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Interleaved practice (i.e., exemplars from different categories are intermixed within blocks)
has been shown to enhance induction performance compared to blocked practice (i.e.,
exemplars from the same category are presented sequentially). The main aim of the
present study was to examine explanations of why interleaved practice produces this
benefit in category induction (known as the interleaving effect). We also evaluated two
hypotheses, the attention attenuation hypothesis and the discriminative-contrast
hypothesis, by collecting data on participants’ fixation on exemplars, provided by
eye-tracking data, and manipulating the degree of discriminative-contrast. In Experiments
1 and 2, participants were instructed to learn the style of 12 new artists in blocked and
interleaved practice in fixed-paced and self-paced learning conditions, respectively.
We examined fixation durations for six positions (temporal sequence of exemplars
presented in each block) using eye-tracking. The results of the two experiments, based
on eye-tracking data, suggested that attention attenuation may not be the primary
mechanism underlying the interleaving effect in category induction. In Experiment 3,
we manipulated the degree of discriminative-contrast to examine the impact on the
interleaving effect in category induction. The results showed that the main effect of the
degree of discriminative-contrast was significant, and performance in the high-contrast
condition was significantly better than those in the medium-contrast and low-contrast
conditions. Thus, the current results support the discriminative-contrast hypothesis rather
than the attention attenuation hypothesis.

Keywords: attention attenuation hypothesis, discriminative-contrast hypothesis, category induction, interleaving
effect, eye-tracking

INTRODUCTION

Learning through category induction is a primary method by which humans acquire knowledge
(Kruschke, 2005; Brunmair and Richter, 2019). Category learning, also known as concept
attainment, span from infancy through to adulthood, and include learning the label of novel
objects (Vlach et al.,, 2008), different species of birds (Wahlheim et al,, 2011), landscapes or
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skyscapes painted by different artists (Kornell et al., 2010), or
different types of mathematics assignments (Taylor and Rohrer,
2010; Rohrer et al., 2015). To engage in category induction,
individuals must be able to identify recurring patterns (Ashby
and O'Brien, 2005; Eglington and Kang, 2017; Sana et al,
2017). For example, to identify a specific painter’s style, people
must be able to identify patterns that differ from those present
in paintings by others (Kornell and Bjork, 2008; Kang and
Pashler, 2012; Guzman-Munoz, 2016). Since this form of learning
is critical to individuals making sense of their environment,
numerous studies have focused on how to improve
category induction.

A convincing body of evidence demonstrates that the sequence
of exemplar presentations (i.e., interleaved or blocked practice)
has a significant impact on category induction performance
(Kornell and Bjork, 2008; Vlach et al, 2008; Kornell et al,
2010; Wahlheim et al., 2011; Kang and Pashler, 2012; Zulkiply
et al, 2012; Birnbaum et al., 2013; Zulkiply and Burt, 2013;
Carvalho and Goldstone, 2014; Rohrer et al., 2015; Mathy and
Feldman, 2016; Eglington and Kang, 2017; Foster et al., 2019).
When stimuli are presented in blocked practice, exemplars of
the same category are presented sequentially. In contrast, in
interleaved practice, exemplars from different categories are
intermixed within blocks. Thus, exemplars of the same category
are not presented until after many exemplars from other
categories have been presented. Many studies have suggested
that there are benefits to interleaved practice in category learning
(Kornell and Bjork, 2008; Vlach et al, 2008; Kornell et al,
2010; Wahlheim et al., 2011; Kang and Pashler, 2012; Rohrer,
2012; Dunlosky et al., 2013; Verkoeijen and Bouwmeester, 2014;
Rohrer et al., 2015; Metcalfe and Xu, 2016; Brunmair and
Richter, 2019), which is referred to as the interleaving effect
(Zulkiply and Burt, 2013). Kornell and Bjork (2008) found
that interleaved practice was superior to blocked practice in
category induction tasks involving young adults memory of
12 artists’ styles. In this study, each artist was represented by
10 paintings, which were landscapes, and participants learned
six of them, and the remaining four paintings were used in
the testing phase. During the learning phase, the blocked
practice was achieved by the paintings of six artists being
presented in individual blocks, in which each of the six paintings
by the same artist was presented in a single block. For interleaved
practice, the paintings of six different artists were presented
in blocks consisting of six paintings from six different artists.
The blocked and interleaved practice conditions were manipulated
within participants. The paintings, on which the artists’ names
were displayed, were presented for 3s. During the testing phase,
participants were instructed to classify a new range of paintings
by the original artist. The results indicated that participants’
classifications of the new paintings were more accurate for
artists for whom the paintings had been presented in interleaved
practice than in blocked practice. The interleaving effect has
been replicated many times (Kornell et al,, 2010; Wahlheim
et al,, 2011; Kang and Pashler, 2012; Birnbaum et al.,, 2013;
Verkoeijen and Bouwmeester, 2014; Metcalfe and Xu, 2016).
For example, Birnbaum et al. (2013) used pictures of butterflies
from different species to evaluate the acquisition of categories

representing natural species using interleaved and blocked
practice, and also confirmed the presence of the interleaving
effect. Kornell et al. (2010) reported comparable results for
older adults, and Wahlheim et al. (2011) demonstrated similar
findings using pictures of diverse types of birds, rather than
landscapes. Despite growing evidence that interleaving is
beneficial, the mechanisms underlying category induction are
not yet fully understood.

One influential explanation underlying the interleaving effect,
the attention attenuation hypothesis, postulates that blocked
practice may impair learning by reducing the amount of attention
participants pay to each of the repeated presentations. This is
because exemplars in a block are from the same category and
are therefore highly similar (Hintzman, 1974). Successive
presentation of highly similar exemplars could create a high
level of familiarity, or fluency. Consequently, participants may
pay less attention to the exemplars because they subconsciously
overestimate the extent to which they have mastered the category
(Zechmeister and Shaughnessy, 1980). Attention is also likely
to be diminished when sequentially repeating similar exemplars
in blocks, as this may lead to habituation. To date, a small
number of studies have investigated the attention attenuation
hypothesis with category learning, and the results have been
equivocal. Kornell et al. (2010) examined the interleaving effect
using two learning tasks: an artist’s paintings displayed six
times, either in blocked or interleaved practice, divided into
two tasks: (a) the induction task in which participants studied
the various paintings without any painting being repeatedly
displayed, and then underwent a test; and (b) the repetition
task in which participants studied a single painting by each
artist, and then underwent a test. The attention attenuation
hypothesis suggests that blocked practice may impair learning
by reducing the amount of attention individuals allocate to
continuous presentations since the exemplars are highly similar
(Hintzman, 1974). The exemplars similarity in the repetition
task of Kornell et al. (2010) was far greater than that for the
induction task. Thus, the researchers predicted that there was
greater attention attenuation in the repetition task than in the
induction task, which should result in a larger interleaving
effect in the repetition task (Kornell et al., 2010). In fact, the
magnitude of the interleaving effect did not differ significantly
between the repetition and induction tasks, and the results
did not support the attention-attenuation hypothesis.

Conversely, Wahlheim et al. (2011) found supporting evidence
for the attention-attenuation hypothesis. These researchers studied
memory performance at a test point for items that had been
previously studied. Memory performance was identified as the
indicator of when attention had been paid to the position of
the item in the study sequence. The results demonstrated that
memory performance for exemplars in each position within
an individual block decreases as a function of relative position
in blocked practice, whereas no such decrease would arise for
interleaved practice blocks. A possible explanation was that,
in later presentations of the blocked sequences, participants
did not attend to the items to the same extent as they did
the earlier items; therefore, the items were not recalled as
readily. We reasoned that the amount of attention to items
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studied cannot be fully measured by memory performance at
the time of testing, which is an indirect indicator of attention.
By measuring either the timing of gaze or the motion of the
eyes relative to the head. In such cases, eye-tracking systems
are suitable for cognitive and behavioral experiments, including
this type of investigation into category induction (Kruschke
et al., 2005; Rehder and Hoffman, 2005a,b; Carvalho and
Goldstone, 2017; Zaki and Salmi, 2019).

Fixation time, measured by eye-tracking, is a common
attention allocation index in cognitive psychology experiments.
For example, Carvalho and Goldstone (2017) used eye-tracking
to support that interleaved practice highlights the variations
between presented categories, whereas blocked practice highlights
the commonalities within one category. We adopted a fixation
duration measurement using an eye-tracking system as a more
direct indicator of exemplar study duration. As mentioned,
the current investigation (Experiments 1 and 2) explores the
attention attenuation hypothesis in more depth by using fixation
duration times collected by eye-tracking equipment as an
indicator of practice time. The attention attenuation hypothesis
suggests that the fixation durations for exemplars are expected
to be greatest for the first exemplars in the blocked practice
blocks, and to decline for subsequent exemplars. Little or no
change is expected for the interleaved practice blocks.

An alternative to the attention attenuation hypothesis
concerning the interleaving effect is the discriminative-contrast
hypothesis which can be applied from the perspective of
interleaved practice (Kornell and Bjork, 2008; Kang and Pashler,
2012; Birnbaum et al., 2013; Eglington and Kang, 2017). In
the light of the discriminative-contrast hypothesis, observing
the differences between categories is crucial to category induction.
Thus, interleaved practice results in exemplars of different
categories being intermixed within blocks, which is conducive
to learning the differences between them. Consequently, the
performance of category induction for interleaved practice was
superior to that for blocked practice. Specifically, alternately
presenting examples from different categories could highlight
the differences between categories through comparison. Thus,
under these circumstances, participants would be able to learn
categories more readily and improve classification performance
(Wahlheim et al., 2011; Kang and Pashler, 2012; Birnbaum
et al., 2013). This hypothesis is consistent with that of Yamauchi
and Markman (2000) and Markman and Ross (2003), who
demonstrated that classification learning is more sensitive to
differences between categories.

Kang and Pashler (2012) addressed the question of whether
the advantages of interleaved practice as a result of increased
temporal spacing between the paintings presented which were
by the same artist or as a result of the interleaving of paintings
by the different artists. The researchers manipulated three
experimental conditions: massed, interleaved, and simultaneously
different (a screen displaying two different types of paintings
to make the differences between the categories more salient).
The simultaneously different conditions yielded significantly
better learning outcomes than the blocked and interleaved
conditions did. In addition, the category induction was virtually
unaffected by temporal spacing. However, Foster et al. (2019)

examined both the discriminative-contrast hypothesis and the
distributed-practice through testing participants’ performance
on the calculation of mathematical problems, namely, the volume
of three-dimensional geometric shapes. Specifically, four learning
settings were used in the study: standard blocked, standard
interleaved, remoted blocked, and remote interleaved. The results
indicated that interleaved practice can benefit the learning of
mathematical materials and that participants benefited nearly
equally from interleaving whether it presented in the standard
interleaved practice or the remote interleaved practice conditions.
These findings suggest that interleaving effects involved in
geometry problems may be largely driven by distributed practice
rather than explicable by the discriminative-contrast hypothesis.
However, based on current research, category learning of
paintings’ styles, which is more likely to represent a visual
task, may be different from mathematical tasks. For visual
materials, the discriminative-contrast effect may be essential
to the interleaving effect in category induction. To test our
hypothesis that paintings learning is sensitive to discriminative-
contrast effects, Experiment 3 attempted to directly manipulate
the degree of discriminative-contrast in three levels: low-contrast,
medium-contrast, and high-contrast conditions. The purpose
is to evaluate to what extent the degree of discriminative-
contrast affects classification performance in category induction
tasks and to provide more direct, convergent evidence for the
discriminative-contrast hypothesis. This study predicts that if
the discriminative contrast is beneficial to the interleaving
effect, then the degree of discriminative-contrast presence affects
the classification performance.

EXPERIMENT 1

Experiment 1 was designed to provide eye-tracking to test the
testing mechanism for the attention attenuation hypothesis.
Per the attention attenuation hypothesis, the blocked practice
may impair learning by reducing the amount and salience of
attention the participant gives to repeated presentations. This
is because exemplars in a block are from the same category
and are, therefore, highly similar. Therefore, testing for a
significant difference in fixation durations at six positions in
blocked and interleaved practice blocks using category learning
tasks can help further understanding of this hypothesis.
Participants in this experiment were asked to view 72 paintings
by 12 artists and learn the different styles. Paintings by six
of the artists were presented as blocked practice (presenting
different paintings of the same artist in each block), and
paintings by the remaining six artists were presented as interleaved
practice (mixing paintings by different artists in each block).

Method

Participants and Design

The sample size was determined by a power analysis based
on predicted effect size, using G*power 3.0 (Faul et al., 2007,
2009). Based on the predicted effect size (7*=0.20) and the
targeted power ($=0.80), the power analysis suggested that a
sample size of 28 was required. Twenty-nine participants (22
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women and seven men) were recruited from Zhejiang Normal
University and received course credit and a gift in return for
their participation. Participants mean age was 21.93years
(SD=1.85), and all had a normal or corrected-to-normal vision.
The research procedure for this experiment and subsequent
experiments conformed to the ethical standards of the 1964
Declaration of Helsinki. The Zhejiang Normal University Review
Board approved the research procedures and an informed consent
form was signed by each participant before the experiment.

Materials and Apparatus

The materials included 120 landscapes or skyscapes painted
by 12 artists (i.e., 10 paintings by each of the following artists:
Georges Braque, Henri-Edmond Cross, Judy Hawkins, Philip
Juras, Ryan Lewis, Marilyn Mylrea, Bruno Pessani, Ron Schlorff,
Georges Seurat, Ciprian Stratulat, George Wexler, and Yie Mei).
The paintings were taken from the similar study of Kornell
and Bjork (2008) (Figure 1). These artists were selected because
they were not well-known. The artists’ names were translated
into Chinese for the convenience of Chinese participants. Six
paintings by each artist were presented during the study phase
and four were presented during the test phase. All of the
painting files were in .jpg format (500 x 350 pixels) and resized
to produce a 17.86cmx12.50cm rectangle on the computer
screen. Participants’ eye movements were recorded in the study
phase using a Tobii 1750 eye-tracking system sampling at 50 Hz
and category induction performance was recorded in E-prime 2.0.

Procedure

This experiment was conducted using E-prime 2.0 and Tobii
Studio eye-tracking software. Participants completed two separate
phases: the study phase and the test phase. During the study
phase, participants learned the different styles of the 12 artists
by studying six of each artist’s paintings. The 12 artists were
randomly divided into two groups of six and appeared equally
frequently in the blocked and interleaved practice conditions.
In blocked practice (B) condition, six paintings by a single artist
were presented in each block. In the interleaved practice (I)
condition, one painting by each of the six artists was presented
in each block. Each painting appeared on the computer screen
for 3s, and the artists name was displayed below the painting.

The order of the blocks was as follows: B-I-I-B-B-I-I-B-B-I-I-B
(as per Kornell and Bjork, 2008). During the test phase, 48 test
trials were divided into four blocks of 12 paintings each. Each
block consisted of 12 new paintings, with one representing each
of the 12 artists, in random order. In the test trials, an unfamiliar
painting by one of the 12 artists was presented, along with all
the artists’ names below the paintings. Participants signified the
name of the artist whom they believed had created each painting
by pressing the corresponding button using a keyboard.

Results

Category Induction Performance

Figure 2 displays the mean performance on the final category
test as a function of study condition. Category induction
performance was compared between the two conditions using
a paired-samples ¢-test. Participants’ performance for interleaved
practice (M =0.43, SD=0.14, 95% CI [0.37, 0.48]) was significantly
superior to that observed in blocked practice (M =0.16, SD=0.13,
95% CI [0.11, 0.21]), #(28)=9.08, p<0.001, Cohen’s d=1.46.
This result indicated that the interleaving effect was present
in category induction.

Fixation Duration

The researchers focused mainly on the two interest areas,
namely, the stimulating area contained the paintings and the
artists’ names, respectively. Next, the fixation duration within
the interest areas of the paintings and names was calculated.
Figure 3 shows the mean fixation durations for the paintings’
and names’ interest areas as a function of relative position
and study condition. A 2 (stimulus: painting, name) x2 (study
condition: blocked, interleaved) x6 (exemplar position: 1, 2, 3,
4, 5, and 6) ANOVA was performed.

The main effect of stimulus was significant, F(1, 28)=712.50,
p<0.01, n,°=0.96. Fixation duration in paintings (M=2.32,
SD=0.20) was significantly superior to fixation duration in
names (M=0.53, SD=0.17). Critically, the main effect of the
study condition was not statistically significant, F(1, 28)=0.66,
p=0.42, n,”=0.023, indicating that fixation durations were not
significantly different between blocked and interleaved practice.
Furthermore, to test for evidence for the null effect of the
study condition, we computed a Jeffreys-Zellner-Siow (JZS)

FIGURE 1 | Landscapes and skyscapes used in Experiment 1, reprinted from “Learning Concepts and Categories: Is Spacing the ‘Enemy of Induction?’” by

Kornell and Bjork (2008). Copyright 2008 by Kornell. Reprinted with permission.
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Bayes factor using the ANOVA function in JASP (https://jasp-
stats.org/; Wagenmakers et al, 2010; Dienes, 2014; Marsman
and Wagenmakers, 2017; Hu Chuan-Peng et al, 2018). The
Bayes factor was BF,, =11.73, indicating that the observed data
are 11.73 times more likely under the null hypothesis (which
postulates an absence of an effect) than under the alternative
hypothesis (which postulates the presence of an effect). Thus,

3% 3k %k

Proportion correct

1
Interleaved

Blocked

FIGURE 2 | Mean test performance as a function of study condition in
Experiment 1. Error bars represent SEM. “p < 0.001.

the data provided substantial evidence in favor of a null effect
of the study condition (Jarosz and Wiley, 2014). Moreover, the
main effect of exemplar position was also not statistically
significant, F(5, 140)=1.88, p=0.13, 1,°=0.063.

The interaction between stimulus and study condition was
also not significant, F(1, 28)=0.34, p=0.57, 5,°=0.12. The
interaction between study condition and exemplar position was
not significant, F(5, 140)=0.99, p=0.42, 1,°=0.034. In addition,
the interaction between stimulus and exemplar position was
significant, F(5, 140)=44.53, p<0.01, #*=0.61. Simple effects
analysis showed that fixation durations for the six relative
positions differed significantly in painting, F(5, 24)=41.23,
p<0.001, n”=0.60, Position 1 was significantly shorter relative
to those observed for Positions 2, 3, 4, 5, and 6, and the
fixation duration for Position 2 was significantly longer relative
to those observed for Positions 1 and 3; fixation durations for
the six relative positions differed significantly in name, F(5,
24)=43.61, p<0.001, 7*=0.61, however, Position 1 was significantly
longer relative to those observed for Positions 2, 3, 4, 5, and
6, and the fixation duration for Position 2 was significantly
shorter relative to those observed for Positions 1, 3, and 6.
The interaction between stimulus, study condition, and exemplar
position were significant, F(5, 140)=30.21, p<0.01, n*=0.52.
Simple and simple effects analysis showed that fixation durations
for the six relative positions differed significantly in blocked
study of painting, F(5, 24)=76.79, p<0.001, #*=0.73, Position
1 was significantly shorter relative to those observed for Positions
2, 3, 4, 5, and 6; fixation duration for the six relative positions
differed significantly in blocked study of name, F(5, 140)=71.58,
p<0.001, n*=0.72, Position 1 was significantly longer relative
to those observed for Positions 2, 3, 4, 5, and 6; fixation durations

.
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N
o
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FIGURE 3 | Mean fixation durations for the paintings as a function of relative position and study condition in Experiment 1. Error bars represent SEM.
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for the six relative positions differed significantly in interleaved
study of painting, F(5, 140)=6.18, p<0.001, #*=0.18, Position
1 was significantly shorter relative to those observed for Positions
2, 4, and 5; fixation durations for the six relative positions
differed significantly in interleaved study of name, F(5, 140) =6.40,
p<0.001, 7*=0.19, Position 1 was significantly longer relative

0.8- i

Proportion correct

1
Interleaved

Blocked

FIGURE 4 | Mean test performance as a function of study condition in

Experiment 2. Error bars represent SEM. “p < 0.001.

to those observed for Positions 2, 4, and 5. The results show
that there was no downwards tendency of stimulus fixation
duration across positions in the blocked study, the attention
attenuation hypothesis was not supported. However, there was
an ascending tendency in the blocked study of painting and a
downwards tendency in the blocked study of a name, so we cannot
rule out the influence of a name’s study on the interleaved effect.

Discussion

This experiment tested the attention attenuation hypothesis,
which was not supported by the eye-tracking data. However,
the experiment involved fixed-paced learning, where stimuli
were presented for only 35, and coding may have been insufficient
for some stimuli. Therefore, the participants might not have
had the opportunity to reduce their attention. To compensate
for this, we examined the attention attenuation hypothesis using
self-paced learning to produce convergent evidence. If the
fixation durations for the six relative positions showed a
decreasing trend in the blocked study, but not in the interleaved
study, and fixation durations in the interleaved study were
longer relative to those observed in the blocked study, the
findings would support this hypothesis.

EXPERIMENT 2
Method

Participants and Design
Twenty-five participants (20 women, five men) were recruited
from Zhejiang Normal University and received course credit

14 = —o— Blocked practice of painting =#— Interleaved practice of painting
=0 - Blocked practice of name =B - Interleaved practice of name
12- T
—
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O - -
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T 6= [ 1 ]
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FIGURE 5 | Mean fixation durations for painting and name, as a function of relative position and study condition, in Experiment 2. Error bars represent SE.
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and a gift for their participation. Participants’ mean age was
19.08 years (SD=1.68), and they all had a normal or corrected-
to-normal vision. The design of this experiment was the
same as that of Experiment 1, which was a within-
subjects design.

Materials, Apparatus, and Procedure

The materials, apparatus, and procedure used in this experiment
were the same as those used in Experiment 1, except for the
learning type, which was self-paced. That is, participants,
controlled the amount of time that they spent studying each
picture by clicking the left mouse button.

Results

Classification Performance

Classification performance was analyzed using a paired-samples
t-test. Participants’ performance in interleaved study (M=0.55,
SD=0.04) was significantly superior to that observed in blocked
study (M=0.21, SD=0.03), #(24) =9.41, p<0.001, d=1.88. Similar
to Experiment 1, the results of this experiment indicated that
the interleaving effect was present in category learning (Figure 4).

Fixation Duration

Fixation duration was calculated in the manner that was
described for Experiment 1. Figure 5 shows the mean fixation
durations for the painting and name, as a function of relative
position and study condition. An ANOVA was performed, as
described for Experiment 1. The main effect of stimulus was
significant, F(1, 21)=57.21, p<0.01, *=0.73. Fixation duration
in painting (M=6.03, SD=3.30) was significantly superior to
fixation duration in names (M=0.62, SD=0.29). The main
effect of study condition was also significant, F(1, 21)=7.69,
p<0.05, 7#=0.27, reflecting longer fixation duration in blocked
study (M =7.08, SD=3.78) relative to interleaved study (M =6.21,
SD=3.01). The main effect of exemplar position was significant,
F(5, 105)=10.99, p<0.001, n*=0.34. The fixation of Position
1 was significantly longer relative to those observed for Positions
2-6 and the fixation of Position 5 was significantly shorter
relative to those observed for Positions 1-4 and 6. The interaction
between stimulus and study condition was significant, F(1,
21)=10.35, p<0.01, #*=0.33. Simple effects analysis showed
that fixation duration for study condition significantly in painting,
1(24)=2.90, p<0.05, d=0.75, in that the fixation duration for
blocked study was significantly longer relative to those observed
for interleaved study; fixation duration for study condition
was not significantly in name, #(24)=0.75, p=0.46, d=0.47.
The interaction between stimulus and exemplar position was
significant, F(5, 105)=5.73, p<0.01, #*=0.21. Simple effects
analysis showed that fixation duration for the six relative
positions differed significantly in painting, F(5, 120)=38.30,
p<0.05, n”=0.26, Position 1 was significantly longer relative
to those observed for Positions 2, 3, 4, and 5; fixation duration
for the six relative positions differed significantly in name,
F(5, 120)=9.24, p<0.001, #*=0.28, however, Position 1 was
significantly shorter relative to those observed for Positions 2,
3, 4, 5, and 6. The interaction between study condition and

exemplar position was also significant, F(5, 105) =3.16, p=0.046,
7*=0.13. Simple effects analysis showed that fixation duration
for the six relative positions differed significantly in blocked
study, F(5, 120)=7.98, p<0.05, #*=0.25, in that the fixation
duration for Position 1 was significantly longer relative to those
observed for Positions 2, 3, 4, 5, and 6; fixation duration for
the six relative positions also differed significantly in interleaved
study, F(5, 120)=4.13, p<0.001, #*=0.15, and the fixation
duration for Position 6 was significantly longer relative to those
observed for Positions 1, 2, 3, 4, and 5; however, fixation
durations did not differ significantly between Positions 1 and
2. Moreover, the interaction between study condition, stimulus
and exemplar position was not significant, F(5, 105)=1.87,
p=0.16, ?=0.082.

As shown in Figure 5, a decreasing trend was observed in
the blocked study, but not interleaved study. To further determine
whether or not attention attenuation in blocked study predicts
poorer performance, a correlation analysis between the slopes
of the trends across positions 1-5,' and the classification
performance was conducted in the blocked study (r=-0.318,
p=0.12) and interleaved study (r=0.187, p=0.37). Although
the result reached no significance, it meant that attention-
attenuation may have no or very small effect on interleaved
effect. Moreover, the fixation duration in the blocked study
was longer, relative to those observed in the interleaved study,
which contradicts the attention attenuation hypothesis. In
addition, there was a downwards tendency in the blocked study
of name, so we also cannot rule out the influence of name’s
study on the interleaved effect.

Discussion

For remedying the shortcomings in Experiment 1, this experiment
adopted a self-paced study that subjects can control their
learning process. Although there is a decreasing trend was
observed in the blocked study, but not interleaved study, the
correlation analysis between the slopes of the trends across
positions and the classification performance was not significant
in the blocked and interleaved study. It is suggested that
attention-attenuation may have no or very small effect on
interleaved effect. Overall, the results of Experiments 1 and
2, based on eye-tracking data, suggested that attention attenuation
may not be the primary mechanism underlying the interleaving
effect in category induction.

EXPERIMENT 3

This experiment was conducted to test the benefit of discriminative-
contrast between exemplars from different categories to interleaving
effect. Participants were asked to view 72 paintings by 12 different
artists and learn their styles in three conditions: low-contrast,
medium-contrast, and high-contrast. Each condition was randomly
assigned  four  artist’  paintings. Based on  the
discriminative-contrast hypothesis, studying the differences

"The R? of linear regression of positions 1-6 was so low that researchers selected
positions 1-5.
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between different categories is crucial to category induction.
Therefore, we evaluated to what extent the degree of discriminative-
contrast affects classification performance in category induction
tasks, especially in visual material tasks.

Method

Participants and Design

Twenty-nine participants (21 females and eight males) were
recruited from Zhe Jiang Normal University. Four participants
failed to complete the experiment due to the experimental
procedure. Participants received course credit and a gift. The
participants’ mean age was 20.88years (SD=0.43), and all
normal or corrected-to-normal visual acuity. A one-way within-
subjects design was carried out on the performance of category
induction with discriminative-contrast presentation style
(low-contrast, medium-contrast, and high-contrast conditions)
as within-subject factors.

Materials

As in Experiment 1, the materials included 120 landscapes or
skyscapes painted by 12 artists. Similarly, there were 24 unrelated
questions (e.g., “What is the red dot between Indian women’s
eyebrows for?”; “Cinnabar or sandalwood?”) as with Birnbaum
et al. (2013). The 12 artists were randomly divided into three
groups of four artists each and were represented equally in
the low-contrast, medium-contrast, and high-contrast conditions.

Procedure

The experiment was conducted using E-prime 2.0. During the
study phase, participants learned the styles of 12 artists by
studying six of each of the artists’ paintings (Figure 6). In
the low-contrast condition (C)), an unrelated question was
inserted before each painting was presented, and participants
studied the artist’s style as well as answered the unrelated
questions (see Experiment 1 in Birnbaum et al., 2013). The
medium-contrast condition (C,) was conducted in the same
way as the low-contrast condition, except that no unrelated
question was inserted. In the high-contrast condition (C,), the
paintings were presented two at a time on the computer screen
(see Experiment 1 in Kang and Pashler, 2012). Each painting
was shown for 3s in low-contrast and medium-contrast
conditions, and for 6s in high-contrast conditions. The artist’s
name was displayed below the paintings. The order of the
blocks was C;-C,-Cy-C,,-Cy-Ci-Cy-Gi-C,,-C,-C-Cyy-C- Gy -C,-Ci-
Cn-C.. The test phase of the experiment was the same as for
Experiments 1 and 2.

Results

Figure 7 shows the mean test performance as a function of
the degree of discriminative-contrast. A one-way ANOVA on
performance on category induction indicated significant differences
between the low-contrast condition, the medium-contrast
condition, and the high-contrast condition, F(2, 48)=52.04,
p<0.001, n,°=0.68. The category induction performance in the
high-contrast condition (M =0.54, SD=0.17, 95% CI [0.47, 0.61])

was significantly higher than that in the medium-contrast
condition (M=0.32, SD=0.16, 95% CI [0.25, 0.38]). Classification
performance in the medium-contrast condition was significantly
higher than that in the low-contrast condition (M =0.19, SD=0.14,
95% CI [0.13, 0.24]). Therefore, the results of the current
investigation support the discriminative-contrast hypothesis.

Discussion

This experiment tests the discriminative-contrast hypothesis by
manipulating the degree of discriminative-contrast. The results
showed that the degree of discriminative-contrast had significant
effects on classification performance, that is, classification
performance in the high-contrast condition was significantly
higher than that in the medium-contrast and low-contrast
condition, which support the discriminative-contrast hypothesis.
The results obtained were consistent with those of other studies
(Kang and Pashler, 2012). Further, an unrelated question was
inserted before each painting was presented in the low-contrast
condition, in fact, this will increase the sample learning interval.
Previous studies have found that the appropriate learning interval
can promote learning performance (Cepeda et al., 2006). Even
s0, the classification performance in the low-contrast condition
was significantly lower than that in the medium-contrast and
high-contrast conditions. Thus, the results of the current
experiment support the discriminative-contrast hypothesis.

GENERAL DISCUSSION

What is the mechanism underlying the interleaving effect in
category induction? The current study evaluated the attention
attenuation hypothesis and the discriminative-contrast hypothesis
from the perspective of “why blocked is worse?” and “why
interleaved is better?”, respectively. The eye-tracking results
indicated that fixation durations for the six relative positions
did not differ significantly for blocked or interleaved practices
and the correlation between the slopes of the trends across
positions and the classification performance was not significant
in blocked and interleaved study, but the classification
performance in the high-contrast condition was significantly
higher than in the medium-contrast and low-contrast conditions.
Three experiments provide evidence to support the discriminative-
contrast hypothesis rather than attention attenuation hypothesis
in terms of category induction, especially for visual material tasks.

It may be reasonable to conclude that the attention attenuation
hypothesis might not be fully applicable in explaining the
interleaving effect in category induction, at least in complex
visual stimuli such as paintings. This is somewhat inconsistent
with findings such as those of Wahlheim et al. (2011), who
regarded memory performance for items that had been studied
as an indicator of attention paid to which position in the
study sequence the item had appeared. Wahlheim et al. (2011)
assumed that better memory performance indicated higher
levels of attention allocation. The results suggested that memory
performance for samples of each position within a block decreases
as a function of the relative position under the condition of
blocked practice. Conversely, no such decrease will arise for
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FIGURE 6 | The sequence of paintings during the study phase for the study conditions in Experiment 3. Letters denote a specific artist, and subscript numbers
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FIGURE 7 | Mean test performance as a function of the degree of
discriminative-contrast in Experiment 3. Error bars represent SEM. “p < 0.001.

interleaved practice blocks. An interpretation of these results
is that learners did not attend to the later presentations of
items in the blocked sequence to the same extent as the earlier
ones, and, therefore, do not recall them as readily. Although
this was a sophisticated experiment, caution should be exercised
in adopting this hypothesis, as memory performance is influenced
by several other factors, including the sequence in which the
stimulus is presented, and the primacy and recency effects.
Therefore, differences in category induction performance might
not have reflected differences in the allocation of attentional
resources. The indirect nature of this indicator may be the
reason for the differences from the current research results.
Fixation duration is believed to be a more direct and
accurate measure of attentional resource allocation than
category memory performance (Kruschke et al., 2005; Rehder
and Hoffman, 2005b; Zaki and Salmi, 2019). Thus, using
this indicator to evaluate the attention attenuation hypothesis
may be more reliable. Furthermore, the attention-attenuation
hypothesis was originally used to explain the interleaving
effect in repetition-based learning, such as that involving
words and word pairs, and was validated in studies involving
the repeated presentation of the same stimulus
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(Cepeda et al., 2006; Ariel et al., 2014; Mulligan and Peterson,
2014). However, category induction differs from repetition-
based learning. In category induction, exemplars belonging
to the same category possess distinctive characteristics. Thus,
in blocked practice, exemplars from the same category have
the same features, but their specific content differs. Therefore,
each exemplar carries some degree of novelty for the
participants. In the current study, each painting was presented
for only 3s in the fixed-paced learning in Experiment 1,
and memory coding could have been insufficient for some
stimuli. Therefore, participants might not have had time to
fully focus on the stimulus and the opportunity to reduce
their attention. Experiment 2 allows participants sufficient
time to encode the paintings fully by using the self-paced
study as opposed to fixed-paced learning. Although a
decreasing trend was observed in the blocked study, but
not interleaved study. The correlation between the slopes
of the trends across positions and the classification
performance was not significant in blocked and interleaved
studies. Thus, it is suggested that attention attenuation may
not be the primary mechanism underlying the interleaving
effect in category induction.

The current finding that the degree of discriminative-contrast
affects classification performance strongly supports the
discriminative-contrast hypothesis, namely, an interleaved practice
should generate a higher performance of category learning in
that exemplars of different categories within the same domain
(e.g., artists’ landscapes) are presented in close proximity, which
is beneficial for participants to observe the similarities and
differences across the categories (Kornell and Bjork, 2008;
Kornell et al, 2010; Kang and Pashler, 2012; Zulkiply and
Burt, 2013; Carvalho and Goldstone, 2014). These findings are
consistent with those of Kang and Pashler (2012) who replicated
Kornell and Bjork (2008) and Kornell et al. (2010) results and
suggested that the benefits of interleaved practice are tied to
the temporal contiguity among items of different concepts, or
that require different responses, as opposed to the increased
temporal lag between exemplars’ presence in the same category.
However, Foster et al. (2019) evaluated the discriminative-
contrast hypothesis and the distributed-practice hypothesis by
examing the participants’ performance on the solving of
mathematics problems, that is, calculating the volume of three-
dimensional geometric shapes. They found that the interleaving
effects on the solution of geometry problems are largely driven
by distributed practice rather than the discriminative-contrast
hypothesis. A comprehensive meta-analysis of studies on the
effects of interleaved learning found significant differences
depending on the types of learning materials (Brunmair and
Richter, 2019). Interleaving had a positive effect on category
induction for all types of visual stimuli, with the highest mean
effect being for paintings and naturalistic photographs. In
nonvisual stimuli, a positive interleaving effect was found only
for mathematical tasks, and no significant effect was found
for expository texts (Brunmair and Richter, 2019). This seems
to suggest that the cognitive processes underlying the interleaved
practice of visual and text materials may differ. Visual materials
(e.g, Kang and Pashler, 2012) are more affected by

discriminative-contrast, while expository texts materials (e.g.,
Foster et al, 2019) are more affected by distributed-practice.
Further research is required to clarify these differences.

In response to equivocal findings, Carvalho and Goldstone
(2019) proposed the Sequential Attention Theory (SAT), which
attempts to explain this inconsistency. In light of this theory,
interleaved and blocked practice arrangements highlight different
aspects of the category’s learning material. If there is a greater
similarity between categories, there is a more positive influence
on the interleaving effect. This is due to difficulties in identifying
category features. The interleaved practice could have similar
samples from different categories being successively presented,
which allows individuals to identify the diagnostic features
that make categories different from each other more easily. In
other words, the differences between categories are highlighted
as opposed to the similarities. On the other hand, if there is
a lower level similarity within-category, then there is a negative
influence on the interleaving effect because it is more difficult
to identify exemplar’s shared features for the same category.
In this case, interleaved practice is not conducive to category
learning since samples from the same categories are distributed,
which may prevent participants from learning the features
inherent to similar categories (Foster et al., 2019). Therefore,
the differences in category structure may play an important
role in the inconsistencies seen in research findings (Chin-
Parker and Ross, 2002).

The materials used in the current study, and that of Kang
and Pashler (2012), were artists’ paintings, which exhibit
relatively high similarities between categories. Discriminative-
contrast is more conducive to participants identifying the
diagnostic features that separate categories as different from
each other. Conversely, in Foster et al. (2019), the materials
used were the formulae for calculating the volume of four
three-dimensional geometric shapes (i.e., wedges, spheroids,
spherical cones, and half cones), which represent lower levels
of similarity between categories since each shape is distinct.
In these cases, discriminative-contrast between the shapes
may be a relatively trivial task, since participants can quickly
and easily distinguish between the four shape types. Interestingly,
categorical items are temporally spaced in interleaved practice,
because of distributed presentation. This means that interleaving
effects might be partially due to a spacing effect (Kornell
and Bjork, 2008; Wahlheim et al, 2011), which benefits
participants in establishing associations between each shape
and its formula (Janiszewski et al., 2003; Cepeda et al., 2006,
2009; Benjamin and Tullis, 2010; Carpenter et al, 2012;
Kiipper-Tetzel, 2014). Thus, the interleaving effect in Foster
et al. (2019) may have been facilitated by distributed practice
rather than only discriminative-contrast. In general, the
observed inconsistencies in findings regarding discriminative-
contrast may partly be due to the material properties and
the characteristics of the category structures.

The current study extended the findings of previous research
examining the mechanisms underlying the interleaving effect
in category induction, using two experiments. First, fixation
duration was used as a direct attention index to test the attention
attenuation hypothesis in a category induction task. Second,
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the attention attenuation hypothesis was examined with the
intention of obtaining reliable evidence given the current equivocal
findings in this field. The results indicated that the attention
attenuation hypothesis was not fully applicable in explaining
the interleaving effect in category induction, but an argument
was made for discriminative-contrast to have produced the
interleaving effect in category induction. However, we cannot
dismiss the theoretical value of the attention attenuation hypothesis,
as it provides a powerful explanation for the interleaving effect,
particularly in repetition-based learning (Ariel et al.,, 2014).

Although numerous implications exist, there are also some
study limitations. Firstly, the order of the blocks was B-I-I-
B-B-I-I-B-B-I-I-B alone. Thus, the blocked (B) study’s block
was always learned first. This may be a potential confound
to the allocation of attention. Future research should add
alternative orders for more comprehensive study (e.g., I-B-B-
I-I-B-B-I-I-B-B-I), and counterbalance these effects. Future
research should also consider the effect of ordering within
categories as influential in the allocation of attention. Secondly,
the manipulation of the degree of discriminative-contrast invites
alternative hypotheses. For instance, an unrelated question was
inserted before each painting was presented in low-contrast
condition will no doubt make participants more distracted.
The paintings were presented two at a time on the computer
screen in high-contrast conditions leads to deeper processing
because subjects may not spend an average amount of time
on each painting. Finally, the differences in category structure
may play an important role in category induction; however,
we did not assess the characteristics of the experimental materials
(e.g., landscapes or skyscapes painted by 12 artists).
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