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Examining the benefits of spaced retrieval practice on transfer and the student 
experience in the classroom
Varun Ramgopal a, Greta M. Fastrich a, Philip A. Higham a, Ariana Modirrousta-Galian a,b, 
Mansi Pattni a, Rosalind Potts b and Tina Seabrooke a

aCentre for Perception and Cognition, School of Psychology, University of Southampton, Southampton, UK; bDivision of Psychology and 
Language Sciences, University College London, London, UK

ABSTRACT  
Spaced retrieval practice is a learning strategy whereby information is retrieved multiple times 
with each retrieval attempt separated by a time gap. We conducted a semester-long classroom 
intervention to investigate the benefits of spaced retrieval practice on memory and transfer. 
Each week, students engaged in three, spaced learning practice sessions (LPSs) during which 
they either answered multiple-choice (MC) questions about that week’s course content 
(retrieval practice) or were shown the MC questions with the correct answer selected 
(restudy). Three weeks after the last LPS, participants completed a final MC test comprising 
(1) repeated questions from the LPSs, (2) transfer questions that had the same answer 
options as corresponding LPS questions and queried related topics, but had different correct 
answers, or (3) new questions about lecture content. A typical retrieval practice effect was 
observed for repeated questions (retrieval > restudy). Although we did not observe a transfer 
effect on overall final test accuracy (related = new), further exploratory analyses that used 
purer measures of transfer revealed evidence of both positive and negative transfer. 
Furthermore, retrieval practice (vs. restudying) contributed to an enhanced student 
experience (greater sense of mastery, motivation, and attentional control, and reduced anxiety).
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A substantial body of research has investigated the 
effectiveness of learning strategies in promoting long- 
term memory retention (Biwer et al., 2020; Bjork, 1994; 
see Dunlosky et al., 2013 for a review). This research has 
shown that spaced learning and retrieval practice are 
two highly potent learning techniques. The spacing effect 
refers to the finding that repeated information is typically 
remembered better when it is studied over multiple 
spaced intervals than when it is studied in a single 
session, even though total study time is equated (e.g., 
Ebbinghaus, 1885, 1964; Sobel et al., 2011; see Kim & 
Webb, 2022 for a meta-analysis). For example, in Exper
iment 3 of his study, Dempster (1987) demonstrated the 
spacing effect in a vocabulary learning paradigm. Partici
pants studied 38 unfamiliar English words with their 
definitions (e.g., “loggia – balcony”) three times separated 
by either 0 (massed condition) or 37 (spaced condition) 
intervening items. Following a short distractor task, partici
pants completed a final test in which they were presented 
with all the vocabulary words they encountered at study 
and were instructed to recall their definitions. Items 
studied in the spaced condition were correctly recalled 

more often (M = 22.17) than those studied in the massed 
condition (M = 13.42). The spacing effect is robust and 
has been experimentally demonstrated with many final 
test formats, including cued recall (Jacoby, 1978), free 
recall (Toppino & Bloom, 2002), and recognition (Russo & 
Mammarella, 2002).

Retrieval practice, on the other hand, refers to the act of 
attempting to bring previously studied information to 
mind from memory. Information that is learned with retrie
val practice is typically recalled better than information 
that has been restudied – the retrieval practice effect 
(e.g., Carrier & Pashler, 1992; Roediger & Karpicke, 2006; 
see Adesope et al., 2017 for a meta-analysis).1 For 
example, in a classic study, Roediger and Karpicke 
showed that completing free recall tests after studying 
prose passages led to better performance on a delayed 
memory test than restudying the passages an equal 
number of times. These memorial benefits were observed 
in this study even though participants received no correc
tive feedback on their recall performance after each test. 
The benefits of retrieval practice have also been seen in 
real classroom settings. For example, Agarwal and 
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colleagues have demonstrated the beneficial effects of 
retrieval practice using quizzes on memory performance 
in multiple classroom-based studies involving middle 
school students (see Agarwal et al., 2012, for a useful 
review of their studies; see Yang et al., 2021, for a meta- 
analytic review on the retrieval practice effect in classroom 
settings). Similar to the spacing effect, the retrieval prac
tice effect, both with and without feedback, has also 
been widely demonstrated in cued recall (Allen et al., 
1969; Pyc & Rawson, 2010), free recall (Glover, 1989, Exper
iments 4a, 4b and 4c), and recognition memory tests 
(Jacoby et al., 2010).

Spaced retrieval practice

While hundreds of experiments have demonstrated the 
individual benefits of spaced learning and retrieval prac
tice for long-term memory (see Carpenter & Pan, 2024
and McDermott, 2021 for reviews on spaced learning 
and retrieval practice, respectively), a smaller body of evi
dence has shown that combining them is a particularly 
effective learning strategy (Carpenter & DeLosh, 2005; 
Glover, 1989, Experiment 3; Higham et al., 2023; Thios & 
D’Agostino, 1976; see Latimier et al., 2021 for a meta-analy
sis). For example, Carpenter and DeLosh demonstrated the 
effectiveness of spaced retrieval practice in a face-name 
learning paradigm. Participants first studied each face- 
name pair and were then provided with three repetitions 
of restudy and retrieval practice items at massed or 
spaced intervals. Retrieval practice at spaced intervals led 
to the best performance on a final cued-recall test – 
better than either restudying at spaced intervals or retrie
val practice at massed intervals. This study, therefore, illus
trates the benefits of integrating spaced learning and 
retrieval practice.

In addition to demonstrating the utility of spaced retrie
val practice in the laboratory, a small number of studies 
have tested the efficacy of the technique in classroom set
tings (e.g., Hopkins et al., 2016; Lyle et al., 2020, 2022). For 
example, in Experiment 2b of their study, McDaniel et al. 
(2011) found that end-of-semester recall performance 
was significantly higher on quizzed items compared to 
non-quizzed items among K-12 students (eighth-grade 
science students), regardless of whether the quizzing 
was administered immediately after a lecture or as a 
delayed review quiz. However, the retrieval practice 
effect was more pronounced in the delayed quiz condition 
compared to the immediate quiz condition. Therefore, the 
findings from this study demonstrate the beneficial effects 
that a single, spaced review quiz can have on a semester 
exam taking place three months later.

The benefits of spaced retrieval practice have also been 
demonstrated among undergraduate students. For 
example, Lyle et al. (2022) administered problems pertain
ing to a specific learning objective in a calculus course. The 
problems were either all administered at once within the 
same quiz (massed condition) or were separated and 

administered across three separate quizzes spread weeks 
apart (spaced condition). Performance in the practice 
quizzes was superior in the massed condition relative to 
the spaced condition. However, spaced practice led to 
better performance than massed practice on a final criter
ial test that was conducted in the last week of the course. 
These findings highlight the beneficial effects of spacing 
retrieval practice for long-term memory in both K-12 and 
college students, even when such spaced retrieval does 
not benefit retention during initial practice.

Apart from studies demonstrating the benefits of 
spaced retrieval practice, several other studies that have 
found that a specific form of spaced retrieval practice 
called successive relearning is a particularly effective learn
ing schedule (e.g., Bahrick, 1979; Bahrick et al., 1993; 
Rawson et al., 2018; see Rawson & Dunlosky, 2022 for a 
review). Successive relearning requires participants to 
achieve mastery during spaced learning sessions, which 
involves correctly recalling all answers to a specified cri
terion level during learning. The criterion level can be 
one correct recall or more. Usually, to assist participants 
in achieving mastery, a dropout methodology is used. 
That is, items that reach criterion are eliminated from 
further testing during a given session, whereas incorrectly 
answered questions are presented again (later in the 
session) until they are recalled to criterion. These 
additional features encourage learners to focus their 
efforts on information they are having trouble remember
ing, which is thought to increase learning efficiency.

Higham et al. (2022) and transfer of learning

In this section, we address the issue of transfer, which is the 
focus of the present research. Does spaced retrieval prac
tice, whether in the specialised form of successive relearn
ing or not, support the transfer of learning to new 
problems or settings, or does it merely promote rote mem
orisation? Higham et al. (2022) addressed the question of 
transfer in an 11-week classroom study that used succes
sive relearning. After each weekly (Monday) lecture, stu
dents in an Introductory Psychology course practiced 
relearning the lecture content during three learning prac
tice sessions (LPSs) spaced apart by 2–3 days. In each LPS, 
students either practiced retrieving answers to 20 fill-in- 
the-blank questions (e.g., “_____ wrote Principles of Psy
chology”; correct answer: James) about that week’s 
lecture or they restudied 20 comparable statements (e.g., 
James wrote Principles of Psychology). This process contin
ued throughout the 11 weeks of the semester, with stu
dents answering/restudying a new set of questions/ 
statements to accommodate new weekly lecture content. 
Finally, participants completed two, different, cumulative, 
criterial fill-in-the-blank memory tests at the end of the 
semester. These tests were administered, on average, 42 
and 68 days after the material was first taught.

Higham et al. (2022) distinguished between three 
different question types in the criterial memory tests: 
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repeated, transfer, and new questions. Repeated ques
tions were identical to those presented in the LPSs. 
Transfer questions were used to examine whether the 
benefits of successive relearning generalised to a 
different part of a question that was presented earlier 
in the LPSs. For example, if the question that appeared 
during the LPSs was “Attitudes are composed of 
_______, cognitive, and behavioral components” 
(correct answer: affective), the corresponding transfer 
question that appeared on one of the final tests was 
“Attitudes are composed of affective, _______, and 
behavioral components” (correct answer: cognitive). 
Finally, new questions were entirely novel questions 
that had not been presented in the LPSs. For repeated 
questions, Higham et al. observed a successive relearn
ing advantage: information that participants practiced 
retrieving over spaced LPSs was recalled better than 
information that had been restudied over spaced LPSs. 
Critically, for items that had been practiced with 
spaced retrieval, transfer was also observed: transfer 
questions were answered much better than new ques
tions on the criterial tests, although not as well as 
repeated questions.2

Although Higham et al. (2022) observed a transfer 
effect, some may argue that generalisation from one 
part of a question to a different part of the same ques
tion is a weak, overly-near form of transfer that has few 
educational implications. Did participants just learn the 
statements (or questions with the correct answers) by 
rote during the LPSs, or was there some deeper learn
ing? The type of transfer that occurred in Higham 
et al.’s (2022) study could potentially be quite superficial, 
something that could be exacerbated by repetition. That 
is, the fact that statements/questions were presented to 
students as many as three times in each LPS, with three 
LPSs per week, might have encouraged rote memorisa
tion (e.g., answering the questions without retrieving 
any broader information related to the topic being 
queried).

The issue of transfer is an important one in the context 
of learning. If spaced retrieval practice (with or without the 
added procedural features associated with successive 
relearning) merely encourages rote learning, its value is 
limited. For this reason, we again investigated transfer in 
a spaced retrieval paradigm in the current study, but 
with a modified procedure we refer to as the related-ques
tions paradigm. Instead of asking participants to provide a 
different element of the same sentence, here we pre
sented a different question altogether: one that followed 
the same grammatical structure as the original but 
whose content was different and where the correct 
answer was one of the lures for the original question. 
The related-questions paradigm is potentially more condu
cive to uncovering deeper forms of transfer than the para
digm used by Higham et al. (2022) in ways that we explain 
next. Moreover, it also has the potential to reveal negative 
forms of transfer.

Transfer in the related-questions paradigm

The related-questions paradigm was developed by Little, 
Bjork, and colleagues (Little et al., 2012, 2019; Little & 
Bjork, 2015) to investigate whether retrieval practice with 
multiple-choice (MC) questions could produce positive 
transfer on a later cued-recall test. Specifically, they were 
interested in whether retrieval processes evoked to 
answer MC practice questions might later benefit retrieval 
performance with related (but untested) final cued-recall 
test questions, which would constitute a form of positive 
transfer.

To understand why positive transfer might occur in this 
paradigm, it is important to understand the structure of 
the questions. The final test of this paradigm includes 
repeated, related, and new questions. Repeated questions 
are those that were previously presented and have the 
same correct answer, whereas new questions are entirely 
novel and had not undergone retrieval practice. Critically, 
a related final-test question is one that did not undergo 
initial retrieval practice but queried a similar topic to 
another question that did. In particular, the correct 
answer for these related final-test questions was a lure 
(i.e., an incorrect option) on the earlier MC question. To 
give a concrete example, consider a student who initially 
answered the practice question “Who was the founder of 
Structuralism? (a) Wundt, (b) James, (c) Skinner, (d) 
Freud” (boldface indicates the correct answer). To answer 
this question, the student might engage in retrieval pro
cesses to reject one or more of the lures. For example, 
they may recall that “James” cannot be the correct 
answer because he is the founder of Functionalism, a 
school of thought developed in the United States at 
approximately the same time that Structuralism was devel
oped in Germany. Later, when presented with the cued 
recall question “Who is the founder of Functionalism?” 
on the final test, the student’s recall accuracy will be facili
tated by the retrieval processes evoked to reject the lure 
“James” on the earlier MC practice question. In other 
words, the retrieval processes that allowed “James” to be 
rejected on the MC practice test should facilitate later 
cued recall performance when “James” is the target.

Across multiple studies, Little, Bjork and colleagues 
demonstrated positive transfer in the related-questions 
paradigm. That is, related cued recall questions on a final 
test were consistently associated with higher recall accu
racy than new, previously untested questions presented 
for the first time (e.g., Little et al., 2012, 2019; Little & 
Bjork, 2015). Moreover, several findings have converged 
on the retrieval interpretation just described. For 
example, only MC questions with competitive lures (i.e., 
difficult questions) tend to produce positive transfer 
(Little et al., 2012; Little & Bjork, 2015). If the lures are 
not competitive (i.e., easy questions), there is no need to 
engage in much processing of the lures because there is 
only one plausible (correct) answer. Similarly, test 
formats that encourage lure processing tend to produce 
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more positive transfer than test formats that do not. For 
example, confidence-weighted tests, where examinees 
are required to assign relative confidence to the MC 
options (Sparck et al., 2016), and elimination testing, 
where examinees are required to provide reasons for 
rejecting lures (e.g., Alamri & Higham, 2022, Experiment 
3; Little et al., 2019), both show substantial positive 
transfer.

Although these positive transfer effects are noteworthy, 
other research has indicated that negative transfer (related 
< new) can also occur in the related-questions paradigm. 
One factor determining whether positive or negative 
transfer will be observed is the final test format. For 
example, Alamri and Higham (2022, Experiment 3) found 
that if the final test was cued recall, positive transfer was 
observed (mean final test accuracy: related = .49; new  
= .37). However, if the final test format was MC, negative 
transfer was observed instead (related = .36; new = .49). 
This negative transfer was obtained even though Alamri 
and Higham used elimination testing on the practice 
test, which (as noted above) typically facilitates positive 
transfer. Alamri and Higham reasoned that when the 
final test is in MC format, the presence of matching 
answer alternatives on the practice and final tests for 
related questions creates a strong sense of familiarity for 
related questions on the final test. This misleading famili
arity (which is not present to the same degree with cued 
recall final test questions because of the missing alterna
tives) creates the false belief that the questions are the 
same. This belief, in turn, seduces participants into choos
ing the option that was the corrective feedback during 
practice (which is now incorrect) perhaps without even 
properly processing the question stem.

This research shows that final test format is important in 
determining whether positive or negative transfer will be 
observed when MC practice tests are used. However, 
sometimes even MC final tests are associated with positive 
transfer if the circumstances are right. One moderating 
factor is the context in which the test is taken. For 
example, Bjork et al. (2014) observed positive transfer in 
an educational setting, even though an MC format was 
used for both practice and final testing. In the same vein, 
Alamri and Higham (2025) found negative transfer using 
an MC final test if educational (SAT) materials were used 
in a non-educational environment, but positive transfer if 
the context shifted to a genuine university classroom. 
The likely explanation for this pattern of results is that in 
an authentic educational context, participants are motiv
ated to more deeply process the question stems and 
alternatives. Deeper processing, in turn, should reduce 
false recognition of related questions, and clear the way 
for earlier retrieval practice to produce positive transfer. 
Thus, the picture that is emerging is that positive transfer 
will occur by answering some types of MC questions at 
practice (those with competitive lures and/or a cued 
recall final test). However, these positive transfer effects 
can be overridden by misleading feelings of familiarity 

for the corrective feedback if the final test is MC and the 
testing environment is non-educational.

Overview of the study

Given the equivocal results obtained with the related- 
questions paradigm when both the practice and final 
tests are in MC format, we implemented a classroom inter
vention similar to that of Higham et al. (2022) to investi
gate the matter further. While the procedure shared 
many features with that study, we employed the related- 
questions paradigm because it has the potential to 
provide evidence for both a deeper form of positive trans
fer and negative transfer. The primary purpose of the inter
vention was to determine whether knowledge acquired 
during learning practice completed throughout the seme
ster would transfer to a final MC test, as in Higham et al., 
while assessing transfer using the related-questions 
paradigm.

We were particularly interested in whether, if transfer 
occurred, it would be positive or negative. Based on the 
literature discussed above, there are reasons to expect 
both forms of transfer. On the one hand, the fact that 
the study occurred in a genuine educational context (as 
in Higham et al., 2022) would suggest that positive trans
fer would occur because the authentic educational 
context should encourage students to fully process the 
questions and answer options. In turn, students should 
be less susceptible to confusing related questions with 
repeated on the final test (e.g., Alamri & Higham, 2025; 
Bjork et al., 2014). The current study also required stu
dents to answer the same questions repeatedly during 
the LPSs. To our knowledge, transfer in the related-ques
tions paradigm has not been explored with spaced rep
etitions. However, spaced repetitions provide multiple 
opportunities to fully process the lures, at spaced inter
vals, potentially increasing positive transfer. On the 
other hand, these spaced repetitions may also increase 
the familiarity of the corrective feedback, potentially 
increasing negative transfer on a later test when the feed
back is no longer correct. As a result, there are several 
procedural differences between this study and previous 
experiments using related questions to make the nature 
of transfer uncertain (e.g., delayed final test, although 
see Bjork et al., 2014).

Following Higham et al. (2022), we included both retrie
val and restudy trials during the LPSs (see below). Impor
tantly, the task that participants performed during the 
LPSs (retrieval or restudy) could potentially moderate 
these transfer effects. For example, familiarity might incre
ment with each repetition equally for restudied and 
retrieved items, thereby producing equal amounts of 
negative transfer for the two conditions. Conversely, lure 
processing may be more complete under retrieval (vs. 
restudy) conditions because there may be retrieval of 
information specifically used to reject the lures, something 
that is not required in the restudy condition. If that is the 
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case, positive transfer might be greater in the retrieval con
dition than the restudy condition.

Figure 1 provides an overview of the protocol. The pro
cedure for the intervention was similar to that used in 
Higham et al. (2022) in that students engaged in three 
spaced LPSs following each weekly lecture in an 11-week 
Introductory Psychology course. Specifically, students 
attended each week’s lecture on the Monday, and then 
completed an LPS on Wednesday, Friday, and the follow
ing Monday. These days were selected to broadly match 
Higham et al.’s protocol, which followed the same 
timings except students in their study completed the 
final LPS on Sunday rather than Monday. We placed the 
final LPS on the Monday of the following week to avoid 
forcing students to study on the weekend, when many 
have other commitments. Therefore, this spacing meant 
that the LPSs were spaced 2–3 days apart. This spacing 
interval between each LPS was primarily based on what 
was achievable within the module’s constraints and not 
on a theoretically optimal spacing interval. However, it is 
worth noting that three repetitions with a spacing gap 
of 2–3 days is considered an efficient successive relearn
ing/spaced retrieval practice schedule that produces 
good retention while limiting diminishing returns (e.g., 
Rawson & Dunlosky, 2011).

Unlike Higham et al. (2022), the procedural features 
specific to successive relearning (e.g., mastery, dropout) 
were not used here. Although the LPSs consisted of retrie
val and restudy trials in both studies, the tasks performed 
in these conditions differed somewhat. For retrieval, stu
dents in the current study practiced learning eight facts/ 
concepts by ranking the correctness of four options pre
sented with a question stem, after which immediate cor
rective feedback was provided.3 For restudy, students 
practiced learning eight additional facts/concepts by 
studying a question stem alongside four options, with 
the correct answer highlighted. Regardless of condition, 
each item was practiced across two passes per LPS. This 
change in the protocol had the advantage of allowing us 

to carefully match students’ exposure to the facts/con
cepts across the two conditions.

After completing the second pass of each LPS, partici
pants rated their subjective experience. Specifically, par
ticipants completed four Visual Analogue Scales (VASs; 
Koo & Yang, 2025) on anxiety, motivation, mastery, and 
attentional control as well as answering a question about 
their learning strategy. We obtained these measures so 
that we could examine the effects of spaced retrieval prac
tice and restudy on aspects of the student learner experi
ence, beyond final test memory performance.

Prior research has found that retrieval practice can 
improve both memory and students’ subjective learning 
experiences. For example, practice quizzes have been 
shown to increase motivation to continue studying (Abel 
& Bäuml, 2020), while reducing mind-wandering 
(Szpunar et al., 2013) and test anxiety (for a meta-analytic 
review, see Yang et al., 2023). In the context of successive 
relearning, Higham et al. (2022) found that students’ self- 
reported experiences differed across the LPSs. Specifically, 
in the first LPS, students reported greater anxiety, less 
mastery, and similar attentional control after retrieval prac
tice than after restudying. By the third LPS, however, the 
pattern had reversed, with students reporting less 
anxiety and greater mastery and attentional control after 
retrieval practice than restudying – a pattern the authors 
attributed to improvements in recall over the LPSs. In 
the current work, we aimed to test whether these 
findings would replicate in the context of spaced retrieval 
practice. If so, it would suggest that the learner-experience 
benefits observed by Higham et al. are not dependent on 
participants achieving mastery through successive 
relearning.

At the end of the course, students completed a final 
200-item MC criterial test comprising five question types: 
(1) repeated-restudy: 40 MC questions identical to those 
that had been restudied during the LPSs; (2) repeated- 
retrieval: 40 MC questions identical to those that had 
been practiced via retrieval during the LPSs; (3) related- 

Figure 1. A schematic representation of the study protocol.
Note: LPS: learning practice session; VAS: visual analogue scale. A diagram of a flowchart.
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restudy: 40 MC questions that shared the same structure 
and answer options as questions that had been restudied 
during the LPSs but a different correct answer; (4) related- 
retrieval: 40 MC questions that shared the same structure 
as questions that had been practiced via retrieval during 
the LPSs but a different correct answer; and (5) new: 40 
new MC questions assessing lecture content that had 
not been practiced during the LPSs.

Research questions
We preregistered one primary research question (RQ1) and 
five secondary RQs (RQ2–6). RQs 5 and 6 are presented in 
the Supplemental Materials as they are not directly related 
to the investigation of transfer and retrieval practice that 
this paper mainly focuses on. RQ1–4 are paraphrased 
from the preregistration as follows. 

RQ1: For the criterial test, will related questions (that were 
either restudied and retrieved during the LPSs) be answered 
better or worse than new, control questions? We deliberately 
did not predict a direction for the hypothesis associated with 
this RQ because both facilitated and impaired accuracy on 
related questions has been observed in prior research when 
the practice and final tests are MC, as in the current study 
(e.g., see Alamri & Higham, 2025, who obtained both results).

RQ2: Is there an effect of practice type (restudy vs. retrieval) on 
final-test accuracy and, if so, is it moderated by question type 
(repeated vs. related)? We predicted a retrieval practice effect 
such that participants would correctly answer more questions 
that they practiced retrieving during the LPSs than questions 
they restudied. We also predicted the effect of practice type 
to be qualified by an interaction with the question type such 
that we would observe a larger retrieval practice effect for 
repeated questions than related questions.

RQ3: Is there an effect of question type (repeated vs. related) 
on final-test accuracy? We predicted participants would cor
rectly answer more questions in the repeated condition than 
the related condition. We predicted this result because partici
pants had prior exposure to the questions and corrective feed
back in the repeated condition but not in the related 
condition.

RQ4: Is there an effect of practice type (restudy vs. retrieval) on 
learners’ subjective weekly experiences? We predicted a main 
effect of practice type (retrieval > restudy) for mastery, motiv
ation and attentional control, and the opposite pattern for 
anxiety (restudy > retrieval). Although not preregistered, we 
predicted a main effect of LPS (3 > 2 > 1) for mastery, motiv
ation and attentional control, and the opposite pattern for 
anxiety (1 > 2 > 3). Finally, we predicted the effect of practice 
type to be qualified by an interaction with the LPS. This inter
action prediction was in line with Higham et al.’s (2022) study 
where participants’ mastery and attentional control scores 
were lower (higher for anxiety) in the retrieval condition com
pared with the restudy condition on the first LPS, but this 
pattern reversed by the time participants were on the third LPS.

Method

Transparency and openness

The research questions, method, and analyses were prere
gistered. The preregistration (https://osf.io/k5j64/ 

overview), data, analytic code, and the Supplemental 
Materials (https://osf.io/t79zx/overview?view_only= 
4b776d48b3da4c70a5fe7c44909f4363) for this study are 
publicly archived on the Open Science Framework. We 
report all deviations from the preregistration, the rationale 
for the sample size used in the study, and all data exclu
sions, manipulations, and methods. Data were analysed 
using R, version 4.5.0 (R Core Team, 2025). This study 
received ethical approval from the Psychology Ethics Com
mittee at the University of Southampton (ID: 45089.A3).

Participants

The participants were 230 first-year undergraduate stu
dents who were enrolled in an “Introduction to Psychol
ogy” module in 2023–2024. As preregistered, the sample 
size was determined by the number of students who 
enrolled on the course and elected to participate in the 
study.

As part of the course assessment, students were 
required to engage in 30 LPSs, which were spread evenly 
throughout the semester (three LPSs per week for 10 
weeks), and two final tests (not the main examination for 
the module). As explained in more detail later, both the 
LPSs and the final tests contained MC questions about 
the course material. If students completed an LPS and 
scored at least 25% correct on the retrieval trials, they 
received 0.5% toward their overall module mark (15% in 
total if all LPSs were completed). No students lost credit 
due to low LPS accuracy. The students received an 
additional 5% for completing the final tests (with no 
minimum score applied) for a possible total of 20% 
towards their final module mark.

Additionally, students were able to sign up for a volun
tary research component associated with the module in 
exchange for nine research credits. This component 
entailed students completing five pre-learning question
naires in Week 1 before starting the LPSs from Week 2, 
and four VASs in each LPS to indicate how they felt 
during learning.

Participant and data exclusions
We preregistered that we would exclude participants who 
did not consent to having their LPS and final test data used 
for research purposes. From the 323 students who orig
inally signed up for the LPSs, two students were excluded 
on this basis. Twelve students did not reach the end of a 
final test session. These participants were therefore also 
excluded. Additionally, given the longitudinal nature of 
this study, several participants provided incomplete data. 
We therefore introduced a non-preregistered exclusion cri
terion to exclude participants who either did not complete 
any LPSs or the final tests. Nineteen participants com
pleted the LPSs but not the final tests, and seven partici
pants completed the final test but no LPSs. These 
students were excluded.
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The remaining 283 participants provided data from 
6,374 LPSs. In 136 cases, participants restarted an LPS 
and thus might have experienced some trials multiple 
times. Data from these LPSs were excluded. Out of the 
remaining LPSs, data were excluded if participants indi
cated they had used their lecture notes while completing 
the LPS (179 LPSs) or if participants had been shown a 
question either less or more than twice due to technical 
difficulties (227 LPSs). Additionally, to control for missing 
LPSs, we decided to only include data from weeks where 
a participant completed all three LPSs on that topic. If a 
participant, for example, completed the first and last LPS 
of the third week and all three LPSs of the fourth, only 
data relating to the fourth week were included in the ana
lyses. This preregistered criterion excluded data from a 
further 1941 LPSs.

After performing the above-mentioned exclusions, 244 
participants remained. Fourteen further participants were 
excluded under the preregistered criterion of excluding 
participants who experienced significant technical issues. 
Specifically, 10 participants had two subject IDs in the 
initial weeks of practice, meaning they were assigned to 
two different item counterbalancing groups. These partici
pants were excluded. Additionally, one participant com
pleted an LPS twice due to a technical error, and three 
participants experienced a technical glitch during the 
final test (see Footnote 4 under Design and Materials). 
These participants were also excluded.

In total, data from 3,693 LPSs were included. Our final 
sample comprised 230 participants (female = 203; male =  
23; non-binary = 3; others = 1) and 1,231 weeks of data; 
these participants provided complete LPS (completed all 
three LPSs in the weeks included) and final test data and 
had ages ranging between 17 and 43 years (M = 18.92, 
SD = 2.52). Of the 230 participants, five participants who 
did not consent to the learning strategy/VAS measures 
administered during the LPSs were excluded from the ana
lyses pertaining to RQ4.

Design and materials

There were 11 weeks of teaching for the course, with a 
single 90-min lecture delivered on Monday of each 
week. Following the lecture in Week 1, students signed 
up for the intervention and were introduced to the 
online system that would deliver the LPSs in Week 1. Stu
dents did not complete formal LPSs in the first week. Fol
lowing each Monday lecture in Weeks 2–11, students 
were invited to take part in three LPSs over the remainder 
of the week, one each on Wednesday, Friday, and the fol
lowing Monday. Questions from the lecture content in 
Week 1 were included in the LPSs in Week 2 along with 
the content covered in Week 2. Each LPS consisted of 
16 MC question stems with four options related to that 
week’s lecture topic. Eight questions were answered as 
MC questions (retrieval items), whereas the other eight 
appeared as MC questions with the correct answer 

highlighted in green, which students restudied (restudy 
items).

Items of the same practice type (retrieval vs. restudy) 
were presented in a blocked design. Specifically, all eight 
items of the same practice type were presented in a ran
domised order once before they were freshly randomised 
and presented again for a second pass. The order of retrie
val versus restudy blocks was freshly randomised for each 
participant for each LPS. Overall, this meant that each LPS 
consisted of a total of 32 practice trials (two passes over 
eight blocked restudy items and two passes over eight 
blocked retrieval items).

In addition to practice type (restudy vs. retrieval), we 
also manipulated question type with three levels: 
repeated, related, and new. To achieve this manipulation, 
we created a set of 20 related MC question pairs on the 
content of each week’s lecture (10 weeks × 20 question 
pairs = 200 question pairs in total). Each question from a 
given pair was on the same topic, had similar question 
stems, and the same set of four answer options. One 
option for each question was the correct answer and the 
remaining three options were lures. Critically, the two 
questions in each pair never had the same correct 
answer. In other words, the correct answer for one ques
tion was a lure for the other question. For example, the 
question “Who founded Structuralism?” with the answer 
options Wundt, James, Freud, and Skinner (boldface indi
cates the correct answer), was paired with the question 
“Who founded Functionalism?” with the same answer 
options (correct answer: James).

To eliminate item effects, 10 item counterbalancing 
groups were created for each LPS, each consisting of a 
set of four restudy items to be repeated at final test 
(restudy-repeated condition), four retrieval items to be 
repeated at final test (retrieval-repeated condition), four 
restudy items whose related pairs were presented at final 
test (restudy-related condition), four retrieval items 
whose related pairs were presented at final test (retrie
val-related condition), and four new items that were on 
the final test, but neither they nor their related pairs 
were presented during the LPSs (new condition).4 Item 
counterbalancing groups were created such that each of 
the forty items (from 20 pairs) was assigned equally 
often to each of the five within-subject test conditions 
(restudy-repeated, retrieval-repeated, restudy-related, 
retrieval-related, and new) across participants. Each partici
pant was assigned to an item counterbalancing group at 
random before the start of the LPSs. Participants in the 
same group practiced the same items in the same way in 
each LPS for a given week.

Four weeks after the last lecture (three weeks after the 
last LPS), students were invited to take part in a final MC 
test that was framed as a mock exam. For each of the 10 
LPS weeks (Weeks 2–11), 20 questions were included on 
the test (four each for the five experimental conditions 
described earlier), for a total of two hundred final test 
items. Questions were included on the test regardless of 
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whether the student participated in the corresponding 
LPSs. (Given the longitudinal nature of the study, some stu
dents did not complete every session; see earlier Partici
pant and Data Exclusions section). Thus, all participants 
answered all 200 final test items. Counterbalancing 
ensured that half of the participants answered the first 
question from each question pair (with 40 questions 
each serving in each of the five experimental conditions), 
whereas the other half of participants answered the 
other half (also with 40 questions per experimental 
condition).

Students were permitted to take a short break during 
testing. The break was achieved by randomly dividing 
the 200 questions into two sets of 100, with the constraint 
that each set of 100 questions represented all five exper
imental conditions (i.e., 20 items each in the restudy- 
repeated, retrieval-repeated, restudy-related, retrieval- 
related, and new). Furthermore, for each half of the test, 
two items in each set of 20 questions per experimental 
condition represented each of the 10 weeks of lecture 
content. This meant that participants answered an equal 
number of items for each topic in each final test session. 
The order of presentation of the questions within each 
final test session was randomised individually for each par
ticipant. Note that while during the LPSs, participants did 
not experience questions from four of the item pairs (so 
that these questions could be used as “new” questions 
on the final test), one question from each of these item 
pairs was presented on the final test. However, each 
item pair was assigned to a different final test condition 
based on a participant’s item counterbalancing group.

Pre-learning questionnaires
For students who volunteered for research credit, the fol
lowing questionnaires were administered in the first 
week of the module, before the LPSs began in Week 2: 
General Worry (Kelly, 2004), Attentional Control (Derry
berry & Reed, 2002), Student Self-Efficacy (Rowbotham & 
Schmitz, 2013), Test Anxiety (Putwain et al., 2021), and 
Approach to Learning (Biggs et al., 2001). More detail 
about each scale and the analyses pertaining to the pre- 
learning questionnaires are included in the Supplemental 
Materials (see Tables S2 and S3).

LPS measures (learning strategy and VAS)
After each set of eight retrieval or restudy items had been 
presented twice within an LPS, participants judged the 
extent to which they had considered all response 
options on the previous set of trials using a 7-point 
Likert scale (“To help my learning: I only considered one 
answer vs. I considered all options”). After the strategy 
question, participants responded to a visual analogue 
scale (VAS) to measure participants’ learning experiences 
across four constructs, including mastery, intrinsic motiv
ation, anxiety, and attentional control. Participants pro
vided ratings on a scale from 0 (“not at all”) to 100 
(“Extremely”) to a word (e.g., “ANXIOUS”, “WORRIED”, 

“CONFIDENT”) or phrase (e.g., “I WILL MASTER THIS 
TASK”) by moving a slider to indicate how they felt at 
the moment. Each scale comprised three items, with “I 
WILL MASTER THIS TASK”, “MOTIVATED” and “CONFIDENT” 
creating the mastery scale; “HAPPY”, “SATISFIED” and 
“INTERESTED” creating the intrinsic motivation scale; 
“ANXIOUS”, “WORRIED”, “RELAXED” creating the anxiety 
scale; and “FOCUSED”, “CONCENTRATED” and “DIS
TRACTED” creating the scale for attentional control.5 All 
constructs showed good internal consistency at all 
measurement time points (Cronbach’s αs > .70). Higher 
scores indicated an increased sense of mastery, motiv
ation, attentional control, and anxiety.

Procedure

The study was hosted on JATOS (Lange et al., 2015). The 
procedure consisted of an initial sign-up session, thirty 
LPSs (three LPSs for each of 10 weekly topics), and one 
final test. There was one study link created for each LPS. 
The section involving the strategy question and VAS 
measures was automatically skipped for participants who 
had not provided consent to these measures.

Initial sign-up session
After students attended the Week 1 introductory lecture to 
the course, they received an invitation to sign up for the 
LPSs that accompanied the course. During this session, 
they were also asked to give consent for their data to be 
used in a research project and opt into additional ques
tionnaires that would be completed during the initial 
session and alongside the LPSs for additional research 
credits. Participants then provided their name, email 
address, current age in years, gender identity, and native 
language. If participants opted to take part in the 
additional questionnaires, they then completed the pre- 
learning questionnaires (see Design and Materials 
section). All students then completed a practice session 
where they were introduced to the main trials and 
received four restudy and four retrieval trials as practice 
for the main LPSs.

LPSs
On Wednesday, Friday, and the following Monday after 
each Monday lecture, students were invited to complete 
an LPS online. LPSs were accessible between 0900 and 
2100 on practice days. About 30 min before each session 
went live, students were sent a personalised link to the 
session. Every session started with the instructions and 
asked participants to state whether they had attended 
the Monday lecture. Participants then completed a 
restudy block and a retrieval block (in randomised order). 
Each block consisted of two passes over the eight 
restudy or retrieval trials. If participants had opted in to 
obtaining research credits during sign up, they were 
then presented with a question querying their learning 
strategy during the just-completed block of trials (either 
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restudy or retrieval trials). Specifically, they were asked to 
rate the degree to which they had considered just a 
single answer option or all the answer options to help 
their learning (“To help my learning: I only considered 
one answer – I considered all the options”). This rating 
was made on a 7-point scale ranging from 0 (“I considered 
only one answer”) to 6 (“I considered all the options”). After 
the strategy rating, we measured students’ subjective 
learning experience across four VASs. Thus, students com
pleted the strategy rating and the four VASs twice per LPS, 
once after the two passes through the eight retrieval trials 
and once after the two passes through the eight restudy 
trials (see Figure 1).

During the LPSs, each trial started with a 500 ms blank 
screen. Then, participants were presented with a prompt in 
the form of a question or a statement where a phrase was 
replaced with a blank line (e.g., “Light is measured in 
______”,; correct answer: nanometres). Under the question, 
four answer options (Nanometres, Decibels, Hertz, and 
Ampere) were presented in a random order. On retrieval 
trials, participants were asked to rank each candidate 
answer according to the likelihood of it being correct 
with “1” (top rank) representing the most likely answer 
and “4” (bottom rank) the least. At the beginning of the 
trial, a question mark was displayed next to each answer 
option. By clicking on it, a drop-down menu opened, 
and participants were able to select the question mark 
or a ranking number from one to four that was not yet 
assigned to another answer option for this question. Stu
dents had a total of 22 s to rank the answer options. 
During this time, they were able to change their selections 
as often as they wanted. The instructions encouraged 
them to “rank each of the four options” and not just the 
most likely. After 22 s elapsed, students received corrective 
feedback, with green highlighting appearing around the 
correct answer. This feedback remained on the screen for 
3 s before the trial moved on to a blank screen (total 
trial time = 25 s).

During restudy trials, both the question stems and 
answer options were presented as in the retrieval con
dition. However, instead of question marks and the expec
tation that participants would rank the alternatives 
themselves, the numbers “1” to “4” appeared next to the 
answer options with the “1” placed next to the correct 
answer and values “2”, “3”, and “4” randomly assigned to 
the other answer options. Additionally, the area around 
the correct answer was highlighted in green, similar to 
how the correct answer was identified in the retrieval con
dition (except there was no retrieval attempt). After 25 s 
elapsed, the trial moved on to a blank screen which 
marked the beginning of the next trial (total trial time =  
25 s).

After completing both passes through the retrieval and 
restudy blocks (including questionnaires if participants 
consented to them), participants were given two final 
questions. First, they were asked whether they used their 
notes during the LPS. Second, they were given the 

chance to leave any other helpful comments, for 
example, if they encountered technical issues.

Final test
The final test took place on the Monday of Week 15, four 
weeks after the last lecture and three weeks after the last 
LPS. Again, participants were given a 12-hour window to 
participate. The final test consisted of two sessions which 
could be completed in separate sittings as long as both 
were completed within the 12-hour window and the first 
session was completed before the second began. Both ses
sions had the same structure: participants were introduced 
to the question format and informed that they had 35 s to 
answer each question, but they could move on before that 
time elapsed by clicking a button. Participants were also 
advised not to refer to their lecture notes during the ses
sions and instead rely on their memory. Additionally, 
they were encouraged to answer every question, even if 
they were unsure about the answer, as there would be 
no penalty for answering incorrectly. Lastly, participants 
were told that there would not be a break within a given 
session, but a break was permitted between the sessions.

Each trial began with a 500 ms presentation of a blank 
screen. Afterwards, the question stem was presented on 
the screen alongside the four answer options (in random
ised order). Unlike the retrieval practice trials during the 
LPSs, the format of the final test trials followed a standard 
MC format. That is, participants simply selected one of the 
candidate answers instead of ranking them. Underneath 
the answers, a “continue” button was displayed which par
ticipants could use to move to the next trial. If participants 
did not progress within 35 s, the trial moved on automati
cally. Unlike the LPSs, only items in their question format 
(used for the retrieval condition during the LPSs) were 
included on the final test; no statements (used for the 
restudy condition during the LPSs) were included.

Results

We first focus on reporting our preregistered analyses per
taining to final test performance and then report some 
preregistered and non-preregistered exploratory analyses. 
Alongside frequentist analyses, we report Bayes Factors 
(BF10) to evaluate the evidence for both the null and 
alternative hypotheses. We interpreted the Bayes Factors 
according to the evidence categories proposed by 
Jeffreys (1961), which were subsequently interpreted by 
Lee and Wagenmakers (2013; see Table 1).

Final test performance

Our preregistered research questions, associated analyses, 
and a summary of findings are shown in Table 2.

Transfer (RQ1 – preregistered)
To test RQ1, we conducted a preregistered one-way 
within-subjects Analysis of Variance (ANOVA) with three 
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conditions (restudy-related, retrieval-related, and new 
items) with final-test accuracy as the dependent variable. 
We did not find a significant overall effect of condition, 
F(2, 458) = 0.00, p = .99, η²G = 0.00, BF10 = 0.02. Accuracy 
was, therefore, comparable amongst restudy-related 
items (M = 62.32%, SD = 18.14%), retrieval-related items 
(M = 62.42%, SD = 16.64%) and new items (62.32%, SD =  
17.45%).

Effects of question and practice type (RQ2 and RQ3 – 
preregistered)
Mean recall performance by question type and practice 
type is shown in Figure 2. To test RQ2 and RQ3, we 

conducted a preregistered 2 (question type: repeated/ 
related) × 2 (practice type: restudy/retrieval) within-sub
jects ANOVA with final-test accuracy as the dependent 
variable. We found a significant main effect of question 
type, F(1, 229) = 219.21, p < .001, η²G = 0.13, BF10 = 5.85 ×  
1035. Accuracy was significantly higher for repeated 
items (M = 75.13%, SD = 13.05%) than related items (M =  
62.37%, SD = 14.15%). We also found a significant main 
effect of practice type, F(1, 229) = 30.35, p < .001, η²G =  
0.02, BF10 = 1.42 × 104. Accuracy was significantly higher 
for retrieved items (M = 71.31%, SD = 12.30%) than restu
died items (M = 66.20%, SD = 15.22%).

There was also a significant interaction between 
question type and practice type, F(1, 229) = 35.73, p  
< .001, η²G = 0.02, BF10 = 5.65 × 105. For repeated items, 
a paired-samples t-test showed that accuracy was sig
nificantly higher in the retrieval condition (M = 80.15%, 
SD = 13.49%) than the restudy condition (M = 70.07%, 
SD = 17.57%), t(229) = 8.85, p < .001, dz = 0.58, BF10 =  
2.19 × 1013. For related items, by contrast, accuracy 
was comparable between the retrieval condition (M =  
62.42%, SD = 16.64%) and restudy condition (M =  
62.32%, SD = 18.14%), t(229) = 0.33, p = .94, dz = 0.01, 
BF10 = 0.074. Thus, there was a retrieval practice effect 
in the repeated condition, but not in the related 
condition.

VAS scores (RQ4 – preregistered)

Mean VAS scores are shown in Figure 3. To test RQ4, we 
conducted four separate preregistered 2 (practice type: 
restudy/retrieval) × 3 (LPS: 1/2/3) repeated measures 
ANOVAs for each of the VAS measures (Mastery, Motiv
ation, Anxiety, and Attention) as the dependent variables 
(collapsed across weeks).6 We found a significant main 
effect of practice type on all four VASs. Mean ratings 
were higher in the retrieval condition than the restudy 
condition for mastery, F(1, 224) = 63.43, p < .001, η²G =  
0.01, BF10 = 3.06 × 1017, motivation, F(1, 224) = 55.55, p  
< .001, η²G = 0.01, BF10 = 5.85 × 1013, and attention F(1, 
224) = 88.95, p < .001, η²G = 0.03, BF10 = 1.99 × 1032, and 
lower in the retrieval condition for anxiety, F(1, 224) =  
4.64, p = .03, η²G = 0.00, BF10 = 0.47.

We also found a significant main effect of LPS on 
mastery, F(2, 448) = 24.79, p < .001, η²G = 0.01, BF10 =  
1.94 × 109, anxiety, F(2, 448) = 47.90, p < .001, η²G = 0.02, 
BF10 = 4.89 × 1028, and the effect of LPS on motivation 
approached significance, F(2, 448) = 2.78, p = .06, η²G =  
0.00, BF10 = 0.27. We did not find a significant main effect 
of LPS on attention, F(2, 448) = 1.26, p = .29, η²G = 0.00, 
BF10 = 0.02.

Finally, we found significant practice type × LPS inter
actions for mastery, F(2, 448) = 4.08, p = .02, η²G = 0.00, 
BF10 = 0.13, motivation, F(2, 448) = 7.07, p = .001, η²G =  
0.00, BF10 = 0.42, and anxiety, F(2, 448) = 7.46, p = .001, 
η²G = 0.00, BF10 = 0.22. We did not find a significant inter
action on attention, F(2, 448) = 0.11, p = .89, η²G = 0.00, 

Table 2. Preregistered research questions (RQ1–4), associated analyses and 
summary of findings.

RQ Analysis Finding

RQ1: Will restudy- 
related and retrieval- 
related questions be 
answered better or 
worse than new 
questions?

RQ1: One-way 
ANOVA on final test 
accuracy with 
question type as IV

No effect of question 
type

RQ2: Will retrieved 
items be answered 
better or worse than 
restudied items? Will 
this be qualified by 
an interaction with 
question type 
(repeated/related)? 
RQ3: Will repeated 
questions be 
answered better than 
related questions?

RQ2 & RQ3: A 2 
(practice type: 
restudy/ 
retrieval) × 2 
(question type: 
repeated/related) 
ANOVA on final- 
test accuracy

RQ2 & RQ3: Main effects 
of practice type 
(retrieval > restudy) 
and question type 
(repeated > related), 
and an interaction: 
There was a retrieval 
practice effect 
(retrieval > restudy) 
on repeated 
questions but not on 
related questions

RQ4: Will there be an 
effect of practice 
type on VAS 
(mastery, motivation, 
anxiety and 
attention) scores?

RQ4: Four 2 (practice 
type: restudy/ 
retrieval) × 3 
(LPS:1/2/3) 
ANOVAs on VAS 
scores

RQ4: Main effects of 
practice type and LPS 
were obtained on 
most measures, which 
were qualified by 
interactions (larger 
difference between 
the retrieval and 
restudy conditions on 
later LPSs) for all 
measures other than 
attention

Note: RQ: research question; ANOVA: analysis of variance; IV: independent 
variable.

Table 1. Bayes factor evidence categories and corresponding 
interpretations.

BF10 Interpretation

> 100 Extreme evidence for H1
30–100 Very strong evidence for H1
10–30 Strong evidence for H1
3–10 Moderate evidence for H1
1–3 Anecdotal evidence for H1
1 No evidence
0.33–1 Anecdotal evidence for H0
0.10–0.33 Moderate evidence for H0
0.03–0.10 Strong evidence for H0
0.01–0.03 Very strong evidence for H0
<0.01 Extreme evidence for H0

Note: H1 refers to the alternative hypothesis, whereas H0 refers to the null 
hypothesis.
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Figure 2. Mean accuracy on the multiple-choice final test by question type and practice type.
Notes: Error bars reflect standard error of the mean. The data were collapsed over the two parts of the final test. Error bars in this paper reflect within-subjects adjusted (Morey, 
2008) standard errors of the mean. However, error bars reflecting week-level standard error estimates in Figures 4 and 7 must be interpreted considering that we included data 
only from the weeks in which a participant completed all three LPSs, as noted in the Participant and Data Exclusions section.

Figure 3. Mean visual analogue scale (VAS) scores by practice type and LPS.
Note: VAS: visual analogue scale. Error bars reflect standard error of the mean. LPSs are collapsed across weeks 2–11.
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BF10 = 0.02. Note, however, that the Bayes Factors sup
ported the null for each interaction.

Paired t-tests were used to follow up the interactions for 
mastery, motivation, and anxiety and are shown in Table 3. 
For mastery, ratings tended to be higher in the retrieval 
condition than the restudy condition on all LPSs, but the 
difference between the two conditions was larger in the 
second and third LPSs (particularly the second) compared 
with the first LPS, thereby resulting in the interaction. The 
same pattern was observed for motivation, with mean 
ratings tending to be higher in the retrieval condition 
than the restudy condition, and the difference between 
the two conditions being higher on the later LPSs. 
Finally, anxiety scores tended to reduce over the LPSs in 
both the retrieval and restudy conditions. However, 
anxiety ratings were higher in the restudy condition than 
the retrieval condition on the later LPSs, although there 
was no difference between the two conditions on the 
first LPS, thereby producing the interaction.

Exploratory analyses

We also conducted several exploratory analyses, some of 
which were preregistered as exploratory and some of 
which were not preregistered. The research questions, 
associated analyses, and a summary of findings are 
shown in Table 4.

Learning practice performance (EQ1 – preregistered)
We mentioned in the preregistration that we would poten
tially examine LPS performance in our exploratory ana
lyses. Hence, to address EQ1, we computed recall 
accuracy during the LPSs using data from the first pass 
through the questions within each LPS in the retrieval con
dition. Recall performance as a function of LPS and week is 
shown in Figure 4. We collapsed the data over weeks and 
conducted a one-way, within-subjects ANOVA with LPS (1/ 
2/3) as the independent variable and recall accuracy as the 
dependent variable. We found a main effect, F(2, 458) =  
940.88, p < .001, η²G = 0.57, BF10 = 8.70 × 10162. Paired- 
samples t-tests revealed that accuracy was lower on the 
first LPS (M = 57.46%, SD = 14.63%) compared to the 
second LPS (M = 86.94%, SD = 12.37%), t(229) = 33.21, p  
< .001, dz = 2.19, BF10 = 6.07 × 1085, and the third LPS (M  
= 91.22%, SD = 12.27%), t(229) = 33.19, p < .001, dz = 2.19, 
BF10 = 5.3 × 1085. Accuracy was also significantly lower on 
the second LPS than the third LPS, t(229) = 7.43, p < .001, 
dz = 0.49, BF10 = 3.16 × 109. Thus, recall performance 
improved with spaced retrieval practice.

Exploring transfer effects further (non-preregistered)
Following our preregistered analyses involving the com
parison between related and new items with respect to 
final test performance, we explored the data further to 
potentially uncover transfer effects. The following 

Table 3. Results from the paired-samples t-tests on visual analogue scale 
(VAS) responses.

Simple retrieval vs. restudy 
comparisons df t p dz BF10

Mastery
LPS 1 (retrieval > restudy) 224 4.64 <.001 0.31 1941.00
LPS 2 (retrieval > restudy) 224 7.87 <.001 0.52 4.05 × 1010

LPS 3 (retrieval > restudy) 224 5.81 <.001 0.39 4.15 × 105

Motivation
LPS 1 (retrieval > restudy) 224 3.54 <.001 0.24 30.86
LPS 2 (retrieval > restudy) 224 7.55 <.001 0.50 5.84 × 109

LPS 3 (retrieval > restudy) 224 5.92 <.001 0.39 7.22 × 105

Anxiety
LPS 1 (retrieval = restudy) 224 0.73 .46 0.05 0.10
LPS 2 (restudy > retrieval) 224 2.57 .01 0.17 1.85
LPS 3 (restudy > retrieval) 224 3.27 .001 0.22 13.10

Note: LPS: learning practice session.

Table 4. Exploratory research questions, associated analyses, and summary of findings.

Research question Analysis Finding

EQ1 (preregistered): Will memory performance on LPSs 2 
and 3 be higher than in LPS1 in the retrieval condition, as 
measured on the first pass of each LPS?

A one-way ANOVA on practice recall accuracy with the 
three LPSs (1/2/3) as IV

Main effect of LPS (3 > 2 > 1)

EQ2 (non-preregistered): Will participants be more likely to 
select the feedback lure in the related versus new 
condition (negative transfer) when the correct answer 
trials are excluded?

A one-way ANOVA on selection rate of feedback lure 
with the three conditions (retrieval-related/restudy- 
related and new) as IV

Main effect of condition (retrieval- 
related > restudy-related >  
new)

EQ3 (non-preregistered): Will participants be more likely to 
select the correct answer option in the related versus 
new condition (positive transfer) when the trials in which 
the feedback lure was chosen are excluded?

A one-way ANOVA on final-test recall accuracy with 
condition as IV

Main effect of condition (retrieval- 
related > restudy-related =  
new)

EQ4a (preregistered): Will there be an association between 
mean learning strategy in the retrieval condition and the 
percentage difference in feedback lure selection 
between the retrieval-related and new conditions?

Correlational analysis The correlation was negligible

EQ4b (preregistered): Will there be an association between 
mean learning strategy in the restudy condition and the 
percentage difference in feedback lure selection 
between the restudy-related and new conditions?

Correlational analysis The correlation was negligible

EQ5 (preregistered): Will retention interval (the interval 
between the last LPS of a week and the final test) be a 
significant predictor of final-test accuracy?

A multiple linear regression model on mean final-test 
accuracy with the linear and quadratic terms of 
retention interval as the predictor variables

Both the linear and quadratic 
terms of retention interval were 
significant predictors

Note: EQ: exploratory question; feedback lure: the lure on a related test question that was the corrective feedback during the LPSs. For analyses including 
new items, the same option that served as the feedback lure in the related conditions was used as the point of comparison.
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exploratory analyses on potential transfer effects were not 
preregistered. Although we observed no overall transfer 
effect, it is possible that both positive and negative trans
fer effects occurred, but because the effects opposed each 
other, they cancelled each other out.

To investigate this possibility, we ran two non-preregis
tered, exploratory analyses using purer measures of nega
tive and positive transfer effects, respectively. To isolate 
negative transfer and address EQ2, we estimated how 
likely students were to select the feedback lure amongst 
all the incorrect alternatives on error trials. To facilitate 
the comparison of the related (retrieval and restudy) and 
new conditions, which was complicated by the fact that 
there was no feedback lure for new items, we took advan
tage of the counterbalanced design. That is, each item 
serves in both the new condition and the two related con
ditions. This design feature allowed us to compare the 
probability of choosing the specific option that serves as 
the feedback lure in both the related conditions (e.g., 
James) with the probability of choosing that same option 
(James) when the question is new. By conditioning this 
analysis on errors, the effect of positive transfer (leading 
to correct responses) is removed.

Feedback lure selection (EQ2). We calculated the percen
tage of feedback lure selections (i.e., previously correct 
answers in the LPSs) in the final test as follows: for each 
condition, we divided the number of trials in which partici
pants selected the feedback lure by the total number of 
trials in which they made an error. The equation was:

Percentage of feedback-lure selection

=
Number of feedback-lure errors

Total number of errors
× 100% 

Percentage feedback lure selection given an error 
response in the related and new conditions is shown in 

Figure 5. We conducted a one-way within-subjects 
ANOVA with condition (restudy-related, retrieval-related, 
and new items) as the independent variable and lure selec
tion as the dependent variable. We found a significant 
main effect of condition, F(2, 432) = 23.02, p < .001, η²G =  
0.07, BF10 = 1.53 × 107. Paired-samples t-tests showed 
that, when participants selected an incorrect option, they 
were significantly more likely to select the feedback lure 
in the retrieval-related condition (M = 62.06%, SD =  
23.55%) than the restudy-related condition (M = 55.42%, 
SD = 24.72%), t(218) = 2.87, p = .004, dz = 0.19, BF10 = 4.14, 
and the new condition (M = 47.82%, SD = 22.89%), t(222)  
= 7.18, p < .001, dz = 0.48, BF10 = 6.55 × 108. The percentage 
of feedback lure selections was also significantly higher in 
the restudy-related condition compared with the new con
dition, t(218) = 3.30, p = .001, dz = 0.22, BF10 = 14.47.

Correct answer selection without the feedback lure (EQ3). 
To investigate the potential of positive transfer once the 
opposing influence of negative transfer was removed 
and to address RQ3, we examined the probability of choos
ing the target after eliminating trials in which the feedback 
lure was chosen. In other words, given that the feedback 
lure was not chosen, what was the likelihood of making 
a correct response? If that rate is higher in the (retrieval 
and restudy) related conditions compared to the new con
dition, then evidence of positive transfer would be 
obtained. The equation was:

Percentage of correct-answer selections

=
Correct

Correct + Other Wrong Answers
× 100% 

Percentage correct answer selection excluding the feed
back lure in the related and new conditions is shown in 
Figure 6. We conducted a one-way within-subjects 
ANOVA with condition (restudy-related, retrieval-related, 

Figure 4. Mean accuracy in the retrieval condition on pass 1 for each week and LPS.
Note: Error bars reflect standard error of the mean.
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and new) as the independent variable and correct answer 
selection as the dependent variable. We found a significant 
effect of condition, F(2, 458) = 8.17, p < .001, η²G = 0.02, 
BF10 = 40.39. Paired-samples t-tests showed that, on trials 
in which students did not select the feedback lure, they 
were significantly more likely to select the correct 
answer option in the retrieval-related condition (M =  
80.94%, SD = 14.76%) than the restudy-related (M =  
77.94%, SD = 17.82%), t(229) = 2.25, p = .02, dz = 0.15, 
BF10 = 0.87 and the new condition (M = 75.46%, SD =  
16.84%), t(229) = 4.38, p = .001, dz = 0.29, BF10 = 659.78. 
We did not find a significant difference between the 
restudy-related and new conditions, t(229) = 1.68, p = .09, 
dz = 0.11, BF10 = 0.29.

Association between learning strategy and 
transfer in terms of feedback lure selection (EQ4a 
and EQ4b – preregistered)

We indicated in the preregistration that we would use 
learning strategy (the degree to which students con
sidered just a single answer option or all the answer 
options while ranking alternatives on retrieval trials or 
while restudying the question options during learning 
practice) in our potential exploratory analyses. To 
address EQ4a, we examined the association between 
mean learning strategy in the retrieval condition and the 
percentage difference in feedback lure selection given an 
error response between the retrieval-related and new con
ditions. We conducted this analysis as we predicted that 

Figure 5. Percent feedback lure selection given an error response on the multiple-choice final test in the related and new conditions.
Note: Error bars reflect standard error of the mean.

Figure 6. Correct answer selection on the multiple-choice final test in the related and new conditions when excluding the feedback lure.
Note: Error bars reflect standard error of the mean.
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considering more options while ranking alternatives 
during learning practice would lead participants to be 
less seduced by the feedback lure in the retrieval-related 
condition (a form of positive transfer), thereby choosing 
the feedback lure less often. Therefore, we expected an 
inverse correlation between mean learning strategy and 
the percentage difference between the retrieval-related 
and new conditions in terms of feedback lure selection. 
However, we found only a negligible negative correlation 
between the two variables r(215) = −.05, R2 = 0.003.

To address EQ4b, we examined the association 
between mean learning strategy in the restudy condition 
and the percentage difference in feedback lure selection 
given an error response between the restudy-related and 
new conditions. As participants did not engage in active 
retrieval of information on study trials during learning 
practice, we expected that there would not be an associ
ation between mean learning strategy and the percentage 
difference between the restudy-related and new con
ditions in terms of feedback lure selection. Again, we 
found only a negligible negative correlation between the 
two variables r(212) = −.04, R2 = 0.002.

Effect of retention interval (EQ5 – preregistered)

We indicated in the preregistration that we would also 
examine retention interval in our potential exploratory 
analyses. To address EQ5, we fitted a multiple linear 
regression model on mean final-test accuracy with the 
linear and quadratic effects of retention interval as the 
predictor variables. Final-test accuracy as a function of 
week is shown in Figure 7. We found that the model 
was significant, F(2, 1228) = 40.34, p < .001, R2 = 0.06. 
Both the linear term, β = 0.01, SE = 0.00, t(1228) = 3.26, p  
< .001, and the quadratic term,7 β = 0.04, SE = 0.00, 

t(1228) = 7.86, p < .001, were significant predictors of 
final-test accuracy.

Discussion

The primary objective of this preregistered intervention 
study, which took place in a real educational environment 
with a large cohort of students (total N = 230), was to 
examine whether spaced retrieval practice would facilitate 
positive or negative transfer of knowledge to related ques
tions in a final MC test. We wanted to specifically examine 
the role of repetition over the course of a semester in a real 
undergraduate course to discover whether multiple 
spaced repetitions would facilitate deep learning and posi
tive transfer or increase misleading feelings of familiarity 
and negative transfer.

We built on Higham et al.’s (2022) study that used suc
cessive relearning, a specialised form of spaced retrieval 
practice, in a semester-long Introduction to Psychology 
module. Although our study used the same basic pro
cedure, it differed in two important ways. First, we did 
not adopt the components that were specific to successive 
relearning (mastery learning and dropout methodology). 
That is, items retrieved correctly on the first pass within 
an LPS were not dropped from practice on the second 
pass. Second, although both studies examined transfer of 
knowledge from learning practice to a final test, Higham 
et al. examined near transfer effects by determining if 
the benefits of successive relearning generalised to a 
different part of the same question versus new (untested) 
questions. By contrast, we examined a deeper form of 
transfer using the related-questions paradigm, whereby a 
related (previously untested) final-test question queried a 
similar topic as an earlier MC practice question but, criti
cally, had a different correct answer. We were specifically 
interested in investigating the nature of transfer when 

Figure 7. Mean final-test accuracy for items from each week.
Note: Error bars reflect standard error of the mean.
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both the practice and final tests were MC, because past 
studies have yielded mixed results with this design. In 
our work, we observed a retrieval practice effect for 
repeated questions, but no overall transfer effect for 
related questions. From an educational standpoint, the 
insights from the current study are important in the 
sense that ours was the first study to integrate spaced 
retrieval practice and the related-questions paradigm to 
examine learning transfer.

Transfer effects

Although we observed a retrieval practice effect for 
repeated questions, no overall transfer effect for related 
questions was observed. The lack of a retrieval practice 
effect for related questions (retrieval = restudy), and the 
lack of overall transfer effects suggest that repeated, 
spaced retrieval practice (and spaced restudying) may 
have led participants to simply memorise the correct 
answer during the LPSs rather than encouraging deep pro
cessing of the correct and incorrect alternatives. From this 
perspective, spaced retrieval practice and spaced restudy – 
at least as implemented in the current study – appear to 
have offered limited benefit. Despite extensive student 
effort and study time over an 11-week course, spaced 
retrieval practice and restudy did not improve learning 
beyond the specific material that had been tested or 
restudied.

Unlike in our study, Higham et al. (2022) observed posi
tive transfer effects (performance on related questions >  
new questions). One notable difference between these 
studies is that Higham et al. examined a form of near-trans
fer, while we used the related-questions paradigm to 
assess a deeper form of transfer. Specifically, in the final 
test of Higham et al.’s study, participants were required 
to recall a different aspect of a fact they had learned 
through spaced retrieval practice. In the current study, 
by contrast, the related questions on the final test had 
the same format and answer options to questions in the 
LPSs, but critically required a different correct answer. 
One implication of these findings is that spaced retrieval 
practice may facilitate relatively superficial form of transfer, 
potentially supported by rote memorisation, but not 
deeper forms of transfer that require flexible application 
of knowledge to novel situations.

Considering that we did not observe overall transfer 
effects, it is worth revisiting two previous studies that 
did observe transfer using both the related-questions 
paradigm and educational environments similar to that 
used in the current study. First, Alamri and Higham 
(2025) observed positive transfer effects using materials 
from a similar Introduction to Psychology module. 
However, unlike in our study, the authors did not 
implement spaced retrieval practice throughout the seme
ster, and they tested transfer in a single end-of-the-seme
ster tutorial in which participants completed both learning 
practice and a final test. Spaced retrieval practice, in our 

study, likely increased participants’ familiarity with both 
the questions and answer options. Because the final-test 
questions closely resembled those presented during retrie
val practice and had the same answer options, this 
increased familiarity may have biased participants 
toward selecting the previously correct – yet now incorrect 
– answer.

When Alamri and Higham (2025) tested transfer in the 
absence of repeated questions on the final test, they 
observed positive transfer effects on both related ques
tions that were presented immediately after the other 
question of the pair and related questions that were pre
sented after a delay. However, in the presence of repeated 
questions, positive transfer was seen only when the related 
question was presented immediately after the other ques
tion of the pair, whereas negative transfer was observed 
on delayed related questions. Furthermore, participants 
were more likely to choose the feedback lure on such 
delayed related questions. The findings from Alamri and 
Higham highlight an important nuance: the presence (or 
absence) of repeated questions on the final test plays a 
critical role in participants’ ability to successfully discrimi
nate between two related questions that have different 
correct answers. In the current study, repeated and 
related questions were intermixed, which may have 
reduced the likelihood of observing positive transfer.

Second, Bjork et al. (2014) observed positive transfer in 
a study in which students completed MC practice quizzes 
throughout a research methods course, typically 3–4 days 
after the weekly Monday lecture. An MC final exam was 
administered at the end of the course. Memory perform
ance on both repeated and related questions was better 
than new questions on the final exam. Hence, unlike in 
the current study, Bjork et al. observed positive transfer 
effects on an MC final exam when students engaged in 
retrieval practice in the form of practice quizzes across 
the course.

While students in Bjork et al. (2014) engaged in learning 
practice of the material from the preceding lecture, as in 
the current study, there were no spaced repetitions of 
the items appearing on the practice quizzes. That is, 
unlike our study, any given practice quiz item in Bjork 
et al. was presented only once and neither repeated 
within a session nor across multiple sessions within a 
week. The obvious question to ask here is why we did 
not observe transfer despite making students engage in 
not just retrieval practice but retrieval practice that was 
spaced both within and across LPSs over the semester. In 
Bjork et al., practicing each item just once may have led 
to an optimal balance of familiarity and deeper encoding. 
This familiarity could have facilitated the recognition of 
question stems and answer options in the repeated and 
related conditions on the final test, including the feedback 
lure. However, the deeper encoding involved with retriev
ing information to reject lures during the practice test may 
have helped to keep the misleading familiarity of the feed
back lure in check, leading to positive transfer effects. On 
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the other hand, spaced repetitions within and across the 
LPSs within each week in the current study may have 
increased the misleading familiarity of the feedback lures 
more than it encouraged deeper lure processing, resulting 
in little positive transfer in our study. If repetition had this 
type of differential effect on familiarity versus deeper lure 
processing, the likely result would be enhanced recall of 
repeated items that were retrieved during practice but 
no obvious positive transfer effects.

This notion that repetition can have opposing, ironic 
effects on memory was investigated by Jacoby (1999). 
He demonstrated both positive and detrimental effects 
of repetition in an experiment where participants were 
required to respond “yes” to words that had previously 
been spoken, and “no” to words that had previously 
been read. For younger adults, false alarms to earlier- 
read words decreased with repetition, while for older 
adults, the opposite effect was found. The beneficial 
effect of repetition on younger adults’ memory could be 
attributed to their use of repetitions to consciously recol
lect the words they read and those they heard. Though 
younger adults may have experienced enhanced famili
arity of repeated written words, they were not seduced 
by that familiarity because they were able to use source 
recollection to keep that familiarity in check. On the 
other hand, the ironic effect of repetitions in older adults 
could be attributed to a deficit in recollection. That is, 
the familiarity of information increased as information 
was repeated just as it did for younger adults. However, 
because recollection of source was impaired in elderly 
individuals, that familiarity went unchecked, causing 
elderly participants to erroneously respond “yes” to 
repeated written words.

Whenever opposing influences are present in a design, 
there is a risk that the two influences nullify each other, 
leading to the conclusion that that there was a null 
result when actually there are two, opposing effects. We 
investigated this possibility in the current intervention 
and found evidence for both positive and negative transfer 
effects. To isolate these opposing transfer effects, we con
ducted two exploratory analyses (EQs2 and 3). The first 
analysis, which aimed to isolate the negative transfer 
effect, was limited to error trials. By eliminating the 
correct trials, we removed trials where positive transfer 
may have controlled the response, leaving negative trans
fer free to express itself. Specifically, if the feedback lure is 
chosen with greater likelihood when the question is 
related than when it is new, then negative transfer has 
occurred. This analysis indicated that students were 
more likely to choose the feedback lure than the other 
incorrect alternatives in both the retrieval-related and 
restudy-related conditions compared with the new con
dition, showing evidence of negative transfer. This evi
dence of negative transfer is in line with Alamri and 
Higham’s (2022, 2025) finding that participants were 
more likely to endorse the feedback lure on related ques
tions compared to new questions on a final MC test. As 

explained, the tendency to select the feedback lure more 
often on related questions could be attributed to the 
sense of familiarity that arises when participants see the 
same question stem and answer options.

The second analysis, which aimed to isolate a positive 
transfer effect, examined the likelihood of a correct 
response when the feedback lure was not selected. In 
other words, trials where the feedback lure was selected 
were removed, thereby eliminating all trials where nega
tive transfer may have controlled the response. We then 
examined the likelihood of choosing the target on the 
remaining trials. We found that students were more 
likely to choose the correct answer option in the retrie
val-related condition compared with the new condition, 
showing evidence of positive transfer. This evidence of 
positive transfer, on trials where negative transfer could 
have controlled the participant’s response, is encoura
ging in the sense that participants might have been 
able to better discriminate between the two questions 
of the pair (the one encountered at practice and the 
one encountered on the final test) on those trials. There
fore, eliminating the feedback lure option or finding 
ways to reduce the influence of the feedback lure on 
the final test could be an important step in aiding posi
tive transfer effects to emerge. It is worth noting that 
students who write multiple MC tests throughout a 
course in the form of quizzes, learning practice tests or 
final tests may encounter the same options on 
different potentially related questions. For example, 
names like “Skinner” or terms like “positive reinforce
ment” likely appear as both correct and incorrect alterna
tives across questions. In other words, negative transfer 
might be a real concern rather than an issue specific 
to the related-questions paradigm. Together these 
results indicate that both negative and positive transfer 
effects occurred in this study despite overall test per
formance suggesting that neither effect occurred. As 
suggested earlier, one plausible account for this null 
effect on overall performance is that the two opposing 
types of transfer effects cancelled each other out.

Given the evidence of both positive and negative trans
fer, can we recommend spaced retrieval practice in real 
educational environments? As indicated, removing the 
feedback lure in the final test may be one way to increase 
the likelihood of obtaining positive transfer. We predict 
that, in such a procedure, participants would be better 
able to discriminate between the repeated and related 
questions, thereby boosting positive transfer. Another 
option would be to reduce the number of LPSs within 
each week to mitigate the chances of misleading famili
arity (resulting from multiple spaced repetitions) seducing 
students into choosing the feedback lure on the final test. 
Future work could also consider adding a source recollec
tion question before some, if not all, questions on the final 
test. Doing so should help students to consciously recol
lect whether a final test question is repeated, related, or 
new.
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Retrieval practice effect on repeated questions

To answer RQ2 and RQ3, we examined the effects of ques
tion type (repeated/related) and practice type (restudy/ 
retrieval) on final-test performance. As predicted, test 
accuracy was higher on items that students practiced 
retrieving compared to the items they restudied during 
learning practice (RQ2). We also found that test accuracy 
was higher on items answered in the repeated condition 
compared with those answered in the related condition 
(RQ3). These main effects were qualified by a significant 
interaction, which was due to there being a retrieval prac
tice effect (retrieval > restudy) on repeated items, but not 
on related items (retrieval = restudy). The interaction indi
cates that, although related questions queried a similar 
topic to an earlier MC practice question, that similarity 
was not enough for related items to benefit from retrieval 
practice. We may observe a retrieval practice effect on 
related items if the questions encountered during the 
LPSs were made more difficult, as more difficult questions 
are thought to promote transfer by encouraging lure elab
oration (Little et al., 2012; Little & Bjork, 2015). Additionally, 
future studies could provide students with guides compris
ing examples of the type of related questions they can 
expect to encounter on the final test to boost the 
chances of observing a testing effect on related items as 
well.

There are different, competing theories that could 
potentially explain the testing effect on repeated ques
tions. For example, the episodic context account (Hong 
et al., 2019; Karpicke et al., 2014) suggests that the way 
in which retrieval practice boosts retention is by reinstat
ing a prior learning context and updating the context rep
resentation in memory with the current recall context. This 
updated context representation, comprising both a pre
vious study context and the current recall context, pro
vides more retrieval cues at the time of later recall 
compared with restudying. In the current study, engaging 
in repeated retrieval practice across three LPSs within each 
week may have performed a similar function. On the first 
LPS of a week, participants may have been reminded of 
the context in which they studied for the first LPS. On sub
sequent LPSs, they may have been reminded of retrieval 
practice on the previous LPS(s) and the corrective feed
back associated with each question. Hence, the initial 
study context along with the updated context represen
tation from the multiple episodes of retrieval practice 
within each week would have provided participants with 
more retrieval cues in the retrieval-repeated condition 
compared with the restudy-repeated on the final test.

Benefits to subjective learner experience

As part of RQ4, we found a statistically significant inter
action between practice type and LPS on mastery, motiv
ation and anxiety. (Retrieval practice led to increased 
attentional control compared with restudying, with a 

consistent difference between the two conditions on all 
LPSs). However, the corresponding Bayes Factors sup
ported the null hypothesis, indicating that the evidence 
for these interactions was weak and should be interpreted 
cautiously. As such, the patterns described below are best 
viewed as tentative.

Repeated retrieval practice over the week led to a stron
ger sense of mastery, motivation and reduced anxious 
affect on later LPSs compared with restudying. Higham 
et al. (2022) found that mean mastery ratings were lower 
(higher for anxiety) in the retrieval condition compared 
with the restudy condition on the first LPS, but that this 
pattern reversed by the third LPS. In the current study, 
we observed that mean mastery ratings were higher in 
the retrieval condition than the restudy condition on all 
the LPSs, but the difference between the two conditions 
was larger on the later LPSs. As for anxiety, although we 
did not find a significant difference between the retrieval 
and restudy conditions on the first LPS, mean ratings 
were higher in the restudy condition than the retrieval 
condition on the second and third LPSs. These results, 
therefore, suggest that spaced retrieval practice may 
improve subjective learner experience, despite having no 
overall effect on transfer, although we make this sugges
tion cautiously given the Bayesian analyses. As expected, 
students’ recall accuracy on retrieval trials improved as 
the LPSs progressed over a given week. This improvement 
may underpin their reports of improved learner experience 
(Higham et al., 2022).

The benefits of retrieval practice for subjective percep
tions of mastery, motivation and attentional control in the 
current study are encouraging in the sense that effortful 
learning strategies are often perceived negatively by stu
dents. Students frequently judge fluent learning strategies, 
such as restudying and massed learning, to be more 
effective than more effortful approaches such as retrieval 
practice. Nonetheless, desirably difficult strategies typically 
confer greater longer-term memory benefits than more 
fluent strategies (e.g., Bjork, 1994; Deslauriers et al., 2019; 
Kornell & Bjork, 2008). As such, these findings indicate 
that retrieval practice may still provide meaningful 
benefits by positively influencing the learner experience.

Effect of repeated retrieval practice on learning 
practice performance

As part of EQ1, we found a significant main effect of LPS on 
practice response accuracy in the retrieval condition. Prac
tice accuracy was the highest on the third LPS and lowest 
on the first LPS. This finding illustrates the benefits of 
engaging in repeated practice on recall performance.

Association between learning strategy and 
feedback lure selection

As part of EQ4a, we found only a negligible negative cor
relation between learning strategy in the retrieval 
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condition and the percentage difference in feedback lure 
selection given an error response between the retrieval- 
related and new conditions. Although the correlation 
was in the direction we predicted, a weak correlation 
could imply that participants’ learning strategy while 
ranking alternatives during the LPSs did not affect their 
likelihood of selecting the feedback lure on retrieval- 
related items compared with new items on the final test.

As part of EQ4b, we again found a negligible negative 
correlation between learning strategy in the restudy con
dition and the percentage difference in feedback lure 
selection given an error response between the restudy- 
related and new conditions. The weak correlation 
between the two variables could be attributed to the 
fact that students were presented with the full statement 
with the correct answer highlighted beneath the state
ment on study trials. Hence, as participants did not 
engage in active lure processing on these trials during 
the LPSs, the number of alternatives they may have con
sidered on these trials may not have affected their likeli
hood of feedback lure selection on restudy-related items 
compared with new items.

Effect of retention interval on final-test accuracy

A multiple linear regression model revealed that both the 
linear and quadratic effects of retention interval were sig
nificant predictors of final-test accuracy. Both the linear 
and quadratic estimates were positive suggesting that 
longer retention intervals were associated with higher 
accuracy (linear effect), with items from the initial and 
later weeks associated with higher accuracy compared 
with the middle weeks (quadratic effect). We expected 
accuracy from the later weeks to be higher, considering 
the shorter retention intervals between the LPSs and the 
final test for those weeks. Final-test accuracy was higher 
on items from the first three weeks of learning practice 
compared with items from the middle weeks. We may 
have obtained this pattern of result because participants 
either found items from the initial weeks to be easier or 
they may have spent longer revising these items before 
the final test, considering the longer interval between 
the practice of these items and the final test.

Limitations

As with any longitudinal study, we had limited control over 
attrition and how students revised for the LPSs after each 
lecture, or their level of engagement during the LPSs, 
especially on restudy trials when they had to simply read 
the statements. Additionally, we did not have control 
over how students prepared for the final test after the 
last LPS. Furthermore, participants could use their notes 
during the LPSs and final tests (although they were 
encouraged not to). That said, final test performance was 
not at ceiling, suggesting that they did not consistently 
use their notes.

Conclusions

Overall, we found evidence of both positive and negative 
transfer effects in the related-questions paradigm. These 
effects may sometimes cancel each other out, as 
suggested by the current study. There have been studies 
demonstrating the beneficial effects of successive relearn
ing (Higham et al., 2022) and retrieval learning practice 
(Bjork et al., 2014) on the transfer of knowledge on a 
final test. However, the findings and insights from the 
current intervention are particularly important as ours 
was the first study to integrate the investigation of transfer 
in the related-questions paradigm with spaced retrieval 
practice in an educational environment. Future work 
might focus on developing ways to boost transfer in an 
educational environment in a spaced retrieval paradigm 
by ensuring deeper learning during practice and by 
helping students discriminate better between repeated 
and related questions on the final test.

Notes
1. The retrieval practice effect is also known as the testing effect 

or backward testing effect.
2. Since no part of the questions was removed during the LPSs in 

the restudy condition (i.e., the statements were presented 
intact), there was no logical difference between the related 
and repeated conditions for restudied items. The distinction 
between related and repeated items only existed for items 
in the retrieval condition.

3. Ranking was used in the retrieval condition because Alamri 
and Higham (2022, 2025) found that, unlike standard MC 
format, ranking encourages lure processing and transfer. 
Although other test formats such as elimination testing also 
encourage lure processing (e.g., Little et al., 2019), participant 
compliance can be a problem (e.g., many participants find it 
difficult to provide reasons for rejecting the lures on every 
question).

4. All participants should have ideally experienced 20 items from 
each week’s lecture content on the final test. However, there 
was a technical glitch between the server and browser 
during the final test that resulted in the total exclusion of 
three participants, as noted in the Participant and Data Exclu
sions section. Of the 1,231 weeks of data that were included 
for analyses, there were 135 weeks (involving 94 participants) 
from which the participant experienced slightly less than 20 
items owing to this technical glitch. Of those 135 weeks, 
there were 128 weeks (involving 91 participants) from which 
the participant experienced 19 items and seven weeks (invol
ving seven participants) from which the participant experi
enced 18 items. The final test data pertaining to these weeks 
have not been excluded for those participants.

5. The item “RELAXED” within the anxiety scale, and the item 
“DISTRACTED” within the attention control scale were 
reverse-scored (i.e., 100 – participant’s rating).

6. We made a minor error when preregistering our predictions 
for this analysis. Specifically, we predicted a main effect of 
practice type (retrieve > restudy) for each of the four mean 
learner subjective weekly experiences. However, we only 
expected scores for mastery, motivation, and attention to be 
higher in the retrieve condition than the restudy condition; 
we expected the opposite pattern for anxiety. Furthermore, 
we did not preregister any predictions regarding the main 
effect of LPS or the practice type × LPS interaction. However, 
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it is reasonable to expect that scores would increase (decrease 
for anxiety) across the LPSs, as recall improved, and that this 
pattern would be larger in the retrieval condition than the 
restudy condition, given Higham et al.’s (2022) results.

7. A significant quadratic effect with a positive β, in this case, 
suggests that the relationship between retention interval 
and final-test accuracy was not just linear, but was U-shaped. 
Accuracy was higher on items from the initial and later 
weeks, and reduced for items from the middle weeks, 
thereby showing the pattern of a serial position curve.
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