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Abstract: Self-regulated learning (SRL) is a crucial competence in our rapidly changing society, yet its
systematic promotion in the classroom remains limited. Addressing this gap, this study reports on
a teacher-led intervention to promote SRL within reading tasks among 5th and 6th grade students.
Although some interventions have been implemented to promote SRL, little attention has been paid
to promoting SRL in primary schools. Building on a previous SRL intervention, the current study
added cooperative learning among students and parental involvement, two aspects that are assumed
to add value when fostering SRL. A randomized controlled field trial was designed to evaluate the
effect of an intervention using pre-test, post-test and follow-up measures. A total of 757 students from
40 classes participated in the study. The data were analyzed using a multilevel approach. This study
revealed no significant difference in SRL or reading comprehension outcomes in the post-test and
the follow-up test between students of the experimental and control group. Further investigations
showed that several aspects of treatment integrity had a significant impact on SRL outcome. This
study encourages future SRL and reading intervention studies to assess and analyze the multiple
aspects of treatment integrity.

Keywords: self-regulated learning; reading comprehension; intervention study; primary school;
treatment integrity; randomized controlled trial

1. Introduction

In a dynamic and uncertain world, SRL is essential in preparing young students
to become active, lifelong learners who can competently navigate change [1]. Research
highlights the importance of SRL not only for school success, but also for the continuous
development of competences and skills [2]. SRL is generally defined as an active, cyclical
process [3]. During this process students set goals, monitor, and control their cognition, mo-
tivation, and behavior based on their objectives and the environmental context [4] (p. 453).
However, despite the presence of SRL practices in many schools, teachers rarely foster
metacognitive knowledge or engage in strategy instruction by providing insights on why
and how students could use strategies for learning [5,6]. To address this, several inter-
ventions were conducted to support teachers in fostering SRL among students. These
studies reported varying effect sizes, ranging from none [7] to small [8] to medium [9]. The
results show that while it may be challenging to demonstrate positive student outcomes,
an intervention can potentially foster SRL.

Since SRL should preferably be promoted within specific subject areas [10], this in-
tervention intends to promote SRL within reading tasks among 5th and 6th graders, rec-
ognizing the relevance of reading comprehension for overall school achievement. While
reading can become a partially automized process, as with practice word recognition and
decoding demand less conscious effort, comprehending more complex texts requires certain
aspects of SRL, such as planning or monitoring [11]. Previous interventions promoting SRL
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among 5th and 6th graders have understated cooperative learning among students, even
though research has highlighted its beneficial impact on academic achievement and other
dimensions of learning, including meta-cognitive, cognitive, and social aspects [12].

Additionally, it is crucial to include both teachers and parents as important actors
in developing students’ SRL [13,14]. However, research in this area remains limited, as
Otto’s [15] study is the only SRL intervention in primary school involving parents and
teachers. To address these gaps, a ten-week school-based training program based on Stöger
and Ziegler [16] was adapted to include cooperative learning and parental involvement
in order to foster SRL within reading tasks among 5th and 6th graders. Furthermore,
prior intervention studies fostering SRL within reading tasks [8,17] gave only minimal
consideration to treatment integrity. Nevertheless, it is essential to account for treatment
integrity since it can affect the success of an intervention [18]. In the present study, treatment
integrity was taken into consideration.

2. Theoretical Background
2.1. The Process of Self-Regulated Learning

To effectively promote SRL, it is essential to establish a theoretical framework which
illustrates the phases of SRL. The cyclical SRL model developed by Zimmerman [3], based
on social cognitive theory [19], has attained widespread acceptance, and is widely used
in empirical research [20]. Zimmerman’s model [3] divides SRL into the following three
phases: forethought, performance, and self-reflection. This model was expanded by Stöger
and Ziegler [16], who divided the original three phases into a more detailed seven-step
model. They divided the forethought phase into self-assessment, goal setting, and strategic
planning; the second phase comprised strategy implementation, strategy monitoring,
and strategy adjustment; and the third phase (self-reflection) came to include outcome
evaluation. In a later development, Benick et al. [9] differentiated between strategy planning
and time planning, since both strategic and temporal aspects are crucial when planning.
Consequently, a combined version of the SRL cycle according to Stöger and Ziegler [16] and
Benick et al. [9] consists of the following eight sub-steps (Figure 1): self-assessment, goal
setting, time planning, strategy planning, strategy implementation, strategy monitoring,
strategy adjustment, and outcome evaluation.
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2.2. Promoting SRL—General Considerations

Some meta-studies (e.g., [10]) have found that interventions fostering SRL are most
successful when based on social cognitive theory [19] and include cognitive, metacognitive,
and motivational components. The cognitive component includes learners’ conceptual
and strategic knowledge, and their capacity to use cognitive learning strategies. The
metacognitive component involves the learner’s ability to plan, observe, and reflect on
their learning process. The motivational component concerns student-initiated learning
and students’ level of persistence when challenges arise [21]. Research also indicates
that students develop cognitive skills, behavioral strategies, and motivational beliefs in
a domain- and context-specific manner [22]. These findings highlight the importance of
subject- or task-specific instruction of SRL. In addition, teaching SRL independently of a
subject domain might lead to difficulties in applying acquired competences to a particular
subject [23].

Moreover, a successful intervention study should be age-appropriate. From the age
of about eleven, the level of a child’s cognitive development allows for conscious control
of more complex thought and behavioral processes [24]. Consequently, interventions
targeting 5th and 6th graders can implement more advanced strategies aimed at planning,
monitoring, and evaluating their learning. It is still important to consider the variability in
students’ development, highlighting the need for differentiation (e.g., varying difficulty
levels) [25].

A possible risk of instruction-based training is that while intensive training can pro-
duce short-term effects, training does not change practices in the long term, and the desired
effects do not last. Therefore, efforts to change learning practices should ensure that what
has been learnt is integrated into daily practice over a longer period. Souvignier and Trenk-
Hinterberger [26] demonstrated that booster sessions ensure the retention of long-term
effects by recalling and reapplying the contents of the initial training.

Furthermore, cooperative learning enhances students’ ability to monitor and under-
stand their own learning progress as they need to engage in metacognitive interaction [27].
In cooperative learning, students work in small groups to help each other learn, share
responsibilities, and verbalize thoughts [28], enhancing not only metacognitive reflection,
but also student motivation [29]. It is widely acknowledged that cooperative learning has
positive effects on students’ academic achievement (e.g., [28]). However, meta-analyses
show mixed results regarding its effectiveness in SRL training [10,30]. Dignath et al. [10]
attribute these inconsistent findings to students’ unfamiliarity with cooperative learning
and insufficient instruction on effective cooperative learning. When examining specific
elements of cooperative learning, such as peer feedback, most studies indicate that it sup-
ports the development of SRL [31,32]. This is particularly the case when peer feedback is
provided frequently and focuses on the learning process rather than on student characteris-
tics [33]. Peer feedback involves at least two students providing and receiving feedback,
which usually includes an evaluation of the peer’s behavior and suggestions for future
actions [34]. When implemented as a dialogical process, peer feedback fosters SRL for both
the feedback recipient and the provider, as students are required to communicate, thus
structuring and evaluating their actions and thoughts [35,36]. Despite its potential benefits,
cooperative learning has rarely been systematically included in interventions fostering SRL
among primary school students (e.g., [37]).

Beyond the classroom, students’ learning is not only influenced by engagement with
peers and teachers, but also with parents [14,38]. Parental behavior (e.g., motivational sup-
port, autonomy encouragement) plays an important role in the development of children’s
SRL [39]. Parents can support children by creating a learning environment characterized
by responsiveness and encouragement and by helping students to organize their learning
space (e.g., making it quiet and free of disturbances) [39,40]. Despite the important role
that parents play in facilitating a favorable environment for SRL, interventions involving
them are still rare (e.g., [15]).
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2.3. Effectiveness of Previous Intervention Studies Promoting SRL within Reading Tasks at
Primary School

To date, several studies have conducted training programs to foster SRL within read-
ing tasks at primary school, with mixed results. Stoeger et al. [8] directed a teacher-led
intervention and analyzed its impact on 4th graders’ preference for SRL and their reading
comprehension. The authors reported that students who received a combined training (SRL
and text reduction strategies) showed a stronger preference for SRL in the post-test and
follow-up test, compared to students in the control group or in the group that only received
text reduction strategy training. Additionally, students in the combined training group
were more adept at identifying the main ideas in texts after the intervention compared to
the two other groups. However, only students without a migration background showed an
improvement in the standardized reading comprehension test. Another study conducted
by Lee et al. [17] analyzed the impact of teachers who implemented a training program
to promote reading strategies and SRL among 6th graders. Participants were assigned to
one of three groups: regular classroom instruction, domain-specific strategy instruction,
and domain-specific strategy and SRL instruction. Results showed that there were no
significant group differences in SRL or reading achievement in the post-test. Another
intervention study that promoted SRL and reading comprehension was conducted by
Núñez et al. [41] and assessed the impact of a teacher-led training program promoting
SRL and reading comprehension strategies for 3rd and 4th graders. Results demonstrated
that the intervention significantly improved the reported SRL and reading comprehension
strategy use. The study highlighted that the intervention had a positive indirect effect on
academic achievement through enhanced strategic activity. However, the researchers also
found that the intervention had a small direct negative effect on academic achievement.
Núñez et al. [41] argued that improved SRL competences do not necessarily result in direct
performance improvements.

One potential explanation for the inconsistent results in these SRL intervention studies
is the variety of reading strategies applied. Stoeger et al. [8] fostered the following three text
reduction strategies: underlining main ideas, drawing mind maps, and writing summaries.
Lee et al. [17] focused on the “think before, while and after reading strategy (TWA)”, which
contains strategies such as thinking about the author’s purpose or summarizing the content.
Núñez et al. [41] promoted self-questioning and summarizing the main ideas in one’s
own words. All these strategies have been shown to enhance reading comprehension
(e.g., [42–44]), yet a combined approach of fostering SRL (e.g., goal setting, self-monitoring)
and text reduction strategies seems to be particularly effective [8,45,46]. Text reduction
strategies can also improve reading comprehension [8,47], and are appropriate for both
average [48] and struggling readers [49]. Nevertheless, previous studies in this field did
not control for cognitive abilities or parental education, although these are important
predictors for reading comprehension (e.g., [50,51]). Furthermore, they did not include
booster sessions, even though there is evidence that these can improve the maintenance of
long-term effects [26]. In the present study, these aspects were considered to provide further
insights into the promotion of SRL within reading tasks among primary school students.

2.4. Conducting Intervention Studies: Relevance of Treatment Integrity

Treatment integrity refers to the extent to which practices or programs are delivered
as intended and how the recipient responds to them [52]. High levels of treatment integrity
often influence outcomes positively [53]; it is also crucial in accurately interpreting the
effectiveness of an intervention, as it prevents incorrect conclusions being drawn [18].
Sutherland et al. [54] conceptualize treatment integrity as a multidimensional construct
with the following four components: adherence, competence of delivery, treatment differen-
tiation, and child responsiveness. Adherence refers to the degree to which a teacher delivers
the elements of an intervention; competence of delivery measures how well the teacher
delivers those elements; treatment differentiation refers to the extent to which the teacher’s
implementation differs from the prescribed practices; and finally, child responsiveness
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assesses how children respond to the intervention’s implementation, for instance, assessed
by the motivation they display. Child responsiveness is a component that has received little
attention and has only been recently assessed. All four components are related to treatment
outcomes [54].

Treatment integrity should be assessed regularly, for example on a weekly basis [55], as
some aspects of implementation may alter over time [53]. This assessment can be conducted
through teacher self-reports or direct observation. The latter provides a detailed overview of
behavior and its context, potentially minimizing the bias that may arise from a retrospective
report and enhancing the assessment’s objectivity [56]. Nevertheless, this method is costly,
time-intensive, and can be disruptive to the participants [56,57]. In contrast, indirect
observation through teacher self-reports is cost and time-effective and offers valuable
insights into the teacher’s implementation that are not directly observable [54]. Nonetheless,
responses might be influenced by social desirability [58].

Despite the increasing number of school-based studies that report on treatment in-
tegrity, the majority of these studies considered treatment integrity only marginally and
focused mostly on adherence [59]. This is also the case for intervention studies fostering
SRL within reading tasks. The present study paid particular attention to this point and
considered treatment integrity throughout the implementation of the training.

3. The Current Study

Building on the SRL training of Stöger and Ziegler [16] that showed positive effects on
preference for SRL and reading comprehension, the current study added the following two
components to the training: cooperative learning and parental involvement. While teacher-
led interventions tend to have lesser effects than researcher-led interventions, the former
are valuable for supporting knowledge transfer in authentic learning environments [10].
Hence, in this study, teachers were trained to administer the training.

The aim of this study was to examine whether the adapted training led to positive
effects on students’ outcome variables (SRL, reading comprehension). Effects were analyzed
twice, in the post-test (analyzing effects right after the main training) and in the follow-up
(analyzing effects of the whole training, including booster sessions in the long-term). The
following questions were addressed:

(1) Did the intervention significantly increase the reported SRL activities of the experi-
mental group in comparison with the control group in the medium (post-test) and
long term (post-test) (while controlling for gender, cognitive ability, first language,
parental educational level, and participation in parental training)?

Hypothesis 1: The intervention significantly increased the reported SRL activities of the experi-
mental group compared to the control group in the medium term. In the long term, the effects of the
intervention on the reported SRL activities were maintained, if not increased.

(2) Did the intervention significantly increase reading comprehension in the experimental
group in comparison with the control group in the medium and long term (while
controlling for gender, cognitive ability, first language, parental educational level, and
participation in parental training)?

Hypothesis 2: The intervention significantly increased the reading comprehension of the experi-
mental group compared to the control group in the medium term. Furthermore, booster sessions
sustained the effect of the intervention on long-term reading comprehension.
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4. Materials and Methods
4.1. Sample Recruitment

An open call for participation was launched through various channels (e.g., flyers,
teachers’ magazine). About 80 interested teachers were given basic information about the
study’s timeline by phone and/or at an information event. In total, 41 teachers volunteered
to participate in the intervention program and were randomly assigned to different condi-
tions (SRL training, SRL training and parental involvement, and control group). However,
four months after the training started, one class had to be excluded due to significant
deviations from the training program (see chapter 5.4). Teachers in the control group did
not participate in any training but were invited to attend the training after the intervention.

4.2. Participants

The participants were 757 5th/6th graders (6th grade: n = 255) from 40 classes. All
students attended public schools in the German-speaking region of Switzerland. The
average class size was about 22 students (SD = 11.87). The students’ mean age was 11.29
(SD = 0.71). There was an even gender distribution (5th grade: 51.9% girls, 6th grade: 52.2%
girls). In total, 75.2% spoke German as their first language (5th grade: 71.4%; 6th grade:
82.9%). Most of the 40 teachers were female (75.2%) with an average teaching experience
of 22.30 years (SD = 12.22). The classes were randomly assigned to an experimental
(n = 27 classes, n = 500 students) or a control group (n = 13 classes, n = 257 students).
Classes from the same school were assigned to the same group. In total, 13 of the classes
in the experimental condition were also randomly selected for one additional parental
training session, which was attended by 157 out of 252 invited parents (attendance: 62.3%;
20.7% of the full sample). This design was chosen to evaluate whether parental training
had an additional impact on the students’ SRL.

All surveys were administered in schools by trained test administrators. In total,
data were available from three measurements. The missing values were 2.6–5.3% for the
students and up to 3.8% for the teachers. The missing data were missing at random [60].

5. Intervention Program
5.1. Teacher Training

Before implementing the training in their classes, the intervention group teachers
attended three 3.5 h training sessions (outside of regular school hours). These interactive
trainings (e.g., group discussions, self-reflection periods) were designed and delivered by
SRL experts. The first training addressed SRL models, theories, and learning strategies. The
second presented the structure of the two introductory weeks on reading comprehension
strategies and the SRL cycle. In the third session, the concept for the eight-week training
was explained and the teachers were instructed on cooperative learning. Teachers received
a manual with lesson plans and required materials (e.g., learning diaries) and were invited
to contact researchers with any queries about the training. Two optional online meetings
were organized to discuss any implementation issues.

The control group teachers received written information about the data collection
process before the pre-test and at regular intervals throughout the project. They did not
receive any further instruction about SRL, but they were invited to attend the same training
free of charge after the intervention.

5.2. Parental Training

For some classes, a parental training session was offered to parents on supporting
their child’s SRL at home. The content of the training was based on social-cognitive
learning theory [19] and conceptual change theory [61]. Parents were encouraged to reflect
upon their attitudes toward school and failure at school (failure mindset). Furthermore,
strategies on how to facilitate SRL at home, such as organizing the learning space, were
discussed. Parents were also presented with methods to provide motivational support
and encourage autonomy amongst their children, without placing an emphasis on active
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parental involvement [38,62]. Custom-designed videos were used to give examples of
constructive and counterproductive parental behaviors in the context of learning. Parents
received handouts covering the topics discussed. Those parents who had been initially
excluded from attending the parent training were invited to attend the training after
the intervention.

5.3. Students’ Training

The students’ SRL training was based on Stöger and Ziegler’s [16] training, which was
enhanced with cooperative learning and parental involvement. The ten weeks of training
were delivered by the regular teachers over the course of five months (see Figure 2). The
training was structured as follows: two introductory weeks were immediately followed by
five weeks of training. After a break of a few weeks, three further weeks of training were
given, using the same content as before, over a longer period of time (see booster sessions,
Figure 2).
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Figure 2. Overview of the study design.

During the first introductory week in class, teachers addressed the importance of text
comprehension strategies and introduced three text reduction strategies. These included
the following: 1. underlining and making lists of the main ideas, 2. drawing mind maps
that contain the main ideas, and 3. summarizing the main ideas in their own words [8,16].
Students learned and practiced how to use these strategies effectively when reading. At the
end of this week, students were given an overview with advice on text reduction strategies
and encouraged to refer to this summary as required throughout the program. During the
second introductory week, students applied their knowledge about reading comprehension
strategies to become familiar with the SRL cycle (see Figure 1). Teachers explained the
eight SRL steps using “Sail the Mouse”. This fictional character was used as a first-person
narrator to help students better understand the SRL steps, as storytelling supports students’
understanding [63]. The lessons contained examples from everyday situations, such as
preparing for a sports competition, which include setting measurable and achievable goals.
Finally, teachers gave students an overview of what the training program consisted of in
the following weeks.

During the training weeks, the students applied the reading comprehension strategies
and SRL steps four days a week (no training on Wednesdays). Over this period, students
were expected to work through the eight steps of the SRL cycle repeatedly and actively.
The learning process was supported by a learning diary, helping students to reflect on their
strategy use and supporting their SRL development [64].

Since the reading texts covered natural science topics (e.g., animals, human body),
the training took place in German and science classes. Every week, the students were
expected to read three texts at school and apply the SRL cycle when reading. The texts
developed by Stöger and Ziegler [16] contained ten main ideas and students could set a
goal for each, defining how many main ideas they would find. Each one was approximately
420 words long and of similar difficulty. To accommodate students in different grades, a
second simplified version of each text was generated by the study’s authors according to
specific guidelines. These guidelines included the use of shorter words and favored active
over passive sentences. This gave students a choice best suited to their reading level.
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Two types of cooperative learning were implemented: (1) discussing experiences
regarding strategy use, and (2) questioning about the text. Research indicates that ques-
tioning enhances learning as it encourages learners to engage deeply with the content [42].
Moreover, dialogic peer feedback about strategy use requires students to verbalize their
thoughts and actions, promoting metacognition [36]. To support this self-directed group
work, students used flashcards to provide a clearly defined procedure of their cooperative
tasks and to allocate specific roles to each student (e.g., questioning, providing feedback). In
addition, teachers gave students instruction and support on how to elaborate their thoughts
and provide peer feedback. As (peer) feedback should be provided frequently to further
support the development of SRL [33], cooperative learning opportunities were scheduled
three times a week.

5.4. Treatment Integrity

Throughout the intervention, teachers provided weekly self-reports by completing
online questionnaires on how they were implementing the training and additional informa-
tion about the students’ motivation, the number of cooperative learning sessions, and their
perception of the implementation quality. The treatment integrity analysis revealed that
most of the teachers implemented the training program as intended, as they all completed
the two introductory weeks, and their students read at least 17 of the 24 texts during the
training weeks. One class had to be excluded since the implementation of their training
diverged significantly (they did not use the standardized learning diary).

In the follow-up test, the control group class teachers were asked whether they fostered
SRL in class during the school year and if so, how, and to what extent. Approximately
60% indicated that they fostered SRL in class during the school year through a range of
activities, such as lessons in which students could plan their daily or weekly activities,
choose difficulty levels, and reflect on their learning. Some teachers also gave lessons
in which students worked on self-chosen content or individual projects. Topics such as
fostering independence, help-seeking, and responsibility were also mentioned. However,
none of these teachers used systematic SRL training. Additionally, 42.9% of the control
group teachers said that they did not foster SRL in class during the school year.

6. Instruments
6.1. Self-Regulated Learning

Students’ SRL was assessed three times with a twenty-four-item questionnaire, based
on the eight-step SRL model (self-assessment, goal setting, time planning, strategy planning,
strategy implementation, strategy monitoring, strategy adjustment, and outcome evalua-
tion) (see Figure 1). The instrument combines scales validated in previous studies [9,65,66].
Each step of the model was measured using three items, with responses provided on
four-point Likert scales (1 = strongly disagree, 2 = disagree, 3 = agree, 4 = strongly agree).
Accordingly, higher values indicate higher levels of self-reported SRL. The internal con-
sistency of the SRL overall scale can be considered satisfactory with Cronbach’s alpha
values ranging from α = 0.88 in the pre-test, α = 0.90 in the post-test, and α = 0.91 in the
follow-up test.

6.2. Reading Comprehension

Reading comprehension was measured three times using the standardized “Frank-
furter Leseverständnistest” (FLVT; [67]). The test consisted of a non-fiction text of medium
length (570 words) with 18 multiple-choice questions. Students received one point for each
correct answer (Range: 0–18). FLVT is a widely used test with a satisfactory reliability of
Cronbach’s α = 0.88. The theoretical framework of this test is based on the cognitive process
model proposed by van Dijk and Kintsch [68]. This model differentiates between surface-
level reading, characterized by the ability to provide a basic summary of the text, and
in-depth comprehension which allows the reader to disclose complex connections found
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within the text as well as from prior knowledge. The FLVT incorporates this model [68] by
assessing both levels of understanding.

6.3. Control Variables
6.3.1. Cognitive Abilities

Cognitive abilities were measured at pre-test with the language-independent test “CFT
20-R” [69] (Part 1). This test, with a maximum score of 56 points, demonstrates high internal
consistency, with a Cronbach’s α of 0.92.

6.3.2. First Language

Student’s first language was assessed by the question, ‘What is your native language?’.
A list of the 12 most spoken languages in Switzerland was given. The option ‘other
language’ was available for students speaking a language other than these 12. A dummy
variable was created to compare native and non-native speakers.

6.3.3. Parental Educational Level

To evaluate parental educational level, parents were asked to indicate the most recent
degree of education attained. The response options provided were ‘none’, ‘compulsory
school’, ‘vocational apprenticeship’, ‘vocational baccalaureate’, ‘baccalaureate’, ‘higher spe-
cialized education’ (e.g., federal diploma), and ‘university of applied sciences’/‘university’.
These options were categorized into ‘low’ (no education, compulsory school, vocational
apprenticeship), ‘medium’ (vocational baccalaureate, baccalaureate, higher specialized
education), and ‘high’ (university of applied sciences/university). These three categories
(low = 31.7%, medium = 29.7%, high = 38.5%) were coded into dummy variables, with
‘medium’ educational level serving as a reference category.

6.3.4. Participation in Parental Training

Parental participation in parental training was recorded and associated with the
corresponding student. This variable was categorized as a dummy variable indicating
attendance or non-attendance.

6.4. Treatment Integrity

The four aspects of treatment integrity (adherence, child responsiveness, competence
of delivery, treatment differentiation) were assessed through standardized weekly online
teacher reports. Teachers reported on the number of texts they read with the class, the
frequency of collaborative learning sessions focused on questioning or strategy usage
(adherence), and the motivation levels of students (child responsiveness, measured by
“How motivated were pupils generally during the training week?”, scale: 1 = not motivated
to 5 = very motivated), and the perceived competence of delivery, measured by “How was
the overall implementation of the training?” (scale: 1 = not well, 5 = very well). Lastly,
treatment differentiation was controlled by teachers’ updates on the overall implementation
progress and students’ use of the material in class.

7. Statistical Analyses

Due to the hierarchical structure of the data (students nested in classes), multilevel
analyses were conducted using the software ‘Mplus 8.10’ [70]. To examine the development
of the reported SRL activities and the reading comprehension, respectively, two analyses
were conducted—one predicting outcome at post-test, and one predicting outcome at
follow-up—to investigate for medium- and long-term effects. SRL was modeled as a latent
variable to explicitly model measurement errors. In line with the eight-step SRL model,
each step was conceptualized as a first-order factor and calculated as a second-order factor.
All other variables were used as manifest variables. Relevant control variables (gender, first
language, cognitive abilities, and parental education level) were included in all analyses.
Parental participation in the parent training was also used as a control variable, as not
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all parents of the SRL training and parental involvement condition attended the training.
Subsequently, all students who received the SRL training formed the experimental group.

The effect of the intervention on the development of SRL (Hypothesis 1) was analyzed
with a multilevel structural equation model (ML-SEM), while the effect on reading compre-
hension (Hypothesis 2) was analyzed with a (manifest) multilevel analysis. To evaluate the
model fit of the ML-SEM models, several fit indices commonly applied to latent-variable
models were used, namely, the Satorra–Bentler scaled chi-square test [71], the comparative
fit index (CFI), the Tucker–Lewis index (TLI), the root mean square error of approximation
(RMSEA), and the standardized root mean square residual (SRMR). Hu and Bentler [72]
suggest that values of CFI/TLI ≥ 0.95 and RMSEA/SRMR ≤ 0.05 indicate a good model fit.

Preliminary analyses testing longitudinal measurement invariance were conducted
for SRL. However, longitudinal multilevel confirmatory factor analyses with the second-
order SRL model with twenty-four items and eight factors were too complex and failed
to converge. Therefore, the measurement invariance was tested with single-level models.
Furthermore, the longitudinal measurement invariance was checked following the rec-
ommendations of Liu et al. [73] for ordinal data. This testing includes the assessment of
invariance over time through a series of models; it starts with a baseline model to ensure
that factor loadings are consistent over time. This first step is followed by more restrictive
models: the loading invariance model (same factor loadings across time), the threshold
invariance model (consistent thresholds for response categories), and the unique factor
invariance model (equal unique factor variances over time) [73]. In addition, since SRL was
conceptualized as a second-order construct, measurement invariance was tested by a series
of increasingly restricted models comparing the construct over time (supplements: (a) con-
figural model, (b) first-order factor loadings, (c) second-order factor loadings, (d) thresholds
of measured variables, (e) intercepts of first-order factors, (f) disturbances of first-order
factors, and finally, (g) disturbances of measured variables) [74]. When comparing the
models [73,74], a CFI and TLI decline of 0.01 or less were used as a reference to indicate
that the measurement invariance hypothesis should not be rejected [75].

Due to the complexity of the longitudinal ML-SEM analyses, factor scores were ex-
tracted from a first-order measurement model. The factor scores of the eight first-order
factors were then used as indicators of the general SRL latent factor, simplifying the mea-
surement model in the subsequent analyses. Factor scores may not explicitly control for
measurement error, but they offer a reliable approach to this issue because they assign
greater weight to items characterized by lower measurement errors and therefore provide
partial control for measurement errors [76]. The extracted factor scores were used to calcu-
late the longitudinal ML-SEM using the robust maximum likelihood estimator (MLR) [70].
Individual variables (e.g., gender, first language) were group-mean centered, and level
two variables (e.g., condition) were grand-mean centered [77]. Since the hypotheses of this
study were directional, the p-values were interpreted one-tailed with a significance level of
p < 0.05 [78].

Furthermore, when longitudinal measurement invariance across time was tested, the
preliminary models revealed a negative covariance matrix due to a correlation higher
than one between latent variables. Consequently, modification indices were analyzed, and
two items were excluded. The excluded items were one item of strategy implementation
(“First I think about the best way to approach tasks and then proceed accordingly.”) and
one item of ‘outcome evaluation’ (“I think about how my grades have changed from one
exam to the next.”). The reasons for their exclusion were twofold: the modification indices
suggested an improved model fit upon their removal, and these items might have assessed
different aspects of the respective SRL step in comparison with the other items. These
adapted models achieved a satisfactory model fit and showed a CFI and TLI decline of 0.01
or less when compared, indicating that the measurement invariance hypothesis should not
be rejected [75] (Appendix A).

The intra-class correlation coefficients (ICC) varied from a low to medium range (ICC
of the eight factor scores of the SRL pre-test: 0.03–0.07; post-test: 0.04–0.07; follow-up
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test: 0.01–0.07; reading comprehension: pre-test: 0.23; post-test: 0.18; follow-up test: 0.16),
whereas [79] suggest that ICC values from 0.05 to 0.10 represent a small to medium effect,
indicating a group effect. Given the class-level administration of the intervention program,
multilevel analyses were conducted to control for this aspect.

8. Results
8.1. Descriptives, Zero-Order Correlations, and Group Differences

Table 1 presents an overview of the correlations, means, and standard deviations for
SRL and reading comprehension in the pre-test (T1), post-test (T2), and follow-up test (T3),
as well as for control variables. There were significant positive correlations between SRL
variables at the pre-test, post-test, and the follow-up test. Furthermore, a significant positive
correlation between gender and SRL was found, which indicates that girls reported more
SRL activities than boys. There were also positive correlations in reading comprehension
across all three measurement points. Native German-speaking students showed generally
higher reading scores, indicating better reading comprehension. Additionally, cognitive
abilities were positively correlated with reading comprehension. Non-native German
speakers reported more SRL activities than German-speaking students. Lower parental
education level correlated negatively with reading comprehension scores whereas higher
educational level showed a positive correlation. None of the variables were correlated with
parental training.

Moreover, group differences regarding students’ characteristics were analyzed with
an independent t-test in the pre-test. The chi-square test was employed for dummy vari-
ables. No differences were found in the means of the dependent variables (SRL, reading
comprehension) between the groups (SRL: t(734) = −0.397, p = 0.69, reading compre-
hension: t(735) = −1.464, p = 0.14). Nor were there any differences in cognitive abilities
(t(732) = −1.182, p = 0.24), gender (χ² (1, N = 757) = 1.674, p = 0.20) or parental education
level (low: χ² (1, N = 703) = 0.967, p = 0.33, high: χ² (1, N = 703) = 0.288, p = 0.59) between
the intervention and control group at pre-test. However, there was a significant group
difference in first language, with proportionally more native German speakers in the control
group (χ² (1, N = 747) = 3.975, p = 0.05).

In terms of treatment integrity, the data showed that the intervention classes read
on average 21 texts during the entire training (SD = 2.68). The classes implemented an
average of 1.69 (SD = 0.64) cooperative learning sessions on the topic of ‘questioning’ and
1.89 (SD = 0.63) sessions on the topic of ‘strategy use’ per week. Furthermore, the overall
motivation level of the students was relatively high (M = 3.31; SD = 0.60). Teachers reported
that the implementation of the training went well (M = 4.01, SD = 0.52).

8.2. Intervention Effects on Dependent Variables
8.2.1. Results for SRL Activities

The results of the structural part of the multilevel SEM analyses of the reported SRL
activities are presented in Table 2. This Table shows post-test results in model 1 and follow-
up results in model 2, with both controlling for the pre-test. The models had good model fit
values (Table 2). Furthermore, individual variables (level 1) and group assignment (level 2)
were implemented as predictors. The variance explained by the model was lower in the
follow-up test compared to the post-test. As expected, the SRL activities reported in the
pre-test strongly predicted those in the post-test and the follow-up test. None of the control
variables predicted the reported SRL activities in the post-test or in the follow-up test.
Table 2 shows that classes that participated in the training program did not report more
SRL activities in the post-test compared to classes in the control group. Similarly, there was
no increase in reported SRL activities in the follow-up test for classes in the experimental
condition compared to those in the control group.
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Table 1. Means, standard deviation, and zero-order correlation of the study variables.

Control Experimental

N M/n SD/% M/n SD/% 1 2 3 4 5 6 7 8 9 10 11 12 13

1. SRL pretest 736 3.04 0.46 3.06 0.45 --
2. SRL post-test 721 3.09 0.44 3.08 0.45 0.67 ** --
3. SRL follow-up 728 3.01 0.47 3.02 0.46 0.59 ** 0.72 ** --
4. RC pre-test 737 10.99 4.18 11.46 3.99 −0.08 * −0.08 * −0.10 ** --
5. RC post-test 717 12.13 3.69 12.65 3.35 −0.11 ** −0.05 −0.09 * 0.69 ** --
6. RC follow-up 729 12.73 3.47 13.13 3.36 −0.09 * −0.01 −0.01 0.63 ** 0.74 ** --
7. Cognitive abilities 734 35.46 6.62 36.04 6.22 −0.13 * −0.11 ** −0.13 ** 0.42 ** 0.43 ** 0.39 ** --
8. Gender (1 = Female) 757 125 48.6% 268 53.6% 0.08 * 0.08 * 0.09 * −0.02 0.06 0.08 * 0.01 --
9. First LG (1 = Germ.) 747 203 79.6% 359 73.0% −0.15 ** −0.09 * −0.16 ** 0.28 ** 0.30 ** 0.29 ** 0.16 ** −0.01 --
10. PEL (1 = low) 703 71 29.3% 152 33.0% 0.08 * 0.05 0.02 −0.15 ** −0.22 ** −0.18 ** −0.21 ** −0.01 −0.15 ** --
11. PEL (1 = high) 703 90 37.2% 171 39.3% −0.08 * −0.05 −0.01 0.19 ** 0.27 ** 0.27 ** 0.23 ** −0.02 0.12 ** −0.54 ** --
12. Condition (1 = EC) 757 -- -- -- -- 0.02 −0.01 0.01 0.05 0.07 0.05 0.04 0.05 −0.07 * 0.04 0.02 --
13. Particip. parents 500 -- -- -- -- 0.06 0.03 0.04 0.06 0.06 0.07 0.01 0.01 0.01 −0.03 −0.01 0.01 --

Note: n control group = 257; n experimental group = 500. SRL = self-regulated learning, RC = reading comprehension, first LG = first language, Germ. = German, PEL = parental
education level, EC = experimental condition, particip. parents = participation parents. For dichotomous variables, the number of cases (italic) and the percentages of the specified
category are reported in the columns M and SD. Correlations for the variable ‘participation parents’ were only calculated for the experimental group. SRL was calculated with manifest
values. ** p < 0.01, * p < 0.05.
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Table 2. Predicting SRL activities (standardized results of the structural part of the ML-SEM analysis).

Model 1 (Post-Test) Model 2 (Follow-Up)

β SE β SE

SRL
Intercept −0.06 0.18 −0.15 0.29

Level 1
Pre-test SRL 0.67 * 0.03 0.58 * 0.04
Gender (1 = female) 0.03 0.04 0.04 0.03
First language (1 = German) 0.02 0.03 −0.04 0.03
Cognitive abilities 0.02 0.03 −0.03 0.04
PEL (1 = low) 0.02 0.03 0.02 0.03
PEL (1 = high) 0.02 0.03 −0.01 0.04
Particip. parent. (1 = yes) 0.01 0.03 0.03 0.03

Level 2
Condition (1 = Experimental) −0.03 0.18 −0.03 0.27

R2 Level 1 0.45 -- 0.34 --
R2 Level 2 0.56 -- 0.30 --

Note: N = 757 students from 40 classrooms. SRL = self-regulated learning, PEL = parental educational level,
Particip. Parent. = participation parental training. Model fit post-test: χ2= 24,042.399, df = 256, CFI = 0.983,
TLI = 0.982, RMSEA = 0.047, SRMR within = 0.032, SRMR between = 0.136. Model fit follow-up test: χ2= 26,484.005,
df = 256, CFI = 0.982, TLI = 0.981, RMSEA = 0.051, SRMR within = 0.027, SRMR between = 0.177. R2 = explained
variance in the dependent variable by the independent variables. * p < 0.05.

8.2.2. Results for Reading Comprehension

Table 3 presents results of the multilevel analysis for reading comprehension in the
post-test in model 1 and in the follow-up in model 2, both controlled for the initial read-
ing comprehension score. The reading comprehension in the pre-test strongly predicted
reading comprehension, both in the post-test and in the follow-up test. Girls showed
a higher increase in reading comprehension than boys in the post- and follow-up tests,
as did students with German as a first language compared to their counterparts. Cogni-
tive abilities and parent educational background were also significant predictors for the
reading comprehension (post- and follow-up test). Parental participation did not predict
reading comprehension in the post-test nor did the group condition. These findings were
consistent in the follow-up test, where neither parental involvement nor group condition
predicted reading comprehension. Nevertheless, these models explained more variance in
the outcome variable at the class level compared to the previous model that predicted SRL.

8.2.3. Understanding the Effects: Considering Treatment Integrity Variables

Treatment integrity can significantly influence intervention effects [53] and was there-
fore taken into consideration to gain a deeper insight into the outcomes. To calculate the
effects of the treatment integrity variables, only intervention classes were examined. The
treatment integrity variables were used as a predictor (level 2, see Table 4) to analyze
their impact on SRL and reading comprehension outcome variables. The same control
variables as in the previous analyses were included. To examine the independent influence
of each treatment integrity variable, separate models were calculated. The mean amount
of cooperative learning sessions focused on strategy use was used as a variable to predict
SRL, while the mean number of cooperative learning sessions on questioning was included
as a variable to predict reading comprehension because they are assumed to have specific
relevance on each outcome variable. All other treatment integrity variables (quantity of
texts, students’ motivation, reported competence of implementation) were used for both
analyses (SRL and reading comprehension).
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Table 3. Predicting reading comprehension (standardized results of the multilevel analysis).

Model 1 (Post-Test) Model 2 (Follow-Up)

β SE β SE

Reading comprehension
Intercept 6.79 1.20 7.07 3.26

Level 1
Pre-test reading 0.63 ** 0.04 0.55 ** 0.04
Gender (1 = female) 0.07 * 0.03 0.10 ** 0.03
First language (1 = German) 0.09 ** 0.03 0.10 ** 0.04
Cognitive abilities 0.15 ** 0.04 0.13 ** 0.04
PEL (low) 0.10 ** 0.04 0.13 ** 0.04
PEL (high) −0.06 0.04 0.01 0.04
Particip. parent. 0.03 0.03 0.01 0.02

Level 2
Condition (1 = Experimental) 0.13 0.14 0.06 0.15

R2 Level 1 0.47 -- 0.38 --
R2 Level 2 0.86 -- 0.84 --

Note: N = 757 students from 40 classrooms. PEL = parental educational level, Particip. Parent. = participation
parental training. R2 = explained variance in the dependent variable by the independent variables. ** p < 0.01;
* p < 0.05.

8.2.4. Predicting SRL Activities with Treatment Integrity Variables

The SRL activities in the pre-test significantly predicted those in the post-test (Model 1).
However, none of the other control variables predicted the SRL activities in the post-test,
indicating similar results with this smaller sample size as in the previous analysis (Table 2).
Several implementation variables had a significant influence on the reported post-test
SRL activities. The mean numbers of cooperative learning sessions about strategy use
per week (adherence) significantly predicted the SRL activities in the post-test. Another
aspect of adherence, the number of texts read, showed a trend towards a positive effect on
the reported SRL activities in the post-test (p = 0.09). Students’ motivation perceived by
teachers (child responsiveness) had a significant effect on the SRL activities in the post-test.
Competence of delivery did not have a significant influence on the post-test SRL activities.
When predicting SRL activities at follow-up (Model 2), the SRL pre-test variable again
turned out to be significant. As with the post-test, none of the control variables, except for
first language, significantly predicted the SRL activities at follow-up. No significant effects
for the implementation variables on the SRL activities were observed in the follow-up test.

8.2.5. Predicting Reading Comprehension with Treatment Integrity Variables

The same analyses as before (Table 3) were conducted for reading comprehension as
a dependent variable. However, there were no significant effects of any implementation
variables either in the post-test or in the follow-up test. Therefore, the findings are not
presented in detail.
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Table 4. Predicting SRL activities with treatment integrity variables.

SRL (Post-test) SRL (Follow-Up)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

β (SE) β (SE) β (SE) β (SE) β (SE) β (SE) β (SE) β (SE)

Intercept −0.04 (0.25) −0.11 (0.24) −0.05 (0.27) −0.06 (0.26) −0.11 (0.28) −0.18 (0.30) −0.12 (0.31) −0.13 (0.31)
Level 1

Pre-test SRL 0.66 ** (0.03) 0.67 ** (0.03) 0.67 ** (0.03) 0.67 ** (0.03) 0.57 ** (0.04) 0.58 ** (0.04) 0.57 ** (0.04) 0.57 ** (0.04)
Gender (1 = female) 0.01 (0.05) −0.01 (0.05) 0.01 (0.05) 0.01 (0.05) 0.06 (0.04) 0.04 (0.04) 0.06 (0.04) 0.06 (0.04)
First language (1 = German) 0.02 (0.04) 0.01 (0.04) 0.01 (0.04) 0.02 (0.04) −0.09 * (0.04) −0.08 * (0.04) −0.09 * (0.04) −0.09 * (0.04)
Cognitive abilities 0.03 (0.03) 0.04 (0.03) 0.03 (03) 0.03 (0.03) −0.01 (0.05) −0.01 (0.05) −0.01 (0.05) −0.01 (0.05)
PEL (low) 0.04 (0.05) 0.04 (0.05) 0.04 (0.05) 0.04 (0.05) −0.02 (0.04) −0.02 (0.04) −0.02 (0.04) −0.02 (0.04)
PEL (high) 0.01 (0.05) 0.01 (0.04) 0.01 (0.05) 0.01 (0.05) −0.03 (0.04) −0.04 (0.04) −0.03 (0.04) −0.03 (0.04)
Particip. Parent. 0.02 (0.04) 0.02 (0.04) 0.02 (0.04) 0.02 (0.04) 0.04 (0.04) 0.04 (0.04) 0.04 (0.04) 0.04 (0.04)

Level 2
Adherence (CL) 0.36 * (0.22) - - - 0.44 (0.38) - - -
Adherence (QT) - 0.26 (0.21) - - - 0.16 (0.26) - -
Child resp. (SM) - - 0.37 ** (0.19) - - - 0.48 (0.30) -
Comp. Deliv. (CD) - - - −0.01 (0.16) - - −0.05 (0.22)

R2 Level 1 0.45 0.46 0.45 0.45 0.34 0.35 0.34 0.34
R2 Level 2 0.89 0.75 0.89 0.75 0.97 0.76 0.97 0.85

Note: N = 500 students from 27 classrooms. Standardized results of the multilevel analysis. PEL = parental educational level, Particip. Parent. = participation parental training,
CL = cooperative learning, QT = Quantity texts, SM = student motivation, CD = perceived quality of implementation. Model fit post-test: χ2= 1125.276–1174.363, df = 336, CFI = 0.941,
TLI = 0.939, RMSEA = 0.073, SRMR within = 0.085, SRMR between = 0.160–0.165. Model fit follow-up test: χ2= 668.486–685.251, df = 337, CFI = 0.978, TLI = 0.977, RMSEA = 0.047–0.049,
SRMR within = 0.053, SRMR between = 0.154–0.172. R2 = explained variance in the dependent variable by the independent variables. ** p < 0.01; * p < 0.05.
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9. Discussion

The main goal of this study was to examine the effects of an existing SRL intervention
program [16] enhanced with cooperative learning and parental involvement. Contrary
to expectations, students in the intervention group did not report more SRL activities
in the post-test compared to control group students. Similar results were observed in
the follow-up test, as no increase in reported SRL activities was found. This suggests
that the intervention, including the booster sessions, did not increase students’ reported
SRL activities in the medium or long term. Additionally, while improvements in reading
comprehension were observed in both groups, there were no significant differences in
the medium or long term between the groups. To gain a better understanding of these
outcomes, treatment integrity was examined.

This study’s outcomes are surprising, particularly because Stoeger et al. [8] found a
significant effect on the SRL preference in the training group. Unlike Stoeger and Ziegler’s
research, this study measured the reported SRL activities. This difference highlights a
critical insight: an improvement in preference for SRL does not necessarily lead to a change
in behavior. However, it is important to distinguish whether an intervention changes only
the students’ attitudes towards SRL or leads to a change in their learning behavior. Similar
results were found in studies focusing on teachers, as noted by Steinbach and Stoeger [80]
and Spruce and Bol [81]. Both found no significant correlation between teachers’ attitudes
towards SRL and their actual SRL teaching practices. Nevertheless, it should be noted that
the current study did not assess the actual SRL competences of the students, but rather
their self-reported SRL activities, which in turn tend to show low correlations with actual
SRL competences [82].

Moreover, the absence of significant effects in intervention studies is not uncommon
in educational research [83], possibly because transmitting knowledge is complex and
influenced by various factors. There are several potential explanations for the lack of
intervention effects: one might be the initially high levels of student agreement to engage
in SRL activities. This suggests a ceiling effect, meaning that it might be difficult to achieve
more SRL activities. Students’ responses regarding the willingness to engage in SRL
activities might be influenced by social desirability or overconfidence, which is particularly
common among underachieving students [84]. However, if self-reports are influenced by
social desirability or overconfidence, it might be challenging to measure actual progress.
Moreover, it is crucial to note that approximately 60% of the teachers in the control group
reported promoting SRL in their class, although they did not use systematic training. This
suggests a high level of interest and initiative to promote SRL, despite a lack of a structured
approach and raises the question of whether this high level of interest could potentially
reduce differences in outcomes. Nevertheless, this lack of an approach in fostering students’
SRL underscores the importance of teacher-led interventions that provide teachers with
the necessary knowledge to implement SRL effectively and sustainably. Consistent with
previous findings that researcher-led interventions generally yield more effects than those
led by teachers, this study shows that achieving an impact with teacher-led interventions
continues to be challenging; further approaches to enhance the effectiveness of teacher-
led interventions should therefore be considered, for example, by cultivating a closer
cooperation between researchers and teachers [10].

The parental training did not have an influence on the students’ SRL. This finding is not
surprising given that the parental training consisted of only one 1.5 h session addressing
parental (emotional) learning support rather than focusing on specific SRL steps. It is
possible, however, that the parental training affected the students’ learning motivation
more than SRL activities. Unfortunately, students’ learning motivation was not measured
in this study.

The lack of intervention effects regarding reading comprehension may be due to
the intervention’s primary focus on SRL. Additionally, the experimental group’s higher
proportion of non-native German speakers may have introduced additional challenges,
such as limited vocabulary. While the aim of this training was to improve students’ ability to
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apply text reduction strategies, it did not necessarily lead to an improvement in the results
of the reading comprehension test. The test (FLVT) assessed surface-level reading skills (e.g.,
basic summary of the text) as well as in-depth comprehension (e.g., identifying complex
connections within the text). This training focused on fostering text reduction strategies
(e.g., drawing a mind map to illustrate connections within the text), thereby promoting
some (but not all) abilities assessed by the FLVT. Moreover, it should be noted that reading
comprehension also relies on a wider range of skills such as word recognition, vocabulary,
or background knowledge, which were only fostered implicitly (and not explicitly) through
this training [85].

Despite the lack of intervention effects, this study presents interesting results about
treatment integrity by demonstrating that several implementation variables can signifi-
cantly affect the outcomes of the intervention (e.g., [54]). For instance, adherence, which
was measured by the amount of cooperative learning sessions about strategy use, had
a positive effect on the SRL post-test outcome. This suggests that frequent cooperative
learning sessions with discussions about SRL can lead to more SRL activities. This result
is in line with several studies that underline the beneficial effects of cooperative learning
on diverse aspects of learning (e.g., [86]). In addition, the number of texts read during the
training showed a tendency toward a positive effect on the reported SRL activities in the
post-test, highlighting the importance of regular practice. Furthermore, child responsive-
ness plays a vital role in the success of such a training as higher perceived motivation of
students also positively influenced the SRL outcome variable in the post-test. These results
indicate that the training can be effective when it is implemented as intended.

To summarize, these results suggest that the implementation of cooperative learning
sessions and a motivating learning environment are crucial elements in fostering SRL.
Considering the complexity of SRL, which involves planning, monitoring, and reflecting
on learning processes, repeated practice plays an important role in developing students
into competent self-regulated learners.

Although significant medium-term effects of treatment integrity variables on reported
SRL activities were found, these effects were not observed in the long-term data. A potential
reason for this could be that there were only three booster session weeks after the main
intervention, with no further sessions for nearly two months until the follow-up testing,
potentially minimizing the effects of treatment integrity. Moreover, there were no effects of
treatment integrity variables on reading comprehension (post- and follow-up). This could
be explained by the assessment, as general reading comprehension was measured, and not
only the specific competences fostered through the intervention (e.g., finding main ideas).

Limitations and Future Directions

This study offers interesting insights into fostering SRL and treatment integrity; nev-
ertheless, it is important to acknowledge its limitations. For a more objective assessment
of SRL beyond self-reports, future studies should consider evaluating students’ learning
journals [87]. However, as journal entries reflect a subjective evaluation of one’s behav-
ior, it would be beneficial to assess changes in students’ SRL using methods such as the
think-aloud method [88] or a microanalytic assessment method [89]. Furthermore, SRL was
only measured in terms of quantity, indicating that a greater number of SRL activities by
students would result in a higher score. This should be viewed critically, as learning can be
successfully regulated through few SRL strategies if they are suitable for the task and the
learner is proficient when using them [90]. Another limitation of this study is that students’
motivation was only measured through teacher reports, even though motivation is equally
essential for SRL as metacognitive and cognitive aspects [20]. Furthermore, motivation
may have been an important variable when analyzing the effects of the parental training.

Additionally, the teachers were informed of the study topic before randomized alloca-
tion to the experimental and control groups to reach informed consent, which might have
potentially increased the control group teachers’ sensitivity to SRL.
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While this study represents an advancement upon previous intervention studies [8,17,41]
by assessing and analyzing the effects of multiple components of treatment integrity,
it nonetheless relies on self-reported teacher data and single-item assessment. Direct
observations are considered as a benchmark in treatment integrity measurement [91],
but they require significant time and financial resources [57,92]. Furthermore, they only
capture observable, frequent practices [52], and can distract participants [56]. Additionally,
the assessment of competence of delivery should be viewed critically, given that it was
based on self-reported measures of implementation success, which may not measure actual
competence. Nevertheless, it offers an insightful and non-intrusive way to observe the
teachers’ perceived competence. An essential goal for future research, therefore, is the
development of a reliable instrument to comprehensively assess the four components
of treatment integrity (adherence, competence of delivery, treatment differentiation, and
child responsiveness).

When designing interventions to foster SRL within reading tasks among primary
school students, a combination of text reduction strategies and metacognitive components
(visually supported by a SRL cycle, as in the present study) proves to be a favorable ap-
proach. Furthermore, two core domains of academic learning are targeted: reading, and
self-regulation. Based on the current findings about the benefits of cooperative learning
when fostering SRL, the next steps in reading instruction could be to implement group
sessions over a certain period that give students the opportunity to share insights about
their learning processes and advise each other on effectively using text reduction strategies.
Teachers should prepare students thoroughly to this task and scaffold this process with
questions that stimulate active and meaningful conversation. To enhance reading com-
prehension further, it would be valuable to incorporate additional strategies beyond text
reduction, such as activating prior knowledge [93] or making inferences.

In conclusion, despite the absence of intervention effects, this study offers valuable
insights into the importance of treatment integrity. It highlights the importance of adher-
ence and child responsiveness when fostering SRL. The creation of a motivating learning
environment and the integration of consistent, systematic practice appear to be key com-
ponents in the successful promotion of SRL. Moreover, providing students with frequent,
carefully introduced opportunities for cooperative learning to discuss and reflect about
their SRL activities is a promising element when fostering SRL.
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Appendix A

Table A1. T1–T2 Model fits for SRL invariance models.

Model Model Description χ2 df MD∆χ2 CFI ∆CFI TLI ∆TLI RMSEA ∆RMSEA

MPa Configural model 1839.463 * 868 - 0.947 - 0.942 - 0.038 -
MPb First-order factor loadings 1857.721 * 882 27.329 0.947 0.000 0.943 0.001 0.038 0.000
MPc Second-order factor loadings 1875.031 * 889 25.003 * 0.946 −0.001 0.943 0.000 0.038 0.000
MPd Thresholds of measured variables 1886.077 * 924 55.249 0.948 0.002 0.946 0.003 0.037 0.001
MPe Intercepts of first-order factors 1928.489 * 931 56.454 * 0.946 −0.002 0.945 −0.001 0.038 −0.001
MPf Disturbances of first-order factors 1930.454 * 953 69.424 * 0.947 0.001 0.947 0.002 0.037 0.001
MPg Disturbances of measured variables 1948.825 * 960 31.368 * 0.946 −0.001 0.947 0.000 0.037 0.000

Note. N = 757 students; MP = model post-test; SRL = self-regulated learning; χ2 = WLSMV chi square; df = degrees
of freedom; MD∆χ2 = chi square difference test based on the Mplus DIFFTEST function for WLSMV estimation;
CFI = Comparative fit index; TLI = Tucker–Lewis index; RMSEA = Root mean square error of approximation;
∆ = difference to previous model; * p < 0.01.

Table A2. T1–T3 Model fits for SRL invariance models.

Model Model Description χ2 df MD∆χ2 CFI ∆CFI TLI ∆TLI RMSEA ∆RMSEA

MFa Configural model 1837.910 * 868 - 0.943 - 0.938 - 0.039 -
MFb First-order factor loadings 1891.956 * 882 36.205 * 0.943 0.000 0.938 0.000 0.039 0.000
MFc Second-order factor loadings 1902.617 * 889 16.697 0.942 −0.001 0.939 −0.001 0.039 0.000
MFd Thresholds of measured variables 1936.116 * 924 74.095 * 0.942 0.000 0.941 −0.002 0.038 0.001
MFe Intercepts of first-order factors 1960.111 * 931 34.739 * 0.941 −0.001 0.941 0.000 0.038 0.000
MFf Disturbances of first-order factors 1962.980 * 953 70.834 * 0.943 0.002 0.943 −0.002 0.037 0.001
MFg Disturbances of measured variables 1997.701 * 960 42.316 * 0.941 −0.002 0.942 0.001 0.038 −0.001

Note. N = 757 students; MF = model follow-up test; SRL = self-regulated learning; χ2 = WLSMV chi square;
df = degrees of freedom; MD∆χ2 = chi square difference test based on the Mplus DIFFTEST function for WLSMV
estimation; CFI = Comparative fit index; TLI = Tucker–Lewis index; RMSEA = Root mean square error of
approximation; ∆ = difference to previous model; * p < 0.01.
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