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Abstract
Two studies investigated the testing effects on performance and on metacognitive judg-
ment accuracy in authentic learning settings. Across two educational psychology courses, 
undergraduate students had the opportunity to voluntarily participate in four different prac-
tice tests during the term—without feedback in Study 1 (N = 201 students) or with indi-
vidual corrective feedback in Study 2 (N = 111 students). Across studies in real classroom 
settings with and without feedback, regression analyses indicated that a higher number of 
taken practice tests were related to higher performance in the final course exam and to 
two scores of metacognitive judgment accuracy (absolute accuracy and sensitivity). How-
ever, students’ preparation and post-processing practice tests, their perceived usefulness of 
tests for monitoring one’s performance, and metacognitive specificity differed depending 
on whether students received feedback or not. Overall, the studies convey considerable evi-
dence on how participation in practice tests is related not only to performance but also to 
monitoring accuracy in authentic learning settings.
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In higher education, final course exams usually take place at the end of the study term and 
students have to study for several exams taking place in a specific period. Ideally, students 
study lecture content during the term continuously (Susser & McCabe, 2012) in order to 
understand and master the high amount of learning content. Such a study behavior would 
allow students to avoid cramming for the exam or overload in the exam period (Hartwig 
& Dunlosky, 2012; Susser & McCabe, 2012). To support students in their self-regulated 
learning process during the term, educators can implement practice tests into regular 
courses (Ariel & Karpicke, 2018; Cogliano et al., 2019). From a theoretical perspective, 
practice tests function as a (repeated) retrieval opportunity, which has the potential to 
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empower future learning, recall, and recognition (Adesope et al., 2017; Greving & Richter, 
2018; McDaniel et al., 2007; Schwieren et al., 2017). In addition, it is suggested that prac-
tice test participation also establishes potentials for learning processes like metacognitive 
judgment accuracy (Karpicke & Roediger, 2008). Hence, practice tests during term seem a 
suitable and beneficial learning tool to bring together claims of a continuous self-regulated 
learning practice and students’ request for original exam items (Lyle & Crawford, 2011).

However, it is unclear how to implement practice tests in real classroom settings, espe-
cially with regard to the provision of feedback on practice tests (Agarwal et  al., 2008; 
Barenberg & Dutke, 2018) and its impact on metacognitive judgment accuracy (hence-
forth judgment accuracy) as an indicator for metacognitive monitoring (Barenberg & 
Dutke, 2021; Cogliano et  al., 2019). According to Schraw (2009, p. 33) metacognitive 
judgment accuracy is “the precision of a judgment about a specific task”. On the one 
hand, tests themselves provide students with feedback on their learning progress through 
successful or unsuccessful retrieval. On the other hand, even students’ who engage into 
practice tests show inaccurate judgment accuracy, which leads to the conclusion that 
feedback is essential to strengthen the adequate use of tests regarding judgment accuracy. 
Therefore, we used practice tests as retrieval practice in two classroom-studies with and 
without individual corrective feedback and studied its effects on final exam performance 
and judgment accuracy.

The testing effect

Research results since Abbott’s (1909) initial study on recall suggest that pure participa-
tion in practice tests without feedback is a powerful learning strategy to improve perfor-
mance. The testing effect describes the benefit of repeated retrieval in practice tests on 
performance in a criterial test (Roediger & Karpicke, 2006). In the following, we focus 
on three potential effects of participation in practice tests on performance and judgment 
accuracy. First, the direct testing effect means that repeated retrieval of identical items 
and higher performance in a criterial test with the exact same information are related. 
It has been replicated with various samples, test formats, and design conditions (for a 
review, see Dunlosky et al., 2013). The majority of (laboratory) studies showed that stu-
dents who took practice tests performed better on a subsequent retention test with identi-
cal items than students who used more common study strategies like restudying (e.g., 
Kubik et al., 2018; Lehman et al., 2014; Roediger & Karpicke, 2006). Second, this effect 
transfers to tests with non-identical items that are common in real classroom settings 
(e.g., Batsell et al., 2016; McDaniel et al., 2012; Moreira et al., 2019; Roediger et al., 
2011; Schwieren et  al., 2017). Third, current research investigates an indirect testing 
effect, namely that on judgment accuracy (Händel et al., 2020; Tullis et al., 2013). The 
present study examines testing effects on performance and judgment accuracy. A special 
focus of the studies is on the role of feedback, which is discussed as a relevant design 
element of participation in practice tests in real classroom settings (Greving & Richter, 
2018; Hattie & Timperley, 2007) and a major moderator of the testing effect on perfor-
mance (Rowland, 2014; Schwieren et al., 2017).
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The testing effect and judgment accuracy

Besides the effects of testing on performance, participation in practice tests is supposed to 
be associated with several aspects of (self-regulated) learning (Ariel & Karpicke, 2018; 
Fernandez & Jamet, 2016; Roediger et al., 2011). In particular, practice tests contain meta-
cognitive cues that can help learners to monitor their current level of knowledge or detect 
knowledge gaps (Barenberg & Dutke, 2018; Fernandez & Jamet, 2016; Kelemen, 2000). 
Monitoring as a part of the procedural component of metacognition involves a process in 
which the learner observes and reflects his or her own cognitive processes and evaluates 
personal progress (Flavell, 1979). Indicators of metacognitive monitoring are so-called 
metacognitive judgments (henceforth judgments) by means of which students convey 
whether or not they know what they know (Koriat, 2019). Specifically, judgments of per-
formance can be distinguished into prospective, concurrent, and retrospective judgments 
as well as into global (referring to a whole test) and item-specific judgments (Dunlosky & 
Metcalfe, 2009; Hacker et al., 2008). In the case of this study, students provided a dichoto-
mous judgment on whether they think they answered correctly or not after answering each 
item (retrospective, item-specific judgment). Judgments inherit an evaluative standard and 
allow researchers to compute several accuracy or calibration scores (Bol & Hacker, 2012). 
Absolute measures like absolute accuracy (Schraw, 2009) assess students’ overall ability to 
estimate their performance. They represent the precision or resolution (Vuorre & Metcalfe, 
2021) of judgments compared to performance. Absolute accuracy indicates the fit of per-
formance pi and judgment ji. Values close to zero point to inaccurate monitoring and values 
close to 100 indicate accurate judgments:

Relative accuracy scores available for item-specific judgments allow the assessment of, 
for example, efficiency, discrimination or agreement and measure the relationship of judg-
ments and performance scores (Schraw et  al., 2013). Dichotomous judgments allow the 
coding according to a 2 × 2 matrix of item solution and judgment: hit, false alarm, miss, 
and correct rejection as according to signal detection theory (Green & Swets, 1966). This 
allowed for calculating sensitivity and specificity (Schraw et  al., 2013). Sensitivity indi-
cates the relative frequency of accurately detected correct answers:

Specificity indicates the relative frequency of accurately detected incorrect answers:

Research investigating relationships of participation in practice tests and judgment accu-
racy in laboratory settings or with materials of limited meaningfulness (e.g., associates or 
non-course related materials) showed that students judged their performance more accurate 
after repeated test taking (e.g., Ariel & Dunlosky, 2011; Chen et al., 2019; Finn & Met-
calfe, 2007; Jönsson et al., 2012; Roediger & Karpicke, 2006; Tullis et al., 2013). Focusing 
on real classroom settings with higher education students, however, research findings are 
heterogeneous. Studies examining judgment accuracy on a global level (Bol et al., 2005; 
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Foster et al., 2017; Hacker et al., 2008) and the level of conceptual knowledge (percentage 
of correct answers regarding a specific concept; Rivers et al., 2019)  did not show improve-
ment in students’ monitoring accuracy after experiencing multiple practice tests in their 
regular courses. In contrast, studies investigating judgment accuracy on an item-specific 
level and with course-relevant material (Cogliano et al., 2019; Händel et al., 2020) but also 
with judgments on a global level (Fernandez & Jamet, 2016) found promising evidence on 
increased accuracy when students engage in test taking. Cogliano et al’s (2019) and Händel 
et al’s (2020) research findings suggest that item-specific judgments, in particular, can pro-
vide evidence of whether the metacognitive potentials of the practice tests promote recali-
bration of student judgments. Students should be able to provide an accurate overview of 
their judgment accuracy based on the assessment of individual items and use this overview 
to correct any misconceptions. However, this task is difficult for students and they tend to 
be overconfident regarding their metacognitive judgments accuracy (Cogliano et al., 2019; 
Händel et al., 2020). A possible assumption is that feedback (either self-generated or exter-
nally given by, for example, teachers in real classroom settings) moderates the effect of 
repeated retrieval on judgment accuracy, as discussed below (Agarwal et al., 2008; Miller 
& Geraci, 2011).

Practice tests with and without feedback

Feedback contains information for learners to monitor or regulate their learning in future 
situations. It can trigger confirmation, addition, overwriting, tuning or reconstruction of 
information in memory (Butler & Winne, 1995) and thus should amplify the direct testing 
effect by providing opportunities for deeper processing and disclose errors (Butler & Roe-
diger, 2008; Schwieren et al., 2017). However, Adesope et al. (2017) found no significant 
differences between testing effects with or without feedback in their meta-analysis. It is 
possible that the effectiveness of the feedback is related to students’ perception of the test-
ing situation as meaningful and worth engaging in (Jönsson & Panadero, 2018; Kornell, 
2014). Hence, differences in the meaningfulness of settings (e.g., laboratory setting with no 
relations to personal performance in contrast to a mandatory course setting where students 
prepare and post-process test content) might be an explanation for the ambiguous role of 
feedback on practice tests in the testing literature (Adesope et al., 2017; Butler & Roedi-
ger, 2008; Rowland, 2014). Summarizing existing studies in this area, such a setting in the 
context of a lecture is characterized by the following features (Barenberg & Dutke, 2021; 
Cogliano et al., 2019; Enders et al., 2021; Fernandez & Jamet, 2016; Händel et al., 2020; 
McDaniel et al., 2007, 2012; Moreira et al., 2019; Raaijmakers et al., 2019):

•	 voluntary participation in practice tests
•	 content of practice tests reflects the material of the respective lecture/exam
•	 practice tests of same format as the criterial test (multiple-choice)
•	 corrective feedback (correctness of the answer and the correct solution)

In addition, students should continue to process the content of the tests and not merely 
be interested in gaining insight into the difficulty and structure of the exam (Dutke et al., 
2010). However, feedback is not only linked to performance, but can also be beneficial at 
the level of self-regulation or metacognition, which will be discussed in more detail below 
(Bangert-Drowns et al., 1991; Hattie & Timperley, 2007).
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Feedback and metacognitive judgment accuracy

Regarding judgments, feedback might have different functions and relations com-
pared to test performance. While Greving and Richter (2018), for example, concluded 
that feedback might disturb the testing effect because of additional exposure to learn-
ing materials, Fernandez and Jamet (2016) emphasize its importance for stimulating 
recalibration of judgment accuracy (at least for true/false feedback when item solution 
is not given). Engaging in practice tests might be considered as (self-generated) feed-
back (Fernandez & Jamet, 2016; Hattie & Timperley, 2007). That is, while complet-
ing a practice test, students spontaneously generate monitoring judgments functioning 
as internal feedback that helps them to engage in future learning for the criterion test. 
Supporting this assumption, studies showed that participation in practice tests leads to 
more elaborated knowledge, which, in turn, should facilitate judgments (e.g., Endres & 
Renkl, 2015).

A study reinforcing the assumption of recalibration of judgment accuracy used 
feedback that only offered information on item correctness (true/false) but did not cor-
rect wrong answers (Fernandez & Jamet, 2016). Students performed better when they 
engaged into practice tests and showed effective self-regulated learning behavior. How-
ever, the authors used open answer questions, and, thus, it is not clear whether this trans-
fers to multiple-choice questions (actually, research on testing effects on performance 
indicates differences due to question format; Butler & Roediger, 2007; McDaniel et al., 
2007; McDermott et  al., 2014). For example, when solving multiple-choice questions 
with several distractors, students might be distracted by the alternate answer options 
when no corrective feedback is provided (Greving & Richter, 2018). Hence, when stu-
dents are unsure about which answer is the correct one, individual corrective feedback 
should strengthen the testing effect on judgment accuracy.

Summarizing the challenges of current research on the testing effect, we argue that 
the effects of repeated retrieval on performance and monitoring need a closer look. 
This concerns the role of feedback and particularly the investigation of different scores 
of judgments. On the one hand, practice tests with feedback should help students to 
monitor their performance in future learning situations as feedback provides them with 
knowledge about their strengths and weaknesses. On the other hand, students’ metacog-
nitive judgment accuracy might benefit from pure participation in practice tests, that is 
practice tests without feedback. Without having access to corrective feedback, students 
might generate internal feedback based on the cues during task performance (Koriat 
et al., 2008) or might regulate their learning and invest more effort.

Research questions and hypotheses

Based on previous research, we aimed to investigate how the self-regulated use of prac-
tice tests in an authentic course setting is related to performance and judgment accuracy.

First, we supposed that the testing effect on performance can be detected for pure partic-
ipation in practice tests and testing with feedback when testing for course-related content.

H1: The more frequently students engage in pure participation in practice tests dur-
ing the semester the better they perform in a final exam.
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H2: The more frequent students engage in practice tests with additional feedback the 
better they perform in a final exam.

Next, we supposed that students’ judgment accuracy and their test-taking behavior regard-
ing course-related practice tests were interrelated.

H3: The more frequent students engage in practice tests the more accurately they provide 
their judgments in a final exam.
In detail, we suggested that students show higher absolute accuracy and higher efficiency 
(higher sensitivity and specificity). However, we examined whether the effects on judg-
ment accuracy occur only for practice tests with or without feedback (or both) as an open 
research question.
Q1: Do the effects of repeated participation in practice tests on judgment accuracy vary for 
practice tests with or without feedback?
To enlighten the effects further, we studied the preparation, post-processing and perceived 
usefulness of practice tests with and without feedback as an exploratory research question.
Q2: How is feedback related to preparation and post-processing of retrieval tests?
Q3: Does students’ perceived usefulness of participation in practice tests differ between 
tests with and without feedback?

General method

We conducted two studies to investigate the relationships between participation in practice 
tests on both exam performance and judgment accuracy. The studies implemented a pretest 
and a posttest (final exam) as well as four practice test opportunities during the term (via 
online practice tests) in educational psychology lectures. Every student could decide on his 
or her own whether to use the self-testing opportunity. That is, we offered every student in 
the course the possibility to make use of the whole learning and testing material. This was 
decided due to ethical reasons in a real classroom setting. Hence, we refrained from dis-
advantaging any student by withholding learning or testing material from them that might 
be relevant and helpful for the upcoming exam. Study 1 focused on the effects of pure 
participation in practice tests; Study 2 was concerned with the effects of practice tests plus 
feedback.

Study 1

Study 1 aimed to examine whether students who engaged more frequently into pure partici-
pation in practice tests showed significantly higher test performance (H1) and more accu-
rate judgments of learning (H3).

Method

Study Design

We implemented the study in a regular course setting that lasted for one study term 
(14  weeks). In the first week of term, students participated in a pretest to assess their 
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item-specific judgments regarding course-relevant prior knowledge. In addition, we 
assessed students’ gender, grade point average (GPA) and study year.

After each thematic block of the lecture, that is, approximately every three weeks, stu-
dents had the opportunity to participate in an online practice test referring to the topic of 
the last weeks. In total, we implemented four practice tests on a university learning plat-
form. Each practice test was available online for ten days. Students could save the items as 
a PDF file after completing each practice test and did not receive any additional informa-
tion on their test score.

One week before the course exam took place, that is, after students had the opportunity 
to participate in all practice tests, we asked them to fill in a questionnaire regarding their 
preparation and post-processing of the practice tests. Finally, in the last week of term, stu-
dents participated in the final course exam and provided item-specific judgments. In con-
trast to the four practice tests, the pretest, the posttest, and the questionnaire were paper and 
pencil instruments.

Sample

Based on medium effect sizes reported in previous studies, we conducted a power analy-
sis. To detect medium effects of f2 = 0.15 (presuming α = 0.05, 1—β = 0.95) in a regression 
analysis design with two predictors (i.e., pretest variable and frequency of practice tests), a 
minimum sample size of 107 participants was indicated.

The participants were students of a psychology lecture for undergraduate students. Of 
the 328 students who took the corresponding exam in educational psychology, n = 201 took 
part in the pretest and provided judgments in the pre- and posttest. Students who provided 
item-specific judgments regarding their exam had comparable exam performance scores 
as students who did not voluntarily provide the judgments (t(326) = 0.89, p = 0.37), that 
is, the sample seems unbiased in this regard. Most of the participants were first-year stu-
dents (84.5%). The majority of students were female (78.0%), which is typical for univer-
sity introductory courses in this field of study. Students’ GPA can be regarded as average, 
M = 2.50, SD = 0.51, on a scale ranging from 1 to 6 with lower values indicating better 
grades.

Participation in the practice tests was as follows: 54 students participated in none of 
the practice tests, 55 students filled in one practice test, 35 students participated in two 
practice tests, 14 students participated in three practice tests, and 43 students took part in 
all four practice tests. Participation in practice tests was treated as a continuous variable 
ranging from 0 (no practice test at all) to 4 (participation in all practice tests). Consistent 
with empirical evidence on cramming (e.g., Blasiman et al., 2017), students who took one 
or two practice tests primarily took the last test opportunity before the exam.

Instruments

The study implemented several performance tests (pretest, practice tests, final course exam) 
and according judgments (pretest, final course exam). All performance measures used 
the same item format: multiple-choice items with one correct answer out of four answer 
possibilities.
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Prior knowledge (pretest).  The prior knowledge test consisted of 12 relatively general 
knowledge items. It related to content from the just commencing psychology course and 
was non-identical to the exam items. Students had 15 min to solve the pretest.

Practice tests.  The practice tests met all criteria of meaningful learning settings. During 
the term, students could voluntarily complete four different practice tests, each consisting 
of 12 items. All tests were online multiple-choice tests and were curricularly valid. The 
practice tests were based on the course content of the respective previous weeks. The top-
ics of the four practice tests were: 1) empirical methods, 2) educational diagnostics, 3) 
learning theories, and 4) memory.

Test performance.  The final course exam served as an indicator of performance. The 
implemented exam covered all lecture topics. However, all exam items were unknown to 
the students, that is, none of the items of the practice tests had been used for the posttest. 
Students had to complete the exam within 45 min. It consisted of 32 multiple-choice ques-
tions (Cronbach’s α = 0.69).

Judgments.  Both in the pretest and in the posttest, students provided item-specific perfor-
mance judgments. After completing each test item, students had to indicate whether they 
thought their answer to the respective item was correct or not (yes/no). The single select 
option of the performance tests (the selected answer option could be right or wrong) rep-
resents a convergence between judgment and performance. By using one booklet for judg-
ments and performance items, students had direct access to the items and their respective 
answers when judging the correctness of their answers. Students had five minutes to pro-
vide the 12/32 judgments in addition to the processing time of the pre- and posttest. Over-
all, 12 judgments were implemented in the pretest and 32 judgments in the posttest (Cron-
bach’s α = 0.66 for the pretest and α = 0.76 for the posttest). According to Grier’s (1971) 
nonparametric measure of response bias, students showed a low tendency to respond nega-
tively on the judgments in pre- and posttest, B’’pre = 0.38 and B’’post = 0.21.

Preparation, post‑processing, perceived usefulness of practice tests, and completion 
time.  After the practice test phase was finished, students indicated how intensely they had 
prepared and post-processed the practice exams (i.e., “I intensely prepared for/post-pro-
cessed the practice tests”). The answer scale was a 6-point Likert scale ranging from 1 “not 
true at all” to 6 “absolutely true”. To understand how useful students perceived the prac-
tice tests regarding monitoring their performance, students who had participated in at least 
one practice test filled in a questionnaire scale consisting of 5 items (sample item: “The 
practice tests showed me my strengths and weaknesses”). Each item had to be answered on 
a 6-point Likert scale ranging from 1 “not true at all” to 6 “absolutely true” (Cronbach’s 
α = 0.89).

Based on recent research, we examined student completion time for the practice tests 
to investigate correlations between a process-based variable regarding the practice tests, 
performance on the posttest, and judgment accuracy scores (Tan et  al., 2020). Students’ 
completion time indicates whether students spent an appropriate amount of time on the 
practice tests to answer all items.
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Data analyses

We recorded all scores into percentage scores. First, we calculated performance scores 
of the pre- and posttest. Second, to gain deeper insights into the relationship between 
participation in practice tests and judgment accuracy and to strengthen reliability and 
validity of the measurement of judgment accuracy (Rutherford, 2017), we calculated 
three scores: absolute accuracy as an absolute measure and sensitivity as well as speci-
ficity as relative measures of metacognitive accuracy.

The relations between repeated participation in practice tests and the criterion vari-
ables (posttest performance and posttest metacognitive scores) were studied via hier-
archical regression analyses (H1, H3, Q1). In the first step, we inserted the respec-
tive pretest variables to control for potential differences in general performance level 
or judgment accuracy. That is, when investigating effects of repeated participation in 
practice tests on absolute judgment accuracy, absolute judgment accuracy regarding the 
pre-test was the predictor in the first step. In the second step, we studied the relation 
between the participation in repeated participation in practice tests as continuous vari-
able and the criteria variables.

Results

Descriptive statistics of the main study variables are provided in Table 1. The number of 
taken practice tests did not significantly correlate with GPA (r = –0.01, p = 0.88) and was 
weakly related to the pretest score (r = 0.15, p = 0.04). That is, participation in retrieval 
practice does not seem to be strongly predetermined by a specific performance level. On 
average, students completed the practice tests in 12 min 9 s. The completion time did not 
correlate significantly with any other variable and was not part of the further analysis.

Table 2 displays preparation, post-processing, and perceived usefulness of practice tests 
for the subsample of students taking part in the practice tests. Students in Study 1 reported 
that they had not intensely prepared for the practice tests but that they had post-processed 
the practice tests intensely. Students participating in the practice test reported this was use-
ful for monitoring their performance.

Table 1   Descriptive Statistics 
of all Variables (M, SD) for the 
Complete Samples of Studies 1 
and 2

All variables represent percentage scores

Pretest Posttest
M (SD) M (SD)

Study 1
  Performance 62.81 (14.24) 63.22 (14.13)
  Accuracy 63.85 (15.76) 58.69 (13.57)
  Sensitivity 64.06 (25.84) 68.25 (19.10)
  Specificity 55.62 (31.74) 34.26 (24.46)

Study 2
  Performance 32.66 (16.40) 79.98 (11.74)
  Accuracy 62.31 (19.00) 77.48 (11.33)
  Sensitivity 53.63 (32.68) 76.47 (17.55)
  Specificity 64.07 (25.59) 52.26 (26.15)
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Next, we regressed four variables separately (performance as well as three metacogni-
tive accuracy scores) on students’ frequency of their participation in practice tests.

Results in Table 3 indicate that controlling for prior knowledge, the number of practice 
tests students participated in was significantly related to the exam score. The more often 
students tested their knowledge, the better their exam score was.

Regarding accuracy, it seems that students who continuously engaged in practice tests 
provided more accurate judgments in the posttest. Similarly, students using more testing 
occasions showed higher sensitivity. That is, those students who repeatedly engaged in 
practice tests were able to detect more correct answers in the posttest. Conversely, students 
using more practice testing opportunities showed lower specificity. That is, with more test-
ing students were less able to detect incorrect answers in the posttest.

Discussion

Study 1 indicates that students performed better in a real exam when taking practice tests 
(H1). Students who repeatedly self-tested their knowledge regarding the lecture top-
ics might have elaborated more deeply on the learning content (Endres & Renkl, 2015; 
Fernandez & Jamet, 2016; Händel et al., 2020). In contrast to earlier studies, the current 
approach did not establish a control or placebo group with given alternate study strategies 
(Batsell et al., 2016; Fernandez & Jamet, 2016) but assessed the number of taken practice 

Table 2   Preparation, post-processing, and Perceived Usefulness of Practice Tests (M, SD) in Study 1 and 
Study 2

All variables were assessed on a 6-point Likert scale

Study 1 
(pure practice tests)
M (SD)

Study 2 
(practice tests 
plus feedback)
M (SD)

Preparation of practice tests 2.03 (1.13) 1.96 (1.13)
Post-processing of practice tests 4.20 (1.43) 4.92 (1.09)
Perceived usefulness of practice tests for monitoring 4.28 (1.11) 4.84 (0.74)
Perceived usefulness of feedback for monitoring - 4.81 (0.83)

Table 3   Regression Coefficients of Performance and Metacognitive Accuracy Scores on Pretest Variables 
and Practice Test Participation in Study 1(Upper Part) and Study 2 (Lower Part)

*  p < .05. ** p < .01. *** p < .001

Step and predictor variable Performance Accuracy Sensitivity Specificity

ΔR2 β ΔR2 β ΔR2 β ΔR2 β

Study 1
Step 1: Pretest variable .06*** .25*** .00 .00 .04** .20** .03* .17*
Step 2: Practice test participation .07*** .27*** .03* .18* .03* .17* .02* –.16*
Study 2
Step 1: Pretest variable .07** .26** .01 .08 .05* .22* .05* .21*
Step 2: Practice test participation .08** .28** .03 .17* .06* .24* .00 –.05
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tests as a continuous variable. Students could voluntarily participate in the practice tests 
but were not obliged to do so. Thereby, the current study depicts the beneficial effects of 
repeated retrieval in an authentic self-regulated learning situation.

In addition to the testing effect on performance, repeated participation in practice tests 
seems to transfer to judgment accuracy—but with differential effects for different accuracy 
scores (H3). In detail, students who engaged more frequently in practice tests were more 
accurate in their judgments (higher absolute accuracy) and were better able to detect cor-
rect items (higher sensitivity). This is a remarkable finding because, at the most, repeated 
practice test participation indirectly trained judgment accuracy without being accompanied 
by any additional training (not even repeated judging) on metacognitive awareness, as, for 
example, realized in other studies (Foster et al., 2017; Händel et al., 2020; Roelle et al., 
2017). In other words, students did not only perform better but also seem to have gener-
ated a sense for their learning especially regarding their ability to detect correct answers. 
However, the negative relationship of repeated practice test participation with specificity 
indicates that this did not hold for incorrect items. On the contrary, students who repeat-
edly tested their knowledge might think themselves safe in the case of incorrect items. An 
explanation for the negative relationship with specificity is that students might be self-
biased in the hope of passing the exam (Händel & Bukowski, 2019; Saenz et  al., 2017; 
Serra & DeMarree, 2016) or they might be unaware of being unskilled to solve these par-
ticular items (Händel & Dresel, 2018). However, the slight negative response bias in the 
posttest should be interpreted as an indication that the first assumption does not hold.

Nevertheless, the results show that students have difficulty making accurate judgments 
and identifying incorrect responses. To exploit the full metacognitive potential of practice 
tests and to support students in assessing their performance, we implemented feedback on 
practice tests in the second study.

Study 2

Study 2 aimed to examine of the relationships between participation in practice tests, exam 
performance, and judgment accuracy when combined with individual corrective feedback 
(correctness of the answer and the correct solution).

Method

Study design

The design of Study 2 is similar to that of Study 1. The only difference was that students 
received item-specific individual feedback on the correctness of each answer and the cor-
rect answer immediately after finishing the practice tests. Students could save the items 
plus the corrective feedback after completing the practice test as a PDF file.

Sample

The participants were students of a psychology course for undergraduate students. There 
was no overlap with the course in Study 1 but the course took place in the same study 
term. Of the N = 192 students who took the corresponding exam, n = 111 participated in 
the pre- and posttest and provided item-specific judgments. The sample is large enough 
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to detect medium effects of f2 = 0.15 in a regression analysis design with two predictors 
(presuming α = 0.05, 1—β = 0.95). Most of the participants were in the second year of 
their studies (88.3%). The majority of students were female (81.1%), which is typical 
for university introductory courses in this field of study. Students’ GPA was similar to 
Study 1, M = 2.54, SD = 0.54.

Participation in the individual practice tests was as follows: 29 students participated 
in none of the practice tests, 29 students filled in one practice test, 15 students partici-
pated in two practice tests, 22 students participated in three practice tests, and 16 stu-
dents took part in all four practice tests. Again, students were most likely to participate 
in the last practice test before the exam and participation in practice tests was treated as 
a continuous variable ranging from 0 to 4.

Instruments

The following sections give only a quick overview of instruments with a focus on 
aspects differing from Study 1 (see Study 1 for more information).

Prior knowledge (pretest).  The prior knowledge covered 12 items with content from a pre-
vious mandatory psychology course, which most students took before the semester break.

Practice test.  Each of the four voluntary practice tests was based on the course content of 
the respective previous three weeks: 1) clinical disorders, 2) motivation, 3) developmental 
psychology, and 4) social psychology. Immediately after finishing each practice test, stu-
dents received individual item-specific feedback and had the opportunity to review their 
given answer as well as the sample answer of each item.

Test performance.  The final course exam covered all lecture topics. Students had 50 min 
to solve the 36 (new to students) multiple-choice items (Cronbach’s α = 0.75).

Judgments.  Both in the pretest and in the posttest, students were asked to provide item-
specific performance judgments (item correct or not; Cronbach’s α = 0.73 for the pretest 
and α = 0.87 for the posttest). Again, students showed a low tendency to respond negatively 
on the judgments in pre- and posttest, B’’pre = 0.36 and B’’post = 0.36.

Perceived usefulness of practice tests and feedback

Again, students indicated how intensely they had prepared and post-processed the prac-
tice exams and we assessed their completion time of the practice tests. In addition, 
students were asked to rate the usefulness of the practice tests and the usefulness of 
receiving feedback for monitoring their performance. Each scale consisted of the same 
five items, but referring to either the processing of the practice tests or the feedback 
provided after practice test completion (sample item:”The practice tests/The feedback 
on the practice tests showed me my strengths and weaknesses”). Each item had to be 
answered on a 6-point Likert scale ranging from “not at all” to “completely” (Cron-
bach’s α = 0.88 for the usefulness of the practice test and α = 0.93 for the usefulness of 
the feedback).
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Data analyses

As in Study 1, we examined the relationships of the number of taken practice tests, perfor-
mance and judgment accuracy scores via hierarchical regression analyses (H2, H3, Q1). In 
addition, for the sample of students who participated in practice tests, we conducted paired 
sample t-tests to compare the perceived usefulness for monitoring one’s performance due 
to taking practice tests versus the perceived usefulness for monitoring one’s performance 
due to receiving feedback on the practice tests (Q3). Finally, to answer Q2 and Q3, we 
merged the two samples from Study 1 and Study 2. We used independent t-tests to compare 
the two samples from Studies 1 and 2 with respect to preparation and post-processing of 
practice tests as well as the usefulness of the practice tests for monitoring one’s perfor-
mance (Q2, Q3). This procedure, however, is only possible with regard to the self-reported 
variables of use and usefulness of practice tests because all other variables were assessed 
using instruments differing with regard to the respective course content.

Results

Table  1 provides descriptive statistics of the main variables in Study 2. The number of 
taken practice tests neither significantly correlated with GPA (r = –0.17, p = 0.08) nor with 
prior knowledge (r = 0.17, p = 0.08). Hence, participation in practice tests seemed to be 
independent of prior performance. On average, students completed the practice tests in 
8 min 36 s. Again, we found no significant correlation with any other variable.

Table 3 illustrates the results of the hierarchical regression analyses. As in Study 1, we 
found a testing effect on exam performance. The more testing situations students used, the 
better their exam score was. In addition, a higher frequency of used practice tests resulted 
in better accuracy. Regarding the efficiency scores, the number of tests taken significantly 
predicted only sensitivity but not specificity. In detail, students who engaged in more prac-
tice tests showed higher sensitivity.

To check whether students perceived the test taking itself or the feedback as more help-
ful regarding monitoring their performance, we conducted a paired sample t-test with the 
two monitoring questionnaire scales (see Table 2 for descriptive values). Interestingly, stu-
dents did not differ in their mean values regarding the perceived usefulness of practice test 
taking or the perceived usefulness of receiving feedback for monitoring their performance, 
t(67) = 0.31, p = 0.76.1

An independent sample t-test between Study 1 (pure practice tests) and Study 2 (prac-
tice tests plus feedback) showed that students who received individual corrective feedback 
(Study 2) rated the usefulness of participating in the practice tests as higher for monitor-
ing their performance than students without individual corrective feedback in Study 1, 
t(175) = –3.47, p < 0.001, d = 0.55. The differences between the two groups of students can 
be considered as a medium effect. Finally, we compared students’ preparation and post-
processing of practice tests plus feedback with students’ answers in Study 1 without feed-
back. As in Study 1, students did not intensely prepare for the practice tests; there was no 
significant difference between the two samples, t(172) = 0.42, p = 0.67, d = 0.04. However, 

1  Sample sizes are slightly lower because not all students who took part in the study filled in the question-
naire. In addition, only students who reported that they had saved the PDF file with the practice test items 
were considered in the analyses.
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in Study 2, where students received individual corrective feedback, they post-processed 
the practice tests more intensely, which can be considered a medium effect, t(175) = 3.66, 
p < 0.001, d = 0.57.

Discussion

Study 2 mainly replicated the effects of Study 1. That is, the more frequently students par-
ticipated in the practice tests, the better their performance on the posttest (H2), the higher 
their absolute accuracy, and the higher their sensitivity (H3) regardless of the completion 
time of the practice tests. However, the significant negative effect on specificity from Study 
1 did not occur in Study 2 when providing feedback (H3). Probably, the corrective feed-
back informed students about their deficits and made them cautious (Raaijmakers et  al., 
2019). Still, although the negative relationship of engagement in practice tests and speci-
ficity did not occur for practice tests plus feedback, it needs to be noted that students who 
engaged in more practice tests plus feedback were not able to detect incorrect items better 
than students who engaged in less practice tests.

Interestingly, regarding the usefulness for monitoring performance of taking the practice 
tests on the one hand and receiving feedback on the other hand (Q2); we found no signifi-
cant differences between the two questionnaire scales. However, this could also imply that 
students had difficulties in differentiating between pure practice tests and practice tests plus 
feedback as students immediately received the feedback (i.e., without any delay).

General discussion

The current two studies investigated participation in practice tests as a learning strategy 
via voluntary participation in practice tests. The studies focused on performance in a final 
exam as well as absolute and relative accuracy scores of metacognitive judgments. The 
analysis of different accuracy scores is a strength of this study and allows taking a close 
look at the relations between the amount of practice tests taken and measures of judgment 
accuracy. A valuable feature of both studies is that they examined undergraduate students’ 
voluntary test taking behavior in an existing psychology course and that the design of the 
study can be considered ecologically valid.

Both with and without feedback, students who took practice tests not only performed 
better in a final course exam (H1, H2) but also showed higher absolute accuracy and higher 
sensitivity regarding their judgments (H3). Therefore, participation in practice tests as a 
learning strategy was related to students’ ability to estimate personal performance, which 
is in line with previous classroom studies (Schwieren et al., 2017). Remarkably, students 
could improve their judgment accuracy by repeated practice test taking only, that is, with-
out having practiced judgments. Beta weights of the regression analyses were of similar 
size across the two studies. This is an important finding as it shows that students showed 
higher accuracy after solely taking tests on course content. Practice tests participation itself 
might stimulate elaboration of the respective content and thereby establish a more solid 
knowledge base, which accordingly facilitates judgment accuracy (Barenberg & Dutke, 
2018). This assumption is in line with the unskilled and unaware effect (Kruger & Dun-
ning, 1999) revealing that students with higher topic knowledge provide accurate judg-
ments. Moreover, similar results across the two studies regarding absolute accuracy and 
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sensitivity support findings by a recent study that found no difference in metacognitive 
accuracy whether feedback was provided or not (Raaijmakers et al., 2019).

By implementing two relative efficiency scores of judgment accuracy, we could show 
that the frequency of students’ participation in practice tests significantly and positively 
predicts their sensitivity. Students seem to profit from the metacognitive cues of practice 
tests when they test their knowledge regularly during the semester with and without feed-
back. In case of lacking external feedback, it is likely that students self-generate internal 
feedback based on the cues during task performance (Koriat et  al., 2008). An alterna-
tive explanation for the findings of both studies regarding sensitivity could be a student 
response bias. Students might more frequently indicate that the answer is incorrect in the 
pretest at the beginning of the semester and, based on better preparation, more frequently 
make positive judgments in the posttest at the end of the semester. In both studies, how-
ever, students tended to show a low negative response bias at both measurement times, so 
the assumption cannot be confirmed.

We found an interesting difference between the two studies regarding specificity (Q1). 
Focusing on pure practice tests, students who engaged in the tests were less able to detect 
incorrect answers in the posttest compared to students who did not frequently engage in 
practice testing. This was not the case in Study 2 with feedback. A possible assumption is 
that practice tests with feedback help students to monitor their lacking knowledge. That is, 
feedback on students’ weaknesses might be eye opening with regard to one’s knowledge 
and help accept one’s deficits. This assumption is in line with findings by previous research 
showing positive effects of testing on retention of initially incorrect items (Vojdanoska 
et al., 2010; McDaniel et al., 2007). Nevertheless, the results of both studies suggest that 
educators who want to support students regarding their metacognitive judgment accuracy 
should consider strengthening student’s specificity.

Additional questions on the preparation, post-processing and perceived usefulness of 
the practice tests provided further interesting insights into the comparability of the two 
studies (i.e., students did not intensely prepare for the ungraded practice exams) and on the 
specifics of the studies (Q2, Q3). Students who received individual corrective item feed-
back reported that they engaged more intensely in post-processing of the practice tests and 
reported a higher usefulness of the practice tests to monitor their performance than stu-
dents engaging in pure practice tests reported. Hence, these results can be regarded as a 
first indicator that students experience and perceive their participation in practice tests with 
or without feedback differently—also with regard to its usefulness for performance moni-
toring. Feedback could be a tool to make the effective learning strategy more attractive to 
students who—so far—scarcely use this strategy (Blasiman et al., 2017; Tullis & Maddox, 
2020).

Limitations and implications for future studies

While the two studies corroborate findings of previous studies and extend existing research 
designs with the analyses of several scores of metacognitive judgment accuracy, they do 
not allow drawing conclusions about the mechanisms behind the effects.

First, measurement issues might limit the study results. The studies did not control for 
guessing probability regarding the judgments. Actually, we assume that consideration of 
guessing probability would not compromise results in the chosen approach (dependent and 
independent variables would undergo the same correction in the regression analyses). Still, 
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the results on judgment accuracy need to be interpreted carefully and future studies might 
correct for guessing, for example, by implementing an additional response option regard-
ing judgments (Vuorre & Metcalfe, 2021). Furthermore, future studies should implement a 
control condition. For example, as proposed by Greving and Richter (2018), with an addi-
tional control group, students could receive summaries for parts of the lecture (re-reading-
condition), take practice tests for another part (testing condition), and receive feedback on 
chosen test items.

Second, to gain a deeper understanding of the underlying mechanisms, future studies 
should additionally assess process data and investigate differential feedback effects. Aca-
demic achievement and metacognitive monitoring are complex constructs that are natu-
rally confounded with other variables of learning. Therefore, future studies should consider 
a process-based assessment of potential covariates. In specific, it is necessary to under-
stand how students engage in learning besides the provided practice test and gain detailed 
insights information about students’ preparation for the practice tests as well as for the final 
exam. Important indicators of students’ learning engagement during the semester are the 
use of learning strategies as well as their learning time (Blasiman et  al., 2017). For this 
purpose, we recommend the additional implementation of regular learning diaries together 
with the practice tests. Ideally, students should regularly participate in practice tests, use 
meaningful and effective learning strategies, and distribute their learning time evenly over 
the semester (Naujoks & Händel, 2020). Additionally, it is necessary to extend the knowl-
edge about students’ post-processing of the practice tests to understand how they regulate 
their learning after working on the tests. This might help to integrate the effects regarding 
performance and metacognitive judgment accuracy and the influence of feedback into the 
existing research literature, and thereby extend existing findings.

Another potential moderator for the effects of testing on performance and metacognitive 
judgment accuracy might be student motivation regarding participation in practice tests or 
additional learning activities. It seems reasonable, for example, that students with higher 
motivation participate in more practice tests, which in turn relates to better performance 
in the final exam. Current research by Tan et al. (2020) provides first insights that no such 
relationship between the number of practice tests and student motivation exists. In their 
study, only the completion time correlated positively with a performance-avoidance ori-
entation of the students. The longer students took to complete the tests, the more likely 
were they to report avoidance aims regarding performance in the associated course. In the 
present study, students’ completion time of the practice tests seemed adequate. Students 
reported intensive post-processing of the practice test and found them useful. We take this 
as a first indication that students engaged sufficiently with the practice tests and valued 
the implementation of such tests in regular university courses. Nevertheless, future studies 
should further investigate students’ value of studying and their use of practice tests.

Third, in Study 2, the feedback informed students about the correct task solution, which 
goes beyond pure true/false feedback and thereby should foster students’ engagement with 
the feedback (Fernandez & Jamet, 2016; Winstone et  al., 2017). However, we collected 
no data on how, that is, with which strategies or frequency students further processed 
the feedback (Jönsson & Panadero, 2018). Admittedly, students might have only checked 
whether their practice test score would be sufficient to receive a specific grade. On the 
contrary, they might also have used the feedback information to correct misunderstandings 
or to become aware of metacognitive inaccuracies. Addressing other levels of feedback like 
direct feedback on judgment accuracy (Hattie & Timperley, 2007; Raaijmakers et al., 2019) 
or using prompts to encourage students’ engagement with the feedback (Winstone et al., 
2017) could strengthen the results.
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Overall, our studies reveal that practice tests plus automatically generated individual 
corrective item feedback can be implemented easily via online tests. Hence, the results 
of the two current studies on performance and metacognitive judgment accuracy should 
encourage lecturers to provide students with practice tests. Our results on participation 
rates also indicate that educators might need to encourage students to steadily practice-test 
their knowledge.
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