
Developing Students’ Self-regulated Learning Skills with 
Teacher Classroom Analytics Enhancing Teachers’ Direct 
Instruction of Self-regulated Learning Strategies 

Melis Dülger 

Utrecht University, Heidelberglaan 1, Utrecht, 3584 CS, The Netherlands 

Abstract 
Developing self-regulated learning (SRL) skills is crucial for students. They develop these skills as early 
as during the primary school years. Nonetheless, previous research indicates that students struggle with 
monitoring and controlling their learning. Teachers play a substantial role in developing SRL. Young 
students benefit from direct instruction in SRL strategies. However, for teachers monitoring students' 
SRL and providing appropriate and timely support are challenging tasks. Adaptive learning technologies 
(ALTs) are widely used in educational settings to support math learning. Although ALTs externally 
regulate the learning process by adapting the difficulty of problems, students are still responsible for 
choosing the appropriate level of effort, monitoring their accuracy, and setting learning goals. Teacher 
dashboards visualizing the learning process on ALTs may provide teachers with information on the 
learners’ progress which might help them monitor students’ SRL processes effectively. However, most 
dashboards do not provide information on SRL and target teachers' instruction. Thus, we aim to develop 
a teacher dashboard that provides visualized information on classroom-level SRL to facilitate teachers’ 
instruction of SRL strategies. Subsequently, we will investigate whether this classroom-level teacher 
dashboard enhances teachers’ instruction of SRL strategies, which may increase the SRL skills of 
primary school students during math learning. 
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1. Introduction 

Effective use of self-regulated learning (SRL) enhances 
the academic achievement of students [1]. Therefore, 
it is crucial for learners to develop SRL skills. Self-
regulated learners are characterized by being able to 
plan, monitor, and control their learning [2]. However, 
students tend to have utilization deficiency [3], 
meaning they have difficulties activating the monitor 
and control loops while learning [4]. Hence, they may 
benefit from external support, especially from 
teachers and learning technologies [5]. Recently, more 
than half of the primary school students in the 
Netherlands practice math using adaptive learning 
technologies (ALTs) [6]. When students fail to 
internally regulate, ALTs partially take over the 
monitoring and control loops by adjusting the 
difficulty of the problem based on learners’ knowledge 
and selecting appropriate tasks [7]. Although ALTs 
externally regulate the process, students still need to 
apply appropriate effort to enhance their accuracy 
while engaging in the tasks, which is a crucial 
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component of self-regulated learning (SRL) process 
[8]. Teachers should scaffold strategy use in SRL until 
students learn to self-regulate their own learning [9]. 
Teachers can promote students’ SRL by teaching 
learning strategies [1]. Teacher dashboards may 
contribute to the development of self-regulated 
learning in students by providing teachers cues 
regarding the learning processes of students. Thus, the 
goal of this project is to examine whether teacher 
dashboards visualizing information about students’ 
SRL during learning enhance teachers’ strategy 
instruction of SRL, which in turn increases student 
learning and SRL skills. In other words, we focus on 
examining the role of teacher dashboards in improving 
teachers’ strategy instruction that fosters students’ 
SRL. 

1.1. Self-regulated learning 

According to the COPES model [10], self-regulating 
learners go through a loosely sequenced and recursive 
pattern that consists of four phases: (1) defining the 



task in which learner develop an understanding of the 
task, (2) setting goals and plans in which learner set 
and plan goals, (3) engagement in which learner work 
on their plans, control and monitor their progress, and 
(4) large-scale adaptation in which learner makes 
adjustments if the progress does not match with the 
plans [11]. Learners are not required to go through 
phases in a sequence, meaning that they can move 
from one phase to another anytime [10]. Control and 
monitoring loops are in the key point of SRL. These 
loops facilitate students’ evaluation of the 
effectiveness of their learning and help them adjust 
their effort appropriately [7]. However, most students 
fail to regulate this process, and this utilization 
deficiency leads to less effective and efficient learning 
[12]. 

1.2. The role of teachers and ALTs 
in promoting self-regulated 
learning 

Research indicates that students tend to either 
overestimate or underestimate their performance [4], 
which may stem from poor SRL skills. External 
feedback from teachers and learning technologies may 
enhance students’ judgements regarding their 
learning process [5]. A large number of intervention 
studies show that SRL skills can be fostered in primary 
schools [13]. As younger students have less experience 
in learning, they may need more direct instruction of 
SRL strategies than the older ones [9]. Teachers may 
contribute to students’ SRL skills directly by 
instructing strategies implicitly or explicitly [1]. 
Implicit strategy instruction involves teachers’ 
modeling the strategy use without explicitly 
mentioning the strategy while explicit instruction 
comprises teachers’ demonstrating the strategy by 
referring to the strategy [2]. It is stressed that implicit 
and explicit strategy instructions build on each other 
and both are crucial for students’ SRL [14]. 

In addition to teacher instruction of SRL strategy, 
ALTs intervene the regulation process of students by 
taking over the monitoring and controlling loops. They 
select appropriate tasks suitable to learners’ goals and 
adjust the difficulty of the tasks based on students’ 
performance [7, 15]. Although ALTs externally 
regulate learning process, students are still 
responsible for adjusting their effort and monitor their 
accuracy in solving problems, which are closely related 
to having better SRL skills. 

1.3. Teacher dashboards 

While learning with ALTs, students leave traces of data 
containing rich source of information regarding their 
learning processes [16]. The trace data stores logs 
showing which activities students engage in and how 
they progress, thus, it provides a source regarding 
their SRL [17]. Learning analytics dashboard is defined 
as “a single display that aggregate different indicators 
about learner(s), learning process(es) and/or learning 
context(s) into one or multiple visualization” [18]. 
Teacher dashboards are used as a tool to capture and 
visualize the trace data regarding students’ learning. 

They may enhance teachers’ understanding of the 
situation in the class and their awareness of student 
needs by providing visual information [19], which may 
support teachers in taking appropriate pedagogical 
actions. Indeed, researchers found that teacher 
dashboards had an effect on teachers’ daily teaching 
practices [20], supporting this notion. Teacher 
dashboards display aggregated and real-time 
information regarding students, which may help 
providing appropriate and timely support [19]. 
However, although studies show that teachers take 
pedagogical actions based on the dashboard 
information, the majority of teacher dashboards were 
not designed to include SRL data [21] and none of them 
target improving teachers’ direct strategy instruction. 
Most of the dashboards targeting students’ SRL were 
developed to be used in higher education settings by 
students [22] although developing SRL skills is crucial 
for young students. There is also lack of theoretical 
grounding in most of the dashboard designs [23].  

Thus, with this research project, we propose to 
design a teacher dashboard and test its effectiveness in 
informing teachers about students’ SRL processes 
during learning. A teacher dashboard may contribute 
to teachers’ decision process of when and how to 
instruct SRL strategies at a classroom-level. We expect 
that when teachers provide direct strategy instruction 
for SRL, students’ SRL skills will increase 
consequently. 

1.4. Design and development of 
teacher dashboards 

It is crucial for teachers to identify student needs 
quickly and accurately to improve their SRL. Teacher 
dashboards facilitate teachers’ monitoring of students’ 
progress by informing them through visualizations 
[19]. Therefore, the design of the teacher dashboards 
is important to make the interpretation of the 
information on the dashboard easier for teachers. The 
design of the teacher dashboard plays also an 
important role in the effectiveness of the dashboard 
[24]. 

In this project, we will develop a classroom-level 
teacher dashboard to enhance teachers’ strategy 
instruction of SRL skills using a user-centered 
approach. Research indicates that a successful 
implementation of dashboards into teachers’ practices 
requires a solid fit between the information on the 
dashboard and the teachers’ beliefs, motivations, and 
teaching habits [20]. Thus, in addition to the previous 
literature on SRL indicators and COPES model, we will 
also consult teachers’ ideas and experiences regarding 
the SRL indicators and visualization of them in the 
design process by conducting one-on-one semi-
structured interviews with teachers. In addition, 
research highlights the lack of theoretical grounding in 
the development of learning analytics dashboards 
[23]. In this project we will use the COPES model as a 
theoretical basis for the SRL to visualize students’ 
learning process, as this model is widely used in 
research on technology supported learning [25]. We 
will also follow a framework developed by van 
Leeuwen and colleagues [15] to help teachers turning 
dashboard data into action. According to this 



framework, teachers should be aware of the 
information displayed on the dashboard (awareness), 
make sense of the information shown on the 
dashboard (interpretation), and finally turn the 
interpretation into pedagogical action (enactment). 
Hence, teachers’ awareness, interpretation, and 
enactment of the teacher dashboard information will 
be prioritized in the design process. As well as 
teachers’ needs and suggestions regarding relevant 
SRL indicators, we will build on previous studies to 
provide visualizations [7, 19, 26]. The different learner 
profiles and paths depicted by “moment-by-moment 
learning curves” can be used as an indicator of SRL 
while learning with ALTs [7]. The effectiveness of 
using these visualizations have been shown in 
interventions regarding SRL [11, 27]. the  Figure 1 
illustrates how moment-by-moment learning curves 
can be presented through a teacher dashboard 
providing an overview of the class. Based on the 
classroom-level information regarding the student 
activity on the dashboard, teachers can determine the 
needs of students and provide strategy instruction 
based on these needs. 

 
Figure 1: Classroom overview for the learning curves 

1.5. Evaluation of the classroom-
level teacher dashboard 

The usability and effectiveness of the classroom-level 
teacher dashboards will be evaluated through a lab 
study and short- and long-term classroom 
experiments. Lab and field experiments provide fair 
comparisons between conditions and consequently 
increase the validity of the research. Thus, we will first 
conduct a lab study after designing the teacher 
dashboard. This study will provide a preliminary 
insight into how teachers may shape their direct  
instruction of SRL strategies based on the dashboard 
data. The lab study will be followed by short- and long-
term classroom experiments to gain insight into actual 
use of the dashboard in the classroom setting. 
Classroom experiments will allow us to investigate the 
effects of teacher dashboards on teacher behavior and 
consequent student learning and SRL skills. The long-
term experiment followed by the short-term 
experiment will provide teachers and students enough 
time to get used to working with the dashboards and 
allow novelty effects to wear off. Besides, it will give us 
an opportunity to observe the hypothesized effects of 
the classroom-level teacher dashboard on students’ 
development of SRL skills in time. 

1.6. Aims of the project 

We propose developing and testing teacher 
dashboards visualizing learning analytics data to 
enhance teachers’ direct instruction of SRL strategies. 
The scope and quality of teachers' support for 
students' SRL are often constrained as they do not 
have much insight into students’ SRL during learning. 
Thus, this project focuses on classroom-level teacher 
dashboards to contribute to teachers’ role in the 
development of SRL skills. The overarching research 
question is: “How do teacher dashboards support the 
development of primary school students’ SRL skills?”. 
Throughout the project, we will address the following 
research questions (RQs): 

 
[RQ1] Which SRL indicators are relevant and 

actionable for primary school teachers to provide 
direct strategy instruction during math classes to 
support students’ SRL? 

[RQ2] What are teachers’ preferences and 
concerns regarding the presentation and aggregation 
of the SRL information in dashboard prototypes?  

[RQ3] How do teachers evaluate the indicators and 
visualizations shown on the dashboard prototypes 
concerning their clarity and actionability to inform 
teachers’ instruction of SRL strategies, and how can 
they be optimized? 

[RQ4] How can the teacher dashboard enhance 
teachers’ direct instruction of SRL strategies during 
math classes? 

[RQ5] What are the short-term effects of 
classroom-level teacher dashboard on teachers’ direct 
strategy instruction during math classes and students’ 
SRL? 

[RQ6] What are the long-term effects of classroom-
level teacher dashboard on teachers’ direct strategy 
instruction during math classes and students’ SRL? 

2. Methodology 

In this study, we will follow a mixed methods 
approach, as we aim to address the preferences and 
concerns of teachers iteratively in the design process 
and empirically test the effectiveness of the tool. To 
accomplish that, we will collect both qualitative and 
quantitative data by conducting semi-structured 
interviews and setting up a vignette study in the lab 
and field experiments in classrooms throughout the 
project. In the first phase, a literature study will be 
conducted on (1) existing SRL dashboards and 
visualizations and (2) indicators regarding students’ 
self-regulation during learning. Following a user-
centered approach, we will invite teachers for one-on-
one semi-structured interviews to investigate the 
relevant and actionable SRL indicators. During the first 
round of interviews, teachers (n = 10) will be shown 
storyboards [28] depicting possible scenarios they 
may face while assessing students’ self-regulation and 
will be asked to share ideas on the use of teacher 
dashboards in facilitating students’ SRL at the 
classroom level. Storyboards help designers prioritize 
the needs of targeted users and give a clear idea of 
room for innovation [29]. Afterwards, reflective 



questions regarding the SRL indicators and design 
aspects will be posed to obtain deeper understanding 
of teachers’ preferences and needs (RQ1). Based on 
these interviews, the first low-fidelity prototypes of 
the teacher dashboard will be created using Miro 
software. We will create two prototypes to investigate 
teachers’ preferences regarding the aggregation of the 
classroom data. While one of the prototypes will 
aggregate SRL data mainly on the class and group level, 
the other prototype will provide also a closer look to 
the individual level SRL next to the classroom and 
group level information. In the second round, a group 
of teachers (n = 10) will be invited for one-on-one 
semi-structured interviews to evaluate and optimize 
the features of these low-fidelity prototypes. By posing 
interview questions supported by the prototypes and 
classroom scenarios, we will explore whether teachers 
are able to understand and use the data shown on the 
dashboards to improve their direct strategy 
instruction (RQ2, RQ3). After the second interview 
session, a clickable medium-fidelity classroom-level 
dashboard will be created based on teachers’ 
evaluations and suggestions so that teachers can 
interact with the dashboard. This medium-fidelity 
prototype will be tested in a lab study. 

In the lab study, the classroom-level teacher 
dashboard prototype will be tested to examine how it 
may enhance teachers’ direct instruction of SRL 
strategies during math learning (RQ4). Vignettes 
depicting various actual learning situations in the class 
will be used to investigate teachers’ instruction 
practices systematically. Each  vignette will 
correspond to one of the SRL phases. Using the teacher 
dashboard, we will present simulated data at the 
classroom-level and ask teachers (n = 10) to prepare a 
lesson plan based on the information displayed on the 
teacher dashboard. The lesson plans will be coded 
using Assessing How Teachers Enhance Self- regulated 
Learning (ATES) [9] instrument by the researchers.  

In the next phase, a 1-week experiment will be 
conducted to investigate the short-term effects of 
classroom dashboard on teachers’ direct strategy 
instruction and students’ SRL (RQ5). Three 
experimental conditions will be compared: no 
dashboard, classroom- and individual-level 
dashboard, and only classroom-level dashboard. Each 
condition will involve ten teachers (n = 30) and their 
classes. As this is an interlinked project, we will 
collaborate with the researchers at Radboud 
University who are developing the individual-level 
teacher dashboard to test its effects on teachers’ 
feedback practices during data collection process to 
increase the feasibility. This study will follow a strictly 
controlled setup with three pre-selected learning goals 
and four lessons in Gynzy (a widely used ALT in the 
Netherlands). Figure 3 presents the study setup. 
Students’ learning will be measured with curriculum-
specific pre-, post-, and transfer-test. Students’ SRL 
skills will be measured using Metacognitive Strategy 
Inventory for Learning with Hypermedia (MESH) [30] 
questionnaire. Classroom observations will be 
conducted for each teacher during lessons 2 or 3 to 
assess teachers’ direct strategy instruction using the 
ATES. 

 

 
Figure 3: Study 3 setup 
 

In the last phase of the study, a two-month long-
term classroom experiment will be conducted to 
investigate the long-term effects of the classroom-level 
teacher dashboard on teachers’ direct strategy 
instruction (RQ6). Additional two months is expected 
to provide enough time for teachers and students to 
get used to the dashboards. It also allows researchers 
enough time to observe hypothesized effects of the 
dashboards on students’ development of SRL skills. 
This study will follow the same setup as the phase 3 
except that a sequence of 6 lesson blocks will be used. 
Learners will work with Gynzy app for 6 consecutive 
weeks on 6 different math topics and curriculum-
specific pre-, post-, and transfer- tests will be 
conducted at the start and end of the 6 weeks. 
Students’ SRL skills are measured with the MESH 
questionnaire at the start and the end of each lesson.  

The data collection for this study will be done in 
collaboration with the research team in Radboud 
University. Teachers (n = 40) will be assigned to 
either no dashboard or classroom- and individual-
level dashboard conditions. Classroom observations 
will be conducted to investigate teaches’ strategy 
instruction at three timepoints (week 1, 3 and 6). 
Teachers’ behaviour will be coded using ATES 
instrument similarly to Study 3. Figure 4 shows the 
planning of the research project. 

 
Figure 4: Planning 

2.1. Data Analysis Plan 

Semi-structured interviews will be audiotaped and 
transcribed. Transcriptions will be coded based on the 
four phases of SRL in the COPES model [3], classroom 
instruction, and dashboard design. The guidelines of 
Saldaña [31] will be followed during the coding 
process. The interview data will be analyzed using a 
deductive content analysis approach. Subsequently, a 
more inductive approach will be used to have a closer 
look in teachers’ preferences and needs while 
monitoring SRL of the class [32]. 

Lesson plans prepared by teachers based on the 
displayed vignettes during the lab study will be 
systematically coded using ATES instrument following 
the coding scheme. Teacher scores will be 



operationalized as the degree to which teacher 
promotes SRL in students through explicit instruction. 

Since the short- and long-term experiment data 
will have a hierarchical structure, multilevel modeling 
for repeated measures will be used to analyse the data. 
Measurement occasions (level 1) will be nested within 
students (level 2), and students will be nested within 
classrooms (level 3). 

3. Progress so far 

We conducted the first phase of the semi-structured 
interviews supported with storyboards and reflective 
questions with 10 primary school teachers teaching 
students aged 9-12 years. We transcribed, coded, and 
analyzed the interviews. Currently, we are designing 
the low-fidelity prototype of the classroom-level 
teacher dashboard based on the input from teachers 
and the literature to be used in the second phase of the 
semi-structured interviews. 

4. Theoretical and Practical 
Contributions 

This research project will facilitate teachers’ role in 
monitoring crucial SRL skills through a theory-driven 
and empirically-tested design of a classroom-level 
teacher dashboard, which in turn is expected to 
contribute to students’ learning. To our knowledge, 
this is the first teacher dashboard to target improving 
teachers’ direct instruction of SRL strategies. We will 
develop new data visualizations for teachers using 
learning analytics solutions and educational data 
mining techniques through which we will be able to 
investigate the transitional process from teachers’ 
instruction to students’ SRL skills. Therefore, this 
research will provide an understanding of how 
teachers use dashboards to support their instructional 
practices. This understanding may contribute to the 
further development of technology-enhanced learning 
instruments. 
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