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Cognitive psychological research from the last decades has shown that learning strategies that create desirable
difficulties during learning, e.g., practice testing, are most effective for long-term learning outcomes. However,
there is a paucity of research on how to effectively translate these insights into training students in higher education.
Therefore, we designed an intervention program aiming to create awareness about, foster reflection on, and stimulate
practice of effective learning strategies. In a first examination of the pilot intervention (N  = 47), we tested the effects
of the intervention on metacognitive knowledge and self-reported use of effective learning strategies during self-
study, using a control-group mixed-methods design. The intervention program had positive effects on knowledge
about effective learning strategies and increased the use of practice testing. Qualitative interview results suggested
that to sustainably change students’ learning strategies, we may consider tackling their uncertainty about effort and
time, and increase availability of practice questions.

General  Audience  Summary
In order to study and obtain positive and long-term learning outcomes, students should use effective learning
strategies, for example taking a practice test or spacing out study sessions over time. Psychological research
has indicated that strategies that make learning more difficult and effortful effectively enhance long-term
retention. Most students, however, use rather passive, ineffective strategies, such as rereading or highlighting.
These strategies make the learning process appear easier, which creates a feeling of fluency. As a result,
students are overconfident about their long-term learning and overestimate their remembering, which has
detrimental effects on their learning outcomes. In order to translate research evidence on effective learning
strategies into students’ self-study practice, we developed a learning strategy intervention program, called
‘Study Smart’. In this program, we aimed to create awareness about, foster reflection on, and stimulate the
practice of effective learning strategies. The program consisted of three 2-h sessions and was given to first- and
second-year university students. After the intervention program, students had gained more accurate knowledge
about effective learning strategies and developed the intention to change their study behavior and use more
effective strategies. They also reported to use more practice testing during self-study. In group discussions, we
dove further into facilitators and barriers of a learning strategy change. A perceived discrepancy between own
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FOSTERING EFFECTIV

Entering higher education, students face the challenge of
elf-regulating their learning. Students are expected to be
utonomous learners and to plan and monitor their own learning
n a new context, less guided than in secondary education (Dresel
t al., 2015). Using effective learning strategies during self-study
s crucial for positive long-term learning outcomes and aca-
emic achievement (e.g., Donker, de Boer, Kostons, Dignath van
wijk, & van der Werf, 2014). However, most students rely on

neffective strategies, such as rereading (Blasiman, Dunlosky, &
awson, 2017; Hartwig & Dunlosky, 2012). Students are eas-

ly fooled by metacognitive illusions and mistakenly interpret
hort-term performance or ease-of-processing as reliable indi-
ator for long-term learning (Kornell, Rhodes, Castel, & Tauber,
011; Soderstrom & Bjork, 2015). As a consequence of this
xperienced-learning-versus-actual-learning-paradox, students
re overconfident in their self-chosen learning strategies relative
o academic performance (Winne & Jamieson-Noel, 2002) and
ften endorse ineffective learning strategies as being effective
McCabe, 2011; Soderstrom & Bjork, 2015).

Recent literature in cognitive psychology has established
trategies that enhance effective learning for the long-term,
uch as distributed  practice  and retrieval  practice  (for reviews,
ee Adesope, Trevisan, & Sundararajan, 2017; Dunlosky,
awson, Marsh, Nathan, & Willingham, 2013; Roediger &
yc, 2012). Still, many first-year university students strug-
le to develop effective learning strategies. One potential
eason is that effective learning strategies are ‘desirably dif-
cult’ (Bjork, 1994; Bjork, Dunlosky, & Kornell, 2013):

hey require more effort during initial learning, but benefit
ong-term learning outcomes and transfer to other contexts
Yan, Clark, & Bjork, 2017). Without accurate metacognitive
nowledge (i.e., knowledge about why and which learn-
ng strategies are beneficial for long-term learning), students
robably keep using passive and ineffective strategies dur-
ng self-study (Karpicke, Butler, & Roediger, 2009). Creating
wareness about effective learning strategies, fostering reflec-
ion on desirable difficulties, and letting students encounter
he experienced-learning-versus-actual-learning-paradox might
nhance metacognitive knowledge and actual use of effective
trategies during self-study (Yan, Thai, & Bjork, 2014).

Desirable  Difficulties  and  Cognitive  Learning  Strategies

Students can use a diversity of learning strategies. Dunlosky
t al. (2013) provided an overview of the effectiveness and utility
f ten of the most common ones (summarized in Table 1).

The learning strategies of retrieval  practice  and distributed
ractice currently have the strongest empirical support for
nhancing long-term learning and creating desirable difficulties
Bjork, Little, & Storm, 2014; Cepeda, Pashler, Vul, Wixted, &
ohrer, 2006; Dunlosky et al., 2013). Retrieval  practice  refers

o stimulating active retrieval of information from memory,
.g., by taking practice tests or quizzing  by using flashcards.

etrieval practice improves long-term retention compared

o rereading the material in the same amount of time (i.e.,
esting effect; see Roediger & Karpicke, 2006; Rowland, 2014).
istributed  practice  concerns spacing out studying over time

n
t
e
e
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nd repeating the study material across different study sessions
Delaney, Verkoeijen, & Spirgel, 2010; Ebbinghaus, 1913). It
efers to a particular learning schedule rather than a particular
ind of learning (Dunlosky et al., 2013). A related strategy is
nterleaved  practice, which refers to switching amongst topics
n a single study session (Rohrer & Taylor, 2007).

Other effective strategies that encourage active processing
nd provide feedback about understanding are elaboration strate-
ies, such as elaborative  interrogation  (e.g., Smith, Holliday,

 Austin, 2010) and self-explanation  (e.g., van Peppen et al.,
018). In elaborative interrogation, students produce explana-
ions of the learning material by answering ‘why’ and ‘how’
uestions. The strategy of self-explanation requires students
o explain problems or concepts to themselves while study-
ng. These strategies stimulate creating meaningful connections
etween learning material and other information (e.g., prior
nowledge) and support metacognitive monitoring.

In contrast to the strategies mentioned above, more passive
trategies, such as highlighting  or rereading, make the learning
rocess feel easier and mislead students’ metacognitive judg-
ents (Karpicke et al., 2009). Students base their judgments of

earning on their ease-of-processing, which creates a fluency  illu-
ion (e.g., Kornell et al., 2011; Oppenheimer, 2008). Driven by
iased experiences during learning, students are prone to choos-
ng passive, ineffective learning strategies (Bjork et al., 2013),
verestimating their remembering, and underestimating their
orgetting (Kornell and Bjork, 2009). Being overconfident about
earning can have detrimental effects on students’ study behavior
nd learning performance (Dunlosky & Rawson, 2012). Thus,
ccurate metacognitive knowledge seems important to support
tudents in self-regulated use of effective learning strategies.

nterventions  on  Knowledge  and  Use  of Cognitive  Learning
trategies

Few studies have investigated methods to improve metacog-
itive knowledge and to encourage effective learning strategies
n higher education (Ariel & Karpicke, 2017; DeWinstanley

 Bjork, 2004; Gurung & Burns, 2019; Koriat & Bjork,
006; Tullis, Finley, & Benjamin, 2013; Yan, Bjork,

 Bjork, 2016). Combining theory-based  methods  (i.e.,
roviding information about the experienced-learning-versus-
ctual-learning-paradox) and experience-based  methods  (i.e.,
xperiencing the difference between two learning strategies) is
mportant for improving metacognitive knowledge (Koriat &
jork, 2006). Using a theory-based method, Ariel and Karpicke

2017) informed students about the effectiveness and mnemonic
enefits of repeated retrieval practice, which motivated students
o use retrieval practice one week later. McCabe (2011) taught
tudents in an introductory psychology course about applied
earning and memory topics (e.g., on desirable difficulties). Stu-
ents that received direct instruction on applied learning and
emory topics gained higher metacognitive knowledge than
on-instructed control students who attended a general introduc-
ory psychology course. In an experience-based study, students
xperienced the benefits of a desirably difficult learning strat-
gy (i.e., generating word items) compared to rereading, which
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Table 1
Overview of 10 commonly used learning strategies, ordered in their effectiveness for long-term learning (based on Dunlosky, Rawson, Marsh, Nathan, & Willingham,
2013).

Learning strategy Description Effectiveness for
long-term learning

Practice testing (‘retrieval
practice’)

Actively retrieving information from memory by using practice tests or
flashcards (quizzing)

High

Distributed practice Spacing study in several sessions over time and reviewing learning
material studied earlier in later sessions

High

Elaborative interrogation Producing explanations by answering ‘why’ questions about facts and
concepts after studying

Moderate

Self-explanation Explaining how newly learned information is related to prior knowledge Moderate
Interleaved practice Mixing study of different, but related, learning materials or problems

within one study session
Moderate

Summaries Writing down the main points from a text Low
Mental imagery While studying, creating a mental image of the learning material Low
Keyword mnemonics When studying vocabulary or facts, creating a mental image to associate

verbal materials
Low

Rereading Rereading text material after initial read Low
 by hi
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Highlighting Marking important information
material while reading

ncreased knowledge about the benefits of this strategy and
otivated students to use that strategy during the next learn-

ng session (DeWinstanley & Bjork, 2004). A multi-site study
y Gurung and Burns (2019) showed positive effects of retrieval
nd distributed practice on exam scores, when implemented in
he classroom.

Most studies, however, investigated short-term effects within
ontrolled learning environments, not during self-study prac-
ice. For instance, only 11% of the included experiments in
he meta-analysis by Adesope and colleagues (2017) were con-
ucted in classroom settings. This demonstrates the importance
f research on how to translate evidence from lab-based studies
o educational practice and of research aimed at getting stu-
ents to use effective learning strategies in real educational
ettings (Brandmark et al., 2020). Many students struggle to
ustainably change old learning strategies into more effective
nes (e.g., Dembo & Seli, 2004; Foerst, Klug, Jostl, Spiel, &
chober, 2017). Strong prior beliefs and misleading subjective
xperiences are obstacles in mending metacognitive illusions
Yan et al., 2016). Thus, explicit guidance in recognizing the
ifferential effectiveness of strategies is needed to improve
etacognitive knowledge and, in turn, encourage actual use

Tullis et al., 2013).
Taken together, the question remains to what extent inform-

ng students about the benefits of effective (but desirably
ifficult) learning strategies and letting students experience
he experienced-learning-versus-actual-learning-paradox can
mprove metacognitive knowledge and stimulate the use of
ffective learning strategies during self-study in the long-term.
urthermore, it is unknown what factors motivate or hinder
tudents in actually using effective learning strategies during
elf-study.
he  Present  Study

In the present mixed-method study, we investigated whether
nforming students about effective learning strategies and

t
o
c
r

ghlighting or underlining the learning Low

esirable difficulties (awareness), stimulating students’ reflec-
ion about their learning strategies and motivation (reflection),
nd letting them experience the experienced-learning-versus-
ctual-learning-paradox (practice) improves metacognitive
nowledge and enhances the actual use of effective learning
trategies during self-study throughout several weeks. To this
nd, we compared the effects of an intervention condition, in
hich participants attended the so-called ‘Study Smart’ inter-
ention program, with that of a waiting-list control condition
n metacognitive knowledge and self-reported strategy use. In

 first examination of the Study Smart program (N  = 47), we
ested the following hypotheses:

Metacognitive  knowledge  hypothesis: The Study Smart
rogram leads to enhanced metacognitive knowledge as com-
ared to the control condition.

Learning-strategy-use  hypothesis: The Study Smart pro-
ram leads to higher use of effective learning strategies during
elf-study as compared to the control condition.

We further aimed to gain more in-depth insight into the barri-
rs and  facilitators  of using new and effective learning strategies
uring self-study with the use of focus group discussions.

Method

articipants

Participants were first- and second-year undergraduate stu-
ents in Medicine, Biomedical Sciences, or Health Sciences at

 problem-based learning (PBL) university in the Netherlands.
rior to the pretest, students were randomly assigned to either

he Study Smart condition or the control condition. Of the
6 students that completed the pretest, 47 (age 20.6 ±  2.7 yr.
M ±  SD); 85% female) completed the posttest, which consti-

uted our final sample. Twenty-one of these students were part
f the Study Smart condition (age 21.4 ±  3.6 yr.) and 26 of the
ontrol condition (age 19.9 ±  1.5 yr.). Both groups were compa-
able with regard to high school GPA and average grades during
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Figure 1. Overview of the ‘S

he first three courses of the academic year (all p’s > .287). In
he final sample, 29 students were from Biomedical Sciences,
en from Medicine and eight students from Health Sciences.

he  Study  Smart  Intervention  Program

The Study Smart intervention program consisted of three
essions: awareness, reflection, and practice. See Figure 1 for
n overview of the intervention and Appendix A for a detailed
escription of each session. Sessions took place every other week
ver a total period of six weeks, with the pretest in week 1 and
osttest in week 6. Each session took approximately 2 h and was
ed by the first and last author. The group size was 4–12 students,
epending on the session and availability of the students. The
en learning strategies and the empirical evidence for their effec-
iveness as addressed in the Study Smart program were based on
he review by Dunlosky et al. (2013), covering more than 700
xperimental studies. See Table 1 for an overview of the learning
trategies targeted in the intervention.

In line with the theory-based method, we informed students
bout the effectiveness of different learning strategies in the
rst session, focusing on awareness. This session aimed to
hallenge students’ prior beliefs about the effectiveness of com-
only used learning strategies and to provide information about

mpirical evidence. The experienced-learning-versus-actual-
earning-paradox was explained and the importance of desirable
ifficulties and the testing effect were presented (Roediger &
arpicke, 2006). More specifically, the session started with a

hort introduction of the program facilitator and students in order
o create an open atmosphere in the group. Second, the facilita-
or showed short informative video clips (30 s each) about ten
earning strategies. Each video displayed a student performing
ne of the strategies; accompanied by a voice-over explain-
ng the strategy. After each clip, the facilitator asked whether
nd when students used these strategies, and what their beliefs
ere about their effectiveness. Third, students categorized the

trategies into highly effective, moderately effective and non-

ffective strategies using card sorting. The facilitator explained
he effectiveness of each strategy (based on Dunlosky et al.,
013), how much training is required to use a strategy, and how
o implement the strategies in problem-based learning. Fourth,

m
fi
r
f

mart’ intervention program.

he facilitator addressed the role of desirable difficulties. Stu-
ents watched a video (6 min) about the importance of deliberate
ractice and of investing effort and time to become good at some-
hing. Afterward, the facilitator explained the testing effect and
he difference between experienced learning and actual learn-
ng, illustrated by graphs from empirical studies (taken from
oediger & Karpicke, 2006; Nunes & Karpicke, 2015). In the
fth part, students prepared for change by means of a reflective
riting exercise. They reflected upon a memory of when they

uccessfully developed a new skill or habit through extended
ractice (e.g., sports, arts, music) or changed their behavior after

 long time. The facilitator instructed the students to write about
his memory (in about 300 words) in as much detail as possible
nd to relate this memory to the challenges they expect when
sing effective learning strategies. The awareness session ended
ith a practice test consisting of seven open questions about the
ature of the learning strategies, for instance, “For what type
f study materials is interleaved practice useful? Why only for
his material?”. This practice test aimed to strengthen and recap
he information taught in the awareness session. Since this was

eant as retrieval practice, students’ responses were discussed
n the group, but not further analyzed. As homework for the fol-
owing session, students were asked to keep a photolog of their
tudy behavior to enhance reflection on their learning strategies.

The second session, focusing on reflection, addressed stu-
ents’ study motivation and academic goal orientation (Elliot &
cGregor, 2001). The session started with a short introduction

nd presentation of students’ photologs. Students presented the
earning strategies they had used the last week to each other.
econd, students completed two questionnaires; one about their

earning strategies (based on the survey by Kornell and Bjork,
007) and one about their academic goal orientation (question-
aire by Elliot & McGregor, 2001). The questionnaire exercise
imed to create awareness about students’ learning strategies and
tudy motivation and to encourage students to reflect on what
hey would like to achieve with their studies. Students calculated
heir scores and received a response sheet to check where their

otivation was the highest. Third, students shared their main

ndings of the questionnaire with their partner and subsequently
eflected about their study motivation in the group. The program
acilitator emphasized the importance of long-term learning.
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FOSTERING EFFECTIV

ourth, students formulated an individual learning goal accord-
ng to the SMART principle (Doran, 1981; specific, measurable,
chievable, relevant, and timebound), about how to practice
ffective learning strategies during self-study. Each student
icked one strategy s/he wanted to try in the upcoming period
nd formulated a specific goal about that learning strategy.

The third session, focusing on practice, aimed to let stu-
ents experience the difference between effective and ineffective
tudy strategies. This session started with a plenary discussion
bout students’ study behavior during the previous exam period.
tudents discussed their SMART-goal as set in the previous ses-
ion and the reasons for (not) having experimented with the
roposed learning strategies. In the second part, students were
ivided into two groups and applied either highlighting (ineffec-
ive strategy) or practice testing (effective strategy) on a scientific
rticle. After 30 min, they switched roles and applied the other
trategy on another scientific article. In an ‘exam’ test, stu-
ents had to answer questions on the study material to let them
xperience the effectiveness of the different learning strategies.
fter completing the potential exam questions, students esti-
ated their performance and noted the grade they thought they
ould receive for their answers. Afterward, students scored their

nswers using an answer sheet and compared their judgments
nd actual grades. Third, students shared their experiences dur-
ng the exercises. The facilitator clarified that the learning impact
f practice testing cannot be experienced within a 2-h session
nd that the purpose of this exercise was about experiencing the
ifferences in effort while using the learning strategies. The prac-
ice session ended with an infographic handed out to the students,
ummarizing the effectiveness of different learning strategies.

In the Study Smart condition, two participants did not attend
he reflection session, while one other participant missed the
ractice session. These students received all materials and infor-
ation about the session they missed via e-mail and got the

ossibility to ask the program facilitator further questions in the
ext session.

easures

As dependent variables, we measured metacognitive knowl-
dge about learning strategies, and use of learning strategies
ith several instruments in the pretest and posttest, in order to

riangulate the results and to gain a holistic picture of the effects.
he use of learning strategies was additionally measured in short
eekly learning surveys. Perceived barriers and facilitators for

he use of effective learning strategies were investigated in focus
roup discussions, as well as in the weekly learning surveys.

Metacognitive knowledge.  We distinguished between
eclarative knowledge (that is knowledge about which learn-
ng strategies are effective) and conditional knowledge (that is
nowledge about when and why these strategies are effective).
o measure declarative metacognitive knowledge, participants
ated the effectiveness for long-term learning of each of the

trategies addressed in the Study Smart program on a rating
cale from 1 (not at all effective) to 5 (extremely effective). The
ollowing ten strategies were rated: highlighting, summarizing,
ereading, keyword mnemonics, mental imagery, elaborative

s

s
s
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nterrogation, self-explanation, interleaved practice, distributed
ractice, and practice testing (by taking practice tests or quizzing
ith flashcards). Conditional knowledge was assessed using

even scenario descriptions (adapted from McCabe, 2011;
orehead, Rhodes, & DeLozier, 2016). Each scenario described

wo strategies with different levels of empirically supported
ffectiveness in a specific situation (see Appendix B). Students
ated for each scenario the extent to which the two contrasting
trategies do or do not benefit learning as measured by subse-
uent performance on a delayed test for each scenario. They
ated the value of all strategies on a scale from 1 (not at all
eneficial to learning) to 7 (very beneficial to learning), with

 value of four indicating a neutral evaluation (i.e., the strat-
gy is neither rated as effective nor ineffective; Morehead et al.,
016). The scenarios described the value (more effective strate-
ies are marked in italic) of testing  vs. restudying (Roediger &
arpicke, 2006), blocking vs. interleaving  (Rohrer & Taylor,
007), spacing  vs. massing, rereading vs. elaborative  interro-
ation, self-explanation  vs. mental imagery, making summaries
ith and without  textbook, rereading with vs. without high-

ighting (both ineffective). In an open answer format, students
laborated on their answers and explained the reasons for why
ne strategy would be more effective than the other would. Open
nswers were coded on a scale from 0 (omission and commission
rrors) to .5 (partially true) and 1 (completely true) per scenario.
he maximum score was seven points. The first author made a
oding scheme and coded all answers. Coding was also done
independently) by a research assistant. Initial interrater reli-
bility was Cohen’s Kappa κ  = .86 in the pretest and Cohen’s
appa κ = .90 in the posttest. Discrepancies between coding
ere solved through discussion. See Appendix C for an example
f the coding scheme.

Learning  strategy  use.  In pretest and posttest, as well as
n six weekly learning strategy surveys during the intervention,
tudents rated the extent to which they used the strategies cen-
ral to the Study Smart program during self-study on a 6-point
ikert scale from 0 (never) to 5 (very often). We added the
eekly learning surveys in order to gain a more reliable mea-

urement of actual use during self-study than possible with a
ingle assessment point (Hadwin, Winne, Stockley, Nesbit, &
oszczyna, 2001). Furthermore, we used an adaptation of the

tudy of  Learning  Questionnaire  (SLQ; based on Bartoszewski
 Gurung, 2015) with 34 items answered on a 6-point Lik-

rt scale from 1 (strongly disagree) to 6 (strongly agree) in
retest and posttest. The questionnaire assessed the use of high-
ighting, summarization, imagery for text, rereading, elaborative
nterrogation, self-explanation, practice testing, and distributed
ractice with several items. An example item is “I frequently
ighlight or underline the information within one page”. Due
o low Cronbach’s α  values, we deleted the item “I prefer to
se or study material that has been previously highlighted or
nderlined by a previous user” in the scale for highlighting (new
ronbach’s α  = .82) and the item “I use summaries written by
omebody else” (new Cronbach’s α  = .59) in summarization.
Barriers and  facilitators  for  using  effective  learning

trategies. In all six weekly learning strategy surveys, we asked
tudents two open questions: (1) whether they would like to
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FOSTERING EFFECTIV

hange something in the way they study, and (2) what factors
nfluenced the way they studied during the last week. Open
nswers were coded and categorized.

All students were invited to participate in a focus group dis-
ussion after they had attended the Study Smart program. Ten
tudents (age 20.9 ±  1.6 yr.; 90% female) participated in two
ocus group discussions. The first focus group took place in
eek 10 with five students from the Study Smart condition,

he second focus group took place in week 12 with five students
rom the control condition, after they had also attended the Study
mart program (see Figure 2). The focus group sessions lasted
0–90 min. Participation was voluntary and informed consent
as obtained from all participants prior to the discussion; partic-

pation was rewarded with a D  10 gift voucher. The focus groups
ere led by a research assistant experienced in moderating focus
roups and observed by the first author. First, the moderator
rompted a discussion about each session. Students’ opinions
f and experiences in the sessions were gathered. Secondly, the
oderator led a discussion on how the students used different

earning strategies during their self-study and what facilitators
nd barriers they encountered. The observer asked additional
uestions in order to deepen the discussion at interesting points.

Both focus groups were audio-recorded and transcribed non-
erbatim. Template analysis, a specific form and step-wise
pproach of thematic analysis, was used when analyzing the data
Braun & Clarke, 2006; King, 2004). After thoroughly reading
he transcripts, the first and last author developed a coding tem-
late consisting of a priori themes (based on initial read). Next,
he first author coded the first transcript with the initial themes
hile continuously modifying and advancing the template as

he analysis progressed. Then, the first author applied the mod-
fied template to the whole data set. A research assistant coded
0% of the transcripts using the modified template. The initial
nd modified themes and codes were discussed (first author, last
uthor, and research assistant) until a final solution was reached.
rocedure

The study procedure is illustrated in Figure 2.

(
t
n
u

Figure 2. Overview of the study procedure, in which the
ARNING STRATEGIES 191

First- and second-year students were invited via bulletin
oards, e-mails by course coordinators, and announcements in
ectures and tutorials. Participation was voluntary and informed
onsent was obtained from all participants prior to the start of
he study. Pretest, posttest and weekly learning strategy surveys
ere delivered online, using the questionnaire tool Qualtrics

Qualtrics, Provo, UT). Prior to the pretest, students were ran-
omly assigned to either the Study Smart condition or waiting-
ist control condition; students in the control condition attended
he Study Smart program after the posttest. In week 1, all partici-
ants received the pretest. Participants in the Study Smart condi-
ion attended the three sessions in week 2, week 4, and week 5. In
eek 6, all participants received the posttest. Participants in the

ontrol condition attended the sessions in week 9, week 10, and
eek 11. The focus groups took place after students had attended

he Study Smart program and took 60 to 90 min. From week 1
ntil week 6 of the study, all students completed the learning
trategy survey about their study behavior of the past week on
ridays. As a reward, participants received D  20 gift vouchers for
ompleting the pretest and posttest and another D  10 gift voucher
or completing the learning strategy surveys. The study was
pproved by the ethical review board of the Netherlands Associ-
tion for Medical Education (NVMO, reference number 1002).

ata  Analysis

An alpha level of .05 was used for all statistical tests. As
ffect size measure, we used partial eta squared with values
f 0.01, 0.06, and 0.14 representing small, medium, and large
ffects, respectively (Cohen, 1988). Although participants were
andomly assigned to the conditions, we examined baseline
quivalence on metacognitive knowledge and use of learning
trategies to ensure that the conditions were similar. For that pur-
ose, we conducted two-tailed t-tests for all dependent variables
pretest measures). We conducted the analyses with condition

intervention = 1, control = 0) as between-subjects factor and
ime (pretest versus posttest) as within-subjects factor. Only sig-
ificant interaction effects are reported. With respect to the actual
se measured by the weekly learning strategy surveys, we report

 Study Smart program represents the intervention.



FOSTERING EFFECTIVE LEARNING STRATEGIES 192

Table 2
Means and standard deviations for declarative metacognitive knowledge,  measured by effectiveness ratings at pretest and posttest.

Effectiveness ratings Pretest Posttest

Study Smart condition Control condition Study Smart condition Control condition

M (SD) M  (SD) M (SD) M (SD)

Practice testing** 4.15 (0.91) 4.25 (0.79) 4.86 (0.36) 3.92 (1.06)
Quizzing 3.86 (1.01) 4.13 (0.91) 4.57 (0.75) 4.35 (0.94)
Distributed practice 4.05 (1.16) 4.08 (0.63) 4.48 (0.68) 4.00 (0.85)
Elaboration 3.63 (1.12) 4.44 (0.54) 3.52 (0.98) 4.19 (0.90)
Self-explanation 3.57 (1.08) 3.92 (0.83) 3.52 (1.08) 4.04 (0.82)
Interleaving 3.41 (0.91) 3.41 (0.63) 3.29 (0.96) 3.50 (0.95)
Summaries*** 3.90 (0.62) 3.91 (0.84) 2.62 (0.74) 3.88 (1.03)
Mental imagery 3.76 (0.94) 4.10 (0.91) 3.10 (1.09) 3.92 (0.98)
Keyword mnemonics 3.41 (1.02) 4.20 (0.60) 2.76 (1.00) 3.81 (1.33)
Rereading** 3.24 (1.00) 3.29 (0.76) 2.29 (0.72) 3.38 (0.80)
Highlighting*** 3.55 (0.97) 3.78 (0.57) 2.10 (1.09) 3.81 (0.63)

N Signi
*
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ote. Ratings on a scale from 1 (not at all effective) to 5 (extremely effective). 

*p < .01; *** p < .001.

he outcomes averaged across student ratings from week 1 until
 (i.e., averaged across all surveys completed by each student).

Results

aseline

Concerning the attrition from pretest to posttest, students who
ompleted both pre-and posttest did not differ significantly from

tudents who completed the pretest only, regarding their high-
chool GPA, t(63) = −1.25, p  = .216 and average grades of their
rst three courses of the academic year, t(63) = 0.32, p  = .747.
egarding baseline equivalence, the Study Smart group did not

t
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Study  Smart  condition 

igure 3. Average posttest ratings of to what extent students think the strategies are
ffective). Strategies are ordered in their (approximate) effectiveness for long-term le
etail. Error bars represent standard errors of the mean.
ficant interaction effects between time and condition are marked with *p < .05;

iffer from the control group at pretest, except for perceived
ffectiveness of keyword mnemonics, t(30.86) = 3.12, p  = .004,

 = 0.97, elaborative interrogation, t(27.35) = 3.06, p = .005,
 = 0.98, and the scenario rating of rereading, t(43.5) = 2.25,
 = .030, d  = 0.65. The control group judged all strategies as more
ffective than the Study Smart group.

ffects  on  Metacognitive  Knowledge
Declarative  metacognitive  knowledge.  Descriptive statis-
ics for effectiveness ratings at pre- and posttest are shown in
able 2.

Control  conditi on

 effective for long-term learning, from 1 (not at all effective) to 5 (extremely
arning from left (highly effective) to right (less effective); see Table 1 for more
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Both time, F(11, 35) = 5.89, p  < .001, η2
p =  .65, and

he time ×  condition interaction, F(11, 35) = 6.63, p  < .001,
2
p =  .68, had a significant multivariate effect on declarative
etacognitive knowledge, showing that the overall difference

etween pre- and posttest scores was significant but the magni-
ude differed between conditions. Follow-up repeated measures
NOVA revealed significant interaction effects between time

nd condition for students’ effectiveness rating of highlighting,
(1, 45) = 41.53, p  < .001, η2

p =  .48, summarization, F(1,

5) = 21.15, p  < .001, η2
p =  .32, rereading, F(1, 45) = 9.40,

 = .004, η2
p =  .17, and practice testing, F(1, 45) = 10.70,

 = .002, η2
p =  .19. Students in the Study Smart condition

ained more accurate metacognitive knowledge, and rated the
ffectiveness of highlighting, summarization and rereading
s barely effective and practice testing as highly effective, as
ompared to the control condition. See Figure 3 for an overview
f the posttest ratings for both conditions.

Conditional  metacognitive  knowledge.  With regard to con-
itional metacognitive knowledge, we compared the difference
etween effective and ineffective learning strategies across all
cenarios (the so called ‘difference-score’). We assumed that,
t posttest, the difference between effective and ineffective
trategies would be positive and higher in the Study Smart
ondition compared to the control condition. Descriptive statis-
ics for scenario ratings at pre- and posttest are shown in
able 3.

Both time, F(7, 39) = 9.39, p  < .001, η2
p =  .63, and the time

 condition interaction, F(7, 39) = 4.60, p  < .001, η2
p =  .45, had

 significant multivariate effect on conditional metacognitive
nowledge, showing that pre- and posttest difference-scores
ere significantly different, but the magnitude varied between

onditions. Follow-up repeated measures ANOVA revealed sig-
ificant interaction effects between time and condition for the
ifference-scores of the scenarios interleaving  vs. blocking,
(1, 45) = 19.72, p  = .010, η2

p =  .14, self-explanation  vs. mental

magery, F(1, 45) = 7.88, p = .011, η2
p =  .14, active  vs. pas-

ive summarization, F(1, 45) = 20.31, p  = .001, η2
p =  .21, and

eading without vs. with highlighting, F(1, 45) = 6.92, p  = .024,
2
p =  .12. The difference between the effective and ineffective
trategy in these scenarios always became more positive and
igher in the Study Smart condition compared to the control
ondition, showing that students in the Study Smart condition
howed higher correct endorsement of the more effective strate-
ies in these four scenarios.

In the scenarios practice  testing  vs. rereading, spacing  vs.
assing,  and elaborative  interrogation  vs. rereading, there was

 significant main effect of scenario only. Analyses showed that,
oth at pretest and posttest, all participants correctly rated prac-
ice testing as more effective than rereading, F(1, 45) = 20.94,

 < .001, η2
p =  .32, spacing as more effective than massing, F(1,

5) = 232.42, p  < .001, η2
p =  .84, and elaborative interrogation
s more effective than rereading, F(1, 45) = 108.99, p < .001,
2
p =  .71.

Regarding the quality of verbal elaborations on each sce-
ario, the Study Smart condition outperformed the control

c
d
w
t
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ondition in the posttest, F(1, 45) = 10.86, p  = .002, η2
p =  .19

Figure 4). Students in the Study Smart condition were able to
ive more elaborated answers on the working principles behind
he effective learning strategies described in each scenario, M
SD)pre = 2.00 (1.14); M  (SD)post = 3.26 (1.34), compared to the
ontrol condition, M (SD)pre = 1.98 (1.43); M  (SD)post = 1.88
1.02).

ffects  on  Use  of  Effective  Learning  Strategies

With regard to the extent of use of the learning strategies,
e conducted an 11 (strategies) ×  2 (condition: Study Smart
s. control) repeated measures analysis of variance, with the
ost scores of extent of strategy use, as well as with the weekly
ggregated scores. Descriptive statistics for extent of strategy
se at pretest, posttest and aggregated weekly ratings are shown
n Table 4.

Concerning the aggregated weekly scores, the strategy x con-
ition interaction was statistically significant, F(10, 450) = 4.38,

 = .001, η2
p =  .089, which indicates that a different pattern

f weekly strategy use arose between the Study Smart condi-
ion and the control condition during the intervention period.
igure 5 shows the differences in strategy use between condi-

ions using the aggregated weekly ratings. Similarly, we found
 strategy x condition interaction with the posttest scores, F(10,
50) = 4.68, p  < .001, η2

p =  .094. Figure 6 shows the differences
n strategy use between conditions using the posttest ratings.

Follow-up repeated measures ANOVA revealed one sig-
ificant interaction effect between time and condition, which
oncerned the extent of quizzing, F(1, 45) = 9.90, p  = .003,
2
p =  .18. Students in the Study Smart condition showed a
ignificantly higher increase in the use of quizzing from pretest
o posttest than controls.

With regard to the SLQ, both time, F(8, 38) = 3.13, p = .008,
2
p =  .40, and the time ×  condition interaction, F(8, 38) = 2.86,

 = .014, η2
p =  .38, had a significant multivariate effect on learn-

ng strategy use, showing that the overall difference between
retest and posttest scores was significant but the magnitude dif-
ered between conditions. Repeated measures ANOVA revealed
ignificant interaction effects between time and condition for
ighlighting (F(1, 45) = 6.29; p  = .016; η2

p =  .12), rereading

F(1, 45) = 9.21; p = .004; η2
p =  .17) and practice testing (F(1,

5) = 7.29; p  = .010; η2
p =  .14). Students in the Study Smart con-

ition reported to use more practice testing and less highlighting
nd rereading compared to the control condition at posttest.
escriptive statistics of the SLQ at pre- and posttest are shown

n Table 5.

arriers  and  Facilitators  of  Learning  Strategy  Use

In the weekly learning strategy surveys, students reported
actors that influenced the way they had studied during the pre-
ious week. Most mentioned factors were social and personal

ommitments (17%), amount of learning material (13%) and
ifficulties with time management (13%). On the question of
hether students would like to change something in the way

hey study, students mostly mentioned that they would like to
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Table 3
Means, standard deviations, and difference scores for conditional metacognitive knowledge,  measured by scenario ratings at pretest and posttest.

Scenario ratings Pretest Posttest

Study Smart condition Control condition Study Smart condition Control condition

M (SD) M (SD) M (SD) M (SD)

1 Practice testing 5.00 (1.45) 4.96 (1.31) 5.29 (1.01) 5.19 (1.30)
Rereading 3.57 (1.03) 4.42 (1.55) 3.57 (1.29) 4.08 (1.57)
Difference-score 1.43 (1.83) 0.54 (2.49) 1.71 (1.27) 1.12 (2.39)

2 Interleaving 3.38 (1.50) 3.77 (1.63) 4.71 (1.57) 4.12 (1.48)
Blocking 5.67 (0.86) 5.23 (1.45) 4.62 (1.47) 5.04 (1.64)
Difference score* −2.29 (2.08) −1.46 (2.67) 0.10 (2.76) −0.92 (2.84)

3 Spacing 6.05 (0.92) 6.19 (0.90) 6.24 (0.77) 6.46 (0.58)
Massing 3.10 (1.26) 3.58 (1.24) 3.52 (1.36) 3.38 (1.24)
Difference score 2.95 (1.60) 2.62 (1.68) 2.71 (1.42) 3.08 (1.38)

4 Elaborative interrogation 5.71 (1.23) 6.12 (0.86) 6.10 (0.70) 6.35 (0.63)
Rereading 4.48 (1.36) 4.77 (1.24) 3.57 (0.93) 4.23 (1.24)
Difference score 1.24 (2.02) 1.35 (1.32) 2.52 (0.93) 2.12 (1.28)

5 Self-explanation 5.62 (0.92) 6.00 (0.75) 5.67 (0.80) 5.69 (0.74)
Mental imagery 5.38 (1.02) 5.96 (1.08) 4.57 (1.08) 5.96 (0.92)
Difference score* 0.24 (1.45) 0.04 (1.11) 1.10 (0.89) −0.27 (0.83)

6 Summary from memory 5.33 (1.06) 5.38 (1.24) 5.57 (1.16) 5.15 (1.41)
Summary with notes 5.14 (1.39) 4.96 (1.00) 3.86 (0.85) 5.08 (0.89)
Difference score** 0.19 (1.78) 0.42 (1.75) 1.71 (1.15) 0.08 (1.90)

7 Reading without highlighting 3.81 (1.03) 3.77 (1.50) 3.33 (1.28) 3.81 (1.58)
Reading with highlighting 5.95 (0.80) 5.88 (1.03) 4.00 (1.55) 5.54 (1.48)
Difference score* −2.14 (−1.20) −2.12 (−1.58) −0.67 (−1.20) −1.73 (−1.69)

Note. Strategies in italics are the empirically supported strategies per scenario. Scenario ratings from 1 (not at all beneficial to learning) to 7 (very beneficial to
learning), with a value of four indicating a neutral evaluation. Higher values indicate higher endorsement of the strategy. A difference-score of 0 indicates that
both strategies were rated as equally effective, positive difference scores indicate correct endorsement of the effective strategy, negative difference scores indicate
endorsement of the ineffective strategy. Significant interaction effects in the difference-scores between time and condition are marked with *p < .05; **p  < .01; ***
p
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 < .001.

se practice testing (31%) and increase the amount of invested
tudy time (10%).
In follow-up focus groups, we dove deeper into the barriers
nd facilitators of effective strategy use. Using the template anal-
sis approach, we constructed a model describing the factors that
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Pretest 

snoitarobale labrev fo ES dna snae
M

Study S mart cond ition 

igure 4. Average pre- to posttest elaboration scores on scenario ratings, from 0 (no
ars represent standard errors of the mean.
tudents reported to influence learning strategy use during self-
tudy and factors that they considered supported or hindered the

ransfer of metacognitive knowledge about learning strategies
nto actual practice. This model is shown in Figure 7 and depicts
he interpretation of the qualitative data.

Posttest

Con trol co ndition

 correct explanation) to 7 (correct explanations for all seven scenarios). Error
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Table 4
Means and standard deviations for extent of use of the learning strategies, measured at pretest, posttest and aggregated weekly scores.

Pretest Posttest Aggregated weekly scores

Study Smart
condition

Control
condition

Study Smart
condition

Control
condition

Study Smart
condition

Control
condition

M (SD) M  (SD) M (SD) M (SD) M (SD) M (SD)

Practice testing 2.38 (1.94) 1.54 (1.98) 2.86 (1.49) 1.23 (1.88) 0.72 (0.94) 0.17 (0.54)
Quizzing** 1.24 (1.67) 1.54 (1.88) 2.38 (1.75) 0.88 (1.45) 0.71 (0.82) 0.22 (0.55)
Distributed practice 2.05 (2.09) 1.81 (1.92) 3.19 (1.83) 1.96 (2.01) 1.59 (1.46) 0.67 (1.19)
Elaborative interrogation 1.19 (1.72) 1.65 (2.08) 1.29 (1.93) 1.27 (1.82) 0.57 (0.66) 0.88 (0.94)
Self-explanation 1.00 (1.64) 1.50 (1.56) 0.90 (1.70) 1.54 (1.68) 1.01 (1.07) 0.98 (1.04)
Interleaving 0.62 (1.32) 0.65 (1.26) 1.29 (1.71) 0.81 (1.33) 0.44 (0.70) 0.23 (0.54)
Summarization 2.95 (1.75) 3.42 (1.88) 2.52 (2.16) 3.65 (1.74) 2.04 (1.77) 2.83 (1.67)
Mental imagery 1.81 (1.94) 2.08 (2.02) 0.95 (1.60) 1.92 (1.96) 0.48 (0.70) 0.92 (1.15)
Keyword mnemonics 1.90 (1.87) 2.38 (2.00) 0.57 (1.25) 1.54 (1.90) 0.29 (0.68) 0.87 (1.39)
Rereading 2.57 (1.86) 2.88 (1.95) 2.38 (2.20) 3.31 (1.64) 1.83 (1.21) 2.10 (1.61)
Highlighting 2.95 (2.11) 3.62 (1.96) 2.48 (2.16) 3.62 (1.53) 1.06 (1.06) 2.41 (1.60)

N eracti
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ote. Ratings on a scale from 0 (never used) to 5 (very often). Significant int
p < .05; **p  < .01; *** p < .001.

As illustrated in this model, students perceived that the Study
mart program improved their metacognitive knowledge about

he effectiveness of different learning strategies, which increased
heir awareness about the discrepancy between own strategy use
nd empirical evidence. Students mentioned that this, in turn,
ncreased their intention to change and their intention to use

ore effective learning strategies during self-study:

“I only did highlighting and summarizing, which are the
worst ways of studying, but then I really felt that those
sessions activated me to use it on my own, to my own

studies. So not, it was awareness but it was also moti-
vating me to actually practice them.” (Focus group 2,
participant 3)
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igure 5. Average aggregated weekly ratings of to what extent students used the learn
sed) to 5 (very often), indicated per condition. Strategies are ordered in their (approx
less effective); see Table 1 for more detail. Error bars represent standard errors of th
on effects between time (pretest and posttest) and condition are marked with

However, students reported difficulties in actually applying
ffective strategies during their self-study. The main challenge in
sing effective learning strategies was described as the process
f changing strategies, mainly influenced by uncertainty about
ow to use these strategies, how much time and energy they
ould cost and being uncertain about exam results when using

hese new strategies.

“It also scared me because I really want to try it out and of
course I did, but if it went wrong, the result is you failed
like a whole block.” (Focus group 1, participant 2)
The structure of exams (multiple choice, open answer) and
he perceived fit between course content and a learning strategy
ere mentioned as external factors influencing strategy change.

Con trol con dition

ing strategies, according to the weekly learning strategy surveys, from 0 (never
imate) effectiveness for long-term learning from left (highly effective) to right

e mean.
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igure 6. Average posttest ratings of to what extent students used the learning
re ordered in their (approximate) effectiveness for long-term learning from le
epresent standard errors of the mean.

f students did perceive a learning strategy as not helpful for
tudying a specific course content, they hesitated to use that
trategy. Factors that facilitated students to use effective learning
trategies mainly originated from the curriculum and assessment
ystem. When practice questions were available, students men-
ioned to be more likely to use practice testing as a strategy. In
ase of a lack of practice questions, students reported falling back
nto uncertainty, for example about how to make good practice
uestions.

“If I’m practice testing, if I have the questions provided, I
don’t think it takes me that much energy to do it, because I
have the questions and I just have to apply the knowledge
to it. Whereas if I’m trying to do flashcards [.  .  .] where

I really have to pick out the information myself, I feel
that takes me more time and more effort.” (Focus group
2, participant 2) s

able 5
eans and standard deviations for use of learning strategies, measured by the Strate

SLQ scales Pretest 

Study Smart condition Control condition 

M (SD) M (SD) 

Highlighting* 4.25 (1.05) 4.46 (1.08) 

Summarizing 4.06 (0.79) 4.47 (0.73) 

Visualizing 4.13 (1.08) 4.35 (1.04) 

Rereading* 4.60 (0.71) 4.54 (0.66) 

Elaboration 4.33 (0.98) 4.60 (0.95) 

Self-explanation 4.51 (0.58) 4.44 (0.68) 

Practice testing* 4.39 (0.68) 3.99 (0.84) 

Distributed practice 4.30 (0.73) 4.06 (1.02) 

ote. Ratings on a scale from 1 (strongly disagree) to 6 (strongly agree). Significant int
** p < .001.
gies, from 0 (never used) to 5 (very often), indicated per condition. Strategies
ghly effective) to right (less effective); see Table 1 for more detail. Error bars

“It’s quite hard, [.  . .] I used a lot of practice testing for
the last exam but I couldn’t really make the practice test
by myself. When I did, I felt I was only studying certain
parts of the topic. (Focus group 1, participant 5)

Perceived internal factors that influenced strategy change
ere mostly old habits of using ineffective strategies and the
iscipline to stick to new strategies. In case of uncertainty and
ack of time, students mentioned to be more prone to fall back
nto their old habits and routines. As one student explained:

“I tried, but eventually, [.  . .] I don’t see any progress, so
then I just went back to my old ways. But because I didn’t
have enough time left to do it the right way.” (Focus group
1, participant 2)
To actually use effective learning strategies during self-
tudy, students have to undergo a change of behavior, which is

gy of Learning Questionnaire (SLQ) for each measurement point and condition.

Posttest Cronbach’s α

Study Smart condition Control condition pre/post

M (SD) M (SD)

3.81 (1.36) 4.72 (0.66) .82/.81
3.79 (0.92) 4.31 (0.71) .59/.59
3.94 (1.26) 4.06 (1.26) .81/.92
3.90 (0.92) 4.45 (0.67) .58/.79
3.90 (1.25) 4.27 (1.18) .85/.92
4.39 (0.72) 4.49 (0.81) .73/.85
4.67 (0.81) 3.46 (1.04) .80/.91
4.67 (0.61) 3.98 (1.09) .76/.84

eraction effects between time and condition are marked with *p < .05; **p  < .01;
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Figure 7. Barriers and facilitator

erceived as time intensive. Students that added effective strate-
ies to their old habits reported to be more successful:

“I think it will become a change of behavior. Because now
[. . .] we are more in old strategies, and practice testing is
one of the new strategies that is given us, [.  . .] I think the
most effort is to change our behavior and I think that will
take some time.” (Focus group 2, participant 1)

Discussion

This study investigated whether a newly developed learning
trategy intervention (‘Study Smart’), focusing on awareness,
eflection, and practice, can improve students’ metacognitive
nowledge and stimulate the use of effective learning strate-
ies during self-study. Using a variety of measures, our study
ndicates that the Study Smart program increased metacognitive
nowledge on learning strategies and increased students’ use of
ractice testing. Furthermore, students relied less on rereading
nd highlighting, strategies known as ineffective regarding long-
erm learning. Moreover, we developed a model illustrating the
arriers and facilitators that influence the change process toward
he use of effective learning strategies.

Confirming our metacognitive knowledge hypothesis, stu-
ents who attended the Study Smart program gained more
ccurate declarative knowledge and judged the strategies high-
ighting, rereading, and summarization as less effective, and
ractice testing as more effective as compared to control stu-
ents. Additionally, students in the Study Smart condition
ere better able to explain the reasons and underlying prin-

iples of effective learning strategies. However, the low mean
cores indicate that giving correct explanations was still diffi-
ult. Therefore, explaining the underlying principles of effective
nd ineffective learning strategies may need more attention in
he intervention. Compared to earlier studies (Blasiman et al.,
017; Morehead et al., 2016), our student sample appeared to

ave high prior declarative knowledge about the effectiveness of
ractice testing, distributed practice and elaboration strategies,
otentially explaining why we did not find an intervention effect
n knowledge about these strategies. The relatively high prior

p
b
i
s

ing effective learning strategies.

nowledge of our students about practice testing, distributed
ractice and elaborative interrogation may have resulted from
he fact that they study in a problem-based learning curricu-
um, where content and study sessions are distributed over time,
nd active elaboration during the tutorial groups is required
Dolmans, De Grave, Wolfhagen, & van der Vleuten, 2005).

We also hypothesized that the Study Smart program would
ncourage students to use more effective learning strategies
uring their self-study. We indeed saw changes in strategy
se: students that participated in the Study Smart program
eported to use less ineffective strategies, such as highlight-
ng or rereading, and more effective strategies, such as practice
esting or quizzing, throughout the study period. Triangulating
he results from different measurements, we can partially con-
rm the learning-strategy-use hypothesis: after the Study Smart
rogram, students were more prone to use effective learning
trategies, especially quizzing, while highlighting and rereading
ere used less. However, the extent to which students actually
sed effective strategies during self-study was low (see Figures

 and 6). Although students had quite accurate prior-knowledge
bout effective learning strategies and gained more accurate
nowledge during the Study Smart program, there was still a
ap between knowledge and actual use.

The model based on the template analysis provides insights
nto barriers and facilitators that could influence that gap. It
llustrates that the Study Smart program succeeded in creat-
ng accurate metacognitive knowledge and made students aware
f a potential discrepancy between their own strategy use and
mpirically effective learning strategies. Subsequently, students
eveloped an intention to change their study behavior and use
ore effective learning strategies. However, the qualitative data

eveal an intention-behavior gap and factors that facilitated or
omplicated successful strategy change. The model shows clear
arallels with the Theory  of  Planned  Behavior  (TPB; Fishbein

 Ajzen, 2011). According to TPB, successful behavior is
redicted by a positive intention and the skill to perform the

ehavior, and the absence of environmental restrictions. Relat-
ng this theory to our model, the Study Smart program stimulated
tudents to develop a strong intention to perform the behavior
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i.e., to use more effective learning strategies). However, limited
xternal support (e.g., no available practice questions) com-
ined with uncertainty about skill level and actual outcomes of
sing effective learning strategies hindered students to actually
erform the behavior.

One potential limitation of this study is that learning strat-
gy use was measured by self-report only. Due to potential
emand characteristics, participants in the Study Smart condi-
ion may have felt inclined to give more normative responses
nd to rate the strategies that were discussed in the program
s more effective. Objective measures of learning strategy use
uring self-study, such as video observations, are very hard to
se, also for ethical reasons. Although missing such objective
easures, we aimed to gain a holistic picture of learning strat-

gy use by applying and triangulating different instruments. The
eekly measures, for example, provide a more nuanced view on
ow students chose their learning strategies over time. During
he program, students were asked to bring a photolog, as a docu-

entation of what strategies they had actually implemented. As
ll measurements painted a similar picture of strategy use, we
elieve that we gained a reliable picture of which learning strate-
ies students used during the study period. However, the extent
f use was lower according to aggregated scores than posttest
cores, indicating that students seem to overestimate their actual
se when asked only once. Using single measurement points
ight provide a biased picture of actual study behavior (Hadwin

t al., 2001). An interesting pathway for future research would be
o measure students’ actual strategy use during self-study, e.g.,
y experience-sampling-methods (Xie, Heddy, & Vongkulluksn,
019), log-data in online learning environments, or observations
nd think-aloud during self-study.

Another limitation is the small student sample. As we con-
ucted a first examination of the pilot-intervention, we openly
ecruited students across different study programs. Conse-
uently, only students already interested in improving their
earning strategies may have signed up for this study. Another
otential limitation is the fact that both groups differed on
etacognitive awareness concerning the strategies keyword
nemonics, elaborative interrogation and rereading already at

he pretest, possibly due to the small sample size. This may
ave had a positive influence on the effects, but was taken into
ccount by the repeated measures analysis procedure, analyz-
ng the interaction effects between time and condition (Huck

 McLean, 1975; Leppink, 2019). To generalize the effects to
 broader student population, an important direction for future
esearch would be to implement the Study Smart program in

 non-selective sample, for instance by providing the program
o all first-year students of a curriculum. Future research could
hen investigate effects of the Study Smart program on academic
erformance. Due to ethical reasons, we offered the program to
ll students in our study; those randomly assigned to the control-
ondition received it after the posttest. Consequently, we were
ot able to measure effects on long-term learning or academic

erformance.

We investigated a three-stage intervention, in which the
essions focusing on awareness, reflection, and practice built
pon each other. The awareness session was the most important
ARNING STRATEGIES 198

ession to enhance students’ knowledge about effective learning
trategies. In the focus group discussions, students described
hat this session made them not only aware of, but also motivated
hem to use these strategies because they realized a discrepancy
etween their own strategy use and empirical evidence. The ses-
ion that students felt they learnt from least, but were motivated
o invest in more, was the practice session. Students asked for
ore specific practice exercises with their own learning materi-

ls rather than a general practice session. To enhance students’
se of effective learning strategies, more guidance and practice
re necessary. This also underlines that the awareness session
lone, although valuable, is not sufficient. Future research could
est the effect of a practice session separately, including guided
ractice and support in applying effective learning strategies, on
tudents’ use of effective learning strategies in later self-study.

Our findings are important for educational practice: mak-
ng students aware of effective learning strategies and desirable
ifficulties, stimulating reflection on achievement motivation
nd letting them experience the experienced-learning-versus-
ctual-learning-paradox is a promising way to motivate students
sing effective learning strategies. Educators could facilitate the
se of practice testing, for example, by making practice ques-
ions available. Supporting and modeling the use of effective
earning strategies could be another pathway, for instance by
dding a practice-based method to the earlier theory-based and
xperienced-based principles of strategy interventions. To sup-
ort students in overcoming the intention-behavior gap, it seems
mportant to not only inform students about desirable difficul-
ies and effective learning strategies, but also provide process
upport by guiding students in adding active learning principles
o old strategies.

Conclusion

Overall, this study shows that making students aware of
ffective and ineffective learning strategies and of the value
f desirable difficulties can raise their intention to use more
ffective learning strategies during self-study. The current inter-
ention raised metacognitive knowledge about the effectiveness
f different learning strategies and encouraged students to use
ore practice testing, an effective learning strategy for long-

erm learning. Moreover, this study offers valuable insights into
actors hindering or facilitating strategy change.
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 Smart’:  Sessions,  goals,  and  exercises.

d activities Time

ion and goals of the session 10 min

s about 10 common learning strategies
atch short video clips (30 s) about the 10 common learning
e by one. The videos show a student performing the strategy

 by a voice over explaining the strategy.
clip: plenary discussion on whether students use the strategy,

 they use this strategy or why not

20 min

ing 10 learning strategies into their effectiveness
 sorting, students categorize the 10 strategies in highly,
and not effective
y discussion, the program facilitator explains the effectiveness
pirical evidence, how much training is required to use the

 how to implement this strategy in problem-based learning

30 min

 difficulties
atch a video (6 min) about the importance of deliberate practice
g effort and time in order to become good at something (an
mmary of the book ‘Outliers’ by Malcom Gladwell)
n of the testing effect (Roediger & Karpicke, 2006) and the
tween experienced and actual learning (Nunez and Karpicke,

acilitator shows the graphs of these studies and explains the
t and the experienced-learning-vs-actual-learning paradox

15 min

 writing
rite (in about 300 words) about a memory when they (a) have
ething/developed a new skill through extended practice (e.g.
usic) or (b) changed their behavior or strategies after a long

d their writing with a take-home-message: What would they
elves if they had to do it again?
are and discuss their memories in groups of three
scuss how their memory relates to the challenge they face now
ffective learning strategies to succeed at university. How is that

 Think of desirable difficulties. What advice would you give

25 min

est
mplete a practice test consisting of seven open questions
g strategies, e.g. “For what type of study materials is
ractice useful? Why only for this material?”

rs are discussed plenary

15 min

 for following session: Take 1–3 pictures about how you study
out internal and external factors that influence your studying

5 min

ion and Photolog
e sharing their photologs with each other

15 min

Learning strategies and study motivation
e completing a questionnaire about their learning strategies
e the academic achievement questionnaire (Elliot &
001)

25 min
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Appendix  A:  Pilot-intervention  ‘Study

Session Goals Exercises an

Awareness Creating a good atmosphere
in the group

1. Introduct

Creating awareness about
different learning strategies
and own strategy use

2. Video clip
- Students w
strategies on
accompanied
- After each 

why and how
Creating awareness about the
differential effectiveness of
different strategies and how
to use effective learning
strategies

3. Categoriz
- Using card
moderately, 

- in a plenar
based on em
strategy and

Creating awareness about the
importance of ‘desirable
difficulties’ and that it is
difficult to accurately judge
one’s own learning

4. Desirable
- students w
and investin
animated su
- Presentatio
difference be
2015). The f
testing effec

Creating awareness about the
role of effort and difficulty in
developing a new
behavior/skill or changing
their behavior to prepare
students for changing their
learning strategies

5. Reflective
- Students w
learned som
sport, arts, m
time
- Students en
say to thems
- Students sh
- Students di
to develop e
comparable?
yourself?

Strengthening and recapping
the information taught in this
session

6. Practice t
- Students co
about learnin
interleaved p
- The answe

Becoming aware about own
learning strategies and study
routines

7. Photolog
- Homework
and think ab

Reflection Reflection on own learning
strategies

1. Introduct
- Students ar

Reflection on own learning
strategies, barriers and
facilitators, and study
motivation

2.  Exercise 

- Students ar
and complet
McGregor, 2

- Students calcula
can see their stron
- They compare th
strategies they are
ARNING STRATEGIES 199
te their score and receive a response sheet on which they
gest type of motivation
eir results with their neighbor and illustrate the learning

 using with the photolog
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Session Goals Exercises and activities Time

Becoming aware about how
to implement effective
learning strategies

3. Plenary discussion Learning strategies and study motivation
- Students share briefly their main finding of the questionnaire exercise and
presents the learning strategies they are using
- The program leader facilitates a discussion about how to put different
learning strategies into practice and gives examples on how to use effective
learning strategies in daily practice

30 min

Building a bridge from
intention to implementation
of effective learning strategies

4.  SMART goals
- Students formulate one individual learning goal according to the SMART
principle (specific, measurable, achievable, relevant, timebound) about
how to practice effective learning strategies in the upcoming period
- Students share their goals with their partner and get feedback on it by the
facilitator

20 min

Practice Motivating students to make
the promoted learning
strategies a sustainable part of
their learning behavior

1. Experiences until now and SMART goal
- Students share their experiences with the learning strategies until now in a
group discussion
- The facilitator asks the students if and how they have worked on their
SMART goal from the last session. The discussion is facilitated with
questions like “Did you already try out different learning strategies?”,
“What barriers do you experience in adopting new learning strategies?”

15 min

Practicing one effective and
one ineffective learning
strategy and experiencing the
‘experienced-learning-versus-
actual-learning’
paradox

2. (a) Practice Exercise I
- The group is divided in two. Group 1 studies the article “What works,
what doesn’t by Dunlosky et al. (2013) using practice-testing, group 2
studies the text using highlighting. Group 1 gets 30 min to read the text and
self-test themselves with provided propositions while group 2 reads the
texts and rereads while using highlighting.

30 min

(b) Practice Exercise II
- The two groups switch roles and study the article “Problem-based
learning: Future challenges for educational practice and research” by
Dolmans et al. (2005) with the other learning strategy

30 min

Practicing one effective and
one ineffective learning
strategy and experiencing the
‘experienced-learning-versus-
actual-learning’
paradox

3. Retention tests (actual learning) and judgments of learning
measures (experience of learning)
- Students are handed out potential exam questions on both articles and
answer the questions individually
- Students estimate their performance and note the grade they think they
will receive for their answers
- Students score their answer using a provided answer sheet
- Students share their judgments and actual grades
- The facilitator makes clear that the impact of practice testing can’t be
experienced within a 2-h session and that this exercise is more about
experiencing the effort while using a different learning strategies

30 min

4. Infographic and closure
- Program facilitator discusses resolutions to internalize and continue using

tegies
 strate

15 min
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Appendix  B.

Scenario descriptions (based on McCabe, 2011; Morehead
t al., 2016).

.1.  Scenario  1:  Testing  Versus  Rereading

In two different tutorial meetings, a 1000-word text passage
bout a specific topic is presented. In tutorial A, students first
tudy the passage for 10 min, and then are asked to write down
rom memory as much of the material from the text as they can.

In tutorial B, students first study the passage for 10 min, and

hen are asked to study the passage again for another 10 min.
fter one week, all students are asked to recall as much of the

ext as they can remember in a short-answer test.

(
i
t

 and hands out an infographic (a graphical summary of
gies) showing tips and pitfalls

.2.  Scenario  2:  Blocking  Versus  Interleaving

Two radiology professors present 6 X-ray images of 12 differ-
nt diseases (72 X-rays total). The professors want the students
o learn which X-ray belongs to which disease. Professor A
resents all six X-rays from one disease consecutively (i.e.,
rouped), and then moves on to the next disease and so on,
ntil all X-rays from all diseases have been presented. Professor

 presents the X-rays in an intermingled fashion (i.e., mixed),
uch that a single X-ray from one disease would be followed
y an X-ray from a different disease. At the end of the period
4 weeks later), students are tested whether they can correctly
dentify the X-rays (new X-rays which they have not studied) to
heir respective disease.
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.3.  Scenario  3:  Spacing  Versus  Cramming

Two students are studying for an open-answer exam in a
ourse in statistics, which will come up in one week. The stu-
ents have to learn and be able to apply five different statistical
ethods with a focus on correlation and regression. Student A

oes over all the material on each of the following seven days
nd spends 2 h each day studying the different statistical meth-
ds. Student B starts studying two days before the exam and
oes over all learning material for 7 h on Wednesday and 7 h on
hursday. Both students spend the same total amount of hours

14 h).

.4.  Scenario  4:  Rereading  Versus  Elaborative  Interroga-
ion

The exam in the course ‘Food for life’ will be a multiple-
hoice exam with 52 questions with 5 answer options. Each of
he five answer options can be true or false. In order to prepare
or the exam, student A reads the textbook and other course
aterials, and rereads the materials and notes from the course

arefully and with great attention. Student B reads the textbook
nd course materials once and after each paragraph, she asks her-
elf questions such as ‘Saliva must mix food to initiate digestion.

hy is this so?’. Both students study 1 h for this course in each
f the seven weeks before the exam.

.5.  Scenario  5:  Self-explanation  Versus  Mental  Imagery

For the next post-discussion in the tutorial meeting (problem-
ased learning step 7), students have to collect more information
nd learn about the human blood circulatory system.

Student A reads the textbook chapter and a summary about
he system. While reading, she explains the described processes
nd mechanisms to herself after each paragraph.

Student B reads the same textbook chapter and a summary
bout the system. While reading, he makes a mental image of the
rocesses and tries to visualize the processes and mechanisms.

.6.  Scenario  6:  Passive  Versus  Active  Summarization

In order to prepare for the next post-discussion session, stu-
ent A and B have to read several texts from a textbook-chapter
nd a few articles about the process of carbohydrate, fat and
rotein digestion transport. Student A makes a summary of the
extbook-chapter by rereading it very attentively and copying the

ost important facts from the chapter in a summary. Student B
akes a summary of the textbook-chapter by writing everything

own he remembers from initial reading and connects it to the
acts the tutorial group has discussed in the pre-discussion.

.7.  Scenario  7:  Rereading  Without  and  With  Highlighting

In order to prepare for the upcoming exam, student A reads
he summaries from the course. Student B reads the same sum-

aries, but also highlights and underlines the most important

arts in the texts. Both students invest the same amount of time to
repare for the exam. One week later, both students have to take
he exam, which consists of short-answer questions, where they

C

ARNING STRATEGIES 201

ave to combine and apply the information and content from the
ourse. Shortly before the exam, both students review the sum-
aries again. Student A reads the summary without highlights,

tudent B reads the highlighted and underlined summary.

Appendix  C.

Coding scheme for verbal elaborations on scenario 1 ‘Testing
ersus Rereading’ for four sample answers.

Sample answer (scenario 1) Code

(1) I think tutorial A is better for learning, because if
you write things down, you can better remember them.

0

(2) In tutorial A, the students had to recall the
information they read, so they actively thought about it.
In tutorial B, they only studied passively by reading,
which is less effective than recalling information.

1

(3) With writing down you ask yourself to reproduce
what you just read. Only study is in my opinion not
enough

0.5

(4) When you first study and then actively retrieve the
study material from your memory, you will remember
the study material better than just studying it twice.

1
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