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Abstract: In the undergraduate Pharmacy program at the department of Pharmaceutical Sciences,
Utrecht University, an educational model is used that is aimed at the development of deep and
self-regulating learning. It is, however, unknown whether these objectives are realized. The aim
of this study was to assess longitudinal changes in processing and regulation strategies of student
learning during their progression in the curriculum, that is explicitly based on constructivist principles.
Processing strategies (deep vs. stepwise), regulation strategies (self- vs. external), conceptions of
learning and orientations to learning were measured with the Inventory of Learning patterns of
Students (ILS). Longitudinal data are reported here for students, of which data are available for year
1/2 and year 4/5 (n = 90). The results demonstrate that the use of deep processing (critical thinking
in particular, effect size = 0.94), stepwise processing (analyzing in particular, effect size = 0.55) and
concrete processing strategies (effect size = 0.78) increases between the bachelor phase (year 1/2)
and the master phase (year 4/5). This change is based on the students having a constructivist
view about the nature of learning and is mediated through a relatively large increase in the use of
self-regulating strategies (effect size = 0.75). We conclude that this six-year undergraduate Pharmacy
program effectively stimulates the development of deep and self-regulated learning strategies in
pharmacy students.

Keywords: learning approaches; deep approach; self-regulated learning; constructivist curriculum;
longitudinal changes

1. Introduction

Pharmacy education, similar to other health care education programs, ultimately aims for
the development of a reflective, self-directed practitioner that is committed to life-long learning,
is well embedded in a professional environment, and who can bear independent responsibility for
pharmaceutical patient care [1,2]. In order to become a ‘reflective practitioner’, students need to adopt
deep, reflective learning approaches [3,4], which requires making a transition from dualistic ways of
thinking to contextual relativistic reasoning [5] (reviewed by [6–8]).

In higher education, the epistemic cognitive development of students from dualism to contextual
relativism typically occurs during the progression of students in undergraduate education [5], with the
crucial transition to early contextual relativistic thinking at the advanced bachelor or early master
level [9–11]. Developmental trajectories for individual students can be very different from each
other, resulting in large inter-individual variation [9,10] and recent studies have demonstrated that
characteristics of the teaching/learning environment, including the role of teachers, can influence the
development of student thinking [12–14].
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It is often stated that study programs, which are designed on constructivist principles, are effective
in stimulating the cognitive development of students from dualism to contextual relativism [3,15] and
an early empirical study by Muis and Duffy [12] suggests that this is indeed happening. In recent
studies, where conventional, lecture-based, teacher-centered medical curricula were compared with
more innovative, problem-based and/or integrated, student-centered curricula, it was demonstrated
that deep learning and self-regulation processes are stimulated in the innovative curricula, compared to
the conventional curricula [16–18]. The crucial idea of a constructivist curriculum is that knowledge is
built by the students themselves using a deep, reflective learning process and that the teaching/learning
environment accommodates, guides or ‘forces’ students along this pathway [19,20]. An analysis by
Alt [21] identified eight essential elements of a social constructivist curriculum (Table 1), which nicely
illustrates the importance of deep, reflective learning by the students in a teaching/learning environment
where mutual interaction among students and between students and teachers is deemed important
(see also [20]). Only a carefully designed teaching/learning environment can accommodate or facilitate
deep learning and the cognitive development of students in an optimal way [22].

Table 1. Characteristic elements of a constructivist curriculum (after Alt [21]).

1. Knowledge construction. This element describes multiple opportunities given to students to investigate real
problems, raise questions and search for possible explanations while using various methodological approaches.

2. In-depth learning. This category pertains to the extent to which students are given opportunities to deeply
explore a certain subject matter, rather than engaging them in surface learning.

3. Authenticity. This element deals with giving relevant meaning to the learned concepts and addressing real-life
and interesting events, which are related to the studied topic.

4. Multiple perspectives. This category refers to presenting complex ideas from several points of view.

5. Prior knowledge. This element primarily deals with connecting the subject materials in individual courses to
other course topics.

6. Teacher-student interaction. This element refers to the teacher role, which includes guidance toward reflection on
learning processes.

7. Cooperative dialogue. This element refers to dialogical activities during the lesson, in which students can express
opinions and original ideas.

8. Social interaction. This element includes a variety of learning activities with other students, not necessarily
during a lesson.

The cognitive development of pharmacy students has been studied in a limited number of
cases. An early longitudinal study in the Finnish context [23] confirmed that a surface approach to
learning and external regulation of learning by students correlated with having dualistic epistemic
beliefs and with the belief that learning equates to intake of knowledge (summarized as reproduction
orientation or surface learning). On the other hand, a deep approach to learning and self-regulation
of learning correlated with having a constructivist view of the nature of learning (summarized as
meaning orientation or deep learning). During the three years of this program, reproduction orientation
decreased (effect size = 0.68), but meaning orientation did not increase in a statistically significant
way. Follow-up studies in large-scale, lecture-based, teacher-centered courses of the same program
demonstrated that adoption of deep or surface approaches to learning was dependent on students’
self-regulatory skills and their perception of the teaching/learning environment [24,25]. Statistically
significant changes in deep and surface approaches were seen at the group level (due to the large
sample size), but extensive inter-individual differences (between students) and within-student changes
(between beginning and end of the course) were underlying these findings. In cross-sectional and
longitudinal studies from an Australian university, only minor changes in deep and surface approaches
were found during a 4 year undergraduate bachelor program [26,27].

Since the year 2000, a pharmacy curriculum has been developed at Utrecht University that is
explicitly based on constructivist principles [28,29]. The educational model used for this curriculum
aimed at facilitating the development of deep and self-regulated learning, but at the start of the new
program, it was unknown whether this objective would be reached. It was, therefore, decided to
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investigate the learning approaches of students in a longitudinal way. More specifically, processing
and regulation strategies of students and their underlying conceptions of learning were investigated
using the Inventory of Learning patterns in Students (ILS) [30–32].

2. Context: The Undergraduate Curriculum

The undergraduate pharmacy program consists of separate bachelor and master programs,
according to the principles of the Bologna agreement; in the Netherlands both programs last 3 years.
The bachelor and master programs in Utrecht are designed as a continuum, where similar teaching- and
learning principles are used (see the second table in ref. [29]). In the bachelor program, the scientific
foundation is formed; in the master program, the focus shifts to the application of scientific principles
in patient-oriented care (Figure 1). The transition from university-based education to workplace-based
practice is made in the master program and subsequent postgraduate programs ([33], this volume).

Figure 1. Schematic representation of the bachelor and master curriculums, years 1–6. The curriculum
consists mainly of courses, where content of different disciplines is integrated (I, white color) or where
relevant themes are used as organizing principles (T, green color); only a few courses in year 1 are
monodisciplinary (D, blue color). Other courses emphasize methodological aspects (procedures) rather
than content (M, grey color). Internships in community and hospital pharmacy (W, salmon color) are
scheduled in the master program.
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The bachelor and master curriculums are based on constructivist principles (see Table 1) and
use problem-based and project-based education as basic educational formats. Many courses are
designed as integrated, thematic, or methodological courses (see Figure 1). In the integrated courses,
scientific content is presented by teachers from at least two different disciplines (e.g., medicinal
chemistry, pharmacology, and pharmaceutics in the course Binding and action of medicines in year 1).
In thematic courses, the presentation of disciplinary content is limited to knowledge that is relevant
for the theme only, while the emphasis is on the application of procedures and methods rather than
on the science content in methodological courses. Skills are taught and practiced during the whole
curriculum, but integrated in the courses (not shown explicitly in the figure). The development
of skills is structured along different lines (e.g., pharmaceutical calculations, oral communication,
and management) and students’ outcomes are recorded in an electronic portfolio; additional training
and practicing for underperforming students is offered in skills labs. Approximately 25–40% of the
time allotted to a course is used for student–teacher contact—partially in the form of plenary lectures
(up to a maximum of 30 h for a course of 200 h) and partially in the form of small group sessions
(5–15 students, for problem-based or project-based work) and lab sessions, practical experiments,
or training (up to 30 students per group). The remainder of the course time is available for working on
assignments or projects and for individual study. Exams and assessments of skills are integrated within
the courses, with opportunities for additional testing outside the planned courses. Every student has a
personal tutor, who guides the student in making choices and helps them in reflecting on their skills
development and study progress.

3. Methods

For the purpose of this study, data were extracted from a larger dataset, collected in the years 2005
to 2014. Every year (March–May), all students were asked to fill in the 120-item Dutch version of the
ILS [30] during class hours; response rates varied between 20 and 74%. Because we wanted to make
paired (within-student) comparisons, results of every year for the same students were combined based
on student registration numbers. Within the whole dataset, data of 90 students were available for year
1 and/or 2 (bachelor) and year 4 and/or 5 (master). If data were available for the same student from
year 1 and year 2, the results were averaged; the same was performed if data from year 4 and year 5
were available. The final dataset contained the results of students who started their study in September
2005, 2006 or 2008. The sample is comparable (in terms of gender composition and study results in the
first year of study) to a larger dataset collected in the years 2005 to 2010 (n = 491; data not shown).

In the ILS, five processing strategies (ils01 = relating and structuring, ils02 = critical processing,
ils03 = memorizing and rehearsing, ils04 = analyzing, and ils05 = concrete processing), five regulation
strategies (ils06 = self-regulation (learning process and outcomes), ils07 = self-regulation (learning contents),
ils08 = external regulation (learning process), ils09 = external regulation (learning outcomes),
and ils10 = Lack of regulation), five conceptions of learning (ils11 = construction of knowledge, ils12 = intake
of knowledge, ils13 = use of knowledge, ils14 = stimulating education, and ils15 = cooperative learning) and
five learning orientations (ils16 = personally interested, ils17 = certificate oriented, ils18 = self-test oriented,
ils19 = vocation oriented, and ils20 = ambivalent) are probed [30,31]. All items were scored on 5-point
Likert scales (1–5). Scale scores of the ILS were calculated by averaging the scores of the constituent
items; Cronbach’s alpha varied between 0.64 and 0.85. In two cases (ils04 in year 1/2 and ils03 in
year 4/5), Cronbach’s alpha was lower, 0.57 and 0.40, respectively.

Because we were mainly interested in how deep and surface learning are linked to regulation of
learning and the underlying conceptions of learning, processing and regulation scales were combined
to higher-order scales as follows (illustrated in Table 2 and detailed in Appendix A):

• ils0102: Deep processing was calculated as the average of ils01 (relating and structuring) and ils02
(critical processing);

• ils0304: Stepwise processing was calculated as the average of ils03 (memorizing and rehearsing)
and ils04 (analyzing);
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• ils0607: Self-regulation was calculated as the average of ils06 (self-regulation of learning process
and outcomes) and ils07 (self-regulation of learning contents);

• ils0809: External regulation was calculated as the average of ils08 (external regulation of learning
process) and ils09 (external regulation of learning outcomes).

Table 2. Characteristics of deep and surface learning.

Processing Strategies Regulation Strategies

Deep learning
Deep processing
scale 01: Relating and structuring
scale 02: Critical processing

Self-regulation
scale 06: Learning process and outcomes
scale 07: Learning contents

Item examples

I try to combine subjects that are dealt with
separately in the course into one whole
I compare my view of a course topic with the
views of textbook authors

To test my learning, I try to answer questions
about the subject matter which I make up
myself
In addition to the syllabus, I study other
related literature

Surface learning
Stepwise processing
scale 03: Memorizing and rehearsing
scale 04: Analyzing

External regulation
scale 08: Learning process
scale 09: Learning outcomes

Item examples

I memorize lists of characteristics of a
phenomenon
I analyze the separate components of a
theory step by step

I study according to the instructions in the
course manual
I test my learning solely by completing the
questions, tasks, and self-tests in the course
material

In the ILS, each scale is represented by 4 to 8 items; representative Item examples (in italics) of the main processing
and regulation scales are taken from the questionnaire, used in this study.

Scores for all ILS scales in the bachelor program (year 1 and/or 2) were compared to scores in the
master program (year 4 and/or 5) using Student’s paired t-test. Effect sizes (Cohen’s d) were calculated
as the mean difference between the bachelor and master scores, divided by the standard deviation.
Effect sizes were considered small (0.2 to 0.5), medium (0.5 and 0.8) or large (0.8 and larger), according
to Cohen [34].

Functional relationships between conceptions of learning, regulation strategies and processing
strategies were mapped using path analysis. With this technique, it is possible to estimate a network of
interdependent relationships, based on the correlation matrix of the measured variables; the best-fitting
model is selected on statistical arguments. SPSS (version 25; IBM corporation, Armonk, USA) was
used for basic statistical analysis (t-test, correlations); Systat-13 (Evanston, IL, USA) was used for path
analysis, using the RAMONA routine.

4. Results

From the data (Table 3), it is clear that important changes occur in the learning approach of
students when they move from the bachelor program (year 1 and/or 2) to the master program
(year 4 and/or 5). In contrast to cross-sectional studies, relatively small intra-individual changes reach
statistical significance due to the paired setup of the design of this study. In order to obtain a large
enough sample, data of year 1 had to be combined with data of year 2, and data of year 4 were
combined with data of year 5. This means that the observed changes can be two (n = 36), three (n = 47)
or four (n = 7) years apart from each other for an individual student. Nevertheless, the results give a
clear picture about the medium- to long-term changes in student learning.

A statistically significant increase in deep approach to learning, expressed as an increase in
deep processing (ils0102, effect size = 0.55) and self-regulation (ils0607, effect size = 0.75) is clearly
observed. When analyzed on a deeper level, the change in deep processing appears to be exclusively a
result of a change in critical processing (ils02, large effect size); no change is seen in the ils01 scale relating
and structuring. In contrast, relatively minor changes are seen in the surface approach to learning,
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as expressed by a small increase in stepwise processing (ils0304), which is caused by an increase in
analyzing (ils04) rather than an increase in memorizing and rehearsing (ils03).

Table 3. Processing strategies, regulation strategies, conceptions of learning and learning orientations
of students in the bachelor and master programs.

ILS Scale Bachelor
(year 1/2)

Master
(year 4/5)

p
(Paired t-Test)

Effect
Size

Processing Strategies
ils0102 Deep processing 2.72 ± 0.52 3.05 ± 0.68 < 0.001 *** 0.55 ↑↑

ils01 Relating and structuring 3.17 ± 0.60 3.18 ± 0.77 0.86 0.01
ils02 Critical processing 2.27 ± 0.58 2.92 ± 0.80 < 0.001 *** 0.94 ↑↑↑

ils0304 Stepwise processing 2.82 ± 0.57 2.98 ± 0.49 < 0.014 * 0.30 ↑

ils03 Memorizing and rehearsing 2.90 ± 0.81 2.91 ± 0.75 0.91 0.01
ils04 Analyzing 2.74 ± 0.51 3.04 ± 0.58 < 0.001 *** 0.55 ↑↑

ils05 Concrete processing 2.62 ± 0.63 3.12 ± 0.65 < 0.001 *** 0.78 ↑↑

Regulation Strategies
ils0607 Self-regulation 2.49 ± 0.58 2.92 ± 0.56 < 0.001 *** 0.75 ↑↑

ils06 Learning process 2.57 ± 0.65 2.78 ± 0.72 0.015 * 0.31 ↑

ils07 Contents 2.31 ± 0.66 2.96 ± 0.75 < 0.001 *** 0.92 ↑↑↑

ils0809 External regulation 3.24 ± 0.50 3.30 ± 0.48 0.372 0.12
ils08 Learning process 3.00 ± 0.53 3.29 ± 0.62 < 0.001 *** 0.50 ↑↑

ils09 Learning outcomes 3.49 ± 0.65 3.00 ± 0.98 < 0.001 *** 0.60 ↓↓

ils10 Lack of regulation 2.35 ± 0.66 2.97 ± 0.79 < 0.001 *** 0.86 ↑↑↑

Conceptions of Learning
ils11 Construction of knowledge 3.25 ± 0.46 3.45 ± 0.57 0.005 ** 0.39 ↑

ils12 Intake of knowledge 3.72 ± 0.43 3.58 ± 0.63 0.07 0.26
ils13 Use of knowledge 3.68 ± 0.45 3.44 ± 0.81 0.017 * 0.38 ↓

ils14 Stimulating education (teacher) 3.08 ± 0.57 3.15 ± 0.57 0.32 0.12
ils15 Cooperative learning (students) 3.13 ± 0.61 3.07 ± 0.64 0.52 0.10

Learning Orientations
ils16 Personally interested 3.07 ± 0.46 3.17 ± 0.61 0.20 0.19
ils17 Certificate oriented 3.30 ± 0.56 3.19 ± 0.85 0.22 0.16
ils18 Self-test oriented 3.06 ± 0.81 3.49 ± 1.04 < 0.001 *** 0.46 ↑

ils19 Vocation oriented 3.95 ± 0.50 3.03 ± 1.32 < 0.001 *** 1.01 ↓↓↓

ils20 Ambivalent 2.02 ± 0.68 2.08 ± 0.92 0.58 0.08

Data are based on a sample of 90 students who started their bachelor of pharmacy program in September 2005, 2006
or 2008. Statistical significance of the comparison between the bachelor and master programs (Student’s paired
t-test) is indicated as * p < 0.05, ** p < 0.01 or *** p < 0.001. Effect size [34] is considered small (>0.2; one arrow),
medium (>0.5; two arrows) or large (>0.8; three arrows).

Both deep processing and stepwise processing increase between the bachelor and master programs.
The balance between the deep and stepwise learning process does not change when students move
from the bachelor to the master program. Self-regulation with respect to the learning contents increases
strongly (effect size = 0.92), but self-regulation with respect to the process of learning changes less
(effect size = 0.31). This means that a change in supposed metacognitive activities of the students is
mainly concerned with the outcome of their learning, but that relatively minor changes in reflection on
the learning process itself seem to occur in this stage of their study.

The variability between students in processing and regulation strategies is extensive, as can be
seen already from the large standard deviations (Table 3). This phenomenon is further illustrated by
the results of eleven individual students, of which data of four study years were available (Figure 2).
Within-student changes between year 1, 2, 4 and 5 are present but are minor compared to the
inter-student variability. It can also be seen that year-to-year changes do occur, but that the position of
an individual student (indicated by a unique color in the figure), when compared to other students,
is remarkably stable. Finally, it is suggested that changes in deep processing are mainly occurring
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between year 4 and year 5, while changes in self-regulation are occurring between year 2 and year 4,
i.e., in the second half of the bachelor program.

Figure 2. Differences between individual students in deep and surface learning. Scale scores (Y axis)
for processing and regulation strategies in year 1, 2, 4 and 5 of eleven individual students are plotted in
the figure. Each unique color represents the data of one-and-the-same student.

In the first two years, pharmacy students appear to have mixed conceptions of learning.
The conceptions that learning consists of intake of knowledge (ils12), use of knowledge (ils13) or construction
of knowledge (ils11) have more or less equal weight in the beginning of the bachelor program and do
not change considerably (see Table 3). A relatively small increase in the idea that learning consists of
construction of knowledge is seen (ils11, effect size = 0.39). Remarkably, at the same time, it can be
observed that the idea of learning being use of knowledge decreases (ils13, effect size = 0.38) between
the beginning of the bachelor and the beginning of the master programs. This may be related to the
science-based nature of the bachelor program. Students are becoming less vocation oriented (ils19)
concomitantly. An increase in the self-test-oriented learning orientation (ils18) is consistent with the
increase in a deep learning approach (i.e., deep processing and self-regulation).

The relationships between the three main learning conceptions and regulation and processing
strategies were further investigated using path analysis of the correlations between scale scores
(Appendix B). For the bachelor phase, the best-fitting model established clear relationships between
a constructivist learning conception, self-regulation, and deep processing (Figure 3, left panel).
This means that students who score higher on the scale of construction of knowledge (ils11) tend to also
score higher on the scale of self-regulation (ils0607) and the scale of deep processing (ils0102). Forty percent
of the variance in the self-regulation score and 29% of the variability in the deep processing score can be
explained in terms of the underlying, in this case constructivist, conception of learning. In contrast, 32%
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of the variance in stepwise processing (ils0304) can be explained in terms of a combination of self-regulation
(ils0607) and external regulation (ils0809). External regulation of student learning is dependent on the
students having a dual conception of learning, where both construction of knowledge (ils11) and intake of
knowledge (ils12) contribute; together, these two variables explain 16% of the variance in the external
regulation score.

Figure 3. Relations between conceptions of learning, regulation strategies and processing strategies
in the bachelor and master programs. Statistically significant positive path coefficients (* p < 0.05 or
** p < 0.01) are represented by the blue arrows; non-significant paths were excluded. The percentage
of explained variances for each for the processing and regulation strategies is indicated on top of the
relevant boxes. The fit of both path models was good (RMSEA < 0.05).

When students move from the bachelor program to the master program, two subtle changes in
the relationships between their conceptions of learning, regulation strategies and processing strategies
occur (Figure 3, right panel). External regulation is no longer dependent on having intake of knowledge
(ils12) as a conception of learning, but is now influenced by having use of knowledge (ils13) as a learning
conception (19% of the variance explained). The variance in deep processing strategy is no longer
explained in terms of self-regulation (ils0607) only, but is also influenced by external regulation (ils0809).
In view of the observation that external regulation of the learning process (ils08) increases between the
bachelor and master phases, while external regulation of learning outcomes (ils09) decreases (see Table 3),
this probably means that characteristics of the teaching/learning environment (e.g., teacher behavior or
assignments) have an increasing impact on the learning process of students, while students become
more and more dependent on self-regulation as far as the content of learning is concerned. The deep
processing learning strategy and part of the stepwise processing learning strategy during the master
phase remain dependent on self-regulation and on having a constructivist view of the nature of learning.
The strength of the influence of self-regulation on stepwise processing increases in the master program
(path coefficient = 0.78), compared to the bachelor program (path coefficient = 0.24).

5. Discussion

In this study, it has been possible to demonstrate statistically significant longitudinal changes in
the processing and regulation of many learning strategies in addition to changes in the relationships
between processing strategies, regulation strategies and the underlying conceptions of learning.
In earlier studies, it has been difficult to unambiguously demonstrate increases in the deep learning
approaches of students in higher education, which are theoretically supposed to occur [35]. This may
be caused by earlier studies being performed in conventional, teacher-centered curricula [17,23,24],
but also by large inter- and intra-individual differences [24,25]. Comparable large inter-individual
variations were found in this study, expressed as large standard deviations, and paired comparisons
between the bachelor and master phases could be made due to the availability of longitudinal
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data. It was shown that changes in learning approaches, with medium to large effect sizes, can be
demonstrated. The conclusions may be weakened somewhat because of a highly variable response
rate between years and between courses, but the paired measurement is not affected by this (as a
cross-sectional, non-paired measurement would have been). Two further limitations are the sample
size (small compared to the total number of students) and a relatively low reliability of 2 out of
40 measurements scales (see Methods). We estimate that these limitations will not be so large as to
compromise our results and conclusions.

From the results of this study, it can be concluded that constructivist opinions and self-regulation
have an overall importance for explaining variability in learning processes both in the bachelor and
the master phase of this curriculum. Already in the bachelor phase, student views about the nature
of learning as construction of knowledge are reasonably high (3.25 ± 0.46, mean ± s.d.), in addition to
the opinion of learning being intake of knowledge (3.72 ± 0.43) or use of knowledge (3.68 ± 0.45). A small,
but statistically significant increase (effect size = 0.39) in the constructivist opinion is seen two to four
years later, when students progress to the master phase of the program. Self-regulation of learning is
strongly dependent on having a constructivist opinion: 40% (the bachelor phase) or more (the master
phase) of the variance in self-regulation is explained by the constructivist conception of learning.
Both deep and stepwise processing of learning, in turn, are influenced by self-regulation characteristics
of the students. The increase in self-regulation between the bachelor and master phases, mostly with
respect to the content of learning, explains important changes in deep processing strategies (effect size
= 0.55), mainly as a change in critical processing (effect size = 0.94).

The overall conclusion must be that pharmacy students in this curriculum use deep learning
approaches (deep processing and self-regulation, based on constructivist opinions) already in the
bachelor phase and that these deep learning approaches are further enhanced between the bachelor and
the master phase. In this respect, the results compare favorably with earlier studies from the Australian
and Finnish contexts. In a 4 year program at the University of Sydney, measures of the meaning-directed
approach decreased during the first half of the curriculum, while only a ‘recovery’ was seen during
the second half of the curriculum [26,27]. Measures of meaning-directed orientation, deep approach,
self-regulation and a constructivist conception of learning did not change in a statistically significant
way in a 3 year undergraduate program at the University of Helsinki [23]. In longitudinal studies
of medical curricula in California (USA) and Edinburgh (UK), no statistically significant changes in
deep approach were seen between year 1 and year 4 or 5, but this was interpreted as students already
having a relatively deep approach at the beginning of the curriculum due to the constructivist nature of
those curricula [36,37]. We cannot be certain that the absence of changes in the Finnish and Australian
contexts were due to the conventional, lecture-based, teacher-centered, character of the curricula, but it
should be mentioned that extensive curriculum change processes are being effected in Helsinki in more
recent years [3,38].

A second result of this study is that surface learning, expressed as stepwise processing and external
regulation, also appears to be influenced by the constructivist conception of learning. In both the
bachelor and the master phases, stepwise processing is dependent on seeing learning as construction of
knowledge. This is effected indirectly via two pathways and mediated by the effect of a constructivist
view of external regulation and the effect of self-regulation on stepwise processing. Changes in surface
learning between the bachelor and master phases are relatively minor and consist of a small increase
in stepwise processing (effect size = 0.30, caused by a change in the analyzing score), a decrease in
external regulation of learning outcomes (effect size = 0.60) and an increase in external regulation of
the learning process (effect size = 0.50). This could be interpreted as a result of the way the curriculum
is organized, where attention for the process of learning in the form of instructions, tasks, assignments,
and teacher roles can be perceived by the students as external regulation of the learning process.

A last result of this study is that deep processing in the master phase becomes partly dependent
on external regulation (path coefficient = 0.25) in addition to the dependency on self-regulation
(path coefficient = 0.49). This can also be interpreted as a result of the curriculum, where assignments
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are explicitly formulated in such a way that deep processing, consisting of relating and structuring and
critical processing, is stimulated. The way in which problem-based and project-based education is
organized could be perceived as external regulation by the students.

The results of this study confirm that the conceptual understanding of students about the nature
of learning affects their learning strategies, and that this relationship is mediated via the regulation
of learning. Having a constructivist understanding (i.e., seeing learning as knowledge construction)
appears to be particularly important for self-regulation of learning, as this influences all aspects of
deep learning (relating and structuring and critical processing) and stepwise learning (memorizing
and rehearsing and analyzing) investigated in this study. Constructivist opinions have a secondary
effect on stepwise learning, which is mediated via external regulation of learning, together with the
contribution of other conceptions of learning (intake of knowledge during the bachelor phase or use of
knowledge during the master phase). These relationships between conceptions of learning, regulation
strategies and processing strategies are consistent with observations in post-secondary education
in Hong Kong [39] and advanced psychology students in the Netherlands [40]. The functional
relationships between conceptions of learning, regulation strategies and processing strategies have
been synthesized in an integrated model of student learning [30], which has subsequently been found
useful in numerous contexts (reviewed by Vermunt and Donche [31]). It is now confirmed that in the
context of pharmacy education, essentially the same relationships between conceptual understanding
of learning, regulation of learning and processing of learning exist, and that substantial changes in
deep learning (characterized by self-regulation and deep processing) can occur when students advance
from the bachelor phase to the master phase.

In the investigated curriculum, students develop a higher degree of self-regulation (effect size
= 0.75), in particular with respect to the content of learning, and they perceive higher degrees of
critical processing (effect size = 0.94; an aspect of deep processing), analyzing (effect size = 0.55;
an aspect of stepwise processing) and concrete processing (effect size = 0.78) during the master
phase, compared to the bachelor phase 2–4 years before. We do not know whether students are
developing this increased self-regulation and change in learning processes as a result of characteristics
of the teaching/learning environment or whether the teaching/learning environment only facilitates or
accommodates an endogenous cognitive development process. It is highly likely that the cognitive
development of students from dualistic thinking to contextual relativism is ongoing [7,8,10,11]
and that this development is strengthened by characteristics of the teaching/learning environment.
In particular, the integration of course content and the use of problem- and project-based learning can
be important [18,41]. Integrative teaching of content in student-activating educational formats such as
problem-based and project-based learning can be effective in stimulating deep learning by creating
cognitive frictions [42]. Student–student interaction, while working on projects, and student–teacher
interactions, during problem-based learning sessions and in individual tutorials, can contribute to
developing multiple perspectives and cooperative dialogues (compare Table 1). These curricular
aspects appear to more effective in stimulating deep, reflective learning when introduced in a
curriculum-wide—systematic—way [16,41], where contextual factors and student characteristics
are taken into account [22]. The conclusion from our study can be that several design elements
of the curriculum contribute to the observed changes in self-regulation and deep and stepwise
learning processes.

The importance of designing a teaching/learning environment, that accommodates and strengthens
the appropriate cognitive development of students can be illustrated as follows (Figure 4). The scheme
assumes that the cognitive development of students from dualistic to contextual relativistic thinking
is endogenous and can be strengthened by the way in which the teaching/learning environment is
constructed and/or implemented [29]. In a constructivist curriculum, the cognitive development of
students, expressed as deep, self-regulated and reflective learning, is fostered by characteristics of the
teaching/learning environment. The teaching/learning environment can be more (or less) stimulating for
this development depending on whether the content is delivered in an integrated or non-integrated way,
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the choices for educational formats and the way student–student and student–teacher interactions are
organized. Whether the full potential of a curriculum is achieved will also depend on many contextual
and student characteristics [22], in particular their critical reflection and metacognitive capabilities.

Figure 4. A model for stimulating cognitive development in a constructivist teaching/learning
environment (TLE). The longitudinal cognitive development of students (symbolized by the left-hand
arrow) is supposed to increase in a curriculum (bottom to top). In a constructivist curriculum,
the cognitive development of students, expressed as reflective, deep, and self-regulated learning,
is fostered by characteristics of the TLE, which can stimulate cognitive development to a small or larger
extent, as symbolized by the slope of the diagonal line (one or two arrows, respectively). Whether the full
potential of a curriculum is achieved also depends on the ‘reflective capability’ of the student involved.

6. Conclusions

The result of this study demonstrates that the use of deep processing (in particular critical thinking),
stepwise processing (in particular analyzing) and concrete processing learning strategies increases in
the undergraduate pharmacy curriculum of Utrecht University between the bachelor phase (year 1/2)
and the master phase (year 4/5). This change is based on an increase in constructivist views about
the nature of learning and mediated through a relatively large increase in the use of self-regulating
strategies. These changes are most likely a reflection of endogenous cognitive development, which is
strengthened by characteristics of the teaching/learning environment that is explicitly based on
constructivist principles.
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Appendix A

In this appendix a detailed description of the ILS scales is given (Table A1), together with example
items from the original questionnaire (reproduced from [31] and adapted from [30], respectively).
The questionnaire is presented to students in the format of 120 questions, divided into three
sections—study activities (items 1–55), study motives (items 56–80) and study views (items 81–120).
Within each section, the items are presented in a randomized order. All items are scored on a 5-point
Likert scale (for study activities: I do this seldom or never, I do this sometimes, I do this regularly, I do
this often, and I do this almost always; for study motives and study views: disagree entirely, disagree for
the most part, agree as much as disagree, agree for the most part, and agree entirely). The original
questionnaire and scoring list can be obtained from the second author (J.D.V.).

Table A1. Processing strategies, regulation strategies, conceptions of learning and learning orientations
of students, as assessed by the Inventory of Learning patterns of Students (ILS).

Scale (# of Items)
Scale Name

Scale Description
Example Item

Processing Strategies

ils01 (7 items)
Relating and structuring

Relating elements of the subject matter to each other and to prior
knowledge; structuring these elements into a whole.
I try to discover the similarities and differences between the theories that are dealt
with in a course.

ils02 (4 items)
Critical processing

Forming one’s own view of the subjects that are dealt with, drawing one’s
own conclusions, and being critical of the conclusions drawn by textbook
authors and teachers.
I check whether the conclusions drawn by the authors of a textbook follow the facts
on which they are based logically.

ils03 (5 items)
Memorizing and rehearsing

Learning facts, definitions, lists of characteristics, and the like by heart by
rehearsing them.
I repeat the main parts of the subject matter until I know them by heart.

ils04 (6 items)
Analyzing

Going through the subject matter in a stepwise fashion and studying the
separate elements thoroughly, in detail and one by one.
I work through a chapter in a textbook item by item and I study each part separately.

ils05 (5 items)
Concrete processing

Concretizing and applying subject matter by connecting it to one’s own
experiences and by using in practice what one learns in a course.
I pay particular attention to those parts of a course that have practical utility.

Regulation strategies

ils06 (7 items)
Self-regulation
Learning process and outcomes

Regulating one’s own learning processes through regulation activities like
planning learning activities, monitoring progress, diagnosing problems,
testing one’s outcomes, adjusting, and reflecting.
To test my learning progress when I have studied a textbook, I try to formulate the
main points in my own words.

ils07 (4 items)
Self-regulation
Learning contents

Consulting literature and sources outside the syllabus.
If I do not understand a study text well, I try to find other literature about the
subject concerned.

ils08 (6 items)
External regulation
Learning process

Letting one’s own learning processes be regulated by external sources,
such as introductions, learning objectives, directions, questions,
or assignments of teachers or textbook authors.
I study the subject matter in the same sequence as it is dealt with in the course.

ils09 (5 items)
External regulation
Learning outcomes

Testing one’s learning outcomes by external means, such as the tests,
assignments, and questions provided.
If I am able to complete all the assignments given in the study materials or by the
teacher, I decide that I have a good command of the subject matter.

ils10 (6 items)
Lack of regulation

Monitoring difficulties with the regulation of one’s own learning processes.
I notice that it is difficult for me to determine whether I have mastered the subject
matter sufficiently.
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Table A1. Cont.

Scale (# of Items)
Scale Name

Scale Description
Example Item

Conceptions of learning

ils11 (9 items)
Construction of knowledge

Learning viewed as constructing one’s own knowledge and insights.
Most learning activities are seen as tasks of students.
If I have difficulty understanding a particular topic, I should consult other books of
my own accord.

ils12 (9 items)
Intake of knowledge

Learning viewed as taking in knowledge provided by education through
memorizing and reproducing; other learning activities are tasks of teachers.
For me, learning means trying to remember the subject matter I am given.

ils13 (6 items)
Use of knowledge

Learning viewed as acquiring knowledge that can be used by means of
concretising and applying. These activities are seen as tasks of both
students and teachers.
The things I learn have to be useful for solving practical problems.

ils14 (8 items)
Stimulating education

Learning activities are viewed as tasks of students, but teachers and
textbook authors should continuously stimulate students to use these
activities.
The course team should encourage me to compare the various theories that are dealt
with in a course.

ils15 (8 items)
Cooperative learning

Attaching a lot of value to learning in co-operation with fellow students and
sharing the tasks of learning with them.
I have the need to work together with other students in my studies.

ils16 (5 items)
Personally interested

Studying out of interest in the course subjects and to develop oneself as a
person.
I do these studies out of sheer interest in the topics that are dealt with.

ils17 (5 items)
Certificate oriented

Striving for high study achievements; studying to pass examinations and to
obtain certificates, credit points, and a degree.
I study above all to pass the exam.

ils18 (5 items)
Selftest oriented

Studying to test one’s own capabilities and to prove to oneself and others
that one is able to cope with the demands of higher education
I want to test myself to see whether I am capable of doing studies in higher
education.

ils19 (5 items)
Vocation oriented

Studying to acquire professional skill and to obtain a(nother) job.
I have chosen this subject area because I am highly interested in the type of work for
which it prepares.

ils20 (5 items)
Ambivalent

A doubtful, uncertain attitude toward the studies, one’s own capabilities,
the chosen subject area, the type of education, etc.
I am afraid these studies are too demanding for me.

Appendix B

Table A2. Pearson correlation matrix used in path analysis of the bachelor phase (year 1/2) data.

ils0102 ils0304 ils0607 ils0809 ils11 ils12 ils13

ils0102 1.000
ils0304 0.191 1.000
ils0607 0.539 *** 0.438 *** 1.000
ils0809 0.146 0.481 *** 0.300 ** 1.000

ils11 0.344 *** 0.287 ** 0.628 *** 0.254 * 1.000
ils12 −0.168 0.535 *** −0.009 0.340 *** 0.161 1.000
ils13 0.036 0.100 0.185 0.171 0.434 *** 0.108 1.000

Statistical significance is indicated as * p < 0.05, ** p < 0.01 or *** p < 0.001.
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Table A3. Pearson correlation matrix used in path analysis of the master phase (year 4/5) data.

ils0102 ils0304 ils0607 ils0809 ils11 ils12 ils13

ils0102 1.000
ils0304 0.324 ** 1.000
ils0607 0.468 *** 0.357 *** 1.000
ils0809 0.420 *** 0.369 *** 0.210 1.000

ils11 0.454 *** 0.261 * 0.673 *** 0.173 1.000
ils12 −0.116 0.375 *** 0.051 0.218 * −0.026 1.000
ils13 0.331 ** 0.136 −0.068 0.427 *** 0.158 0.011 1.000

Statistical significance is indicated as * p < 0.05, ** p < 0.01 or *** p < 0.001.
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