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Abstract
This study examined how to improve students’ regulation of task-oriented reading (TOR). 
TOR encompasses reading and information processing needed to perform a specific task. 
Previous studies suggest students can benefit from a collaboration script to enhance socially 
shared regulation of TOR. The collaboration script elicits discussions about task percep-
tion, strategy selection, and strategy reflection. This study aimed to examine the depth and 
socially sharedness of metacognitive regulation when working with a collaboration script 
among 44 prevocational secondary school students working in groups of four. In addition, 
we examined the consequent improvement of individual task representation, strategy selec-
tion, and strategy reflection after working with the script. The analysis of group discussions 
indicated that the collaboration script facilitated mainly low-level metacognitive regula-
tion of TOR. However, after working with the script, students did improve their ability to 
determine a correct representation of a high-level task and to reflect on the most appropri-
ate reading strategy for these tasks. Hence, we concluded that the ‘Y-read?’ collaboration 
script did elicit shared regulation during TOR.
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Introduction

In secondary schools, students often engage in task-oriented reading (TOR): reading with 
the purpose of processing information for the execution of a specific task (Anmarkrud 
et al., 2013; Vidal-Abarca et al., 2010). These tasks and the textual information that is rele-
vant to fulfil them may differ. For example, while one task may require a student to retrieve 
details from a text, another might require a student to integrate information from different 
parts of the text. Students are taught diverse reading strategies for coping with these dif-
ferent tasks (Okkinga et  al., 2021). However, even when students have knowledge about 
these reading strategies, they might still have difficulty selecting and applying appropriate 
strategies when encountering different tasks. This appears to be particularly true for stu-
dents with less advanced reading skills, who are concentrated in prevocational education 
in the Netherlands (De Milliano et al., 2016; Okkinga et al., 2021; Salmerón et al., 2016). 
Therefore, this study aims to investigate how these students can be provided with support 
in learning how to select and apply appropriate reading strategies when confronted with 
different tasks.

Task complexity and strategy use

In TOR, students must make various decisions regarding what to read and how to process 
the text in order to complete the task (Gil et al., 2015; Serrano et al., 2018; Vidal-Abarca 
et al., 2010). To do so, students have to be aware of differences in the nature of tasks. One 
way of categorizing tasks is by means of taxonomies that indicate task complexity. These 
taxonomies are generally based on two variables: (1) whether relevant information can be 
found on a local or global level and (2) the required level of inferencing. The combina-
tion of these variables results in task types that are sometimes categorized as ‘low-level’, 
‘intermediate-level’, or ‘high-level’ (OECD, 2003; Rouet et al., 2001; Van Steensel et al., 
2013; Vidal-Abarca et al., 1998). Low-level tasks focus on retrieving explicit details from 
the text with little to no inferencing. Intermediate-level tasks require students to make 
local inferences and usually lead to a ‘targeted strategy’, during which initial browsing 
transforms into careful reading once the location of the required information is identified. 
Finally, high-level tasks require global processing and usually require an ‘intensive read-
ing’ strategy with extensive inferencing.

Self‑regulation in TOR

To effectively apply different reading strategies, students have to be aware of task demands 
and the consequences these demands have for selecting an appropriate reading strategy. 
To make such decisions, students need to engage in self-regulated learning (De Milliano 
et  al., 2016; Rouet et  al., 2017). Self-regulated learning refers to the ability to actively 
steer and adapt one’s learning to meet learning goals and overcome challenges (Winne & 
Hadwin, 1998). While self-regulation encompasses cognitive, behavioural, motivational, 
affective and metacognitive components, for the present study we mainly focus on stu-
dents’ ability to engage in metacognitive regulation to coordinate and control cognitive 
learning in response to task demands during TOR. In this context, it is important that 
students have sufficient knowledge about task demands and reading strategies to engage 
in metacognitive control and monitoring of their reading (Winne & Hadwin, 1998). This 
implies being able to select an appropriate reading strategy to fulfil the task at hand (De 
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Backer et  al., 2016). In general, models of self-regulated learning suggest three regula-
tion phases: the pre-task preparation phase (i.e., orientation and planning), the execution 
phase (i.e., monitoring), and the post-task reflection phase (i.e., evaluation), also referred 
to as the forethought, performance and self-reflection phases (Zimmerman, 2008). Dur-
ing pre-task preparation, students orient themselves to characteristics of the task and text. 
Accordingly, students create a representation of the task based on these characteristics 
(Rouet et  al., 2017; Winne & Hadwin, 1998). This ideally involves predicting whether 
information required to fulfil the task needs to be obtained on a local or global level and 
assessing the level of inferencing needed to process this information (Van Steensel et al., 
2013). Students then use this task representation to plan and select an appropriate read-
ing strategy. During task execution, students monitor their progress towards successful 
task execution in relation to the chosen strategy (Vidal-Abarca et  al., 2010). This helps 
them to determine whether the selected strategy is appropriate for the task or whether it 
needs to be adapted (Panadero, 2017). Finally, during post-task reflection, students evalu-
ate whether their perception of the task was correct in hindsight and whether their reading 
strategy of choice was effective and efficient. These evaluations help students gain insight 
into how reading strategies can be applied in future tasks and improve their TOR (Rouet 
et al., 2017; Winne & Hadwin, 1998). However, as mentioned before, prevocational stu-
dents experience difficulty in adapting their reading strategy to task demands and there-
fore are in need of support to effectively regulate TOR (De Milliano et al., 2016). In this 
study, we propose to let learners collaborate and also support them with a collaboration 
script to develop the needed skills to regulate TOR.

Collaborative learning, social and self‑regulation

Collaborative learning can support the development of learners’ metacognitive knowledge 
(Molenaar et  al., 2011, 2014). When learners engage in collaborative learning, they are 
required to verbalize metacognitive regulation, in the context of TOR, their task percep-
tion, strategy selection and strategy reflection to group members. Through explicating 
and discussing, students become aware of how they develop a task perception, select a 
strategy, reflect on their strategy use, and receive feedback from group members on their 
approach. As such, students influence each other in a spiral-like fashion: each student con-
tributes knowledge to the social system, altering the interpersonal plan during collabora-
tion and consequently eliciting new activities from the group members. In this way, indi-
vidual students appropriate metacognitive knowledge provided by the social system and, in 
turn, contribute with their enhanced participation in the development of the social system 
(Volet et al., 2009). Such articulation of metacognitive knowledge has been associated with 
improved socially shared regulation (De Backer et  al., 2016) and, consequently, individ-
ual regulation (Molenaar et al., 2014). Socially shared regulated learning (SSRL) refers to 
instances in which students jointly monitor and control their learning during collaborative 
learning (De Backer et  al., 2022; Iiskala et  al., 2021; Järvelä & Hadwin, 2015). During 
collaboration, increased transactivity can improve students’ individual knowledge through 
shared knowledge construction (Fisher et al., 2013; Teasley, 1997).

Transactive interaction facilitates SSRL in two ways: (1) students contribute deep-level 
metacognitive activities (depth), and (2) students build on and elaborate on other group 
members’ earlier metacognitive contributions (sharedness). Generally, low-and deep-
level metacognitive regulation are distinguished (De Backer et  al., 2016, 2022). Low-
level metacognitive regulation is characterized by examining surface-level text and task 
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characteristics. For example, during the pre-task preparation phase, low-level metacogni-
tive regulation is the discussion of task demands, i.e., “this is a simple question”, whereas 
deep-level orientation discusses task demands and relates them to reading strategies, i.e., 
“for a simple question we only need to search for the answer in the text” (Butler, 2002; De 
Backer et al., 2016). Hence contributions of deep-level metacognitive regulation are more 
profound contributions about the nature of text and task in which a connection is made 
with the location of relevant information in the text. These deep-level contributions have 
the potential to foster SSRL and consequently translate into individual knowledge on how 
to use metacognitive regulation during TOR (De Backer et  al., 2016). Previous research 
indicates that the depth of a student’s metacognitive contributions is predictive of the suc-
cess of socially shared regulation and individual regulation of TOR (Hämäläinen et  al., 
2008; Iiskala et al., 2021).

Following the assumption of transactivity, students have to respond to, and elaborate 
on, group members’ contributions (Fisher et al., 2013). This sharedness of metacognitive 
regulation refers to the extent students engage in and relate to each other’s metacognitive 
activities (Molenaar et al., 2014). Previous research distinguished different levels of shar-
edness in student metacognitive regulation: students can ignore each other’s metacogni-
tive activities, accept each other’s metacognitive contributions without further demands for 
justification, share their existing knowledge without translating it into meaningful meta-
cognitive activities or engage in the co-construction of metacognitive activities (Molenaar 
et al., 2014). When students co-construct, they elaborate on others’ metacognitive contri-
butions, explaining and questioning each other’s thinking and providing feedback (Järvelä 
& Hadwin, 2015). In this type of interaction, students formulate contributions that indi-
vidual group members could not have generated themselves (Hämäläinen et al., 2008). Par-
ticularly this latter type of interaction fosters meaningful SSRL and potentially translates 
into improved individual regulation of TOR (Molenaar et  al., 2014). However, previous 
research indicates when pre-vocational secondary education students collaborate, they gen-
erally engage in no or low metacognition regulation of TOR (Okkinga et al., 2021). These 
students need guidance while collaborating, this study uses a script to support students in 
discussing task and text characteristics, and to connect these characteristics with reading 
strategies.

Scripting socially shared regulation of TOR

It is well known that transactivity is rare during collaborative learning, and external scripts 
have mitigated this problem (Fisher et al., 2013). In fact, external scripts have been found to 
effectively support knowledge development and collaboration (Hämäläinen et al., 2008; Rad-
kowitsch et al., 2020). Although researchers have proposed the application of external scripts 
to support deep level metacognitive regulation and enhance SSRL (Järvelä & Hadwin, 2015; 
Miller & Hadwin, 2015), few studies have effectuated this proposal.

Järvelä and Hadwin (2015) proposed three design principles for supporting SSRL, 
namely: (1) increasing learner awareness of individual and group members’ learning pro-
cesses, (2) supporting externalization of individual and group members’ learning processes 
and helping to share and interact, and (3) prompting acquisition and activation of regu-
latory processes. Within the context of the present study, we have operationalized these 
design principles into a macro-and micro-level collaboration script that aims to facili-
tate depth and sharedness of metacognitive regulation (see Appendix A for an elaborated 
description).
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The ‘Y-read?’ external collaboration scripts are structured around the four elements 
play, scene, scriptlets, and roles from Fisher et al. (2013). The macro-level script combines 
the components ‘play’, ‘scene’ and ‘roles’ (following Fisher et  al., 2013; Radkowitsch 
et al., 2020) and fosters collaborative pre- and post-task regulation before and after individ-
ual reading (following Järvelä et al., 2016). Play provides general task definitions detailing 
the main goal for collaboration. Within the context of the present study, play supports pre-
and post-task socially shared regulation of TOR. A ‘scene’ encourages a sequence of activ-
ities within the ‘play’ scenario. In the present study, there are four scenes, specifically pre-
task group preparation, individual task execution, individual reflection and post-task group 
reflection (see Fig. 2 and Appendix A). A novelty of this script is the interaction between 
collaborative and individual elements, i.e., the combination of individual task execution 
and reflection combined with collaborative pre- and post-task regulation to elicit socially 
shared regulation. Hence the function of the script is directed at supporting socially shared 
regulation, which is a rare focus in script research (Radkowitsch et al., 2020). In addition, 
students are assigned different ‘roles’ across ‘scenes’, such as group leader, writer, task 
guard or text guard, to support sharedness through information interdependency among 
group members. Although roles have been investigated previously (Weinberger et  al., 
2005), a full automation flow of role information and related learning materials to different 
participants on four different tablets that synchronously drive face-to-face collaboration as 
developed in Y-read is, to the best of our knowledge, novel. Also, roles were rotated across 
the four sessions to increase motivation and learning (Taylor & Baek, 2019).

Finally, the micro-level script further facilitates pre- and post-task regulation. ‘Script-
lets’ arrange activities within a ‘scene’ and thus construe knowledge about the sequencing 
of these activities. For example, during pre-task regulation, students were urged to create 
a task representation in order to select a reading strategy. This scriptlet triggers students to 
externalize their perceptions of the task and consequently build a shared understanding of 
task complexity before selecting an appropriate strategy (Järvelä & Hadwin, 2015). This 
pre-task planning scriptlet, and the other scriptlets, are designed to elicit deep-level meta-
cognitive regulation.

Present study

In this study, we examined whether the ‘Y-read?’ collaboration script elicits deep and 
shared metacognitive regulation and helps individual students to engage in more successful 
individual regulation of TOR. As mentioned before, students’ discussions of TOR and the 
regulation thereof often remain superficial, suggesting they need guidance (Okkinga et al., 
2021). Collaboration scripts have the potential to elevate group discussions towards more 
advanced regulation of TOR. We are particularly interested in the effects of such a script 
on the depth and sharedness of metacognitive regulation during TOR assignments. The 
present study thus aimed to find an answer to the following research questions:

1. How does a collaboration script impact the depth and socially sharedness of metacogni-
tive regulation?

2. To what extent does a collaboration script consequently affect individual task represen-
tation, strategy selection and strategy reflection?

We expected the script to help groups engage in deep and shared metacognitive regula-
tion (Molenaar et al., 2014). To explore the first question, we first examined the depth and 
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sharedness of metacognitive regulation during group discussions when working with the 
collaboration script. We expected that role division in the macro-level script would encour-
age sharedness among students through the support of joint negotiation and aligning meta-
cognitive regulation, while the micro-level script would support the depth of their regu-
lation by offering students support discussing pre-and post-task regulation. We examined 
depth and sharedness by analyzing group interaction when working with the script. Finally, 
we explored the second question by examining whether students improved on individual 
metacognitive regulation (i.e., individual task representation, strategy selection and strat-
egy reflection) by comparing the pre-and post-test scores. We expected a positive effect of 
socially shared regulation on the ability of students to individually regulate their learning 
(Molenaar et al., 2014).

Method

Design

This study followed a pre-test, post-test intervention design. The intervention consisted of a 
collaboration script that was used in four lessons to support students’ collaboration during 
reading tasks they conducted in small groups. Before and after the four lesson intervention, 
students completed a TOR-test, during which their task representation, strategy selection 
and strategy reflection were assessed. Both the collaboration script and the pre- and post-
tests were integrated in a newly developed digital learning environment: ‘Y-read?’ (see 
Fig. 1).

Participants

The study was conducted in a classroom setting with 44 10th Grade pre-prevocational sec-
ondary school students as part of the regular Economics program. The average age of stu-
dents was 15.7 years (SD = 0.9), and 23 identified as male. The participants were divided 
over two classes with the same teacher. During the intervention participants collaborated in 
11 groups of four students each. Parental and student approval was required for participa-
tion in this study.

Fig. 1  Study design
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Intervention

Both the TOR-test and collaboration script were integrated in the ‘Y-read?’ environment in 
such a way that the students had to adopt the script. The TOR-test was developed to meas-
ure students’ task representation, strategy selection and strategy reflection before and after 
the intervention. This test will be described under Measures. During the 4-lesson interven-
tion, students were placed in groups, each with their own device, while being able to dis-
cuss planning and reflection activities face-to-face. For the duration of the lesson, students 
were seated together, even when working individually in ‘Y-read?’. When working together 
during planning and reflection (see Fig. 2), the micro-level script aimed to help students 
articulate and align their regulatory activities, such as task representation, strategy selec-
tion and strategy reflection, while the macro-level script guided the students synchronously 
through the pre- and post-task phase.

The aim of the collaboration script was to elicit group discussions around pre- and 
post-task regulation. The macro-level script guided students through the different ‘scenes’, 
respectively, collaborative pre-task group planning, followed by individual task execution 
and a collaborative post-task group reflection (see Fig. 2). Task representation and strategy 
selection were addressed in pre-task group planning, and strategy reflection was addressed 
in post-task group reflection. Each lesson consisted of three or four iterations of the script. 
After group reflection, students were redirected to the collaborative planning phase for 
the next task. To structure group discussions, students were automatically assigned roles, 
which alternated over the four lessons (see Fig. 2). The leader (A) guided discussions and 

Fig. 2  Task flow of the ‘Y-read?’ collaboration script
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had information about the task and reading strategies. The writer (B) was in charge of writ-
ing down group decisions on shared task representation, strategy selection and strategy 
reflection. The task guard (C) was given the task and was instructed to discuss task char-
acteristics with group members. Finally, the text guard (D) was given the text and was 
instructed to discuss content characteristics with group members. By alternating the roles 
over lessons, students learned to approach a task from different viewpoints.

After ‘Y-read?’ assigned the roles at the beginning of each lesson, the pre-task group 
planning phase started, during which the micro-level script provided support for each 
group member’s activities according to their role (see column “1. Planning” in Fig. 2). Dis-
tribution of information in this phase was based on the distributed information principle 
from Jigsaw designs and used to elicit interdependency (Strijbos & De Laat, 2010). By 
providing each group member with a part of the information necessary to create a plan, 
the collaboration script compelled students to collaborate. First, the group was guided to 
discuss their task representation. The leader was given questions to guide the discussion 
(A1 in Fig. 2), such as "What kind of assignment is it? (For example, multiple-choice or a 
fill-in schedule)" and "What information can you already find in the text?". The writer was 
given the planning page on which students had to fill in two questions regarding their task 
representation (B1 in Fig. 2). These questions and their answer options were: (1) “How 
difficult do you think this task will be?” On a scale from 1 to 10; 1 being very easy, and 
10 being very difficult, and (2) “Where can you find the relevant information in the text 
to answer this assignment?” On a scale from 1 to 10; 1 being in 1 place, and 10 being in 
many places. The task guard was given the task (C1 in Fig. 2), and the text guard was given 
the blurred version of the text, with only the title, paragraph headers and picture visible 
(D1 in Fig. 2). Second, the group was guided to discuss their strategy selection. To select 
a strategy, the leader was given a question to guide the discussion (A1 in Fig. 2), such as 
"Which reading strategy is best for the assignment and the text?". In addition, the leader 
was given information on reading strategies. For example, the leader had information on 
how to apply a searched strategy, i.e. “You look for information in the text, paying atten-
tion to specific details in the text, such as names, dates, and places. Headings above the 
text can help with this because headings provide information about the content of a para-
graph. Often the answer is almost literally in the text.”. The writer was given the planning 
page (B1 in Fig. 2) on which students had to indicate which reading strategy they were 
going to use (i.e., searched reading, targeted reading or intensive reading). In addition, the 
writer had to write down why the group selected this strategy. Together with the informa-
tion given to the task guard (C1 in Fig. 2) and text guard (D1 in Fig. 2), the group was able 
to select a strategy.

After this collaborative stage, the macro-level script gave each student access to the text 
and task, so that they could execute the task (see column “2. Task execution” in Fig. 2). 
When they completed the task, each student was asked individually which reading strategy 
they used and which reading strategy would have been best in hindsight for this task (see 
column “3. Reflection” in Fig. 2). Subsequently, they were given a waiting screen until all 
group members finished the task and individual reflection. Once all group members were 
finished, they had to reflect on the task together (see column “4. Reflection” in Fig. 2). The 
script supported collaboration by again providing each student with a piece of information 
necessary for strategy reflection. The leader was given the correct answer and additional 
questions to guide the discussion (A4 in Fig. 2), such as "What answers did everyone give 
to the assignment? (Task guard has the answer)" and "What reading strategies did every-
one use? (Text guard has the answer)". The writer was given the same questions as during 
planning (B4 in Fig. 2), only now with instructions to answer these questions again with 
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the acquired knowledge of the task. The task guard was given the task answers of each 
group member (C4 in Fig. 2). The text guard was able to see which strategy each group 
member had used, based on information students had provided during individual reflection 
(D4 in Fig. 2). After filling out the reflection, the script guided students back to planning to 
work on a new task collaboratively.

Measurements

Conversation analysis; measuring regulation of TOR

To determine how the micro-level collaboration script influenced the depth of groups’ pre-
and post-task shared regulation, all group conversations were recorded with voice record-
ers. All audio recordings of group discussions were transcribed. While it was unclear 
which group member was speaking on the recording, one could clearly hear when there 
was a change of speaker. Therefore, transcriptions were made on the utterance level. Each 
utterance represents an expression about a single topic by a single student.

First, each utterance during pre- and post-task regulatory discussions was coded into 
one of the main categories derived from the coding scheme of Molenaar et  al. (2014): 
cognitive activities, metacognitive activities, procedural activities, relational activities, 
off-task activities, teacher/researcher activities and not codable activities. Cognitive activi-
ties included all utterances concerning task content and elaborations of this content (e.g., 
asking questions regarding domain knowledge, or elaborating on or summarizing content). 
Metacognitive activities included utterances concerning monitoring and controlling cogni-
tive activities (e.g., orientation on a task and text, create a plan, or evaluate or reflect on the 
task and text). Procedural activities concern utterances about working in ‘Y-read?’ (e.g., 
discussing how to use ‘Y-read?’ or role responsibilities). Relational activities included 
utterances about social interaction between group members (e.g., supporting or encour-
aging group members to actively participate in the group discussion). Off-task activities 
concern utterances unrelated to the task or text (e.g., discussing last night’s soccer game). 
Teacher/researcher activities contain contributions made by the teacher or researchers (e.g., 
the teacher or researcher offers support on working with ‘Y-read?’). Finally, all utterances 
that are too short or unclear to interpret fell into the category of not codable activities. 
When two or more consecutive utterances fell under the same code, the same code was 
given for each of these utterances.

Second, each metacognitive activity was further analyzed to define whether students 
engaged in low- or deep-level metacognitive regulation, inspired by the coding scheme of 
De Backer et al. (2016). For this study, in which we aimed to measure how the collabora-
tion script influenced pre- and post-task regulatory discussions, we focused on low- and 
deep-level regulation of metacognitive activities such as orientation, planning and reflec-
tion (see Table 1). Low-level orientation is solely focused on examining content charac-
teristics and task demands, whereas deep-level orientation involves processing content 
characteristics and task demands by activating prior knowledge or generating hypotheses. 
Solely formulating a problem-solving plan without substantive arguments is considered 
low-level planning, whereas connecting task and/or content characteristics in creating a 
plan is a form of deep-level planning. Finally, low-level reflection only encompasses stu-
dents evaluating and checking their learning outcomes, whereas deep-level reflection indi-
cates reflective judgements for future tasks. We additionally registered how often students 
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literally read out loud the questions provided by the script to measure uptake of these 
scripted questions. Since these questions were literally read from the script, we did not 
regard these utterances as self-initiated metacognitive activities, and therefore we have not 
coded these questions under low- or deep-level activities. Instead, they were coded as scaf-
fold. Again, in case two or more consecutive utterances fell under the same code, the same 
code was given for each of these utterances.

Each utterance was coded (n = 8713 utterances) and 1027 (11.78%) of these utterances 
were randomly selected and coded by a trained second coder to determine interrater reli-
ability (Lombard et al., 2002). There was moderate overall interrater-reliability agreement 
on the main categories (K = 0.73) with a high agreement on the main category metacog-
nition (K = 0.80). On the subcategories interrater-reliability indicates an almost excellent 
overall agreement (K = 0.88) and a high overall agreement on the coding of low- and deep-
level metacognitive activities (K = 0.84).

Conversation analysis; measuring shared regulation

After coding all utterances into main categories and subcoding metacognitive utterances, 
metacognitive episodes were determined to provide insight into the sharedness of intra-
group social metacognitive interaction (Molenaar et al., 2014). Group pre- and post-task 
discussions were divided into metacognitive episodes according to changes in topic of dis-
cussion. Metacognitive episodes comprised a sequence of utterances of which at least one 
is metacognitive in nature; such episodes end after the last utterance on the same topic. 
These metacognitive episodes were then coded per episode to distinguish four types of 
intra-group social metacognitive interaction: ignored, accepted, shared and co-constructed 
(see Table  2). An ignored social metacognitive activity occurs when a group member’s 
metacognitive utterance is ignored, such as when a student asks what strategy to use, and 
another student responds with an utterance about a video on their phone. An accepted 
social metacognitive activity occurs when a metacognitive utterance is followed up with a 
cognitive activity of another group member, for example, when a student asks about task 
complexity and another student responds by reading the correct answer. A shared metacog-
nitive social activity occurs when students share metacognitive activities and ideas with 
each other, but do not build on each other’s contributions, for example, when two students 
share which reading strategy they plan on using. A co-constructed social metacognitive 
activity occurs when students build on each other’s metacognitive activities, for exam-
ple, when a student shares which reading strategy they deem appropriate for the task and 
another student responds with an argument why this strategy is appropriate for the task.

In total 938 metacognitive episodes were identified and coded by the first author of this 
paper. In addition, 152 (16.2%) episodes were randomly selected and coded by a trained 
second coder to determine interrater reliability (Lombard et  al., 2002). There was good 
overall agreement (K = 0.80) and moderate to excellent agreement for the types of intra-
group interaction (Kignored = 0,91, Kaccepted = 0,93, Kshared = 0,71, Kco-constructed = 0,84).

Depth and sharedness of regulation across the lessons

These analyses grant insight into groups’ depth and social sharedness of metacognitive reg-
ulation during TOR across the lessons, however information regarding the groups’ interac-
tion per lesson is thereby lost. For this reason, a qualitative exploratory analysis was added 
to the results to visualize how depth and social sharedness of metacognitive regulation 
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evolved over the four lessons for each group. To visualize the differences in intra-group 
interaction and depth of metacognitive activities over the course of the four lessons the 
information from the conversation analyses was plotted in interaction graphs for each 
group (see Appendix B). The blue area graphs display the intra-group interaction of each 
group over the course of the four lessons, while the grey bar charts display the depth of 
metacognitive activities of each group over the course of the four lessons.

In addition, each groups’ and students’ correct answers on the planning and reflection 
questions were visualized to examine how groups and individuals evolved over the lessons. 
After each task a student was asked individually “which reading strategy would have been 
best in hindsight for this task?” (see Fig. 2, column “3, Reflection”). Subsequently, it was 
examined whether the chosen strategy was appropriate for the task complexity. If this was 
the case, the student received a point, with a maximum of 4 points per lesson. These cor-
rect answers are plotted anonymously for each student in the graph on top of the blue area 
graph. On top of the grey bar graphs a line graph is plotted, consisting of two lines repre-
senting the correct group answer on strategy selection and strategy reflection (see Fig. 2, 
column “1. Planning” and column “4. Reflection”). If the selected and/or reflected strategy 
was appropriate for the task complexity, the group received a point, with a maximum of 4 
points per lesson.

Individual pre‑ and post‑TOR‑test

Students completed the TOR-test individually in ‘Y-read?’ behind a laptop. At the start of 
the TOR-test, students were asked questions about task representation and strategy selec-
tion on the planning page. To fill out the planning, they also had access to the task and lim-
ited information regarding the text (i.e., they could read the title and subheaders while the 
rest was blurred). After submitting their planning, they were directed to the text, of which 
only the title and headers were visible to read. To read the rest of the text, students could 
deblur a sentence at a time. During this execution phase, students were able to switch back 
and forth between text and task at any time. After reflection, students were redirected to the 
planning page for the next task. Before entering the test, students were given an example 
task to familiarize themselves with the individual ‘Y-read?’-environment.

In the reading test, students completed nine tasks centered on the topic of environmen-
tal sustainability. This topic was chosen because it was not part of students’ Economics 
program. We developed tasks that were comparable to tasks students commonly come 
across in school materials. These tasks included multiple-choice questions, open questions, 
matching tasks, and a summary in which students had to fill in missing words. These tasks 
were related to one text, and we designed the tasks so that they varied in complexity (i.e., 
low-level, intermediate-level, and high-level) based on the amount of reading and infer-
encing necessary to complete a task. Prior to a task, students were asked about their task 
representation and strategy selection. After completing a task, students were asked about 
their strategy reflection. The questions regarding task representation, strategy selection and 
strategy reflection are the same as in the collaboration script, only these questions were 
now answered individually. Task representation assessed students’ ability to recognize 
task complexity based on two predictions. First, students were asked about the amount of 
reading necessary (i.e., same question as in the collaboration script). Second and different 
from the collaboration script, students were asked about the amount of inferencing deemed 
necessary. For this they were asked to finish the following statement: ‘While reading the 
text…’ by choosing from two options (1) ‘…I can probably literally find the information 
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I am looking for’ or (2) ‘…I probably have to think about the information to make the 
assignment’. Questions about Strategy selection and Strategy reflection were the same as 
in the collaboration script. However, strategy evaluation was not used as a measure during 
this study. Instead, this question was added as a self-report question to trigger students to 
think about their executed strategy (i.e., question about used strategy). Strategy reflection 
assessed students’ ability to reflect on regulation of TOR.

Procedure

For the intervention, which consisted of four lessons, the teacher followed a predesigned 
lesson plan consisting of plenary instruction, work on tasks, and a plenary reflection (see 
Fig.  1 for lesson plan). Students worked in groups of four on 3 or 4 tasks while being 
guided by ‘Y-read?’. These tasks were part of the regular Economics curriculum. Roles in 
the collaboration script and what was expected of students were explained during the first 
lesson. In addition, students were encouraged to ask questions regarding these roles and 
‘Y-read?’ in case of unclarities. The teacher or researcher would answer these questions 
when related to the procedure. Questions regarding the task or text were not answered. 
Instead, students were encouraged to converse with group members about content-related 
questions.

At the start of each lesson students were given ten minutes of instruction. The first les-
son involved plenary instruction on the ‘Y-read?’-environment and shared collaboration, 
while instruction in the second lesson focused on task representation. Instruction in the 
third lesson focused on differences in reading strategies, and the final lesson focused on 
reflection of previous lessons. After instruction, students worked in groups for 45 min, sup-
ported by ‘Y-read?’. Each lesson ended with five minutes of plenary reflection on the tasks 
students had worked on.

Analyses

To answer the first research question, we first examined the depth and social sharedness of 
metacognitive regulation of TOR while groups were supported by the macro-and micro-
level collaboration script. For this purpose, we analyzed the depth of metacognitive regula-
tion through the distribution of different types of metacognitive activities, focusing particu-
larly on low- and deep-level metacognitive activities during pre- and post-task discussions. 
Second, we examined sharedness of regulation when working with the script by analyz-
ing the distribution of different types of intra-group interaction during metacognitive epi-
sodes. In addition, we investigated whether sharedness of metacognitive regulation (i.e., 
the type of intra-group interaction) was correlated with the depth of metacognitive regu-
lation (i.e., low- or deep-level metacognitive regulation). This requires that we calculate 
the correlation at utterance level (i.e., low-and high-level utterances) with metacognitive 
episodes (i.e., ignored, accepted, shared and co-constructed) to examine whether students 
showed more deep-level activities during shared or co-constructed interaction, as we would 
expect. However, it could also have been possible that students built on each other’s low-
level contributions, or that a student with a deep-level contribution was ignored, or group 
members solely accepted this statement as truth and did not elaborate on it any further. 
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For this reason, we performed a correlation to check whether our assumption (namely that 
deep-level utterances are associated with shared or co-constructed interactions) is correct.

Another way to gain insight into groups’ depth and social sharedness of metacognitive 
regulation during TOR is by looking at the learning process (Malmberg et al., 2013; Paans 
et al., 2020). For this reason, we executed an exploratory qualitative analysis to visualize 
the depth and sharedness across the four lessons. In addition, groups’ and students’ correct 
answers on the planning and reflection questions were visualized to examine how groups 
and individuals evolved over the lessons. By visualizing these answers with depth and 
social sharedness of metacognitive regulation together in a graph (see Appendix B), we 
hoped to gain more insight in groups’ collaboration as well as possible differences between 
groups.

For the second research question, we examined to what extent students’ individual task 
representation, strategy selection and strategy reflection had improved after the interven-
tion. For this purpose, a paired-samples t-test was executed to test differences between pre- 
and post-test. A power analysis with power set at 0.80 and an expected effect size of 0.25, 
and an α = 0.05 using a linear multiple regression, indicated a minimum sample size of 42 
participants needed to reach statistical significance. For inclusion in the analysis, students 
had to be present during at least three of the four lessons. Students from one group were 
absent more frequently and therefore excluded from this analysis. Also, students that were 
only present during one of the TOR-tests were excluded. After applying these rules, 38 stu-
dents were included in the analysis.

Results

Regulation of TOR when working with a collaboration script

Table 3 presents the frequency of different activities during pre- and post-task group dis-
cussions. The table shows strong engagement in metacognitive activities, both before and 
after the task: in both stages around sixty percent of the utterances were metacognitive, 
which is consistent with the fact that only pre and post-task regulation was performed col-
laboratively. A smaller share of utterances involved procedural and relational activities. 
Cognitive activities and motivational comments were rare.

Table 3  Overview number of utterances per main category

Pre-task Post-task

Main categories N % N %

Metacognition 2318 62.84 1848 59.6
Cognition 13 0.35 112 3.6
Procedural 509 13.80 413 13.3
Relational 513 13.91 480 15.5
Motivation 8 0.22 21 0.7
Off task 159 4.31 51 1.6
Teacher/Researcher 77 2.09 56 1.8
Not codable 92 2.49 120 3.9
Total 3688 100 3101 100
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We then investigated the nature of the metacognitive activities. Of the metacognitive 
utterances during pre-task regulation, 314 (13.55%) involved students repeating scripted 
questions as presented to the leader and writer, 1419 (61.22%) involved orientation on task 
and content, and 577 (24.89%) involved planning. Few pre-task metacognitive utterances 
involved monitoring (N = 8, 0.35%). Of the 1848 metacognitive utterances during post-task 
regulation, students repeated scripted questions 225 (12.18%) times, while 1622 utterances 
(87.77%) involved reflection, and 1 (0.05%) involved monitoring.

Subsequently, we investigated whether students used low or deep-level metacognitive 
activities during pre-and post-task regulation (N = 3669, see Table  4). During pre-task 
regulation, 1909 (52.03%) utterances were coded as low-level metacognitive activities. On 
average per group, low-level metacognitive activities occurred during 173 (SD = 68.77) 
instances. Group A (N = 45) showed the least- and Group H (N = 250) showed most low-
level metacognitive activities. Deep-level metacognitive activities were rare and occurred 
during 87 (2.37%) utterances. On average, each group discussed deep-level metacognitive 
activities during 7.91 (SD = 9.95) instances, with Group C discussing no deep-level activi-
ties and Group H discussing deep-level activities during 30 utterances. During post-task 
regulation, 1672 (45.57%) utterances were coded as low-level metacognitive activities. On 
average per group, low-level metacognitive activities occurred during 152 (SD = 63.08) 
instances. Group C (N = 73) showed the least- and Group H (N = 267) showed the most 
low-level metacognitive activities. Deep-level metacognitive activities were only measured 
once during post-task regulation.

Shared regulation of TOR when working with a collaboration script

Table 5 shows the intra-group metacognitive interaction (sharedness) during pre-and post-task dis-
cussion. We established a total of 938 metacognitive episodes, distributed quite evenly across pre-
and post-task (n = 484, 52% and n = 454, 48%, respectively). On average per group, 44 (SD = 13.70) 

Table 4  Low versus deep-level 
metacognitive activities for each 
group

Pre-task Post-task

Low Deep Low Deep

N % N % N % N %

Group A 45 33.8 2 1.5 86 64.7 0 0.0
Group B 82 49.4 4 2.4 80 48.2 0 0.0
Group C 137 65.2 0 0.0 73 34.8 0 0.0
Group D 139 56.3 1 0.4 107 43.3 0 0.0
Group E 235 50.1 24 5.1 210 44.8 0 0.0
Group F 218 54.2 3 0.7 181 45.0 0 0.0
Group G 232 60.9 10 2.6 139 36.5 0 0.0
Group H 250 45.7 30 5.5 267 48.8 0 0.0
Group I 232 59.9 6 1.6 148 38.2 1 0.3
Group J 143 39.6 1 0.3 217 60.1 0 0.0
Group K 196 53.6 6 1.6 164 44.8 0 0.0
Total 1909 52.03 87 2.37 1672 45.57 1 0.03
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metacognitive episodes were established during pre-task regulation. The least metacognitive epi-
sodes occurred in Group A (N = 15) and most episodes occurred in Group G (N = 65).

Subsequently, we investigated what types of intra-group metacognitive interaction groups 
exhibited (i.e., ignored, accepted, shared or co-constructed) during pre-and post-task regulation 
(see Table 5). During pre-task regulation, 363 (75.00%) metacognitive episodes were coded as 
accepted intra-group interactions. On average per group, accepted interaction occurred during 33 
(SD = 12.44) episodes. Group E (N = 0) showed the least- and Group B (N = 10) showed the most 
accepted interactions. 47 episodes (9.71%) were coded as co-constructed intra-group metacogni-
tive interactions during pre-task discussions. On average per group, co-constructed interactions 
occurred during 4.27 (SD = 4.90) episodes. Showing a great diversity between groups, Groups A, 
B and J (N = 0) showed the least- and Group E (N = 16) showed the most co-constructed interac-
tions. Ignored intra-group interactions occurred in 45 (9.30%) metacognitive episodes, almost just 
as often as co-constructed interactions. On average group members ignored each other during 4.09 
(SD = 2.98) episodes, with again a great diversity between groups. For instance, Group E never 
ignored group members, while Group B ignored group members during 10 episodes. During pre-
task regulation, only 29 (5.99%) metacognitive episodes showed any shared intra-group interaction.

Of all metacognitive episodes during post-task regulation, 302 (66,52%) showed accepted 
intra-group interaction. On average per group, accepted interactions occurred during 27.45 
(SD = 8.78) episodes. Group B (N = 12) showed the least- and Group G (N = 42) showed the most 
accepted interactions. During 81 (17.84%) metacognitive episodes, ignored intra-group interac-
tions occurred. On average per group, ignored interactions occurred during 7.36 (SD = 4.39) epi-
sodes, showing a great diversity between groups. Group E (N = 1) showed the least- and Group 
A (N = 16) showed the most ignored interactions. Shared intra-group interactions occurred in 
55 (12.11%) metacognitive episodes. On average per group, shared interactions occurred dur-
ing 5.00 (SD = 4.24) episodes. Groups A and D (N = 1) showed the least- and Group H (N = 13) 
showed the most shared interactions. During post-task regulation, only 16 (3.52%) metacognitive 
episodes showed any co-constructed intra-group interaction.

Depth and sharedness of regulation across the lessons

In addition to the observed differences between the groups in Tables 4 and 5, we have plot-
ted two interaction graphs for each group of which four exemplary graphs will be explored 
further in this paragraph. Group A and B were chosen because they displayed the most 
ignored intra-group interactions, while Group E and H were chosen because they displayed 
the most co-construction compared to the other groups (see Table 5).

When looking at the blue graphs on the left below in Fig. 3, Group E and Group H displayed 
a larger darker blue area, indicating more co-constructive interactions compared to other groups. 
In contrast, Group A and Group B displayed a larger lighter blue area, indicative of more ignored 
interactions over the lessons (see left-side y-axis for the percentiles sharedness of interactions 
on a scale of 0 to 1). The line graph plotted over these blue area graphs displays the individual 
scores on strategy reflection and shows an upward line between the second and third lessons 
for most students across the groups. However, after the third lesson, students’ individual strat-
egy reflection scores seem to decline for most students, except for one student in Group B who 
displays a stable line across the first three lessons, scoring 1 point each lesson and then scoring 
the maximum of 4 points on the last lesson (see right-side y-axis of the graph for the individual 
scores on a scale of 0 to 4).
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When looking at the grey bar charts on the right in Fig. 3, Groups E and Group H show 
slightly more dark grey in the bars across the lessons, indicating that they engaged in more deep-
level metacognitive activities compared to Group A and Group B. Group A and Group B also 
displayed some deep-level metacognitive activities, albeit it mainly being in the first lessons and 
then simmering down (see right-side y-axis of the graph for the percentiles of depth of groups’ 
discussion on a scale from 0 to 1). The line graph plotted over these grey bar charts displays the 
group scores on strategy selection (i.e., dark grey line) and strategy reflection (i.e., light grey 
line). Except for Group B (i.e., scores 3 points during the  4th lesson), none of the groups gained 
more than 2 points when reflecting on a strategy. Group A and Group E also got identical scores 

Fig. 3  Note. For both graphs, the x-axis displays the number of each lesson. For the blue graphs, the left 
side y-axis displays on a scale from 0 to 1 the percentiles for the sharedness of interaction, while the right 
side y-axis displays on a scale from 0 to 4, the number of correct answers given on the individual reflec-
tion question. For the grey graphs the left side y-axis displays on a scale from 0 to 4, the number of correct 
answers given on the group’s strategy selection and reflection questions, while the right side y-axis displays 
on a scale from 0 to 1 the percentiles for the depth of groups’ discussion.
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on strategy selection and reflection, indicating that they gave the same group answer before and 
after completing the task (see left-side y-axis for the group scores on strategy selection and strat-
egy reflection on a scale of 0 to 4).

Overall, the blue line graphs from the individual scores appeared to be roughly similar in 
shape as the line graphs from the group scores. Also, all four groups seemed to peak in the third 
lesson, while the sharedness and depth of regulation differed between these groups during this 
lesson (for full results, see Appendix B).

Association of shared regulation with regulation of TOR

Finally, we examined whether different types of intra-group interaction were associated with 
low- and deep-level metacognitive activities. Table  6 shows how each type of intra-group 
metacognitive interaction influenced the depth of metacognitive activities. During pre-task 

Fig. 3  (continued)
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regulation, the frequency of shared (r = 0.70, p < 0.05) and co-constructed (r = 0.84, p < 0.01) 
intra-group metacognitive interaction was significantly correlated with the frequency of deep-
level metacognitive activities. In other words, shared and co-constructed interaction co-occur 
more frequently in deep-level metacognitive interactions.

An illustration of how co-constructed interaction can facilitate deep-level metacognitive activ-
ities is shown in Table 7. At the start of this example a student states what strategy the group 
should use (“I think it is targeted reading.”), to which the writer only replies with a confirm-
ing response to write down this suggestion (“I’ll fill that in.”). However, another student ques-
tions what this strategy entails (“Targeted is reading a paragraph, right?”), opening the conversa-
tion for another student to respond and add why they should use this strategy instead of another 
(“Yes, but you have to explain something here, so therefore it is not searched.”). This answer on 
why they should use this ‘targeted’ strategy is then questioned, and the student is asked about 
their expectations on where the answer can be found in the text (“So in how many places will the 
answer be then?”), to which the student replies with a number (“That could be three.”), referring 
to the question the writer must answer during planning. This conversation prompts another stu-
dent to respond by trying to clarify the previous comment (“Plan economy… wait…”), although 
the response remains relatively vague. Therefore, another student responds with a more explicit 
suggestion about where the information in the text might be (“Maybe the answer it is in the intro-
duction.”). This response is followed by a clarification about what the other student tried to say 
earlier, now linking task demands about what they should look for in the text to an exact loca-
tion by looking at headers (“Wait, I think ‘the influence of the governments’, because a plan 
economy is, what is that called again, a dictatorship. So, it is about the government, so I think 
it’s in there.”). In this metacognitive episode, through discussing strategy selection, group mem-
bers construct a better understanding of the task and text. Each metacognitive activity triggers a 
response from a group member to question or better explain an earlier comment. By building on 
each other’s comments, these students were challenged to verbalize their assumptions about the 
task in relation to the text, setting an example of how co-constructed interaction can build up to 
deep-level metacognitive activities.

Table  6 also shows low-level metacognitive activities were significantly correlated with 
accepted (r = 0.74, p < 0.01) and co-constructed (r = 0.76, p < 0.01) intra-group interactions. An 
illustration of how accepted intra-group interactions facilitate low-level metacognitive activities 
is shown in Table 8. In this example a student opens with a question as suggested by the script 
(“Where is the relevant information in the text to answer the question?”), to which a group mem-
ber replies with a vague answer (“Multiple places.”). Prompted by this vague comment, a student 
asks for clarification (“How many places?”), which leads the group member to ask for more infor-
mation about the task (“How many statements are there?”). The task guard then answers this pre-
vious question (“There are five statements.”), which prompts the group member to respond with 

Table 6  Correlations between types of intra-group interactions and low- and deep-level metacognitive 
activities

* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

Pre-task Post-task

Ignored Accepted Shared Co-constructed Ignored Accepted Shared Co-constructed

Low-level -0.374 0.739** 0.325 0.758** -0.562 0.417 0.864** 0.680*
Deep-level -0.364 0.142 0.696* 0.837** -0.33 0.058 0.000 -0.059
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an answer to the earlier question of how many places the relevant information would be (“I think 
five places.”). Even though this answer remains very vague, it provides an answer to the question 
the writer has to answer during planning, namely “On a scale from 1 to 10; 1 being in 1 place, 
and 10 being in many places—Where can you find the relevant information in the text to answer 
this assignment?”, and in the end the other group members accept this answer with a simple reply 
(“Five places, yes.”). This metacognitive episode shows the importance of the quality of group 
interaction. The group members do not build on previous comments, questions stated by group 
members are simply being answered in this example. None of the group members object to these 
answers or ask for more clarification, thereby metacognitive activities remain low-level.

For post-task regulation, Table 6 shows that low-level metacognitive activities were signifi-
cantly correlated with shared (r = 0.86, p < 0.01) and co-constructed (r = 0.68, p < 0.05) intra-group 
interactions. An illustration of how shared intra-group interactions facilitate low-level metacogni-
tive activities is shown in Table 9. In this example a student opens with a statement following 
another metacognitive episode where the group determined where the relevant information was 
located in the text. In the current episode, as is shown in Table Shared, the group starts discussing 
strategy reflection, a student opens this discussion by stating what reading strategy would have 
been best according to him/her, and by sharing what reading strategy they has used during task 
execution (“Okay and then just focused reading I guess I don’t know what most … I’ve read inten-
sively myself.”). This statement is then followed by a question from a group member asking what 
the correct strategy would have been according to the script (“What was the correct reading strat-
egy?”). The leader answers the question by giving the most efficient reading strategy according 
to the script (“The first to … euuhm targeted reading… yes targeted.”). The text guard then fol-
lows this answer by stating what strategies group members have used, as is shown on their screen 
(“Two have read intensive and two have targeted.”), to which another group member replies by 
sharing what reading strategy they have used (“Yes, in the end I read intensively because… I read 
intensively anyway.”). This prompts another group member to also share their used strategy and 
thoughts on what strategy would have been best (“Yes, I did too, but I do think that targeted fits 
better, I think I just did it wrong.”). After this, the group switches to another topic, and the meta-
cognitive episode ends. This example shows how students agree on which strategy would have 
been best, but linger on sharing their own thoughts and actions, without constructing a shared idea 

Table 8  An example of accepted social metacognitive activities as initiated by the collaboration script dur-
ing pre-task regulation

Speech utterance Main code Sub-level code

“Where is the relevant 
information in the text 
to answer the ques-
tion?”

Metacognitive activitiy Scripted question

“Multiple places.” Relational activitiy Orientation Exploring content Low-level
“How many places?” Metacognitive activitiy Orientation Exploring content Low-level
“How many statements 

are there?”
Metacognitive activitiy Orientation Exploring task demands Low-level

“There are five state-
ments.”

Metacognitive activitiy Orientation Exploring task demands Low-level

“I think five places.” Metacognitive activitiy Orientation Exploring content Low-level
“Five places, yes.” Metacognitive activitiy Orientation Exploring content Low-level
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of what would have been the best strategy. Since there are no group members who question the 
metacognitive statements of another, this discussion remains at a low-level.

As expected, ignored metacognitive group interactions were not correlated with low-level nor 
with deep-level regulation (see Table 6). For example, a group member tried to open the conver-
sation on which strategy they should use (“why are we going to use this strategy? We already see 
a header…”), which was ignored by group members discussing something off task. These group 
members completely ignored this attempt to select a strategy, which is a good example of how 
ignored intra-group interactions do not usually elicit any kind of metacognitive activity.

Individual task representation, strategy selection and reflection

To establish whether students improved in individual TOR regulation, we examined whether stu-
dents improved on task representation, strategy selection, and strategy reflection. With respect to 
task representation, a paired-samples t-test showed that students significantly improved their task 
representation on the post-test, a statistically significant mean increase of 0.829 points, 95% CI 
[0.269, 1.389], t(37) = 2.994, p 0.005, d = 0.47. On average, students significantly improved on 
their task representation as indicated by a mean increase of 0.512 points 95% CI [0.112, 0.912], 
t(37) = 2.588, p 0.013, d = 0.40, which shows that during the post-test students more often indi-
cated that a high-level task required more inferencing as compared to the pre-test. No significant 
differences were found for low- and intermediate tasks (see Table 10). Regarding strategy selec-
tion, a paired-samples t-test showed that students did not significantly improve on selecting a 
reading strategy. Finally, regarding strategy reflection, a paired-samples t-test showed that stu-
dents significantly improved on reflecting which strategy could be used best in hindsight, a sta-
tistically significant mean increase of 0.737 points, 95% CI [0.156, 1.317], t(37) = 2.572, p 0.014, 
d = 0.42. On average students reflected significantly more often, with a mean increase of 0.816 
points 95% CI [0.450, 1.181], t(37) = 4.524, p < 0.001, d = 0.73, which shows that an intensive 
reading strategy would be best for a high-level task after the intervention on the post-test com-
pared to the pre-test. No significant difference was found for reflection on low- and intermediate-
level tasks (see Table 10).

Discussion

This design study examined shared regulation of TOR when working with a collaboration script 
among prevocational students, and investigated the ensuing improvement of individual pre- and 
post-task regulation during TOR. Results suggest that by creating roles with different responsi-
bilities and thereby providing each member with different information to fulfill the task during 
pre- and post-task regulation, the collaboration script possibly elicited metacognitive regulation 
in the groups. A closer examination of the depth of metacognitive regulation, however, indicated 
that most contributions were low-level, while deep-level metacognitive contributions were scarce 
during pre-task regulation and virtually non-existent during post-task regulation. The sharedness 
of metacognitive episodes was mostly accepted intra-group interaction. Both during pre- and 
post-task regulation, group members merely accepted each other’s suggestions. Only one-tenth 
of these episodes were co-constructed during pre-task regulation and substantially less during 
post-task regulation. Thus, even though the script seems to elicit metacognitive regulation, it did 
not successfully stimulate groups to engage in deep-level and shared metacognition. Surprisingly 
following the intervention, students did improve on individual metacognitive regulation, suggest-
ing they did become more aware of different task complexities. In particular, they appear to have 
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become better at recognizing characteristics of high-level tasks and also better at reflecting on the 
best strategy for these tasks.

Depth and sharedness while working with a multi‑level collaboration script

The main contribution of the study lies in the innovative design of the collaboration script, which 
provides different information to group members on tablets during face-to-face collaboration. 
The macro-level script aimed to support students active contributions to the discussion during 
pre-and post-task regulation of TOR. The script did elicit externalization of students’ metacog-
nitive regulation by making students dependent on each other for information (Kirschner et al., 
2018). This suggests that the script did support information exchange by implementing roles 
with different resources. However, the transactivity within the group interaction was low. Stu-
dents mainly just shared regulation and accepted each other’s contributions without further jus-
tification. This implies that students did not elaborate on other group members’ metacognitive 
contributions and the script did not successfully support the sharedness of metacognitive regula-
tion (Järvelä & Hadwin, 2015; Molenaar et al., 2014). Previous research suggests that the depth 
of metacognitive regulation, also referred to as foci, mainly influence group performance (De 
Backer et al., 2016; Iiskala et al., 2021) regardless of the form of intra-group regulation. Never-
theless, it has previously been noted that deep-level metacognitive regulation is more common in 
forms of intra-group interaction where students build on each other’s comments (Molenaar et al., 
2014; Iiskala et al., 2021), which was also found in the present study. Where the macro script was 
developed to elicit sharedness, the micro script was developed to elicit depth in regulation. Given 
that most utterances were metacognitive in nature, the findings suggest that the micro-level script 
did encourage metacognitive regulation.

However, most metacognitive contributions were low-level and students did not combine task 
and text characteristics in their discussion. Students’ contributions showed that they have knowl-
edge about strategies, but they did not elaborate on why a particular strategy was relevant for a 
task. Nor did they explicate which information in the text prompted them to consider a particular 
strategy. A possible explanation is that the structured nature of the scripted questions was not 
challenging enough for students and therefore the script did not trigger many high-level metacog-
nitive activities (Iiskala et al., 2015). However, within a few groups and during some occasions, 
high-level utterances did occur. For example, when looking at the blue graphs for each group 
in Appendix B, Group E and Group H displayed more co-constructive interaction compared to 
other groups. These two groups also displayed slightly more deep-level interaction in the grey 
graphs. However, these groups achieved average scores on group strategy selection and reflec-
tion in both graphs. A possible explanation might be that the students in these groups find the 
reading tasks they encounter more complex than the other groups, and therefore engage in more 
intra-group interaction in order to understand the assignment (Iiskala et al., 2021). In fact, this 
applies to other groups as well. Even though most groups displayed less overall co-construc-
tive interaction during the lessons, on the occasions (e.g., group C during lesson 4 and group I 
during lesson 1) that they did display more co-construction, their group scores on the questions 
were comparably lower. This potentially suggests groups only engage in shared or co-constructed 
metacognitive interaction when they face challenges and feel group collaboration may support 
individual regulation (Iiskala et al., 2015). This may also help explain the results that students 
improved specifically in recognizing high-level tasks and reflecting on the best strategy to apply 
for these tasks, because even though overall group discussions involved mostly low-level meta-
cognitive regulation, scores on the post-test did show that students improved on individual task 
representation and strategy reflection. In particular, with respect to high-level reading tasks, 
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students improved in recognizing task characteristics of high-level tasks and were better able 
to, in hindsight after completing the task, reflect on the appropriate strategy. Therefore, we cau-
tiously suggest that even though the collaboration script did not trigger deep-level metacognition, 
it may have helped students to improve on some critical elements regulating TOR, such as task 
representation and strategy reflection.

Another explanation for the variability of sharedness and depth of intra-group interaction are 
individual differences. In the present study, we did not investigate the impact of learner character-
istics on intra-group interaction. However, results from the blue interaction graphs do display dif-
ferences in intra-group interaction. This could be explained by individual differences, as previous 
research has shown that student participation usually varies within groups (Iiskala et al., 2015). 
Individual learner characteristics, such as metacognitive knowledge or reading ability, could have 
influenced the depth of interactions and/or sharedness of the groups’ interaction. Students had to 
create their own representation of a task and text to meaningfully contribute to the groups’ dis-
cussion. In doing so, each student brought prior knowledge regarding reading strategies, the con-
tent, self-efficacy and (intrinsic) motivation, into a collaboration. Indeed, De Backer et al. (2022) 
were able to distinguish three regulation profiles, such as the ‘all-round-oriented and affirming 
regulator’ (AOAR), the ‘social-oriented and elaborating regulator’ (SOER) and the ‘individual-
oriented and passive regulators’ (IOPR), through the clustering of data, gathered from different 
learner characteristics, such as metacognitive regulation, prior knowledge, task performance, 
motivation and self-efficacy. AOAR and SOER identified students were intrinsically motivated 
to learn, with the difference being that AOAR’s had moderate self-efficacy beliefs and perfor-
mance, while SOER’s were high achievers with complementary self-efficacy beliefs. IOPR’s 
were not intrinsically motivated to learn, they doubt their abilities and perform poorly on the 
content. In contrast to our design study, this study was conducted among university students. 
Hence it would be interesting to find out if the same profiles apply for our prevocational students. 
In line with De Backer and colleagues (2022), we would argue that gaining more insight into 
individual differences offers an opportunity to differentiate instruction given to students based 
on their personal strengths and weaknesses. The script in the present study, did not leave much 
space for spontaneous discussions, which may have hampered the groups’ natural socially shared 
regulation (Wise & Schwarz, 2017). For example, the questions during pre- and post-task regula-
tion were aimed at creating a task representation, strategy selection and strategy reflection and 
may therefore not have challenged students to construct their own metacognitive thinking.

Limitations

A major limitation of the present study is its small sample size. For this design study, we have pri-
oritized executing the design study in an authentic classroom situation, which restricted the size. 
This situated design study does align with ideas that learners’ interaction is inextricably linked 
with the social context in which learning takes place (Grau & Whitebread, 2012). Additionally, 
the extensiveness of the collected data and the comprehensive examination of the depth and shar-
edness of groups’ discussions also led to size restrictions. Based on the results of this design 
study, we formulated a number of improvements for a follow up experimental study to ascer-
tain possible assumptions about causal relationships. Since previous studies indicate that students 
benefit from structure during collaboration around TOR (Okkinga et al., 2021; Hämäläinen et al., 
2008), we would recommend keeping the role and information division of the script in a new 
study to maintain interdependency among group members. However, the script and the questions 
asked of each role must be critically examined and the difficulty level of the TOR tasks should 
be higher. One way to improve the script is to formulate the questions in the scriptlets in a less 
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structured form. A study by Molenaar et al. (2014) showed promising results for eliciting socially 
shared regulation with problematizing scaffolds which are more open in nature. These prob-
lematizing scaffolds consisted of questions that prompted students to explain and articulate their 
metacognitive thinking, leading to more co-constructed metacognitive activities. Students in this 
study were also less inclined to ignore group members when provided with problematizing scaf-
folds. With respect to more difficult TOR tasks, we aim to include more challenging tasks in a 
future study since in the current study students did seem to value group collaboration. Therefore, 
in our future research we will adjust the design of a collaboration script with less structured ques-
tions and examine the influence of such a revised script on metacognitive regulation and social 
sharedness on regulation of TOR. In addition, we would recommend examining the influence of 
individual learner characteristics on intra-group interaction and gather information regarding the 
influence of prior knowledge concerning reading strategies, the content, self-efficacy and (intrin-
sic) motivation.

Conclusions

The paper concludes by arguing that despite the limitation of the small sample size, the compre-
hensiveness of the data suggests several directions for future research. For example, the study 
examined the depth and social sharedness of metacognitive regulation while working with a 
collaboration script that was designed to offer support on a micro- and macro-level. While the 
depth of the discussion was mainly low-level, the nature of the utterances shows that it is not 
unlikely that the micro-level script supported students in verbalizing metacognitive activities. In 
addition, the macro-script seemed to be able to support intra-group interaction by creating an 
information dependency. However, given the limitations of the present study, we present these 
results with some caution and suggest probing these results further in an experimental study with 
more power to establish a causal relation between the script and depth and sharedness of regula-
tion. Nonetheless, all groups engaged in accepted interaction most of the time, even though co-
construction did occur a few times in some groups. Follow up studies should therefore explore 
the influence of more complex tasks on the depth and sharedness of metacognitive regulation 
(Iiskala et al., 2015). Another direction is to examine the influence of less structured scripts on 
group discussions in comparison to more structured scripts, to determine whether less structured 
scripts leave more opportunity for natural socially shared regulation (Wise & Schwarz, 2017). 
These future studies should also incorporate more analyses regarding individual characteristics 
and the influence these characteristics have on participation within the group (De Backer et al., 
2022). In addition, calls should be made to execute these studies in more authentic (classroom) 
situations, including multiple measurements over time. To conclude, with the innovative design 
of the collaboration script, combined with the comprehensive decomposition of groups’ conver-
sations collected in an authentic classroom setting, the present study sheds more light on the 
socially shared regulation of prevocational students, an underexposed group of students, in a 
computer-supported collaborative learning setting.

Appendix A

Macro‑level script

The macro-level script in this study fosters shared pre- and post-task regulation and 
individual reading following Järvelä et al. (2016) and combines the components ‘play’, 
‘scene’ and ‘roles’ (following Fisher et al., 2013):
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• ‘Play’ details the main goal for collaboration, specifically the shared regulation of TOR.
• ‘Roles’ sets the condition for sharedness of regulation by creating information dependency 

among group members. In our study four roles are defined, see Fig. 4, that of (A) the leader, (B) 
the writer, (C) the task guard and (D) a text guard. The leader (A) guided discussions and had 
information about the task and reading strategies. The writer (B) was in charge of writing down 
group decisions on shared task representation, strategy selection and strategy reflection. The 
task guard (C) was given the task and was instructed to discuss task characteristics with group 
members. Finally, the text guard (D) was given the text and was instructed to discuss content 
characteristics with group members. These roles transgress ‘scenes’ as set by the macro script.

• ‘Scene’ creates a sequence of activities that supports shared regulation of TOR (i.e. ‘play’) 
during pre- and post-task regulation. Figure 4 shows how TOR is divided in four phases, 1. 
Planning, 2. Task execution, 3. Reflection and 4. Reflection. To facilitate shared regulation, 
while also leaving room for individual differences in reading, only phase 1. Planning and 4. 
Reflection are synchronized so that the group can discuss pre-and post-task regulation of TOR.

Micro‑level script

The micro-level script in this study consists of ‘scriptlets’ and is built to trigger students to 
externalize their perceptions of the task and consequently build a shared understanding of 
task complexity and strategy selection (following Järvelä & Hadwin, 2015). These ‘scriptles’ 
are integrated in the script to support pre- and post-task regulation (Fischer et al., 2013):

Fig. 4  Task flow of the ‘Y-read?’ collaboration script in icons and in screenshots
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• ‘Scriptlets’ arrange activities within a ‘scene’ in order for students to construe knowl-
edge about the sequencing of metacognitive regulation during TOR. For example in the 
pre-task regulation phase students create a shared task representation in order to select 
a reading strategy. The content of the ‘scriptlets’ are dependent on the ‘role’ (i.e. leader, 
writer, task guard or text guard) and the ‘scene’ (i.e. planning or reflection).

  During the planning phase students create a representation of the task based on these 
characteristics (Rouet et al., 2017; Winne & Hadwin, 1998). This ideally involves making 
predictions about what information is required to fulfil the task and if this information could 
be found on a local or global level. In addition students would have to assess the level of 
inferencing necessary to process this information (Van Steensel et al., 2013). Accordingly, 
they then use this information to select an appropriate reading strategy. The ‘scriptlets’ in the 
planning phase arranges the activities in a way that students jointly orientate on characteristics 
of the task and text before selecting a reading strategy to accomplish the task. See Fig. 5 for 
an example of the ‘Y-read?’-environment and the information each role was provided with.

  Following planning the ‘scene’ guides the students to task execution (see Fig. 4), where 
students individually read the text and complete the task. In addition, students individually 
reflect on their used strategy and what they thought would have been the best strategy in hind-
sight. Students had to reflect on the task and strategy use individually, to stimulate students to 
create their own perceptions of a task before entering the group discussion again.

  After task completion students are guided to the group reflection (see Fig. 4, phase ‘4. 
Reflection’). During post-task group reflection, students jointly evaluate and explicitly discuss 
why their perception of the task was correct or incorrect in hindsight. In addition they have to 
align their arguments and evaluate how they reflect on the task and strategy use in hindsight. 
See Fig. 6 for an example of the ‘Y-read?’environment and the information each role was 
provided with.

Appendix B

For each group we have plotted two interaction graphs. The graphs display the sharedness 
and depth of group discussions. In addition the lines display individual and group perfor-
mance on selecting and/or reflecting on a strategy.

The blue graphs display sharedness of each groups interaction for each lesson.

• The x-axis displays the number of each lesson.
• The left side y-axis displays on a scale from 0 to 1 the percentiles for the sharedness of 

interaction.
• The right side y-axis displays on a scale from 0 to 4, the number of correct answers 

given on the individual reflection question.

The area chart displays the sharedness of groups’ intra-group interaction. From dark blue to 
light blue, the darkest shade of blue represents co-constructed interaction, followed by shared 
interaction, thereafter accepted interaction, while the lightest shade of blue represents ignored 
interaction. In addition the lines show each group members individual reflection on what they 
thought would have been the best strategy (see Fig. 5 in the method section, column ‘3. Reflec-
tion’). For each correct given answer on the question “which reading strategy would have been 
best in hindsight for this task?” a student was granted a point, with a maximum of four points for 
each lesson.

Legend:
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The grey graphs display the depth of group’s discussion for each lesson.

• The x-axis displays the number of each lesson.
• The left side y-axis displays on a scale from 0 to 4, the number of correct answers 

given on the group’s strategy selection and reflection questions.
• The right side y-axis displays on a scale from 0 to 1 the percentiles for the depth of 

groups’ discussion.

The bars in the grey graphs show the depth of groups’ discussion for each lesson in 
percentiles, while the lines show the groups correct answer on the selected and reflected 
strategy (see Fig. 5 in the method section, column ‘1. Planning’ and ‘4. Reflection’). For 
each correct given answer on the questions: "Which reading strategy is best for the assign-
ment and the text?" and “which reading strategy would have been best in hindsight for this 
task?” the group was granted a point, with a maximum of four points for each lesson.

Legend:

Fig. 5  An example of the ‘Y-read?’-environment and the information each role was provided with during 
planning

▸
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Fig. 6  An example of the ‘Y-read?’-environment and the information each role was provided with during 
reflection

▸
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