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ABSTRACT 

When tasked with learning categorical information, the order which students choose to study 

category exemplars (i.e. blocked or interleaved) is an important component of self-regulated 

learning and can play a role in performance on future classification tests. Students often block 

their study despite higher classification test performance following interleaved study. Research 

on self-regulated learning has not yet examined how practice testing during learning influences 

study order choices. As such, my primary goal was to investigate the impact of practice testing 

versus studying on students’ study order choices. Participants were tasked with learning to 

classify three basic rock categories by viewing subordinate exemplars of each category. To learn 

this information, participants were randomly assigned to study or practice test one rock exemplar 

at a time and then make study decisions about what rock type to study next. I found that 

participants who self-tested, compared to participants who studied, chose to interleave their study 

of rock categories significantly more. 
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INTRODUCTION 

 Understanding how students learn and form complex concepts best is an important area 

of research because much learning occurs outside of formal class settings and is unsupervised. 

The study choices students make on their own is referred to as self-regulated learning. One 

important component of self-regulated learning is students’ decisions about study order for 

information they are trying to learn. For example, when geology students are learning basic rock 

categories they can choose to block (i.e., study rocks grouped together by category) or interleave 

(i.e., study rock categories intermixed between categories) rock exemplars. While research has 

shown that interleaving is best for learning some concepts, students tend to show a preference for 

blocking. In this study, I examined how students might change their study order choices when 

they study basic rock category exemplars compared to when they self-test to learn the same 

information.  

Study Order Choices and the Discriminative Contrast Hypothesis   

Several researchers have examined the impact of interleaved versus blocked study on 

students’ learning. For example, a study conducted by Kornell and Bjork (2008) had participants 

learn the styles of 12 different artists by studying 6 different paintings by each artist (72 total 

paintings). In the learning phase, participants saw the paintings by 6 artists in a blocked fashion 

and the paintings by the other 6 artists in an interleaved fashion. After this learning phase, 

participants took a test over new paintings by the same 12 artists and were asked to select from a 

list of the artists’ names which one had painted the new painting. The researchers found that 

participants performed significantly better at classifying the paintings by artists that were studied 

in an interleaved fashion compared to those artists whose paintings were studied in a blocked 

fashion.    
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The discriminative contrast hypothesis provides an explanation of why interleaved study 

can be important in categorical learning (Carvalho & Goldstone, 2014). Comparisons between 

exemplars can be defined as within-category or between-category. Within-category comparisons 

are supported by blocked study and prompt the learner to search for similarities between the 

exemplars from the same category. Between-category comparisons are supported by interleaved 

study and prompt the learner to search for differences between categories. For example, studying 

an igneous rock exemplar followed by a metamorphic rock exemplar should direct the learners’ 

attention to the differences between the two types of rock. Between-category and within category 

comparisons are both useful in categorical learning, but between-category comparisons, and thus 

interleaving, is especially important in identifying the inconspicuous differences that exist 

between highly-similar categories (Carvalho & Goldstone, 2014).  

Self-Regulated Learning 

 Given that study order can be important for students’ learning, it is critical to determine 

how students choose to self-regulate their learning when left to their own devices. These study 

order choices are especially important because most of students’ studying and learning happens 

outside of formal class settings. Further, the ability to learn on one’s own is a vital skill that 

spans across a lifetime and is not limited to the time traditionally spent in educational settings. 

The main components of self-regulated learning include monitoring and control (Bjork, 

Dunlosky, & Kornell, 2013). Essentially, when we are learning on our own we must make 

assessments about our learning (e.g., do I really understand this concept?) and choices based on 

those assessments (e.g., I should study this concept more). While this process sounds intuitive, it 

is easy for learners to make incorrect assessments about the state of their learning which results 

in poor study choices made based on improper monitoring (Bjork et al., 2013).  
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 Despite research, like the study conducted by Kornell and Bjork (2008) described 

previously, concluding that interleaving often best supports learning, students do not always 

choose to interleave when they are allowed to self-regulate their learning. Kornell and Bjork 

(2008) assessed participants’ opinions on study order. After the test phase, participants were told 

the meaning of the terms interleaved and blocked study. They were then asked which study order 

they felt had helped them learn the artist painting styles more. Most participants (78%) 

responded that blocking was better, or the same, relative to interleaving at helping them learn the 

artists painting styles in this experiment.  

 Students’ belief that blocking is better for their learning is also reflected in their study 

order choices as illustrated by Tauber, Dunlosky, Rawson, Wahlheim, and Jacoby (2013). In this 

study, participants learned to classify bird exemplars (e.g., Song Sparrow) with their correct bird 

families (e.g., Sparrow). Participants experienced a familiarization phase in which they were 

presented with 72 bird exemplars (6 exemplars from each of the 12 families), one at a time, for 6 

seconds before the next exemplar appeared. After this familiarization phase, participants moved 

onto the self-regulation phase in which they had 30 minutes to study the same bird exemplars 

used in the familiarization phase by selecting the order that bird family exemplars appeared. 

Participants were told to study the bird families in an order that would help them be able to 

classify new bird exemplars from the same families on a later test. To ensure that the format of 

the study selection screen was not influencing participant study choices, Tauber et al. (2013) 

utilized different formats of this screen across four experiments. Across all four experiments, 

participants overwhelmingly chose to block their study of bird families (78-100% of trials; 

Tauber et al., 2013). 
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Overview of current research 

 The goal of this experiment was to determine when and why students choose to interleave 

their study with the future goal of understanding the contexts in which students will choose to 

interleave their study. Testing that affords retrieval practice trials during learning may be a key 

factor in determining how students regulate their studying because testing generally commands 

greater processing attention from learners (Jacoby, Wahlheim, & Coane, 2010). That is, students’ 

study decisions may be influenced by whether they experience practice tests of their knowledge 

and receive feedback on their performance during learning. This prediction is based on the 

performance monitoring hypothesis (Babineau & Tauber, 2019). According to the performance 

monitoring hypothesis, students’ study decisions are influenced by their assessments of their 

learning. From this perspective, taking practice tests and getting feedback on them provides 

students with more information about the status of their knowledge relative to simply re-study 

the information. In this experiment, we investigated the impact of testing in contrast with a 

control condition (studying) on how students self-regulate their learning of complex conceptual 

information. To meet this goal, we asked students to learn how to categorize rocks at the basic 

level by being presented with subordinate exemplars of each rock category (materials provided 

by Nosofsky, Sanders, Meagher, & Douglas, 2018).  

All participants studied the same rock exemplars but were randomly assigned to either 

study or take practice tests to learn these materials. Participants in both groups were allowed to 

study the rock exemplars for as long as needed, but they were able to move onto the 

classification tests after studying 20 exemplars. All participants took a studied item test 

classification and a novel item classification test and finally took a short post-questionnaire. 

Consistent with the performance monitoring hypothesis, I hypothesized that the study order 
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choices would differ between the two groups, with participants in the test group choosing to 

interleave more than would participants in the study group. Additionally, I expected that the test 

group would out-perform the study group on both studied and novel classification tests, which is 

a prediction that is consistent with the larger literature on test-enhanced memory (Jacoby et al., 

2010). Study order choice was my primary measure of interest, as the main goal of this study 

was to understand the contexts in which students will choose to interleave their study. Secondary 

measures of interest were participants’ performance on classification tests and responses to the 

preference and belief questions posed at the end of the study.  

     METHOD 

Participants and design  

 Sixty undergraduate students from Texas Christian University were recruited for 

psychology course extra credit. Participants were randomly assigned to either the study (n = 32) 

or self-test group (n = 29). Data from five participants were discarded due to failure to complete 

all items or technical difficulties that interrupted the experiment. Thus, the final obtained sample 

was 56 participants randomly assigned to either the study (n = 29) or self-test group (n = 27). 

Students’ ages did not differ between groups (study group, M = 19.21, SE = .30; self-test group, 

M = 19.44, SE = .37), t(54) = .496, p = .622. Most students identified as female (73.7%), and the 

gender distribution did not differ between groups, χ2 (2, N = 57) = 2.77, p = .250. Most students 

identified as Caucasian (59.6%), and the race distribution did not differ between groups, c2 (4, N 

= 57) = 4.94, p = .293. 

Materials  

Stimuli consisted of rock images from (Nosofsky, Sanders, Meagher, & Douglas, 2018). 

There were 4 subordinate rock categories for each of the 3 basic-level rock categories: igneous, 
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metamorphic, and sedimentary. The 12 rock subordinate categories were: Pumice, Peridotite, 

Granite, Pegmatite, Gneiss, Marble, Migmatite, Phyllite, Sandstone, Rocksalt, Breccia, and 

Conglomerate. There were a total of 144 exemplars (108 that were studied and that appeared on 

the studied exemplar classification test, and 36 that appeared on the novel classification test). See 

Table 1 for a detailed description of the number of exemplars per rock category. Each rock 

subtype was normed for similarity with rocks within the same subordinate category (SW), within 

the same basic-level category (BW), and between basic-level categories (BB) on a 9-point scale 

(1 = most dissimilar and 9 = most similar). The average similarity score within the same 

subordinate category was SW = 5.89, the average similarity score within the same basic-level 

category was BW = 4.19, and the average similarity score between basic-level categories was BB 

= 3.90. See Table 2 for more information about normative ratings for these stimuli. 

Procedure  

Data collection began in August 2020, and due to the COVID-19 pandemic, all 

participation was remote. Participants met individually with a trained researcher using the 

videoconferencing software Zoom (Zoom Video Communications Inc., 2016), which has been 

used in prior remote research (e.g., Archibald, Ambagtsheer, Casey, & Lawless, 2019). The 

researcher introduced the study, answered questions, and supervised to ensure that participants 

followed directions. Participants entered all their own responses. 

First, participants provided consent and completed a basic demographic questionnaire. 

Participants began the experiment with a familiarization phase, which consisted of presenting 

participants with 108 rock exemplars, one at a time, along with the correct rock category name 

(igneous, metamorphic, sedimentary) in a randomized order for 3 seconds before the next 

exemplar appeared. Following the familiarization phase, participants were randomly assigned to 



	 7	

either the study phase or the self-test phase. In the study group, participants were presented with 

a randomly selected rock exemplar along with the correct rock category name and were allowed 

to study the exemplar for as much time as needed before proceeding to the study decision screen. 

In the self-test group, participants were presented with a random rock exemplar before being 

presented with the multiple choice question, “What type of rock is this?” and the 3 rock category 

names below the question. After participants in the self-test group chose their answer, corrective 

feedback was displayed on the screen. Specifically, if the participant answered the question 

correctly they were shown, “Correct, this is a [correct rock category]”, and if the participant 

answered the question incorrectly they were shown, “Incorrect, this is a [correct rock category]”. 

Participants spent as much time as needed to view the feedback before proceeding to the study 

decision screen.  

 For both the study and the self-test groups, the study decision screen asked participants, 

“What type of rock do you want to study next?” and gave the options, which were spatially 

counterbalanced, of “Same type of rock” or “Different type of rock”. If participants selected to 

study the same type of rock, another exemplar from that rock category was randomly selected 

and presented for the next study trial. If participants selected to study a different type of rock, an 

exemplar from a distinct rock category was randomly selected and presented for the next study 

trial. After 20 rock exemplars, participants in both groups were then given an additional option, 

“I am ready for the test” but were allowed to study as many exemplars as desired. Once 

participants chose, “I am ready for the test” they began the novel exemplar classification test. 

During the novel exemplar classification test, participants were shown 36 new rock exemplars, in 

random order that belonged to the same rock categories that were studied. The 3 rock category 

names were displayed below the novel exemplar image and no corrective feedback was given 
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after a selection was made. Following the novel exemplar classification test, participants began a 

studied exemplar classification test. The studied exemplar classification test displayed rock 

exemplars that had been previously presented to participants in the familiarization phase. The 

two tests were identical other than the rock images shown. Then, participants were asked if they 

would have preferred to study or self-test, and which they believed was better for their learning. 

The order of these questions was fixed for all participants.  

Finally, participants were debriefed, thanked for their time, and granted credit. The study 

lasted a maximum of 1 hour from start to finish.  

RESULTS 

Participants’ prior knowledge 

Prior to any experimental manipulation, participants were asked several questions to assess 

their prior knowledge of geology (see Table 3). Most participants (91.2%) reported they had not 

taken courses in geology, and this distribution did not differ between groups, χ2 (1, N = 57) = 

0.259, p = .610. Most participants (93.0%) reported that they did not collect rocks, and the 

distribution of rock collectors did not differ between groups, χ2 (1, N = 57) = 1.153, p = .283. As 

well, participants gave low self-ratings of expertise in identifying rocks, and these self-rating 

distributions did not differ between groups, χ2 (3, N = 57) = 1.004, p = .800. Based on these prior 

knowledge data, we concluded that both self-test and study groups had little prior knowledge of 

geology and were not statistically different in their geology prior knowledge.  
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Table 3 Participants’ responses to each prior knowledge question 

Question 
Study 
Group 

Test 
Group 

1. Are you currently or have you ever been a Geology Major 
or Minor? 0% 0% 

2. Are you currently or have you ever been a Earth Systems 
Science Major? 0% 0% 

3. Are you currently or have you ever been an Applied 
Geoscience Major? 0% 0% 

Have you taken (or are currently enrolled in) any of the following courses? 
4. GEOL 30223 - Petrology 0% 0% 
5. GEOL 30213 - Mineralogy 0% 0% 
6. GEOL 10113 - Understanding the Earth 6.9% 11.1% 
7. GEOL 30223 - Sedimentology 0% 0% 
8. GEOL 30223 - Rock Cycles 0% 0% 
9. GEOL 30223 - Earth Materials 0% 0% 
10. Do you collect rocks? 3.4% 11.1% 
11. Do you own a rock and mineral field guide? 0% 7.4% 
12. What is your own rated level of expertise at identifying 

rocks? (1-7) 
1.38 

(0.73) 
1.5 

(0.75) 
 

Participants’ study choices 

An independent samples t-test indicated that study choices differed significantly between the 

groups, t(54) = 6.648, p<.001, d = 1.78. As seen in Figure 1, participants in the test group chose 

to interleave (study a different type of rock) significantly more than did participants in the study 

group.  
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Figure 1 Participant study choices. Error bars represent standard error. 
 
 Further analysis of test group participants’ study choices was conducted to assess the 

influence of corrective feedback on study choices (see Figure 2). Following a correct trial, 

participants in the test group were more likely to interleave than to block, t(26) = 2.678, 

p<.001, d = 2.02.  Similarly, following an incorrect trial, participants in the test group were 

also more likely to interleave than to block, t(26) = 5.834, p=.013, d = 0.81. 
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Figure 2 Test group study choices after corrective feedback. Error bars represent standard 

error. 

Participants’ preferences and beliefs 

After both novel and studied tests, participants were asked about their preferences and beliefs 

regarding studying and self-testing (See Table 4). The distribution of participants’ preferences 

for self-test or study differed significantly between groups, χ2 (1, N = 55) = 4.20, p = .040. Most 

participants in the study group (75.0%) reported that they would have preferred to self-test 

whereas approximately half of the participants in the self-test group would have preferred to self-

test (48.1%). Most participants in the study group (67.9%) and in the self-test group (66.7%) 

reported that they believed that self-test was better for their learning. The distribution of 

participants’ beliefs about whether self-test or study was better for their learning did not differ 

significantly between groups, χ2 (1, N = 55) = 0.01, p = .925.  

Table 4 Participant’s preferences and beliefs 

Would you have preferred to study or self-test? Study Self-Test 
Study Group 25% 75% 

Test Group 51.9% 48.1% 
Do you believe that that studying or self-testing is 
better for your learning? Study Self-Test 
Study Group 32.1% 67.9% 
Test Group 33.3% 66.7% 

 

Participants’ test performance  

Participants’ performance on the studied item test did not differ significantly between the 

groups, (study group, M = 0.68, SE = 0.03; self-test group, M = 0.60, SE = .03), t(53) = 2.029, 

p=.048, d = 0.55. Similarly, participants’ performance on the novel item test did not differ 

significantly between the groups, (study group, M = 0.66, SE = 0.03; self-test group, M = 0.60, 



	 12	

SE = .02), t(54) = 1.801, p=.077, d = 0.48. (See Figure 3). Further, participants’ performance did 

not differ between studied item test and novel item test, (study group, t(27) = 1.547, p=.133, d = 

0.16 ; self-test group, t(26) = 0.271, p=.788, d = 0.04). 

 
Figure 3 Performance on novel and studied item tests. Error bars represent standard error. 

DISCUSSION 

 In the current study, I sought to measure self-regulated study decisions, particularly 

students’ study order choices during category learning. Participants who learned to categorize 

basic-level rock categories by practice testing chose to interleave their study significantly more 

than did participants who learned the same information by studying, which is a novel finding 

(See Figure 1). Differences in study order choices reflect differences in self-regulated learning. It 

is reasonable to assume that participants’ level of processing during learning influenced study 

order choices. Consistent with the previous literature, participants in the study group most often 

chose to block their study (Kornell & Bjork, 2008; Tauber et al., 2013). The study group may 

have chosen to block their study most often because both of these processes, studying and 

blocking, increase the processing fluency or sense of ease associated with the information to be 

learned (Bjork et al., 2013). It is also possible that the study group blocked their study more than 
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the self-testing group because they had less information about the status of their learning, which 

is consistent with the performance monitoring hypothesis.  

The self-testing group tended to interleave their study, which may be because 

interleaving and practice testing introduce desirable difficulties for the learner or immediate 

challenges with long-term benefits. Greater attention was required of the test group, compared to 

the study group, to the rock exemplars to-be-learned to meet the demands of practice testing. As 

well, the self-test group had more information about their learning from the practice trials and 

feedback relative to the study group. From the performance monitoring hypothesis, this 

information likely informed their study decisions. Additionally, if the discriminative contrast 

hypothesis holds in the context of this study, then the test group may have chosen to interleave 

their study most often because this study choice reflects a “search for differences” approach 

when learning to categorize exemplars. Searching for differences between highly similar 

categories, as in this study, is difficult and requires a high level of processing attention (Carvalho 

& Goldstone, 2014). The test groups’ interleaved study order choices is a novel finding and is 

promising given that previous research in this field has illustrated that participants rarely choose 

to interleave their study.  

 A secondary measure of interest in this study was participants’ responses to the 

preference and belief questions posed at the end of the study. Significantly more participants in 

the study group reported that they would have preferred to self-test relative to participants in the 

self-test group (See Table 4). Several possible explanations exist for the difference in preferences 

between groups. One of these explanations involves the level of engagement required by each 

group. For example, the study group may have felt disengaged by passively re-studying rock 

exemplars and thought that self-testing would have been a more engaging experience. Further, 
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because the study group did not actually experience the self-test condition, they may have 

assumed that it was a better experience which was reflected in their preference choice. In 

contrast, the test group may have not shown the self-test preference observed from the study 

group because they experienced the effort required in the self-test condition and may have 

preferred a less effortful strategy. Even though the preferences of participants differed between 

groups, participants in both groups reported that they believed that self-testing is better for their 

learning compared to studying (See Table 4). This outcome is encouraging because it is 

consistent with a wealth of evidence demonstrating that self-testing is typically beneficial for 

learning. As well, it is important to note that there is a discrepancy between preferences and 

beliefs for participants in the self-test group. Specifically, on average, the test group reported no 

preference between studying and self-testing whereas they reported believing that self-testing 

was better for their learning. Thus, even though many students had accurate knowledge about 

self-testing in general, they do not always prefer to use this strategy.  

 We were also interested in participants’ performance on the studied and novel 

classification tests. Participants who learned basic rock categories by self-testing performed 

similarly on both studied and novel tests relative to those participants who learned the same 

materials by studying (see Figure 3). This finding contrasts with my original hypothesis and prior 

research that suggests test-enhanced learning leads to better test performance (Jacoby et al., 

2010). One complicating factor for the classification tests is that both groups performed well – 

better than expected. Thus, it is possible that with a more challenging category learning task, 

benefits from self-testing will be observed. As well, the benefits of test-enhanced learning, 

compared to studying, are commonly seen in long term retention of the materials learned, 

whereas my study involved a classification test after only a short delay. Thus, it is possible that 
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because both classification tests were given immediately after participants had learned the 

materials self-testing did not benefit classification performance (Jacoby et al., 2010).  

We further explored participants’ classification performance in the test groups. Outcomes 

revealed that following correct trials, participants typically interleaved their study, which is 

predicted from the performance monitoring hypothesis. The same pattern was observed 

following correct trials, which was not predicted from the performance monitoring hypothesis. 

An explanation for this finding could be in the nature of the feedback given to participants in the 

test group. If the performance monitoring hypothesis holds true in this context, then the type of 

feedback given could affect participants’ assessment of learning (Babineau & Tauber, 2019). For 

example, in this experiment the test group received corrective feedback after selecting an answer 

in the learning phase. This type of feedback (corrective) provides the participants with the 

correct answer after an incorrect choice, and it may altered their study choices. To explore this 

possibility, in follow-up work we are introducing a second test group that receives non-corrective 

feedback (i.e., correct or incorrect) in addition to the study and test groups described in this 

study.  

 Collectively, the results of this study reveal that asking participants to learn complex 

conceptual information by testing rather than studying altered how they self-regulated their 

learning. Specifically, participants in the test group interleaved their study significantly more 

than participants in the study group. When tasked with regulating their own learning, many 

students fall victim to ineffective study strategies as they often believe that processing fluency is 

a proxy for learning (Bjork et al., 2013). If students’ utilize learning strategies that require little-

to-no attention, as illustrated in the study group, it is likely that students’ will opt for study 

choices that may be less effective learning strategies (e.g., blocking). 
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Table 1. The Number of Exemplars used in the Reported Experiment by Rock Category. 

Basic-level Rock 
Category 

Subordinate 
Rock Categories 

Practice phase & 
Studied Exemplar 
Classification Test  

Novel Exemplar 
Classification Test Total 

Igneous  

Pumice 9 3 12 

Peridotite 9 3 12 

Granite 9 3 12 

Pegmatite 9 3 12 

 Total 36 12 48 

Metamorphic  

Gneiss 9 3 12 

Marble 9 3 12 

Migmatite 9 3 12 

Phyllite 9 3 12 

 Total 36 12 48 

Sedimentary 

Sandstone 9 3 12 

Rocksalt 9 3 12 

Breccia 9 3 12 

Conglomerate 9 3 12 

 Total 36 12 48 

Total  108 36 144 

Note. The number of exemplars used during each phase of the experiment is provided separately 
for each rock category.   
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Table 2. Normative Ratings of Similarity for the Stimuli used in the Reported Experiment. 
 

Basic-Level 
Category 

Subordinate 
Rock 
Category 

Within Subordinate 
Category  

Within Basic-
Level 

Category  

Between Basic-
Level Categories  

Igneous Pumice 6.7 3.90 3.72 

Peridotite 6.01 4.36 4.16 

Granite 6.59 4.50 4.20 

Pegmatite 5.41 4.01 3.93 

Mean (SD) 6.18 (.59) 4.19 (.28) 4.00 (.22) 
Metamorphic Gneiss 6.58 4.88 3.98 

Marble 5.65 4.00 3.97 

Migmatite 5.77 4.82 3.84 

Phyllite  5.43 4.48 3.77 

Mean (SD) 5.86 (.50) 4.54 (.40) 3.89 (.10) 
Sedimentary Sandstone 5.46 3.25 3.63 

Rocksalt 6.05 3.72 3.73 

Breccia 5.19 4.2 3.84 

Conglomerate 5.88 4.14 4.03 

Mean (SD) 5.65 (.39) 3.83 (.44) 3.81 (.17) 
Note. The similarity rating within subordinate category provides an index of how similar 
exemplars were to each other within each subordinate rock category (e.g., how similar is one 
exempalr of pumice to another exemplar of pumice?). The similarity rating within basic-level 
category provides an index of how similar exemplars the rock subtypes are within the basic-level 
category (e.g., how similar is pumice to other igneous rocks?). The similarity rating between 
basic-level categories provides an index of how similar the rock categories were at the basic-
level (e.g., how similar is pumice to metamorphic and sedimentary rocks?). The subordinate rock 
categories did not differ in normative ratings of similarity, F(2, 9) = 1.14, p = .363, η2 = .001. 
The exemplars within the basic-level categories did not differ in normative ratings of similarity, 
F(2, 9) = 3.55, p = .073, η2 = .005. The basic-level categories did not differ in normative ratings 
of similarity, F(2, 9) = 1.31, p = .317, η2 ≤ .001. 
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