within
subjects), and exemplars could be studied simultaneously or
successively (manipulated between subjects). This allowed us
to directly compare simultaneous and successive presentations
in the study of low-similarity categories.

Additionally, one alternative explanation for the results
presented thus far is that participants in both experiments
may possibly have learned the pattern of key presses during
study and relied solely on these. Although this hypothesis
would not explain the interaction found between schedule of
presentation and category structure in either Experiment 1 or 2,
in the present experiment we changed the way categories were
studied. In this experiment, participants studied the exemplars
along with the correct category assignment.

Overall, we expected to find a benefit for blocked study in
the successive group as seen in Experiment 1 and not a benefit
for either schedule for the simultaneous group (as in Exp. 2).

Method
Participants

A total of 96 Indiana University undergraduate students par-
ticipated in this experiment for partial course credit. All par-
ticipants completed both blocked and interleaved conditions,
using different categories. Forty-eight participants completed
the simultaneous condition and 48 others the successive con-
dition. Twenty-six participants (14 in the simultaneous group
and 12 in the successive group) did not reach the criterion of
95% correct responses during the secondary task during the
study phase in one or both schedule conditions (see below for
the details) and were excluded from further analyses.

Stimuli and procedure
This experiment followed a procedure similar to that of

Experiments 1 and 2, except for the following changes. Only
the low-similarity category set from Experiments 1 and 2 was
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used in this experiment. During the study phase, in both the
simultaneous and successive conditions participants were
not required to try to “guess” the correct category assignment.
On each trial a new stimulus was presented in the center of
screen (successive condition) or on the right side of the screen
(simultaneous condition) for 2,500 ms. This timing is equiv-
alent to the feedback and study times from the previous
experiments added together. During this time participants
saw the correct assignment of the category above the exem-
plar. Participants were asked to study the stimulus and correct
category assignment in order to perform well in a subsequent
categorization task.

Additionally, on each trial, after studying the stimulus three
buttons with the name of each of the three categories would
replace the stimulus and correct category label on the screen
and participants had to click the name of the category they had
just seen. This was a secondary task included to guarantee that
participants were paying attention to the category study task.
The task is nonetheless a passive category learning task be-
cause the participants simply need to repeat the category
shown to them. Participants completed two study blocks, each
composed of 72 trials.

During the test phase after a brief presentation of the
stimulus (500 ms as in the previous experiments) participants
had to click the button on the screen indicating the name of the
guessed category. No feedback was given during the test
phase. Participants completed a total of 48 test trials.

The labels used for the six categories (three presented
interleaved and three presented blocked) were “beme,”
“kipe,” “vune,” “coge,” “zade,” “tyfe” (Hendrickson,
Kachergis, Fausey, & Goldstone, 2012). These are novel
English-like words that do not share their initial letter and
are equated for number of syllables and final sound. Category-
label assignment was randomly determined at the beginning
of the experiment for each participant.

EEINT3

Results and discussion

Data from the secondary task were analyzed, and participants
that failed to repeat the correct category label on more than 5%
(approximately seven trials in the total of 144) of the total
number of trials were excluded from further analysis.

The results from the test phase are presented in Fig. 8. As
can be seen in the graph, no main effect of presentation mode
(simultaneous vs. successive) on overall accuracy is apparent.
However, as we have seen before, performance was better for
studied items than for novel ones. Of particular interest,
blocked study improved performance during test, particularly
for the successive group.

A mixed ANOVA with Presentation Mode (simultaneous
vs. successive) as a between-subjects factor and Schedule of
Presentation and Type of Stimuli (novel vs. studied) as within-
subjects factors confirmed this interpretation. Performance

was overall higher for studied stimuli, F (1, 68) = 51.47,
MSE = .014, p < .0001. Moreover, we found a main effect
of schedule of presentation, with better performance following
blocked study than interleaved study, F'(1, 68) = 5.48, MSE =
.045, p = .02. No effect emerged of presentation mode,
F(1,68)=237, MSE = .17, p = .13, or interaction between
any of the variables (all ps > .05).

Overall, these results replicate the findings from Experiments
1 and 2 for low-similarity categories. Blocked study resulted
in better generalization performance than did interleaved
study, and this was the case both for successive and simulta-
neous presentations, although less pronounced for the latter.
When two stimuli were presented simultaneously, reducing
memory constraints and allowing for greater contrast, perfor-
mance following blocked study did not seem to be promoted
as compared with successive comparison.

However, performance in the interleaved condition seemed
to improve slightly in the simultaneous, as compared to the
successive, presentation condition. A ¢ test comparing perfor-
mance between the successive and simultaneous groups for
the interleaved condition only confirmed this interpretation,
t(68) =2.02, p = .05, d = 48. These results are in agreement
with the proposal that simultaneous presentation increases the
relative salience of differences between categories, improving
performance following interleaved study.

General discussion

Inductively learning the characteristics of concepts and cate-
gories takes place frequently. It is important to be able to
generalize the knowledge acquired when learning a set of
examples. In this work, we studied the interaction between
the ways that categories are sequenced during study and the
structure of the categories being taught for inductive learning
and generalization optimization.

The results from the experiments presented here show that
three different factors interact during category learning to pro-
mote improved generalization: (1) the structure of the categories
being learned (high vs. low similarity); (2) temporal presentation
of exemplars (successive vs. simultaneous); and (3) the schedule
of study of the categories (interleaved vs. blocked). Considering
any one of these factors in isolation yields only a partial appre-
ciation of the problem—all three factors work together to sys-
tematically guide learning, resulting in different generalization
trends. This interaction may be parsimoniously explained by
how learners must allocate their attention in order to meet the
unique challenges of different learning tasks.

Study sequence and category structure

The experiments presented here show that interleaving cate-
gories during study promotes later generalization when high-
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Fig. 8 Results for the generalization phase of Experiment 3. Error bars indicate standard errors of the means. Chance-level performance in this task was .33

similarity categories are being learned. For low-similarity
categories, blocked study of categories resulted in better gen-
eralization in some situations.

In line with Goldstone (1996), we propose that interleaving
categories allows participants to identify the features that
distinguish among the categories, whereas blocked presenta-
tion promotes the identification of the features that are com-
mon among stimuli within the same category. This dichotomy
is the result of the same principle: The opportunity to compare
and contrast the properties of successive objects, which will
emphasize different features in different situations.

Rapid alternation of categories allows participants to iden-
tify differences between categories, which will be particularly
beneficial if those differences are hard to detect, as in the case
of the stimuli in the high-similarity set used here, and the
artists’ styles or bird species used in previous studies (Kang
& Pashler, 2012; Kornell & Bjork, 2008; Wahlheim et al.,
2011). Infrequent alternation of categories, on the other hand,
will facilitate participants’ identification of the commonalities
within each category, which is particularly beneficial if vari-
ability is high among the members of the categories, such the
ones in the low-similarity set used in the present work.

Study sequence and simultaneous presentations

Varying the properties of the categories being learned
changes which presentation order is more beneficial for
later generalization. If the advantages of blocking and in-
terleaving are due to opportunities to compare and contrast
objects that are temporally close to each other, then pre-
senting objects simultaneously in pairs may confer category
learning benefits. Simultaneous presentation of two objects
facilitates their comparison because it does not require one
object (and its correct category assignment) to be stored in
short-term memory.

The results from Experiment 2 show that simultaneous
presentation indeed resulted in good generalization perfor-
mance for the interleaved condition when learning high-
similarity categories. However, simultaneous presentation in
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the study of low-similarity categories resulted in equivalent
generalization between the interleaved and blocked conditions
(Exp. 2) although when in Experiment 3 simultaneous and
successive presentations during the study of low-similarity
categories were directly compared no difference in perfor-
mance was found between the two. These are somewhat
surprising results given the advantage for simultaneous pre-
sentation for high-similarity categories and previous research
(Mundy et al., 2007, 2008; Vlach et al., 2012).

One possible reason for these results is that simultaneity
increases the saliency of differences between objects belong-
ing to different categories (Lipsitt, 1961; MacCaslin, 1954;
Rieber, 1966). As we noted in the introduction, category
learning can take the form of finding similarities among
objects belonging to the same category or differences between
objects coming from different categories. The latter process
might be emphasized by simultaneous presentation and an
expectation from participants that what one needs to do in
these kind of categorization tasks is find differences be-
tween categories. However, for low-similarity categories,
this strategy will not result in improved performance when
associated with blocked study and might deter participants
from implicitly finding the relevant within-category similar-
ities. It did, however, improve performance for interleaved
study, reducing the magnitude of the benefit of blocked
study when associated with simultaneous presentation, which
indicates that simultaneous presentation indeed increases
the salience of differences between the objects in the
present work.

Sequencing effects in category learning: Sequential
comparisons and attention allocation

The role of allocating one’s attention during category learning
has been highlighted before in different models (Kruschke,
1992; Love, Medin, & Gureckis, 2004; Minda & Smith, 2002;
Nosofsky, 1986) and the use of eye tracking technology has
made it possible to study the patterns of overt trial-by-trial, or
even within-trial, attention. For example, Blair, Watson, Walshe,
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and Maj (2009) have demonstrated that in a categorization
task different stimuli can elicit different patterns of attention
allocation to their features. Additionally, previous research has
also demonstrated that during category learning participants
take into account information from only the previous few
trials to decide whether a stimulus belongs in one category
or another (Jones, Love, & Maddox, 2006; Jones & Sieck,
2003; Stewart & Brown, 2004; Stewart, Brown, & Chater,
2002; Stewart & Chater, 2002).

As a theoretical framework for the sequencing effects
presented here, we propose that during the presentation of
objects, participants update their attentional target progres-
sively toward the relevant features of the stimuli. To do this,
learners take into account the information presented in the
previous trial and the similarity relations between the previous
object and the current object. If the previous trial consisted of
an object in one category and the current trial consists of
another object in a different category, participants’ attention
will be directed toward the differences between the two
objects, by comparing the current object to the previous one
(or their recollection, in the case of successive presentations).
Conversely, if the two objects come from the same category,
learners will attend to similarities between the objects.

This would result in attention being directed to the hard-to-
find differences when high-similarity categories are inter-
leaved and the substantial similarities when they are blocked.
In much the same way, when interleaving low-similarity cat-
egories, attention will be directed toward the substantial dif-
ferences, whereas if they are blocked, the hard-to-find simi-
larities will receive more attention. This framework can par-
simoniously account for the differential weighting of similar-
ities and differences in the blocked and interleaved schedules,
respectively, and the different advantage of each for different
category learning situations.

Moreover, the framework we propose captures the results
from the simultaneous presentation of high-similarity cate-
gories. Simultaneous presentation reduces the noise associ-
ated with using an imperfect recollection of the previous
object, resulting in better comparison and contrast of the
objects. However, it might also introduce new biases toward
the differences between objects of different categories.
Another possibility is that in order to identify similarities
between highly different objects belonging to the same
category, partial forgetting of the object properties is actually
beneficial, helping participants to disengage their attention
from the highly salient differences. This remains an open
question for future research.

Conclusions
In this article, we showed, for the first time in a systematic

way, the intricacy of the relations between “same” versus
“different” category comparisons, interleaved versus blocked

study, and successive versus simultanecous presentations.
Furthermore, we proposed trial-by-trial, category-specific at-
tention allocation as the basis for the effects of the schedule of
presentation on category learning.

In appreciating the benefits of one schedule of study over
another, it is important to keep in mind that not all concept
learning takes place by identifying discriminating features
among categories. For example, sometimes it is possible to
create an absolute characterization of a category in terms of'its
prevalent features, regardless of their discriminative values
(Markman & Ross, 2003). Furthermore, in other situations,
memorizing instances might be a highly useful strategy. The
results presented here show that there might not be one uni-
versal answer to the question of whether an instructor should
interleave or block information so that the learner acquires the
knowledge and is able to generalize it more efficiently. Best
sequencing practices will depend on the nature of the catego-
ries being ordered and other contextual factors.
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