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Abstract

Self-Regulated Strategy Development (SRSD) is a method designed to explicitly teach
students self-regulation skills and help them implement them. While SRSD’s beneficial
effect on writing quality has been confirmed in a large body of literature, the questions
of why, how, and for whom SRSD works remain unclear. To investigate the underlying
cognitive and metacognitive mechanisms, and identify the factors that potentially mod-
erate SRSD’s effectiveness, we compared fourth- and fifth-graders who either received
regular writing instruction or underwent an SRSD intervention in a quasi-experimental
setting. Students’ abilities to plan, write quality texts, and self-evaluate were measured.
Factors that have been demonstrated to be related to writing abilities were assessed to
study whether they might facilitate or hinder acquisition of strategies taught in the SRSD
intervention. The results indicated that compared with students who received regular writ-
ing instruction, students who underwent the SRSD intervention produced higher-quality
texts and evaluated their texts’ quality more accurately, despite persistent overestimation.
Mediation analyses indicated that progress in producing high-quality texts was explained
by improvements in students’ planning skills, enabling them to write stories that were
better-structured and contained more ideas. However, the results also indicated that some
students under the SRSD condition struggled to implement the planning strategies they
were taught, particularly students with poor working memory. Recommendations for op-
timizing the SRSD intervention’s effectiveness in developing all students’ writing skills
are discussed.
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Introduction

France’s Ministry of National Education and Youth (2022) recently identified writing as
one of the three national educational priorities, along with reading and numeracy, as writing
skills exert a major influence on learning and professional success (Barnier, 2021; Gra-
ham et al., 2020). At the end of primary school, French students are required to be able
to write texts in different genres, such as writing stories or playlets (Ministry of National
Education and Youth, 2024). However, French students have difficulty drafting coherent
texts that respect writing genre characteristics (Direction de I’Evaluation de la Prospective
et de la Performance [DEPP], 2015). Also, 40% of fifth-grade teachers reported that they
have received no training related to the French language, its teaching, or students’ learning
processes in this area (Centre national d’étude des systémes scolaires [Cnesco], 2018). To
overcome writing difficulties, the international research has demonstrated that explicitly
teaching writing skills to students by following the intervention principles of Self-Regu-
lated Strategy Development (SRSD) enables them to improve the quality of the texts they
produce (e.g., Graham et al., 2012). However, to date, no studies have examined whether
a French version of this intervention would achieve such results with French elementary
school students. Furthermore, although many extant studies have indicated a positive effect
from the SRSD intervention (e.g., Graham et al., 2012), very few extant studies actually
have examined its effect on students’ self-regulation skills. Furthermore, few studies have
investigated whether or not students’ preexisting cognitive skills and motivation to write
might facilitate or hinder acquisition of the strategies taught in the SRSD intervention. Gain-
ing knowledge of all these points would enable us to identify more precisely why and under
what condition SRSD works, which could open up promising avenues to optimize its effi-
cacy. Consequently, the present study has two main objectives: (1) to test whether receiving
SRSD-type instruction would enable French students to produce better texts than if they had
received conventional French writing instruction, and (2) to better understand the cogni-
tive and metacognitive mechanisms that underlie the SRSD intervention’s effectiveness and
identify factors that could moderate it.

French students’ writing skills

Standardized national surveys conducted in various countries or states consistently have
found poor writing performance among students (e.g., DEPP, 2015; National Center for Edu-
cation Statistics, 2012; Persky et al., 2003; Salahu-Din et al., 2008; State of Texas Assess-
ments of Academic Readiness [STAAR], 2017; UK Department for Education, 2012). A
recent Australian survey found that students’ writing performance significantly declined
between 2011 and 2018, with 30-40% of seventh- and ninth-graders scoring below the
national minimum benchmark (Australian Curriculum, Assessment and Reporting Author-
ity [ACARA], 2019; for a discussion of this survey, see McLean, 2022; Thomas, 2020).
French students are no exception and also show difficulties in writing quality texts. For
instance, the French Education Ministry examined 2,500 fifth-grade French students’ ability
to create a story from an image (see Andreu, 2018). Students were assessed on their ability
to retrieve and integrate information present in the image into their stories, and to write a
coherent text containing a beginning, plot development, and end. The results revealed that
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only 54% succeeded in writing narrative texts that met these criteria. In another survey, the
French Education Ministry examined the writing skills of 8,051 ninth-graders from a wide
range of socioeconomic backgrounds enrolled in both public and private secondary schools
(DEPP, 2015). The students were asked to create a narrative text. In this case, nearly half
were unable to produce a structured narrative, and 40% wrote little or nothing at all.

Most surveys on writing skills are dated, and standardized and systematized international
surveys—as with reading, mathematics and sciences—are needed to give us a better picture
of the evolution of students’ writing skills. Existing national writing surveys have found
that, like students in many other countries, a substantial proportion of French students do
not have writing skills that correspond to their education levels, affecting their ability to
write well-structured and high-quality texts and, thus, their ability to succeed in different
academic disciplines. Students’ difficulties in producing high-quality texts arise from the
writing task’s complex nature, requiring both implementation and autonomous regulation
of numerous demanding cognitive processes (Beauvais et al., 2011).

Writing: a demanding self-regulated task to master

Effectively self-regulating one’s writing involves the ability to (i) set goals and require-
ments that are appropriate to the writing task and take the recipient’s characteristics into
account, (ii) deploy effective planning, formulation, and revision strategies to achieve these
goals, and (iii) regularly and accurately monitor whether the previously set goals have been
achieved and whether the strategies that are implemented allow these goals to be achieved
(Beauvais et al., 2011; Escorcia et al., 2017; Rakovi¢ et al., 2022, 2023). In some cases,
students also are required to write texts using one or more sources (e.g., Collins et al., 2021;
FitzPatrick & McKeown, 2021; Harris et al., 2019; Rakovi¢ et al., 2021, 2023). In such
a case, in addition to self-regulating their writing, students first need to process the vari-
ous documents and extract information deemed relevant to the task at hand, making their
texts’ quality dependent on mastery of text comprehension strategies as well (Rakovic et al.,
2021, 2023). During the writing phase, students must, in addition, ensure that graphomotor
and orthographic operations take place properly, constituting an additional load on working
memory. However, limited working memory capacity can constrain the use and regulation
of strategies (e.g., Roussey & Piolat, 1991). Furthermore, students are not always familiar
with the most appropriate strategies for writing texts and do not know when, why, and how
to use them (Englert et al., 1988; Saddler & Graham, 2007), meaning that they use planning
and revision processes less frequently than expert writers do (Bai, 2018; Hayes et al., 1987;
Lim et al., 2021). Therefore, novice writers tend to transpose their thoughts and ideas into
writing as a stream of consciousness, make few modifications, and do not take the writing
objectives and readers into account (Bereiter & Scardamalia, 1987; Rakovié et al., 2021).
This results in the writing of texts that are unstructured, contain few ideas, and do not have
the information needed for readers to understand (see, Beauvais et al., 2011; Bereiter &
Scardamalia, 1987; Kellogg, 2008; McCutchen, 1996). For instance, a French Education
Ministry survey (DEPP, 2015) showed that ninth graders hardly ever use an extra sheet to
generate and structure their ideas before writing a story, indicating that planning skills are
probably not fully mastered. According to Flower et al. (1992), to be viewed as an expert
writer, students must be able to use and switch between three kinds of planning strategies
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depending on the writing situation encountered: (1) schema-driven planning strategies, in
which writers adopt a conventional frame adapted to the discourse type (e.g., story, argu-
mentative text) to orient information selection and organization process; (2) knowledge-
driven planning strategies, in which the writer constructs associative chains on the bases
of rich and well-structured pre-existing knowledge stored in memory; and (3) constructive
planning strategies, in which writers develop their own criteria and procedures for meet-
ing their own goals for the task.Given the importance of writing skills at school and more
widely in society, it is essential for teachers to identify and implement best practices, in
order to strengthen these fundamental skills in their students.

Explicit writing strategy instruction: benefits and unresolved questions

In the French curriculum, the section devoted to written production is quite meager, com-
pared with others (DEPP, 2015). Even though students are expected to master planning,
formulation and revision skills (Ministry of National Education and Youth, 2024), little
guidance is given to teachers as to how to achieve this. According to previous research,
the most effective writing interventions are those that (a) explicitly teach students writing
knowledge and effective writing strategies to help them develop planning, formulation and
revision skills (b) show them how to implement these strategies using a modeling technique,
and (c) accompany students until they acquire the metacognitive knowledge needed to regu-
late these strategies (Graham et al., 2012). Several interventions have been developed in
line with these principles (for intervention examples, see cognitive self-regulation instruc-
tion [CSRI]; Rodriguez-Malaga et al., 2021; Torrance et al., 2007; self-regulated strategy
development [SRSD]; Harris et al., 2008; Tekster; Bouwer et al., 2018). Currently, the most
popular intervention, which has been the subject of the greatest number of classroom imple-
mentations and empirical research, is the SRSD intervention. SRSD interventions’ long-
term goal is to train students so that they can independently implement writing strategies in
a new context without any explicit prompting from the teacher, and to help them develop
greater self-efficacy in writing tasks and a better motivation to write. For example, as part
of the SRSD lesson dedicated to teaching students how to write stories, an important part of
the intervention is devoted to developing their planning skills. To do so, they are first trained
to identify the important parts of a story in multiple texts (presentation of characters, time,
place, trigger, events, denouement, and resolution) so that they then can use this knowledge
to build a schema-driven strategy that will guide their planning phases when writing their
own stories. Indeed, including each important part of a story on a planning sheet offers stu-
dents a series of subgoals to meet, which also can help them retrieve information from long-
term memory to write their texts. To facilitate this process, students are taught to structure
their planning sheets with a graphic organizer, which is expected to help them generate and
organize their ideas during a planning phase to help them write higher-quality stories. Stu-
dents also are taught a self-evaluation strategy that comprises indicating on a sheet whether
the important parts of a narrative text were included in the text. These writing strategies are
taught to students through a series of steps during which the teacher first presents the strate-
gies to students, then models their use, proposes exercises to consolidate these strategies in
memory, and supports students in their first implementation until they can perform these
tasks autonomously.

@ Springer



Self-regulated strategy development’s effectiveness: underlying...

Graham et al. (2012)’s meta-analysis showed that an SRSD intervention that explicitly
teaches students from grade 2 to 6 self-regulated strategies has a mean effect size of 1.17
versus 0.59 for other types of intervention. More generally, explicit self-regulated strategy
teaching methods (i.e., CSRI, SRSD, or Tekster) have been found to promote the develop-
ment of the knowledge and skills needed for writing descriptive, narrative, argumentative
and informative texts (e.g., Graham et al., 2005) in students from first and second grade (e.g.,
Finlayson & McCrudden, 2021; Harris et al., 2006; Harris et al., 2012; Harris et al., 2015;
Klein et al., 2022; McKeown et al., 2019) to university (e.g., Chen et al., 2022). Similarly,
beneficial effects have been observed in students with writing difficulties (e.g., Graham et
al., 2005; Harris et al., 2006; Harris et al., 2019), with special needs (e.g., Asaro-Saddler
et al., 2021; FitzPatrick & McKeown, 2020), or from disadvantaged socio-economic back-
grounds (e.g., Salas et al., 2021). These different studies have shown that students who
receive these types of strategy instruction produce texts of higher quality and contain more
ideas or arguments than students who are given either repeated writing opportunities or
usual writing instruction (e.g., Graham et al., 2012).

Explicit self-regulated strategy teaching’s beneficial effects on students’ writing skills
have led to the development of practice-based professional development (PBPD) to help
teachers apply explicit teaching in their classrooms (Harris et al., 2023; McKeown et al.,
2016, 2023; McKeown, FitzPatrick McKeown et al., 2019a, b). Teachers found PBPDs to
be useful (Finlayson & McCrudden, 2021; FitzPatrick & McKeown, 2020, 2021; McKe-
own et al., 2016, 2019a, b; McKeown, FitzPatrick McKeown et al., 2019a, b), and several
studies have indicated that training teachers to apply the SRSD approach in real-life class
situations also significantly affected the quality of pupils’ texts (FitzPatrick & McKeown,
2020; McKeown, FitzPatrick McKeown et al., 2019a, b, 2023), provided that teachers faith-
fully applied each step of the various sessions (McKeown, FitzPatrick McKeown et al.,
2019a, b). Altogether, these beneficial effects are tied to SRSD interventions helping stu-
dents develop important self-regulation abilities, including the use of effective writing strat-
egies in planning their texts, accurately monitoring the progress of the writing process, and
efficiently adapting their writing based on their monitoring output. However, to date, little
is known about the underlying cognitive and metacognitive mechanisms that explain SRSD
efficiency, nor about factors that could moderate it.

Do SRSD interventions impact monitoring accuracy?

Beyond the scientific literature on writing, research on self-regulated learning has regularly
shown that when students perform educational tasks on their own, they often implement
unsuitable strategies, partly because they tend to be overconfident (Bjork et al., 2013; Dun-
losky & Rawson, 2012; Fernandez & Jamet, 2017; Greene & Azevedo, 2009; Panadero et
al., 2017). Overconfidence arising from inaccurate monitoring prevents students from using
effective strategies and from spending sufficient time on the task. Concerning the actual
writing activity, achieving the right level of confidence, based on the monitoring process,
requires students to accurately estimate the discrepancy between the current status of their
production and the goals they have set themselves (Graham, 2018). In other words, students
who do not (1) clearly understand what is expected of them, or (2) possess a suitable strat-
egy for efficiently self-estimating the quality of their written production, will have difficulty
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producing accurate monitoring, thereby decreasing their likelihood of engaging appropri-
ately in writing tasks.

Many studies have tested the efficacy of different tools for recalibrating students’ moni-
toring process, generally by offering students feedback on their learning, or by encouraging
them to use metacognitive strategies to help them self-generate feedback (e.g., Fernandez
& Jamet, 2017; Schleinschok et al., 2017). These investigations have shown that recalibrat-
ing monitoring accuracy by giving students feedback on the quality of their learning has
a beneficial effect on students’ task engagement, resulting in substantial improvements in
their memory and their comprehension of the concepts to be learned. In the writing field,
feedback is also necessary, as students may produce texts that are incorrect or incoherent
(Graham, 2018). Formative feedback provides an accurate assessment of students’ writ-
ten production and helps them adjust their use of writing strategies, thereby enhancing the
quality of their production (FitzPatrick & McKeown, 2020; Graham, 2018; Graham et al.,
2012, 2015; McKeown et al., 2015, 2020; Skar et al., 2022). Research has shown that adult
feedback, peer feedback, self-feedback, or computer feedback on students’ writing often
improves the quality of their texts (FitzPatrick & McKeown, 2020; McKeown et al., 2015,
2020; for a special issue on this topic, see Skar et al., 2022). However, in the long run, one
of the objectives of the teaching of writing is to develop students’ ability to autonomously
and accurately estimate the quality of their production, to allow them to effectively self-
regulate their production. The SRSD intervention aims precisely to help students better
define their writing goals and use strategies to effectively self-estimate the quality of their
texts. However, no studies have so far measured the effect of SRSD on monitoring accuracy,
meaning that we do not know whether this type of intervention can enhance students’ ability
to accurately and autonomously gauge the quality of their texts. This is an important skill for
students to develop, as overconfidence may lead students to misuse or underuse strategies
newly acquired through SRSD interventions.

Do SRSD interventions really develop students’ planning strategies?

SRSD interventions intend to promote the use of effective writing strategies, but the litera-
ture often has focused on the intervention’s effect on the quality of the texts produced, and
few researchers actually have investigated SRSD interventions’ effects on development of
students’ planning strategy skills (e.g., generating and organizing story ideas on an extra
planning sheet). FitzPatrick and McKeown (2021) examined an SRSD intervention’s effec-
tiveness in developing a planning strategy to write text using information extracted from
multiple sources. In this study, eight fifth-graders were taught to memorize and use a five-
step strategy to plan their essays before writing them. The results revealed that the quality
of the students texts’ increased from pre- to posttest. Moreover, although the students did
not use planning strategies before the intervention, after the intervention, they all organized
their planning sheets and noted information using the five planning steps taught to them. In
another SRSD study, Glaser and Brunstein (2007) also tested SRSD intervention’s effects
on the development of planning and revising abilities, as well as writing quality, among 113
fourth-graders. The results revealed that compared with students in the control condition,
students in the SRSD condition wrote higher-quality texts that contained more story com-
ponents at both posttests and maintenance tests. Also in this study, an analysis found that
students in the SRSD condition added more story parts on their planning sheets and made
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more revisions to their stories (for similar results in planning strategy development, see Fitz-
Patrick & McKeown, 2021; Harris et al., 2019; Limpo & Alves, 2018; Salas et al., 2021).
However, no correlation or mediation analyses were conducted, making it impossible to
reach any conclusion about the extent to which writing strategy development accounted for
students’ writing progress. Furthermore, and surprisingly, in the maintenance test, the strat-
egy plus the self-regulation group differed from the other two groups only on the number of
revisions and no longer differed on their planning activities. It is unclear why writing quality
was maintained over time, but not the planning strategy, given that the latter is supposed
to be pivotal to students’ progress. Thus, even though several studies have demonstrated
that the SRSD intervention enabled students to develop planning strategies (FitzPatrick &
McKeown, 2020, 2021; Glaser & Brunstein, 2007; Harris et al., 2019; Limpo & Alves,
2018; Salas et al., 2021), it remains to be demonstrated that development of this planning
strategy is, indeed, at the root of the improvement in students’ writing production.

Is the use of planning strategies really behind the SRSD intervention’s positive
effects?

Few studies have investigated whether the newly acquired planning strategy taught as part
of an SRSD intervention (i.e., generating and organizing ideas on a planning sheet before
writing a text) fully explains improvements in students’ text quality reported in previous
research. Torrance et al. (2007) found interesting results that potentially question whether
the development of planning skills contributes to students’ writing progress. The research-
ers ran a first study with a follow-up 28 months later (see Fidalgo et al., 2008) to explore
the effect of a cognitive self-regulation instruction (CSRI) intervention (following the basic
principles of the SRSD intervention) on students’ strategic approaches to writing and the
quality of their texts. Results showed that students in the CSRI versus ordinary curriculum
group produced texts that were rated as more coherent, better structured, and of better qual-
ity. Also, in line with the objective of the intervention, students in the CSRI group spent
more time making notes than the control group, attesting to greater effort spent in the plan-
ning process. However, and more surprisingly, time spent planning was not related to text
quality, such that the cognitive mechanism behind the positive impact of training on text
quality remains unclear. Fidalgo et al. (2008) attributed the absence of a causal link in their
study between greater use of planning strategies and improved performance to the measure
of writing strategy. Time spent planning may be a poor measure of students’ knowledge-
transforming process. As Torrance et al. (2007) put it, “Quantity does not necessarily equate
with quality: Students could plan for long periods, but still fail to knowledge-transform” (p.
282).

Only one study has so far yielded direct evidence that the positive effect of SRSD on
writing stems partly from the development of planning strategies. In Brunstein and Glaser
(2011)’s study, 117 fourth graders were randomly assigned to either a strategy instruction
only or strategy plus self-regulation instruction condition. Instruction took place in groups
of four to six students over five sessions, each comprising two 45-minute lessons. A pre-
test, post-test and follow-up test 6 weeks later were conducted to assess the impact of both
conditions on writing abilities. During these test sessions, students had to write a story based
on a set of four interconnected pictures. They were asked to plan the story for 10 min, after
which they had 20 min to write their story, before revising it for 10 min. Rather than measur-
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ing planning and revising times, the authors tallied the number of ideas children generated
during the planning phase and the number of corrections made during the revision phase.
Mediation analysis indicated that the writing gains after the intervention were partially due
to students producing more ideas in the planning phase and more corrections in the revising
phase. It also revealed the persistence of a direct effect of the intervention on text quality,
suggesting that while planning and revising explained part of the SRSD effect on writing,
other unknown variables also contributed to the effectiveness of the intervention. Although
Brunstein and Glaser measured the number and structure of ideas in the planning sheet, they
did not look at whether the final written story was well structured and included numerous
ideas. This raises the question of whether the planning stage actually helped all the students
to generate more ideas and to organize them better in their story. In other words, translating
the generating and structuring work done at the planning stage into a coherent story that
is pleasant to read may also be an important ability to take into account in the mediation
model. In addition to this, an SRSD intervention may lead some students to plan their story
better mentally without needing to structure their ideas on a planning sheet. If so, measuring
the number and structure of ideas in the planning sheet may be a poor proxy of the planning
process for these students. If the effect of SRSD on story quality is mediated not only by
the number and structure of ideas in a planning sheet, but also by the number and structure
of ideas in the story, it suggests that some students engage in more covert planning activity.
However, to the best of our knowledge, no study has so far explored the extent to which the
newly acquired planning skills (i.e., strategies to generate and organize ideas on a planning
sheet before writing a text) explain the characteristics of the resulting story (i.e., text quality
and numbers of story parts, words, and ideas).

Are there factors that moderate the SRSD intervention’s effectiveness?

Beyond mastering writing strategies, other cognitive and motivational factors are related to
writing quality and could affect the SRSD intervention’s efficacy. First, extant studies have
indicated that working memory capacity was related significantly to students’ writing skills
(Ruffini et al., 2024). Indeed, writing is a complex and demanding task that requires stu-
dents to activate and shift between several writing processes that place heavy demands on
working memory (see Olive, 2014). Ruffini et al.’s (2024) recent systematic review revealed
that of the 21 studies that examined working memory’s role in text composition, 19 found
a significant relationship between working memory and writing skills in children. Specifi-
cally, working memory was found to be related to written expression, structural complexity,
number of produced words, narrative quality, translating, handwriting, spelling, and writ-
ing fluency. According to Ruffini et al. (2024), working memory plays an important role in
retrieving and organizing ideas and knowledge to write a text that meets pre-established
goals. Consequently, students who have low working memory capacity may have more dif-
ficulty acquiring the planning strategies taught by the SRSD intervention.

Second, a large body of research has found a positive relationship between handwriting
fluency and writing quality in primary and middle grades (e.g., Graham et al., 2017; Limpo
& Alves, 2018; Skar et al., 2022; Rocha et al., 2022; Rocha et al., 2023). For instance,
Limpo and Alves (2018) found indirect effects from handwriting fluency on writing perfor-
mance via planning in seventh and eighth grades. More recently, Rocha et al. (2022) found
that handwriting speed was a significant predictor of text quality among fifth-grade stu-
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dents. Also, and interestingly, studies have indicated that the addition of transcription train-
ing to SRSD interventions leads to better improvement of text quality than an SRSD-only
intervention or an SRSD program combined with attention training in elementary school
children (Limpo & Alves, 2018; Rocha et al., 2023). According to Skar et al., handwriting
fluency can tax young writers’ processing capacity, which will impact writing performance
negatively. Automatic and fluent handwriting requires fewer attentional resources, which,
in turn, may be allocated to the higher-level processes involved in text composition. Con-
versely, producing non-automated handwriting movement is such a demanding activity that
it may interfere with other writing processes, such as planning, given the limited working
memory capacity. Altogether, these findings suggest that automatic and fluent handwriting
could facilitate acquisition of writing strategies taught by the SRSD intervention.

Finally, beyond cognitive factors, motivation and self-efficacy also were found to be
related to writing quality (e.g., De Smedt et al., 2018). In a recent systematic review, Cama-
cho et al. (2021) noted that of the 32 studies examined, 29 indicated that motivation was
associated positively with writing performance. Unfortunately, Boscolo and Gelati’s (2019)
study found that motivation decreased in higher grades. Writing is a complex and demand-
ing cognitive task, thereby creating a motivational challenge for students (for a discussion,
see Camacho et al., 2021). These perceived difficulties and students’ perceptions of their
ability to write quality texts may decrease their willingness to engage in the use of costly
writing strategies that may undermine their writing performance (Zimmerman & Risem-
berg, 1997). These results align with Brunstein and Glaser (2011), whose SRSD interven-
tion increased student self-efficacy for writing, subsequently exerting a positive effect on
planning and writing quality. Interestingly, Limpo and Alves (2014) also found that students
with an incremental belief about writing benefited more from SRSD intervention than those
who did not, indicating that students’ beliefs impacted the quality of their engagement in the
learning tasks presented to them. Therefore, students’ motivation and self-efficacy to write
may impact SRSD interventions’ effectiveness in developing their writing skills.

Extant studies have demonstrated that many factors influence the quality of texts that
students produce (e.g., working memory, handwriting, motivation, self-efficacy). Therefore,
it is relevant to posit that these factors also may influence the ease of acquisition of writ-
ing strategies taught through SRSD lessons. However, few studies have been conducted on
whether students’ initial predispositions and abilities can moderate SRSD’s effect on the
acquisition of writing skills. This knowledge could prove important in fine-tuning the SRSD
intervention and proposing adaptations based on each student’s specific needs.

The present study

The SRSD training program was designed to teach writing self-regulation abilities gradu-
ally and explicitly (e.g., Harris et al., 2008; McKeown et al., 2021), and has been demon-
strated to be a more effective way of teaching writing skills than other teaching methods in
many countries. However, a French version of the intervention never has been tested experi-
mentally in a real-life classroom setting. This is an important issue, as French students have
been found to have great difficulty using scratch paper for planning and writing high-quality
texts (see Andreu, 2018; DEPP, 2015). Therefore, the SRSD intervention may prove to be
a promising tool for French students to overcome writing difficulties, as the intervention is
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designed to teach students how to generate and organize ideas before writing their texts.
Thus, this study’s first aim was to test whether French students who received the SRSD
intervention for teaching writing strategies would then be able to write higher-quality stories
than those written by students who received regular writing instruction.

More importantly, as Harris and McKeown (2022) pointed out, more research is needed
to help us understand why, how, and for whom SRSD works; whether it truly develops the
entire set of self-regulatory skills needed for all students to write high-quality texts and
whether certain aspects of the intervention could be reinforced. For instance, it remains
unclear: (1) whether SRSD impacts monitoring accuracy; (2) whether schema-driven plan-
ning strategies that encourage students to generate and organize ideas around the important
parts of a story really help them expand and better structure their texts; (3) whether the text’s
structure and the number of ideas it contains explain improvements in text quality; and (4)
whether certain factors moderate the SRSD intervention’s effectiveness. Also, while some
studies have yielded some initial clues as to the nature of the psychological mechanism that
could underpin SRSD’s effectiveness (Brunstein & Glaser, 2011; Fidalgo et al., 2008; Fitz-
Patrick & McKeown, 2020, 2021; Glaser & Brunstein, 2007; Harris et al., 2019; Torrance
et al., 2007), the literature on this subject remains limited, with contradictory results con-
cerning the real benefit of the newly acquired planning strategies in explaining the SRSD
intervention’s positive effects. Furthermore, not all of these studies were conducted in real-
life classroom settings (i.e., Brunstein & Glaser, 2011; Glaser & Brunstein, 2007), and in
some cases, students were required to plan their texts within a mandatory time frame, so we
cannot know whether the students who underwent the SRSD training would have spontane-
ously (i.e., without prompting) used planning strategies (e.g., Brunstein & Glaser, 2011;
Glaser & Brunstein, 2007). Having better insights into the cognitive and metacognitive
mechanism behind the SRSD intervention’s effectiveness and the factors that might hinder
it could help enhance teachers’ use of SRSD by providing clear recommendations on (1) the
aspect of the intervention they should emphasize to their students, (2) which skills to moni-
tor to identify students’ difficulties and adjust their teaching if needed, and (3) how to design
effective adaptive scaffolding that will offer process-oriented support to help students better
internalize self-regulation writing skills taught to them. Thus, the present study’s second
aim was to better understand the cognitive and metacognitive mechanisms that underlie the
SRSD intervention’s effectiveness and identify factors that potentially could hinder it.

To meet our goals, the present study compared, in a naturalistic context, French fourth-
and fifth-graders from disadvantaged social backgrounds who received either the SRSD
intervention or regular French writing instruction to learn how to write stories. Writing sto-
ries is a task regularly taught in French primary school, and one that students are expected
to master by the end of fifth grade (Ministry of National Education and Youth, 2024). The
task observed in this study did not involve the use of multiple external sources and, there-
fore, did not require mastery of comprehension strategies, unlike certain other writing tasks
that students sometimes encounter in school situations (e.g., Rakovic¢ et al., 2021, 2023).
We adopted a quasi-experimental approach that allowed for whole-class teaching. Over a
three-month period, the students received either the SRSD intervention or regular French
curriculum-based story writing instruction in their usual classrooms during normal teaching
hours.

Several measurements were taken prior to the writing lessons to create two equivalent
groups using the propensity score matching (PSM) method after the writing lessons to study
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the SRSD intervention’s effects and to understand the roots of its effectiveness. At these
two measurement time points (before and after the writing lessons), students were asked
to imagine and write a story based on a picture that the experimenter provided. Their texts
were assessed on four criteria: number of words produced; number of idea units; number of
story parts; and overall quality (estimated by two hypothesis-blind teachers). They also were
asked to self-rate their stories’ quality to determine whether those who received the SRSD
intervention would produce more accurate monitoring judgments than those who received
regular writing instruction. Furthermore, students’ planning skills were measured (number
of words, number of idea units, and number of story parts included on an extra planning
sheet). We ran mediation analyses with the planning measures as mediators to study whether
the difference observed between the two groups on the quality of text produced could be
attributed to better planning activity. Finally, students’ working memory capacity, grapho-
motor skills, self-efficacy, and writing motivation were assessed to determine whether these
factors moderated the SRSD intervention’s effectiveness.

Research questions and hypotheses

Research question 1 Can the SRSD intervention enable French students to write higher-
quality stories than those written by students who receive regular writing instruction?
Extant studies consistently have demonstrated in various countries that SRSD-type inter-
ventions enabled students to write higher-quality texts than those written by students who
received regular writing instruction. For example, a positive effect from the SRSD inter-
vention on text quality was found in China (e.g., Chen et al., 2022), Canada (e.g., Klein et
al., 2022), Germany (e.g., Brunstein & Glaser, 2011), the Netherlands (e.g., Bouwer et al.,
2018), New Zealand (Finlayson & McCrudden, 2021), Portugal (e.g., Festas et al., 2015),
Spain (e.g., Fidalgo et al., 2007), and the United States (e.g., McKeown et al., 2023). Based
on these myriad successful translations of the SRSD intervention to different countries with
various spoken languages, we expected that a French version of the SRSD intervention
also would lead students to produce higher-quality texts than those written by students who
received regular writing instruction (Hypothesis 1).

Research question 2 does the SRSD intervention impact monitoring accuracy?

To produce accurate monitoring judgment, students need a good representation of the task’s
expectations, as well as suitable strategies for efficiently self-estimating their texts’ quality
(Graham, 2018). The SRSD intervention explicitly teaches these two aspects. Also, other
studies have demonstrated that SRSD could help students better self-regulate their revision
process to adjust their text to the task’s expectations effectively (McKeown & FitzPatrick,
2015, 2020), suggesting that students probably were able to make more accurate judgments
about their written production during the task. Therefore, by explicitly teaching students
writing goals, as well as developing a strategy to estimate whether these goals had been
achieved, we expected that the SRSD intervention would lead to students making more
accurate monitoring judgments than their peers in the regular writing instruction group
(Hypothesis 2).
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Research question 3 Does the SRSD intervention enable students to use more developed
writing strategies and write texts that are longer and better-structured than students who
receive regular writing instruction?

The SRSD intervention aims to teach students to use a planning sheet to generate and orga-
nize their ideas before writing their texts. A few extant studies have provided evidence
that SRSD-type interventions enable students to spend more time planning (Torrance et
al., 2007), then using their planning sheets to develop ideas structured around the text’s
key elements (Brunstein & Glaser, 2011; FitzPatrick & McKeown, 2020, 2021; Glaser &
Brunstein, 2007; Harris et al., 2019; Limpo & Alves, 2018; Salas et al., 2021). Thus, like our
predecessors, we expected students in the SRSD group to score better on planning measures
(time spent planning, number of words, number of ideas, and number of story parts included
in the extra planning sheet; Hypothesis 3a) than the regular writing instruction group. Also,
students’ extra efforts to plan should lead them to engage more time in the writing of longer
stories that include more ideas and essential story parts. Thus, we also expected students
in the SRSD group to score better on story measures (time spent writing the story, number
of words, number of ideas, and number of story parts included in the story; Hypothesis 3b)
than the regular writing instruction group.

Research question 4 Is the use of planning strategies behind the SRSD intervention’s posi-
tive effects?

Other extant studies have elicited contradictory results as to the explanatory power of the
development of planning strategies on student stories’ quality (Brunstein & Glaser, 2011;
Fidalgo et al., 2007; Glaser & Brunstein, 2007). We believe that these results can be attrib-
uted to the choice of measurement methods used by previous studies and that considering
the number of ideas and their organization on the planning sheet is a better proxy for plan-
ning skills than measuring the time spent planning. Also, no extant study so far has exam-
ined the extent to which newly acquired planning skills explain resulting student stories’
characteristics. We expected the generation and organization of ideas on the extra planning
sheet enabled by the SRSD intervention to help students expand and better structure their
stories (Hypothesis 4a), which would explain improvements in holistic quality judgments
regularly observed following the SRSD intervention (Hypothesis 4b).

Research question 5 Are there cognitive or motivational factors that moderate the SRSD
intervention’s effectiveness?

Working memory plays an important role in retrieving and organizing ideas and knowl-
edge to write a text that meets preestablished goals (e.g., Olive, 2014; Ruffini et al., 2024).
Students’ limited working memory resources can be taxed by non-automated handwriting
(Graham et al., 2017; Limpo & Alves, 2018; Rocha et al., 2022, 2023; Skar et al., 2022).
Finally, students’ perceptions of their ability to write quality texts may decrease their will-
ingness to engage in the use of costly writing strategies taught as part of the SRSD inter-
vention. Therefore, we expected the SRSD intervention’s effectiveness to be moderated by
factors that have been demonstrated to be related to writing abilities, namely graphomotor
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skills (Hypothesis 5a), self-efficacy (Hypothesis 5b), writing motivation (Hypothesis 5c),
and working memory (Hypothesis 5d).

Methods
Participants

To test our hypotheses, we adopted a between subject design with a quasi-experimental
approach that enables us to compare two matched groups (SRSD and “business-as-usual”
[BAUY]) in a real-life classroom setting. We considered several criteria to determine sample
size. First, we ran a power analysis with G*Power 3.1 (Faul et al., 2007), using the 1.17
mean SRSD effect size highlighted in Graham et al. (2012)’s meta-analysis as the effect
size input. Results showed that a minimum of 20 participants would be needed (d=1.17,
0=0.05, 1 - £=0.80) for a one tailed t-test testing the difference between two indepen-
dent means. The quasi-experimental nature of our study required us to consider additional
factors. According to the U.S. Institute of Education Sciences, to design a strong quasi-
experimental study, a minimum of two classes must be assigned to each experimental and
control condition (see Scher et al., 2015; What Works Clearinghouse, [WWC], 2022). We
chose to assign a minimum of three classes to each group, in case any classes dropped out.
To meet WWC standards for quasi-experimental studies, data must be pretested, in order to
construct two equivalent groups at baseline using a matching method. This required a suf-
ficiently large BAU group, to ensure that we would find enough comparable students from
the control group to match with students in the SRSD group.

We put out a call for participants in the research project. The French Ministry of Educa-
tion relayed this call to districts that had schools in areas with a high proportion of chil-
dren from socially disadvantaged backgrounds. The recruitment period took place over five
months. At the end of this period, the French Ministry of Education informed us that three
schools from the same district in the eastern suburbs of Paris responded positively to this
call. According to the criteria of the French Ministry of National Education and Youth, all
three schools could be described as having a high proportion of children from socially dis-
advantaged backgrounds (based on rate of disadvantaged socio-professional groups, rate of
grant-holders, rate of pupils living in sensitive urban areas, and rate of pupils late in entering
sixth grade). Within these schools, nine teachers of 199 fourth- and fifth-graders volunteered
to participate in this research. All students and teachers who were invited to participate in
the study received a consent pack. All teachers consented to participate in the study. Teach-
ers, parents, and students were informed of the study’s overall goal, as well as that no fore-
seeable risk or disadvantages were associated with participation in this study and that the
data collected from students would be anonymized. Overall, 195 parents and their children
provided consent to participate in the study. They were informed that students remained
free to withdraw from the study at any time and without prejudice. No exclusion criteria
were applied at this stage, so all 195 students were invited to participate in the study. Each
of the nine classes was allocated to one of the two experimental conditions: SRSD or BAU.
The three classes in the SRSD condition underwent the SRSD intervention, whereas the six
classes in the BAU condition underwent the usual French curriculum-based writing instruc-
tion. In November, prior to the first session, to form two equivalent groups using the pro-

@ Springer



J. Fernandez, J. Guilbert

pensity score matching method, several tests were administered to students in both groups
to obtain baseline measures of their writing skills, motivation to write, self-efficacy, and
working memory ability. Students’ writing skills in each group were measured once again in
March, after each intervention’s final session, to compare intervention effects. Two students
refused to perform the experimental task, and one produced an illegible text. The data of
these three students were not included in the analyses. School closures owing to the COVID
pandemic prevented 88 children in four classes from performing the post-test. Thus, a total
of 104 students (54 boys, 50 girls) from five classes completed the entire experiment: two
classes in the SRSD condition (7=39), and three classes in the BAU condition (n=65).

Most attrition was due to the COVID pandemic and, therefore, was not related to the
constructs being measured. Contrary to randomized controlled trials, attrition in quasi-
experimental studies is not an issue and does not impact WWC study quality ratings as
long as the treatment and comparison groups are carefully matched at baseline, using the
analytic sample after any attrition since the beginning of the study (see Scher et al., 2015).
Thus, to ensure a valid comparison between the experimental and BAU groups, we followed
the WWC recommendation and applied a propensity score matching (PSM) procedure to
construct two equivalent groups at baseline. The PSM procedure ensured balance on the
covariates between groups, by matching participants in the experimental group with similar
participants in the BAU group according to their demographic characteristics and other data
relevant to the study aim (see Thoemmes, 2012). PSM was chosen rather than Mahalanobis
metric matching, as this approach is better suited when there are more than seven covariates
and they are not normally distributed (Stuart, 2010), which was the case for all the writing
measures used in our study. All the pretest measures collected in the present study were used
to estimate the students’ propensity score: age, writing motivation, self-efficacy, graphomo-
tor and working memory skills, planning sheet data (time spent planning and numbers of
words, ideas, and story parts), and writing production data (time spent writing and num-
bers of words, ideas, and story parts). Details of all measures are set out in the following
“Measures” subsection. PSM procedure was run using the PSMATCHING3 R extension
command on SPSS version 28. We used the nearest neighbor matching algorithm with a
caliper width equal to 0.2 of the standard deviation of the logit of the propensity score, as
recommended by Austin (2011).

On the basis of their propensity scores, 52 (30 boys, 22 girls) of the 104 students were
matched to fill the SRSD (14 boys, 12 girls) and regular instruction (i.e., BAU; 16 boys,
10 girls) groups (26 per group), excluding the 52 nonmatched participants. The overall bal-
ance test showed that there was no significant difference (y*=3.824, df=14, p=.99), and no
covariate exhibited a large imbalance (|d| > 0.25). According to the WWC recommendation,
Hedges’ g effect size differences between two groups must be no greater than 0.25 standard
deviation for any of the measures, in order to satisfy the baseline equivalence standard.
Balance checks indicated that the PSM procedure gave rise to SRSD and BAU groups with
equivalent characteristics and equivalent writing, working memory and graphomotor abili-
ties prior to the writing intervention. Power analysis indicated that the study had a 99.4%
chance of finding a true effect (d=1.14, 2=0.05, n=52), meaning that with 52 matched
participants, the study was appropriately powered. Means, standard deviations, and ranges
for the SRSD and BAU groups are set out in Table 1, together with Hedges’ g effect sizes
between the two groups on all pretest measures.
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Table 1 Means and standard deviations for students’ characteristics and pretest writing measures according
to group

Variable Condition g
SRSD group BAU group
Mean (SD) Range Mean (SD) Range

Students’ characteristics

Age 10.01 (0.58) [9.00,10.83]  10.11 (0.49) [8.83,10.83] 0.18
Digit span z score 0.32 (1.65) [-2.34,4.05] 0.44 (1.37) [-1.71,3.27]  0.06
Graphomotor z score 0.00 (1.49) [-3.18,4.04] -0.08 (1.38) [-2.96,2.24]  0.08
Motivation to write 6.23 (1.88) [2, 8] 6.15(2.31) [1, 8] 0.04
Self-efficacy 6.00 (2.12) [1, 8] 5.81(2.25) [1, 8] 0.09
Planning sheet
Number of story parts 0.96 (1.18) [0, 4] 1.08 (1.35) [0, 4] 0.09
Number of ideas 3.54 (5.43) [0, 20] 3.77 (5.41) [0, 20] 0.04
Number of words 5.04 (7.28) [0, 24] 6.88 (12.43) [0, 52] 0.17
Time spent on task 56.96 (95.40) [0, 343] 68.42 (103.27) [0, 390] 0.11
Story
Number of story parts ~ 2.58 (1.39) [1, 5] 2.85(1.43) [1, 6] 0.18
Number of ideas 22.69 (16.41) [4, 61] 24.65 (12.35) [8, 58] 0.13
Number of words 68.00 (49.14) [10, 183] 72.31 (41.51) [22,207] 0.09
Time spent on task 522.85(304.37)  [90, 1040] 585.19 (315.87)  [104, 1360] 0.19
Text quality 3.83(2.14) [1, 8] 4.02 (1.39) [1.5,6] 0.11
Text quality estimation ~ 6.12 (1.73) [2, 8] 6.23 (1.66) [1, 8] 0.07

Note SRSD=Self-Regulated Strategy Development

The study followed the principles expressed in the Declaration of Helsinki and was
reviewed and approved by a consortium of academics and members of the National Educa-
tion Ministry. All data, analysis code, research materials and all the material for the writing
intervention are available on the Open Science Framework: https://osf.io/gncm8/?view_onl
y=f2731ecc6f8047079fb4b860830ed76a.

Measures

A research assistant team was trained to lead the test sessions. The team was given a script
detailing the steps to follow to apply the test procedure. The first author supervised the tests’
experimental runs. The test sessions were administered to groups of five to seven students
in quiet classrooms at their schools, with pencils and paper provided. The research assistants
were available to answer students’ questions about the task instructions, but could not help
students complete the task. School administrators and teachers were unaware of the tasks
conducted during the tests in the experimental runs.

Writing Task

Students were asked to write a story from a picture. A set of six pictures were selected for
this purpose by the nine teachers involved in the research project from a pool of 28 pictures.
They were asked whether they thought these pictures would encourage their students to
imagine and write a story (picture order was counterbalanced across the teachers). For each
picture, they indicated their answer on a Likert scale ranging from 1 (Strongly disagree) to
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7 (Strongly agree). The six pictures used for the task were those that received the highest
ratings (M=5.88, SD=0.20; see Fig. 1). As in Graham et al. (2005)’s study, students were
given a choice between two pictures to help them perform the writing task. The six pic-
tures were divided into three different sets of two pictures that were counterbalanced across
students. Each student received a different set of pictures at each test (i.e., before and after
interventions). Statistical analysis on all the stories produced by students in the two groups
indicated that pictures did not have a significant effect on either time spent writing, numbers
of story parts, words and ideas, or text quality. Students were instructed to use their chosen
picture to imagine and write a story. Participants had one minute to choose a picture, after
which they were offered a sheet of scratch paper. Students were told that this scratch paper
was a planning sheet and was to be used only for planning. It was not to be used to write
sentences or a first draft of their story, but instead to identify, write down and organize their
ideas before writing their story. As the goal of the research was to study the spontaneous
use of planning strategies, students were free either to take the scratch paper or to give it
back to the experimenter if they felt they did not need it. Students who did not want to plan
could start writing their story straight away, the others had as much time as they wanted

a)

Fig. 1 Six pictures selected for the pre- and post-test writing assignments, divided into three sets: (a),
(b), and (c)
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to plan their story. When students were ready to start writing their story, they were given
a blank sheet of paper. Students who had used a planning sheet could keep it with them to
write their story, but were not allowed to add any new content to it. They had as much time
as they wanted to write their story. Once they had finished, they handed their story to the
experimenter.

Text quality: teachers’ assessment

Each story’s quality was double-scored by two former elementary school teachers blind to
the hypotheses following Graham et al.’s (2005) procedure (in their study, interrater reli-
ability correlation for story quality assessment was 0.87). Stories were typed up and their
spelling mistakes were corrected before scoring, to avoid bias due to handwriting or spell-
ing. Teachers were instructed to independently rate the overall quality of each story on an
8-point Likert scale ranging from 1 (Low quality) to 8 (High quality). They were asked to
take into account the number and quality of ideas, the organization of the words, the struc-
ture of the sentences, and the richness of the vocabulary (interrater reliability correlation:
0.73). The ratings of both teachers for each story were averaged to obtain text quality scores.

Text quality: students’ self-assessment

After completing the written assignment, to ascertain whether SRSD intervention influ-
enced monitoring accuracy, students were asked to assess the overall quality of each story
on an 8-point Likert scale ranging from 1 (Low quality) to 8 (High quality). They were
asked to take into account the number and quality of ideas, the organization of the words,
the structure of the sentences, and the richness of the vocabulary.

Planning measures: time on task, number of words, ideas, and story parts

First, we recorded the amount of time spent by students on an extra planning sheet and
the number of words included in this sheet. No time limit was imposed to participants to
write their story. Consequently, no word limit was imposed on participants. Furthermore,
the number of ideas included on the planning sheet also was recorded. To do so, the first
author extracted each idea unit (i.e., the smallest meaningful unit) included on each planning
sheet and coded it based on the characteristics set out in Table 2. For example, if a student
wrote “The broomstick was magic”, it was coded as an object characteristic. A total of 1107
ideas were coded for the planning sheets collected at pretest and post-test. An undergraduate
blind to the hypotheses independently double coded all the ideas. The two raters agreed on
the coding of 90.24% of the ideas (Cohen’s kappa=0.89). The 9.76% of conflict emerged
when the coders had a divergent interpretation of the ideas’ classification (e.g., “Is ‘to be an
adventurer’ a social or mental characteristic?”’), when two categories could fit for one idea
unit (e.g., “Is ‘Ninja’ a character or social characteristic of the character?”), or in rarer cases,
due to coders’ inattention errors. Conflicts were resolved through discussions. We summed
up the ideas contained in each planning sheet. Students could obtain a score on this variable
ranging from 0 to positive infinity.

Finally, we scored the planning sheet on the presence of story parts, using Graham et al.
(2005)’s coding scheme: main characters, location, information on time, what characters
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Table 2 Coding Scheme for Students’ ideas

Ideas coded Student example

Characters “Ines (...)”
Physical characteristics “She was so small we could not see her”
Social characteristics “She was an animal trainer at the circus”
Mental characteristics “He was very happy”

Object “A broomstick”
Object characteristics “It was magic”

Location “The world of wonders”
Location characteristics “This place was secret”

Time “It was a long long time ago”

Action “She jumped away”
Action characteristics “These jumps were like those of a kangaroo”

want to do, actions to achieve a goal, story resolution, and character reaction. Each story
parts included in the planning sheets was scored 1 point. Points were summed for each plan-
ning sheet. Students could obtain a score on this variable, which could range from 0 to 7. An
experimenter and a trained graduate blind to the hypotheses double-coded all the planning
sheets (interrater reliability: 0.96). Limpo and Alves (2018) used a similar approach to code
planning sheets and obtained a similar average interrater reliability of 0.97. If a student did
not produce text on the planning sheet, time on planning sheets and numbers of words, ideas
and story parts were scored zero.

Story measures: time on task, number of words, ideas, and story parts

As with the planning sheet, we recorded the amount of time students spent writing their
story on the new sheet of paper, and the numbers of words (as provided by the word proces-
sor), ideas and story parts. We used the same idea and story parts coding schemes as for the
planning sheets. A total of 7846 ideas were double coded by the first author and a graduate
student blind to the hypotheses. The two raters agreed on the coding of 7090 (90.24%) ideas
(Cohen’s kappa=0.89). Conflicts were resolved through discussion. We then summed the
ideas contained in each story. The first author and the graduate student also coded the parts
of each story, using the same scoring principle as for the planning sheets (interrater reliabil-
ity=0.85). Graham et al. (2005) used the same coding scheme, with interrater reliability for
the coding of stories at 0.86.

Handwriting

Following Limpo and Alves (2018)’s procedure, we used two tasks to measure handwriting
fluency. In the first task, students were asked to write down the letters of the alphabet as
quickly and accurately as possible. After 15 s, the experimenter stopped the task and asked
students to immediately raise both hands. The score for this first task was the number of let-
ters correctly written in the time allowed. As this measure has no upper limit, students could
obtain a score that could range from 0 to positive infinity. The first and second author dou-
ble-coded one-third of the production. We obtained an interrater reliability of 0.99. which
was identical to the one that Limpo and Alves (2018) obtained. In the second task, students
had to write a pangram several times in a row until they were told to stop. After 90 s, the
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experimenter stopped the task and asked students to immediately raise both hands. The
score for this second task was the number of words correctly written in the time allowed. As
this measure has no upper bound, students could obtain a score that could range from 0 to
positive infinity. We obtained an interrater reliability of 0.99, similar to that of Limpo and
Alves (2018), at 0.98. A handwriting skill score was obtained by summing the standardized
scores on the two tasks.

Writing motivation and self-efficacy for writing

Writing motivation and self-efficacy for writing have been shown to be enhanced by SRSD
(e.g., Brunstein & Glaser, 2011; De Smedt et al., 2018), we assessed these two constructs in
order to check that the two groups were initially equivalent and to see whether the constructs
moderated the efficacy of the SRSD intervention. To limit the duration of tests, we used
single-item measures. Single items have been shown to be a suitable alternative to multiple-
item measures assessing these constructs, notably when the goal is simply to understand the
relations between measures or to control for variables (see Gogol et al., 2015). To design our
two items, we based our approach on the autonomous items on the Self-Regulation Ques-
tionnaire-Writing Motivation (SRQ-WM) and the ideation items on the Self-Efficacy for
Writing Scale (SEWS), designed by De Smedt et al. (2018). Both questionnaires were tested
on 799 fifth- and sixth-graders using CFA and have demonstrated good validity. Acceptable
fit was found for the SRQ-WM questionnaire (Satorra-Bentler; x2 [116]=653.45, p<.001,
CF1=0.94, RMSEA=0.06, SRMR =0.05), and good fit was found for the SEWS question-
naire (Satorra-Bentler; y2 [51]=204.88, p<.001, CFI=0.95, RMSEA=0.04, SRMR =0.04).
Both questionnaires demonstrated good reliability (autonomous motivation: Bentler’s
p=0.90; self-efficacy ideation Bentler’s p=0.82). For our study, the writing motivation item
that we used (i.e., “I enjoy imagining and writing stories”) was based on the SRQ-WM
(e.g., De Smedt et al., 2018). The writing self-efficacy item that we used (i.e., “I find it
easy to imagine and write stories”) was designed from the ideation items used in the SEWS
(De Smedt et al., 2018). Students were asked to indicate their agreement with each of the
two items on a Likert scale ranging from 1 (Strongly disagree) to 7 (Strongly agree). They
had previously been trained to use a Likert scale by having to indicate their level of agree-
ment with several statements about liking different types of food. They were told that there
was no right or wrong answer and they just had to indicate the most appropriate degree of
agreement.

Working memory

We used the Digit Span subtest of the Wechsler Intelligence Scale for ChildrenFourth Edi-
tion (2003) to measure working memory, testing each student individually (retest reliability
of 0.83, internal consistency reliability of 0.93; Wechsler, 2008). Students had to recall
items composed of a series of numbers, first two numbers, then three numbers, and so on
up to eight numbers. There were two trials for each item. The numbers were presented at
the rate of one number per second. No number series was presented twice. Participants had
to recall the numbers either in the same order (Digit Span Forward) or in the reverse order
(Digit Span Backward). If there was a missing number or the series was recalled in the
wrong order, the trial was deemed to be incorrect. The experimenter stopped the test if both
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trials of an item were incorrect. An example including a correction was given to students to
familiarize them with the test beforehand. Each successful trial was scored 1 point, and each
unsuccessful trial was scored 0 points. Students could obtain a score ranging from 0 to 16
for both digit span tasks (8 items including each 2 trials). We summed each student’s scores
on the Forward and Backward trials. We then calculated a working memory score for each
one by summing the standardized Forward and Backward scores.

SRSD intervention

The SRSD intervention designed to teach students how to write narrative texts was used in
areal-life classroom setting (for detail of the intervention, see Harris et al., 2008). The inter-
vention was applied by three experimenters in eight 50-minute sessions. Each experimenter
led at least two of these sessions. Session 1 was used to define writing goals (i.e., essential
parts of a narrative text and their organization, number of ideas include in the text) as well
as to explain the notions of writing strategy and self-regulation. To this end, French versions
of the two SRSD mnemonics were introduced. POW was used to help students remember
the three important steps to follow when writing a story (P=Pick my ideas; O=0Organize
my notes; W=Write and say more). WWW, What=2, How=2 was used to help students
memorize the seven important story parts (W=Who is the main character?; W=When does
the story take place?; W=Where does the story take place?; What=What does the main
character do or want to do, and what do the other characters do?; What=What happens then
and what happens to the other characters?; How=How does the story end?; How=How
does the main character feel and how do the other characters feel? ). Students were told that
these mnemonics would help them achieve the writing goals that are to find and organize
the ideas needed to write well-structured stories that would be fun to write and fun for others
to read. They then had to write the two mnemonics and their meanings down on a sheet of
scratch paper, to anchor them in memory. Students were given a graphic organizer featur-
ing the seven story parts, as well as two short texts. The experimenter worked with them
to find the story parts of each text and to note them in the graphic organizer. As the SRSD
intervention could not exceed eight 50-minute sessions, we chose to remove the work on
vocabulary improvement that is classically included in the SRSD intervention for writing
narrative texts. The first session ended with a transfer lesson encouraging students to use the
newly learned strategies in other contexts (e.g., summarizing a story, describing a holiday).
Each of the seven subsequent sessions started with a reminder of the two SRSD mnemon-
ics and an examination of how students had transferred the strategies at home or in school.

Session 2 was dedicated to teaching students how to monitor the quality of their stories.
To this end, they were asked to identify the story parts and count the number of ideas they
had included in one of their previous stories written prior to the intervention. For each story
part, students colored one of seven stages of a rocket. They were then asked to indicate the
number of ideas included in their story at the top of the rocket. This allowed them to moni-
tor their progress across the writing practice sessions in terms of the structure and number
of ideas included in their stories, as well as to self-generate feedback on the quality of their
productions.

In Session 3, the experimenter modeled writing a story. To write her story, she used the
two mnemonics, the graphic organizer, and the rocket to generate and organize her ideas in
an extra planning sheet, write her story, and assess the quality of the text she had produced.
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Throughout this process, the experimenter verbalized her thoughts to help students under-
stand the covert cognitive and metacognitive activity that took place during the writing pro-
cess (e.g., mental self-instruction, setting of objectives, writing strategies, monitoring, and
self-reinforcement). Students were asked on the basis of their observation of the modeling
session to elaborate their own self-instruction and self-reinforcement.

Sessions 4—6 were dedicated to guided practice writing, during which all the students in
the class, with the help of the experimenter, actively cooperated to find and organize ideas
with the help of the graphic organizer to write a new story. The experimenter provided the
participants with regular incentives and feedback, then gradually decreased support based
on the students’ progress in mastering the strategies they had been taught and the regulation
of the writing process. During this phase, for each story, once the graphic organizer was
completed collectively, the students were asked to write their own stories using their own
self-instruction or self-reinforcement strategies, and to monitor their stories’ quality.

Sessions 7 and 8 corresponded to an autonomous phase where students worked on their
own planning, writing and monitoring. They could use the graphic organizer to help them
in the planning phase. However, for their last story (Session 8), no graphic organizer was
provided to students. Instead, they were given a sheet of scratch paper, on which they were
asked to draw their own graphic organizer. During these last two sessions, the experimenter
continued to answer students’ questions and provided them with feedback when necessary.

SRSD implementation fidelity

To ensure that SRSD was implemented, several precautions were taken. First, the first
author trained the instructors on how to apply each of the SRSD sessions. Second, the
instructors received a folder containing the documents to be provided to the students (e.g.,
strategy sheets, transfer sheets, texts, self-assessment sheets), as well as a checklist of the
points to be addressed and instructions on how to distribute the various documents. Third,
for the modeling session, the instructor was given a pre-drafted planning sheet that included
the strategy on the front and a pre-written graphic organizer and story on the back. The
elements to be addressed orally during the application of these strategies in front of the
students were written on the planning sheet. Fourth, for each SRSD session, experiment-
ers were supplied with a PowerPoint presentation to project in class. This allowed us to
dictate to the instructor the content and structure of each lesson (see Material section on the
Open Science Framework website), minimizing the risk of overlooking any element of the
intervention. Fifth and finally, the first author attended all SRSD lessons and used Harris et
al. (2008)’s checklist to ensure that the intervention was accurately presented (see Chap. 6,
POW+WWW lesson checklists). If at any point, a component of the intervention was for-
gotten, the operator would intervene in real time discreetly to remind the instructor to apply
it. Nevertheless, the arrangements outlined above limited the risk of this happening, and the
first author did not need to intervene more than twice per session. Consequently, all the steps
of the SRSD intervention were correctly implemented.

Writing instruction in the business-as-usual condition
The teachers of the three BAU conditions all had considerable experience, having taught

between 9 and 21 years. Between the pre- and post-tests, all three teachers were asked to
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implement the writing instruction they usually provided, in line with the French curriculum:
(1) writing a variety of texts; (2) mobilizing previous language learning (spelling, syntax,
lexicon, conjugation); and (3) organizing a text in a planning phase and following the first
draft, rereading, and revision steps (see Ministry of National Education, 2024). To identify
their teaching practices more precisely, we followed the procedure used by Festas et al.
(2015) and administered a questionnaire focused on the teacher’s writing-based classroom
practices. The questionnaire items were taken from Brindle et al. (2016)’s surveys, and
covered French curriculum expectations, as well as components addressed by SRSD. As in
Festas et al. (2015)’s study, teachers had to indicate how often each item occurred in their
classroom on a 5-point scale: 0 (Never), 1 (Up to 30 min a week), 2 (31-60 min a week), 3
(61-90 min a week), or 4 (More than 90 min a week). For results by teacher, see Table 3.

Procedure

The tests conducted prior to the interventions comprised five tasks, starting with the two
handwriting tasks (an alphabet task followed by a pangram task). Students then had to rate
their writing motivation and self-efficacy for writing on a Likert scale. The fourth task was
to write their stories from a picture. They then were asked to rate their stories’ quality. The
final task was the working memory test. Once the prior intervention tests had been com-
pleted, the students received writing instructions over a three-month period in either the
SRSD condition (two classes) or BAU condition (three classes). With the post-intervention

Table 3 Teachers’ characteristics and teaching practices in the BAU group

Teacher | Teacher 2 Teacher 3
Teachers’ characteristics
Gender Female Female Female
Age 32 44 43
Years of teaching 9 21 20
Preservice or in-service instruction in the Yes No Yes
teaching of writing
Teaching practices in class
Graphomotor skills Up to 30 min Never Up to 30 min
Grammar, spelling, and conjugation More than 90 min ~ More than 90 min ~ More than
90 min
Punctuation Up to 30 min Never Up to 30 min
Sentence construction Never Never 61-90 min
Narrative text writing assignments More than 90 min ~ 31-60 min More than
90 min
Explicitly setting writing goals Up to 30 min Never Up to 30 min
Planning Up to 30 min Up to 30 min Up to 30 min
Planning strategies 31-60 min Up to 30 min Never
Use of graphic organizer Up to 30 min Up to 30 min Up to 30 min
Reviewing 61-90 min Up to 30 min Up to 30 min
Reviewing strategies Up to 30 min Never Up to 30 min
Modeling technique Never Never Never
Reading one’s own written work Up to 30 min Never Never
Self-assessment strategies Up to 30 min Never Up to 30 min
Self-instruction strategies Never Never Never
Self-reinforcement strategies Never Never Never
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tests, participants performed the same tasks as in the prior-intervention tests, except for the
two handwriting tasks and the working memory task. Studying the SRSD intervention’s
effects on motivation was not this study’s aim, but as the two questions measuring these
effects were quick and easy to administer, we included them to check whether the interven-
tion exerted any effect on these aspects. As the results indicated no significant effect on
these two variables, and as these analyses were not the study’s main objective, they are not
discussed further in this manuscript. Readers who nevertheless would like to access these
data can do so freely on the data file made available on OSF. A summary of the procedure
is presented in Fig. 2.

Data analysis
Analysis of SRSD’s impact on planning and writing data

To examine whether the SRSD intervention impacts development of students’ writing strat-
egies and improves text length, structure, and quality (Research Questions 1 and 3), we cal-
culated generalized linear mixed models (GLMMs) to estimate differences between groups
(SRSD vs. BAU) on the post-intervention measures taken on the planning sheets (time spent
planning, number of words, ideas, and story parts) and stories (text quality, time spent writ-
ing, number of words, ideas, and story parts). These models included fixed effects for the
predictor factor group, and a random effect was added to the model, allowing for random
intercept with classes to account for the data’s nested nature. The data obtained for each of
the writing measures examined by groups did not distribute normally (skewness, kurtosis,
and Shapiro-Wilk test results on each variable’s data distribution by groups are available
on OSF). Thus, we looked for the best error distribution type by using the maximum likeli-
hood estimation method.The Akaike information criterion (AIC) and Bayesian information
criterion (BIC) fit indices indicated that the conditional distribution of the numbers of words
and ideas included in the planning sheets and in the stories were best modeled by negative
binomial distribution. Time spent planning and time spent on the story was best modeled by
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Image selection
Story planning
Story writing

SRSD
2classes
Image selection
Story planning
Story writing

]
%8
2 e
5| &
bel
o
2| E
S|
£ | 8
Q.| W
<5

a

:7.\V}
3classes

Self-assessment of story quality
Self-assessment of story quality

Writing motivation
Writing motivation

Handwriting
Writing task

Writing task

Fig.2 Summary of the study procedure
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a gamma distribution. We added 1 s to each observation for the time spent planning vari-
able, in order to avoid nonpositive values, which are not allowed in the gamma distribution
family. The number of story parts was best modeled by a Poisson distribution. Finally, we
used a cumulative link mixed model to deal with the ordinal nature of the text quality mea-
sure. To measure effect size, we did not use Cohen’s d, as this measure is inappropriate for
data that do not distribute normally. Instead, we calculated Wilcoxon test effect size (#=.10,
r=.30, and =.50 represent small, medium, and large effect sizes, respectively). All GLMM
analyses were run in RStudio 1.4.1717 using the glmmTMB package (Brook et al., 2017),
except for those on text quality, which were run using the ordinal package (Christensen,
2019). Effect sizes were calculated using the rstatix package (Kassambara, 2020). Figures
were produced using ggplot2 (Wickham, 2016).

Analysis of SRSD’s impact on monitoring accuracy

To examine whether the SRSD intervention impacted monitoring accuracy (Research Ques-
tion 2), we conducted a hierarchical multiple regression analysis to assess whether text qual-
ity produced after the writing lessons was predicted by students’ ratings of text quality and
whether this prediction was impacted by intervention (SRSD vs. BAU). We used Akaike
Information Criterion (AIC) values to select the best model. Figures were produced using
ggplot2 (Wickham, 2016).

Analysis to identify factors that mediate and moderate the SRSD intervention’s
effects

To examine whether the use of planning strategies is behind the SRSD intervention’s posi-
tive effects (Research Question 4) and whether cognitive or motivational factors moderate
the SRSD intervention’s effectiveness (Research Question 5), we ran mediation and mod-
eration analyses based on bootstrapping procedure (Hayes, 2017, 2022; Preacher & Hayes,
2004). This analysis allowed us to estimate the indirect effects of the SRSD intervention
on text quality through planning and story measures and whether handwriting, motivation,
self-efficacy or working memory moderate its effectiveness. Bootstrapping is a nonpara-
metric test that is not based on any distribution shape assumption. It is well suited to small
samples, as it produces a test that is not based on large sample theory. The estimated indirect
effect had a 95% confidence interval, allowing us to rule out the null hypothesis. If 0 is not
included in the confidence interval, the estimated indirect effect differs significantly from 0
at p<.05 (Preacher & Hayes, 2004). Before proceeding with the mediation and moderation
analyses, we checked whether some of the planning and writing measures were collinear.
Using Dormann et al.’s (2013) recommended procedure to detect and deal with collinear-
ity, we proceeded in two steps. First, we regressed planning and writing measures on text
quality, as well as computed variance inflation factors to detect whether some variables
were collinear. We then conducted principal component (PC) analysis to build principal
components on collinear variables. Principal component analysis is the most common way
to deal with collinearity issues, allowing for construction of PCs based on variables that
share substantial amounts of information to perform subsequent unbiased analyses. The
PCs variables built then were used to conduct the mediation analysis. Mediation analysis
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was computed using SPSS28 and Model 6 of the SPSS PROCESS macro (see Hayes, 2017).
Moderation analysis was run using Model 92 of the SPSS PROCESS macro (see Hayes,

2022).

Results

Can the SRSD intervention enable French students to write higher-quality stories
than those written by students who receive regular writing instruction?

We predicted that the SRSD intervention would allow students to produce higher-quality
texts than those written by students who receive regular writing/BAU instruction (Hypoth-
esis 1). While the students in these two groups did not differ in any of these variables prior to
intervention (see Table 1), the statistical analysis revealed that at post-intervention, students
in the SRSD group wrote higher-quality texts than those written by students in the BAU
group (Estimate=1.67, 95% CI [0.46, 2.89], x*=4.52, p=.033; see Fig. 3). The size effect’s
magnitude is moderate (r=.44).

Does the SRSD intervention impact monitoring accuracy?

We predicted that at post-test, compared with students in the BAU group, students in the
SRSD group would more accurately judge the quality of their texts (Hypothesis 2). We

Fig. 3 Text quality according to groups
(BAU vs. SRSD) 8-

Text quality

Experimental groups B3 BAU B8 SRsD
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Table 4 Akaike information criterion values for model selection to test whether the students’ estimation of
text quality and the intervention (SRSD vs. BAU) predict quality of texts produced by students

Model name Model AIC
Model 1 TextQ~ 1+ (1|Class) 260.39
Model 2 TextQ~TQE+ (1|Class) 255.38
Model 3 TextQ ~ (TQE+ Group)+(1|Class) 255.21
Model 4 TextQ ~ (TQE*Group)+(1|Class) 256.74

Note TQE=text quality estimation; TextQ=text quality ; A random effect of class is added for all models
to account for the nested nature of the data

Text quality

1 2 3 4 5 6 7 8
Text quality estimation

BAU =#&= SRSD

Fig. 4 Accuracy of text quality estimation for the SRSD and BAU groups. A small amount of random
variation was added to each point’s location to deal with the overlapping points due to the two variables’
discrete nature

expected that students who benefited from the SRSD intervention would have a better rep-
resentation of the writing task’s expectations, enabling them to produce an estimation of
the quality of their text that would better correspond to its actual quality. The best model
identified by AIC (see Table 4) indicated that the text quality was predicted by students’
text quality estimation and that students in the SRSD group produced better assessments of
text quality than students in the BAU group (see Fig. 4). Thus, the present results supported
our hypothesis 2that posited SRSD intervention makes a positive impact on monitoring
accuracy. However, despite this improvement in monitoring accuracy, students in the SRSD
group still overestimate by an average of 1.53 points the quality of their written production.
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Does the SRSD intervention enable students to use more developed writing
strategies to write texts that are longer and better-structured than those written by
students who receive regular writing instruction?

We predicted that students in the SRSD group would spend more time planning and include
more words and ideas on their planning sheets than students in the BAU group (Hypothesis
3a). We also predicted that students in the SRSD group would spend more time writing
their stories and include more words and ideas on their story sheets than students in the
BAU group (Hypothesis 3b). While the students in these two groups did not differ in any of
these variables prior to the intervention (see Table 1), a statistical analysis revealed that at
post-intervention, students in the SRSD group spent more time on their drafts and stories,
and included more words, ideas, and story parts in their drafts and stories than students in
the BAU group (see Fig. 5; for statistical data, see Table 5). All effect sizes demonstrated
high magnitude.
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Fig.5 Time spent writing (a), numbers of words (b), ideas (¢), and story parts (d) included in the planning
sheet (top) and in the story (bottom) according to each group (BAU vs. SRSD)
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Table 5 Intervention effect for each planning and story measures

Variables Estimate 95% C1 1 p 7 size effect

Planning measures
Time spent writing 291 [2.02, 3.80] 41.45 <.001 .70
Number of words 2.96 [1.83,4.10] 26.06 <.001 71
Number of ideas 2.87 [1.42,4.32] 15.06 <.001 .70
Number of story parts 2.30 [1.71, 2.90] 57.84 <.001 .68

Story measures
Time spent writing 1.12 [0.77, 1.47] 39.46 <.001 .68
Number of words 1.18 [0.82, 1.54] 40.33 <.001 .64
Number of ideas 1.05 [0.63, 1.47] 24.25 <.001 .59
Number of story parts 0.45 [0.16, 0.75] 9.22 .002 .50

Table 6 Correlation matrix of planning sheet and story variables

Variable 1 2 3 4 5 6 7 8 9

1. Planning sheet — Number of story  1.00

parts

2. Planning sheet— Number of ideas  .94™" 1.00

3. Planning sheet— Number of words 94" 96" 1.00

4. Planning sheet — Time spent 90" 92" 89" 1.00

planning

5. Story — Number of story parts 537 54T 49™ 44™ 1.00

6. Story — Number of ideas 34° 37" 350 26 55T 1.00

7. Story — Number of words 377 407 39" 310 55T 97" 1.00

8. Story — Time spent writing 26 300 27" 27 46" 947 94 1.00

9. Story — Text quality 38" 43" 42" 25 69" 73 70 60" 1.00

Note'p<.05. “p<.01. "p<.001

Is the use of planning strategies behind the positive effects of the SRSD
intervention?

We predicted that the planning strategies taught in the SRSD intervention would help stu-
dents to expand and better structure their stories (Hypothesis 4a), which in turn would
explain the improvement in text quality (Hypothesis 4b). To test these hypotheses, we ran
mediation analyses to find out whether the relationship between SRSD intervention and text
quality at post-test was explained by planning and story measures (numbers of story parts,
ideas and words, and time spent on task).

Building of principal components for the mediation analysis

Very high correlations between both planning measures and story measures (see Table 6)
made it highly likely that these variables had collinearity issues (for a discussion of how to
detect and deal with collinearity, see Dormann et al., 2013). Therefore, all planning mea-
sures and story measures were regressed on text quality, and variance inflation factors were
computed to detect whether some variables were collinear. Using a threshold of 10, as rec-
ommended by Dormann et al., these factors indicated that for the planning measures, num-
bers of story parts, ideas and words were collinear, while for the story, numbers of ideas and
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words, and time spent writing were collinear (see Table 7), meaning that substantial amounts
of information were shared within each set of variables. Thus, to avoid inaccurate tests of
significance caused by collinearity, we followed Dormann et al.’s (2013) recommendations
and conducted two principal component analyses on these two sets of variables using vari-
max rotation to form two PCs. The first PC constructed from the three planning measures
(numbers of story parts, ideas and words) was named generating and organizing ideas on a
planning sheet. The second PC constructed from the three story measures (numbers of ideas
and words, and time spent writing) was named text generation and transcription.

Mediation analysis

Mediation analysis, based on 20,000 samples, showed that the relation between SRSD inter-
vention and text quality was fully mediated by planning and story measures: ¢=1.54, bias-
corrected and accelerated (bca) CI [0.70, 3.00]. More specifically, serial analyses showed
that the SRSD intervention led students to spend more time planning before writing and to
develop their ability to generate and organize their ideas. Mediation analyses also showed
that generating and organizing ideas on a planning sheet helped students in the SRSD group
to include more story parts in their stories and to generate and transcribe more text in their
stories, explaining why they managed to produce better quality stories than students in
the BAU group. Importantly, a negative indirect effect was obtained (a,;b; = -1.89, bca CI
[-3.27, -0.33]) when the relation between experimental group and text quality was mediated
by time spent on the planning sheet, showing that increasing the amount of time spent on
a planning sheet can be damaging if this extra effort does not translate into improving the
organization of ideas (to visualize all mediation analyses, see Table §; Fig. 6).

Are there cognitive or motivational factors that moderate the SRSD intervention’s
effectiveness?

We predicted that the effectiveness of the SRSD intervention would be moderated by fac-
tors that have been shown to be related to writing abilities, including graphomotor skills
(Hypothesis 5a), self-efficacy (Hypothesis 5b), writing motivation (Hypothesis 5c), and
working memory (Hypothesis 5d). To test this prediction, we ran a moderation analysis.
Results revealed that graphomotor abilities, writing motivation, and self-efficacy did not
moderate any of the mediation paths. However, working memory moderated the effect of
the SRSD intervention on time spent planning (b=83.36, bca CI [8.23, 158.48]). The con-

Table 7 Variance inflation factors  predictors VIF
for each predictor of Planning
and Story measures

Draft measures

Number of story parts 12.12
Number of ideas 17.54
Number of words 15.00
Time spent planning 6.89
Story measures
Number of story parts 1.52
Number of ideas 23.67
Number of words 20.93
Time spent writing 10.19
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Table 8 Estimated indirect effects and bootstrapped confidence intervals for the indirect effects for the direct

effect, total indirect effect and each mediation paths

Mediation paths Estimated indirect effects BCa CI

Direct effect 0.08 [-0.90, 1.06]

Total indirect effect 1.54 [0.70, 3.00]
ExpGr — TimePlan — TextQ -1.89 [-3.27,-0.33]
ExpGr — GOPlan — TextQ 0.31 [-0.05, 0.88]
ExpGr — NbSP — TextQ 0.54 [0.08, 1.15]
ExpGr — TGT — TextQ 0.73 [0.03,2.22]
ExpGr — TimePlan — GOPlan — TextQ 1.53 [0.35, 2.68]
ExpGr — TimePlan — NbSP — TextQ -0.45 [-1.09, 0.04]
ExpGr — TimePlan — TGT — TextQ -0.36 [-1.93, 0.28]
ExpGr — GOPlan — NbSP — TextQ 0.12 [-0.02, 0.34]
ExpGr — GOPlan — TGT — TextQ 0.02 [-0.10, 0.38]
ExpGr — NbSP — TGT — TextQ 0.20 [0.04, 0.53]
ExpGr — TimePlan — GOPlan — NbSP — TextQ 0.57 [0.09, 1.23]
ExpGr — TimePlan — GOPlan — TGT — TextQ 0.11 [-0.36, 1.31]
ExpGr — TimePlan — NbSP — TGT — TextQ -0.16 [-0.49, 0.01]
ExpGr — GOPlan — NbSP — TGT — TextQ 0.04 [-0.01, 0.16]
ExpGr — TimePlan — GOPlan — NbSP — TGT — TextQ 0.21 [0.04, 0.51]

Note ExpGr=Experimental groups, GOPlan=Generating and organizing ideas, NbSP=Number of story
parts, TGT =Text generation and transcription, TextQ="Text quality

ditional effect showed that although the SRSD intervention favored engagement in plan-
ning among all students, those with better working memory capacity spent more time on
their planning sheet (b=378.29, bca CI [225.71, 530.87]) than those who had less capacity
(b=618.69, bca CI [462.34, 775.10]). No other mediation path was moderated by working
memory (for mediation and moderation model, see Fig. 6).

Working memory
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Time spent planning

B

o0 A

\J
»2100

Planning sheet
- 025 _--="" ~7"] Generating and organizing ideas
=02

SRSD e--._.C€FO08 . e
&
222750 *
Story
Number of story parts
s 8
9. W

+£70

Story

Text generation and transcription

Text quality

Fig.6 SRSD effect on text quality mediated by writing processes. The confidence interval for the indirect

effect was a bca bootstrapped CI based on 20,000 samples
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Discussion

The present study had two main goals. The first was to assess the effectiveness of a French
adaptation of the SRSD intervention implemented in a real-life educational setting to
develop fourth- and fifth-graders’ writing skills. The second was to improve understanding
of the cognitive and metacognitive mechanisms behind SRSD effectiveness and to identify
any factors that might moderate this effectiveness.

Effectiveness of a French version of the SRSD intervention

We predicted that students who underwent the SRSD intervention would produce higher-
quality texts than those written by students who received regular writing instruction (Hypoth-
esis 1). Our study’s results supported this prediction. Students in the SRSD group produced
higher-quality texts than those written by students who received regular writing instruction.
The lower scores obtained by students who received regular writing instruction aligned with
De Smedt and Van Keer (2018), who found that offering numerous opportunities to write
is necessary, but not sufficient, to guarantee students’ writing progress. Writing skills are
difficult to master, and if writing strategies are not taught explicitly, with no attempt on the
teachers’ part to model their use and support their implementation, then students may have
difficulty making progress. The SRSD intervention’s positive effects observed in the pres-
ent study aligned with results from many other studies conducted in other countries with
different spoken languages (e.g., Bouwer et al., 2018; Brunstein & Glaser, 2011; Chen et
al., 2022; Festas et al., 2015; Fidalgo et al., 2007; Finlayson & McCrudden, 2021; Klein et
al., 2022; McKeown et al., 2023), enabling us to extend previous conclusions about SRSD’s
effectiveness to French students from disadvantaged backgrounds. Nevertheless, to ensure
the SRSD intervention’s effectiveness in the French education system, more research is
needed. Indeed, McKeown, FitzPatrick McKeown et al. (2019a, b) demonstrated that the
SRSD intervention’s efficacy can be diminished if teachers implement it with low fidelity.
Therefore, as has been done in other countries, we need to design professional training
courses on implementation of the SRSD intervention for teachers, evaluate their adherence
to the intervention, and test these training courses’ impact on the development of their stu-
dents’ writing skills (for a recent example of effective practice-based professional develop-
ment to support teachers’ use of the SRSD intervention, see McKeown et al., 2023).

SRSD’s effect on monitoring accuracy

As part of the SRSD intervention, students were taught explicitly about writing goals and
strategies for assessing whether these goals have been achieved. Based on the metacogni-
tion literature (e.g., Fernandez & Jamet, 2017), we predicted that by clarifying expectations
and providing feedback on written production, the SRSD intervention would help students
produce more accurate monitoring judgments than students who received regular writing
instruction (Hypothesis 2). The present study’s results revealed that compared with students
in the BAU group, students in the SRSD group estimated the quality of their text more
precisely. Thus, clarifying writing expectations and teaching students how to self-estimate
their production are effective at aligning students’ perceptions of their writing skills with
their actual writing skill levels more accurately. However, despite better monitoring accu-
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racy, when results from the SRSD group were compared with those from the BAU group,
the data indicated some lingering overconfidence among students in the SRSD group, sug-
gesting that more could be done to optimize the SRSD intervention because overestimation
has been demonstrated to be detrimental to effective self-regulated learning (Bjork et al.,
2013; Dunlosky & Rawson, 2012; Fernandez & Jamet, 2017; Greene & Azevedo, 2009).
In the writing context, miscalibrated monitoring may lead students to skip or prematurely
deactivate fundamental writing processes that are cognitively demanding, thereby affecting
the quality of the texts they produce.

Mechanisms behind SRSD effectiveness: successful development of writing skills

Planning is central to writing high-quality texts, and yet surveys by the French National
Education Ministry have shown that ninth graders hardly ever use a planning sheet to gener-
ate and structure their ideas before writing a text (DEPP, 2015). Unsurprisingly, the present
study showed that prior to interventions, fourth and fifth graders, like ninth graders, hardly
ever used a planning sheet to plan their story. All three teachers in the BAU group spent time
training their students how to plan and use graphic organizers, but the students did not dem-
onstrate use of planning strategies after their writing lessons. These results underscore the
difficulty of teaching writing strategy to young students in a real-life classroom setting. One
possible explanation for this lack of effect is that none of the three teachers used a model-
ing technique to explicitly demonstrate the cognitive and metacognitive processes required
to perform writing tasks and did not teach them any self-instruction or self-reinforcement
strategies. However, although the teaching of planning strategies has been identified as an
important prerequisite for writing skill development (Graham et al., 2012), research has
shown that it is not sufficient to guarantee student progress. For instance, Hacker et al.
(2015) showed that the beneficial effect of training students to use writing strategies fades
over time unless teachers continue to coach students to implement and self-regulate these
strategies. Furthermore, implementation of newly taught strategies requires significant con-
scious processing, which can compete with other components of written production such
as graphomotor skills and spelling, and thus disrupt the usual writing process, notably for
poorer writers (Limpo & Alves, 2018). To overcome these challenges, research indicates
that the most effective interventions (e.g., SRSD) are those aimed not only at teaching writ-
ing strategies but also at training and guiding students so that they gradually anchor the
strategies in memory and become able to regulate their writing processes autonomously
in order to achieve writing task goals (Graham et al., 2012). We therefore predicted that
students who were taught strategies for generating and structuring their ideas through an
SRSD intervention would develop their planning skills better than students who received
the usual writing instruction (Hypothesis 3a). Results of our study supported this prediction,
as students who were taught a planning strategy with the SRSD approach spent substantially
more time generating and structuring their ideas at the planning stage than those who have
received the usual writing instruction. These results support Torrance et al. (2007)’s conclu-
sion that planning activity does not emerge spontaneously in young students, but they do
have the ability to master complex planning strategies if they are explicitly taught how to
do so.

The results also supported Hypothesis 3b: Compared with the BAU group’s students,
the SRSD group’s students spent more time writing their stories and included more words,
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ideas, and story parts in them). Moreover, in line with Hypotheses 4a and 4b, a media-
tion analysis revealed that spending more time generating and structuring ideas around
the important parts of a story on the planning sheet truly helped students in the SRSD
group produce stories that contained more story parts and ideas, which explains why these
students produced higher-quality texts than those written by students in the BAU group.
These results indicate that SRSD group students’ ability to use the taught planning strategy
explains the SRSD intervention’s positive effect on the texts they produce. However, the
mediation analysis found that SRSD group students who spent more time planning, but who
did not structure their ideas during the planning stage, ended up writing lower-quality stories
than the other students. These results indicate that encouraging students to use a planning
sheet can be counterproductive if they do not know how to use it properly. In other words,
increasing the amount of time spent planning a story is a necessary but not sufficient condi-
tion for writing better quality texts. Therefore, it is important that teachers explicitly teach
concrete planning strategies and scaffold their use until their students can implement them
in complete autonomy. Finally, and importantly, these results explain why some previous
studies failed to find a link between time spent planning and text quality (see for example
Fidalgo et al., 2008). As Fan et al. (2022) found, the time that students spent on a task does
not provide information on the mental operations they performed during that task, revealing
the need to obtain more fine-grained information to infer nuanced self-regulated processes
reliably. This aligned with the present study’s data, which allowed us to conclude that time
spent planning is a poor measure of students’ knowledge-transforming process, and that data
about the nature of the planning sheet provided a better account of it.

Factors moderating SRSD effectiveness

The present study gave us a better understanding of why some students do not respond to the
SRSD intervention as well as others do. Results indicated that some students in the SRSD
group did not fully benefit from the strategy instruction, as they spent more time planning
without managing to generate more ideas and organize them. We predicted that factors that
have been shown to be related to writing abilities would moderate the effectiveness of the
SRSD intervention. However, data did not support all our hypotheses concerning modera-
tors. For instance, students’ graphomotor skill level did not moderate SRSD effectiveness
(Hypothesis 5a), showing that even though these skills continue to develop across adoles-
cence until Grade 9 (Graham et al., 1998), fourth and fifth graders had probably mastered
sufficient graphomotor skills for them not to hinder the development of the writing skills
taught in the SRSD intervention. It has been shown that children can use automatic move-
ment control by about 10 years (Grade 4), when motor programs are memorized, allowing
them to devote less attention to the handwriting task (Palmis et al., 2017). Results also
showed that SRSD effectiveness was not moderated either by self-efficacy (Hypothesis 5b)
or by writing motivation (Hypothesis 5c). In other words, students who exhibited a low
level of self-efficacy or motivation, and who were thus at risk of engaging less effort in
the development of writing skills, benefited just as much from the SRSD intervention as
students who exhibited a high level of self-efficacy or motivation. However, our method-
ological controls could explain this lack of effect. Indeed, the propensity score matching
(PSM) procedure used in the study tends to exclude outliers, as extreme values are rarer, and
therefore, more difficult to match together. As a result, PSM procedures can slightly reduce
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variance in graphomotor, motivation, and self-efficacy variables that we examined, which
may reduce the chances of uncovering a true moderation effect. Nevertheless, a modera-
tion analysis showed that working memory moderated SRSD effectiveness (Hypothesis 5d).
Students with low working memory capacity were less likely to master the planning strategy
they were taught than students with higher working memory capacity. This result support
previous research showing the importance of adjusting SRSD instruction to ensure that all
students fully benefit from it (e.g., Harris et al., 2012; McKeown et al., 2016).

Optimizing SRSD efficacy: research and practice perspectives

Despite the SRSD intervention benefits, our analysis of underlying cognitive and metacog-
nitive mechanisms suggests that more could be done to optimize its effectiveness. Indeed,
students in the SRSD group demonstrated better improvement in their monitoring accuracy
than students of the control (BAU) group, but they still remained overconfident. Further-
more, as observed in a previous teachers’ survey (e.g., McKeown, Brindle McKeown et al.,
2019a, b) some students struggled to create their own graphic organizers and used notes
instead of full sentences on their planning sheets. Indeed, even though students in the SRSD
group, on average, demonstrated better planning skills than students in the control (BAU)
group, they produced a planning sheet of varying quality at post intervention (some students
had part of the graphic organizer missing from their scratch paper and generated a small
number of ideas), attesting to different levels of mastery in the planning strategy. Our results
indicated that working memory skills partly explain this heterogeneity in mastery of the
planning strategies, as students with low working memory skills have more difficulty apply-
ing the planning strategies taught than students with higher working memory skills. These
results align with those of recent studies, revealing that some students need more support
to help them internalize recently taught self-regulated activities to enable them to trigger
newly acquired writing strategies spontaneously and effectively (Harris et al., 2012; Li et
al., 2023; Lim et al., 2023; McKeown et al., 2016; McKeown, Brindle McKeown et al.,
2019a, b; van der Graaf et al., 2023). Below, we propose several research perspectives that
could help these students fully benefit from the SRSD intervention.

Implementing SRSD within the framework of the response to the intervention
model

Some students have special needs that require more teaching time with more individualized
support (Harris et al., 2012; McKeown et al., 2016). To meet these needs, future studies
should focus on implementation of the SRSD intervention within the framework of the
response to the intervention model. This proposes three tiers of teaching for preventing and
remediating academic difficulties (e.g., Fletcher & Vaughn, 2009; Harris et al., 2012; McKe-
own et al., 2016): Tier 1 (whole-class teaching); Tier 2 (small-group teaching for at-risk
students); and Tier 3 (intensive and individualized teaching). In the present study, students
were taught as a whole class in real-life educational settings for eight 50-minute sessions,
thereby corresponding to Tier 1. Our results suggest that the Tier 2 and Tier 3 instruction
levels are probably needed to help all students benefit fully from the SRSD approach. We
argue that the quality of the story structure at the planning stage should be used as a crite-
rion for screening students, with those who have persistent planning difficulties benefiting
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from Tier 2 instruction (e.g., part of the graphic organizer missing on their scratch paper, a
small number of ideas generated for each part, taking notes). As McKeown, Brindle McKe-
own et al. (2019a, b) argued, small groups can allow teachers to remodel a set of subskills
to students, maximizing interaction during the modeling session and, therefore, adapting
modeling and support to students’ needs. Tier 2 also can be used to train students who need
it to move away gradually from using the formal graphic organizer and learn how to draw
on their own autonomously. McKeown, Brindle McKeown et al. (2019a, b) also recom-
mended grouping students based on their specific difficulties to offer them targeted mini-
lessons (e.g., finding a trigger for the story). Future studies on development of students’
writing skills through Tiers 1, 2, and 3 could yield useful information on the effectiveness of
modulating the SRSD teaching approach’s duration and intensity based on students’ specific
needs. Also, such data could help in designing adaptive scaffolds that recently have been
demonstrated to support students’ self-regulation activities effectively during writing tasks
(Lietal., 2023; Lim et al., 2023; Skar et al., 2022; van der Graaf et al., 2023).

Adaptive scaffolds to support the guided and autonomous phase of the SRSD
intervention

Adaptive scaffolds provided by adults, peers, or even a computer have been proven to be an
effective tool for developing students’ writing skills (e.g. Bannert, 2009; Li et al., 2023; Lim
etal., 2023; Skar et al., 2022; van der Graaf et al., 2023). Adaptive scaffolds are designed to
support students’ self-regulated processes during various educational tasks, such as learn-
ing a chapter or writing an essay (Lim et al., 2023). They can take the form of feedback or
a prompt from a teacher, or software that encourages students to activate or adapt writing
strategies with regard to the task’s goal. To be effective, those prompts need to be suited to
students’ needs and fade away as they internalize the regulatory skills needed to be autono-
mous. While these adaptive scaffolds can be difficult to implement during Tier 1 of the
response to intervention model in class situations with a large number of students, teach-
ers can use them more easily during Tiers 2 and 3. Also, recent studies have found that
technology-enhanced learning environments that use trace data and artificial intelligence
systems have the power to provide such adaptive scaffolds, which can help students better
implement effective writing strategies (Li et al., 2023; Lim et al., 2023; van der Graaf et
al., 2023). Thus, in the near future, new technology could prove to be an interesting tool to
support students during the early stage of the SRSD intervention’s autonomous phase. Thus,
based on the difficulties of certain students, identified by our data, to plan and monitor their
writing production properly, we argue that one of the most important research perspectives
for optimizing SRSD efficiency concerns the development and efficacy assessment of for-
mative feedback and adaptive prompts specifically designed for SRSD intervention.

Formative feedback

Although the SRSD intervention improved the accuracy of the students’ self-assessments,
our results indicate that students still tend to overestimate their work. This can be a prob-
lem, as research in fields other than writing has found that this overestimation can exert
deleterious effects on self-regulation and learning outcomes (Bjork et al., 2013; Dunlosky &
Rawson, 2012; Fernandez & Jamet, 2017; Greene & Azevedo, 2009; Panadero et al., 2017).

@ Springer



J. Fernandez, J. Guilbert

One way of developing students’ self-assessment skills is to offer them substantial forma-
tive feedback during learning sessions (Panadero & Lipnevich, 2022). Formative feedback
provided by adults, peers, or even a computer has been proven to be an effective tool for
developing writing skills (e.g., McKeown et al., 2015, 2020; Skar et al., 2022). Implement-
ing these feedback tools in the SRSD intervention could complement the self-assessment
exercises already included in the intervention and boost the intervention’s effect in terms
of improving students’ monitoring accuracy. However, to ensure the feedback’s effective-
ness, we need to study the nature of the feedback provided by teachers and their effects on
self-regulation more precisely (see Panadero & Lipnevich, 2022). Indeed, students often
receive feedback on the outcome of their text production, rather than on the writing process
itself (for a similar discussion on the importance of offering process-focused feedback, see
Rakovi¢ et al., 2023). For instance, a survey by Stern and Solomon (2007) revealed that
teachers tend to provide little to no feedback on the organization and quality of the ideas
included in students’ texts, preferring instead to provide feedback on surface aspects (i.e.,
spelling, grammar, word choice, and missing words) and on overall text quality. Therefore,
feedback focusing on the written output could help students realize that their stories do
not meet expectations, but they could still struggle to identify how to achieve these goals,
particularly if too little attention is paid to the proper implementation of taught strategies.
For example, in the present study, some students in the SRSD group produced a graphic
organizer with missing parts and/or a lack of ideas. We postulated that some of these stu-
dents probably overestimated the quality of their planning, leading them to end generation
and idea organization processes prematurely, thereby undermining the quality of the texts
they finally produced. Therefore, future studies investigating when and how to incorporate
formative feedback into SRSD also should focus on what the feedback should be about
(e.g., writing process, writing quality). McKeown et al. (2020) conducted very promising
research on process-focused feedback’s effect on revising behavior and writing quality (see
also McKeown et al., 2015). During an SRSD intervention, a teacher provided her students
with individualized, asynchronous audio feedback on whether they included important
components of a persuasive text in their essays. Following the intervention, students were
able to revise their texts independently, leading them to write higher-quality essays. Thus,
this type of audio feedback, coupled with explicit teaching, has allowed students to bet-
ter internalize written task expectations and make adapted decisions to adjust their written
production based on these expectations. Also, the teacher who provided the audio feedback
found this type of intervention useful and easy to implement. Thus, audio-process-focused
feedback, combined with the self-assessment task, could correct the remaining monitoring
accuracy problems observed in our study, which could help students better self-regulate
their writing processes and overcome discrepancies between expectations and their written
output.

Adaptive prompting

Beyond overestimation, another reason that may lead students who have received the SRSD
intervention to engage in a poor planning process is that they could have a production defi-
ciency, i.e., when they possess the necessary skills to engage effectively in a task, but fail
to apply them independently (Bannert, 2009). In our context, even if the SRSD intervention
could lead all students to develop the knowledge and skills needed to engage in the planning
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process before writing their story, some may have difficulty triggering newly acquired writ-
ing strategies spontaneously and correctly. Thus, in addition to teaching explicit strategies
and modeling techniques, some students could benefit from additional support during the
first phases of independent writing to help them internalize recently taught self-regulated
activities. One way of achieving this is to provide students, in addition to formative feed-
back, with a range of adapted prompts provided by a teacher or software that encourages the
students to activate adapted knowledge and apply necessary skills to complete the task suc-
cessfully (for recent research indicating a positive effect from such an intervention on self-
regulation during writing tasks, see Li et al., 2023; Lim et al., 2023; McKeown et al., 2015,
2020; van der Graaf et al., 2023). For instance, to support the cognitive and metacognitive
process, teachers or software could (1) regularly prompt students to monitor the quality of
their production at different stages in the writing process (e.g., “Have you identified enough
characters on your planning sheet?”’), (2) provide formative feedback following each of their
self-assessments to inform them about the true quality of the production (e.g., “You’ve only
identified two main characters, so you’re missing one to achieve the session’s goal”), and (3)
prompt students to use previously taught strategies to meet writing expectations (e.g., “Find
and register on your planning sheet at least one more main character before starting to write
your story”). Such intervention during the autonomous phase of writing could help students
develop self-assessment routines, gradually correct the monitoring processes’ accuracy, and
better internalize self-regulation strategies taught by the SRSD intervention.

Prerequisites for prompting efficiency on planning skills

Lim et al. (2023) found that adaptive scaffolding exerted a significant effect on fostering bet-
ter self-regulated activities during writing tasks. However, this greater progress did not lead
to these students writing better texts than students who have not benefited from adaptive
scaffolding. Interestingly, despite personalized scaffolds’ generally positive effects on self-
regulated activities, they did not lead students to engage in more planning activities specifi-
cally, which could explain the lack of effect on students’ text quality given the importance of
planning strategies in producing high-quality texts. As Lim et al. (2023) argued, prompts are
designed to encourage students to engage in skills they possess, but cannot trigger spontane-
ously. However, many students may not possess planning skills, even among adult students.
In this case, a prompt may not be effective until students fully develop these skills. In some
cases, these prompts may even prove to be counterproductive, as our study demonstrates
that encouraging students to engage in planning when they have not mastered the appro-
priate skills can lead to students writing lower-quality texts. Therefore, we assumed that a
learning environment that not only prompts students to plan, but also provides a video cap-
sule that teaches and models how to use planning strategies effectively, could boost person-
alized scaffold effectiveness. Put another way, we argue that technology-enhanced learning
environments designed to include a combination of the principles and recommendations of
the SRSD literature and those of the adaptive scaffolding literature could hold great poten-
tial to enhance all students’ writing production quality.
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Limitations

Numerous SRSD studies have focused on the effect of the writing intervention on text qual-
ity, rather than on the psychological mechanisms that underlie quality enhancement. The
results of the present study help to highlight the cognitive and metacognitive roots of SRSD
efficacy, but more needs to be done to improve our understanding of the effects of the writing
intervention on students’ self-regulation. As the COVID pandemic forced classes to close,
meaning we were unable to conduct the maintenance test, research is needed to confirm that
the development of self-regulated writing processes in the wake of the SRSD intervention
continues over time. Also, the SRSD intervention that we implemented was dedicated to
teaching students the use of schema-driven planning strategies to write good stories. Thus,
it aimed to help them come to terms with the principle of identifying goals and subgoals that
structure the planning phase and use a pre-established schema for generating and organiz-
ing ideas. However, although mastering these skills is an important step toward developing
writing expertise, students also have more complex planning skills to develop to face a
variety of writing tasks that they will be assigned throughout their schooling. For instance,
a common task, but one that often causes difficulties for students, is writing summary texts
based on the processing of multiple sources (e.g., FitzPatrick & McKeown, 2021; Harris
et al., 2019; Rakovic et al., 2021, 2023). Extant studies have found positive effects from
teaching strategies that were used to guide students in Grades 3—8 in preparing persuasive
essays on scratch paper by selecting and organizing relevant information obtained from
reading one or two texts (e.g., Collin et al., 2021; FitzPatrick & McKeown, 2021; Harris et
al., 2019). However, high school and university students are faced with increasingly more
complex writing tasks that require understanding many more documents and drafting lon-
ger texts (e.g., essays, dissertations, academic journal articles). In such cases, it often is not
possible to retrieve a predefined schema from memory to drive the selection of information
from multiple documents and the structure of the upcoming text. Students must be capable
of switching to a constructive planning strategy that enables them to build their own repre-
sentation of the task autonomously and generate their own subgoals and procedures (Flower
et al., 1992). Thus, as Harris et al. (2019) argued, although these good results are encourag-
ing, more instruction is needed to support students through the various writing assignments
they will be assigned throughout their schooling.

Another study limitation concerns the data’s generalizability. The present study revealed
a beneficial effect from the French version of the SRSD intervention on students from disad-
vantaged backgrounds. These students revealed themselves to be particularly fragile in writ-
ing skills, producing texts well below expectations that the French Ministry of Education
set. Thus, it remains to be demonstrated that the French version of the SRSD intervention
produces similarly positive effects with students who have a higher starting writing level.
Indeed, students with a higher level of writing ability before any form of intervention tend
to use more planning strategies than students with difficulties (Bai, 2018). Consequently, the
SRSD intervention’s benefits to these students could be more limited.

Finally, more research is needed to understand SRSD’s impact on students’ self-regulated
skills, as well as to identify the variables that moderate its efficacy. The study’s results found
that SRSD helped students produce a more accurate self-assessment of their texts, but cer-
tain aspects remain to be examined: (1) whether SRSD impacts spontaneous production of
monitoring judgments during the task; (2) these judgments’ consequences on the regulation
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of cognitive activities; and (3) whether improvements in monitoring accuracy made pos-
sible by the intervention impact the revision strategies’ quantity and quality. Furthermore,
concerning development of planning strategies and their effects on text quality, mediation
analyses on our data revealed a direct path from the SRSD group to the number of story parts
included in students’ stories, i.e., some students in the SRSD group wrote better-structured
stories than those produced by the BAU group without needing to write down their mentally
organized ideas on planning sheets. Thus, some students used more covert planning strate-
gies that our study was unable to capture. One way of investigating students’ mental states
more reliably and providing deeper insights into students’ self-regulation during writing
tasks would be to use think-aloud data coupled with multi-channel trace data, including logs
and eye-tracking devices (for a discussion on improving measurement and self-regulated
learning, see Fan et al., 2023; Fan, Lim Fan et al., 2022b; Fan, van der Graaf Fan et al.,
2022b). Studying these measures with process-mining techniques has been demonstrated to
provide a better understanding of the dynamic nature of self-regulation processes unfolding
during learning or writing tasks (Lim et al., 2021) and could make it possible to understand
SRSD’s effect on students’ writing skills more accurately. For instance, it could allow for
identifying when and how often students make metacognitive judgments (e.g., “My char-
acter is not sufficiently described to allow my reader to picture her”), as well as examining
how students self-regulate their writing processes when the monitoring process yields a
negative assessment (e.g., students returning to their planning sheets to read planned ideas
on character descriptions before editing written texts). Thus, we argue that the recent sig-
nificant development of research into the measurement of self-regulation skills (Fan et al.,
2023; Fan, Lim Fan et al., 2022b; Fan, van der Graaf Fan et al., 2022b; Li et al., 2023; Lim
et al., 2021, 2023; Rakovi¢ et al., 2022, 2023; van der Graaf et al., 2023) has the power to
(1) make students’ self-regulation difficulties during writing tasks more visible, (2) improve
current understanding about whether and how the SRSD teaching approach addresses these
difficulties, and (3) provide recommendations based on these data on how to adjust SRSD
interventions to students’ needs optimally and how to design effective adaptive scaffolds.

Conclusion

Writing is an important but complex skill to master. Explicitly teaching writing strategies to
students and accompanying them in their appropriation and implementation of these strate-
gies is key to improving the quality of the texts they produce. The present study showed
that a French version of the SRSD intervention can enable students from disadvantaged
backgrounds to make substantial progress in their ability to produce and assess texts within
a short period of time. Results indicated that an improvement in the quality of the texts they
produced was explained by changes in the planning process, enabling students to write sto-
ries that were better structured and contained more ideas. However, results also showed that
spending more time on a planning sheet before writing is not sufficient, and should prompt
teachers who implement SRSD to carefully monitor their students’ application of the writ-
ing strategies they are taught. Overall, the present study provides a better understanding
of why, how, and for whom SRSD works, as well as providing guidance on the points that
requires vigilance when implementing this kind of intervention, in order to guarantee its
effectiveness. We believe that this knowledge (1) provides interesting avenues for research
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to optimize SRSD effectiveness and (2) could help to improve the efficacy of emerging pro-
fessional development programs aimed at training teachers to implement multicomponent
strategy-focused writing instruction in class (for a recent review and perspective on the
topic, see Harris et al., 2023).

Acknowledgements We thank the teachers and all the educational staff of the three schools participating in
the project. We would also like to thank Cécile Paprotnik, Santiago Perez Bedoya, Ugo Ballenghein, Alban
Letanneux and Xavier Aparicio for their help in collecting the data.

Author contributions Jonathan Fernandez: conceptualization, data curation, formal analysis, funding acqui-
sition, investigation, development and design of methodology, project administration, supervision, visualiza-
tion, writing original draft. Jessica Guilbert: conceptualization, funding acquisition, investigation, develop-
ment and design of methodology, reviewing and editing original draft.

Funding Open access funding provided by Université Paris-Est Créteil. This research was supported by
funding of 3000 euros from the rectorat de I’académie de Créteil.

Data availability All data, analysis code, research materials and all the material for the writing intervention
are available on the Open Science Framework: https://osf.io/gncm8/?view_only={2731ecc6f8047079fb4b8
60830ed76a.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons
licence, and indicate if changes were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material.
If material is not included in the article’s Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Andreu, S. (2018). March 14-15). Que sait-on aujourd’hui des performances des éléves ? Conférence de
consensus: Fcrire et rédiger, Paris, France. https://www.cnesco.fr/ecrire-et-rediger/paroles-dexperts/
acquis-des-eleves/.

Asaro-Saddler, K., Moeyaert, M., Xu, X., & Yerden, X. (2021). Multilevel meta-analysis of the effective-
ness of self-regulated strategy development in writing for children with ASD. Exceptionality, 29(2),
150-166. https://doi.org/10.1080/09362835.2020.1850457.

Austin, P. C. (2011). Optimal caliper widths for propensity-score matching when estimating differences in
means and differences in proportions in observational studies. Pharmaceutical Statistics, 10(2), 150—
161. https://doi.org/10.1002/pst.433.

Australian Curriculum, Assessment and Reporting Authority (2019). National assessment program literacy
and numeracy: Achievement in reading, writing, language conventions and numeracyhttps://www.nap.
edu.au/docs/default-source/default-document-library/2019-naplan-national-report.pdf.

Bai, B. (2018). Understanding primary school students’ use of self-regulated writing strategies through think-
aloud protocols. System, 78, 15-26. https://doi.org/10.1016/j.system.2018.07.003.

Bannert, M. (2009). Promoting self-regulated learning through prompts. Zeitschrift fiir Pddagogische Psy-
chologie, 23(2), 139-145. https://doi.org/10.1024/1010-0652.23.2.139.

Barnier, D. (2021). Attentes des employeurs et maitrise de [’expression. Ipsos. https://www.ipsos.com/
fr-fr/73-des-employeurs-estiment-redhibitoires-les-difficultes-sexprimer-lecrit.

Beauvais, C., Olive, T., & Passerault, J. M. (2011). Why are some texts good and others not? Relationship
between text quality and management of the writing processes. Journal of Educational Psychology,
103(2), 415. https://doi.org/10.1037/a0022545.

Bereiter, C., & Scardamalia, M. (1987). The psychology of written composition. Routledge. https://doi.
org/10.4324/9780203812310.

@ Springer


https://osf.io/gncm8/?view_only=f2731ecc6f8047079fb4b860830ed76a
https://osf.io/gncm8/?view_only=f2731ecc6f8047079fb4b860830ed76a
http://creativecommons.org/licenses/by/4.0/
https://www.cnesco.fr/ecrire-et-rediger/paroles-dexperts/acquis-des-eleves/
https://www.cnesco.fr/ecrire-et-rediger/paroles-dexperts/acquis-des-eleves/
https://doi.org/10.1080/09362835.2020.1850457
https://doi.org/10.1002/pst.433
https://www.nap.edu.au/docs/default-source/default-document-library/2019-naplan-national-report.pdf
https://www.nap.edu.au/docs/default-source/default-document-library/2019-naplan-national-report.pdf
https://doi.org/10.1016/j.system.2018.07.003
https://doi.org/10.1024/1010-0652.23.2.139
https://www.ipsos.com/fr-fr/73-des-employeurs-estiment-redhibitoires-les-difficultes-sexprimer-lecrit
https://www.ipsos.com/fr-fr/73-des-employeurs-estiment-redhibitoires-les-difficultes-sexprimer-lecrit
https://doi.org/10.1037/a0022545
https://doi.org/10.4324/9780203812310
https://doi.org/10.4324/9780203812310

Self-regulated strategy development’s effectiveness: underlying...

Bjork, R. A., Dunlosky, J., & Kornell, N. (2013). Self-regulated learning: Beliefs, techniques, and illusions.
Annual Review of Psychology, 64,417-444. https://doi.org/10.1146/annurev-psych-113011-143823.

Boscolo, P., & Gelati, C. (2019). Best practices in promoting motivation for writing. In S. Graham, C. MacAr-
thur, & J. Fitzgerald (Eds.), Best practices in writing instruction (3rd ed.). New York-London: Guilford.

Bouwer, R., Koster, M., & Van den Bergh, H. (2018). Effects of a strategy-focused instructional program on
the writing quality of upper elementary students in the Netherlands. Journal of Educational Psychology,
110(1), 58. https://doi.org/10.1037/edu0000206.

Brindle, M., Graham, S., Harris, K. R., & Hebert, M. (2016). Third and fourth grade teacher’s classroom
practices in writing: A national survey. Reading and Writing, 29(5), 929-954. https://doi.org/10.1007/
s11145-015-9604-x.

Brooks, M. E., Kristensen, K., van Benthem, K. J., Magnusson, A., Berg, C. W., Nielsen, A., Skaug, H.
J., Maechler, M., & Bolker, B. M. (2017). glmmTMB balances speed and flexibility among pack-
ages for zero-inflated generalized linear mixed modeling. The R Journal, 9(2), 378-400. https://doi.
org/10.32614/RJ-2017-066.

Brunstein, J. C., & Glaser, C. (2011). Testing a path-analytic mediation model of how self-regulated writing
strategies improve fourth graders’ composition skills: A randomized controlled trial. Journal of Educa-
tional Psychology, 103(4), 922. https://doi.org/10.1037/a0024622.

Camacho, A., Alves, R. A., & Boscolo, P. (2021). Writing motivation in school: A systematic review of
empirical research in the early twenty-first century. Educational Psychology Review, 33(1), 213-247.
https://doi.org/10.1007/s10648-020-09530-4.

Chen, J., Zhang, L. J., & Parr, J. M. (2022). Improving EFL students’ text revision with the self-regulated
strategy development (SRSD) model. Metacognition and Learning, 17(1), 191-211. https://doi.
org/10.1007/s11409-021-09280-w.

Christensen, R. H. B. (2019). ordinal - Regression Models for Ordinal Data. R package version 2019.12-
10https://CRAN.R-project.org/package=ordinal.

Collins, A. A., Ciullo, S., Graham, S., Sigafoos, L. L., Guerra, S., David, M., & Judd, L. (2021). Writing
expository essays from social studies texts: A self-regulated strategy development study. Reading and
Writing, 34, 1623—1651. https://doi.org/10.1007/s11145-021-10157-2.

Conseil national d’évaluation du systéme scolaire (2018). Ecrire et rédiger: comment guider les éléves dans
leurs apprentissages ? Dossier de synthése. https://www.cnesco.fr/ecrire-et-rediger/.

De Smedt, F., & Van Keer, H. (2018). Fostering writing in upper primary grades: A study into the distinct
and combined impact of explicit instruction and peer assistance. Reading and Writing, 31(2), 325-354.
https://doi.org/10.1007/s11145-017-9787-4.

De Smedt, F., Merchie, E., Barendse, M., Rosseel, Y., De Naeghel, J., & Van Keer, H. (2018). Cognitive and
motivational challenges in writing: Studying the relation with writing performance across students’
gender and achievement level. Reading Research Quarterly, 53(2), 249-272. https://doi.org/10.1002/
rrq.193.

Department for Education. (2012). What is the research evidence on writing? Department for Education.
https://assets.publishing.service.gov.uk/media/5a7b1474ed915d429748cadf/DFE-RR238.pdf.

Direction de 1’évaluation de la prospective et de la performance (2015). Cedre - Compétences langagiéres et
littératie 2015 en fin de collége Ministére de I’Education nationale et de la jeunesse.

Dormann, C. F., Elith, J., Bacher, S., Buchmann, C., Carl, G., Carré, G., & Lautenbach, S. (2013). Collinear-
ity: A review of methods to deal with it and a simulation study evaluating their performance. Ecography,
36(1), 27-46. https://doi.org/10.1111/j.1600-0587.2012.07348 x.

Dunlosky, J., & Rawson, K. A. (2012). Overconfidence produces underachievement: Inaccurate self-evalua-
tions undermine students’ learning and retention. Learning and Instruction, 22(4), 271-280. https://doi.
org/10.1016/j.learninstruc.2011.08.003.

Englert, C. S., Raphael, T. E., Fear, K. L., & Anderson, L. M. (1988). Students’ metacognitive knowledge
about how to write informational texts. Learning Disability Quarterly, 11(1), 18—46. https://doi.
org/10.2307/1511035.

Escorcia, D., Passerault, J. M., Ros, C., & Pylouster, J. (2017). Profiling writers: Analysis of writing dynam-
ics among college students. Metacognition and Learning, 12(2), 233-273. https://doi.org/10.1007/
$11409-016-9166-6.

Fan, Y., Lim, L., Van der Graaf, J., Kilgour, J., Rakovi¢, M., Moore, J., Molenaar, J., Bannert, M., & Gasevi¢,
D. (2022). Improving the measurement of self-regulated learning using multi-channel data. Metacogni-
tion and Learning, 17(3), 1025-1055. https://doi.org/10.1007/s11409-022-09304-z.

Fan, Y., van der Graaf, J., Lim, L., Rakovi¢, M., Singh, S., Kilgour, J., Moore, J., Molenaar, J., Bannert,
M., & Gasevi¢, D. (2022b). Towards investigating the validity of measurement of self-regulated
learning based on trace data. Metacognition and Learning, 17(3), 949-987. https://doi.org/10.1007/
s11409-022-09291-1.

@ Springer


https://doi.org/10.1146/annurev-psych-113011-143823
https://doi.org/10.1037/edu0000206
https://doi.org/10.1007/s11145-015-9604-x
https://doi.org/10.1007/s11145-015-9604-x
https://doi.org/10.32614/RJ-2017-066
https://doi.org/10.32614/RJ-2017-066
https://doi.org/10.1037/a0024622
https://doi.org/10.1007/s10648-020-09530-4
https://doi.org/10.1007/s11409-021-09280-w
https://doi.org/10.1007/s11409-021-09280-w
https://CRAN.R-project.org/package=ordinal
https://doi.org/10.1007/s11145-021-10157-2
https://www.cnesco.fr/ecrire-et-rediger/
https://doi.org/10.1007/s11145-017-9787-4
https://doi.org/10.1002/rrq.193
https://doi.org/10.1002/rrq.193
https://assets.publishing.service.gov.uk/media/5a7b1474ed915d429748cadf/DFE-RR238.pdf
https://doi.org/10.1111/j.1600-0587.2012.07348.x
https://doi.org/10.1016/j.learninstruc.2011.08.003
https://doi.org/10.1016/j.learninstruc.2011.08.003
https://doi.org/10.2307/1511035
https://doi.org/10.2307/1511035
https://doi.org/10.1007/s11409-016-9166-6
https://doi.org/10.1007/s11409-016-9166-6
https://doi.org/10.1007/s11409-022-09304-z
https://doi.org/10.1007/s11409-022-09291-1
https://doi.org/10.1007/s11409-022-09291-1

J. Fernandez, J. Guilbert

Fan, Y., Rakovi¢, M., van Der Graaf, J., Lim, L., Singh, S., Moore, J., Molenaar, J., Bannert, M., & Gasevi¢,
D. (2023). Towards a fuller picture: Triangulation and integration of the measurement of self-regu-
lated learning based on trace and think aloud data. Journal of Computer Assisted Learning. https://doi.
org/10.1111/jcal. 12801.

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G*Power 3: A flexible statistical power analy-
sis program for the social, behavioral, and biomedical sciences. Behavior Research Methods, 39(2),
175-191. https://doi.org/10.3758/BF03193146.

Fernandez, J., & Jamet, E. (2017). Extending the testing effect to self-regulated learning. Metacognition and
Learning, 12(2), 131-156. https://doi.org/10.1007/s11409-016-9163-9.

Festas, 1., Oliveira, A. L., Rebelo, J. A., Damido, M. H., Harris, K., & Graham, S. (2015). Professional
development in self-regulated strategy development: Effects on the writing performance of eighth grade
Portuguese students. Contemporary Educational Psychology, 40, 17-27. https://doi.org/10.1016/j.
cedpsych.2014.05.004.

Fidalgo, R., Torrance, M., & Garcia, J. N. (2008). The long-term effects of strategy-focussed writing instruc-
tion for grade six students. Contemporary Educational Psychology, 33(4), 672—693. https://doi.
org/10.1016/j.cedpsych.2007.09.001.

Finlayson, K., & McCrudden, M. T. (2021). A 17-week teacher-implemented story writing intervention with
year 2 students in New Zealand: A mixed methods study. Reading & Writing Quarterly, 37(4), 365-381.
https://doi.org/10.1080/10573569.2020.1832940.

FitzPatrick, E. R., & McKeown, D. (2020). Meeting the needs of middle school writers in a special education
classroom: SRSD for the informational genre citing text-based evidence. Education and Treatment of
Children, 43, 71-84. https://doi.org/10.1007/s43494-020-00006-2.

FitzPatrick, E. R., & McKeown, D. (2021). Writing from multiple source texts: SRSD for fifth grade learn-
ers in inclusive settings. Learning Disabilities Research & Practice, 36(3), 188-200. https://doi.
org/10.1111/1drp.12257.

Fletcher, J. M., & Vaughn, S. (2009). Response to intervention: Preventing and remediating academic difficul-
ties. Child Development Perspectives, 3(1), 30-37. https://doi.org/10.1111/j.1750-8606.2008.00072.x.

Flower, L., Schriver, K. A., Carey, L., Haas, C., & Hayes, J. R. (1992). Planning in writing: The cognition of
a constructive process. In S. P. Witte, N. Nakadate, & R. D. Cherry (Eds.), 4 rhetoric of doing: Essays
on written discourse in honor of James L. Kinneavy (pp. 282—311). Southern Illinois University.

Glaser, C., & Brunstein, J. C. (2007). Improving fourth-grade students’ composition skills: Effects of strategy
instruction and self-regulation procedures. Journal of Educational Psychology, 99(2), 297. https://doi.
org/10.1037/0022-0663.99.2.297.

Gogol, K., Brunner, M., Goetz, T., Martin, R., Ugen, S., Keller, U., Fischbach, A., & Preckel, F. (2014). My
questionnaire is too long! The assessments of motivational-affective constructs with three-item and sin-
gle-item measures. Contemporary Educational Psychology, 39(3), 188-205. https://doi.org/10.1016/].
cedpsych.2014.04.002.

Graham, S. (2018). Instructional feedback in writing. In A. A. Lipnevich, & J. K. Smith (Eds.),
The Cambridge handbook of instructional feedback. Cambridge University Press. https:/doi.
org/10.1017/9781316832134.009.

Graham, S., Berninger, V., Weintraub, N., & Schafer, W. (1998). Development of handwriting speed
and legibility in grades 1-9. The Journal of Educational Research, 92(1), 42-52. https://doi.
org/10.1080/00220679809597574.

Graham, S., Harris, K. R., & Mason, L. (2005). Improving the writing performance, knowledge, and self-
efficacy of struggling young writers: The effects of self-regulated strategy development. Contemporary
Educational Psychology, 30(2), 207-241. https://doi.org/10.1016/j.cedpsych.2004.08.001.

Graham, S., Harris, K. R., & Hebert, M. (2011). It is more than just the message: Presentation effects in
scoring writing. Focus on Exceptional Children, 44(4), 1-12. https://doi.org/10.17161/foec.v44i4.6687.

Graham, S., McKeown, D., Kiuhara, S., & Harris, K. R. (2012). A meta-analysis of writing instruction
for students in the elementary grades. Journal of Educational Psychology, 104(4), 879. https://doi.
org/10.1037/a0029185.

Graham, S., Hebert, M., & Harris, K. R. (2015). Formative assessment and writing: A meta-analysis. The
Elementary School Journal, 115(4), 523—-547. https://doi.org/10.1086/681947.

Graham, S., Kiuhara, S. A., & MacKay, M. (2020). The effects of writing on learning in science, social stud-
ies, and mathematics: A meta-analysis. Review of Educational Research, 90(2), 179-226. https://doi.
org/10.3102/0034654320914744.

Greene, J. A., & Azevedo, R. (2009). A macro-level analysis of SRL processes and their relations to the acqui-
sition of a sophisticated mental model of a complex system. Contemporary Educational Psychology,
34(1), 18-29. https://doi.org/10.1016/j.cedpsych.2008.05.006.

@ Springer


https://doi.org/10.1111/jcal.12801
https://doi.org/10.1111/jcal.12801
https://doi.org/10.3758/BF03193146
https://doi.org/10.1007/s11409-016-9163-9
https://doi.org/10.1016/j.cedpsych.2014.05.004
https://doi.org/10.1016/j.cedpsych.2014.05.004
https://doi.org/10.1016/j.cedpsych.2007.09.001
https://doi.org/10.1016/j.cedpsych.2007.09.001
https://doi.org/10.1080/10573569.2020.1832940
https://doi.org/10.1007/s43494-020-00006-2
https://doi.org/10.1111/ldrp.12257
https://doi.org/10.1111/ldrp.12257
https://doi.org/10.1111/j.1750-8606.2008.00072.x
https://doi.org/10.1037/0022-0663.99.2.297
https://doi.org/10.1037/0022-0663.99.2.297
https://doi.org/10.1016/j.cedpsych.2014.04.002
https://doi.org/10.1016/j.cedpsych.2014.04.002
https://doi.org/10.1017/9781316832134.009
https://doi.org/10.1017/9781316832134.009
https://doi.org/10.1080/00220679809597574
https://doi.org/10.1080/00220679809597574
https://doi.org/10.1016/j.cedpsych.2004.08.001
https://doi.org/10.17161/foec.v44i4.6687
https://doi.org/10.1037/a0029185
https://doi.org/10.1037/a0029185
https://doi.org/10.1086/681947
https://doi.org/10.3102/0034654320914744
https://doi.org/10.3102/0034654320914744
https://doi.org/10.1016/j.cedpsych.2008.05.006

Self-regulated strategy development’s effectiveness: underlying...

Hacker, D. J., Dole, J. A., Ferguson, M., Adamson, S., Roundy, L., & Scarpulla, L. (2015). The short-term
and maintenance effects of self-regulated strategy development in writing for middle school students.
Reading & Writing Quarterly, 31(4), 351-372. https://doi.org/10.1080/10573569.2013.869775.

Harris, K. R., & McKeown, D. (2022). Overcoming barriers and paradigm wars: Powerful evidence-based
writing instruction. Theory into Practice, 1-14. https://doi.org/10.1080/00405841.2022.2107334.

Harris, K. R., Graham, S., & Mason, L. H. (2006). Improving the writing, knowledge, and motivation of
struggling young writers: Effects of self-regulated strategy development with and without peer support.
American Educational Research Journal, 43(2),295-340. https://doi.org/10.3102/00028312043002295.

Harris, K. R., Graham, S., Mason, L., & Friedlander, B. (2008). Powerful writing strategies for all students.
Brookes.

Harris, K. R., Lane, K. L., Driscoll, S. A., Graham, S., Wilson, K., Sandmel, K., Brindle, M., & Schatschnei-
der, C. (2012). Tier 1, teacher-implemented self-regulated strategy development for students with and
without behavioral challenges: A randomized controlled trial. The Elementary School Journal, 113(2),
160-191. https://doi.org/10.1086/667403.

Harris, K. R., Graham, S., & Adkins, M. (2015). Practice-based professional development and self-regulated
strategy development for tier 2, at-risk writers in second grade. Contemporary Educational Psychology,
40, 5-16. https://doi.org/10.1016/j.cedpsych.2014.02.003.

Harris, K. R., Ray, A., Graham, S., & Houston, J. (2019). Answering the challenge: SRSD instruction for
close reading of text to write to persuade with 4th and Sth grade students experiencing writing difficul-
ties. Reading & Writing, 32, 1459-1482. https://doi.org/10.1007/s11145-018-9910-1.

Harris, K. R., Camping, A., & McKeown, D. (2023). A review of research on professional development for
multicomponent strategy-focused writing instruction: Knowledge gained and challenges remaining. In
F. DeSmedt, F. Bouwer, R. Limpo, T., & S. Graham (Eds.), Conceptualizing, designing, implementing,
and evaluating writing interventions. Brill Publishing.

Hayes, A. F. (2017). Introduction to mediation, moderation, and conditional process analysis: A regression-
based approach. Guilford.

Hayes, A. F. (2022). Introduction to Mediation, Moderation, and conditional process analysis. A Regression-
Based Approach.

Hayes, J. R., Flower, L., Schriver, K. A., Stratman, J. F., & Carey, L. (1987). Cognitive processes in revision.
In S. Rosenberg (Ed.), Reading, writing, and language learning (pp. 176-240). Cambridge University
Press.

Kassambara, A. (2020). rstatix: Pipe-friendly framework for basic statistical tests. R package version 0.6. 0.
https://cran.r-project.org/web/packages/rstatix/index.html.

Kellogg, R. T. (2008). Training writing skills: A cognitive developmental perspective. Journal of Writing
Research, 1(1), 1-26. https://doi.org/10.17239/jowr-2008.01.01.1.

Klein, P., Bildfell, A., Dombroski, J. D., Giese, C., Sha, K. W. Y., & Thompson, S. C. (2022). Self-regulation
in early writing strategy instruction. Reading & Writing Quarterly, 38(2), 101-125. https://doi.org/10.
1080/10573569.2021.1919577.

Li, T., Fan, Y., Tan, Y., Wang, Y., Singh, S., Li, X., Rakovi¢, M., van der Graaf, J., Lim, L., Yang, B., Mole-
naar, l., Bannert, M., Moore, J., Swiecki, Z., Tsai, Y-S., Shaffer, D. W., & Gasevi¢, D. (2023). Analyt-
ics of self-regulated learning scaffolding: Effects on learning processes. Frontiers in Psychology, 14,
1206696. https://doi.org/10.3389/fpsyg.2023.1206696.

Lim, L., Bannert, M., van der Graaf, J., Molenaar, 1., Fan, Y., Kilgour, J., Moore, J., & Gasevi¢, D. (2021).
Temporal assessment of self-regulated learning by mining students’ think-aloud protocols. Frontiers in
Psychology, 12, 749749. https://doi.org/10.3389/fpsyg.2021.749749.

Lim, L., Bannert, M., van der Graaf, J., Singh, S., Fan, Y., Surendrannair, S., Rakovi¢, M., Molenaar, 1.,
Moore, J., & Gasevi¢, D. (2023). Effects of real-time analytics-based personalized scaffolds on stu-
dents’ self-regulated learning. Computers in Human Behavior, 139, 107547. https://doi.org/10.1016/].
chb.2022.107547.

Limpo, T., & Alves, R. A. (2014). Implicit theories of writing and their impact on students’ response to a
SRSD intervention. British Journal of Educational Psychology, 84(4), 571-590. https://doi.org/10.1111/
bjep.12042

Limpo, T., & Alves, R. A. (2018). Tailoring multicomponent writing interventions: Effects of coupling self-
regulation and transcription training. Journal of Learning Disabilities, 51(4), 381-398. https://doi.
org/10.1177/0022219417708170.

McCutchen, D. (1996). A capacity theory of writing: Working memory in composition. Educational Psychol-
ogy Review, 8(3), 299-325. https://doi.org/10.1007/BF01464076.

McKeown, D., Kimball, K., & Ledford, J. (2015). Effects of asynchronous audio feedback on the story revi-
sion practices of students with emotional/behavioral disorders. Education and Treatment of Children,
541-564. https://doi.org/10.1353/etc.2015.0020.

@ Springer


https://doi.org/10.1080/10573569.2013.869775
https://doi.org/10.1080/00405841.2022.2107334
https://doi.org/10.3102/00028312043002295
https://doi.org/10.1086/667403
https://doi.org/10.1016/j.cedpsych.2014.02.003
https://doi.org/10.1007/s11145-018-9910-1
https://cran.r-project.org/web/packages/rstatix/index.html
https://doi.org/10.17239/jowr-2008.01.01.1
https://doi.org/10.1080/10573569.2021.1919577
https://doi.org/10.1080/10573569.2021.1919577
https://doi.org/10.3389/fpsyg.2023.1206696
https://doi.org/10.3389/fpsyg.2021.749749
https://doi.org/10.1016/j.chb.2022.107547
https://doi.org/10.1016/j.chb.2022.107547
https://doi.org/10.1111/bjep.12042
https://doi.org/10.1111/bjep.12042
https://doi.org/10.1177/0022219417708170
https://doi.org/10.1177/0022219417708170
https://doi.org/10.1007/BF01464076
https://doi.org/10.1353/etc.2015.0020

J. Fernandez, J. Guilbert

McKeown, D., Brindle, M., Harris, K. R., Graham, S., Collins, A. A., & Brown, M. (2016). Illuminating
growth and struggles using mixed methods: Practice-based professional development and coach-
ing for differentiating SRSD instruction in writing. Reading and Writing, 29, 1105-1140. https://doi.
org/10.1007/s11145-016-9627-y.

McKeown, D., Brindle, M., Harris, K. R., Sandmel, K., Steinbrecher, T. D., Graham, S., Lane, K. L., & Oakes,
W. P. (2019a). Teachers’ voices: Perceptions of effective professional development and classwide imple-
mentation of self-regulated strategy development in writing. American Educational Research Journal,
56(3), 753—791. https://doi.org/10.3102/0002831218804146.

McKeown, D., FitzPatrick, E., Brown, M., Brindle, M., Owens, J., & Hendrick, R. (2019b). Urban teachers’
implementation of SRSD for persuasive writing following practice-based professional development:
Positive effects mediated by compromised fidelity. Reading and Writing, 32, 1483—-1506. https://doi.
org/10.1007/s11145-018-9864-3.

McKeown, D., FitzPatrick, E., Ennis, R., & Potter, A. (2020). Writing is revising: Improving student persua-
sive writing through individualized asynchronous audio feedback. Education and Treatment of Chil-
dren, 43, 35-48. https://doi.org/10.1007/s43494-020-00004-4.

McKeown, D., FitzPatrick, E., Ennis, R. P., & Sanders, S. (2021). Self-regulated Strategy Development: A
framework for effective instruction across the content areas. Learning Disabilities Research & Practice,
36(3), 184-187. https://doi.org/10.1111/1drp.12256.

McKeown, D., Wijekumar, K., Owens, J., Harris, K., Graham, S., Lei, P., & FitzPatrick, E. (2023). Profes-
sional development for evidence-based SRSD writing instruction: Elevating fourth grade outcomes.
Contemporary Educational Psychology, 73, 102152. https://doi.org/10.1016/j.cedpsych.2023.102152.

McLean, E. (2022). Writing and writing instruction: An overview of the literature. Australian Education
Research Organisation.

Ministry of National Education and Youth (2022). Circulaire de rentrée 2022, Bulletin official de 1’Education
nationale et de la jeunesse. https://www.education.gouv.fr/bo/22/Hebdo26/MENE2219299C .htm.
Ministry of National Education and Youth (2024). Cycle 3, Francais. Repéres annuels de progressionhttps://

eduscol.education.fr/document/14020/download.

National Center for Education Statistics. (2012). The nation's report card: Writing 2011. U.S. Department
of Education. https://nces.ed.gov/nationsreportcard/pdf/main2011/2012470.pdf Institute of Educational
Sciences.

Olive, T. (2014). Toward a parallel and cascading model of the writing system: A review of research on
writing processes coordination. Journal of Writing Research, 6(2), 173—194. https://doi.org/10.17239/
jowr-2014.06.02.4.

Palmis, S., Danna, J., Velay, J. L., & Longcamp, M. (2017). Motor control of handwriting in the developing
brain: A review. Cognitive Neuropsychology, 34(3—4), 187-204. https://doi.org/10.1080/02643294.20
17.1367654.

Panadero, E., & Lipnevich, A. A. (2022). A review of feedback models and typologies: Towards an integra-
tive model of feedback elements. Educational Research Review, 35, 100416. https://doi.org/10.1016/j.
edurev.2021.100416.

Panadero, E., Jonsson, A., & Botella, J. (2017). Effects of self-assessment on self-regulated learning and
self-efficacy: Four meta-analyses. Educational Research Review, 22, 74-98. https://doi.org/10.1016/].
edurev.2017.08.004.

Persky, H., Daane, M., & Jin, Y. (2003). The nation's report card: Writing. US Department of Education.
https://nces.ed.gov/nationsreportcard/pdf/main2002/2003529.pdf.

Preacher, K. J., & Hayes, A. F. (2004). SPSS and SAS procedures for estimating indirect effects in simple
mediation models. Behavior Research Methods Instruments & Computers, 36(4), 717-731. https://doi.
org/10.3758/BF03206553.

Rakovi¢, M., Winne, P. H., Marzouk, Z., & Chang, D. (2021). Automatic identification of knowledge-trans-
forming content in argument essays developed from multiple sources. Journal of Computer Assisted
Learning, 37(4), 903-924. https://doi.org/10.1111/jcal.12531.

Rakovi¢, M., Igbal, S., Li, T., Fan, Y., Singh, S., Surendrannair, S., Kilour, J., van der Graaf, J., Lim, L.,
Molenaar, 1., Bannert, M., Moore, J., & Gasevi¢, D. (2023). Harnessing the potential of trace data and
linguistic analysis to predict learner performance in a multi-text writing task. Journal of Computer
Assisted Learning, 39(3), 703-718. https://doi.org/10.1111/jcal.12769.

Rakovi¢, M., Fan, Y., Van Der Graaf, J., Singh, S., Kilgour, J., Lim, L., Moore, J., Bannert, M., Molenaar, 1.,
& Gasevic, D. (2022, March). Using learner trace data to understand metacognitive processes in writing
from multiple sources. In LAK22: 12th International Learning Analytics and Knowledge Conference
(pp. 130-141).

Rocha, R. S., Castro, S. L., & Limpo, T. (2022). The role of transcription and executive functions in writing:
A longitudinal study in the transition from primary to intermediate grades. Reading and Writing, 35,
1911-1932. https://doi.org/10.1007/s11145-022-10256-8.

@ Springer


https://doi.org/10.1007/s11145-016-9627-y
https://doi.org/10.1007/s11145-016-9627-y
https://doi.org/10.3102/0002831218804146
https://doi.org/10.1007/s11145-018-9864-3
https://doi.org/10.1007/s11145-018-9864-3
https://doi.org/10.1007/s43494-020-00004-4
https://doi.org/10.1111/ldrp.12256
https://doi.org/10.1016/j.cedpsych.2023.102152
https://www.education.gouv.fr/bo/22/Hebdo26/MENE2219299C.htm
https://eduscol.education.fr/document/14020/
https://eduscol.education.fr/document/14020/
https://nces.ed.gov/nationsreportcard/pdf/main2011/2012470.pdf
https://doi.org/10.17239/jowr-2014.06.02.4
https://doi.org/10.17239/jowr-2014.06.02.4
https://doi.org/10.1080/02643294.2017.1367654
https://doi.org/10.1080/02643294.2017.1367654
https://doi.org/10.1016/j.edurev.2021.100416
https://doi.org/10.1016/j.edurev.2021.100416
https://doi.org/10.1016/j.edurev.2017.08.004
https://doi.org/10.1016/j.edurev.2017.08.004
https://nces.ed.gov/nationsreportcard/pdf/main2002/2003529.pdf
https://doi.org/10.3758/BF03206553
https://doi.org/10.3758/BF03206553
https://doi.org/10.1111/jcal.12531
https://doi.org/10.1111/jcal.12769
https://doi.org/10.1007/s11145-022-10256-8

Self-regulated strategy development’s effectiveness: underlying...

Rocha, R. S., Soeiro, 1., Magalhaes, S., Castro, S. L., & Limpo, T. (2023). Effects of SRSD writing interven-
tions in grade 3: Examining the added value of attention vs. transcription training components. Reading
and Writing, 1-31. https://doi.org/10.1007/s11145-023-10455-x.

Rodriguez-Malaga, L., Cueli, M., & Rodriguez, C. (2021). Exploring the effects of strategy-focused instruc-
tion in writing skills of 4 TH grade students. Metacognition and Learning, 16, 179-205.

Roussey, J. Y., & Piolat, A. (1991). Stratégies expertes de controle rédactionnel et définition du but. Repéres
Recherches en Didactique Du Frangais Langue Maternelle, 4(1), 79-91. https://doi.org/10.3406/
reper.1991.2036.

Ruffini, C., Osmani, F., Martini, C., Giera, W. K., & Pecini, C. (2024). The relationship between executive
functions and writing in children: A systematic review. Child Neuropsychology, 30(1), 105—-163. https://
doi.org/10.1080/09297049.2023.2170998.

Saddler, B., & Graham, S. (2007). The relationship between writing knowledge and writing performance
among more and less skilled writers. Reading & Writing Quarterly, 23(3), 231-247. https://doi.
org/10.1080/10573560701277575.

Salahu-Din, D., Persky, H., & Miller, J. (2008). The nation's report card [TM]: Writing 2007. National
assessment of educational progress at Grades 8 and 12. National, state, and trial urban district results.
NCES 2008—468. National Center for Education Statistics. https://nces.ed.gov/nationsreportcard/pdf/
main2007/2008468 _1.pdf.

Salas, N., Birello, M., & Ribas, T. (2021). Effectiveness of an SRSD writing intervention for low-and high-
SES children. Reading and Writing, 34(7), 1653—1680. https://doi.org/10.1007/s11145-020-10103-8.

Scher, L., Kisker, E., & Dynarski, M. (2015). Designing and conducting strong quasi-experiments in Educa-
tion. Version 2. Decision Information Resources, Inc.

Schleinschok, K., Eitel, A., & Scheiter, K. (2017). Do drawing tasks improve monitoring and con-
trol during learning from text? Learning and Instruction, 51, 10-25. https://doi.org/10.1016/j.
learninstruc.2017.02.002.

Skar, G. B., Graham, S., & Rijlaarsdam, G. (2022). Formative writing assessment for change—introduction to
the special issue. Assessment in Education: Principles Policy & Practice, 29(2), 121-126. https://doi.
org/10.1080/0969594X.2022.2089488.

State of Texas Assessments of Academic Readiness (2017). STAAR.

Stuart, E. A. (2010). Matching methods for causal inference: A review and a look forward. Statistical Sci-
ence: A Review Journal of the Institute of Mathematical Statistics, 25(1), 1.

Thoemmes, F. (2012). Propensity score matching in SPSS. arXiv. 1201.6385.

Thomas, D. P. (2020). Rapid decline and gender disparities in the NAPLAN writing data. The Australian
Educational Researcher, 47(5), 777-796. https://doi.org/10.1007/s13384-019-00366-8.

Torrance, M., Fidalgo, R., & Garcia, J. N. (2007). The teachability and effectiveness of cognitive self-
regulation in sixth-grade writers. Learning and Instruction, 17(3), 265-285. https://doi.org/10.1016/j.
learninstruc.2007.02.003.

van der Graaf, J., Rakovi¢, M., Fan, Y., Lim, L., Singh, S., Bannert, M., Gasevi¢, D., & Molenaar, 1. (2023).
How to design and evaluate personalized scaffolds for self-regulated learning. Metacognition and
Learning, 1-28. https://doi.org/10.1007/s11409-023-09361-y.

Wechsler, D. (2008). Wechsler Adult Intelligence Scale - Fourth Edition. Pearson.

What Works Clearinghouse (2022). What Works Clearinghouse procedures and standards handbook, ver-
sion 5.0 U.S. Department of Education, Institute of Education Sciences, National Center for Education
Evaluation and Regional Assistance (NCEE). https://ies.ed.gov/ncee/wwc/Handbooks.

Wickham, H. (2016). ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New York. ISBN 978-3-
319-24277-4. https://ggplot2.tidyverse.org.

Zimmerman, B. J., & Risemberg, R. (1997). Becoming a self-regulated writer: A social cognitive perspective.
Contemporary Educational Psychology, 22(1), 73—-101.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://doi.org/10.1007/s11145-023-10455-x
https://doi.org/10.3406/reper.1991.2036
https://doi.org/10.3406/reper.1991.2036
https://doi.org/10.1080/09297049.2023.2170998
https://doi.org/10.1080/09297049.2023.2170998
https://doi.org/10.1080/10573560701277575
https://doi.org/10.1080/10573560701277575
https://nces.ed.gov/nationsreportcard/pdf/main2007/2008468_1.pdf
https://nces.ed.gov/nationsreportcard/pdf/main2007/2008468_1.pdf
https://doi.org/10.1007/s11145-020-10103-8
https://doi.org/10.1016/j.learninstruc.2017.02.002
https://doi.org/10.1016/j.learninstruc.2017.02.002
https://doi.org/10.1080/0969594X.2022.2089488
https://doi.org/10.1080/0969594X.2022.2089488
https://doi.org/10.1007/s13384-019-00366-8
https://doi.org/10.1016/j.learninstruc.2007.02.003
https://doi.org/10.1016/j.learninstruc.2007.02.003
https://doi.org/10.1007/s11409-023-09361-y
https://ies.ed.gov/ncee/wwc/Handbooks
https://ggplot2.tidyverse.org

	﻿Self-regulated strategy development’s effectiveness: underlying cognitive and metacognitive mechanisms
	﻿Abstract
	﻿Introduction
	﻿French students’ writing skills
	﻿Writing: a demanding self-regulated task to master
	﻿Explicit writing strategy instruction: benefits and unresolved questions
	﻿Do SRSD interventions impact monitoring accuracy?
	﻿Do SRSD interventions really develop students’ planning strategies?
	﻿Is the use of planning strategies really behind the SRSD intervention’s positive effects?
	﻿Are there factors that moderate the SRSD intervention’s effectiveness?

	﻿The present study
	﻿Research questions and hypotheses
	﻿Methods
	﻿Participants
	﻿Measures
	﻿Writing Task
	﻿Text quality: teachers’ assessment
	﻿Text quality: students’ self-assessment
	﻿Planning measures: time on task, number of words, ideas, and story parts
	﻿Story measures: time on task, number of words, ideas, and story parts
	﻿Handwriting
	﻿Writing motivation and self-efficacy for writing
	﻿Working memory
	﻿SRSD intervention


	﻿SRSD implementation fidelity
	﻿Writing instruction in the business-as-usual condition
	﻿Procedure
	﻿Data analysis
	﻿Analysis of SRSD’s impact on planning and writing data

	﻿Analysis of SRSD’s impact on monitoring accuracy
	﻿Analysis to identify factors that mediate and moderate the SRSD intervention’s effects
	﻿Results
	﻿Can the SRSD intervention enable French students to write higher-quality stories than those written by students who receive regular writing instruction?
	﻿Does the SRSD intervention impact monitoring accuracy?
	﻿Does the SRSD intervention enable students to use more developed writing strategies to write texts that are longer and better-structured than those written by students who receive regular writing instruction?
	﻿Is the use of planning strategies behind the positive effects of the SRSD intervention?
	﻿Building of principal components for the mediation analysis


	﻿Mediation analysis
	﻿Are there cognitive or motivational factors that moderate the SRSD intervention’s effectiveness?
	﻿Discussion
	﻿Effectiveness of a French version of the SRSD intervention
	﻿SRSD’s effect on monitoring accuracy
	﻿Mechanisms behind SRSD effectiveness: successful development of writing skills
	﻿Factors moderating SRSD effectiveness
	﻿Optimizing SRSD efficacy: research and practice perspectives
	﻿Implementing SRSD within the framework of the response to the intervention model
	﻿Adaptive scaffolds to support the guided and autonomous phase of the SRSD intervention
	﻿Formative feedback
	﻿Adaptive prompting
	﻿Prerequisites for prompting efficiency on planning skills


	﻿Limitations
	﻿Conclusion
	﻿References


