
After the effectiveness of self-regulation training outside school
was demonstrated, a self-regulation intervention was developed to
foster the learning achievement in regular math classes. Based on the
theoretical framework of self-regulated learning, self-regulation
training was integrated into a math class unit. The evaluation of the
intervention concerning 53 sixth-grade students took place in a pretest/
posttest-control-group design. One teacher taught one class (control
group) merely mathematical topics and another class (experimental
group) in the same subject combined with self-regulative strategies.
The results revealed that it is possible to support self-regulation
competencies and mathematical achievement by self-regulation
interventin within regular mathematics lessons of 6th-grade students.

Today students are faced with new demands on their learning abilities because of the
increasing knowledge and the consequent necessity for lifelong learning. Therefore, it is
necessary for students to be able to acquire new knowledge and to adapt existing knowledge to
new requirements. For this reason, the recent discussion about education has led to a different
view of learning, considering learners as active instead of rather passive during the learning
process. Students have to be qualified to be active learners to prepare them for these demands.
Therefore, the development of self-regulated learning is one of the main aims of education,
besides the instruction of factual knowledge (PISA, 2004). In Germany, students’ self-regulation
competence is rather low compared to that of international students and the need for the support
of self-regulation is obvious: The PISA – survey (Program for International Student Assessment;
e.g., PISA, 2004) addressed the problem of deficits in cross-curricular academic competencies,
which included general self-regulatory strategies. The results of this study revealed the need for
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students to learn self-regulated. Consequentially, several concepts to support students’ self-
regulated learning have been developed in Germany (see for example Perels, Gürtler, & Schmitz,
2005). These trainings mostly take place outside the classroom with nearly no correlation to
regular classes. Although the evaluation of most of these programs has proven positive results,
the transfer of training contents into school context was difficult because of the separation of
training and teaching in regular classes. 

Self-regulated learning is an important factor for effective learning, following many
studies that have demonstrated the relevance of this competence for school-based learning and
academic achievement (e.g., Zimmerman & Martinez-Pons, 1986). The concrete relationship
between self-regulation competence and achievement is analyzed well in different studies, but
most of these studies’ results are based on correlation (e.g., Zimmerman & Martinez-Pons,
1986) without the possibility of testing specific intervention effects.

The aim of this study is to improve self-regulated learning of students so as to support their
learning achievement in regular classes. Thus, it investigates the effects of training students’
self-regulatory competence in math classes on self-regulated learning as well as on mathematical
achievement (as a mathematical topic we chose division and multiplication) by conducting an
intervention study. In order to effectively support self-regulated learning, we tried not only to
include single components of self-regulation, which is often done in studies trying to support
self-regulation by enhancing one single component. Our aim is to support the overall self-
regulation cycle. This adds to research, because the few intervention studies which investigate
the support of students’ self-regulated learning in order to improve academic achievement often
include only one component in the training program (e.g., learning strategies, Weinstein,
Husman, & Dierking, 2000). By means of this integrated approach, we are able to analyze and
compare the impact of these different self-regulation components on student self-regulated
learning and their learning results; in this case, their mathematical achievement.

With respect to the content of our intervention, our study is based on self-regulation theory
(see e.g., Boekarts & Corno, 2005; Boekaerts & Niemivirta, 2000; Pintrich, 2000; Zimmerman,
2000). For the intervention concept, we refer to the process model of self-regulation by Schmitz
and Wiese (2006, see also Perels, Gürtler, & Schmitz, 2005), which provides many important
components for the training of self-regulatory strategies. This process model is based on the self-
regulation model by Zimmerman (2000, see also Zimmerman, 1998; Zimmerman, Bonner, &
Kovach, 1996) and of Heckhausen and Kuhl (1985). They differentiate between three phases
during the process of learning: the preaction phase/forethought, the action phase/performance and
volitional control, as well as the postaction phase/reflection. 

The preaction phase (forethought) mainly focuses on goal setting. At the beginning of the
self-regulation process there is a predefined task given in a specific situation. With respect to
the task and the situational and personal circumstances (e.g., the affective condition of the
learner, e.g., being happy), the learner sets individual goals. Students choose their goals
considering the kind of exercise at hand and their situational background (e.g., the learner’s
attitude to learning which influences the approaching to the task). This goal setting is
connected to the motivation of the student to handle the task. Following Ryan and Deci
(2000), we differentiate between intrinsic and extrinsic motivation. These authors define
intrinsic motivation “as the doing of an activity for its inherent satisfactions rather than for
some separate consequences” (Ryan & Deci, 2000, p. 56). In contrast, extrinsic motivation “is
a construct that pertains whenever an activity is done in order to attain some separate
outcome” (p. 60). According to self-regulated learning the ability to apply self-motivation
strategies is also important. Thereby, self-motivation can be described as the ability to reach a
goal without being influenced to do so by another person (self-motivation strategy e.g., self-
rewarding) with an accentuation of personal responsibility. As another key concept, our model
includes self-efficacy, defined as an individual’s sense of his or her abilities, of his or her
capacity to deal with the particular sets of conditions that learning puts before him or her. It
has often been shown that self-efficacy has positive effects on important self-regulatory
parameters such as effort, persistence, and achievement (Schunk & Ertmer, 1999). These
components affect the planning of the given task starting with goal setting.
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During the action phase (performance and volitional control), when the task is actually
dealt with, the amount of learning time, the use of internal resources (e.g., concentration) and
the application of learning strategies (e.g., MSLQ; Pintrich, Smith, Garcia, & McKeachie,
1991) are important to achieve desired outcomes, e.g., good performance. In line with
Pintrich, Smith, Garcia, and McKeachie (1991), we differentiate between three kinds of
strategies: cognitive, metacognitive and resource-oriented strategies. Metacognitive strategies
include planning, regulation and monitoring. With regard to resource-management strategies,
two groups are distinguished: internal and external strategies. Internal strategies are effort,
time management and attention management. An example of an external strategy is the act of
seeking social support. Besides metacognitive and resource-management strategies, we also
refer to volitional strategies (see Kuhl & Fuhrmann, 1998) which are not explicitly included in
most learning strategy inventories. Volitional strategies are necessary, if problems arise during
the task (see Corno, 1989; Kuhl & Fuhrmann, 1998). Corno (1994) describes volition “as the
tendency to maintain focus and effort toward goals despite potential distractions” (p. 229). In
this connection volitional strategies can be defined as a student’s use of established work
habits such as concentration strategies or the elimination of any kind of internal and external
distraction. During the learning process the learner monitors his or her own behavior (self-
monitoring). In our studies, we support the self-monitoring procedure by the use of
standardized diaries. The efficacy of this kind of instrument has been well demonstrated in
several studies (see e.g., Schmitz & Wiese, 2006).

After having completed the task, the so-called postaction phase (self-reflection) begins.
The learner evaluates the result of his or her effort and draws conclusions for further learning
processes (e.g., dealing with mistakes). The comparison of the result with the goal has
implications of the learner’ affect (e.g., content/discontent), leads to implications for further
learning processes and is influenced by an adequate attribution (a person ascribes a learning
result to oneself or to another person; see e.g., Reber, 1995) of the learning results. In this
connection it is important that success and failure are attributed to internal, variable factors
such as effort, because this kind of attribution leads to an assumption of responsibility for the
learning outcome. The comparison of setting goals and learning results for the given learning
process has implications on the goal setting and the strategy used for the following learning
process. The theoretical background is depicted in Figure 1. The components of the three
phases of self-regulation, as postulated in the model, were integrated in terms of strategies into
an intervention implemented in regular mathematics classrooms.

Figure 1. Process model of self-regulation (see Schmitz & Wiese, 2006)



To reduce complexity we choose important variables from each learning phase to
measure before and after the training: Regarding the preaction phase we choose the
components “goal-setting”, “self-efficacy” and “motivation”, for the action phase we choose
the variable “volitional strategies” and as learning strategies “problem-solving strategies”
(cognitive learning strategy), “resource-oriented strategies” and “self-monitoring”. Regarding
the postaction phase we choose the components “handling mistakes” and “attribution” for
training evaluation. These variables were the basis for the evaluation of the intervention.

Inclusion of self-regulation into mathematics lessons

In order to facilitate the transfer of the trained self-regulation strategies, the instruction of
self-regulation strategies should be included directly into subject-oriented education. In line
with De Corte, Verschaffel and Op’t Eynde (2000), interdisciplinary self-regulation skills as
well as an issue-related attitude have not yet been sufficiently taught. As demonstrated by
Hamman, Berthelot, Saia, and Crowley (2000), teachers use only 9% of all communication
segments of a lesson for the discussion of such strategies. A study with elementary school
teachers conducted by Moely, Santulli, and Obach (1995) revealed that less than 10% of the
observed teachers taught their students how to self-regulate their cognitive activity while
working on an exercise. In addition, the introduction of self-regulatory strategies seems to be
even less frequent than the introduction of cognitive strategies (Santulli, 1992).

According to a meta-analysis by Hattie, Biggs, and Purdie (1996), the direct and isolated
instruction of self-regulated learning strategies has turned out not to be very efficient. Instead,
the authors rather argue that direct instruction of strategies ought to be linked to factual
content in order to apply them in a natural setting. Training which combines the teaching of
strategies with mathematics mostly focus on cognitive strategies – mathematical problem-
solving strategies – but rarely on self-regulatory, metacognitive learning strategies. There are a
few studies (e.g., Fuchs et al., 2003; Perels, Gürtler, & Schmitz, 2005), which combine the
instruction of mathematical problem-solving strategies with multidisciplinary self-regulation
strategies. These combined training sessions have proven to be more efficient than training
covering just one of the two strategy domains. With regard to mathematics classes, it should
also be possible to train self-regulation strategies on the basis of the curricular contents. New
training programs trained students in their natural learning environment at school. However,
the students were instructed by external trainers and not by their regular teachers as in our
study. According to the results of their meta-analysis, Hattie et al. (1996) argue that
intervention should be integrated into the actual classroom, because existing learning strategy
training suffers from a lack of transfer.

This study focuses on training self-regulatory learning strategies during regular
mathematics lessons. For this purpose, a teaching unit consisting of nine lessons with the topic
“divisors and multipliers” as well as self-regulation contents was developed and introduced in a
sixth-grade classroom. It was evaluated by a longitudinal design including pretesting and
posttesting of the experimental and control group. The training contents are based upon a training
program developed by Perels, Miethner, and Schmitz (submitted) within the context of a larger
project of the German Research Association (DFG) aiming at the improvement of school quality
(“BIQUA-Bildungsqualität von Schule”; quality of education and literacy at school). 

For the self-regulation instruction concept Schunk and Ertmer (2000) recommend that
beyond modeling, participants should be given greater responsibility for their own learning
and self-regulation should be taught in content areas. They also suggest intensifying self-
reflective practice to improve transfer. We tried to incorporate these recommendations in our
intervention: Our training attempts to enhance the application of self-regulation content in
actual mathematics lessons and we combined self-regulative strategies with the learning
contents “divisors and multipliers”. The students’ mathematics teacher, who was instructed to
behave as a self-regulation model in the self-regulation units, taught the lessons. Finally, self-
reflected practice was supported by our self-monitoring procedure. The students received
standardized goal diaries to self-monitor their goal achievement. 
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Research questions and hypotheses

The aim of the study was to improve self-regulated learning and mathematical
achievement of 6th-grade students. Therefore, in-class student training was carried out to
investigate its impact on student self-regulated learning and mathematical achievement
concerning the content “divisors and multipliers”. The following assumptions were made: For
self-regulation we expected a specific effect of the intervention according to the results of the
knowledge test and the answers to the self-regulation questionnaire (overall scale “self-
regulation” and its scales goals, motivation, self-efficacy, volition, monitoring, learning
strategies, attribution, and handling mistakes). We also expected an effect of the intervention
on the mathematical achievement according to the contents of the teaching unit measured by a
mathematics test.

Method

Design

The study was conducted following a quasi-experimental control group design with
repeated measures. One mathematics teacher who taught two parallel classes participated in
the study. One class served as a control group. The students of this class were examined
before and after a conventional teaching unit with the topic “divisors and multipliers”. The
second class served as experimental group. This class participated in a teaching unit with the
same topic but with the additional instruction of self-regulation strategies. For this class
testing also took place before and after the teaching unit. 

Participants

The voluntarily participating teacher taught mathematics to two sixth-grade classes at the
same time. At the time of the intervention she was 52 years old and had been teaching for 27
years. Thus, she represented some of the characteristics of the average teacher in Germany
today. The two classes consisted of 55 students (28 students in the intervention class and 27
students in the control class) who had moved on to the sixth-grade at the time of the
intervention. Data sets of 53 students (26 of intervention class and 27 students in the control
class) could be used in the pre /post data analysis and evaluation. The mean age in the
intervention class was 11.15 (SD=.37) and 10.92 (SD=.39) in the control class. 45 students
were eleven years old when the intervention took place, three children were ten, and five
children were already twelve years old. 28 girls (14 in the control group) and 25 boys (13 in
the control group) participated in this study. 

Procedure

The procedure will be depicted separately for the control and the experimental group, for
reasons of clarification. The head of the school was informed about the project and agreed to
its terms. Then the control group took a pre-test consisting of a self-regulation questionnaire
and a mathematics test during a mathematics lesson at the end of the school year. After that,
the mathematics teaching unit without any special intervention took place before the summer
holidays. In the fifth, the sixth and the seventh lesson, the control group additionally learned
three strategies for handling mathematical word problems. This was not directly connected to
the contents of the teaching units but served to ensure that the intervention of control group
and experimental class lasted the same amount of time. The three strategies were selection
(discrimination of relevant from irrelevant information, see e.g., Cook & Rieser, 2005),



segmentation (subdivide a complex problem into its components and solve these components
to solve the complex problem) and display formats (e.g., figure or table). All lessons were
recorded on video. A posttest took place after that teaching unit. Both pretest and posttest
consisted of a questionnaire on self-regulated learning as well as a mathematics test about the
teaching unit. We did not use the self-regulation knowledge test for the control group in order
not to discourage the students.

The experimental group finished the pre-test at the same time as the control group.
However, this group didn’t participate in the conventional teaching unit “divisors and
multipliers” but worked on another unit of the curriculum. The children of the intervention
group took part in a second pre-test measurement after the holidays, they were then trained in
mathematics and self-regulation and then passed a post-test immediately after the end of the
intervention. The mathematical contents were the same in both groups. The lessons of the
intervention group were also videotaped. Seven weeks after the post-testing, stability and
transfer of the trained self-regulation competencies were measured. The children and the
teacher of the experimental class as well as the teachers who taught other subjects to this class
participated in this follow-up measurement. The students of the experimental group kept
diaries concerning their self-defined goals in order to support self-monitoring during the
intervention. 

Intervention

The intervention aimed at improving self-regulation of students in their regular
mathematics class. Therefore, a teaching unit of nine mathematics lessons (lasting three
weeks) was modified to teach and exercise eight self-regulation strategies in order to apply
them to specific mathematics exercises. The training concept was meant to create a learning
environment that supports self-regulated learning. The mathematics topics were based on the
regular schoolbook for the school’s fifth and sixth grades. Table 1 gives an overview of the
training contents of the intervention group, including the contents of the control group’s
lessons for comparison. The control class only received instruction concerning mathematics.
In order to guarantee an equal instruction time, control students additionally learned
mathematical problem-solving strategies (selection, segmentation and display formats) which
were not connected to the mathematical contents of the learning unit. To ensure that the
mathematical contents were instructed in parallel to the two classes, the video-analyses of the
control group lessons were evaluated before the instruction of the experimental group started.

All of the experimental group’s lessons were designed to follow the same procedure: The
teacher began every lesson with a short repetition of the last lesson’s contents. The rest of the
class consisted of 1/3 self-regulation strategies and 2/3 mathematical contents. At the end of
each class, the teacher was asked to repeat the new contents and to give homework for the
following lesson.

The first and second lesson in the experimental group were based on group work in order
to make the students familiar with the learning strategies supporting self-regulated learning.
To warm up, the students thought about how they had dealt with learning problems in the past.
Then they worked on different strategies (positive attitude towards mathematics and learning,
motivation, goal-setting, planning, dealing with distractions (internal and external),
concentration, handling mistakes) in so called “expert groups” (jigsaw learning). The students
designed a poster for the strategy in each group. Then all the students walked around and were
instructed by the experts of each group about the strategy described on the poster. The lessons
ended with the assignment of the strategies to the preaction, action and postaction phases,
whereby the students received a first impression of the self-regulation model. In the third
lesson, the teacher introduced the topic “divisors and multipliers”. Apart from this
mathematical content, the lesson’s goal for the students was to become aware of their positive
and negative “attitudes towards mathematics”. The children were supported in developing a
constructive and positive attitude towards the subject. In addition, they learned about the
importance of correct “goal setting” as well as distinguishing between main and subgoals. The
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contents of the fourth lesson concerned the consolidation of the topic “goal setting”. The
students were told how to reach a long-term goal by planning small, precise steps. They
practiced how to set goals and were introduced to a worksheet that can help them to set goals
in class and monitor their progress. Regarding the mathematical contents they learned about
the “divisibility of sums”. The fifth lesson dealt with the mathematical subject “rules of
divisibility for the numbers 2, 4, 5, 8, 10 and 20”. Additionally, the students talked about
personal experiences with “self-motivation”: Which strategies did they use to motivate
themselves? The lesson aimed at making them aware of their own strategies and how to learn
from their peers. The teacher also distributed a handout with a summary of self-motivation
strategies. In the sixth and seventh lesson, the teacher introduced the topic “multipliers”.
Based on an example exercise, the children learned how to proceed in a well-structured
manner while working on a mathematical problem (“planning”). Another self-regulation topic
of the lesson was “concentration”, starting with a discussion about “How does a lack of
concentration show? What can be done?” The students received concentration exercises and
practiced them. In the eighth lesson, the teacher talked about “dealing with internal and
external distractions” as well as about “divisor rules for the numbers 3, 6 and 9”. The topic
“distractions” was introduced with reference to previous lesson’s content (concentration). The
students discussed what could disrupt their concentration. The teacher explained strategies for
dealing with external distractions (e.g., sign for the room door “Please do not disturb!”). Then
she presented possibilities for stopping bothersome thoughts (“stop sign” for interfering
thoughts) and for reformulating them (self-instruction). For example, instead of thinking “This
task is too difficult for me”, they could say, “Maybe I can find a small part of the task which is
interesting and easy to solve”). The last lesson of the teaching unit contained the topic
“divisors”. Additionally, the students learned how to “handle mistakes”, a strategy which
takes place during the postaction phase. They learned how to use a standardized protocol
pattern for noting mistakes and learning from them.

Table 1

Topics of the intervention groups
Topics of the experimental groups’ math lessons

lesson mathematical contents self-regulative contents

1st & 2nd lesson - expert round: introduction of learning strategies
3rd lesson introduction to the topic: divisor and multiplier attitude towards math and goal-setting
4th lesson divisibility of sums goal pursuit and goal control
5th lesson divisibility rules for the numbers 2, 4, 8, 5, 10 & 20 self-motivation
6th & 7th lesson lowest common multiplier planning how to solve a problem and how to concentrate
8th lesson divisibility rules for the numbers 3, 6 and 9 dealing with internal and external distraction
9th lesson greatest common divisor handling of mistakes

Topics of the control groups’ math lessons

lesson mathematical contents problem-solving contents

1st lesson divisor and multiplier derivation and rules
2nd lesson divisibility of sums
3rd lesson last digit rules for divisibility: memorizing aids
4th lesson divisibility by 3 and 9 check sum
5th lesson problem-solving strategy: introduction to selection
6th lesson strategy how to solve a problem: repetition selection, 

segmentation
7th lesson problem-solving strategy: display formats transfer of 

strategies to other domains
8th lesson lowest common multiplier
9th lesson greatest common divisor



Instruments

The intervention was evaluated by using several instruments (questionnaire on self-
regulated learning, diary for goal setting, mathematics test, and transfer measurement). In this
article, we will focus on the measurement of self-regulation competence by means of a
questionnaire for self-regulated learning, the knowledge test on self-regulation strategies and the
mathematics test. The self-regulation questionnaire was constructed on the basis of an instrument
used and evaluated in a study with 5th-grade students with the aim of improving self-regulated
learning by training students and their parents (see Perels, Miethner, & Schmitz, submitted;
Perels et al., 2005) during training outside regular classes. Both, the control group and the
intervention group had to fill in this questionnaire before and after the intervention. The response
categories of the self-regulation questionnaire ranged from 1 to 4 (1=I don’t agree at all, 2=I
don’t agree, 3=I agree, 4=I agree completely). An overall scale “self-regulation” (�=.82) was��
designed in order to get an overall measure of the trained self-regulation competencies. The sub-
scales included were goal setting (�=.63, 7 items, e.g., “If I want to reach an important aim I try��
to reach it step by step.”), motivation (�=.71, 17 items, e.g., “After having completed an exercise��
I reward myself.”), volition (�=.70, 12 items, e.g., “If I have to learn something difficult I prefer��
starting at once.”), learning strategies (problem-solving and resource based strategies; (�( =.69, 10��
items, e.g., “I can easily find my materials on my desk.”), monitoring (�=.61, 3 items, e.g.,��
“During learning I evaluate whether my proceeding makes sense.”), attribution (�( =.66, 6 items,��
e.g., “If I don’t succeed in doing my homework it is because I haven’t made enough effort.”),
handling mistakes (�( =.67, 3 items, e.g., “By analyzing my mistakes I can learn what to improve.”)��
and self-efficacy (�( =.67, 4 items, e.g., “I can manage to solve even difficult problems.”).��

In addition to the measurement of strategy application, the students of the intervention group
had to finish a knowledge test on self-regulation. This test measured the knowledge on self-
regulation with the help of several questions with an open response format (e.g., “What can you
do to learn from your mistakes?”) as well as multiple-choice questions and a case example. For
the multiple-choice questions, three to five possible answers were provided. The scales of this
knowledge test were goal setting, planning, self-motivation, concentration, volitional strategies
(e.g., dealing with distractions) and dealing with mistakes. Since the students in the control class
did not receive self-regulation training, one can assume that their knowledge on self-regulation
did not change. Therefore, only the students of the experimental group had to take part in the
knowledge test in order to analyze the effects of the intervention in detail. The evaluation of the
test results was realized by counting the number of correct answers on the multiple-choice
questions and by grading the open answers with a maximum possible score of 26.5 points. 

In addition, the students had to work on a mathematics test. This test consisted of five tasks
including two word problems. The first and the second exercise dealt with divisibility. Example:
“Is it possible to divide 132 by 12? Give reasons for your answer!” In the third task (word-
problem) the students had to deal with multipliers. Example: “Martin has a stride of 60cm, Uwe
of 80cm. Which distance does Martin/Uwe cover after 1, 2, 3... 10 steps? After which distance
do Martin and Uwe’s strides come together? How many steps does Martin have to take to reach
Uwe’s step?” The fourth task tested the content “divisibility by 3” and check sum. Example: “Is
it possible to divide 423 by 3? How can you find out without calculating?” The last word
problem was designed to measure the knowledge on the divisibility of sums. Example: “The
teacher of class 5a wants to give several bags of sweets to 18 students. There are exactly 558
sweets. Can all students get the same amount of gummy bears without leaving any remaining
bears?” In this test the students could reach a maximum of 19 points.

Results

The differences between the experimental group and the control group were calculated by
means of analyses of variance, with time as a repeated measurement factor. There were no
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significant pretest differences between the groups before the intervention in the scales, except
for the scale “monitoring” (t=-3.34, p<.01): The students of the experimental group rated
higher in this scale. In the case of pretest differences, analyses of covariance were conducted
with the pretest as a covariate (for pretest-posttest analyses). The results, as well as the means
and standard deviations can be seen in Table 2. The results reveal significant interactions
between time and group for most self-regulation scales – as expected in favor of the
experimental group. 

Table 2

Means (standard deviations) and results for the interaction Time x Group
Time

DV Group Pretest M (SD) Posttest M (SD) df F Eta2

Self-regulation overall � CG 2.85 (0.31) 2.73 (0.29) 9/37 05.09*** .55
EG 2.90 (0.39) 3.19 (0.36)

Goals CG 2.94 (0.43) 2.83 (0.36) 1/45 09.84*** .18
EG 3.01 (0.46) 3.39 (0.49)

Self-efficacy CG 3.10 (0.41) 2.47 (0.50) 1/45 31.12*** .41
EG 3.02 (0.43) 3.17 (0.50)

Motivation CG 2.50 (0.40) 2.73 (0.40) 1/45 02.73*** .06
EG 2.60 (0.40) 3.03 (0.47)

Volition CG 3.12 (0.37) 2.76 (0.50) 1/45 16.75*** .37
EG 3.16 (0.36) 3.28 (0.34)

Problem-solving strategies CG 2.55 (0.69) 2.78 (0.40) 1/45 00.00*** .00
EG 2.79 (0.86) 3.03 (0.46)

Resource oriented strategies CG 2.99 (0.60) 2.79 (0.35) 1/49 07.58*** .13
EG 3.19 (0.48) 3.30 (0.54)

Monitoring � CG 2.81 (0.64) 2.88 (0.60) 1/49 04.47*** .09
EG 3.33 (0.49) 3.40 (0.39)

Attribution CG 2.88 (0.43) 2.79 (0.38) 1/45 03.06#** .06
EG 2.99 (0.42) 3.16 (0.39)

Handling mistakes CG 3.29 (0.58) 2.75 (0.37) 1/45 11.41*** .20
EG 3.39 (0.49) 3.49 (0.47)

Math test CG 7.20 (2.43) 7.74 (2.95) 1/52 03.28#** .06
EG 7.16 (2.90) 9.00 (2.73)

Note. #p# <.10; *p* <.05; **p* <.01; ***p* <.001. ��Because of pretest differences for the students an analysis of covariance with
the pretest as covariate was conducted. The presented M and SD are not adjusted; ��Multivariate analysis of variance.

The analyses of the self-regulation questionnaire show positive effects regarding the
overall scale “self-regulation” and its sub-scales “goals”, “volition”, “learning strategies:
resource-oriented strategies”, “monitoring”, “attribution” (10%-level), “handling mistakes”
and “self-efficacy”. The intervention group stated significantly more self-regulated behavior in
the posttest than the control group, whereas the control group showed a small but statistically
significant drop. There were no significant pretest-posttest differences between the experimental
group and the control group in the scales “problem solving” and “motivation”. Figure 2 shows
the significant result for the overall scale “self-regulation”.

Since the experimental class had to fill in a knowledge posttest on self-regulation,
descriptive analyses according to this instrument were possible. The results of the test showed
that the students of the experimental group reached almost half of the possible maximum score
(11.24 of maximum possible 26.5 points). The students had a considerable knowledge of the
topics goal setting (criterions for goal setting [1.19 of 1.5 points] and control of aim pursuit



[0.34 of 0.5 points]), concentration (0.85 of 1 point), and shifting of negative thoughts about
learning situations and competencies into positive ideas (0.9 of 1 point).

Figure 2. Significant interaction Time x Group in relation to “Overall Self-regulation” 

Concerning the mathematical competencies on multipliers and divisors, an analysis of
variance regarding an overall measure (sum over all exercises of the test, max. score: 19) was
conducted (result see Table 2). Figure 3 shows the result of this analysis.

Figure 3. Interaction Time x Group in relation to the result of the math test

As illustrated in Figure 3, both classes improved after the intervention regarding their
mathematical competencies. However, there are significant differences (10% level) between the
groups. Only the students of the experimental class showed a significant increase (t=3.72, tt p<.01).
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Discussion

The results of the pretest-posttest evaluation reveal that it is possible to support self-
regulation competencies and mathematical achievement by a self-regulation intervention within
regular mathematics lessons of 6th-grade students. The students who received self-regulation
instruction during their mathematics class showed knowledge on the trained self-regulation
strategies as well as higher assessments in the self-regulation questionnaire at the posttest. Both
the results of the overall-scale “self-regulation” and the separate analyses of the included self-
regulation strategies indicate this. Yet there are no effects regarding the scales “motivation” and
“problem-solving strategies”. Relating to “problem solving”, the lacking interaction effects
could be explained by the fact that the control group learned mathematical problem-solving
strategies instead of self-regulation during the intervention time. Therefore, both groups
thought they were learning strategies to support the learning of mathematical contents and
therefore showed an increase in their statements for this scale in the questionnaire. Regarding
motivation, there are effects for the experimental class but they are not statistically significant.
Maybe there was no additional self-motivation needed during the training period that was
interesting and new for the students. A further measurement after a retaining period of a few
weeks or months could help to detect any effects of the intervention regarding self-motivation.

Pertaining to mathematical achievement, we measured the results of the mathematics test of
the “experimental” students and compared them with the results of the “control” students. We found
that it is also possible to support mathematical performance by training self-regulatory strategies
during regular classes. The students of the experimental group showed higher improvement in
their mathematics skills concerning “divisors and multipliers” in the pre/posttest comparison.

Our approach of combining self-regulation with subject-related strategies was successfully
conducted by Perels et al. (2005), who improved the competencies of 8th-grade students by
means of training outside school which combined self-regulatory and mathematical problem-
solving strategies. In this context, our study adds to research as it realizes this combination in
a regular classroom situation, so that it is possible to directly influence school-based learning
with cross-curricular self-regulation strategies. 

In our study, we successfully combined general (self-regulation) strategies with
mathematical contents. This procedure should ensure a direct transfer of self-regulation
training contents to the subject related tasks on divisors and multipliers. According to
Waeytens et al. (2002), the approach of combining the instruction of self-regulated learning
with regular subject contents as well as the idea of creating learning environments which make
self-regulated behavior necessary and that support it, in general do not always go well with
existing teaching and learning strategies. The school organization does not yet sufficiently
demonstrate an adapted learning and working behavior to students (e.g., Moely, Santulli, &
Obach, 1995). In the consequence it is necessary for the intention to support self-regulation
and as a result learning achievement to attach great importance to the self-regulation contents
as well as to adequate methods and learning environments to support it as we did in our study.

In contrast to other trainings, which focus on the implementation of selected components
of self-regulation (for an overview, see Schunk & Ertmer, 2000), our intervention implemented
components of all phases of the self-regulation process. The combination of specific
mathematical strategies and overall self-regulation for the students seemed to be beneficial for
self-regulated learning as well as for mathematical achievement.

Nevertheless, there are still some limiting factors to this study: the items of the
questionnaire only measure if a student claims to apply learning strategies. It is not possible to
conclude any statements on how far the students can actually regulate their learning behavior.
In this context, a behavior-related operationalization of the employment of learning strategies
might be revealing, as for instance stated by Leutner, Barthel, and Schreiber (2001) relating to
self-motivation of university students. With such an instrument, it would be possible to
measure the results of strategy use, as it was possible to do with the mathematics test.

Another limitation of the study is that only one teacher participated which reduces the
possibilities for generalization of the results. She taught both classes in the same topic one



after the other (first the control class, then the experimental class). The contents of the
teaching units of the experimental class were designed in parallel to those of the control class
concerning the mathematical topics. To ensure parallelism of the mathematical parts of the
learning units we used the video data. Between the two learning units (of the control class and
the experimental class) the teacher received only little information about the aims of the
intervention. She was informed in detail after the end of the study. This was necessary to
prevent the teacher from influencing the arrangement of the lessons with her knowledge of the
hypothesis.

Another limitation pertains to the intervention duration: As mentioned earlier, the
training lasted only three weeks. Greater effects regarding the learning behavior and the
mathematical achievement should be expected in case of a continuous and fairly long-term
instruction of self-regulation competencies in regular classes (e.g., Hilden & Pressley, 2007
according to increase students´ self-regulated use of reading comprehension strategies). From
this point of view, the presented teaching unit of nine lessons is just a first introduction to the
topic.

Learning strategies should be practiced regularly in further lessons. In order to place
these concepts in schools in the long run, it seems to make sense to impart the knowledge and
skill of how to instruct self-regulation strategies within the scope of teacher training. This is,
of course, not limited to mathematics classes, because opposed to cognitive learning strategies
that aim at facilitating the acquisition of a certain subject matter, self-regulatory learning
strategies are more general and multidisciplinary, and can be applied during the whole
learning process in different content areas. Further research should investigate how such
training could be integrated into existing teacher training, and what kind of methods could
evaluate whether transfer of the training contents was successful.

The present study implies practical consequences for schools. The results show that it is
possible to support self-regulatory strategies in regular classes (6th-grade class). Therefore,
teaching interdisciplinary self-regulatory and domain-specific strategies should already be
integrated in regular elementary school lessons to support the development of advantageous
learning behavior as early as possible. Therefore changes in teacher apprenticeship are
necessary. 
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Envisageant la discussion sur l’effectivité d’entraîner l’autorégulation
en dehors de l’enseignement scolaire, un programme d’intervention fut
conçu à fin d’améliorer l’autorégulation académique des collégiens dans
le cadre de l’enseignement régulier. Fondé à la théorie d’apprentissage
autorégulé, une intervention qui se penche sur l’autorégulation fut
intégrée dans une unité de leçons de mathématiques. L’évaluation de
l’intervention pour 53 élèves de la cinquième eût lieu dans le contexte
d’un design prétest-intervention-posttest avec un groupe contrôle. Dans
une des deux classes (groupe contrôle), le professeur enseigna
exclusivement des mathématiques; dans l’autre classe (groupe
expérimental), elle enseigna la même matière ajoutant l’enseignement
des stratégies d’autorégulation. Les résultats indiquent que les
compétences de l’autorègulation et la performance en mathématiques
peuvent être améliorées par une intervention d’autorégulation en
classes régulières de mathématiques.
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