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Executive function refers to a set of cognitive processes essential for effectively
managing complex tasks and enabling goal-directed behavior. Working memory
(WM), one of the core executive functions, is the ability to temporarily hold
and manipulate information. It plays an important role in various cognitive
tasks and learning processes, with WM difficulties greatly affecting students’
academic performance and overall learning. Despite clinical efforts to improve
WM in primary school children, results have been inconsistent. Second-
generation research has shifted focus to the role of environmental factors,
such as teacher-student interactions (TSls), as a means to better support
students” WM. Based on the Teaching through interactions framework, TSls
are categorized into three domains: instructional support, emotional support,
and classroom organization. This study protocol aims to (1) elucidate the
theoretical foundations of each type of support and its relationship to
WM, (2) provide a comprehensive overview of the intervention procedure,
with a specific focus on its development, and (3) lay the groundwork for
four microtrials to explore the immediate effects of instructional support,
emotional support, and classroom organization provided by the teacher,
on student’s WM-related problematic behaviors and performance, compared
to a teaching-as-usual (TAU) control group. Each intervention includes a
coaching session followed by a 4-week implementation period, during which
five high-potential strategies focused on one type of support are applied at
the classroom level. To achieve this, 168 teachers, together with students
(aged 6-12, exhibiting WM-related problematic behaviors) and parents will
be recruited to participate in the study. After the pre-tests, the participants
will be randomly assigned to one of three experimental groups or the
TAU group. Post-tests will be conducted after intervention implementation.
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The findings are expected to enhance theoretical understanding of effective
WM intervention components and contribute to the development of targeted
strategies to strengthen WM in educational settings.
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classroom intervention, microtrials, study protocol, working memory, executive
functions, teacher-student interactions, primary school

1 Introduction

As children advance through various developmental stages,
the development and maturation of executive function (EF) plays
a crucial role in shaping their ability to navigate the complex
demands of their environment. EF encompasses a set of cognitive
processes that support goal-driven behavior, especially in novel
and complex situations (Huizinga et al, 2006). It comprises
three core executive functions (EFs)—working memory (WM),
inhibition, and cognitive flexibility—which form the foundation
for higher-order EFs, including planning and organizing, problem-
solving skills, and goal-setting (Diamond, 2013). Extensive research
demonstrates the essential role of these cognitive processes
in children’s learning and academic performance, particularly
influencing skills in areas such as mathematics and literacy
(Huizinga et al., 2018; Spiegel et al., 2021; Vandenbroucke et al.,
2017b; for a review and meta-analysis, see Cortés Pascual et al,
2019).

By fostering robust EF, children acquire the cognitive
skills necessary to navigate academic challenges more effectively
(Diamond, 2013). Conversely, EF difficulties can result in
academic delays and social developmental difficulties, including
both internalizing and externalizing behaviors (Morgan et al,
2019; Riggs et al., 2003). Additionally, EF challenges are often
associated with patterns observed in attention-deficit/hyperactivity
disorder (ADHD; Barkley, 2015), autism spectrum disorder (ASD;
Demetriou et al., 2018), and specific learning disabilities (SLD;
Capodieci et al, 2023). Given the significant role of EF in
children’s overall development, providing tailored support and
early intervention is essential to adequately address children’s
needs. Research shows that EF can be improved through targeted
training interventions (Diamond and Ling, 2020). However, despite
efforts to develop effective interventions, clinical approaches
failed to consistently demonstrate the desired transfer effects and
sustained efficacy (Schwaighofer et al., 2015; Zelazo et al., 20165
for meta-analyses, see Diamond and Ling, 2016; Melby-Lervig and
Hulme, 2013; Powers et al., 2013; Sala and Gobet, 2020; Verburgh
et al., 2014).

Within second-generation intervention studies, there is
increasing support for interventions integrated into real-life
academic contexts (Mattera et al., 2021). Such classroom-based
interventions show promise in fostering EF by combining direct
training alongside teacher support, particularly through positive
(TSIs).
to-medium correlations between TSIs and EF emphasizing
the importance of positive interactions and a supportive

teacher-student interactions Research shows small-

classroom environment (for meta-analyses on associations,
see Vandenbroucke et al., 2018a; Xu et al., 2024; for a systematic
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review on causal studies, see Sankalaite et al., 2021). However, given
the rather recent shift in focus, research on TSIs and its effect on
EFs is limited, therefore, warranting further research. This paper
represents a preliminary effort to elucidate potential theoretical
mechanisms at play concerning WM, derive TSI strategies based
on these mechanisms, and test the effectiveness of TSI strategies in
reducing WM problems.

1.1 Working memory development

WM is a cognitive ability to temporarily store and manipulate
limited information, enabling real-time processing (Baddeley,
1986; Cowan, 2005). WM can be prioritized over other EFs in
interventions for several reasons. First, it is the strongest predictor
of academic achievement among EFs, supporting fundamental
skills such as mathematics, reading, and spelling (Alloway and
Alloway, 2010; Gathercole and Alloway, 2008; Peng et al., 2016,
2018; Vandenbroucke et al., 2017b; for a review and meta-analysis,
see Cortés Pascual et al., 2019). Research consistently indicates
that students with higher WM capacity typically demonstrate
greater proficiency in managing complex academic tasks. This
is particularly important for children from low socio-economic
backgrounds, who often have poorer WM compared to their peers
from higher socio-economic backgrounds (Chevalere et al., 2022;
Peng and Kievit, 2020). Second, WM is one of the first EFs to
develop (Best and Miller, 2010), with substantial growth between
ages 6 and 12 and continuing into late adolescence (Carriedo et al.,
2016; Diamond, 2013), offering a critical window for improvement
through educational interventions (Constantinidis and Klingberg,
2016; Zelazo and Carlson, 2020). Third, WM is highly sensitive
to environmental manipulation, especially through TSIs, showing
small-to-medium effects compared to small and null effects for
inhibition and cognitive flexibility, respectively (Vandenbroucke
et al., 2018a). Finally, WM supports inhibition (Diamond, 2013;
Kattner, 2021; Nyberg et al., 2009), cognitive flexibility (Blackwell
et al,, 2009), and higher order EFs such as planning and reasoning
(Diamond and Ling, 2016; Ferguson et al, 2021). While some
disagree (Barkley, 1997; Van Stockum and DeCaro, 2020), focusing
on WM in interventions may yield the most significant cognitive
benefits for children, optimizing resource allocation for maximum
impact.

Regarding WM development, the Multicomponent Working
Memory Model (Baddeley, 2010, 2012) is widely used in research
to explain the different mechanisms of WM. It divides WM
into three subcomponents: the phonological loop, responsible
for storing and rehearsing auditory information; the visuospatial
sketchpad, handling visual and spatial information; and the central
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executive, which directs cognitive processes, manages information
flow, allocates attention, and integrates information from the other
two subsystems. A fourth component, the episodic buffer, was later
introduced to address the integration of WM subsystems with
long-term memory (Baddeley, 2000; Baddeley et al., 2011).

In contrast, Cowan’s Embedded-Process Model (Cowan, 1999)
offers an alternative view, focusing on general information
processing rather than modular subsystems. This model includes
four components: the central executive, long-term memory,
activated memory, and the focus of attention. Unlike Baddeley’s
model, Cowan’s model does not separate phonological and
visuospatial information but treats them as integrated aspects of
WM (Adams et al., 2018). Both models acknowledge the limited
capacity of WM, its interaction with long-term memory, and
incorporate a central executive that acts as a supervisory system.

This study adheres to Baddeley’s definition of WM, a
predominant perspective in the field, while simultaneously taking
into account the foundational principles from Cowan’s Embedded-
Process Theory. Specifically, children’s WM difficulties will be
assessed using two complementary methods: performance-based
tests to measure visual and verbal WM (Baddeley’s model) in a
controlled setting, and behavior ratings to capture WM challenges
in daily life, reflecting Cowan’s view of WM as an active, context-
dependent construct.

The brain regions primarily involved in WM include the
(dorso-lateral) prefrontal cortex, parietal cortex, and basal-ganglia
(Tamnes et al., 2013; Ullman et al., 2014). Biological maturation
supports the development of these brain regions through processes
like cortical thinning, myelination, and synaptic pruning, leading
to more efficient information processing (Kolk and Rakic, 2022;
Korzeniowski et al., 2021; Zhong et al, 2014). WM develops
gradually, beginning around 9 months of age and improving
steadily from 4 years through early adolescence (Best and Miller,
2010; Diamond, 2013; Gathercole et al, 2004). This steady
progression is driven by the repeated use and practice of WM,
along with stimulation from external factors, including the school
environment.

Primary school education plays a crucial role in the
development of WM by providing structured academic tasks
and clear expectations, along with formal instruction. This
stage often marks the onset of WM-related challenges, creating
valuable opportunities for effective interventions. Specifically,
direct manipulation, such as guided instruction, task repetition,
and gradually increasing task difficulty, can significantly support
WM development. For instance, a study demonstrated that
first graders who received structured instruction showed greater
WM improvement compared to peers who delayed school entry
(Davidson et al., 2023; Roberts et al.,, 2016). Researchers attribute
this improvement to the frequent repetition of lesson content, often
referred to as “rote learning” (Mayer, 2002). Several longitudinal
studies have identified a bidirectional association between the
repetition of increasingly challenging exercises and improved WM
capacity (Holmes et al., 2009; ten Braak et al., 2021).

1.2 Working memory interventions

Given the significance of WM and its impact on children’s
cognitive development, targeted interventions to strengthen
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these skills are essential, especially for children with WM
difficulties. Initially, research on supporting children’s WM through
interventions was centered on interventions taking place in a
clinical setting (aside from the direct practice of EF through
repetition), including computer-based training programs like
Cogmed (Klingberg et al., 2005; Melby-Lervdg and Hulme, 2013).
These programs are designed to improve WM by engaging children
in progressively challenging WM tasks. While some interventions
have shown small-to-medium effects on WM (Smithers et al,
2018), numerous studies have failed to observe such improvements
(for a review, see Melby-Lervig et al., 2016; Ripp et al., 2022).
Improvements tend to occur primarily in tasks that closely
resemble the training tasks (i.e., “near-transfer effects”) (Hampshire
et al, 2019; Melby-Lervag et al., 2016). However, achieving
“far-transfer effects,” where the benefits of the intervention
extend to different skills and contexts, remains challenging, with
improvements often not sustained (Diamond and Ling, 2020;
Melby-Lervag and Hulme, 2013; Randall and Tyldesley, 2016;
Rodas et al., 2024; Sala and Gobet, 2017).

These findings prompted a shift toward school-based
interventions tailored to the school environment (i.e., classroom-
based interventions), where WM is consistently engaged (Mattera
et al.,, 2021; Rowe et al., 2019; Smid et al., 2020). School-based
approaches to supporting WM generally fall into two categories:
direct approaches and indirect approaches (Dorr and Perels,
2020). Direct approaches involve training through progressively
challenging repetitive exercises (Zelazo et al., 2016), which are
integrated into subjects like math to stimulate WM. In contrast,
indirect approaches create an environment that fosters the
development of WM without directly targeting it. Teachers can
thus significantly contribute to supporting students WM by
fostering an enriching and supportive learning environment. The
current focus in research lies predominantly in examining the
influence of the school, classroom environment, and the role of the
teacher in addressing students’ WM challenges (Sankalaite et al.,
2021; Vandenbroucke et al., 2017a).

1.3 Working memory and
teacher-student interactions

Teachers can interact with their students on two levels:
the dyadic level (i.e., teacher-student relationship; TSR) and
the classroom level (ie., TSI). TSR, grounded in Attachment
Theory (Bowlby, 1969), is commonly defined through three
dimensions: closeness, conflict, and dependency (Hamre and
Pianta, 2001). Closeness represents the extent of openness, warmth,
and security in the relationship; conflict indicates disagreements
and misunderstandings; and dependency refers to an inappropriate
level of overreliance or possessiveness by the child (Verschueren
and Koomen, 2012). TSR significantly affects a range of student
outcomes, such as internalizing and externalizing behaviors, school
dropout, and academic performance (for a systematic review, see
Garcia-Rodriguez et al., 2023). While low-quality TSR has been
shown to negatively affect WM (de Wilde et al., 2015; Graziano
et al,, 2016), high-quality TSR is recognized as a protective factor
for its development (Vandenbroucke et al., 2018b). Xu et al. (2024)
further found that TSR had a stronger impact on EF than TSI,
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highlighting its importance in supporting these functions. Some
studies have even found that the quality of TSR is essential for
children to fully benefit from classroom-level support (Crosnoe
etal, 2010; Liu et al., 2023; Nguyen et al., 2020).

The importance of TSR in supporting student outcomes is well-
documented and highlights the general value of teacher support.
However, given the pressing need for efficient interventions
targeting EF/WM, recent research has shifted its focus toward
exploring TSIs at the classroom level (Sankalaite et al., 2021;
Vandenbroucke et al., 2018a). Unlike TSR, which would require
individualized, one-on-one interventions, TSI takes place at the
classroom-level, allowing teachers to efficiently allocate resources
to meet the needs of a larger group of children struggling with
WM. A key contribution to understanding TSI is the teaching
through interactions (TTI) framework by Hamre and Pianta
(2007), which highlights TSI as a central driver of student learning
and emphasizes the significant role teachers play in shaping
students’ cognitive development. The TTI framework is organized
around three broad dimensions: instructional support, emotional
support, and classroom organization (in what follows referred to
as “organizational support”). The correlational (and sometimes
causal) relationship between TSIs and EF (Sankalaite et al., 2021;
Xu et al., 2024), especially in the context of WM, is supported by
various theories. The primary theoretical frameworks, along with
those highlighted within the TTI framework (Downer et al., 20105
Hamre et al., 2013), will be discussed in more detail further, as well
as potential cross-domain connections among them.

1.3.1 Instructional support

Instructional support involves teachers using strategies to
promote higher-order thinking by engaging students in cognitively
stimulating activities, such as asking open-ended questions,
providing feedback, and encouraging advanced language use
(Hamre et al., 2013; Vandenbroucke et al., 2018a). The main idea
is the distinction between memorizing information and acquiring
“usable knowledge,” which involves understanding how pieces of
information interconnect and depend on one another (Hamre
et al., 2013; Mayer, 2002). Research shows instructional support
has a significant impact on EF, with Xu et al. (2024) finding a
significant medium effect, Hamre et al. (2014) linking higher quality
instructional support to improved WM performance, and Howes
et al. (2008) identifying it as a predictor of academic functioning.
Two key theories explain the effectiveness of instructional support:
Vygotsky’s Socio-Cultural Theory (1987) (i.e., scaffolding) and
Bandura’s Social Learning Theory (1971) (i.e., learning through
imitation).

Vygotsky’s (1987)
scaffolding, a pedagogical approach that involves providing

Socio-Cultural ~ Theory introduces
temporary support, and gradually reducing this support as the
learner becomes more proficient and independent. A key element
is the Zone of Proximal Development (ZPD), where teachers
offer tailored support to guide students beyond their current
abilities. As students progress, the support is reduced, transferring
responsibility back to them (van de Pol et al, 2010). When
teachers tailor their support to match students’ abilities, they allow
students to gradually master complex tasks without becoming
overwhelmed. As such, it also has a lesser, yet relevant, connection
to the Cognitive Load Theory (see section on organizational
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support), as scaffolding can help prevent overloading WM (Jaeger
et al,, 2017; Sankalaite et al., 2023; van Nooijen et al., 2024).

Socio-Cultural Theory (1987) highlights the social context of
learning, while Social Learning Theory (1971) focuses on how
social interactions, such as observing and imitating role models
like parents and teachers, facilitate learning. These interactions
can support the limited capacity of WM, helping students
efficiently integrate and apply lesson content before presenting
something new (Rosenshine, 2012). In other words, when teachers
demonstrate effective strategies for managing information, students
can observe, imitate and apply these strategies, which enhances
their understanding of the lesson content and aids their ability to
absorb it fully. However, whether imitation occurs or not, depends
on four factors: attention, retention, motoric reproduction and
reinforcement/motivation (Bandura, 1971). In the context of WM,
attention and retention are critical factors for effectively processing
and retaining new information.

Both theories emphasize the role of language in children’s
cognitive development. Vygotsky (1987) sees language as essential
for higher-order thinking, with interactions in the ZPD helping
children to articulate thoughts and grasp complex ideas. Bandura
(1971) suggests that social interactions, particularly with teachers
as language models, influence language acquisition. By using
scaffolding, modeling, and language stimulation, teachers thus
engage students WM, making learning more efficient and
manageable.

1.3.2 Emotional support

By offering emotional support, teachers create a safe and
supportive classroom climate that fosters students’ social and
emotional functioning, contributing to a conducive learning
environment where students feel valued, respected, and
emotionally secure (Hamre and Pianta, 2005). Key features
include fostering positive interactions, cultivating a constructive
classroom climate, and acknowledging students’ unique needs.
A recent meta-analysis by Xu et al. (2024) shows a significant
medium effect of emotional support on EF. It also significantly
contributes to students’ level of engagement, motivation, and
academic performance (Ponitz et al., 2009; Roorda et al., 2011;
Sankalaite et al., 2023). There are two main theories underlying
this type of support: Attachment Theory (Ainsworth et al., 1978;
Bowlby, 1969) and Self-Determination Theory (Ryan and Deci,
2000).

Bowlby’s Attachment Theory (Bowlby, 1969, 1982) posits that
children naturally seek affectionate bonds with primary caregivers,
including teachers who, as secondary attachment figures, play a
particularly crucial role for young, vulnerable children and those
with limited EF skills (Ainsworth et al., 1978; Bowlby, 1969; Garcia-
Rodriguez et al., 2023; Longobardi et al., 2024; Verschueren and
Koomen, 2012; Zajac and Kobak, 2006). Emotional support from
teachers improves WM by providing a secure base and a safe haven
to encourage exploration and co-regulate emotions during distress,
thereby helping children tackle new challenges, reduce stress,
and free up cognitive resources (Ainsworth and Bowlby, 1991;
Nordling et al., 2016; Vandenbroucke et al., 2017a). Emotional
support is also relevant to Cognitive Load Theory, as well-being
can influence cognitive load (for a review, see Hawthorne et al,
2019). Although Attachment Theory mainly focuses on dyadic
relationships between a child and its caregiver, it can be applied
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to the classroom level as well (Birch and Ladd, 1998; Hamre
and Pianta, 2001). Furthermore, it can be linked to the Self-
Determination Theory (Ryan and Deci, 2000) through their shared
emphasis on positive human connectedness.

According to the Self-Determination Theory, all humans
require three fundamental psychological needs: competence,
autonomy and relatedness (Ryan and Deci, 2000). Competence
refers to feeling capable of achieving goals; autonomy is the sense
of being in control over one’s actions; and relatedness is the
feeling of being connected with others (Ryan and Deci, 2017).
Previous research has shown that providing emotional support
strengthens the three basic needs, thereby boosting children’s
intrinsic motivation (Reeve, 2012; Ruzek et al., 2016), while also
improving WM-related behaviors. For example, Sankalaite et al.
(2023) found that granting students autonomy in their learning
exposes them to opportunities to further develop their WM
skills. This finding is supported by earlier research, showing a
link between autonomy and student engagement (Ruzek et al,
2016). Moreover, WM has shown to be a mediating factor
in the association between intrinsic motivation and academic
performance (Pascoe et al., 2018). According to Shenhav et al.
(2017), increased motivation may enhance the allocation of limited
cognitive resources, suggesting that when students are more
intrinsically motivated, they are better able to focus their cognitive
efforts on the task, thereby maximizing WM efficiency.

1.3.3 Organizational support

Organizational support involves teachers creating a structured
environment to help children navigate activities efficiently, and
proactively managing the classroom (Pianta et al., 2012). It includes
managing behavior, time, and attention, and features organized
routines and varied teaching methods (Emmer and Stough, 2001;
Pianta et al., 2012). Research has demonstrated a significant
association between organizational support and EF (Raver et al,
2009; Rimm-Kaufman et al., 2009; Ursache et al., 2011; Xu et al.,
2024). Students in classrooms with higher levels of organizational
support are more engaged and spend less time off-task, leading to
increased learning opportunities. Cognitive Load Theory (Sweller,
2011) and Instrumental Learning Theory (Skinner, 1938) shed light
on the mechanisms underlying the effectiveness of organizational
support.

The Cognitive Load Theory emphasizes that WM is limited
(Cowan, 2001). To prevent overload and optimize learning,
individuals should reduce external load and manage resources
effectively (Sweller, 2011). Sweller (2011) distinguishes three
types of cognitive load: intrinsic cognitive load, which is the
inherent difficulty of the material, extraneous cognitive load, which
includes non-essential demands that reduce WM capacity, and
germane cognitive load, which involves the effort to integrate
new information into long-term memory. Essentially, this theory
suggests that presenting excessive or complex information may
overwhelm students, leaving them with inadequate time to
comprehend and process it, causing cognitive overload. However,
through organizational support (i.e., creating a structured learning
environment), students can free up space in their WM, which
helps them to focus more effectively on understanding the learning
materials, leading to improved learning and academic achievement
(Paas and van Merriénboer, 2020; Sweller, 2011). Furthermore, a
cross-domain connection exists in that a well-structured classroom
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can support children’s basic psychological needs, such as the need
for competence, benefiting not only cognitive load reduction but
also overall student well-being (Ford, 2019).

The Instrumental Learning Theory (Skinner, 1938) suggests
that individuals learn based on the consequences of their actions:
positive outcomes increase the likelihood of behavior repetition,
while negative outcomes decrease it (Thorndike, 1935). Essentially,
individuals modify their behavior through trial and error by linking
their actions to environmental responses. This highlights the role of
teachers in reinforcing or eliminating certain behaviors, (Skinner,
1974), especially those behaviors that disrupt focus and task
engagement in students. By effectively addressing these behaviors,
teachers can increase students’ on-task behavior, optimizing
cognitive resources. Additionally, Park et al. (2023) found that
when WM is overloaded, the ability to associate actions with
their consequences weakens, slowing down the learning process.
To prevent this, teachers can create structured environments that
minimize distractions and encourage positive behaviors, which
can prevent WM overload, ensuring better information processing
(Elliott et al, 2010; Paas et al, 2010). Behavior change can
also be explained through motivational theories, like the Self-
Determination Theory, as children may view their actions as either
fulfilling or failing to meet their needs, influencing their persistence
or avoidance of those behaviors (Hagger et al., 2020).

1.4 Gaps in teacher-student
interactions—working memory
interventions

Building on the previous theoretical discussion, TSI is seen
as instrumental in optimizing and allocating cognitive resources
effectively, with instructional support drawing predominantly on
the Socio-Cultural and Social Learning Theory, emotional support
on Attachment and Self-Determination Theory, and organizational
support on Cognitive Load and Instrumental Learning Theory.
Additionally, potential cross-domain connections may exist
between the three TSI domains and their underlying theories.

While these theories explain the relationship between TSIs
and WM by optimizing classroom conditions in which EF can
thrive, intervention studies on TSIs effectiveness in improving
WM in general are scarce. Moreover, even effective interventions
face notable challenges and limitations. First, previous research
indicates that intensive interventions tend to be most effective
(Diamond and Ling, 2016), yet this contrasts with teachers
already demanding schedules, leaving little room for adjustments
or additional tasks (for a Belgian report on teacher workload,
see Stichting Innovatie and Arbeid, 2024). Additionally, most
interventions typically last between 4 months (Cappella et al,
2012), and a full school year (Colmar et al., 2020; Pianta et al.,
2017; Wolf et al, 2018), further complicating the feasibility
of implementation. Such extended durations demand sustained
commitment and consistency, which can be difficult for teachers
to maintain, especially when room for additional activities is
already limited. As a potential solution to the challenge posed
by extensive training programs, targeted training emerges as a
viable alternative. Kincade et al. (2020) discuss the distinction
between “manualized versus potentially more nimble, customizable
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modular approaches” (p.738), advocating for strategies that are
cost-effective, modular, and easy to implement. Second, variation
in both the implemented intervention strategies and tasks that
are used (e.g., simple tasks that focus on basic skills vs. complex
tasks that requires more advanced cognitive skills), complicates the
comparison of interventions (Diamond, 2013; Morra and Borella,
2015; Pergher et al, 2019). Third, although individual studies
have explored the impact of specific types of support on WM
(e.g., emotional support being positively associated with WM;
Vandenbroucke et al., 2017a), there has yet to be a comprehensive
study comparing the effects of the three types of support on
children’s WM (Sankalaite et al, 2021). Given the scarcity of
studies and uneven focus on different types of support, a direct
comparison of instructional, emotional, and organizational support
can, therefore, provide insights into which approach is most
effective.

2 Current study

To address both the
interventions, the current study aims to (1) identify the most

effectiveness and efficiency of
effective strategies within each support type for alleviating
challenges related to WM and (2) empirically assess the impact of
these strategies on WM through a series of microtrials. Microtrials
are small-scaled randomized experiments that evaluate the impact
of brief, targeted environmental changes. Unlike Randomized
Controlled Trials (RCTs), which aim to achieve full treatment
effects, microtrials focus on identifying whether specific program
elements (i.e., teacher behaviors) contribute to meaningful
changes (Howe et al., 2010), providing a cost-efficient alternative
for participants. Using this design, the study will examine the
immediate effects of instructional, emotional, and organizational
support through three interventions specifically designed to
improve the WM-related problems of primary school children in
Flanders (Belgium).

More specifically, the aim of this study is to determine whether
modifications to TSI strategies improve WM-related behavior
and performance in children with poor WM. To achieve this,
four microtrials will assess the effectiveness of each support
type (instructional, emotional, organizational) on both informant-
reported and performance-based WM, compared to a teaching-as-
usual (TAU) control group.

First, a manipulation check will assess whether there is an
increase in the use of the targeted support type in the experimental
groups (compared to TAU), confirming that teachers effectively
implemented the targeted support strategies. At the same time,
a contamination check will ensure that the use of other types of
support remains unchanged throughout the microtrials, indicating
that teachers do not adopt strategies from other TSI groups.

Second, considering that students’ EF, including WM,
can be improved (Diamond and Ling, 2020), and given the
small-to-medium effect sizes observed between TSIs and WM
(Vandenbroucke et al., 2018a), it is expected that there will be
an immediate change effect (from pre- to post-intervention)
of informant-reported WM and performance based-WM in
the experimental groups, but not in the TAU condition. More
specifically, organizational support is expected to have the largest
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impact on WM, followed by instructional support, with emotional
support having the smallest effect. This is consistent with Xu et al.
(2024), who found the largest effect size for organizational support
(r = 0.136) and smaller effect sizes for instructional (r = 0.079)
and emotional support (r = 0.086). Similarly, the systematic review
conducted by Sankalaite et al. (2021) reported the strongest effects
for organizational support and the weakest for emotional support,
with the latter being regarded as the least WM-specific (Sankalaite
et al., 2023).

Third, it is hypothesized that larger effects will be found in
students demonstrating more problematic WM-related behaviors.
A study by Diamond and Ling (2016) suggests that children with
poorer EF tend to benefit most from interventions that aim to
improve these skills. Although this study focuses on children with
poor WM, variation in scores is anticipated among these students,
indicating that those who exhibit greater WM difficulties are likely
to show the most substantial gains.

Last, the study will explore whether there is a moderation
effect of TSR in the effectiveness of the intervention. Findings from
various studies emphasize that the quality of TSR is essential for
maximizing the effectiveness of support provided at the classroom
level (Crosnoe et al., 2010; Liu et al., 2023; Nguyen et al., 2020).
Accordingly, it is expected that the effectiveness of the classroom-
level intervention will be positively influenced by a strong, positive
relationship between the teacher and student (as indicated by a
high closeness score), and negatively influenced by a relationship
characterized by high levels of conflict and dependency. This aligns
with evidence showing that positive TSR fosters a more supportive
and encouraging learning environment (Liu et al., 2023; Rimm-
Kaufman et al., 2014).

3 Methods

3.1 Participants

Participants will be organized into triads consisting of a primary
school teacher, one of their students exhibiting poor WM, and the
student’s parent. Only teachers from regular primary education
are eligible; those from special education schools are excluded
due to variations in structural factors, such as classroom size and
staff-to-student ratio, and the specialized pre-service training these
teachers have received to support students with special educational
needs. Teachers must work at least half-time in the same classroom
to build a relationship with the student and to ensure sufficient
implementation of the intervention strategies, and have at least 2
years of teaching experience to ensure solid practical knowledge
and confidence. Given the Belgian education system, where part-
time or co-teaching is common, only one teacher per triad will
participate. To minimize potential bias in the data, participation
is limited to no more than five teachers from the same school.
Additionally, to prevent contamination, all teachers within the
same school will be in the same condition (one of the three
experimental groups or the control group). To ensure feasible data
collection, each teacher will participate with one student aged 6-12
(grades 1-6) who exhibits WM-related problematic behaviors (for
definition, see the section on Screening), and only one parent per
student is invited to participate.
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3.2 Procedure

3.2.1 Recruitment and informed consent

To determine the necessary sample size, a power analysis
was conducted (using G*Power 3.1). The analysis, aimed at
detecting main effects and two-way (within-between) interaction
effects in a repeated-measures ANOVA, revealed that a minimum
of 38 teacher-student dyads per condition is required. This
calculation was based on small-to-medium effect sizes (f = 0.15),
a correlation among repeated measures of 0.75, a desired
power of 0.80, and an alpha level of 0.05. To account for an
anticipated attrition rate of 10%, the recruitment target is set
at 168 participants from the Flemish speaking community in
Belgium, organized into 42 dyads per condition, each consisting
of a teacher and a student (including one parent). For the
experimental groups, regular primary schools across Flanders
will be randomly selected for participation by sending invitation
mails to the principals who will be asked to forward it to their
teaching staff. Principals, school counselors (“zorgcoérdinatoren”),
and interested teachers will then be invited to an information
session about the study. After this session, teachers can complete
an online consent form, thereby confirming their participation.
The recruitment of the control group will take place through
an online advertisement that will be posted on social media
(i.e., Facebook). Teachers that sign up, will receive further
information via email.

3.2.2 Screening and selection of students

To identify students with poor WM skills, teachers are
invited to complete the WM subscale of the Behavior Rating
Inventory of Executive Function (BRIEF-2; Gioia et al, 2015;
Huizinga and Smidts, 2020), assessing observable WM-related
behaviors in terms of frequency and severity using a 10-point
Likert scale. Based on these scores, only students exhibiting
at least four problematic WM-related behaviors (i.e., a score
of 5 or higher in both frequency and severity) are considered
for inclusion in the study, as they will benefit most from the
intervention. The scores on the BRIEF-2 WM subscale are
solely used by the teacher to determine a students eligibility
for study participation. After the pre-screening of students,
teachers receive an information letter they can distribute to the
parents of these students. A link to an online consent form
for parents is included in this information letter. After parents
have signed the consent form, they are invited to complete the
adapted BRIEF-2 WM-subscale for validation of the teacher’s
report, allowing for a comprehensive understanding of the
students’ WM-related behaviors across different settings, as these
can vary between school and home environments. Following
this, the teacher-student dyad will be confirmed. If multiple
students from the same classroom sign up for participation,
the student with the highest scores in terms of both frequency
and severity, as perceived by the teacher, will be prioritized. In
the event of identical scores, one student is randomly selected
for participation in the intervention. After student selection,
the teacher-student dyads will be randomly assigned to one
of three experimental groups or control group, using a case-
control matching algorithm that accounts for the students’ age and
gender.
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3.2.3 Data collection
3.2.3.1 Socio-demographic information

Socio-demographic information will be collected from both
teachers and parents using an adaptation of the socio-demographic
questionnaire as constructed by Vandenbroucke et al. (2017a).
The teacher questionnaire includes variables such as gender,
age, teaching experience, classroom size, and their current
position. Parents are asked questions about family type, profession,
education level, ethnicity, and (both general and school-related)
difficulties the child experiences.

3.2.3.2 Working memory

WM will be assessed through multiple methods and
informants. This approach is essential for accurately capturing the
multi-component and dynamic nature of WM (Huizinga et al.,
2018). WM will serve as both primary and secondary outcomes,
enabling an assessment of both the interventions’ overall impact on
WM-related problematic behavior and its specific effects on WM
capacity.

3.2.3.3 Primary outcomes

The primary outcomes (i.e., informant-reported WM) will be
collected using an adapted version of the BRIEF-2 WM subscale
(Gioia et al, 2015; Huizinga and Smidts, 2020). The BRIEF-2
WM is an ecological valid instrument that provides insight into
how students experience and manage challenges, such as those
related to WM, in everyday contexts, reflecting the functional
impact of WM difficulties on learning and behavior. It includes
items such as “Forgets what he/she needs to do when multiple
things are asked,” and “Forgets to hand in homework.” Each
item will be rated on frequency and severity using a 10-point
Likert scale, ranging from 1 (not at all frequent/problematic) to
10 (extremely frequent/problematic). While the BRIEF-2 typically
uses a 3-point Likert scale, ranging from 1 (never) to 3 (often), to
assess the child’s behavior over the past 6 months, the scale has been
modified here by implementing a 10-point Likert scale, allowing for
more variability in responses. Furthermore, the separate frequency
and severity ratings allows the assessment of both the behaviors’
occurrence and intensity. These adjustments are intended to
detect subtle and more nuanced changes in students’ WM-related
behavior throughout the intervention period of 4 weeks.

For teachers in the experimental groups, the intervention
will target the four WM-related behaviors with the highest
frequency and severity scores in the pre-test (i.e., baseline),
with scores verified prior to the intervention’s start. To monitor
progress throughout the intervention, teachers will use the
m-Path application® to reassess these problematic behaviors at the
intervention’s midpoint (i.e., 2 weeks after interventions starts)
and at its conclusion (i.e., after 4 weeks). The total scores at
each timepoint (i.e., baseline, midpoint, end) will be calculated by
summing and averaging the frequency and severity scores for each
of the four behaviors separately.

Additionally, to compare the experimental groups with the
control group, the full 8-item WM subscale of the BRIEF-2 will
be used to evaluate children’s informant-reported WM problems.
Both teachers and parents will complete the questionnaire pre- and

1 www.m-Path.io
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post-intervention. Total scores will be calculated for the teacher and
parent questionnaires by summing and averaging the raw scores
of the frequency and severity subscales separately, with scores
ranging from 1 to 10.

3.2.3.4 Secondary outcomes

More exploratory, students’ performance-based WM will be
evaluated both pre- and post-intervention. Students’ performance-
based WM will be assessed using the Corsi block tapping test (Corsi,
1972) and the Digit Span subtest of the WISC-V (Wechsler, 2014).
The Corsi block tapping test assesses children’s visuospatial WM.
For the microtrial studies, a computerized adaptation of this test
will be used to improve test-retest reliability and standardization
(Brunetti et al., 2014). Moreover, a systematic review by Arce and
McMullen (2021) found no significant performance differences
between physical and digital versions. During the test, children
are presented with a grid of nine blocks arranged randomly on
their screens, with specific blocks lighting up in a predetermined
order. The challenge for children is to remember the sequence
in which these blocks illuminate. Once a “Go” signal appears,
children must click the blocks in the correct order. Each sequence
comprises two items, with immediate feedback provided after each
attempt. The test concludes if errors occur on both items within
the same sequence. As participants progress, the sequences become
progressively longer. The task has two conditions: forward and
backward. The forward condition assesses short-term visuospatial
memory by having the child replicate the sequence in the presented
order. The backward condition tests the ability to manipulate and
rearrange spatial information by recalling the sequence in reverse,
demanding both short-term memory and spatial manipulation
skills. A total raw score of correct answers in both conditions,
as well as the span score (i.e., the longest sequence the child can
reproduce), will be calculated. The Corsi block tapping test has
adequate psychometrics (Berch et al., 1998; Kessels et al., 2000).

The second task administered to the children will be the Digit
Span subtest of the WISC-V (Wechsler, 2014), which measures
children’s verbal WM. During this task, the researcher verbally
presents a series of digits to the child. The child’s objective is
to accurately repeat the digits either in the same order or in
reverse, depending on the specific condition. The test continues
until the child provides incorrect responses for two items of the
same sequence. The scoring method mirrors that of the Corsi block
tapping test, ensuring consistency. The WISC-V; including Digit
Span, has shown adequate reliability and validity, with lambda
values of 0.73, 0.79, and 0.85 for Digit Span forwards, Digit Span
backwards, and Digit Span total, respectively (Wechsler, 2014).

3.2.3.5 Teacher-student relationship

To measure TSR as a moderator of the relationship between
children’s pre- and post-intervention WM scores, both teachers and
students will complete a questionnaire pre- and post-intervention.
Teachers will fill out the Student-Teacher Relationship Scale
(STRS; Koomen et al., 2012; Pianta, 2001), which evaluates three
dimensions of TSR: closeness, conflict, and dependency. This
questionnaire consists of 28 items rated on a 5-point Likert scale,
ranging from 1 (not at all applicable) to 5 (highly applicable).
Examples include “I share an affective, warm relationship with this
child” (closeness), “This child and I always seem to struggle with
each other” (conflict), and “This child reacts strongly when he/she
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cannot be with me” (dependency). Subscale scores are calculated
by summing raw scores for items within each dimension. The
STRS has an excellent reliability and validity (Bernaerts et al., 2015;
Koomen et al., 2007; Pianta, 2001), with Cronbach’s alpha values
of 0.84, 0.91, and 0.80, for closeness, conflict, and dependency,
respectively.

Children, on the other hand, will complete the Child Appraisal
of Relationship with Teacher Scale (CARTS; Frewen et al., 2013;
Vervoort et al, 2015). This questionnaire also assesses three
dimensions: closeness, conflict and dependency. It consists of 16
items, each rated on a 5-point Likert scale, ranging from 1 (no,
always) to 5 (yes, always). Examples include “I have fun with my
teacher” (closeness), “I often argue with my teacher” (conflict),
and “I often ask my teacher for help” (dependency). The scores
for each subscale are calculated by summing the raw scores for
the items within each subscale. The CARTS has demonstrated
strong psychometric properties, with Cronbach’s alpha values 0.80,
0.85, and 0.73 for closeness, conflict, and dependency, respectively
(Gregoriadis et al., 2020; Vervoort et al., 2015).

3.2.3.6 Teacher-student interactions

The Classroom Assessment Scoring System (CLASS; Pianta
et al, 2008) is an observational tool designed to evaluate the
quality of TSIs within the classroom. It is categorized into
three domains: instructional support, emotional support and
organizational support. Underlying the three domains are 12
dimensions that each consist of concrete examples (indicators) of
TSI behaviors. Drawing from the CLASS indicators outlined in
Hamre et al. (2013), a questionnaire was developed intended for
teachers to complete pre- and post-intervention. The questionnaire
consists of 42 questions, rated on a 7-point Likert scale ranging
from 1 (never applicable) to 7 (always applicable). Subscale scores
are calculated by summing the raw scores. In the experimental
groups, the questionnaire will serve a dual role: as a manipulation
check to ensure the intervention’s effective implementation, and
as a contamination check to monitor the influences from the two
other TSI domains. In the control group, it will function solely
as a contamination check. Comparisons between the experimental
groups and control group will help to verify whether observed
changes in the intervention groups can be attributed to the
intervention itself, rather than external factors such as natural
variations or improvements in teaching strategies.

While implementing the intervention, teachers of the
experimental groups will maintain a weekly diary to record
their strategy use. Through the m-Path application,! they will
be prompted to report the extent to which they have used each
of the five trained strategies during that specific week, as well as
any additional strategies employed to address the WM-related
problematic behaviors exhibited by the student (i.e., fidelity check).
Responses are rated on a 5-point Likert scale, ranging from 1 (I did
not use this strategy) to 5 (I used this strategy very often). Scores
for each strategy, are totaled for each of the two target behaviors
and then averaged.

3.2.4 Intervention
3.2.4.1 Intervention development

The interventions will be focused on strategies within one type
of TSI support (i.e., emotional support, organizational support
or instructional support) to reduce WM-related problematic
behaviors on the classroom-level. High-potential strategies for each
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support type were selected by adhering to the methodology used
in a meta-analysis by Kincade et al. (2020). Each of the three
interventions incorporates strategies derived from effective WM
interventions identified in a systematic literature review on the
relationship between TSI/TSR and EF performance (Sankalaite
et al, 2021). In this review, three WM interventions were
categorized as having high methodological quality, one was rated as
moderate, and one study was identified as low quality, according to
the Grading of Recommendations Assessment, Development and
Evaluation method. Additionally, a qualitative study using semi-
structured interviews with primary school teachers from Belgium
and the Netherlands provided insights into the implementation of
TSI strategies in the classroom (Sankalaite et al., 2023).

3.2.4.2 Data distillation method

To distil the strategies, studies from Sankalaite et al.’s (2021)
systematic literature review were examined, specifically focusing on
those interventions demonstrating significant, positive outcomes
in children’s WM. This analysis involved identifying common
practice elements between the effective interventions (i.e., specific
strategies that are consistently implemented across various effective
interventions to enhance TSIs).

First, the manuals of specific interventions were obtained
from authors or drawn from broader research sources (i.e.,
published manuscripts). All information about the interventions
was thoroughly reviewed, focusing on extracting strategies relevant
to the study’s objectives. Additionally, the qualitative study by
Sankalaite et al. (2023) offered valuable insights into TSI strategies
to address WM-related difficulties, with specific attention to how
and in which instances these strategies can be effectively employed,
according to the perspectives of Flemish teachers. This step ensured
that all strategies translate well into the Flemish education context.
The strategies extracted from all sources were then compared
across the different interventions, resulting in a comprehensive
list of teacher strategies for each type of support. Next, the list
of strategies was distilled, a process defined by Chorpita et al.
(2005) as “the reduction of data to a simpler, smaller data set
of meaningful units” (p. 13). Specifically, similar practices were
combined (e.g., “Make eye contact,” “Use a warm voice,” and “Use
soft and friendly voice and keep open, engaged posture” were
combined into one strategy called “Non-verbal communication”).
The full overview of the results from the data distillation can be
found in Supplementary material. Drawing from these results, the
five most frequently used strategies for each type of support were
selected (Tables 1-3). These carefully selected strategies serve as
high-potential components for addressing WM difficulties within
each respective support type.

3.2.4.3 Teaching strategies

Following the selection of the strategies, literature on these
strategies was summarized to develop the initial intervention
sheets, which provided a strong foundation for further refinement.
Following team discussions, the literature was revisited to clarify
the mechanisms of each support type (e.g., Attachment Theory)
and their potential to improve WM (Tables 4-6). Generally,
instructional support strategies are based on scaffolding principles,
imitation, and language stimulation; emotional support strategies
are drawn from Attachment Theory and Self-Determination
Theory; and organizational support strategies are informed by
Cognitive Load Theory, with some also incorporating principles
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from Instrumental Learning Theory. Through multiple iterations
and team input, the content of the sheets was refined, leading
to the final versions of the intervention sheets. In order to give
teachers concrete examples of the strategies and sub-strategies,
three fictional case studies were made, each focusing on a different
type of support. Each case study, presented on a separate sheet,
was integrated into the intervention sheets, providing teachers with
concrete examples of how to apply the theoretical concepts in
Ppractice.

Each
comprising the following elements: (1) name of the strategy, (2)

intervention sheet follows a consistent structure,

definition, (3) strategy sub-components, (4) impact of the strategy
on TSI and WM, and (5) implementation parameters. Some of
these strategies are intended for use before the behavior occurs
(antecedent strategy), others following the behavior (consequent
strategy), or during the behavior itself (behavioral strategy). In
some cases, a strategy can be applied across multiple stages. For
example, modeling, as an instructional support strategy, can be
used both before and during the behavior to set an example or
to provide immediate support as the behavior unfolds. Detailed
information on the strategies is provided in Tables 4-6.

3.2.4.4 Intervention implementation

Once teachers are assigned to the emotional, organizational
or instructional support condition, and prior to implementing the
intervention, they will be provided with the intervention materials
(i.e., information sheets and case study). Next, they will be able
to sign up for a coaching session with one of three coaches, all
of whom are experienced teacher educators with expertise in EF.
After teachers have familiarized themselves with the materials, they
will be prompted to take a short quiz on an online platform to
assess their understanding. A score of 7 or higher (out of 10) on the
quiz indicates sufficient understanding of the content, while those
scoring below 7 will be encouraged to review the materials again
before taking part in the coaching session.

During a 90-min coaching session, attention will be directed
toward addressing the two most problematic WM-related
behaviors (out of four that were selected). The coaching session will
start with a functional analysis, using an ABC-scheme. Teachers
will present two specific situations in which the WM-related
problematic behaviors occurred. The coach will then conduct
a series of follow-up questions aimed at delving deeper into
the circumstances surrounding each behavior: the antecedent
(What led up to the behavior?), the behavior itself (What did
the student do at that moment?), and the consequence (What
was the result or outcome of the behavior?). Both examples will
then be compared based on common elements. In the next part
of the coaching session, teachers will be encouraged to reflect on
the five targeted strategies and will contemplate together with
the coach how they might use them to improve the two WM-
related problematic behaviors. Through this reflective process, a
personalized intervention plan will be developed, detailing specific
action points for each of the strategies, if applicable. Following the
coaching session, teachers will receive a written overview of the
intervention plan that they can use as a reference.

Next, teachers will be tasked with implementing the
intervention plan at the classroom-level for 4 weeks, applying
the discussed strategies whenever the student exhibits WM-related
problematic behavior. Throughout the intervention, teachers will
keep a weekly diary using the m-Path application,! documenting

frontiersin.org


https://doi.org/10.3389/feduc.2025.1528805
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Pollé et al.

10.3389/feduc.2025.1528805

TABLE 1 Most frequently used instructional support strategies in interventions.

Instructional My teaching partner

Memory mates

Quiality preschool

Qualitative study

support for Ghana

strategies
Ansari and Pianta 2018; Colmar et al. 2020; | Wolf et al. 2018, Sankalaite et al.
Pianta et al. 2017 Davis et al. 2013 2019; Wolf 2019 2023

Critical thinking X X X X

Prompting X X X

Modeling X X

Providing feedback X X X X

Establishing rules X

“X" indicates that the strategy is present in the respective intervention.

TABLE 2 Most frequently used emotional support strategies in interventions.

Emotional IRIE classroom toolbox Bridge Chicago school Qualitative study
support readiness program
strategies
Baker-Henningham et al. Cappella et al. 2012 | Jones etal. 2013 Sankalaite et al.
2019 2023
Praise/positive X X X X
affirmation
Non-verbal X X X
communication
Responsibilities X X X
Coaching X X
Giving children choices X X X X

“X” indicates that the strategy is present in the respective intervention.

TABLE 3 Most frequently used organizational support strategies in interventions.

Organizational

Incredible years

Inclusive and Qualitative study

support appreciative
strategies classroom
management
Cappella et al. 2012 Chuang et al. 2020; Keilow et al. 2019 Sankalaite et al.
Murray et al. 2018; 2023
Webster-Stratton
2020
Proactive redirection of X X X X
behavior
Preparing for transitions X
Adapting the physical X X X
environment
Making expectations clear | X X X
Advance organizers X X

“X” indicates that the strategy is present in the respective intervention.

the frequency of their use of the trained strategies to address
the WM-related problematic behaviors of the selected student,
or the application of alternative strategies. The weekly diaries
will confirm the implementation of the trained strategies as
the primary approach to address the student’s behaviors, and
will ensure that any observed effects of the intervention can be
attributed to these strategies. Teachers who fail to complete the
weekly diaries or report using strategies different from those
specified will be contacted and provided with further guidance
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on what is expected. After 2 weeks (mid-intervention) and after
4 weeks (post-intervention), the effectiveness of these strategies
in addressing the two identified WM-related behaviors will be
evaluated through the m-Path application. If both behaviors score
below 5 on the 10-point Likert scale for both frequency and
severity, teachers will take part in a second coaching session. This
second session will focus on the remaining two behaviors identified
prior to the initial coaching session, and a new intervention plan
will be devised accordingly. Teachers in the control group will
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TABLE 4 Descriptions of the instructional support strategies.

Instructional support

Strategy Definition Subcategories Implementation parameters Working References
mechanisms
Prompting (A) Prompting refers to the proactive e Verbal prompting The teacher offers the student a response, o Identify unwanted behavior and its context. Scaffolding Cabell et al., 2015; Davis
practice of providing instructions and either in part or in full, to the question asked o Specify the desired behavior and Linn, 2000; Faul
reminders to encourage desired o Gestural prompting The student observes the teacher’s actions | Systematically adjust the environment Language stimulation etal, 2011; Moore et al.,
behaviors. It entails a positive and such as pointing, nodding, or other gestures, which aid in task  |e Allocate time for practicing the desired 2018; Shabiralyani et al.,
preventive strategy, emphasizing completion behavior 2015; van de Pol et al.,
proactive intervention rather than e Visual prompting Using visual aids such as videos, photos, e Encourage the desired behavior 2010
reactive responses drawings, the board, or digital resources
e Positional prompting The teacher strategically places the correct
answer or materials closer to the student, offering subtle hints
about the solution
o Physical prompting The teacher provides physical guidance to
the student throughout the execution of the assigned activity
Providing feedback Feedback provides students with o Self-level feedback Feedback addressing the personal qualities e Define clear, achievable, and challenging Scaffolding Ansari and Pianta, 2018;
(@] information on their performance exhibited by the student, such as “You can do better.” least learning objectives Hattie and Timperley,
relative to learning goals, aiming to effective, may promote fixed mindset o Identify the student’s current abilities related to | SLT 2007; Li and Zhang, 2023
close the gap between their current o Task-level feedback Feedback focusing on the understanding or the objective Pianta et al., 2017; Shute,
and desired levels of achievement execution of the assigned task e Explain the steps needed to reach the goal, 2008; Wisniewski et al.,
o Process-level feedback Feedback addressing the underlying adjusting instructions as necessary 2020
approach employed during task completion
o Self-regulation level feedback Feedback concerning the student’s
ability to plan, execute, adjust, and monitor their learning
process
Establishing rules Establishing rules involves setting o Personal rules These rules encourage self-reflection and e Engage students in exploring core values and Scaffolding Alter and Haydon, 2017;
(A) forth guidelines for behavior related accountability for one’s actions encourage them to identify tangible behaviors Brady et al., 2015;
to the content, and evaluating o Structural rules These rules are designed to organize and that reflect these values SLT Conroy et al., 2008;
adherence to those guidelines in terms | regulate classroom activities o Involve students in the creation of rules Torok et al., 2019
of what is considered appropriate or e Interpersonal rules These rules regulate interpersonal e Visualize classroom rules in a creative manner.
inappropriate, correct or incorrect. interactions o Clearly outline how the rules are implemented
in everyday practice.
e Be transparent about the consequences of not
following the rules
Critical thinking (A) Critical thinking encompasses the o Investigating Involves identifying, exploring, and organizing o Ask questions to give students the opportunity SLT Kirk et al., 2023;
cognitive ability to determine what to information and ideas to apply and expand upon their existing Lombardi et al., 2021;
think or do, particularly evident in o Generating ideas, possibilities, and actions Students devise knowledge Language stimulation O’Reilly et al., 2022; Paul
problem-solving and decision-making | potential solutions and alternatives, considering what to do if e Encourage independent decision-making and Elder, 2008
contexts. It involves the clear, logical, their initial solution proves ineffective e Foster collaborative learning to broaden
thoughtful, and reflective processing  |e Reflecting on the thinking process Students engage in students’ perspectives
of information, facilitating individuals metacognitive reflection, contemplating their own thinking, e Promote exploration of concepts from various
in reaching informed and reasoned actions, and processes viewpoints
conclusions e Analyzing, summarizing, and evaluating the thinking process e Encourage consideration of different scenarios
and procedures Students analyze their plan and consider which and solutions
strategy led to the desired outcome. They reflect on the efficacy ~ |e Cultivate creativity
of these strategies and explore their applicability in diverse e Facilitate brainstorming sessions to invite
contexts students to share their insights on the topic
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TABLE 4 (Continued)

Instructional support

References
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e Demonstrate without verbal explanations; let

students observe and form their own thoughts.

For complex tasks, break down the

demonstration into smaller parts and verbally

introduce each segment if needed

e Keep modeling sessions concise—a few

minutes are adequate for straightforward

routines

o Avoid demonstrating what should not be

done—this can cause confusion

o Plan to provide additional modeling if

necessary for the student or if a reminder is

needed

‘ Subcategories

o Task demonstration modeling The teacher models a task,

followed by students attempting it independently

e Metacognitive modeling The teacher demonstrates how to

reason/think during lessons focusing on analyzing data,

interpreting information, and drawing conclusions based on

what they’ve learned

o Scaffolding/a

lication modeling The teacher tailors modeling

to suit the student’s learning stage, focusing only on aspects they

cannot yet perform independently

o Peer modeling The teacher enlists students who already have

mastered specific content or skills to model for their peers

Definition

I

Modeling is a cognitive process

wherein learning transpires primarily

through observation and imitation. It

involves the modification or adoption

>

of behaviors by witnessing others

actions and subsequently replicating

them

Strategy

Modeling (A-B)

Frontiers in Education

SLT, Social Learning Theory; A, antecedent strategy; B, behavioral strategy; C, consequent strategy.
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not receive the materials and will continue teaching as usual
throughout the 4-week period.

4 Analyses

As previously mentioned, four hypotheses regarding the impact
of TSI on WM were proposed. First, an increase in the targeted
support type is anticipated in the experimental groups compared
to TAU. Second, immediate changes in informant-reported and
performance-based WM are expected in the experimental groups,
but not in TAU, with organizational support anticipated to have
the most significant effect. Third, larger effects are predicted for
students with the lowest WM. Fourth, the potential moderating
effect of TSR on intervention effectiveness will be investigated, with
TSI expected to be positively influenced by high levels of closeness
and negatively affected by high levels of conflict.

As a first step in the analyses, the extent and pattern of missing
data in the dataset will be assessed to determine whether the data
is Missing Completely at Random (MCAR), Missing at Random
(MAR), or Missing Not at Random (MNAR). If the pattern of
missingness indicates data to be MCAR or MAR, data imputation
techniques (i.e., multiple imputation) will be applied to estimate
and replace the missing values. Variables will be grouped based
on their construct (i.e., informant-reported WM, performance-
based WM, and TSR), and conditions will be separated. Subsequent
analyses will be conducted on the imputed dataset. If the missing
data pattern is found to be MNAR, a sensitivity analysis will be
conducted to test various scenarios. Prior to testing the hypotheses,
a preliminary analysis will assess any significant baseline differences
between conditions regarding the primary and secondary outcomes
(i.e., WM and TSR) as well as for CLASS, using an ANOVA with
four groups. Cronbach’s alpha will be calculated to evaluate the
internal consistency of both the BRIEF-2 (specifically the frequency
and severity scales of the four selected behaviors) and the CLASS.
Furthermore, confirmatory factor analysis will be performed on the
pre-measurement data of the CLASS to assess the factor structure
of the three sets of TSI.

To test the first hypothesis, paired-samples t-tests will be
employed to examine whether there is an increase in the use of
the specified type of support within the experimental groups (i.e.,
manipulation check), while the other types of support remain
the same (i.e., contamination check). Specifically, pre-intervention
CLASS scores at will be compared with the post-intervention
CLASS scores for each of the four conditions separately.

For the second hypothesis, repeated-measures ANOVA will
be used to see if there are changes in informant-reported and
performance-based WM between the experimental and control
groups. The pre- and post-intervention scores of the WM
assessments will be used as within-subject variables, while the
conditions will be used as between-subject factors. Effect sizes will
be assessed using partial eta squared (npz). According to Cohen
(1988) and Miles and Shevlin (2001), a partial eta squared of
0.01 suggests a small effect, 0.06 indicates a medium effect, and
0.14 indicates a large effect. Following this, pairwise comparisons
will be performed to identify which conditions show significant
improvements. Additional analyses using paired-samples t-tests
will be executed to determine in which conditions there is a
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TABLE 5 Descriptions of the emotional support strategies.

Emotional support

Strategy

Definition

Subcategories

Implementation parameters

Working
mechanisms

References

Autonomy support Autonomy support involves providing e Organizational choices e Customize learning to match students’ SDT Carlson, 2023; Katz and
(A) students with diverse choices tailored Students make decisions about the learning environment, such interests and needs e Autonomy Assor, 2007; Reeve, 2012;
to their unique needs, interests, and as group formation, seating arrangements, class rules, and work |e Establish a clear structure while allowing for Ryan et al., 2016;
learning preferences, fostering a sense pace freedom of choice and flexibility, but avoid AT Stefanou et al., 2004
of ownership in their learning e Procedural choices Students decide on task execution, including | overwhelming cognitive resources with e Secure base
presentation formats and material usage excessive options
e Cognitive choices Students decide on learning processes, such as @ Empower students to take ownership of their
setting goals, influencing lesson content, exploring solutions, learning by providing engaging opportunities
and participating in debates for students to demonstrate their learning
o Integrate various forms of autonomy support
to allow for deeper engagement
Non-verbal Non-verbal communication refers to  |e Body language Shrugging shoulders, fidgeting, nodding, facial e Choose an optimal position in the classroom to  [SDT Hall et al., 2019; Miller,
communication the purposeful and skillful use of expressions ensure visibility and accessibility o Relatedness 1988; Zeki, 2009
(A-C) non-verbal signals by teachers to o Physical and social proximity Respecting the student’s personal @ Consider each student’s personal space,
enhance communication, provide space, walking around the classroom acknowledging individual comfort zones AT
additional information, convey intent, e Eye contact Maintaining eye contact when speaking or listening, e Utilize eye contact effectively o Safe haven
or emphasize key aspects in occasional breaking eye contact to prevent prolonged staring, e Maintain an open posture and welcoming o Secure base
conjunction with their verbal shifting gaze during interactions, especially with groups smile
messages e Body posture Standing upright, facing the group o Be mindful of your vocal delivery
o Paralanguage
Variation and authenticity in pitch, speaking pace, volume,
pauses during speech
Praise (C) Praise (or positive affirmation) entails e General praise Generic phrases like “Well done!” o Specify desired behavior before praising. Be SDT Dweck, 2000; Kamins
clearly expressing appreciation for a o Ability-based praise Inherent skills or talents genuine, detailed, and positive e Autonomy and Dweck, 1999;
student’s character, effort, strategy, — may unintentionally promote a fixed mindset, limiting o The quicker you reinforce desired behavior, the ' Competence Mueller and Dweck,
accomplishment, and behavior. It students’ willingness to tackle challenging tasks more impactful it is o Relatedness 1998; Rusk and
serves as both acknowledgment and e Behavior-specific praise Delineating the desired behavior or o Acknowledge efforts, progress, and Rothbaum, 2010;
approval from the teacher, signaling action achievements over personal attributes (like AT Soenens and
to students that their achievements o Effort- and strategy-based praise Process and persistence ability) e Secure base Vansteenkiste, 2020
are recognized and valued — nurtures a growth mindset e Customize reinforcement to student
Praise isn’t always verbal; it can also include gestures, stickers, preferences for maximal effectiveness
activities, or food rewards e Vary rewards to prevent predictability
o Beware of excessive praise, which may lower
expectations
o Cultivate a growth-focused learning
environment, avoiding constant peer
comparison

(Continued)
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TABLE 5 (Continued)

Emotional support

Strategy Definition Subcategories Implementation parameters Working References
mechanisms
Giving responsibility Giving responsibility to students e Management of materials Taking care of your own stuff, o Identify manageable tasks tailored to students’ |SDT Anderson and Prawat,
(A) refers to actively involving them in organizing and tidying up abilities. e Autonomy 1983; Ramdass and
daily tasks and fostering a sense of e Completion of assignments Classroom tasks, such as sweeping @ Communicate the significance and advantages @ Competence Zimmerman, 2011;
ownership in their actions. This the floor, tidying up the bookshelf, but also handing in of assigned responsibilities o Relatedness Tepper et al., 2022;
involves providing students with homework and finishing a bigger task e Encourage students to share their ideas and Weisner, 2001
opportunities to demonstrate e Didactic roles during group assignments Being timekeeper, opinions on how responsibilities should be
accountability by fulfilling their leader carried out
commitments and carrying out e Interpersonal interactions Engaging respectfully with peers and e Ensure all students have equal opportunities to
assigned tasks effectively. resolving conflicts constructively contribute and take on roles
e Provide guidance as needed, but encourage
students to think critically and develop
strategies to overcome challenges
Coaching Teachers can verbally support the e Academic coaching Descriptive commenting on academic e Monitor the student’s attention and willingness |SDT Gus et al., 2015; Karasova
(descriptive learning process of students by using concepts and skills, including subject-specific skills (e.g., math) to learn and verbally acknowledging what the e Autonomy and Nehyba, 2023;

commenting) (B)

descriptive commenting in order to
promote confidence, perseverance,

and patience during challenging tasks.

Descriptive commenting involves
simply narrating and describing what
the children are doing

and general academic skills (e.g., following instructions).

o Persistence coaching Verbally supporting students’ persistence
during challenging tasks by acknowledging their efforts and
encouraging their thinking process

student is interested in or finds
challenging/frustrating

Highlight specific behaviors, efforts, or thought
processes of the student

Recognize when students are focused,
task-oriented, attentive, hardworking, and
confident

o Emphasize the learning process over learning
outcomes

Avoid asking too many questions to reduce
pressure and fear of making mistakes. Instead,
prefer concrete descriptions and articulate
what is going well

o Competence
o Relatedness

AT
o Safe haven
e Secure base

Murray et al., 2018;
Reeve, 2012;
Webster-Stratton, 2005;
‘Webster-Stratton, 2012

SDT, Self-Determination Theory; AT, Attachment Theory; A, antecedent strategy; B, behavioral strategy; C, consequent strategy.
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TABLE 6 Descriptions of the organizational support strategies.

Organizational support

Strategy

Adapting physical
environment (A)

Definition

The teacher’s adaptation of the
physical environment refers to the
purposeful organization of the
classroom.

Subcategories

o Creation of learning zones Designing the classroom space with
clear physical and visual boundaries to define various types of
learning and activity environments.

o Seating arrangements Teachers purposefully select seating
positions that enhance each student’s learning experience

o The selection, design and placement of (visual) materials

Carefully choosing and placing educational resources to support
learning, considering students’ developmental stages and
diversityThe overall classroom esthetic, including factors such as

e lighting and sound Creating a conducive environment,
including lighting and sound, for optimal concentration

Implementation parameters

o Assess accessibility and reachability to ensure
easy access to learning areas and materials,
clear movement between zones, visible
boundaries, and displayed rules

e Enhance visibility in the classroom to ensure
that all students have clear sightlines to visual
aids, and an unobstructed view of the teacher
so that the teacher can monitor the classroom
effectively

Direct attention effectively by arranging
seating, setting up quiet areas, controlling
environmental factors, and using materials
effectively to keep students focused

Promote diversity by adjusting materials to
match student development and interests, and
provide inclusive resources recognizing
language and cultural diversity

Working
mechanisms

CLT
e Reducing extraneous load

References

Attai et al., 2021; Kokko
and Hirsto, 2021; Tobia
etal., 2022; Vijapur et al.,
2021; Wannarka and
Ruhl, 2008

Redirecting behavior
(A-C)

Redirecting behavior involves the
proactive management of challenging
behaviors to prevent escalation.

o Offering reminders (before the behavior occurs) Help students

recall specific actions or tasks they need to perform, along with
instructions on how to do so

o Stay calm and neutral
o Provide clear instructions by warning the
entire class instead of just one student

CLT

e Reducing extraneous load

Evanovich and Kern,
2018; Myers et al., 2017;
Nye et al,, 2016; Payne,

clear (A)

articulating the standards and norms
for appropriate behavior and
performance

indicates why a specific activity was chosen and why it is
important

e Providing clear task instructions The teacher explains how

students should approach the activity, offering insight into the
behavior the teacher expects to see and hear

o Clarifying expected behaviors and outcomes The teacher defines
acceptable and unacceptable behavior, helping students

understand boundaries

e Articulate expectations clearly, using language
suitable for their age and provide visual aids if
needed to aid memory

e Frame expectations positively, focusing on
what students should do rather than what they
should avoid

e Maintain consistency in expectations, fostering
clarity and predictability

Set high expectations, as they significantly
impact students’ academic performance and
motivation

e Reducing extraneous load
e Managing intrinsic load

ILT

Teachers employ clear and concise effectivedyProviding warnings (before the behavior occurs) Offer e Address individual students when necessary ILT 2015
instructions to guide students toward timely, meaningful o Offer alternative behavior options
appropriate behaviors, either before warningsCorrecting behavior (after the behavior occurs) When o Ask simple questions to encourage
an issue arises or in response to it. a student displays behavior that is not in line with expectations self-correction
or rules, it is important to correct the behavior (immediately) e Reinforce practice
o Offering a time-out (after the behavior occurs) Offer timeouts
for students struggling to meet expectations
Making expectations Making expectations clear involves o Clarifying the objectives of the lesson or activity The teacher o Clarify expectations explicitly CLT Carter and Pool, 2012;

Croce and Salter, 2022;
Grossman, 2004; Myers
et al., 2017; Robbie et al.,
2022

(Continued)
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TABLE 6 (Continued)

Organizational support

Strategy Definition

Preparing children Preparing children for transitions

for transitions (A) involves smoothly shifting between
different lesson activities within the
classroom environment. This begins
with clearly communicating lesson
content and daily schedules to

students.

Subcategories

e Welcoming students and settling in

e Spoken introductions

e Whole-group or individualized teaching
e Quiet study periods

o Question and answer sessions

® Review and evaluation segments

e End of the lesson

o Leaving the classroom

Implementation parameters

e Divide activities into clear time slots and
visually represent them

e Announce transitions clearly, using verbal and
visual cues

e Use timers or songs to make time tangible and
integrate transitions into the day’s plans

e Create a calm environment before starting a
transition

e Provide dual signals for activity endings

o Stick to schedules but be flexible for
unexpected changes

e Include movement or relaxation activities

during transitions

Working
mechanisms

CLT
e Reducing extraneous load
e Managing intrinsic load

References

Banerjee and Horn, 2013;
MclIntosh et al., 2004

Advance organizers Advance organizers function as

(A) preparatory frameworks introduced
before presenting new information.
They facilitate students’
comprehension and organization of
new and unfamiliar concepts by
drawing upon existing knowledge
stored in long-term memory.

o Expository advance organizer: The teacher communicating the
learning objectives and establishing connections with prior
content.

e Descriptive advance organizers The teacher describing and
explaining new knowledge, often using analogies for clarity.

e Narrative advance organizers Storytelling to introduce key
concepts, familiarizing students with essential themes to be
further explored during the lesson.

e Graphic organizers Visual aids such as mind maps and timelines
to illustrate relationships between elements, helping students in
discerning patterns and connections

o KWL charts Three column-chart wherein students document
what they Know, what they Want to know, and what they have

Learned about the subject matter

e Determine the learning objective

e Consider the students” prior knowledge

e Choose an appropriate advance organizer that
fits the learning objective and students’ needs

o Introduce the advance organizer before
presenting new information, explaining its
role and allowing time for exploration and
questions

e Connect the organizer to the new information

o Ask clarifying questions and allow students to
update their understanding based on the new
information

CLT
e Reducing extraneous load
e Promoting germane load

Ausubel, 1968; Corkill,
1992; Daniel, 2005; Hall
and Strangman, 2008

CLT, Cognitive Load Theory; ILT, Instrumental Learning Theory; A, antecedent strategy; B, behavioral strategy; C, consequent strategy.
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significant change in WM. Moreover, scores from all timepoints
(pre-, mid-, and post-intervention) will be compared to assess the
trajectory of changes in WM throughout the intervention period.

To assess the third and fourth hypothesis, namely whether
children who score highest on WM-related problematic behaviors
benefit the most from the intervention and whether the influence
of the intervention on informant-reported WM and performance
WM varies depending on the aspects and level of TSR, a
moderation analysis (i.e., repeated measures ANOVA) will be
conducted. For the third hypothesis this will include the BRIEF-2
(frequency and severity) scores for both teacher and parent report.
For the fourth hypothesis, six moderator variables will be added:
closeness, conflict, and dependency, with separate reports by both
teachers and children. Effect sizes will be calculated using Cohen’s
d to quantify the magnitude of changes observed in the outcome
measures. Specifically, a Cohen’s d of approximately 0.2 indicates a
small effect, around 0.5 signifies a moderate effect, and 0.8 or higher
indicates a large effect (Cohen, 1988).

5 Discussion

Though few studies have explored TSI's impact on WM,
existing research indicates a small yet significant association
between TSIs and WM (Vandenbroucke et al., 2018a), warranting
need for further research. To address this gap, microtrials will be
conducted to identify the most effective TSI components, assess
their impact on WM, and determine the moderators that influence
these outcomes.

Numerous studies indicate that positive and supportive
interactions between teachers and students are associated with
improvements in WM (Sankalaite et al., 2021; Vandenbroucke
et al., 2018a). This finding suggests that enhancing TSI quality
could be a viable strategy for improving children’s WM
performance. However, the specific mechanisms driving the
effects remain underexplored, even though such understanding
is crucial for designing both effective and efficient interventions.
Moreover, the existing EF/WM intervention studies often vary
in their methodological approaches (e.g., design, intervention
characteristics, measurements), making it challenging to compare
results and draw definitive conclusions (Rowe et al., 2019). This
study will use adapted versions of the BRIEF-2 to assess immediate
changes in WM and the CLASS as a self-report measure, as
no other psychometrically validated instruments with adequate
sensitivity are currently available. While these adaptations allow
for a more tailored assessment, they may also affect the reliability
and comparability of the measures, requiring careful interpretation
of the findings.

Another challenge is that the current body of research
primarily demonstrates correlations rather than causation, leaving
the precise nature of the relationship uncertain. Nonetheless,
understanding the teachers role in supporting students WM
development is essential for developing interventions tailored to
the specific needs of students that can ultimately improve student
learning and well-being. Identifying effective TSI components and
conducting rigorous longitudinal research to explore potentially
causal relationships is thus necessary. Furthermore, it is important
to consider that improvements in WM may not be the only
outcome of TSI within the intervention. High quality TSIs may also
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enhance other aspects of students’ experience, such as motivation,
engagement, and self-efficacy, factors that, while not measured
in this study can indirectly support better WM functioning
(Sankalaite et al., 2023). Consequently, WM improvements might
not only stem directly from WM-specific interventions but could
also be amplified by positive shifts in these related areas.

In order to confirm improvements in children’s WM capacity,
it is important to evaluate whether the effects extend to other
contexts, such as the home environment. With parents blind
to the condition, their ratings of students WM can provide
unbiased assessments of possible far-transfer effects. Additionally,
near-transfer effects can be demonstrated through children’s
performance on WM tasks. In case no direct effects of the TSIs are
found on children’s WM performance, it is possible that TSI only
enhances WM outcomes indirectly by fostering a more supportive
learning environment, which, in turn, increases mental capacity.
Over the long term, it can then be assumed that any lasting effects
would likely be observable through objective measures. However,
given that subjective (i.e., behavior ratings) and objective measures
(i.e., performance-based tests) both have different underlying
constructs (i.e., assessment of WM in context-loaded versus
controlled settings), and correlations between these measures are
often low (Dekker et al., 2017; Gerst et al., 2017; Toplak et al., 2013),
it is not surprising that changes in students WM capacity may
not always be reflected in objective measures. Observing transfer
effects from the school environment to the home environment,
even if not mirrored in objective measures, can therefore still
yield valuable insights into their connection. Another explanation
for a lack of far-transfer effects to the home environment may
lie in the degree of support the environment provides to address
the challenges children face. Initially, there may be a mismatch
between the demands of the school and/or home environments
and the children’s needs, potentially limiting their ability to fully
demonstrate their capabilities in the informant-reported behavior
ratings (Hendry and Scerif, 2023). Addressing this mismatch
through more supportive environments could unlock the children’s
potential. This can be achieved by implementing interventions
that enrich the learning environment, integrate EF-related tasks,
and reduce students’ stress levels (Hendry and Scerif, 2023).
Consequently, an intervention applied in the school context may
not necessarily transfer to the home environment.

Additionally, several practical implications need to be
considered. First, the microtrial design, which does not aim for
a complete treatment effect, addresses the common challenge
of lengthy, impractical interventions for teachers already
managing multiple tasks through its concise 4-week duration
and straightforward implementation. By focusing on strengthening
teachers’ implementation of existing strategies rather than
introducing new ones, it seamlessly integrates into daily practice,
making the intervention more feasible and manageable. However,
while the microtrial design demonstrates the potential of a brief
and targeted intervention to improve WM, it also limits the ability
to assess the persistence or changes in its effects over time, as
well as the long-term effectiveness of the implemented strategies.
Yet, understanding these aspects is crucial for determining the
interventions’ sustainability in real-world educational settings.
While short-term outcomes can be evaluated, further research is
needed to explore potential lasting benefits. Additionally, the brief
intervention may mask meaningful changes that could emerge only
after its completion (i.e., sleeper effect) (van Aar et al., 2017). As
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the primary goal of this study is to assess the potential of brief and
targeted interventions, follow-up measures will not be included.
However, if the interventions result in meaningful changes
in WM-related behaviors, future research should incorporate
follow-up assessments to further evaluate their impact. Second, as
participation in the microtrial study is voluntary, it is likely that
the involved teachers are highly motivated, which may reduce the
observable effects of the intervention and introduce selection bias
that affects the generalizability of the findings. However, this issue
will be mitigated by recruiting schools instead of individual teachers
and conducting contamination checks. If positive effects of the
intervention on WM challenges are found, this selection bias will
highlight the need to integrate EF training and TSI into the teacher
curriculum to better equip teachers to recognize/identify WM-
related issues and to evaluate the quality of their interactions with
students. Third, research indicates that the effectiveness of TSIs in
classrooms is greatly influenced by the quality of TSR (Crosnoe
et al,, 2010; Liu et al., 2023; Nguyen et al., 2020). However, it will
remain unclear whether the interventions’ effectiveness would
be consistent across all types of TSRs, particularly in strained or
less supportive relationships and whether the results will improve
if a TSR intervention targeting the teacher-student dyad were
implemented prior to the TSI interventions. Therefore, future
research should explore the interplay between TSI and TSR to
better understand and interpret the outcomes of these two types
of interventions. Although the microtrial studies do not directly
target TSR, a notable strength is its assessment of both teachers’ and
students’ perspectives on their relationships before and after the
intervention. By helping teachers manage challenging situations
more effectively, the interventions may enhance their self-efficacy,
potentially improving TSR (Hajovsky et al, 2020; Summers
et al., 2017). However, while the interventions target TSIs at the
classroom level, analyses will address only one student exhibiting
the most problems in WM, and not the whole classroom. Given
the limited time in educational settings to provide individualized
interventions, the focus will be on the student most likely to
benefit, while teachers implement the intervention class-wide. This
approach aims to maximize observable effects by concentrating on
the student expected to gain the most from the intervention.

If two or three TSI components prove effective to support
students with poor WM, future research could integrate these
and their strategies
intervention. By employing an RCT, researchers can then evaluate

components into one comprehensive
which combination of these components is most effective and
whether their effects are sustainable long term. Ultimately, the goal
is to contribute to the development of evidence-based practices that
(1) support children’s WM, and (2) offer teachers a more practical
alternative to complex interventions. Moreover, the interventions
strive to not only strengthen teaching practices by integrating
effective strategies, but also to enhance overall student learning
outcomes. Through these efforts, schools will be provided with
resources to foster cognitive development and academic success
for students. In the context of Flanders’ tiered support system (in
Dutch “zorgcontinuiim”), the interventions could be integrated
within Tier 1 (in Dutch “brede basiszorg”). This tier encompasses a
range of universal strategies and interventions designed to support
all students, aiming to create an optimal learning environment
that accommodates diverse needs. A school counselor can assist
teachers in conducting a functional analysis and can provide
guidance on the targeted and comprehensive implementation
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of individual strategies based on their well-defined theoretical
mechanisms. This approach enables schools to effectively use
current knowledge and strategies to tackle WM-related challenges
within the framework of the existing support system.
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