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 This study aimed to examine whether individual performance feedback combined 
with retrieval practice influences students’ perceptions of its usefulness among 
learners with low and high prior knowledge. Retrieval practice is an effective 
study strategy that enhances long-term retention through active knowledge recall, 
although students often underestimate it and prefer passive strategies such as 
restudying. A total of 140 students participated, completing tests under both 
retrieval practice and restudy conditions. The results showed a significant effect in 
favor of retrieval practice on delayed tests. Furthermore, individual feedback 
positively influenced students’ beliefs about the strategy’s effectiveness, 
increasing its subsequent use. Regarding mental effort and judgments of learning, 
no significant findings were observed; however, feedback did enhance decision-
making among those who experienced the testing effect, particularly in students 
with low prior knowledge. These findings suggest that providing individual 
performance feedback may help students better recognize the benefits of retrieval 
practice and promote more effective learning strategies. 

Keywords: retrieval practice, effect of testing, individual feedback, restudying, prior 
knowledge 

INTRODUCTION 

Retrieval practice, according to Karpicke and Roediger (2008), “is a learning method 
that involves recalling information in order to strengthen it and reduce the likelihood of 
forgetting” (p. 966). According to Brown et al. (2014), the retrieval practice strategy is 
grounded in the notion that learning is reinforced when stored information is actively 
recalled. To enhance its effectiveness, this practice should be carried out repeatedly, 
allowing time intervals for forgetting, which is beneficial because it encourages learners 
to exert greater effort to retrieve information. Unlike traditional techniques such as 
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restudying, which involves repeated passive review of previously learned material 
(Dunlosky et al., 2013), retrieval practice is a versatile strategy applicable across 
different educational disciplines and is centered on the active extraction of knowledge. 
The act of retrieving information induces cognitive effort which, through memory 
traces, triggers consolidation processes that facilitate later retrieval and improve long-
term retention (Roediger & Karpicke, 2006; Arnold & McDermott, 2013; Agarwal et 
al., 2020). 

Retrieval practice as a learning strategy has evolved substantially over time, becoming 
established as a key tool for improving long-term retention. One of the earliest studies 
was conducted by Gates (1917), who introduced the concept of active retrieval, 
demonstrating that recalling information enhances memory more effectively than 
passive reading or listening. Although this early approach lacked methodological 
complexity, it laid the foundation for demonstrating that active learning strengthens 
retention. This line of research later informed the work of Carrier and Pashler (1992), 
who formally introduced the concept of the “testing effect” by showing that active 
retrieval strengthens memory connections more effectively than passive restudying. 
Their study, conducted using word lists, revealed that while restudying and retrieval 
practice produced similar performance on immediate tests, retrieval practice led to 
significantly greater retention on delayed tests. Importantly, the authors recognized that 
feedback might play a critical role in correcting errors and reinforcing learning, leaving 
open the question of how feedback could further optimize the testing effect. 

Building on this research, Roediger and Karpicke (2006a; 2006b) conducted 
experiments that not only confirmed the testing effect but also extended its application 
to educational contexts. Their studies examined whether retrieval practice improves 
long-term retention compared to restudying and whether students’ perceptions of their 
learning strategies align with actual performance. Results consistently favored retrieval 
practice in terms of retention; however, judgments of learning revealed a substantial 
discrepancy between students’ perceptions and actual outcomes. Students in the restudy 
condition tended to rate their learning as more effective than those in the retrieval 
practice condition, revealing a metacognitive bias toward strategies that produce 
immediate fluency rather than durable learning. 

Similarly, Butler and Roediger (2008) incorporated immediate feedback as a 
mechanism to correct errors and reinforce memory, particularly in high-difficulty tasks. 
Their study examined how different types of feedback influence the effectiveness of 
testing using academic learning materials. Participants completed multiple-choice tests 
under conditions of no feedback, immediate feedback, or a control condition involving 
restudy only. Retention was assessed one week later. Results showed that immediate 
feedback during retrieval practice led to significantly better performance on delayed 
tests, especially for items initially answered incorrectly. These findings demonstrated 
the capacity of feedback to correct misconceptions and strengthen learning, suggesting 
that combining testing with timely feedback can be more effective than restudying 
because it reduces the negative impact of inaccurate judgments of learning by providing 
a more accurate representation of learning progress. 
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Judgments of learning (JOLs) play an indirect yet critical role in the educational process 
by functioning as a metacognitive tool that allows students to evaluate and adjust their 
study strategies. Nelson and Leonesio (1988) defined JOLs as learners’ assessments of 
their own learning, specifically their perceived ability to recall or acquire information in 
the future. These judgments are typically made after studying material and serve to 
monitor learning and guide strategic adjustments (p. 676).  

Research on metacognitive strategies has shown that increasing learners’ awareness of 
their own learning processes can enhance academic performance and self-regulation. 
For instance, Thitipraserth and Manosuthikit (2025) examined the effects of 
metacognitive strategy instruction on the listening comprehension performance of Thai 
university students learning English as a foreign language. Their findings indicated that 
explicit instruction in metacognitive strategies improved students’ performance and 
strengthened their ability to monitor and regulate their learning processes. These results 
highlight the role of metacognitive awareness in guiding students’ learning decisions 
and evaluating the effectiveness of different study strategies. 

The reduced sense of cognitive fluency experienced during retrieval practice may lead 
to inaccurate JOLs, as students may fail to recognize the learning benefits of the 
strategy (Bjork et al., 2013). Because the effects of retrieval practice are not 
immediately apparent, students often form less accurate JOLs, underestimating its 
benefits relative to restudying (Roediger & Butler, 2011). The accuracy of JOLs is 
closely related to learners’ ability to accurately evaluate their performance in relation to 
actual academic outcomes (Dunlosky & Thiede, 2013, p. 59). Consequently, Montoya 
et al. (2021) conceptualized judgments of learning as encompassing a range of beliefs 
students hold at different stages of a learning or assessment task—before, during, or 
after its completion (p. 191). 

Numerous studies (Pashler et al., 2005; Butler & Roediger, 2008; Karpicke & Blunt, 
2011; Roediger et al., 2011; Luo et al., 2021) suggest that the benefits of retrieval 
practice can be amplified when combined with feedback. A weak integration of 
retrieval practice and feedback may contribute to inaccurate self-perceptions regarding 
its benefits compared to restudying. Despite its effectiveness, retrieval practice remains 
underutilized in educational contexts due to the lack of immediate academic satisfaction 
it provides (Ariel & Karpicke, 2018; Agarwal & Bain, 2021). Bjork et al. (2013) 
emphasized that feedback can alter students’ metacognitive beliefs about their learning 
abilities. This work is particularly influential because it connects retrieval practice, 
feedback, and self-regulated learning, highlighting that students often rely on immediate 
judgments of learning based on perceived fluency. Although retrieval practice is more 
effective, it is frequently underestimated because it requires greater cognitive effort and 
its benefits are not immediately evident. 

Further supporting this perspective, Rowland (2014) conducted a meta-analysis of over 
200 experimental studies and reported a robust advantage of active retrieval over 
restudying for long-term retention across diverse educational domains, ranging from 
vocabulary learning to complex conceptual understanding. Factors such as test spacing, 
immediate feedback, and the format of retrieval tasks influence the magnitude of this 
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benefit. Self-testing strengthens neural connections and enhances future recall by 
promoting deeper processing, integration with prior knowledge, and knowledge transfer 
to new situations. 

One of the most common forms of retrieval practice involves the use of tests or 
examinations. Numerous studies support their effectiveness (Roediger & Karpicke, 
2006). Moreover, research indicates that test-based retrieval practice is more effective 
than restudying in terms of knowledge transfer and retention (Karpicke & Blunt, 2011). 
Testing previously studied information produces the testing effect, a powerful learning 
mechanism demonstrating that the cognitive effort involved in retrieval has a stronger 
impact on both immediate and delayed tests than on recognition tasks (Rowland, 2014). 

In educational contexts, feedback is widely recognized as an essential tool for 
improving learning outcomes. Beyond enhancing performance, feedback helps students 
identify errors, reflect on their performance, and adjust their study strategies 
(Kusumaningrum et al., 2019). Through this process, feedback can influence learners’ 
beliefs about their abilities and support the development of self-regulated learning. 
Consequently, combining retrieval practice with feedback represents an effective 
instructional approach for promoting deeper learning and improving long-term 
retention. 

Regarding feedback, Shin et al. (2017) defined it as information provided to students 
about their performance with the purpose of enhancing learning and modifying study 
approaches, guiding learners toward deeper understanding and more adaptive learning 
strategies. Self-referenced feedback, in particular, focuses on individual progress by 
comparing current performance with previous performance, thereby promoting 
academic improvement over time (p. 22). 

Advancing this line of inquiry, Luo et al. (2021) investigated how individual 
performance feedback increases the frequency of choosing retrieval practice over 
restudying. Their study examined whether experiencing the testing effect, mediated by 
individual performance feedback, alters students’ metacognitive beliefs and perceived 
mental effort. Unlike previous studies that focused on feedback related to correctness or 
error reduction, this research emphasized feedback based on individual grades. In the 
first experiment, students who experienced the testing effect and received specific 
feedback chose retrieval practice more frequently on delayed tests, particularly those 
with moderate initial performance. In the second experiment, both individual and 
general feedback promoted short-term use of retrieval practice; however, individual 
feedback had a more substantial impact on sustained long-term use of the strategy. 

Finally, Luo et al. (2022), in their study “Why Students Choose (or Do Not Choose) 
Retrieval Practice: Perceptions of Mental Effort Matter,” further examined how 
perceived mental effort influences students’ strategic decisions. Findings indicated that 
retrieval practice is perceived as more cognitively demanding than restudying, leading 
some students to avoid it despite its demonstrated effectiveness. However, students who 
received individual performance feedback were more likely to interpret cognitive effort 
as a sign of learning consolidation. While this study provided valuable insights into 
students’ perceptions of mental effort and their strategic choices, it did not specifically 
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examine how these perceptions may vary according to students’ levels of prior 
knowledge or how feedback may influence beliefs after directly experiencing the testing 
effect. Based on this body of research, the present study aims to address this gap by 
analyzing how individual performance feedback influences students’ perceptions and 
strategic decisions regarding retrieval practice among learners with different levels of 
prior knowledge after participating in tasks involving retrieval practice and restudying 
conditions. In this context, the study addresses questions such as why students prefer 
less effective strategies like restudying despite the superior long-term benefits of 
retrieval practice, whether experiencing the testing effect changes beliefs about retrieval 
practice, and how perceived mental effort influences the adoption of retrieval practice 
as an effective learning strategy. 

Accordingly, the following hypotheses were formulated: 

1. Students’ scores on delayed tests will be higher after retrieval practice than 
after restudying (testing effect). 

2. Despite the expected performance advantage of retrieval practice, students will 
report higher judgments of learning after restudying than after retrieval 
practice.  

3. Students who experience the testing effect will show significant changes in 
their beliefs about retrieval practice. 

4. Students who experience the testing effect will choose retrieval practice more 
frequently than those who do not. 

In addition, this study examines whether prior knowledge moderates the effectiveness 
of feedback in increasing the likelihood of choosing retrieval practice as a study 
strategy. Incorporating prior knowledge allows for an examination of whether the 
effectiveness of retrieval practice depends on learners’ existing cognitive schemas. The 
expertise reversal effect theory (Kalyuga, 2007) posits that the impact of instructional 
strategies varies according to learners’ prior knowledge, as instructional principles do 
not apply uniformly across levels of expertise. Strategies beneficial for novice learners 
may be less effective or even detrimental for advanced learners. Therefore, instruction 
should be flexible and adaptive, recognizing cognitive diversity among learners. Based 
on this framework, an additional hypothesis was proposed: 

5. Students with low prior knowledge will exhibit greater changes in their beliefs 
about the effectiveness of retrieval practice after receiving individual 
performance feedback compared to students with high prior knowledge. 

METHOD 

Participants 

Participants were 152 higher education students from the Instituto Superior Tecnológico 
Consulting Group Ecuador (M = 22.5 years, SD = 4.00; 66.5% female) enrolled in the 
Emergency Medical Services program, ranging from first to fourth academic level. 
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Participants exhibited varying levels of familiarity with anatomical images and a 
moderate level of proficiency in the English language. 

Materials 

For the anatomy pretest, 15 anatomical structure images completely different from those 
used in the experimental phase were selected from various online sources. Participants 
were required to identify and write the name of each anatomical structure. 

For the English pretest, 15 anatomical structure terms in Spanish were presented 
individually in a simple format without distractors. Participants were instructed to 
translate each term into English in order to assess their prior knowledge of anatomical 
terminology in English. 

The experimental materials consisted of 72 images of human anatomical structures 
obtained from the website www.anatomylearning.com, each accompanied by its 
corresponding name in English. The anatomical terms ranged from 4 to 18 letters in 
length. The materials were organized into 18 units, each containing four images. 

Restudy units consisted of an image accompanied by the full anatomical name, which 
participants were instructed to memorize. Retrieval practice units consisted of an image 
accompanied by the first letter of the anatomical name, which participants were 
required to complete during the second round of unit presentation (cued recall). Each 
unit was presented in slideshow format according to the assigned learning strategy. 

Design 

The study employed a mixed experimental design combining within-subjects and 
between-subjects factors. First, a within-subjects design with a single factor, Learning 
Strategy, was used. All participants experienced both study conditions (restudy and 
retrieval practice), allowing each participant to serve as their own control. Additionally, 
differences were examined according to students’ levels of prior knowledge, which 
functioned as a between-subjects variable. This design enabled the evaluation of 
whether individual performance feedback on delayed tests improved the use of retrieval 
practice, judgments of learning (JOLs), and the relationship between perceived mental 
effort and the testing effect. 

Units 1 through 10 were counterbalanced across participants to ensure an equal 
distribution of study conditions, preventing participants from studying the same units 
using the same strategy and thereby reducing potential experimental bias. Performance 
on the delayed test was operationalized as retrieval performance, defined as the 
difference in the percentage of correctly recalled anatomical names following each 
learning strategy, serving as a measure of long-term learning effects. During the 
learning phase, participants received explicit instructions to follow only the assigned 
learning strategy in each condition. In the restudy condition, students reviewed the 
study material again, whereas in the retrieval practice condition they were required to 
recall the information from memory without access to the material. The sessions were 
conducted under researcher supervision, and participants were not allowed to use 

http://www.anatomylearning.com/
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external aids such as notes or additional materials, ensuring adherence to the assigned 
strategies. 

For units 11 through 18, which corresponded to instructional units from the anatomy 
learning materials used in the study, participants were allowed to freely choose which 
learning strategy they wished to continue using after the second study round. The 
primary outcome measure for this phase was the percentage of participants who selected 
retrieval practice after receiving performance feedback. 

In addition, a between-subjects design was used to compare levels of prior knowledge 
between novice and advanced students, as prior knowledge was expected to influence 
learning outcomes. 

Procedure 

The experiment was conducted in three phases (Days 1, 6, and 12), separated by 
intervals of 4 to 5 days. Participants were seated in a classroom arranged in a semicircle 
with a capacity of 30 students. They used their mobile phones and institutional internet 
access to respond to questions presented via QR codes linking to online forms. 
Materials were displayed using a smart classroom screen. The environment was well lit 
and free from noise and external distractions. 

Day 1 

Participants were randomly assigned to two groups across academic semesters. They 
first completed a demographic questionnaire, followed by an anatomy pretest consisting 
of anatomical images different from those used in the experimental phase. Participants 
were given 10 seconds per image to identify and write the anatomical name, with no 
option to return to previous items. This pretest assessed prior anatomical knowledge. 
Different images were used in the pretest to avoid familiarity with the materials 
presented during the experimental phase, thereby preventing potential practice effects 
that could influence subsequent learning performance. 

Next, participants completed the English pretest, in which they translated anatomical 
terms from Spanish into English to assess prior knowledge of anatomical terminology in 
English. This pretest was used only to verify participants’ baseline familiarity with 
anatomical terminology in English prior to the experimental phase and was not included 
as a variable in the subsequent statistical analyses. A four-day interval followed to 
minimize potential learning associations that could threaten internal validity. 

Day 6 

Participants were informed that the primary goal of the session was to study anatomical 
image names and that they would later complete tests assessing their learning. Those 
achieving scores above 50% would receive an academic incentive in the form of bonus 
points in a course they found most challenging. 

Task difficulty and learning strategy order were counterbalanced through 
randomization. Fifty percent of participants began with restudy in Unit 1 followed by 
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retrieval practice in Unit 2, whereas the remaining participants experienced the reverse 
order. This sequence continued across all units. 

Participants first completed an orientation phase using Units 1 and 2, which were 
counterbalanced using a Latin square (a counterbalancing method used to control order 
effects across experimental conditions) across four learning rounds. In restudy units, 
four anatomical images with their full names were presented sequentially for 8 seconds 
per image across four rounds. After the second round, participants completed a 15-
second distractor task requiring them to write as many animal names as possible, 
followed by the remaining two rounds. 

In retrieval practice units, images with full names were presented for 8 seconds across 
two initial study rounds, followed by a 15-second distractor. The remaining two rounds 
were used for retrieval practice, during which images were presented with only the first 
letter of the anatomical name and participants had 8 seconds to complete each name, 
encouraging active retrieval from memory with minimal cue support. No feedback was 
provided during this phase to ensure that performance reflected retrieval processes 
rather than additional learning from corrective feedback. 

Application Phase (Units 3–10) 

Participants studied Units 3 through 10 using the same procedures as the orientation 
phase, completing four units in the restudy condition and four in the retrieval practice 
condition. These additional units were included to increase the number of learning trials 
and improve the reliability of the measurement of learning performance, rather than to 
introduce additional experimental variables. After each unit, participants rated 
perceived mental effort using a 9-point Likert-type scale commonly used to measure 
perceived cognitive effort (1 = very low mental effort; 9 = very high mental effort). 
Mean mental effort scores were calculated for each condition. 

Participants also reported judgments of learning (JOLs) by estimating how many of the 
four image–name pairs they expected to recall after one week. Mean JOLs were 
computed separately for each learning strategy. 

After completing Unit 11, participants rated their beliefs about retrieval practice using 
the following question: “How effective is retrieval practice in helping you memorize 
anatomical images and names?” (1 = extremely ineffective; 7 = extremely effective). A 
3-minute distractor task followed, during which participants watched a humorous video 
on YouTube. 

Participants then completed an immediate test consisting of 16 image–name pairs (two 
randomly selected from each of Units 3–10). Images were presented individually with 
the first letter of the anatomical name, and participants completed each item without 
time limits. No feedback was provided. 

Strategy Choice Phase 

Participants then studied Units 11 through 14. After two initial study rounds in Unit 11, 
participants selected their preferred learning strategy by responding to the question: 
“After studying this unit twice, would you like to (1) continue restudying or (2) 
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continue with retrieval practice?” Following a 15-second distractor, the selected 
strategy was implemented for the remaining two rounds. This procedure was repeated 
for Units 12, 13, and 14. Strategy choice was quantified as the percentage of retrieval 
practice selections. 

Day 12 

After a five-day interval designed to allow a forgetting period and to evaluate long-term 
retention rather than immediate recall, participants completed a delayed test consisting 
of 16 anatomical image–name pairs from Units 3–10 that had not appeared in the 
immediate test. The procedure was identical to the immediate test. Participants then 
received individualized performance feedback displaying delayed test scores for both 
restudy and retrieval practice conditions. 

A second strategy choice phase followed for Units 15 through 18 using the same 
procedure as Units 11 through 14. The session concluded with participants completing 
scales assessing perceived mental effort and beliefs about retrieval practice. 

FINDINGS 

Statistical analyses were conducted using SPSS software. Data from 12 participants 
were excluded due to incomplete responses during the assessment phases. The level of 
statistical significance was set at 1%. 

Hypothesis 1 predicted that scores on the delayed test would be higher following 
retrieval practice compared to restudying. To test this hypothesis, a paired-samples t test 
was conducted. The results confirmed the testing effect, as student performance was 
significantly higher after retrieval practice (M = 9.87, SD = 23.71, p < .05). 

Because mental effort may play an important role in the testing effect, an additional 
analysis was conducted to examine the relationship between mental effort and learning 
condition. Results indicated no significant differences in perceived mental effort 
between retrieval practice and restudy conditions, suggesting that both strategies 
required comparable levels of mental effort (see Table 1). These findings indicate that 
mental effort alone does not account for the testing effect. 

Regarding judgments of learning (JOLs; Hypothesis 2), it was predicted that students 
would report higher JOLs after restudying than after retrieval practice. However, the 
results showed that participants’ learning judgments did not differ significantly between 
restudy and retrieval practice conditions, leading to the rejection of the hypothesis that 
JOLs would be higher following restudying. 

Table 1 
Comparison of means of the experimental variables (Hypotheses 1 and 2) 

 Retrieval Practice Retrieval Practice t p 

Immediate Performance 24.04 (59.96) 53.95(2.01) 5.36*** 0.000 
Delayed Performance 64.64(2.27) 54.77(2.41) 5.13*** 0.000 

Mental Effort 5.85 (0.13) 5.86 (0.13) 0.17 0.864 
Judgments of Learning (JOLs) 2.36 (0.05) 2.34 (0.05) 0.49 0.62 
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Performance and JOLs are expressed as percentages. Standard errors are shown in 
parentheses (). JOLs stands for Judgments of Learning. *** indicates a significance 
level of 1%. 

Hypothesis 3 predicted that students who experienced the testing effect would 
significantly modify their beliefs about retrieval practice compared to those who did not 
experience it. The findings showed that 77 students recognized the benefits of retrieval 
practice, as evidenced by higher scores following the use of the strategy. In contrast, no 
significant change was observed in 38 students, whose scores remained the same before 
and after the use of retrieval practice. Additionally, 37 students showed a decrease in 
their scores after retrieval practice, suggesting a preference for restudying (see Table 2). 

Table 2 
Changes in beliefs about retrieval practice after the test (Hypothesis 3) 

 Before Feedback After Feedback t p 

Retrieval Practice Benefit 3.95 (0.16) 6.23 (0.11) 13.84*** 0.000 
Same Score 5.71(0.17) 5.71(0.17)   

Reduced Retrieval Practice Benefit 6.30(0.15) 4.945 (0.15) -12.98*** 0.000 

Standard errors are reported in parentheses (). *** indicates a significance level of 1%. 

These changes suggest that individualized performance feedback allowed participants to 
compare their actual performance across learning strategies, which led them to adjust 
their beliefs about the effectiveness of retrieval practice. Students who initially 
underestimated the benefits of retrieval practice appeared to update their beliefs after 
observing improved delayed test performance under this condition. In contrast, 
participants whose performance remained unchanged did not adjust their beliefs, while 
those who performed worse with retrieval practice reduced their perceived effectiveness 
of this strategy. 

Figure 1 illustrates participants’ beliefs about retrieval practice before and after 
experiencing additional benefits through individual performance feedback. The results 
indicate that the benefits of retrieval practice significantly increased students’ positive 
beliefs about the strategy (t = 13.84, p < .001, d = 2.29). In contrast, this change was not 
observed in the group with the same score, in students with reduced retrieval practice 
benefits, or in those who obtained greater benefits from restudying (t = −12.98, p = 
1.00, d = −1.35). 
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Figure 1 
Participants’ beliefs about retrieval practice before and after feedback 

Participants’ beliefs about retrieval practice before (Day 6) and after (Day 12) 
experiencing retrieval benefits through individual performance feedback. 

Hypothesis 4 predicted that students who experienced the testing effect would choose 
retrieval practice more frequently as a learning strategy compared to those who did not 
experience it (retrieval practice decision). Students’ decisions in favor of retrieval 
practice were examined before and after they experienced its benefits mediated by 
individual performance feedback. Participants were classified into three groups based 
on the benefits obtained from the learning strategies in order to compare their 
preferences. 

Figure 2 shows that, after receiving feedback and experiencing the usefulness of 
retrieval practice, students were more likely to choose it as a study strategy. This pattern 
was not observed in the groups with the same score or with reduced retrieval benefits. It 
is important to note that there was no absolute preference for a single strategy within 
each group; however, an interaction effect emerged between group membership and 
strategy choice, specifically in the group that benefited from retrieval practice. This 
group showed a significant increase in the selection of retrieval practice over restudying 
after receiving feedback (t = 7.611, p < .001). Similarly, the same-score group also 
showed a significant increase in the selection of retrieval practice (t = 2.927, p < .01). In 
contrast, the restudy-benefit group did not show a significant change in strategy choice 
after feedback (t = 1.651, p = .11), indicating a continued preference for restudying. 
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Figure 2 
Participants’ choice of retrieval practice. Participants were divided into three different 
groups before and after receiving individual feedback 

Regarding Hypothesis 5, which predicted that prior knowledge would be directly related 
to changes in the perceived usefulness of retrieval practice through individual 
performance feedback, the results of the mixed ANOVA revealed a significant main 
effect of Time, F(1, 150) = 29.90, p < .001, η²p = .085, indicating that beliefs about 
retrieval practice improved significantly after individual feedback. However, no 
significant main effect of Prior Knowledge was found (F < 1), nor was there a 
significant interaction between Prior Knowledge and Time, F(1, 150) = 2.32, p = .130, 
η²p = .007. This suggests that the improvement in beliefs was similar regardless of the 
students’ level of prior knowledge. 

Table 3 
Results of the 2 (Time: before/after) × 2 (Prior Knowledge: low/high) mixed ANOVA 
on beliefs about retrieval practice 
Source of Variation Gl SC MC F p η²p 
Intercept 1 8780.91 8780.91 4354.04 < .001 .94 

Prior Knowledge (between-subjects) 1 0.74 0.74 0.37 .545 .001 
Time (within-subjects) 1 52.96 52.96 29.90 < .001 .085 

Knowledge × Time 1 4.11 4.11 2.32 .130 .007 

Error (within-subjects) 150 265.67 1.77    
Error (between-subjects) 150 302.51 2.02    

Note. SS = Sum of Squares; MS = Mean Square; η²p = partial eta squared (effect size). 
Significant p values (p < .05) are shown in bold. 

The table presents the main effects of Time and Prior Knowledge, as well as their 
interaction, on students’ beliefs about retrieval practice. Results indicate a significant 
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effect of Time, showing that beliefs improved after individual feedback, whereas Prior 
Knowledge and the interaction between Knowledge × Time were not significant, 
suggesting that improvement was similar for both novice and advanced students. 

DISCUSSION 

Considering the promotion of retrieval practice as an effective study strategy, the aim of 
the experiment was to investigate the benefit of feedback on individual performance 
during study with retrieval practice versus restudy, and to explore whether there is a 
relationship between perceived mental effort and the testing effect. The results partially 
support the proposed hypotheses and strengthen the research of Luo et al. (2021) by 
providing empirical evidence of the impact that individual feedback can have on 
modifying metacognitive beliefs about the use of retrieval practice. In particular, the 
findings make a relevant contribution to the ongoing debate in the educational field 
regarding the gap between academic performance and subjective judgments of learning, 
which could even lead to changes in instructional strategies. 

As predicted by Hypothesis 1, the use of retrieval practice yields greater benefits than 
restudy, as students obtained significantly higher scores on the delayed assessment, 
once again confirming the testing effect (Roediger & Karpicke, 2006a). Likewise, 
unlike previous studies (Bjork et al., 2013; Rowland, 2014) that have associated the 
testing effect with higher levels of required mental effort, the present study showed that 
mental effort was similar in both study conditions. This suggests that the testing effect 
is not specific to mental effort alone and that other variables may be involved in the 
process. Under these circumstances, educators could more readily integrate retrieval 
practice into regular classroom activities without a high risk of increasing students’ 
cognitive load, which would make it possible to examine whether such instructional 
changes improve learning across different educational contexts. 

With regard to Hypothesis 2, no significant differences were found in judgments of 
learning (JOLs) between the two study conditions. This contrasts with previous research 
(Roediger & Butler, 2011; Dunlosky & Thiede, 2013), which suggests that students 
may overestimate the value of restudy because it produces immediate cognitive fluency. 
Given the lack of strong evidence in the present results, it can be inferred that students 
value both study strategies similarly. The challenge, therefore, is to investigate the 
underlying cause of this equivalence, which may be directly related to students’ 
immediate learning needs or may simply be situational. Although individual feedback 
attempts to improve these perceptions, further research is needed to draw more robust 
conclusions. 

Hypothesis 3, which predicted that students who experienced the testing effect would 
significantly change their beliefs about retrieval practice, was strongly confirmed. It is 
important to emphasize that individual feedback, in addition to informing students about 
their performance outcomes, modifies deeply rooted metacognitive beliefs, suggesting 
the need for changes in instructional design to improve students’ learning beliefs. 
Likewise, these findings should be considered in teacher education, so that future 
educators can use individual performance feedback as an additional pedagogical 
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resource to enhance students’ study strategies and, consequently, promote more active 
and durable learning. 

Regarding Hypothesis 4, evidence was also found in favor of individual feedback 
benefiting retrieval practice, as students chose it more frequently as an effective study 
strategy. This pattern was observed in the groups that experienced real benefits after 
using this technique. The results are consistent with the findings of Luo et al. (2021), 
who reported that perceptions of mental effort are positively re-evaluated when 
accompanied by evidence of effectiveness provided through individual feedback. This 
highlights the potential of such interventions to improve self-regulated learning 
processes, which is particularly beneficial for students, as it enables them to monitor, 
evaluate, and, if necessary, adjust their study methods. 

Finally, Hypothesis 5 yielded a significant and favorable result, revealing a main effect 
of time, whereby participants showed a greater inclination toward positive beliefs about 
retrieval practice following individual feedback. Notably, prior knowledge was not the 
primary cause of this benefit, which leaves open the question of the fundamental factors 
that promote the use of retrieval practice. This final finding confirms the potential of 
individual performance feedback as a metacognitive change tool, showing promising 
outcomes and underscoring the importance of continuing to explore the different 
variables that may influence this process and constitute a potential line of research 
aimed at better understanding and further enhancing self-regulated learning. 

CONCLUSION AND SUGGESTIONS 

The present study provides additional evidence supporting the benefits of retrieval 
practice for long-term learning. Students who engaged in retrieval practice achieved 
higher scores on delayed tests compared with those who relied on restudy, confirming 
the robustness of the testing effect in the learning of anatomical terminology. 
Importantly, the results also show that individualized performance feedback can modify 
students’ beliefs about the effectiveness of retrieval practice and influence their 
subsequent study choices. 

These findings highlight the relevance of incorporating retrieval practice into 
instructional activities, particularly when accompanied by feedback that allows students 
to reflect on their own performance. From an educational perspective, such practices 
may contribute to strengthening students’ metacognitive awareness and promoting more 
effective learning strategies. 

Future research should continue to explore the mechanisms underlying these changes in 
beliefs and strategy selection. In particular, it would be valuable to examine how 
variables such as learning context, task characteristics, or motivational factors interact 
with retrieval practice and feedback in shaping self-regulated learning. 
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