An Innovative Perspective on
Learning and Teaching in
Higher Education in

the 21 Century

Erik de Corte

Erik de Corte

Professor Emeritus, Center for Instructio-
nal Psychology and Technology (CIP&T),
University of Leuven, Belgium. Address:
Katholieke Universiteit Leuven, Oude
Markt, 13, Bus 50053000 Leuven, Belgium.
E-mail: Erik.DeCorte@ppw.kuleuven.be

Abstract. The current perspective on
our society as a learning society implies
that education must focus more than has
been traditionally the case on fostering
in students adaptive competence, i.e.
the ability to apply meaningfully learned
knowledge and skills flexibly in a varie-
ty of contexts.

Based on the available research this
article first discusses the question: What
should students learn to acquire adap-
tive competence in a domain? It is ar-
gued that developing adaptive compe-
tence requires the acquisition of sever-
al cognitive, affective, and motivational
components, namely a well-elaborat-
ed domain-specific knowledge base,
heuristic methods, metaknowledge of
one’s cognitive functioning, motivation
and emotions, self-regulation skills for
regulating one’s cognitive, motivation-
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al and emotional processes, and pos-
itive beliefs about oneself as a learn-
er and about learning in different
domains.

Next the questions is addressed:
What are characteristics of productive
learning processes for acquiring adap-
tive competence? In this respect the
view of learning is presented as an Con-
structive, Self-regulated, Situated, and
Collaborative (CSSC) process of knowl-
edge and skill building.

From a teaching perspective this
leads to the question: How can such
CSSC learning processes be stimulated
through instructional intervention? An il-
lustrative powerful learning environment
for improving learning proficiency in be-
ginning university students is presented.

Some final comments conclude the
article.

Key words: adaptive competence;
self-regulation skills; CSSC (Construc-
tive, Self-regulated, Situated and Col-
laborative) learning; beliefs about learn-
ing; powerful learning environment; be-
ginning university students.

Changes in society during the late part of the 20th century have in-

Introduction

duced a growing need for the acquisition by all citizens of high liter-
acy skills, such as thinking critically, solving complex problems, reg-
ulating one’s own learning, information and communication skills.
However, it has repeatedly been observed that education has not
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What should
students learn?
Acquiring
adaptive
competence as
the ultimate
goal of learning
and teaching in
a content
domain

been able to keep up with these developments. For instance, in a re-
port of the European Round Table of Industrialists (ERT) entitled Ed-
ucation for Europeans. Towards the Learning Society, a cry of alarm
was raised to alert society to the so-called educational gap, i. e., the
fact that—due to its slowness in responding to changes in socie-
ty—there is «an ever-widening gap between the education that peo-
ple need for today’s complex world and the education they receive»
[ERT, 1995. P.6].

Since then this problem has even increased because recently
the pace of societal developments has accelerated dramatically due,
among others, to the exponential knowledge explosion, to globaliza-
tion in many domains of society, and to the large-scale introduction of
the new information technologies. The same report put forwards the
following characteristics of a learning society:

+ learning is accepted as a continuous activity throughout life;

+ learners assume responsibility for their own progress;

- assessment is designed to confirm progress rather than to sanc-
tion failure;

+ personal competence and shared values and team spirit are rec-
ognized equally with the pursuit of knowledge;

* learning is a partnership between students, teachers, parents,
employers, and the community working together.

This vision of a learning society implies that education at all levels must
focus more than has been traditionally the case on developing and
fostering in students adaptive competence, i.e. the ability to apply
meaningfully learned knowledge and skills flexibly and creatively in a
variety of contexts, as opposed to routine expertise, i. e. the ability to
complete typical school tasks quickly and accurately but without un-
derstanding [De Corte, 2010].
In this article | will review and discuss the following themes:

+ What should students learn to acquire adaptive competence in a
domain?

+ What are characteristics of productive and meaningful learning
processes in view of acquiring adaptive competence?

« How can productive/meaningful learning processes be stimulat-
ed and kept going in students through instructional intervention:
An illustrative powerful learning environment.

+ Final comments.

Developing adaptive competence in a domain requires the acquisition
and mastery of several cognitive, affective, and motivational compo-
nents [De Corte, 2010]:
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1. A well-organized and flexibly accessible domain-specific knowl-
edge base, involving the facts, symbols, concepts, and rules that
constitute the contents of a subject-matter field.

2. Heuristic methods, i. e. search strategies for problem analysis and
transformation which do not guarantee but significantly increase
the probability of finding the correct solution through a systematic
approach to the task. Examples are: decomposing a problem into
sub-goals; making a graphic representation of a problem.

3. Metaknowledge:

Knowledge about one’s cognitive functioning (metacognitive

knowledge), e. g. knowing the strengths and weaknesses of one’s

cognitive capacities,

knowing that one’s cognitive potential can be developed through

learning and effort;

Knowledge about one’s motivation and emotions that can be ac-

tively used to improve learning, e. g. becoming aware of one’s fear

of failure in mathematics.

4. Self-regulation skills:

Skills for regulating one’s cognitive processes/activities (cognitive

self regulation), e. g. planning and monitoring one’s problem-solv-

ing activities, reflecting on a solution process;

- Skills for regulating one’s motivational and emotional processes
(motivational self-regulation), e. g. maintaining attention and mo-
tivation to solve a given problem.

5. Positive beliefs

- about oneself as a learner in general and in particular subject-mat-
ter fields (self-efficacy beliefs);

+ about the classroom or the context in which learning takes place;

- about the content of a subject-matter field.

.

.

I will here only briefly discuss the importance of self-regulation and
beliefs.

Successful learners and problem solvers can simultaneously perform
two functions: executing a task, and at the same time organizing and
evaluating (= self-regulating) the task related activities using orienta-
tion, planning, monitoring, evaluation and reflection.

Examples of cognitive self-regulating activities are following.

« During text reading: a student regularly interrupts reading to ask
him/herself whether his/her interpretation of the text is coherent
and consistent.

+ During text writing: a student re-reads from time to time his/her
text to check the logic of the argumentation.

« During problem solving: a student realizes that he/she gets stuck.
As a consequence the student says:

— Let me read the problem again;

http://vo.hse.ru
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Importance of
beliefs

Some comments

— Did | overlook something in the problem statement?

— Until where did my solution process go well; where did | get in
trouble?

— Can | restructure the problem or consider it differently?

Schoenfeld [1985] videotaped high-school and college students
working in pairs on unfamiliar problems during 20-minute sessions,
and contrasted the solution processes with those of experts.

Example of the problems used in this study:

“Consider the set of all triangles whose perimeter is a fixed num-
ber P. Of these, which has the largest area? Justify your answer as
best as you can.”

The solution processes were parsed into episodes representing
different activities: reading the problem, analyzing, exploring, plan-
ning, implementing, and verifying.

Time-line graphs were used to represent the course of the solu-
tion processes visually.

The graphs illustrative of the novice solution processes showed
how students read the problem, choose for a certain approach and
keep going with it, sometimes even when there is evidence that they
are on the wrong track. This contrast very strongly with the varied solu-
tion process of an expert, who after reading a problem analyses it be-
fore planning the solution process, followed by verifying the plan, then
getting back to analyses, etc.

Brown and Campione [1994] have shown that more successful
learners are better self-regulators than less successful learners. It has
also been demonstrated that self-regulation skills enhance the ability
to transfer one’s knowledge and skills.

In an article entitled "When good teaching leads to bad results: The
disasters of ‘well-taught’ mathematics courses, Schoenfeld [1988]
showed that in high school classes where mathematics was taught
in a way that would generally be considered good teaching, students
nevertheless acquired debilitating beliefs such as:

+ solving a mathematical problem should not take more than a few
minutes
+ being able to solve a math problem is a mere question of luck

It is obvious that such negative beliefs do not promote a mindful and
persistent approach to new problem. This shows how important it is
to foster positive beliefs in students about subject-matter domains.

Prioritising adaptive competence does not mean that routine expertise
becomes unimportant. It is obvious that mastering certain skills rou-
tinely (e.g., basic operations in arithmetic, spelling, technical skills)
is crucial to efficient functioning in all kinds of situations. If certain as-
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pects of solving a complex problem can be performed more or less
mechanically, it creates room to focus on the higher-order cognitive
activities needed to reach a solution.

But adaptive competence is so important because it goes beyond
that: it involves the willingness and ability to change core competen-
cies and continually expand the breadth and depth of one’s expertise.
Furthermore, it is fundamental, indeed necessary, to acquire the abil-
ity to transfer one’s knowledge and skills to new learning tasks and
contexts. Hence, it follows that pursuing adaptive competence is cen-
tral to lifelong learning, and represents an important component of so-
called 21st Century Skills.

Considering adaptive competence as a key goal has important impli-
cations for the kind of learning processes to best acquire it. The tradi-
tional dominant form of school learning has been teacher-directed or
guided learning: a trainer or teacher takes all the relevant decisions
and the learner can and should follow him or her. Because an impor-
tant component of adaptive competence consists of skills in self-reg-
ulating one’s own learning and thinking, it is obvious that such guided
learning is not, and certainly not the only appropriate way of learning
to achieve it. Indeed, to support the acquisition of adaptive compe-
tence by students, novel classroom practices and cultures are need-
ed that create the conditions for a substantial shift from guided learn-
ing towards more active and self-guided student learning, resulting
in a balanced and integrated use of both ways of learning. Such a
balance allows for structure and guidance by the teacher where and
when needed, and creates space for substantial self-regulated and
self-determined learning by students

To realize the required shift, taking thereby into account the impor-
tance of contextual and social factors impacting learning, school
learning needs to embody more than was traditionally the case the
characteristics summarized in the following definition: it is an active/
constructive, cumulative, self-regulated, goal-directed, situated, col-
laborative, and individually different process of meaning construction
and knowledge building.

In this article | will focus on four key characteristics: Constructive,
Self-regulated, Situated, and Collaborative, building thereby on stu-
dents’ prior knowledge and taking into account individual differences.
This CSSC view integrates the individual and social aspects of learn-
ing [Salomon, Perkins, 1998].

Learners are not passive recipients of information. Indeed, learning
is always constructive, even in environments that embody a domi-
nantly guided learning approach. This is well illustrated by the occur-
rence of misconceptions, for instance, in physics (about Newton’s
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Self-regulated

Situated or
Contextual

Collaborative

laws even in college students who have already followed physics
courses).

What is essential in the constructivist perspective on learning is
the mindful and effortful involvement of students in the processes of
knowledge and skills acquisition in interaction with the environment.
This is illustrated for example by the cumbersome but accurate calcu-
lation procedure invented by a Brazilian street vendor as observed in
a study by Nunes, Schliemann, & Carraher [1993]:

Someone buys from a 12-year-old street vendor in Recife, Brazil,
10 coconuts at 35 cruzeiros per piece. The boy figures out quick-
ly and accurately the price in the following way: “3 nuts is 105; 3
more makes 210;... | have to add 4. That makes... 315... It is 350
cruzeiros.”

If students have to become life-long learners responsible for their own
progress, they must be able to manage and monitor their processes
of knowledge building and skill acquisition: i.e. they should become
self-regulated learners. This is also well illustrated by the calculation
procedure invented by the Brazilian street vendor in the realistic con-
text of his street business

Skilled self-regulation facilitates appropriate decision-making
during learning as well as the monitoring of an ongoing learning pro-
cess by providing one’s own feedback and performance evaluations,
and by keeping oneself concentrated and motivated

Research has identified the following major characteris-
tics of self-regulated learners: they manage study time well;
set higher specific and proximal goals; monitor more frequent-
ly and accurately; set a higher standard for satisfaction; are more
self-efficacious; and persist despite obstacles. It has also been
shown in a variety of content domains that students’ degree of
self-regulation correlates strongly with academic achievement.
Very important from an educational perspective is that recent me-
ta-analyses of training studies show convincingly that self-regulato-
ry processes can be enhanced in students through appropriate guid-
ance [Dignath, Buettner, Langfeld, 2008].

Constructive and self-regulated learning processes should preferably
occur in context, i.e. in relation to the social, contextual, and cultur-
al environment and factors in which these processes are embedded
and that influence them, and through participation in cultural activi-
ties and contexts. This is again well illustrated by the calculation pro-
cedures invented by the Brazilian street vendor in the realistic context
of his business

The collaborative nature of learning is implied in the situated perspec-
tive that stresses the social character of learning: effective learning is
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not a purely ‘solo’ activity, but essentially a ‘distributed’ one, i. e. the
learning efforts are distributed over the individual student, his part-
ners in the learning environment, and the resources and tools (includ-
ing technological ones) that are available.

The literature provides substantial evidence supporting the posi-
tive effects of collaborative learning on academic achievement (see
e.g., [Slavin, 2011]). A shift toward more social interaction in class-
rooms would therefore represent a worthwhile move away from the
traditional overemphasis on individual learning.

The constructivist perspective has recently been criticized, arguing
that it focus on pure discovery learning with minimal guidance, and ig-
nores the structure of the human cognitive architecture in the sense
that it imposes heavy loads on working memory [Kirschner, Sweller,
Clark, 2006].

Starting from these arguments the critics plea in favor of direct in-
struction (see e. g. [Tobias, Duffy, 2009]).

However, these criticisms can be refuted on the basis of the cur-
rently available research literature. Whereas it is certainly correct that
pure, unassisted discovery learning is not productive or effective, the
critics mistakenly equate constructive learning with pure discovery
learning. Indeed, constructive learning can be guided and mediat-
ed through appropriate interventions such as scaffolding, feedback,
worked examples, technological tools, and peer tutoring.

Based on a review of the relevant literature since 1960, Mayer
[2004] has come to the conclusion that such guided discovery yields
better results than direct instruction. He states:

“Overall, the constructivist view of learning may be best supported
by methods of instruction that involve cognitive activity rather than
behavioral activity, instructional guidance rather than pure discov-
ery, curricular focus rather than unstructured exploration.”

A recent extensive meta-analysis of the available research [Alfieri,
Brooks, Aldrich, Tenenbaum, 2011] confirms Mayer’s conclusions,
stating that direct teaching is better than unassisted discovery, but
that guided-, enhanced- or assisted discovery learning is superior to
direct or explicit teaching. But an important remark has to be added.
Indeed, the amount of guidance/structure will vary depending on stu-
dents’ prior knowledge as well as their achieved mastery level. In oth-
er words, the ratio between teacher guidance and student self-guid-
ance will vary throughout students’ learning trajectory.

An example of an approach to teaching and learning that repre-
sents a form of implementation of a constructivist, guided-discov-
ery method and that is today successfully used in higher educa-
tion is so-called problem-based learning (see e.g., [Hmelo-Silver,
2004)).
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How can
CSSC learn-

ing processes be
stimulated and
kept going in stu-
dents through
instructional
intervention?

An illustrative
powerful learn-
ing environment
focused on foster-
ing self-regulation
in university
freshmen

Theoretical
and empirical
background

Competence

In the first part of the third millennium higher education in Europe is
facing several major problems such as: the need to adjust to larger
and much more heterogeneous populations; the largely insufficient
output, certainly in Flemish Belgian tertiary education; the need for
graduates who are prepared for lifelong learning. In response to these
challenges we carried out a research project aiming at the design,
implementation, and evaluation of a powerful learning environment
for improving learning proficiency in beginning university students
(for a more detailed report see [De Corte, Masui, 2009]). Thereby we
took into account previous research and we made use of the growing
knowledge base about self-regulated learning.

In this article | will discuss the following aspects of the study: the
theoretical and empirical background, the quasi-experimental design,
the assessment instruments, and the results.

We used the CLIA-model as a framework for designing a powerful
learning environment [De Corte, Verschaffel, Masui, 2004]. The mod-
el consists of four components.

« Competence: components of adaptive competence in a content
domain.

- Learning: characteristics of effective learning processes.

« Intervention: principles and methods guiding the design of learn-
ing environments.

« Assessment: forms of assessment for monitoring and improving
learning and teaching.

The literature shows that metacognitive knowledge and a large variety
of cognitive as well as affective-motivational self-regulation skills have
an effect on students’ learning processes and outcomes. Research
also reveals an intimate relationships between those skills Therefore,
we opted for a multidimensional approach, i.e. a substantial num-
ber of regulatory activities were addressed in an integrated way in the
learning environment (LE)

Taking the research findings as well as the context of the pres-
ent study into account, we first selected four cognitive self-regulation
skills, namely ‘orienting’, ‘planning’, ‘self-checking’ and ‘reflecting’.
They represent aspects of regulation behavior which are undoubtedly
significant for freshmen at the university.

‘Orienting’ means preparing one’s learning process by examining
the characteristics of a learning task, such as the learning goal, rele-
vant prior knowledge and skills, the time available to accomplish the
task. ‘Planning’ is taking a series of decisions on how to approach the
learning process taking into account the information gathered through
the orientation. ‘Self-checking’ means testing whether intermediate
outcomes match the requirements of the intended learning goals, for
example by making a trial exam. ‘Reflecting’ involves looking back-
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wards to the learning process in view of drawing conclusions about
factors that influenced the process and its outcomes, such as strate-
gies and approaches that worked well and others that did not.
Subsequently we chose four matching affective and motivational
skills. Since ‘orienting’ also implies to determine the difficulty of the
task and to estimate the time it will take to finish it, we firstly choose
‘self-judging’. This affective and motivational skill refers to the willing-
ness to evaluate one’s own strengths and weaknesses in relation to the
learning task, such as the level of one’s prior knowledge. Next we as-
sumed that ‘planning’ offers a good opportunity to learn to make choic-
es or to ‘value’. When making a plan a student decides about a learn-
ing goal and the way to attain it; this involves assigning some value to
this goal and to the efforts to attain it. Thirdly, we included ‘coping with
emotions’ (e. g., frustration because of a failure) as the affective coun-
terpart of ‘self-checking’. When taking a test or an exam the outcome
can be satisfying or disappointing. In both situations the student has
to cope with these emotions, for instance, avoiding to be overwhelmed
by proud in the first case, or by shame or fear in the second case. Fi-
nally ‘reflecting’ seemed to provide good opportunities for learning
to ‘atftribute’ in a constructive way; for example, attributing a failure to
factors that are perceived to be controllable by the student—such as
lack of effort—rather than to uncontrollable aspects—such as the dif-
ficulty of a test. By analyzing the strategies and the study efforts that
produced different learning outcomes, a student can learn that good
study results (in most cases) are not a matter of luck, but the result of
a set of variables that are to a certain degree controllable by the stu-
dent. There is evidence regarding the effect of all these activities and
skills on study results in higher education, but an integrated approach
using these types of skills is mostly lacking in previous training studies.

The starting point for the development of the instructional intervention  Learning and
was that it should stimulate the following characteristics of effective intervention
learning: active, constructive, cumulative, goal-oriented, self-regulat-
ed, situated/contextualized, interactive/collaborative, individually dif-
ferent, and transfer promoting.

Taking this into account an integrated set of seven instructional
principles guided the development of the intervention:

1. Embed the acquisition of knowledge and skills in the real study
context, i. e. the selected activities have to be taught in the context
in which students must apply them (situated learning). This prin-
ciple was mainly realized during the sessions in collaboration with
the instruction team of the courses macro-economics and man-
agement accounting. This kind of situatedness was also intended
to promote transfer.

2. Take into account the learning orientation of the students and their
need to experience the usefulness of the learning and study tasks
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(personal usefulness). Due to the highly selective nature of the
first year at Flemish universities, students are only prepared to in-
vest great efforts when they are convinced that this will be reward-
ing. Therefore, it was explicitly explained to the students how each
part of the intervention could be linked to their learning orienta-
tion and their personal goals (especially being successful in their
first year). Providing this kind of information is also a condition for
facilitating transfer and effort investment.

. Sequence teaching methods and learning tasks and relate them to

a time perspective (sequencing and time perspective). This prin-
ciple fits well with the cumulative, goal-oriented and self-regulat-
ed character of productive learning. The intervention was spread
over a period of six months in which a variety of teaching methods
was used, such as modeling, coaching, scaffolding, articulating
or verbalizing and reflecting. To sequence the learning tasks their
complexity and diversity was progressively increased over time.

. Use a variety of forms of organization and social interaction (var-

iation in organization and social settings). By alternating mode-
ling, individual assignments, working in pairs, small-group work,
whole-class discussion, and different kinds of homework a stimu-
lating social environment was created in line with the constructive
and collaborative nature of learning.

5. Take into account prior knowledge and large differences between

students (adjusting to prior knowledge and differentiating). This
principle serves especially the cumulative and the active character
of effective learning. By using a variety of teaching methods (third
principle) and social settings (fourth principle) it was possible to
meet students’ informal prior knowledge and individual differenc-
es and to stimulate them to be active. For instance, by working in
pairs a student with less prior knowledge could be coached by a
more advanced peer.

. Stimulate articulation of and reflection on learning and thinking

processes (verbalizing and reflecting). Articulating or verbaliz-
ing problem-solving strategies and processes is necessary as a
starting point for reflection; indeed, verbalizing is a pre-eminently
appropriate method to become aware of metacognitive, affective
and motivational aspects of learning. Techniques used for verbal-
izing were thinking aloud, writing while thinking, and oral or written
retrospection. Reflecting was one of the four metacognitive reg-
ulatory skills on which the intervention focused because it is es-
sential to achieve conscious regulation of learning, thinking and
problem solving. For example, oral retrospection was used dur-
ing the macro-economics classes. Students had to answer multi-
ple-choice questions. In discussing their solutions they were invit-
ed to reconstruct their line of thought. These oral reports provided
opportunities to compare differences between students in their ar-
gumentation and, to articulate heuristics that are useful in answer-

Educational Studies. 2014. No 3



Erik de Corte
An Innovative Perspective on Learning and Teaching in Higher Education in the 21st Century

ing this type of questions. In addition, students could draw conclu-
sions with regard to gaps in their knowledge base and with respect
to learning activities that can help to remedy.

7. Create opportunities to practice and to transfer learned activities
to new content domains (practice and transfer). Whereas the inter-
vention focused on the courses macro-economics and manage-
ment accounting, transfer exercises were assigned in different oth-
er disciplines of the curriculum, especially history and sociology.

The treatment of the experimental group (E) involving 47 students Quasi-experi-
consisted 10 sessions of 90 minutes (2 general, 3 macro-econom- mental design
ics, 5 management accounting) + homework assignments aimed at
practicing and transferring knowledge and skills. The treatment took
place in groups of about 15 students and focused on the eight regu-
lative skills. A session started with an overview of the goals to be at-
tained, the activities that were planned, and the kind of contribution
that was expected from the students. Next, the students made two or
more exercises in macro-economics or management accounting in-
dividually or in pairs. After each assignment they were invited to draw
some conclusions, both with regard to the specific content and with
regard to the problem-solving process. At the end of the session stu-
dents received all necessary information about the homework they
had to make individually or in collaboration with a fellow student. All
experimental sessions were audiotaped.

The treatment of the first control group (C1) involving 47 students
consisted also of 10 sessions + homework, but the focus was on cog-
nitive skills, such as analyzing, structuring, relating, rehearsing. The
second control group (C2) involving also 47 students received no
special treatment, but participated in the regular practicals for mac-
ro-economics and management accounting.

A variety of summative assessment instruments were used spread Assessment
over three posttest sessions to assess the effects of the interven- instruments
tion on self-regulation behavior. In the first posttest session assign-

ments for management accounting and multiple-choice questions

for macro-economics were administered; besides solving the ques-

tions, students were also asked to write while thinking, a variant of the

thinking aloud technique. During the second posttest session an attri-

bution questionnaire was used, and metaknowledge of the regulato-

ry skills on which the intervention focused was assessed with a direct

knowledge test. For instance, with regard to ‘orienting’ students were

asked: “What do you have to know at the start of a trimester in order

to be able to organize and plan your study for a particular course?

Also mention how you can obtain that information”; and with regard

to self-judging: “Which personal characteristics of a student can be
advantageous or disadvantageous when studying or making exams?

Explain their effect”.
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In the last posttest students had to fill in again questionnaires on
self-efficacy, on self-regulation skills, and on attribution style that were
already administered as pretests. At this stage transfer of regulation
activities to a course in statistics that was not involved in the interven-
tion was also measured. Therefore, a questionnaire containing elev-
en questions about study activities in the statistics course was admin-
istered. For example, with respect to orienting students were asked:
«How much time do you think you will have to invest in the theoreti-
cal and practical parts of the statistics course, including the lessons?;
and with regard to self-judging: “Do you think that the statistics course
will be easy or difficult for you? Explain your answer”. The overall exam
result at the end of the academic year was used as indicator of aca-
demic performance.

Multiple opportunities for formative assessment resulting in di-
agnostic feedback and coaching were also integrated during the in-
terventions in the learning environment. This was realized especially
through discussion about and reflection on articulated problem ap-
proaches and verbalized difficulties experienced by the students, as
well as through feedback on individual assignments.

The results of the intervention were quite positive as is shown by the
following major overall outcomes of the learning environment.

The experimental students demonstrated significantly more metak-
nowledge than the control students about each regulatory skill includ-
ed in the direct knowledge test. The effect sizes for the difference with
C1 varied for the eight regulatory skills between.41 and.93, and with
C2 between.26 and.56. For instance, with regard to knowledge about
‘orienting’, this means that the experimental students referred signif-
icantly more to items such as the importance of evaluating the study
load of a course, taking into account the way it is organized including
the teaching method during classes, considering the usefulness of
all types of study material and resources as well as the reliability of all
kinds of informants and sources of information. With regard to knowl-
edge about ‘self-judging’, the experimental students showed more
awareness of the impact on learning and taking exams of important
affective and motivational student characteristics, such as calmness
(avoiding to panic or becoming nervous), concentration, determina-
tion (withstanding temptations), assiduity (as opposed to laziness),
interest, persistence, self-confidence or fear of failure, and initiative.
Another interesting finding is that the experimental students had more
extended knowledge about how to cope with negative emotions and
stress during learning. Striking was the fact that they described more
than the control students coping methods that affect the stressor it-
self, for example they propose to learn specific strategies to answer
multiple-choice questions as a manner to cope with uncertainty and
fear of failure towards this kind of questions.
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Also a positive relationship was observed between metaknowledge Relationship
of self-regulatory activities and academic performance. The enter- between

ing characteristics of the students such as prior knowledge and intel- knowledge of
ligence, explained 43% of the variance in performance. When entering  regulatory
the metaknowledge variables in the regression equation the amount  activities and
of criterion variance explained increased to 54%. In other words, dif- academic
ferences in performance between students can be partly explained by  performance
differences in their entering characteristics, but also partly (up to 11%)

by differences in their metaknowledge. This implies that on average

students who showed more metaknowledge got better study results.

An important question was whether, as a result of the intervention, stu- Transfer of
dents had become more competent in learning, in the sense thatthey the trained
transferred the trained regulatory skills to a course that was not in- regulatory
volved in the intervention, more specifically statistics. Analysis of stu-  skills
dents’ answers to the open-ended questionnaire with eleven ques-

tions (see above), showed that the E-students were indeed more
self-regulating for the statistics course than their peers in the con-

trol groups. For the difference with C1 the effect sizes for the distinct

skills varied between.27 and.69, and with C2 between.28 and.58. This
means, for example, that the experimental students proved to be bet-

ter informed about the statistics course, and, therefore, showed evi-
dence of more orienting behavior. More specifically, we observed dif-
ferences on the following aspects. In the experimental group more
students made an acceptable and well-grounded estimate of the

study hours they will need for the statistics course, and more students

were capable of recalling orienting information supplied by the sta-

tistics teachers at the start of the course. The experimental students

were also better informed about several characteristics of the exami-
nation, such as the content, the type of questions and the availability

of a trial exam. With regard to transfer of self-judging behavior the ex-
perimental students gave a more extensive description of their posi-

tion with respect to the statistics course and mentioned more person-

al arguments (such as having to cope with insufficient prior knowledge,

or on the contrary, having a good deal of aptitude for mathematics) for

their self-judgments (experiencing a lot of difficulties studying statis-

tics or being able to pass smoothly, respectively). The experimental
students were also able to formulate more study recommendations

(such as the importance to prepare classes in detail and to be active

and concentrated during the practicals) with regard to the statistics
course, which shows that they were more skilled in reflecting. Moreo-

ver, this transfer behavior explained a substantial part of the variance

in the exam scores for statistics: entering variables explained 41% of

the criterion variance; this increased to 67% when the transfer scores

for all the regulatory activities were included in the regression equa-

tion. In other words, differences in exam scores for statistics can be

partly explained by differences in their entering characteristics, but
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also partly (up to 26%) by differences in their self-regulating behavior
in the first weeks of the course. This implies that on average students
who showed more self-regulation behavior got better study results.

Finally, the students of the experimental group obtained better study
results as measured by exam scores, pass rates, and study careers. In
the first year the experimental students outperformed the control stu-
dents as well in terms of the overall result (effect size.36 for the differ-
ence with C1and.38 for C2), as for the two intervention courses: mac-
ro-economics (effect size.41 for C1, and.26 for C2), and management
accounting (effect size.57 for C1 and.26 for C2).

From the 47 students in each of the three groups significant-
ly more experimental students succeeded in the first year, and ob-
tained their master’s degree. In E, C1 and C2 respectively 38, 28 and
34 students were successful in the first year, and respectively 37, 26
and 30 got their degree.

The example of a design experiment supports the view that the CSSC
conception of learning as a constructive, situated/contextualized, col-
laborative, and progressively more self-regulated process can guide
the design of novel, but also practically applicable powerful learning
environments, i. e. settings that facilitate in students the acquisition of
adaptive competence, in this case esp. self-regulation skills. Indeed,
after the intervention the students in the experimental group had more
metaknowledge about regulation skills, they produced more self-reg-
ulation activities in the courses involved in the intervention, and were
more in control of their academic performance. They also achieved
better academic performance as measured by examination scores,
pass rates, and study careers.

Furthermore, the E-students showed significant transfer of the
acquired self-regulation skills to a non-intervention course, name-
ly statistics. This finding as much as anything shows that these stu-
dents’ learning proficiency has been enhanced, and it fits well with
the rather new and educationally relevant perspective on transfer in-
troduced by Bransford and Schwartz [1999]. Traditionally transfer has
been narrowly conceived as the independent and immediate applica-
tion of knowledge and skills acquired in one situation to another. As
an alternative to this direct-application view of transfer, Bransford and
Schwartz have proposed a much broader perspective that emphasiz-
es preparation for future learning as the major aspect of transfer, and
puts the focus in assessing transfer on students’ abilities to learn in
novel, resource-rich contexts. This approach to transfer is obviously
more in line with the now prevailing notion of learning as an active and
constructive process, that also underlies our learning environment de-
scribed above (for a more detailed discussion see [De Corte 2003]).
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However, the effective and sustained implementation of novel
learning environments puts high demands on the teachers and re-
quires drastic changes in their role and teaching practices.

Instead of being the main source of information, the teacher be-
comes a «privileged» member of a knowledge building community
who creates an intellectually stimulating classroom climate; mod-
els learning, thinking, and problem-solving activities; asks provoking
questions; provides support to learners through coaching and guid-
ance; and fosters students’ self-regulation of their own learning. In
other words, the teacher practices guided- or enhanced-discovery
learning.

Sustained large-scale innovation of higher education in line with
the new approach to learning and teaching is a major challenge for
educational leadership and policy makers, aiming at transferring re-
search-based knowledge about learning and teaching to educational
professionals and warranting its high-fidelity application in classrooms.
An indispensable condition for success in this regard lies in the design
and implementation of a well-grounded and well-elaborated system
for initial and continued teacher professional learning and develop-
ment based on the innovative ideas and practices.

To make significant changes in their practices teachers need time
and multiple opportunities in a variety of activities (e.g., modeling,
coaching) to learn new info and grasp its implications for classroom
practice. Furthermore, teachers need to develop self-regulation skills
that will enable them to monitor and reflect on the effectiveness of
changes they make to their practice. In other words, they have to be-
come reflective practitioners (see e. g. [Timperley, 2008]).
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