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ABSTRACT

In educational theory, deep processing (i.e., connecting different study topics together) 
and self-regulation (i.e., taking control over one’s own learning process) are considered 
effective learning strategies. These learning strategies can be influenced by the learning 
environment. Problem-based learning (PBL), a student-centered educational method, is 
believed to stimulate the use of these effective learning strategies. Several aspects of PBL 
such as discussions of real-life problems, selecting literature by the students themselves, 
and formulating answers to learning issues encourage students’ use of deep processing 
and self-regulation. In the present study, third-year PBL law students were compared to 
third-year law students of a lecture-based program with respect to their learning strate-
gies, which were measured with the Inventory Learning Styles (ILS; Vermunt, 1998). In 
addition, the relation between time invested in self-study and learning strategies, when 
taking the instructional method into account, was explored. Results showed that PBL 
students reported to apply deep processing, self-regulation, and external regulation 
more frequently than their non-PBL counterparts. PBL seems to contribute to the use of 
effective learning strategies, but PBL students also relied more often on external sources 
for their regulation, such as teachers, course material, and assessment. 
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InTRoduCTIon

For students in higher education, self-study is always an important part of the study 
program. Self-study can be approached in two ways, quantitatively and qualitatively 
(Doumen, Broeckmans, & Masui, 2014). The quality of learning focuses on how students 
learn. More specifically, the strategies and activities that students apply during self-
study give an indication of the quality of their learning. The quantity, on the other hand, 
can be referred to as time investment. Some students spend more time on studying than 
others. 

Whether the time invested in learning plays an important role in academic success 
is still a point of debate (e.g., Doumen et al., 2014; Plant, Ericsson, Hill, & Asberg; 2005). 
However, there is clear evidence that learning strategies and activities are related to 
academic performance (Mega, Ronconi, & De Beni, 2014; Richardson, Abraham, & Bond, 
2012; Vermunt, 2005; Vermunt & Vermetten, 2004). In turn, learning strategies might be 
influenced by the learning environment, because some learning environments intend 
to encourage high quality learning (Mattick & Knight, 2007; Vermunt, 2007). Problem-
based learning (PBL), a student-centered educational method, can be considered as a 
learning environment that aims to stimulate effective learning. The present study will 
investigate whether PBL indeed stimulates effective learning strategies by comparing a 
PBL and a lecture-based environment with regard to students’ study processes. 

Learning Strategies

According to Vermunt (1998) learning strategies can be divided into cognitive process-
ing strategies and regulatory strategies. Processing strategies are thinking strategies 
that are needed in order to process the material to be learned (Vermunt, 1998; Vermunt 
& Vermetten, 2004). For instance, when students relate different study concepts to each 
other and link course material to their own experiences and real-life situations, they 
study in an effective way (Newble & Entwistle, 1986). These ways of learning lead to 
deep processing and result in a deep understanding of the study content. Less effective 
processing strategies are for example rehearsing learning material till it is memorized, 
as this results in only a poor or superficial understanding of the material. Therefore, 
processing strategies such as rehearsal and memorization are often labeled as surface 
or stepwise processing strategies (Newble & Entwistle, 1986; Vermunt, 1998). 

Regulatory strategies are strategies students use to regulate or control the processing 
strategies (Vermunt, 1998; Vermunt & Vermetten, 2004). These can be divided into self-
regulation in which students take control of their own learning process, and external 
regulation, which indicates that students rely on external sources for their regulation, 
such as teachers, course material, and assessment. Moreover, students can have limited 
abilities to control their own learning in combination with limited external regulation, 
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resulting in a third form of regulation processes; lack of regulation (Vermunt & Vermetten, 
2004). Being self-regulated is considered to be more effective than external regulation 
and lack of regulation, since students with self-regulated learning (SRL) skills are able to 
set goals, monitor, and motivate themselves to achieve those goals (English & Kitsantas, 
2013). 

Learning strategies of students can be influenced by the applied instructional educa-
tional method in the study program (Vermetten, Vermunt, & Lodewijks, 2002; Vermunt, 
2007). PBL is believed to foster the use of deep processing and self-regulation (Mattick & 
Knight, 2007) and therefore aims to stimulate high-quality learning. 

Problem-based Learning

PBL is a student-centered educational method that emphasizes collaboration on real-
istic problems under guidance of a tutor. The aim of PBL is both to enhance students’ 
intrinsic motivation and their knowledge construction (Barrows, 1986; Hmelo-Silver, 
2004; Loyens, Kirschner, & Paas, 2012; Norman & Schmidt, 1992). PBL stresses the impor-
tance of an active role of students in their learning process, meaning that students need 
to construct their own knowledge rather than passively receiving information (Barrows, 
1996; Hmelo-Silver, 2004). 

The process of PBL can be divided into the initial discussion phase, the self-study 
phase, and the reporting phase (Schmidt, 1983). In the initial discussion phase, students 
start the learning process by working in groups of ten to twelve on a realistic, ill-defined 
problem, which usually describes a situation that can occur in real life and elicits dis-
cussion in the group. Students receive the problem at the beginning of their learning 
process, before they have acquired any knowledge about the topic of the problem. They 
try to come up with explanations and possible solutions, based on their experiences and 
common sense and hence they activate their prior knowledge. The advantage of this 
prior knowledge activation is that new information can be connected to already existing 
knowledge, which is referred to as the process of elaboration (Schmidt, 1983). Elabora-
tion has shown to be beneficial in terms of knowledge retention (e.g., Dochy, Segers, 
Van den Bossche, & Gijbels, 2003). Because prior knowledge is limited, several aspects 
of the discussed problem stay unclear and students collaboratively formulate questions 
(i.e., learning issues) about the aspects of the problem that need further investigation 
and explanation. These learning issues guide students during their self-study period in 
which students individually select and study different literature resources in order to 
answer the learning issues. After a few days of self-study time, students come together 
for the reporting phase. In this phase the studied literature is discussed and the learning 
issues are answered in the group. The tutor, who is present during the initial discussion 
phase and the reporting phase, facilitates the learning process through encouragement 
of more in-depth thinking about the studied material, for example by asking students 
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to apply the discussed material to another realistic case (Hmelo-Silver, 2004; Loyens et 
al., 2012; Schmidt, 1983).

Problem-based learning’s Influence on Learning Strategies

Several aspects of PBL intend to stimulate students’ use of deep processing (e.g., Lycke, 
Grøttum, & Strømsø, 2006; Mattick & Knight, 2007; Schmidt, Dauphinee, & Patel, 1987; 
Van der Veken, Valcke, Muijtjens, de Measeneer, & Derese, 2008). In the initial discussion 
phase, students try to explain the given problem, based on their prior knowledge and 
experiences. During self-study and the reporting phase, students gather new knowledge 
about the topic of the problem. Deep processing is stimulated when students connect 
their existing knowledge and experiences to the newly learned knowledge (i.e., elabo-
ration). In addition, deep processing and concrete processing are stimulated because 
information is learned in the context of a realistic situation (i.e., the problem), which 
facilitates students to connect learned knowledge to practice. Further, in self-study, 
students should study multiple literature sources, and learn from their fellow students 
in the reporting phase. Therefore, they need to connect different sources and different 
learning concepts to each other in order to complete and understand the answers on 
the learning issues discussed during the reporting phase. Moreover, the role of the tutor 
is to stimulate this by asking in-depth questions. Hence, deep processing strategies, 
such as making connections between different learning concepts and linking these to 
practice, are stimulated in the PBL process. 

Despite these encouraging components of PBL, studies investigating the effects of 
PBL on deep processing showed mixed results (Loyens, Gijbels, Coertjens, & Côté, 2013; 
Dolmans, Loyens, Marcq, & Gijbels, 2015). Some studies demonstrated more deep pro-
cessing of PBL students and more surface processing by non-PBL students (e.g., Newble 
& Clarke, 1986), while other studies found no effects of PBL on deep learning (e.g., 
McParland, Noble, & Livingston, 2004). A recent review of Dolmans et al. (2015) indicates 
that in general, PBL seems to positively influence the use of deep processing in students, 
but that mixed results can partly be explained by the environmental characteristics in 
which the study takes place: A positive effect on deep learning is only present when 
it is investigated in a curriculum wide implementation of PBL instead of a one-course 
implementation (Dolmans et al., 2015). 

PBL also intends to stimulate self-regulated learning (English & Katsintas, 2013; Mat-
tick & Knight, 2007). Self-regulated learning is often confused with self-directed learning 
(Loyens, Magda, & Rikers, 2008), one of the goals of PBL (Barrows, 1986; Hmelo-Silver, 
2004; Loyens et al., 2012; Norman & Schmidt, 1992). Self-directed learning is to a certain 
degree similar to self-regulated learning (e.g., active engagement of students), however 
not identical. While self-regulation can be seen as a learner characteristic only, self-
directed learning is assumed to be both a learner characteristic as well as a learning 
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environment characteristic (Loyens et al., 2008). PBL can be considered a self-directed 
educational method that stimulates both self-directed learning and self-regulation in 
students (for an extended description on self-directed learning and self-regulation we 
refer to Loyens et al., 2008). Several elements of PBL, which are outlined below, contrib-
ute to the stimulation of self-regulation. 

Students in PBL need to select the literature themselves to address the learning issues. 
This literature search results in a certain degree of freedom to find answers for the learn-
ing issues that have been formulated in the group. Further, PBL fosters self-regulated 
activities, such as monitoring, planning, and self-evaluation. Students need to prepare 
themselves for every tutorial meeting, and therefore monitor and carefully plan their 
self-study time each week. After the reporting phase students should evaluate whether 
the formulated answers to the learning issues in the group were satisfying. If not, they 
can decide to study additional literature. Moreover, as the tutor only facilitates the pro-
cess (e.g., asking in-depth questions instead of providing information), students need 
to take responsibility for their own learning themselves, which stimulates them to be 
self-regulated (English & Katsintas, 2013). 

Previous studies attempted to investigate the influence of PBL on learning strategies. 
Lycke et al. (2006) compared medical university students of a PBL program to students of 
a traditional educational program on their regulation strategies. It was shown that PBL 
students reported more use of self-regulation and made more use of independent re-
sources, such as textbooks. No differences on external regulation were found. In a study 
of Van der Veken et al., (2008) medical university students of a PBL cohort were also 
compared to students of a traditional, lecture-based cohort and it was found that PBL 
students reported less use of surface processing (i.e., memorizing and rehearsal) and 
more use of self-regulation compared to their non-PBL counterparts. No difference on 
external regulation was found, in line with Lycke et al. (2006). Galand, Raucent, and Frenay 
(2010) compared two cohorts of students in engineering education (i.e., traditional vs. 
PBL cohort) and also found PBL students to report more use of deep processing, less use 
of surface processing, and more self-regulated learning (i.e., monitoring, supervision). 
However, a study by Nijhuis, Segers, and Gijselaers (2005) found that after redesigning 
an International Business Studies course in line with PBL characteristics, students used 
less deep learning and more surface learning, which is contrary to previous findings. 
In similar vein, mixed findings with regard to PBL effects on processing strategies were 
discussed before (Dolmans et al., 2015; Loyens et al., 2013). 

A possible explanation for these mixed results on learning strategies is the difference 
in academic disciplines in which these studies took place (i.e., medical education in 
Lycke et al., 2006; engineering education in Galand et al., 2010; International Business 
education in Nijhuis et al., 2005). This is supported by a study of Dahlgren and Dahlgren 
(2002) in which it is shown that students in different academic disciplines (i.e., psychol-
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ogy, physiotherapy, and computer engineering) experience their study programs in PBL 
in different ways. In order to get a clearer image of the impact of PBL on students’ learn-
ing strategies, it is important to study the role of PBL in different disciplines, so results 
can be generalized and more clarity on its effects can be obtained (Galand et al., 2010). 
The present study will therefore focus on PBL and learning strategies among Dutch law 
students, as to our knowledge, learning strategies in PBL are not studied in law educa-
tion before. The present study aims to shed light on the role of PBL in fostering effective 
learning strategies, given the mixed findings of previous studies. Our first research ques-
tion is: What are the main differences between students in a PBL and a lecture-based 
program on their learning strategies (i.e., processing and regulatory strategies)? 

The Relation between Self-study Time and Learning Strategies

Whether time spent on studying alone predicts academic achievement is uncertain, but 
rather learning strategies matter with regards to understanding and achievement (Dou-
men et al., 2014; Plant et al., 2005). However, it can be argued that there is a relationship 
between study time and learning strategies. 

Several studies investigated this relationship. It has been demonstrated that univer-
sity students who apply self-regulation, need less study time, because they know how 
to spend their time more efficiently (Van den Hurk, 2006). Further, Kember, Jamieson, 
Pomfret, and Wong (1995) indicated that engineering students’ use of surface processing 
was positively correlated with study time. A possible explanation for this finding is that 
students who use surface processing face difficulties distinguishing between relevant 
(e.g., underlying principles) and irrelevant (e.g., side issues) information and therefore 
try to memorize all information, resulting in longer self-study time (Kember et al., 1995). 
Kember et al. (1995) and Van den Hurk (2006) demonstrated that students need more 
time when they study in an ineffective way. On the other hand, Wilkonson, Wells, and 
Bushnell (2007) showed that medical university students who invested much time in 
studying also reported more use of deep processing, indicating a positive relationship 
between time spent on studying and an effective learning strategy (i.e., deep process-
ing). An explanation for this finding is that applying deep processing during study, such 
as finding connections between different study topics, results in longer study time. In 
short, studies that investigated the relation between study time and learning strategies 
show mixed results. 

These contradictions show that the relationship between time spent on study and 
learning strategies is unclear. It can be, however, that this relation is influenced by anoth-
er factor, specifically the implemented instructional method. PBL attempts to stimulate 
students’ use of effective learning strategies, such as deep learning and self-regulation 
(Mattick & Knight, 2007), which could influence the relation between time spent on 
study and applied learning strategies. Moreover, time available for self-study could also 
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differ between instructional methods (Schmidt et al., 2010). When too much contact 
hours are available in a program, there will be less time available for self-study. Taking 
the instructional method into account as a moderator variable when investigating the 
relationship between study time and learning strategies might provide more informa-
tion on this relation. The second research question is therefore: How are self-study time 
and learning strategies related to each other, when taking the learning environment (i.e. 
PBL vs. lecture-based) into account as moderator? 

The Present Study

The present study focused on the difference in learning strategies between students of 
a PBL and a lecture-based program. It was hypothesized that PBL students would show 
more deep processing and self-regulation, because PBL is assumed to stimulate the use 
of deep processing (e.g., encouraging students to connect different study topics) and 
self-regulation (e.g., students need to monitor their study time carefully). Moreover, the 
relation between learning strategies and time spent on study is not clearly defined and 
yet the current study will explore this relation when taking the educational method into 
account as moderator variable. 

The present study also addresses a different academic discipline. Previous studies 
focusing on PBL and learning strategies were conducted in medical education (Lycke 
et al., 2006; Van der Veken et al., 2008), engineering education (Galand et al., 2010), and 
business education (Nijhuis et al., 2005). PBL appears to have different outcomes in dif-
ferent academic areas (Dahlgren & Dahlgren, 2002), which can explain mixed findings 
concerning PBL effects on learning strategies. Since learning strategies were, to our 
knowledge, not investigated in law education before, the present study took place in a 
Dutch law program.

MeThod

Learning environment 

The educational program of the Erasmus School of Law, in which the current study took 
place, consists of a three-year Bachelor’s program and a one-year master program. At 
the start of the academic year in September 2012, a PBL curriculum was implemented. 
Students who enrolled in the Erasmus School of Law before September 2012 were not 
taught according the principles of PBL, but in a traditional, lecture-based way. In this 
lecture-based program, the academic year consisted of four eight-week periods with a 
total of eight courses. During each period, two courses were offered parallel and each 
week multiple lectures were provided. Some courses offered a weekly workgroup, 
where a teacher discussed a particular law case. The number of contact hours were ap-
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proximately twelve hours per week. Four exam weeks took place during the academic 
year, in which the students were assessed on their knowledge and skills. 

In the new PBL program, a total of eight courses are offered sequentially within one 
academic year, each lasting five weeks and all ending with a written examination. In 
PBL, the focus lies on tutorial meetings that occur twice a week. In these meetings, the 
initial discussion phase (i.e., collaborative discussion of a realistic problem prior to self-
study) and the reporting phase of the previous problem (i.e., discussion of the studied 
literature) take place and students have sufficient time for self-study in between these 
meetings. Lectures (i.e., one or two each week) and practical courses are offered next to 
the tutorial meetings and serve the purpose of extending students’ understanding of 
course material (i.e., lectures) and teaching students how to apply the learned material 
in real-life law cases (i.e., practical courses). The number of contact hours are approxi-
mately eight hours per week. The current study was conducted within one program, to 
control for particular variables such as course content and teaching faculty. 

design and participants 

Third-year Dutch law students of a lecture-based program and a PBL program partici-
pated in this study. Students of the lecture-based cohort enrolled in their first year of the 
study program Dutch law in September 2011, a year before the switch to PBL. Students 
of the PBL cohort registered their first year of Dutch law in September 2012, after the 
switch. At the time of participating in this study, all students had entered their third year 
of the Bachelor’s program. 

A total of 338 students participated voluntarily. In the PBL group, 158 third-year Dutch 
law students (36% males) participated. Mean age was 21.54 years (SD = 1.82). Partici-
pants of the lecture-based group were 180 third-year Dutch law students (38% males) 
with a mean age of 22.49 years (SD = 2.60). The participants were quite representative 
for the total number of third-year students. Around 80% of the lecture-based students 
and around 70% of the PBL students in the third year participated. 

Students of the lecture-based group were significantly older than students of the PBL 
group, t(336) = 3.84, p < .001. This age difference can be explained by a higher number 
of students in the lecture-based group with a study delay (70% compared to 30% of 
the PBL students), and therefore a higher age. No differences in gender between both 
groups were present, χ²(1) = .16, p = .689. The gender distribution (i.e., percentage male 
and female) in both groups is common for law study programs in higher education in 
the Netherlands (Central Bureau for Statistics, 2014). 
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Material

Learning Strategies
The first part of the Inventory Learning Styles (ILS; Vermunt, 1998) was used to measure 
students’ learning strategies (i.e., processing strategies and regulatory strategies). The ILS 
is a self-report questionnaire in which students rate statements on a scale of 1 (“I never 
or hardly do this”) to 5 (“I (almost) always do this”). Items regarding processing strategies 
are distinguished in: a) deep processing, which focus on relating topics, structuring, and 
critical processing, b) stepwise processing, in which the use of memorization, rehearsal, 
and analyzing is measured, and c) concrete processing, which measures whether learn-
ing material is concretized and personalized by the student. Further, items on regulatory 
processes are divided into d) self-regulation, which measures to what degree students 
control their own learning process, e) external regulation, which measures to what de-
gree students depend on external resources (e.g., a teacher) for steering and controlling 
their learning process, and f ) lack of regulation, which measures the inability of students 
to regulate the learning process. In total, the questionnaire contained 55 items. Table 
4.1 provides an overview of the subscales with example items of the ILS and Cronbach’s 
alphas for each subscale. The Cronbach’s alphas can be considered acceptable, with the 
exception of the scale “external regulation” (α = .64), which has a rather low reliability. 
Results on the scale external regulation should therefore be interpreted with caution. 

Self-study time 
Students were asked to give an estimation of their weekly time investment on self-study 
(in hours) prior to the ILS, by asking the question: “How many hours, on average, do you 
spend each week on self-study?” Previous research has showed that there is a strong 

Table 4.1. Example items and Cronbach’s alphas of each subscale of the learning strategies in the ILS

Learning 
strategy

Subscale Example item Cronbach’s 
alpha

Processing Deep processing 
(n = 11)

“I try to combine separately discussed concepts to a 
whole”

.82

Stepwise 
processing (n = 11)

“I rehearse important topics of the learning material till I 
memorize them”

.79

Concrete 
processing (n = 5)

“I use what I learn on a course in my activities outside the 
study”

.72

Regulation Self-regulation
(n = 11)

“When I’m having difficulties with parts of the course 
material, I try to analyze why it is hard for me”

.80

External regulation 
(n = 11)

“I study according to the instructions provided by course 
materials or the teacher”

.64

Lack of regulation 
(n = 6)

“I confirm that I find it difficult to determine whether or 
not I sufficiently mastered the course material”

.75
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connection between self-reported study time and actual time spent on study in PBL 
(Moust, 1993). 

Procedure 

In both groups, the teacher (i.e., in the traditional, lecture-based cohort) or tutor (i.e., 
in the PBL cohort) handed out the questionnaire on paper to students during a regular 
study week and students took about 15 minutes to fill it out. Students of the lecture-
based cohort participated in the current study during the given course of the third 
academic year in January 2014. The course at the time was called ‘moot court’, in which 
students learn to plea in front of a judge. Students of the PBL cohort participated in 
the current study exactly one year later, in January 2015, when they were in their third 
academic year. Students of this cohort were enrolled in the course ‘criminal law’ at the 
time of the study. All students were instructed to report on their learning strategies and 
self-study time in general, not in the specific course given at the time. 

Statistical Analyses

In order to compare students of both learning environments on their learning strategies, 
a MANOVA was conducted with educational method as between-subjects factor (i.e., PBL 
vs. lecture-based) and scores on the three subscales of processing strategies (i.e., deep, 
surface, and concrete processing) and the three regulatory strategies (i.e., self, external, 
and lack of regulation) as dependent variables. In order to study the influence of the 
learning environment on the relation between learning strategies and self-study time, 
moderation analyses were conducted with PROCESS (Hayes, 2012). Self-study time and 
educational method (i.e., PBL group vs. lecture-based group) served as predictors, and 
scores on the ILS subscales as outcome variables. Instructional method was considered 
a moderator variable and a moderation effect was present when an interaction effect 
between self-study time and instructional method appeared for the different subscales 
(Field, 2013). When an interaction effect is present, the relation between self-study time 
and the scores on learning strategies is different in both learning environments, indicat-
ing a moderator effect. 

ReSuLTS

differences between PBL Students and Students of a Lecture-based 
environment on Learning Strategies

Prior to the analyses, two univariate outliers were excluded (i.e., values 2.58 SD above 
the mean), resulting in a total number of 336 participants. Mean item scores on the 
processing and regulation strategies and self-study time for participants of both groups 
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are given in Table 4.2. At first sight, scores between the two groups did not seem to 
differ much. Self-study time did not differ between both groups t(323) = .90, p = .371. 
Further, the PBL students seem to report a higher score on deep processing, stepwise 
processing, self-regulation, and external regulation. In order to say more about these 
differences and hence answer our first research question, a MANOVA with follow-up 
ANOVAs were conducted. 

The MANOVA showed a significant effect of instructional method, Pillai’s trace V = .06, 
F(6, 329) = 3.27, p = .005, ηp² = .06. Separate univariate ANOVAs on the ILS subscales were 
conducted. Effect sizes were expressed in eta squared (i.e., η²). Effect sizes of .01, .06, 
and .14 indicate small, mediate, and large effect respectively. The ANOVAs showed that 
students in the PBL group more frequently applied deep processing, F(1, 334) = 4.15, p = 
.042, η² = .01, self-regulation, F(1, 334) = 7.41, p = .007, η² = .02, and external regulation, 
F(1, 334) = 7.39, p = .007, η² = .02, compared to students in the lecture-based group. No 
differences between groups were found on stepwise processing, concrete processing, 
and lack of regulation, respectively F(1, 334) = 1.42, p = .054, η² = .01; F(1, 334) = .27, p = 
.820, η² = .00; F(1, 334) = .64, p = .285, η² = .00.

Influence of the Learning environment on the Relation between Learning 
Strategies and Self-Study Time

Self-study time appeared positively skewed (skewness = 1.27, SE = .14, kurtosis = 2.72, 
SE = .27), and therefore a square root transformation on the self-study time data was 
performed. This transformation resolved the issues of skewness and kurtosis (skewness 
= .24, SE = .14, kurtosis = .51, SE = .27). As a result of missing values on self-study time, 
the total number of participants in these analyses became 327. Table 4.3 gives a cor-
relation matrix with correlations between all subscales of the ILS and transformed self-

Table 4.2. Mean item scores on all subscales of the ILS and self-study time for both groups (SD in paren-
theses)

Condition

PBL Lecture-based

Processing strategies Deep processing 3.03 (.59) 2.89 (.67)

Stepwise processing 3.03 (.60) 2.90 (.62)

Concrete processing 2.91 (.71) 2.93 (.74)

Regulation strategies Self-regulation 2.62 (.60) 2.43 (.66)

External regulation 3.23 (.49) 3.08 (.50)

Lack of regulation 2.36 (.73) 2.45 (.77)

Self-study time 11.99 (6.09) 12.68 (7.44)

Note. Scores on all subscales could range from 1 to 5.
Self-study time score is displayed in hours. The range of the reported number of self-study hours per week 
varied between 0 and 50.
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study time. The correlations remarkably show that almost all subscales were positively 
and significantly related to each other and to study time. Deep processing, concrete 
processing, and self-regulation were highly correlated to each other, as well as stepwise 
processing and external regulation. 

In order to answer the second research question, moderation analyses were per-
formed. PROCESS (Hayes, 2012) was used for the moderation analyses, with instructional 
type (i.e., PBL vs. lecture-based) as moderator, self-study time as predictor, and the mean 
scores on the subscales of the ILS as dependent variables. Table 4.4 presents the results 
of the moderation analyses. For all subscales of the ILS, the main effect of instructional 
type, the main effect of self-study time, and the interaction between instructional type 
and self-study (i.e., moderation effect) are given. Self-study time appeared to be a sig-
nificant predictor for scores on all subscales. There was a positive relation between self-
study time and all types of processing strategies and regulatory strategies (Table 4.4). 

A moderation effect was present when an interaction effect between self-study 
time and instructional method appeared. With regard to the processing strategies, no 
interaction effects between the transformed self-study data and instructional methods 
showed up for any of the processing strategies, deep processing (t(323) = -1.00, p = 
.319); surface processing (t(323) = -.18, p = .860); concrete processing (t(323) = -.76, p = 
.448), indicating that instructional method cannot be considered a moderation variable 
in the relation between self-study time and the processing strategies. For the regulatory 
strategies, no interaction effects appeared for self-regulation and lack of regulation, 
respectively t(323) = -.55, p = .583; t(323) = .06, p = .954. However, an interaction effect 
between the transformed self-study time data and instructional method was found for 
external regulation strategies, t(323) = 2.19, p = .030, demonstrating that instructional 
method moderates the relationship between time spent on self-study and external 
regulation. To follow up this interaction, simple slopes were investigated, showing that 
the relation between self-study time and external regulation is positive for PBL students, 

Table 4.3. Pearson correlations between subscales of the Inventory Learning Styles (ILS) and transformed 
self-study time. 

1 2 3 4 5 6

1. Deep processing

2. Stepwise processing .27*

3. Concrete processing .59* .23*

4. Self-regulation .70* .44* .56*

5. External regulation .30* .50* .20* .35*

6. Lack of regulation .07 .27* .27* .27* .16*

7. Self-study time .19* .24* .19* .26* .19* .62*

Note. * = p < .001
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(b = .17, SE(b) = .04, t = 4.15, p < .001), but this relation is non-existing for students in the 
lecture-based group (b = .04, SE(b) = .04, t = .89, p = .373). 

dISCuSSIon

The current study investigated the differences between students of PBL, a learning 
environment that aims to stimulate deep processing and self-regulation, and students 
of a lecture-based program on their study strategies. Dutch law students of a PBL 
program were compared to students of a traditional, lecture-based program on their 
self-reported use of processing (i.e., deep, stepwise, and concrete processing) and 
regulatory strategies (i.e., self-regulation, external regulation, and lack of regulation). It 
was hypothesized that PBL students would report more use of deep processing and self-
regulation. In line with these expectations, PBL students reported more deep processing 
and self-regulation. In addition, more external regulation was reported by PBL students. 

Table 4.4. Multiple regression analyses with self-study time, instructional type and their interaction (i.e., 
moderation effect) for all subscales of the Inventory Learning Styles (ILS) 

Learning strategy Effect b (SE) t

Deep processing Self-study time .11 (.03) 3.29*

Instructional type .13 (.07) 1.88

Self-study time x Instructional type -.06 (.07) -.99

Stepwise processing Self-study time .14 (.07) 3.95**

Instructional type .14 (.07) 2.10*

Self-study time x Instructional type -.01 (.07) -.18

Concrete processing Self-study time .13 (.04) 2.93*

Instructional type -.02 (.08) -.26

Self-study time x Instructional type -.07 (.09) -.76

Self-regulation Self-study time .16 (.04) 4.51**

Instructional type .20 (.07) 2.88*

Self-study time x Instructional type -.04 (.07) -.55

External regulation Self-study time .01 (.03) 3.39**

Instructional type .15 (.05) 2.75*

Self-study time x Instructional type .13 (.06) 2.19*

Lack of regulation Self-study time .12 (.05) 2.58*

Instructional type -.07 (.08) -.88

Self-study time x Instructional type -.01 (.09) -.06

Note. * = p < .05; ** = p < .001
R2 deep processing = .05; R2 stepwise processing = .07; R2 concrete processing = .04; R2 self-regulation = .09; 
R2 external regulation = .07; R2 lack of regulation = .03
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PBL and Learning Strategies

With regard to the processing strategies, PBL students reported more frequent use of 
deep processing compared to their non-PBL counterparts. An explanation lies in spe-
cific characteristics of PBL, which aim to foster deep learning (e.g., Mattick & Knight, 
2007; Schmidt et al., 1987). In a PBL curriculum, students collaboratively discuss a 
problem, formulate learning issues about the problem, select literature by themselves, 
and discuss their findings while addressing the learning issues in the reporting phase 
under guidance of a tutor. PBL students are required to relate different study topics in 
order to formulate a complete and coherent answer to the learning issues. Moreover, 
tutors ask students in-depth questions during the initial discussion and the reporting 
phase, making that students elaborate more on the material. While previous studies 
indicated mixed results on the influence of PBL on deep learning (e.g., Loyens et al., 
2013), this study found a beneficial outcome of PBL on deep processing. This finding is 
furthermore in line with outcomes of the review of Dolmans et al. (2015), indicating that 
PBL positively effects the use of deep processing, especially when it is investigated in a 
curriculum-wide PBL implementation, as is the case in the present study. 

No difference between students of the PBL and the traditional, lecture-based cohort 
was found with respect to reported stepwise processing, which is inconsistent with find-
ings of Galand et al. (2010) and Van der Veken et al. (2008). Yet, considering the mean 
scores on stepwise processing, PBL students seem to report higher use of stepwise 
processing compared to the students in the lecture program (respectively, M = 3.03 and 
M = 2.90). Although not statistically significant in this study, these results are in line with 
findings of Nijhuis et al. (2005) and Struyven, Dochy, Janssens, and Gielen, (2006), which 
showed higher scores of PBL students on surface learning. Several explanations for this 
finding can be put forward. 

First, the exams used in both curricula could offer an explanation (Baeten, Kyndt, 
Struyven, & Dochy, 2010; Vermunt, 2005). Considering the frequent use of stepwise pro-
cessing in both cohorts, it might be that exams used in the curricula under study did not 
always require deep processing in order to receive a sufficient grade, but could be (at 
least partly) be managed with stepwise processing strategies. This explanation is sup-
ported by findings of Vermunt (2005), in which a relation was demonstrated between 
the reported use of stepwise processing in (non-PBL) law students and succeeding 
exams. Further, the use of deep and surface learning differs between disciplines of study 
(Baeten et al., 2010; Vermunt, 2005), which can explain differences with previous studies. 
In a study by Vermunt (2005) law students reported more use of rehearsal and memo-
rization techniques (i.e. stepwise processing) compared to students of other disciplines 
(e.g., psychology and art students). 

A final explanation is that a comparison was made between a final cohort of students 
in a lecture-based, traditional cohort and a first PBL cohort. Problems regarding imple-
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mentation are likely to arise in a first cohort, as everything is new to both students and 
academic staff. These problems could possibly influence the found results. The transition 
to PBL is a major change for the faculty and staff, and this comes with difficulty, such as 
teachers experiencing trouble switching from a leading role to a guiding role (Stinson & 
Milter, 1996). Moreover, poor implementation can lead to suboptimal tutorial meetings 
and tutor behavior (Dolmans, De Grave, Wolfhagen, & Van der Vleuten, 2005). Issues in 
the PBL cohort could be an explanation for the lack of differences in stepwise processing 
and even a higher reported use for PBL students. If, for example, tutors act insufficiently 
(i.e., too directive or too passive) this can have an influence on students’ learning strate-
gies. 

With regard to regulatory strategies, the present study showed that PBL students 
reported more self-regulation. This finding can be explained by elements of PBL that en-
courage self-regulation in students, such as selection of literature by themselves, stimu-
lation of students to plan their self-study time carefully because of required preparation 
for every tutorial meeting, and self-evaluation of formulated answers on the learning 
issues after the reporting phase (English & Katsintas, 2013; Mattick & Knight, 2007). 

Results further indicated that PBL students were more externally regulated compared 
to students of the lecture-based group, which means for regulation of the processing 
strategies, PBL students depend more often on external sources such as the tutor, 
teacher, course material, and assessments. This finding contradicts to findings of earlier 
studies (i.e., Lycke et al., 2006; Van der Veken et al., 2008) in which no effect of PBL on 
external regulation was found. However, high amounts of external regulation are not 
that surprising in a PBL curriculum. There are several external factors that could influ-
ence students, such as comments of the tutor, fellow students in the tutorial group, and 
the required preparation every tutorial meeting. The fact that the present study was 
conducted in a first cohort after implementation (e.g., Dolmans et al., 2005; Stinson & 
Milter, 1996) could also apply for findings on external regulation. For example, when 
tutors are new to PBL, they might provide too directive guiding, making students de-
pend too much on them. It should, however, be noted that the reliability of the subscale 
“external regulation” turned out rather low (α = .64) and findings on this subscale should 
therefore be interpreted with caution.

In sum, results showed positive associations between PBL and deep processing, self-
regulation, and external regulation. Results were statistically significant, but all had small 
effect sizes (respectively, η² = .01, η² = .02, η² = .02). These effect sizes can be explained 
by previous studies, highlighting that students’ applied learning strategies depend on 
both the environment as on the individual. This means that learning strategies are vul-
nerable to change, but are also stable to a certain degree (Richardson, 2011a; Vermunt 
& Vermetten, 2004; Vermetten, Vermunt, & Lodewijks, 1999), which will result in only a 
small impact, as is the case in the present study. The effect sizes indicate that in practice, 
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PBL students will be quite similar in their applied learning strategies than students of 
the traditional, lecture-based program. However, the present study also demonstrated 
that PBL influences students’ learning strategies. 

PBL effects on the Relation between Self-study Time and Learning Strategies 

Findings on how the relationship between time investment and learning strategies is 
defined were inconclusive (e.g. Kember et al., 1995; Wilkonson et al., 2007). Therefore, 
the current study investigated the relationships between time spent on self-study and 
the different types of processing and regulatory strategies, with instructional method 
(i.e., PBL vs. lecture-based) as moderator variable. 

Results of the moderation analyses showed a positive relationship between self-study 
time and all scales of the ILS, meaning that an increase in self-study time is related to an 
increase in any kind of learning strategy (regardless of the applied instructional method). 
This finding was surprising, since a distinction between effective and ineffective learners 
seemed logic and was demonstrated in earlier studies (Kember et al., 1995; Wilkonson 
et al., 2007). After taking the instructional method into account as a moderator variable, 
results showed only a moderator effect on the scale external regulation, which indicated 
that an increase in external regulation goes together with an increase in self-study time 
for PBL students, but this relation is non-existing for students in the lecture-based 
cohort. Apparently, when PBL students consider directions from external sources (e.g., 
teacher, course material), they spend more time on studying. This result is in line with 
the study of Kember et al., (1995), which indicated a positive relation between self-study 
time and surface learning. Surface learning and external regulation are both considered 
undesirable learning outcomes and this study showed a positive relationship between 
time invested in study and undesirable learning strategies for PBL students. However, 
as mentioned before, the reliability of this scale turned out rather low and these find-
ings should therefore be interpreted with caution. In general, one could argue that the 
relationship between study time and learning strategies is stable in different learning 
settings. 

LIMITATIonS And ReCoMMendATIonS foR fuTuRe ReSeARCh

As with any study, the present study has some limitations. The present study made use 
of the ILS, a self-reported questionnaire, in order to measure processing and regulatory 
strategies. This can be considered a limitation on the one hand, because actual learning 
behavior is not measured. Nevertheless, self-reports for investigating learning activities 
are probably the most accurate way to measure, because these activities are mostly 
internal processes. Further, the method of how self-study time was measured yields 
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some disadvantages and might offer an explanation for the findings of the moderation 
analyses. Students were asked to give an overall estimation of their time investment in 
self-study, which applied to the study program in general. This time estimation was very 
broad. Future research could perhaps obtain time investment on multiple occasions for 
a more accurate result. Still, it was assumed that third-year students were able to provide 
an accurate estimation of their time investment, because they had three years of experi-
ence with studying and planning self-study at the time the current study took place. 

Further, students of the two cohorts under study were not pre-tested on their learning 
strategies when they entered university. Hence, it is still somewhat uncertain whether 
the found differences can be ascribed to the difference in learning environment, be-
cause it is unsure whether the student groups differed on how they learned beforehand. 
However we have no reason to believe that both student cohorts were significantly 
different in this respect. A final limitation is that students’ perceptions on the learning 
environment were not taken into account. Previous studies indicate the importance of 
perceptions of the learning environment on students’ use of learning strategies (Baeten 
et al., 2010; Galand et al., 2010; Struyven et al., 2006). At this point it is unclear whether 
students’ perceptions of the environment are in line with the principles of PBL (i.e., 
student-centered). Further research is recommended to take students’ perceptions into 
consideration when investigating the influence of learning environment on students 
learning strategies. 

ConCLuSIonS

The present study compared students of a PBL and a traditional, lecture-based curricu-
lum on their self-reported learning strategies in Dutch law. Results showed that the use 
of deep processing and self-regulation, which are fostered in PBL, are more frequently 
reported by PBL students. Students selecting literature themselves, formulating coher-
ent and complete answers to learning issues, and self-evaluating these answers, are 
beneficial aspects in PBL for applying effective learning strategies. External regulation is 
also reported more frequently by PBL students compared to students of the traditional, 
lecture-based program, which indicates that, besides self-regulation, students rely on 
external factors in PBL (e.g., tutor, fellow students). This study was conducted in Dutch 
law education, as to our knowledge, learning strategies in PBL were not investigated 
with law students before. In order to generalize results and get a clearer image on PBL 
effects, PBL influences on learning strategies should be investigated in different aca-
demic areas. The current study contributed to this by focusing on law education.
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