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Evaluation of a self-instructional
self-regulated learning material in
mathematics

Andreia Balan and Anders Jonsson*

Faculty of Education, Kristianstad University, Kristianstad, Sweden

Success in school is closely linked to students’ ability to regulate their own learning.
In mathematics, self-regulated learning (SRL) strategies can help students become
more independent and proactive in their learning. However, there is limited
research on how students can be effectively supported in developing and applying
these strategies, especially for younger students. The purpose of this study is to
evaluate the impact of a self-instructional SRL material. The material is designed
in collaboration between researchers and teachers, and integrated into regular
mathematics instruction. Specifically, we examine whether the use of the SRL
material varies across schools and student groups. A quasi-experimental research
design with pre- and post-tests was employed, involving 258 students in grades
5 and 6 from five different schools over the course of one semester. Data was
collected through structured surveys measuring student engagement with the
material, along with performance tracking before and after the intervention. The
findings indicate that co-developing SRL materials with teachers, and embedding
them in regular instruction, has clear advantages. The findings also show that while
the material was used equally across genders and performance levels, variations
remain due to school culture, socio-economic factors, and individual teacher
influence. Notably, lower-performing students showed greater progress compared
to high-performers, and girls engaged more actively with SRL strategies than boys.
These findings have important implications for the design and implementation
of SRL interventions. While integrating SRL support within everyday teaching
fosters engagement, additional measures may be needed to address persistent
disparities between schools and student groups.

KEYWORDS

self-regulated learning, mathematics learning, instructional material, intervention,
digital material

1 Introduction

Having constructive strategies for regulating one’s learning, known as “self-regulated
learning” (SRL), such as knowing what to do when one does not understand something or
how to set realistic goals, can be crucial to how students perform in school (e.g., Dignath et al.,
2008; Hattie et al., 1996). However, while some students possess a variety of strategies already
at a relatively early age, others have only vague ideas on how to regulate their learning (Jonsson,
2022). Helping students find and use such strategies could therefore be a way to enable
low-performing students to improve their academic outcomes. If this could be done
successfully during the early stages of schooling, the gap between high- and low-performing
students might be reduced, and other negative consequences for low-performing students
(e.g., decrease in academic self-concept) might be diminished or avoided. Consequently, there
is a strong incentive within educational research to identify constructive strategies that support
the learning process, which has led to numerous studies on how to foster students’ SRL
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strategies (e.g., Boekaerts, 1999; Dent and Koenka, 2016; Hattie, 2009;
Hitt, 2023; Muncer et al., 2022; Zimmerman and Schunk, 2001).
However, there is still a lack of a clear understanding of how teachers
can support students in developing SRL strategies within regular
classroom teaching, especially in relation to younger students. This
study thus involves the implementation and evaluation of a self-
instructing material integrated into the regular curriculum.

2 Background
2.1 Self-regulated learning (SRL)

Students who use self-regulation strategies are proactive on
several levels: metacognitive, cognitive, behavioral, and motivational
(Panadero, 2017). On the metacognitive level, students set specific
goals and evaluate their progress in relation to these goals. They reflect
on how well they performed when working on tasks and consider
what they can do differently in the future (Puustinen and Pulkkinen,
2001; Zimmerman, 2002). Cognitively, students recognize what they
understand and what they do not. They know and apply different
strategies depending on the task and context.

On the behavioral level, students regulate their resources (such as
time), adapt their learning environment when necessary, and seek
help and feedback. Motivationally, they manage their emotions to
achieve their goals, and failures are seen as part of the learning process
(Pintrich, 2000).

Thus, self-regulated learning is not a static ability or personal trait,
but rather a set of tools that help students regulate and direct their
resources, behaviors, emotions, and knowledge to achieve their goals.
These strategies relate to different levels (i.e., cognitive, metacognitive,
behavioral, and motivational) and complement each other.

2.2 SRL and learning in mathematics

Since the late 1990s, the subject of mathematics has undergone
important changes (De Corte et al., 2000). Shifting from a focus on
learning concepts and procedures, mathematics has broadened to
emphasize problem-solving and modeling. These changes are also
reflected in the Swedish national curriculum for mathematics, which
describes mathematical problem-solving both as a goal and a tool,
placing great importance on students being able to communicate and
reason using mathematical concepts (Swedish National Agency for
Education, 2022).

However, this new perspective on mathematical proficiency places
different demands on teaching and learning in mathematics (Valero
et al,, 2022). For instance, students need to take control to a greater
extent and be more proactive in their learning, as merely memorizing
answers or procedures is no longer sufficient. They need to reflect on
the methods chosen, communicate their reasoning, and consider the
effectiveness of the methods. Moreover, they need to be aware of how
their own thinking can be used to solve problems and choose
strategies accordingly.

A recent meta-analysis (Muncer et al., 2022) explores the link
between the various aspects of self-regulated learning and
mathematical performance. The results suggest a positive, medium-
sized correlation between an individual’s self-regulation of their own
learning and achievement in mathematics for adolescents aged
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11-16 years. However, the meta-analysis also demonstrates
heterogeneity across studies. Potentially important moderators for this
heterogeneity include whether SRL is measured in offline or online
contexts, and whether mathematical knowledge is assessed using
simple or complex tasks. Hitt (2023) points out that self-regulated
approaches to mathematical learning may not necessarily lead to
increased achievement on traditional assessments in the short term.
This is because it takes time and resources for students to develop
ownership of their learning. Additionally, the design of assessment
methods can influence the outcomes. If assessments do not capture
the full range of knowledge and skills fostered through the SRL
interventions, the impact on student achievement may not be evident
at the level of individual schools or classrooms, even if scientific
evidence suggests otherwise.

Although students can develop learning strategies independently,
these strategies are not always constructive (Winne, 2016). A learning
environment that supports the development of SRL could therefore
be suitable for helping students develop constructive strategies.
However, this view of supporting students’ development of
mathematical competence through SRL is not predominant, as it is
typically seen as the teacher’s responsibility to regulate students’
learning (Bell and Pape, 2014; De Corte et al., 2000; Darr and Fisher,
2005; Hitt, 2023).

A notable difference between the general use of self-regulation
strategies, and the use of such strategies in mathematics, is that girls
appear to use self-regulation strategies to a greater extent in
mathematics, as compared to boys (Guo et al., 2023; Rohman et al.,
2020). This difference may be explained by boys having more
confidence in their mathematical abilities, even when they perform
less well than girls. Boys are also generally more motivated to learn
mathematics and perceive mathematics to be more important than
girls do (Samuelsson and Samuelsson, 2016). Girls, on the other hand,
tend to have less favorable views of their mathematical abilities, but
are more inclined to put in effort when working on mathematical tasks
(Bidjerano, 2005).

2.3 SRL interventions

Several studies have explored how training students in SRL
strategies can be implemented in classrooms (Bell and Pape, 2014; De
Corte et al., 2000; Kramarski and Zoldan, 2008; Pape et al., 2003;
Schunk, 1998). Meta-analyses (Dignath and Biittner, 2008; Donker
etal., 2014; Wang and Sperling, 2020) have also examined the effects
of various factors characterizing SRL interventions. Below, some of the
most central factors affecting the implementation of SRL interventions
are presented and discussed: (a) the type of strategies used in the
interventions, (b) who carried out the interventions, and (c) the
student population.

2.3.1 Type of strategies

Previous meta-analyses (Dignath and Biittner, 2008; Donker et al.,
2014) have shown that a combination of strategies at different levels
contributes to better student performance compared to interventions
that focus only on one or a few levels. When all four levels are
included, students learn not only strategies but also how and when to
use them. They are trained to metacognitively recognize when and
why they need to use these strategies. Furthermore, students gain an
understanding of the value of what they are learning (so-called “task
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value”) and become more aware of their attitudes toward the subject
content (Donker et al., 2014).

In relation to learning in mathematics, Donker et al. (2014)
reported that interventions including strategies focused on task
processing (known as “elaboration”) result in a higher impact on
student performance compared to other strategies, such as repetition.
Elaboration here refers to connecting new information to prior
knowledge, for example by finding similarities and differences
between various tasks as a support for solving new problems. Other
strategies that have proven successful in mathematics include learning
to identify errors in a solution or reasoning (so-called “error
diagnosis”) and self-questioning while solving a task (Wang and
Sperling, 2020). Among motivational strategies, those targeting
students’ perceptions of their abilities (so-called “self-efficacy”) have
been the most effective (Wang and Sperling, 2020). Setting goals and
creating engagement to achieve them are other strategies that have
shown to be effective in improving student performance.

2.3.2 Who carries out the interventions

The effects of SRL interventions are generally higher when
researchers, rather than teachers, are responsible for carrying out the
intervention (Dignath and Biittner, 2008). The difference is believed
to be due to researchers typically being more rigorous in applying the
study’s framework when conducting the intervention. This is not
necessarily because teachers lack the willingness to follow the study’s
framework, but rather due to factors like limited time to plan and
support students. It may also be that teachers are not sufficiently
familiar with how the intervention is designed.

However, increased teacher involvement can result in a better
understanding of SRL and improved alignment between teachers and
researchers regarding teaching and learning. In mathematics, where
most interventions are conducted by teachers, collaboration between
researchers and teachers can create opportunities to integrate the
intervention into the ongoing teaching (Wang and Sperling, 2020).
This could lead to long-term benefits, as the use of strategies in
teaching becomes more meaningful for both teachers and students.
As a result, students have time to automate their use of strategies and
refine their SRL skills. Therefore, more extensive professional
development and increased engagement from teachers are important
for achieving good outcomes from SRL interventions (Dignath and
Biittner, 2008).

2.3.3 Student population

In terms of the student population, researchers have explored
whether students’ performance levels affect the impact of SRL
interventions. While there may be differences in how boys and
girls apply SRL strategies, previous meta-analyses (e.g., Dignath
and Biittner, 2008; Donker et al., 2014; Hattie et al., 1996; Wang
and Sperling, 2020) have not identified gender as a factor
influencing the effectiveness of SRL interventions. Therefore, boys
and girls likely benefit equally from learning to regulate
their learning.

Self-regulated learning interventions appear to benefit students
across different performance levels. In their meta-analysis, Donker
et al. (2014) reported positive effects for high-, medium-, and
with
neurodevelopmental challenges. In contrast, Hattie et al. (1996)

low-performing students, as well as for students

reported positive effects only for medium-performing and
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“underperforming” students (i.e., those performing below their
potential). The researchers found that SRL interventions were too
demanding for low-performing students to fully grasp. Donker et al.
(2014) explained this discrepancy by suggesting that SRL interventions
conducted after the meta-analysis by Hattie et al. (1996) may have
been better tailored to students’ needs, making them more accessible
to all students.

Regarding mathematics, studies have shown positive effects of
SRL training for students struggling with problem-solving (Vauras
et al.,, 1999) and for students with neurodevelopmental difficulties
(Fuchs et al., 2003).

2.4 Summary and conclusions from
previous research

Research on SRL shows that students who use constructive self-
regulation strategies perform better in school compared to those who
do not use such strategies. In mathematics, SRL strategies not only
contribute to better performance, but also form part of what is meant
by mathematical competence. At the same time, SRL training is not
yet a standard element of mathematics teaching. Furthermore, SRL
interventions do not always yield the desired effects when
implemented in practice, as they may not be fully integrated into the
ongoing teaching. However, if SRL is embedded within the regular
teaching, the conditions for more noticeable effects on students’
mathematics learning may improve. Since there is a lack of research
in this area, it is an important task for educational research to find new
ways to support teachers in implementing SRL strategies in
their instruction.

3 Purpose and research questions

In line with the conclusions outlined in the previous section, the
purpose of this study is to examine how an SRL material, developed
in collaboration between researchers and teachers and integrated into
the ongoing teaching of mathematics, can influence students’
performance in mathematics and their use of SRL strategies in
mathematics. A material integrated into the ongoing teaching may
be perceived as more relevant and may thus contribute to a more
rigorous application of the study’s principles. Positive effects could
further lead to the reuse of the material and its dissemination among
other teachers. It is therefore important to understand whether the
implementation of SRL material can vary between schools and
different groups of students. The content of the material addresses
cognitive, metacognitive, behavioral, and motivational strategies and
spans one semester.

The following research questions will be explored in relation to the
different schools participating in the study and for the groups
of students:

1. Are there differences between schools in terms of students’

progression in mathematics performance, degree of
implementation, and perceived use of SRL strategies
in mathematics?

2. Are there differences between groups of students of varying

performance levels regarding progression in mathematics
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performance, degree of implementation, and perceived use of
SRL strategies in mathematics?

3. Are there gender differences in terms of progression in
mathematics performance, degree of implementation, and
perceived use of SRL strategies in mathematics?

4 Method and design

The methodological approach of this study is an intervention
study, using a quasi-experimental research design with pre- and post-
tests, where the intervention was conducted in authentic classrooms
as an integrated part of the regular teaching. The intervention lasted
for a total of 15 weeks, approximately equivalent to one semester, and
was carried out with students in grades 5 and 6.

4.1 Participants

The participants in the study were students (n = 258; 45% girls) in
grades 5 and 6 at five different schools, along with their teachers
(n = 6). A description of key indicators for the five schools is provided
in Table 1. The table does not display exact figures, as the schools
could be identified based on material published online.

o Schools A and B are small schools with a relatively low proportion
of students with an immigrant background.

Schools C and E are medium-sized and comparable in size, but
School E has a higher proportion of students with an immigrant
background and a lower proportion of parents with higher
education. The percentage of students with passing grades in all
subjects is significantly lower at School E than at School C.

o School D is the largest of the schools, with the most students in
the study and the highest proportion of parents with
higher education.

The selection of teachers for the study was based on voluntary
participation. The students were then asked for their consent to
participate in the study through a consent form addressed to their
legal guardians.

4.2 Intervention

The intervention consisted of six digital modules that students
accessed through hyperlinks. The material was created in collaboration

10.3389/feduc.2025.1507803

between researchers and teachers and was linked to the mathematics
content that the students worked on during the semester. The
mathematical content areas included the four basic arithmetic
operations, fractions and decimals, percentages, equation solving, unit
conversion, and problem-solving.

The content of the modules was developed through an iterative
process. The strategies covered in the modules, the mathematical
content, the examples used, and the extent of each module were
discussed between researchers and teachers. The design process
involved adapting the content to the curriculum, the students’ prior
knowledge, and common challenges students often struggle with,
such as understanding the relationship between fractions, decimals,
and percentages. The selection of strategies in the modules was
based on previous research, primarily SRL interventions in
mathematics (Dignath and Biittner, 2008; Donker et al., 2014; Hitt,
2023; Wang and Sperling, 2020). A key principle in selecting
strategies was the need to combine strategies from different levels,
i.e., (meta-) cognitive, behavioral, and motivational levels
(Panadero, 2017).

A small pilot study was conducted with students outside the study
to test the feasibility and clarity of the content, which led to further
adjustments to the modules. Table 2 provides an overview of the
strategies included in each module and the level to which these
strategies belong.

The structure of each module was as follows:

1. Remind students of the strategies covered in the previous
module (except for the first module),

2. Use reflective questions on how the students experienced the
application of the strategies covered,

3. Introduce new strategies through examples (see Figure 1),

4. Use reflective questions on the strategies introduced (see
Figure 2), and

5. Conclude with a summary.

4.2.1 Implementation

The six modules were distributed evenly throughout the semester,
with 1 week between each. The instructions for the teachers were to
help students understand the content of the modules during the
sessions and to assist students in practicing the strategies between
modules. Each module session took between 20 and 30 min. The total
time for module sessions over the semester was therefore 2-3 h.
Figure 3 presents a flowchart of the intervention, outlining the
duration of the intervention, the number of modules, and the data
collection time points.

TABLE 1 Key indicators for the participating schools, from the statistics provided by Swedish National Agency for Education.

School A School B School C School D School E
No. of students in this study 26 43 47 102 40
No. of students in school <250 <250 >500 <900 >500
% of students with immigrant background <10 <40 <40 <10 >40
% of parents with higher education <70 <70 <70 >75 <60
% of students with passing grades in all subjects >90 * <90 <90 <60

*Data missing as the school only has students up to grade 5.
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TABLE 2 Strategies included in each module and the level at which the strategies are classified.

Module Strategy Level

1 Repetition Cognitive
Setting goals in mathematics. Metacognitive

2 Understanding new concepts using what we know. Cognitive
Identifying the mistake in a solution. Cognitive

3 Not giving up easily. Behavioral/Motivational
Viewing failures as part of the learning process. Motivational

4 Writing down what you understand and/or do not understand. Cognitive
Breaking down numbers until you understand. Cognitive

5 Replacing numbers with more challenging ones. Cognitive
Using the feedback you receive. Metacognitive

6 Gaining a sense of large and small numbers. Cognitive
Checking if the answer to a task is likely to be correct. Cognitive
Explaining your reasoning to someone else. Behavioral

4.3 Data and data collection

Data collection was conducted before, after, and during the
intervention, using instruments that were specifically developed
for this study. A knowledge test was used to measure students’
progression of mathematical performance in a specific area before
and after the intervention. Students’ use of strategies was
measured in two ways: by surveying their perceptions of their
strategy use before and after the intervention, and by recording
their ongoing use of strategies during the modules. In the
modules, students were asked about the extent to which they had
used the strategies covered in the previous module. Additionally,
the number of modules each student completed was recorded
during the intervention.

4.3.1 Knowledge test

Students’ performance in mathematics was measured with a
digital knowledge test before and after the intervention. The test
consisted of 12 tasks that assessed students’ understanding of
number sense. The tasks were based on parts of the national
curriculum for grades 4-6, specifically addressing number sense.
Figures 4, 5 show two examples. The first example tests students’
understanding of fractions, while the second example tests their
ability to use fractions to solve problems in everyday situations.
The reliability of the test was estimated using Cronbach’s
alpha, which indicated an acceptable level of internal
consistency (0.73).

The digital format of the knowledge test allowed students to
use some of the strategies covered in the modules directly. After
each incorrectly answered question, students received brief
feedback and were given the opportunity to reattempt to solve the
task. At the end of the knowledge test, students were informed of
the number of correct answers and were given the option to retake
the entire test. Thus, students were able to apply strategies such as
“using the feedback you receive” and “not giving up easily”
during the test. However, in the analysis, only the students’ first
answers were registered as the number of correct responses.

Frontiers in Education

4.3.2 Survey

Students” use of strategies was examined using 11 statements
linked to the strategies introduced in the modules. The survey was
conducted before and after the intervention. Students were asked to
respond to statements such as “When I learn something in
mathematics, I write down both what I understand and what I do not
understand,” “When I get a problem wrong, I try to find the mistake
before asking for help,” and “When I fail to reach my goals in
mathematics, I reflect on what went wrong.” The responses were rated
on a five-point Likert scale, ranging from “Does not apply at all” to
“Applies completely” The reliability of the scale was high (Cronbach’s
alpha = 0.87).

4.3.3 Self-reported use of strategies

Questions about the extent to which the students had used the
strategies covered in the previous module were integrated into the
modules. The students were reminded of the strategies discussed in
the earlier module and then asked questions like, “How did it go for
you? Have you tried to find the mistake in a task when you got the
wrong answer?” or “Have you tried connecting new knowledge in
mathematics with what you already know?” The response options
were formulated in levels, from not having tried at all to having tried
and succeeded (Figure 6). Responses were converted into scores from
1 to 3. Reliability was estimated using Cronbach’s alpha, suggesting an
acceptable level of internal consistency (0.64).

4.4 Data analysis

The collected data from the knowledge tests and surveys were
examined for outliers and normal distribution using histograms and
the Shapiro-Wilk test. Since these tests indicated that the data did not
follow a normal distribution, both parametric (t-tests) and
non-parametric (Wilcoxon Signed-Rank tests) tests were used to
analyze the differences between pre- and post-tests. As the results were
consistent across both approaches, they are presented in terms of
means and standard deviations.
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Conversion to smaller units

10 -1000 10

7N

NN

One way to organize your thoughts is to write down both what

you understand and what you don't understand.

Try writing here what you understand or don't understand when converting
units. Use mm, cm, dm, m, km and [metric] miles as examples. Use the
figure below.

10

10
.

VAR

mil km dm

oam mm

Your answer

Your answer

FIGURE 1

deals with unit conversion.

Step 1: | understand these things about converting units.

Step 2: | don’t yet understand these things about converting units.

Excerpt from Module 4, which focuses on writing down what you understand (and what you do not understand) as a (cognitive) strategy. The example

To investigate the variation between schools, ANOVA was used.
School affiliation was treated as the independent variable or fixed
factor and coded as: School A, School B, School C, School D, and
School E. The dependent variables included:

. Knowledge progression in number sense,

. Progression in students’ perceptions of strategies,

. Students’ self-reported use of strategies during the intervention,
. The extent to which students completed the modules,

. Students’ performance levels,

AN U1 W N =

. Students’ gender.
Knowledge progression was calculated as the difference between

the post- and pre-test in mathematics, while progression in students’
perceptions of strategies was calculated as the difference in survey

Frontiers in Education
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responses before and after the intervention. Students’ self-reported use
of strategies during the intervention was calculated based on their
responses to questions in the modules about their use of strategies
during the intervention. The extent to which students completed the
modules was calculated as the number of completed modules.
Students’ performance levels were classified into low-, and high-
performing and coded as 0=low performance and 1 =high
performance. Since Swedish students are not awarded letter grades
before year 6, their grades in mathematics could not be used as an
indicator of performance levels. Instead, results from the pre-test in
mathematics were used to categorize students as low-, or high-
performing. Students’ gender was coded as 0 = boys and 1 = girls.

Significant differences from ANOVA were further examined with
a post-hoc test (Tukey’s test) to identify which schools differed from
each other.
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In order to quickly determine whether an answer is likely to be correct, it is
good to think about the following:

(odd number) + (odd number) = (even number)
Example: 3 +9 =12
(even number) + (even number) = (even number)
Example: 4 +6=10

(odd number) + (even number) = (odd number)

Example:3+4=7

Think about how this will work for multiplication.

(odd number) x (odd number)=7?

O oddnumber
O Even number

O Don’tknow

FIGURE 2
Excerpt from Module 6, which focuses on quickly assessing whether an answer is reasonable. The excerpt first presents an example and then prompts
the student to apply the strategy in another situation.

Pre-test Post-test
Survey Survey
Module 1 Module 5
Knowledge odule Module 2 Module 3 Module 4 odule Module 6 Knowledge
test test

14 weeks
FIGURE 3
Flowchart for implementation and data collection.
To investigate variation among students, ANOVA was conducted 1. Knowledge progression in number sense,
in two rounds. In one analysis, gender was used as the independent 2. Progression in students’ perceptions of strategies,
variable, and in the other, performance level. In both analyses, the 3. Students’ self-reported use of strategies during the
dependent variables were: intervention,
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O 12
O 17100
O 27100
O w3

FIGURE 4

Choose the fraction that is positioned between 1/10 and 3/4

The figure shows one of the tasks from the knowledge test on number sense. The task assesses students’ understanding of fractions.

Question 12

the money she got as a gift?

(O 200 Sk
(O 150 SEK
(O 100 SEK

(O 250 SEK

FIGURE 5

fractions in everyday contexts.

Lina has got 400 SEK as a gift. She buys a screen protector for her smart phone. After
that, she buys headphones for half of what is left. How much does Lina have left of

Similar to Figure 3, the figure shows a task from the knowledge test on number sense. The task assesses students’ ability to solve problems involving

4. The extent to which students completed the modules.

To examine the interaction between gender and performance
level, this combination was also included in the analyses.

5 Results
5.1 Variation between schools

5.1.1 Knowledge progression

ANOVA shows a statistically significant difference in knowledge
progression between at least two schools [F(4,201) = 4.804, p = 0.001].
Tukey’s test for multiple comparisons indicates that the average
knowledge progression is statistically significantly different between
School A and School E (A = 1.9 points; p = 0.03), between School B

Frontiers in Education

and School E (A = 2.1 points; p = 0.004), and between School B and
School D (A =1.7 points; p=0.01). No statistically significant
differences were found between School C and the other schools.
Table 3 presents students’ progression on the knowledge test at the
school level in terms of means and standard deviations.

5.1.2 Progression in students’ perceptions

ANOVA shows a statistically significant difference in how
students’ perceptions of their strategy use developed during the
intervention between at least two schools [F(4,199) = 7.07, p < 0.001].
Tukey’s test indicates significant differences in perception progression
between School A and School D (A = 0.38 points; p = 0.02), School B
and School D (A =0.38 points; p = 0.02), School B and School E
(A =0.35 points; p = 0.04), and School D and School E (A =0.49
points; p < 0.01). The scale used in the survey that measured students’
perceptions of strategy use ranged from 1 to 5 points. Table 3 shows
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How are things going for you?

know? How has itworked out?

O Ihaven'ttried.

(O Ihave tried and it worked well.

(O Ihave tried, butit didn’t help.

FIGURE 6

to use those strategies.

1. Practicing how to find the error in a solution.

(O Ihave tried, but it didn’t work so well.

Last time we learned that it is important to:

2. Practicing how to learn new things with the help of what we already know.

Have you tried connecting new knowledge in mathematics with what you already

Excerpt from Module 3, showing a brief repetition of the strategies covered in Module 2, followed by a question about whether students had attempted

TABLE 3 School-level results for the dependent variables: knowledge progression, self-reported use of strategies, completion rate of modules,
progression in self-reported perceptions, students’ performance levels, and gender.

School A School B School C School D School E Total
M (SD) M (SD) M (SD) M (SD) M (SD)
Knowledge progression 0.10 (2.75) —0.11 (2.25) 1.21 (2.42) 1.57 (2.29) 2.03(2.37) 206
Progression in self-reported perceptions 0.34 (0.54) 0.33 (0.56) 0.09 (0.54) —0.04 (0.50) 0.44 (0.55) 204
Self-reported use of strategies 14.3 (5.25) 13.93 (4.44) 15.68 (4.87) 14.18 (4.92) 13.13 (4.85) 259
Completion rate of modules 5.00 (0.89) 5.26 (0.90) 5.51 (0.69) 4.98 (1.14) 5.03 (0.77) 259
Students’ performance levels 0.32 (0.47) 0.51 (0.51) 0.28 (0.45) 0.51 (0.50) 0.63 (0.49) 238
Students’ gender 0.38 (0.50) 0.42 (0.50) 0.53 (0.50) 0.44 (0.50) 0.45 (0.50) 259

The maximum score on the knowledge test was 12 points.

the progression in perceptions at the school level in terms of means
and standard deviations.

5.1.3 Self-reported use of strategies

ANOVA shows no statistically significant differences in students’
self-reported use of strategies [F(4,254) = 1.06, p = 0.173].
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5.1.4 Completion rate

ANOVA shows a statistically significant difference in the
completion rate of modules between at least two schools
[F(4,254) = 2.94, p = 0.02]. Tukey’s test shows a significant difference
in completion rates between School C and School D, with a mean
difference of 0.53 modules (p=0.01). Table 3 presents the
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TABLE 4 Results divided by gender and performance level for the dependent variables: knowledge progression, self-reported use of strategies,
completion rate of modules, and progression in self-reported perceptions.

Girls Boys Low-performing High-performing Total
M (SD) M (SD) M (SD) M (SD)

Knowledge progression 1.49 (2.67) 0.98 (2.25) 2.00 (2.33) 0.36 (2.32) 206
Progression in self-reported 0.14 (0.54) 0.16 (0.57) 0.15(0.58) 0.14 (0.54) 204
perceptions

Self-reported use of strategies 15.10 (4.45) 13.68 (5.00) 14.54 (4.98) 14.04 (4.87) 259
Completion rate of modules 5.24 (0.91) 5.08 (0.92) 5.20 (0.94) 5.13(0.97) 259
Students’ performance level 0.37 (0.49) 0.55 (0.50) 238
Student gender 0.52 (0.50) 0.50 (0.48) 259

The results are shown as means (M) with standard deviations (SD) in parentheses.

completion rate at the school level in terms of means and
standard deviations.

5.1.5 Students’ performance levels

ANOVA shows a statistically significant difference in students’
performance levels between at least two schools [F(4,233) = 3.42,
p =0.01]. Tukey’s test shows that students’ performance levels differ
significantly between School C and School E, with a mean difference
of 0.35 performance steps (p=0.01), where 0 represents low
performance and 1 represents high performance. There are no
significant differences between the other schools.

5.1.6 Students’ gender
ANOVA shows no statistically significant difference in students’
gender distribution [F(4,254) = 0.48, p = 0.753].

5.2 Variation between students

5.2.1 Knowledge progression

ANOVA shows no statistically significant difference in knowledge
progression between girls and boys [F(1,204) = 2.19, p = 0.14], but there
is a statistically significant difference between low-, and high-
performing students [F(1,204) = 25.39, p < 0.001]. Table 4 presents
knowledge progression for low-, and high-performing students in terms
of means and standard deviations. Low-performing students show a
knowledge progression of 2 points (equivalent to 17%), while high-
performing students show a knowledge progression of 0.36 points.

5.2.2 Progression in students’ perceptions

ANOVA shows no statistically significant difference in the
progression of students’ perceptions of strategies regarding gender
[F(1,202) = 0.04, p = 0.85] or performance level [F(1,196)=0.01,
p=0.90].

5.2.3 Self-reported use of strategies

ANOVA shows a statistically significant difference in students’
self-reported use of strategies between girls and boys [F(1,256) = 5.73,
p =0.02]. Table 4 presents means and standard deviations for students’
self-reported use of strategies, divided by gender. On average, girls
(M =15.10) reported using more strategies from the modules than
boys (M =13.68). ANOVA also shows no statistically significant
difference in how low- and high-performing students reported using
strategies from the modules [F(1,236) = 0.64, p = 0.32].

Frontiers in Education

5.2.4 Completion rate

ANOVA shows no statistically significant difference in the
completion rate of modules regarding gender [F(1,256) = 2.06,
p =0.15] or performance level [F(1,236) = 0.27, p = 0.61].

5.2.5 Interaction between performance level and
gender

ANOVA shows that the combination of performance level and
gender is statistically significant, regardless of whether gender is
chosen as the dependent variable and performance as the independent
variable or vice versa. Table 4 presents means and standard deviations
for girls (M = 0.37) and boys (M = 0.55) based on performance levels.
Boys have a higher performance level than girls, and this difference is
statistically significant [F(1,235) = 7.27, p = 0.01].

6 Discussion

The goal of this study was to investigate whether implementing an
SRL material in mathematics that is (1) integrated into regular
instruction and (2) developed in collaboration with teachers could
impact students’ performance in mathematics and their use of self-
regulated learning (SRL) strategies in the subject. The study also aimed
to examine whether the implementation of the SRL material,
integrated into ongoing teaching, varies between schools or among
groups of students with different performance levels, as well as
potential gender differences. The results are discussed below.

6.1 Schools

6.1.1 Knowledge progression

Previous research (e.g., Dignath et al., 2008; Hattie et al., 1996)
has shown a positive correlation between the use of SRL strategies
and student performance in school. At the same time, SRL
interventions conducted by teachers (rather than researchers) tend
to have a lower impact on student performance (Dignath and
Biittner, 2008; Wang and Sperling, 2020). The results of this study
show that there was no knowledge progression in number sense
across all schools, even though the SRL material was developed
jointly by teachers and researchers and integrated into
regular instruction.

One explanation for the differences between schools could be the
so-called teacher factor, which may be “hidden” within school
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affiliation. The teachers involved in the study may have structured
their mathematics teaching in different ways, thereby providing
varying levels of support to students. Previous research (e.g., Hattie,
2009) supports the idea that the teacher factor can have a greater
impact on students’ progression than instructional approaches (such
as an SRL material).

Another explanation for the differences between schools could
be the extent to which students at each school completed the modules.
For instance, School C had a higher average completion rate (M = 5.51
modules) than School D (M = 4.96 modules). Despite this difference,
the completion rate does not seem to explain the variation in
performance, as School D, with the lowest completion rate, had
relatively strong progression (M = 1.57 points) in relation to results on
the knowledge test.

Yet another explanation could be the students’ performance
levels, which are linked to the overall performance levels of the
schools (see Table 1). The results show differences in students’
performance levels, particularly between School C (with 0.28
performance steps) and School E (with 0.62 performance steps).
However, performance levels do not seem to explain the
differences in performance either, as School C, which had the
lowest performance levels, had a progression of 1.28 points—
higher than School A, which had a performance level of 0.32 steps
and a progression of 0.10 points.

6.1.2 Use of strategies

Students’ self-reported use of strategies during the intervention
did not differ between schools. This indicates that students reported
having tested the strategies covered in the modules to an equal extent,
which is assumed to be due to the material being integrated into
ongoing instruction. However, the results show differences between
schools regarding the progression of students’ perceptions of SRL
strategies. This means that students from different schools developed
their perceptions of strategy use in mathematics to varying degrees.
One explanation for this difference could (again) be the teacher factor.
If teachers verbalized and repeated the use of strategies during
teaching between modules, it may have positively influenced students’
perceptions. At the same time, teachers may have already worked with
students’ development of SRL strategies before the intervention,
leading to less progression in students’ perceptions during
the intervention.

In summary, the results show certain similarities between schools,
suggesting a consistent implementation of the SRL material. However,
the results also reveal differences between schools that are less related
to the use of the SRL material. These differences seem to be more
connected to the teacher factor and the broader mathematics
instruction at each school.

6.2 Student groups

6.2.1 Performance level

The results for the entire student population show greater
progression for low-performing students compared to high-
performing students. At the same time, the results indicate no
differences between low-, and high-performing students in terms of
the extent to which they completed the modules or tested the strategies
covered in the modules. Nor were there differences in how low-, and
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high-performing students developed their perceptions of SRL
strategies in mathematics. This aligns somewhat with previous
research (Donker et al., 2014), which has shown that students’ benefits
from SRL interventions are largely independent of performance level.
Studies conducted in mathematics have demonstrated positive effects
of SRL training for students struggling with problem-solving (Vauras
et al., 1999) and for students with neurodevelopmental challenges
(Fuchs et al., 2003), suggesting that low-performing students can
benefit from SRL training.

One explanation for low-performing students’ greater progression
could be the ceiling effect. High-performing students had relatively
high scores from the start, meaning that a certain number of students
reached the maximum score on the knowledge test. Another
explanation could be that high-performing students had already
developed effective self-regulation strategies before the intervention.
In such cases, the SRL material may not have contributed much new
knowledge, but may have raised students’ awareness of strategies they
were already using, helping them articulate those strategies.

6.2.2 Gender

Previous studies (Dignath and Biittner, 2008; Donker et al., 2014;
Wang and Sperling, 2020) have not identified gender as a factor
influencing the effects of SRL interventions. This aligns with the
results of this study, which show no differences between boys and girls
regarding knowledge progression. The same applies to the extent to
which boys and girls completed the modules and the progression of
their perceptions of SRL strategies in mathematics. However, the
results do show a difference between boys and girls regarding the
extent to which they tested the strategies covered in the modules.

Studies on learning in mathematics (Bezzina, 2010; Seegers and
Boekaerts, 1996; Zimmerman and Martinez-Pons, 1990) have
shown that girls use self-regulated learning strategies more than
boys. This may indicate that the girls in the study were more
inclined to adopt the content of the SRL material and therefore
tested more strategies. Another explanation for the difference
between boys and girls could be their attitudes toward learning,
particularly mathematics. Previous studies (Eccles et al., 1984;
Seegers and Boekaerts, 1996) have shown that boys in early
adolescence (ages 12-13) have greater confidence in their ability to
succeed in school tasks (i.e., self-efficacy), while girls show a greater
willingness to learn and exert effort in mathematics. This could have
affected how the girls approached the exercises and content of the
modules, leading to girls testing more strategies. Another
explanation for the gender difference could be the difference in
performance levels, as boys had higher performance and may have
already developed effective self-regulation strategies.

In summary, the results indicate that the implementation of the
SRL material was consistent for students with different performance
levels. However, low-performing students showed greater progression,
suggesting that they benefited more from the intervention, or that
there were limitations in the knowledge measurement that may not
have captured the high-performing students’ development. Regarding
gender, the results show no significant differences between boys and
girls. Despite this, girls tested more strategies in mathematics than
boys, suggesting a slight difference in how boys and girls used the SRL
material. Girls showed a greater inclination to test or use strategies in
mathematics, possibly due to their lower confidence in their
mathematical abilities compared to boys.
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6.3 Conclusion

The results of this study indicate that involving teachers in the
development of SRL material and integrating it into regular teaching
has advantages. Students, regardless of gender or performance level,
completed the SRL modules to the same extent. The same applies
across schools, with the exception of two schools. However, the results
also show that the use of SRL material does not eliminate differences
between schools, which may stem from school culture, socio-
economic background, or teacher-related factors. In other words, an
SRL material does not have an equalizing effect between schools when
it comes to students’ development in mathematics or their perceptions
of strategies in mathematics.

Despite this, certain student groups appeared to benefit more
from the SRL material than others. Low-performing students showed
better progression than high-performing students, and girls tested
more strategies in mathematics than boys. This suggests that a revision
of the material would be appropriate to ensure that the content is
tailored to all student groups, regardless of performance level or
degrees of self-efficacy.

If these revisions are made, the digital format of the SRL material,
combined with its self-instructing design, provides good opportunities
for other teachers to use it, even if they were not involved in the study or
in developing the content. However, to ensure a high completion rate and
students’ awareness of strategy use, teachers need to integrate the content
into the rest of the instruction and regulate students’ strategy use by
consistently linking back to the content in the SRL material.

The conclusions of this study can thus serve as valuable insights into
the factors that may affect the implementation of SRL material and help
optimize its use to enhance students’ knowledge in mathematics.

6.4 Limitations and future research

The results of the study should be interpreted in light of certain
limitations that characterize the intervention. A greater variation in
the student population and a higher number of participating students
and teachers would have increased the generalizability of the results.
This is something that future studies could consider when
selecting participants.

Another limitation relates to measuring the effect of the SRL
material on students’ use of strategies. In this study, the measurement
was limited to students’ self-assessments of their strategy use. Both
educators and researchers would benefit from understanding more
about how students’ actual use of strategies has been impacted. Such
knowledge would provide a better understanding of what SRL material
needs to include and how regular instruction needs to be designed to
support students in becoming self-regulated learners.

It is also unknown to what extent the observed effect on students’
performance and/or use of SRL strategies diminishes over time after
the intervention ends. The long-term effect of SRL training is therefore
another interesting topic for future research. Understanding more
about how long students need to practice SRL strategies to automate
their use would greatly benefit both educators and researchers when
designing SRL materials. For instance, is there a certain amount of
SRL training necessary to develop self-regulation strategies, or does
SRL training need to be continuous to contextualize strategy use
within mathematics teaching?
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From a technical and practical perspective, limitations related to
the implementation of SRL interventions in diverse classroom settings
should also be considered. Differentiated learning, which adapts
instruction to individual student needs, is a critical factor that could
influence the effectiveness of SRL training. Future research should
explore how SRL strategies can be tailored to accommodate students
with varying levels of prior knowledge and cognitive abilities.
Additionally, the role of digital tools in facilitating personalized SRL
instruction warrants further investigation. For instance, how can
adaptive learning technologies support differentiated SRL training,
and what challenges arise when integrating these tools effectively in
everyday mathematics teaching? Addressing these questions would
contribute to optimizing the design and implementation of SRL
interventions for diverse student populations.
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