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Background: Teacher dashboards can help secondary school teachers manage online

Funding information class learning. However, when designing teacher dashboards, it is not trivial to choose
Bundesministerium fir Bildung und Forschung which information to display, because not all of the vast amount of information
retrieved from digital learning environments is useful for teaching. Information eli-
cited from formative assessment (FA), though, is a strong predictor for student per-
formance and can be a useful data source for effective teacher dashboards. Especially
in the secondary education context, FA and feedback on FA, have been extensively
studied and shown to positively affect student learning outcomes. Moreover, second-
ary teachers struggle to make sense of the information displayed in dashboards and
decide on pedagogical actions, such as providing feedback to students.

Obijectives: To facilitate the provision of feedback for secondary school teachers via
a teacher dashboard, this study identifies requirements for designing a Learning Ana-
lytics Cockpit (LA Cockpit), that is, (1) a teacher dashboard that provides teachers
with visualisations of results from formative assessment (FA) and (2) a feedback sys-
tem that supports teachers in providing feedback to students.

Methods: This study was conducted in the context of STEM classes and is based on
semi-structured co-design interviews with German secondary school teachers. In these
interviews, we first explored challenges teachers encountered in monitoring students'
learning and providing feedback. Second, in the ideation phase, teachers were asked to
define features an LA Cockpit for FA should have. Finally, in the evaluation phase, we
provided teachers with a design template for an LA Cockpit, the LAC_Template, which

was built upon our previous work and feedback theory, and asked them to evaluate and
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INTRODUCTION
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improve it. Further design requirements were derived based on the evaluation of the
LAC_Template and teachers' suggestions for improvement.

Results: We derived 16 requirements for designing an LA Cockpit for FA in secondary
schools. Findings from the interviews indicated that the feedback system of an LA Cock-
pit should address teachers' time limitations in giving students individualised feedback. It
should therefore be designed to minimise the steps required to deliver feedback. To
reduce workload, teachers requested an automated reminder to send feedback, but with
the ability to adjust feedback to the learning context. Such a semi-automated feedback
system can help teachers support students individually but also underline the importance
of actively involving teachers in the feedback loop and giving them control when using
such technologies in secondary school practice. A challenge for future teacher dashboard
designs could be to find a balance between technology and teacher control that utilises

the strengths of both in a beneficial combination.
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strong predictor for student performance (Bulut et al., 2023; Tempelaar

Learning analytics (LA) uses learning-related data to understand and
improve learning and teaching processes (Greller & Drachsler, 2012).
It can provide valuable insights into students' learning performance,
progress, and needs, which can inform teachers' instructional deci-
sions and feedback practices (Greller & Drachsler, 2012). Currently,
most of the research in LA has focused on implementing and testing
large-scale solutions in the context of higher education, whereas
research on implementing LA in secondary school practice is still lim-
ited (Ifenthaler et al., 2021; Kovanovic et al., 2021; Sousa et al., 2021).
Despite this, the increased use of online learning activities via educa-
tional technologies in secondary education has raised awareness of
the potential benefits of LA in schools (Kovanovic et al., 2021; Mole-
naar & Knoop-van Campen, 2017), as teachers often struggle to moni-
tor and support active learning among their students online (Damsa &
de Lange, 2019). However, teachers can become overwhelmed by the
vast amount of information generated during online learning activities.
Teacher dashboards, tools that can help teachers manage online learn-
ing activities by showing them relevant information, can therefore
provide relief in this regard (van Leeuwen et al., 2019). Teacher dash-
boards are visual displays that can help teachers monitor how stu-
dents learn and make interventions to improve learning by showing
them relevant information about students' learning activities and pro-
gress (van Leeuwen et al., 2022).

However, deciding what information to display on dashboards and
in which way is a challenge when implementing a teacher dashboard, as
teachers seem to struggle to make sense of the information displayed
in dashboards and decide on pedagogical actions (Molenaar & Knoop-
van Campen, 2019; Molenaar & van Schaik, 2016). To alleviate this
struggle, we aim to reduce the amount of information that can be col-
lected and presented in a dashboard by selecting only information eli-

cited from formative assessment (FA), since FA-results represent a

et al,, 2015). FA is a process of regularly evaluating students' work to
guide instruction and provide ongoing feedback to students to sup-
port their learning progress (Black & Wiliam, 1998; Van der Kleij
et al., 2015). The feedback provided in FA has been extensively stud-
ied and shown to positively affect student learning outcomes in the
secondary education context (Black & Wiliam, 1998; Bulunuz
et al., 2014), as feedback is one of the most important interventions
in learning (Hattie & Timperley, 2007). Considering the predictive
power of FA data on student achievement (Bulut et al., 2023;
Tempelaar et al., 2015) and the high potential of FA to support stu-
dents (Faber et al., 2017; V. j. Shute & Rahimi, 2017), this study aims
to provide a guideline to develop a teacher dashboard that utilises
data from FA to provide valuable insights on students' learning to
teachers.

Another crucial struggle teachers face when they use dash-
boards is with translating information from dashboards into peda-
gogical actions, for instance, in the form of feedback (Damsa & de
Lange, 2019; van Leeuwen et al., 2019). In fact, most teacher dash-
boards are designed to display student information and raise aware-
ness but not to facilitate pedagogical interventions, such as feedback
(Jivet et al.,, 2017; Kaliisa et al., 2023). This underscores the impor-
tance of actionable dashboard designs that provide teachers with
clear guidance on the next steps based on the information presented
and enable the provision of feedback.

To address this gap and facilitate secondary school teachers' pro-
vision of feedback via teacher dashboards, this study aims to set
requirements for designing a Learning Analytics Cockpit (LA Cockpit).
An LA Cockpit can be defined as a teacher dashboard that provides
teachers with visualisations of results from FA and a feedback system
that enables teachers to send feedback to students (Karademir
et al., 2022). In our previous study (Karademir et al., 2022), we intro-

duced the concept of an LA Cockpit for higher education settings. In
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this paper, we present a requirements analysis study in which we
extracted and analysed teachers' requirements for an LA Cockpit for
FA in secondary school settings by applying a co-design methodology.

To narrow the scope of our study, this study was conducted in the
context of secondary school settings for STEM subjects. We targeted
STEM subjects since FA tools have been successfully developed in
these subjects (Stanja et al., 2023), indicating positive effects on stu-
dent learning outcomes in digital environments (Shute & Rahimi, 2017).

To conduct this study, we utilised semi-structured co-design
interviews with secondary school teachers. In the first phase of the
co-design interviews, we explored the teachers' challenges that an LA
Cockpit should address in monitoring students' learning and providing
feedback. Then, in the ideation phase, teachers were asked to define
features that an LA Cockpit for FA should have. Finally, in the evalua-
tion phase, we provided teachers with an LA Cockpit template
(LAC_Template) and asked them to evaluate and improve it. The
LAC_Template was built upon our previous work that provided a
proof of concept of the LA Cockpit (Karademir et al., 2022) and feed-
back theory to inform the design of its feedback system. Further
design requirements were derived based on teachers' evaluation and

suggestions for improving the LAC_Template.

2 | BACKGROUND

21 | Formative assessment
Assessment can be defined as the use of instruments and processes
for gathering evidence about student learning (Black & Wiliam, 1998).
The primary purpose of formative assessment (FA) is to use evidence
about learning to make decisions concerning the next steps in the
instruction and provide feedback to support students' learning pro-
gress. It is often referred to as ‘assessment for learning’, as it is an
approach that uses assessments on a regular basis to support learning
(Black & Wiliam, 2009). Several studies from secondary school con-
texts show that FA, which provides immediate feedback to students
during instruction, improves learning outcomes and supports compe-
tencies across a range of STEM subjects, including physics, chemistry,
biology, mathematics, and computer science (Black & Wiliam, 1998;
Lee et al., 2020; V. j. Shute & Rahimi, 2017; Stanja et al., 2023). A
study by Bulunuz et al. (2014), for instance, revealed that the integra-
tion of FA in extracurricular science instruction led to significant
improvements in 8th-grade students in their understanding of physics
concepts. FA has not only a significant positive impact on student
learning but also student motivation and self-regulation (Black &
Wiliam, 2009; Clark, 2012). For instance, a case study by Granberg
et al. (2021) applying FA in mathematics with secondary school stu-
dents reveals a significant effect on students' motivational beliefs
involved in self-regulated learning when compared to two control
classes.

Due to the increasing use of educational technologies in second-
ary schools, tools for computer-based FA in digital learning environ-

ments have been studied and successfully deployed in recent years
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(Shute & Rahimi, 2017). However, the type of feedback on FA that is
most effective is not clear as different studies show opposite results.
Shute et al. (2008), for instance, found that students with elaborated
(explanatory) feedback outperformed those with simple verification
feedback (confirming correctness), while the study of Maier et al.
(2016), showed the opposite.

22 |
schools

Learning analytics and teacher dashboards in

Since FA results are a strong predictor of student performance (Bulut
et al., 2023; Tempelaar et al., 2015), using this data in Learning Analyt-
ics applications such as teacher dashboards can support teachers in
gaining valuable insights into student learning (Kippers et al., 2018).
Learning Analytics is the collection, analysis and reporting of learning-
related data with the goal to understand and optimise learning
(Siemens, 2013). Although LA systems are more common in higher
education than in schools (Ifenthaler et al., 2021; Sousa et al., 2021),
there is a growing number of studies examining the potential benefits
of LA in primary and secondary education (Kovanovic et al., 2021;
Molenaar & Knoop-van Campen, 2017). While many LA applications
in high schools aim to predict student dropout or learning outcomes
(Sousa et al., 2021), recent LA research suggests other purposes, such
as providing feedback (Pardo et al., 2019; Tsai et al., 2021) or offering
dashboards to support teacher decision-making (Molenaar & Knoop-
van Campen, 2019). So far, the most prominent form of LA that sup-
ports teachers' decision-making is teacher dashboards, which can be
defined as “visual displays that provide information about students'
activities and progress on the task at hand.” (van Leeuwen,
etal, 2022, p. 3).

A dashboard can support teachers in monitoring their students'
learning progress and making informed decisions about interventions
to optimise learning outcomes (Bodily & Verbert, 2017; van Leeuwen
et al., 2022). For several FA tools employed in digital learning environ-
ments, teacher dashboards were designed and their effects on teach-
ing and learning have been examined in recent years (Kaliisa
et al., 2023). For example, Xhakaj et al. (2017) found that their teacher
dashboard developed for an intelligent tutoring system (ITS) improved
teachers' knowledge of their students, affecting lesson preparation,
but student learning did not increase as a result. A study by Molenaar
and Knoop-van Campen (2019) examining how school teachers inter-
pret dashboards indicated that teacher dashboards lead to greater
activation of pedagogical knowledge in teachers and that dashboard
use leads teachers to provide students with more diverse feedback.
Furthermore, Holstein et al. (2019) involved K-12 teachers in the
development of an Al-supported mixed-reality classroom orchestra-
tion tool, introducing a variety of prototyping methods showing how
non-technical stakeholders can participate in designing a complex LA
system.

Teacher dashboards can inform teachers' decision-making and are
a means to provide feedback to students based on insights the dash-

board provides (van Leeuwen et al., 2021). Yet, their designs tend to



28 | \WLEY_ournal of Computer Assisted Learning

focus more on sensemaking rather than teachers' action-taking or the
distribution of feedback (Kaliisa et al., 2023), even though the ultimate
goal of dashboards is to support teachers to take action (Verbert
et al., 2013). Furthermore, the data presented on dashboards is not
always actionable, meaning that it may not be clear to teachers what
actions they should take next after viewing a dashboard (Molenaar &
Knoop-van Campen, 2018). A literature review by Kaliisa et al. (2023)
has shown that most teacher dashboards are designed to raise teacher
awareness but provide limited actionable insights that enable peda-
gogical actions. Such pedagogical actions that teachers can take when
facing a dashboard include adapting the learning design and learning
materials, planning lessons or providing feedback (Kaliisa et al., 2023).
One way to make teacher dashboards more actionable is through the
concept of an LA Cockpit that incorporates a feedback system that
facilitates teachers' provision of feedback to their students through
dashboards (Karademir et al., 2022). According to Wise and Jung
(2019), when integrating the use of LA into teaching practices, “the
gap from interesting to actionable is the most important to bridge” (p. 1).
Therefore, an LA Cockpit aims to bridge this gap by providing a dash-
board with an integrated feedback system where teachers can take

action by sending feedback to students through the dashboard.

2.3 | Integrating feedback systems in LA
dashboards

Feedback has one of the most powerful influences on student learning
(Hattie & Timperley, 2007) and aims to “reduce discrepancies between cur-
rent understandings/performance and a desired goal” (Hattie and
Timperley, 2007, p. 6). The feedback model of Hattie and Timperley
(2007) is one of the most widely recognised feedback models in school
contexts (Wisniewski et al., 2020). According to their model, effective
feedback should answer three questions: (1) FeedUp—Where am | going?
Answers to this question inform students about what their learning goals
are. (2) FeedBack—How am | going? Answers to this question inform stu-
dents what they have or have not accomplished so far. (3) FeedForward—
Where to next? Answers to this question inform students what actions to
take next to progress towards their learning goals.

Furthermore, positive feedback, which refers to students' achieve-
ments and corrective feedback, which refers to their knowledge gaps
can both be beneficial in supporting student learning. Positive feedback
can increase intrinsic motivation but may lack specific guidance for
improvement (Deci, 1971; Deci et al., 1999), while corrective feedback
can enhance performance (Boehler et al., 2006; Rogers et al., 2012) but
may cause unpleasant emotions (Lim et al., 2021).

FA is particularly effective when students receive feedback
(Wiliam, 2010). This effect is higher when the feedback is given in a for-
mal way, such as written feedback rather than informal verbal feedback
(Lee et al., 2020). However, many of the teacher dashboards used in FA
settings that we found in the literature focus on informal verbal feedback
given during the lesson after consulting the dashboard (e.g., Dourado
et al,, 2021; Knoop-van Campen et al., 2021) or on the analogue adapta-
tion of the lesson plan and instructions (e.g., Kaliisa et al., 2023; van
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Leeuwen et al., 2019; Xhakaj et al., 2017). These tools do not have fea-
tures to provide written feedback to students via interactions with the
dashboard. One exception is the LAVIEW tool, a teacher dashboard for
college instructors with a built-in email widget allowing the teacher to
send personalised feedback to selected groups of students clustered by
their scores (Majumdar et al., 2019).

Moreover, Pinheiro et al. (2021) argued that most feedback sys-
tems are designed for students only, neglecting the role of the
teachers and hardly letting them participate in the feedback process.
The proposed concept of an LA Cockpit (Karademir et al., 2022) used
in this study aims to actively engage teachers in the feedback process
by providing a teacher dashboard with an integrated feedback system
that the teacher orchestrates.

3 | METHOD

3.1 | Study design

This study aims to gather requirements for designing an LA Cockpit, a
teacher dashboard with a feedback system (Karademir et al., 2022),
tailored for the context of FA in secondary schools. Recognising that
the lack of teacher involvement in the design of LA tools is a reason
for their limited impact on teachers' daily practice (Dollinger
et al,, 2019; Martinez-Maldonado et al., 2020), we involved teachers
in this study. We therefore applied a co-design methodology to set
the criteria for an LA Cockpit for FA in secondary schools guided by

the following research questions:

RQ1. Which challenges of secondary school teachers
should a teacher dashboard address in FA settings to
monitor students' learning progress and provide feed-
back to students?

RQ2. What are the requirements for a secondary
school teacher dashboard designed to successfully mon-

itor the learning progress in FA?

RQ3. What are the requirements for a feedback system
to be integrated into a teacher dashboard that facilitates
the provision of personalised feedback in secondary
school FA settings?

To answer these research questions, we first contextualised the
study in the scope of STEM (Science, technology, engineering, and
mathematics) education and conducted semi-structured co-design
interviews with ten secondary school STEM teachers.

3.2 | Context of the study

This study was performed in the context of a digital instructional

physics unit to be integrated into physics classrooms. The FA is based
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Introduction of the
Driving Question
(Task 1-2)

Sub-Question 1
(Task 3-8)

Sub-Question 2
(Task 9-17)

Sub-Question 3
(Task 18-32)

Summary
(Task 33-36)

FIGURE 1
and three sub-driving questions containing 36 tasks in total.

on this unit. Following project-based pedagogy (Krajcik & Shin, 2014),
the unit starts with a driving question on energy-related phenomena
that motivates the lessons (e.g., ‘Why do laptops sometimes over-
heat?’). This is divided into three sub-driving questions that require
students to engage in scientific practices. At the end of the FA, the
answers to the sub-driving questions are brought together to answer
and reflect on the original driving question. The structure of the FA is
shown in Figure 1. The FA was based on 36 tasks as Moodle quizzes
and should be completed sequentially by 7th and 8th-grade students
(aged between 13 and 15) in physics class throughout 5-6 weeks,
with each student using a tablet or laptop. These 36 tasks are closed
question formats like multiple choice, cloze (which can be scored
automatically by Moodle), and text questions that students answer
with free text. The free-text answers are scored automatically using
an NLP model developed by Gombert et al. (2022), which was trained
with previous student responses from the same learning environment.
The model has an F1-score of over 90% in evaluating whether a free
text response is correct or incorrect and which concepts are used in
the responses. Using evidence-centred design, the 36 tasks were
linked in advance by a team of physics didactics experts to learning
goals that describe the energy concepts addressed in each task
(Kubsch et al., 2022). For example, a learning goal for energy transfor-
mation is defined as follows: Students identify the transformation of
energy between two different forms of energy. Thus, if students cor-
rectly complete a task, their score for each learning goal linked to that
task increases.

3.3 | LA cockpit design template (LAC_Template)

To establish the requirements for an LA Cockpit for FA in secondary
school settings, we conducted co-design interviews with secondary
school teachers. To facilitate the co-design interviews we developed
the LAC_Template. It is a design suggestion used in the interviews to
help the teachers define the requirements. We based the design of the
LAC_Template on the concept of the LA Cockpit, defined in a pre-study
as a teacher dashboard with an integrated feedback system that
enables teachers to send feedback to students (Karademir et al., 2022).
The pre-study piloted this concept by implementing an LA Cockpit for
FA in higher education and received positive results when evaluating it

with instructors in terms of its usefulness and usability. Together with

The structure of the FA as a part of a technology-based instructional unit in physics classrooms. The FA is divided into a driving

an interdisciplinary team of researchers with technical, pedagogical, and
domain-specific expertise, we created a LAC_Template with the white-
board and sketching tool Miro.t

The LAC_Template consists of five widgets which are divided into
four views with visualisations (the class progress overview, goal view,
task view and distribution view) and a feedback system. It is intended
to be used as follows: Teachers can view the dashboard visualisations
to draw insights from them and identify students who need feedback.
They can select an individual or group of students to send them persona-
lised feedback messages by clicking on their data visualisations. Teachers
can then write feedback to their students with the help of a feedback
system suggesting editable feedback texts based on a template. After
sending the feedback, teachers can automate already sent feedback for

upcoming scenarios when similar feedback conditions are met in future.

3.3.1 | Dashboard visualisations

Class progress overview

To provide teachers with a quick overview, the class progress
overview displays the scores of each learning goal for the whole class

(see Figure 2).

Goal view
By clicking on “details”, teachers access the goal view, which aims to
provide an overview of each student's performance on the learning

goals covered in the assessments (see Figure 3).

Task view
This view allows teachers to track each student's performance on each
task (see Figure 4).

Distribution view

The distribution view shows students' total scores in a bar chart (see
Figure 5, left) and students' scores in each learning goal in a multi-bar chart
(see Figure 5, right). This view shows how many students are doing well or
poorly overall or in specific learning goals to help teachers find groups of

students who need extra support or topics where most students struggle.

https://miro.com/
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Overall progress of your class FIGURE 2 The class progress
overview of the LAC_Template visualises

. _ { = Last Week progress bars displaying the scores of
Forms, very low complexity ~ (Goal 1) A40%  each learning goal for the whole class.
Forms low complexity (Goal 2) 60%
Forms, high complexity (Goal 3) i 20%
Forms, very high complexity (Goal 4) 60%
Transfer, very low complexity (Goal 5) 60%

Details

Students' performance by learning goals

Goal 1v} Goal 2 v} Goal 3 v} Goal 4v} Goal 5} Goal 6 ¥; Goal 7 Goal8 |Goal9
= Q= = @)= . @= O= D= D= D=

Student C I

Student 2 -

Student3 | () Q

Student 4 /

t - - Student 3 has a score of 15% in

Student 5 Goal 4, click to give Feedback!

Student 6 =

Student 7 ]

Student 8 (1

Student 9

Student 10 ] ’ : -

::‘l;fec:;mance . Level 1 (0% - 24%) Level 2 (25% - 49%) Level 3 (50% - 74%) Level 4 (75% - 100%) not done

FIGURE 3 The goal view displays students' performance on various learning goals covered in the assessments. The coloured cells of the table
indicate the students' performance levels for each learning goal based on their scores (in %) in the formative assessment. Teachers can send
personalised feedback for a specific learning goal to an individual student by clicking the corresponding cell.

Students' progress by Tasks

Task 1v, Task2 v, Task 3v} Task4v, Task5Y, Task67¥, iTask 7 |Task8 |Task9

@=70% |@=90% |@=40% @=20% |@=70% @=70% |@=70%  @=90% | @=50%

Student 1
Student 2

Student 3 -
Student 4 - -

Student 5

Student 6 -

|

- | -
|
|

- | -

Student 4 has a score of 10% in Task 5.
Click to give Feedback!

FIGURE 4 The task view. The coloured cells in the table indicate whether the student answered the task correctly (green), incorrectly (red) or
whether the task was not yet attempted (grey). Teachers can send personalised feedback to each student by clicking on their corresponding cell.
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Performance Distribution of students regarding total score

107 Performance Levels: Lk ‘2
£ |5
o] @ Level 1 (0% - 24%) °
13 3
3 Level 2 (25% - 49%) o B
1R Level 3 (50% - 74%)

Level 4 (75% - 100%)

4 Students are struggling
21 overall.
Click to give feedback!

L detailed view

0- Performance Levels

Performance Levels

FIGURE 5
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Performance Distribution of students in each learning Goal

Ll

10 Students reached
under 25% in Goal 4,
Click to send Feedback!

Goal 1 Goal 2 Goal 3 Goal 4 Goal 5

Level 1 (0% - 24%) Level 2 (25% - 49%) Level 3 (50% - 74%) Level 4 (75% - 100%)

The distribution view. The x-axis has score intervals for the four performance levels, the y-axis has the number of students in each

interval. By clicking on the bars, teachers can select groups in certain performance levels (for an overall score or a learning goal score) and send
them feedback messages. Teachers can click on the bar representing ten students on level 1 (below 25%) in learning goal 4 and send them

feedback.

To address possible colour blindness of our study participants, we
developed an alternative colour coding in which red, orange, yellow,
and green were replaced by different shades of blue, with dark blue
indicating a high score and light blue indicating a low score.

3.3.2 | Feedback system

Feedback template

To address the insufficient integration of educational research in the
development of feedback tools in online learning environments
(Pinheiro et al., 2021), we developed the feedback template. To start
using the template, teachers have to select the students to send feed-
back to. This opens the template and shows pre-filled boilerplate text
as feedback suggestions in the input fields (see Figure 6).

To support teachers in creating helpful feedback for students, the
template follows the feedback model of Hattie and Timperley (2007)
and allows the provision of positive feedback followed by corrective
feedback (see Figure 6). The template is structured in a way that posi-
tive feedback about the student's achievements in their learning goals
should be written first (“What went well?”), followed by corrective
feedback addressing weaknesses (“What didn't go so well?”). By start-
ing with positive feedback, the template aims to increase the student's
motivation when they receive feedback since positive feedback can
increase intrinsic motivation (Deci et al., 1999; Mouratidis et al., 2008).

To make the feedback actionable and be able to provide students
with information on how to improve the third input field is labelled
“recommendation”. This field aims to provide information on the next
step the student should take to improve, and it is derived from the
question Where to next? Recommendations may be, for example, sup-
portive learning materials to fill knowledge gaps or challenging tasks
that promote the mastery of learning goals. In the fourth input field,

teachers can include other aspects in their feedback and, for instance,
ask questions to the students to better understand their situation.

The feedback template furthermore provides suggested boiler-
plate texts that are based on the selected students' assessment results
and can be edited (see Figure 6). With a possible transfer of the pre-
sented LAC_Template into a technically functioning application, the
system could generate feedback suggestions based on the previous
scores of the selected students in a rule-based way. The structure of
the feedback template with its four input fields (positive feedback,
corrective feedback, recommendations and miscellaneous) is prede-
fined and fixed. However, the suggested texts in the input fields can
be freely modified or omitted so that the teacher has a structure
based on the feedback theory, but still has the freedom to adapt the
feedback to the context if necessary. The fourth input field, labelled
“Something else you want to say or ask” (see Figure 6), is intentionally
left blank by the system, allowing teachers to input feedback freely.
This is to give teachers control and flexibility when creating feedback
to ensure that the automatic suggestions do not overly restrict them
in the process of providing feedback.

A challenge in the development of feedback systems for student
support is the insufficient consideration of the teacher's role. Many
systems tend to fully automate feedback, making it difficult for
teachers to participate in the feedback process (Pinheiro et al., 2021).
Therefore, in our design, we aimed to integrate the teacher's role in

the feedback process, even when automation is employed.

Feedback automation

The automation feature is introduced to save teachers time in deliv-
ering feedback and still being able to send individualised feedback to
as many students as necessary (see Figure 7). This feature aims to
automate potentially repetitive situations for feedback so that

teachers do not have to resend the same feedback every time an
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Create the Feedback
For Student X

Positive Feedback
(What went well?)

You are making good progress in the topic of electric energy (learning goal 2), as demonstrated
by your score of 80% in that learning goal.

wy Corrective Feedback
(What didn't go so well?)

Recommendation

N
However, you seem to have difficulties with the topic of energy transformation (learning goal 4),
with a score of 24%.
J
N
To deepen your understandings | recommend you to work on this task/material.
J
~

Something else you
want to say or ask

cancel send

FIGURE 6 The feedback template has four input fields (positive feedback, corrective feedback, recommendations and miscellaneous) and the

suggested feedback texts, which are editable.

Feedback Sent! &

Conditions:
- after week 3
+ low performance (<25%) in Goal 4

Positive FB &

FIGURE 7 Feedback automation
popup.

Corrective FB ¢ Recommendation &

Do you want to automate this feedback for similar
situations in future?

automate

already-known situation reoccurs. After sending a feedback mes-
sage, teachers can automate that message to be sent to every stu-
dent who is currently or will be in the future in a similar situation as
the current recipients.

They can adjust the messages as needed and review conditions
that trigger the feedback, and set the message to be automatically

sent to any student in a similar situation in the future. The conditions

are based on the selection the teacher makes. If the teacher, for
example, selects a group of 4 students who are struggling with a
score below 25% in learning goal X and the class is progressed till
week 3, the conditions to trigger that feedback message automati-
cally in future would be: {After Week 3} AND {Score in Learning Goal
X < 25%)}. If, in the same week, a teacher selects only one student by
clicking on a cell in goal view which represents a student's low
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1. Exploring challenges
in monitoring learning

& providing feedback

10 co-design
interviews, iterating
the LAC_Template

2. Ideation
of requirements for
an LA Cockpit in FA

3. Evaluation & improvement
of the LAC_Template

Final requirements for
an LA Cockpit in FA

- Phases without the LAC_Template - Phase using the LAC_Template

FIGURE 8 The co-design process with teachers to derive requirements for an LA Cockpit. In phases 1 and 2, the LAC_Template was not used
to gather teachers' ideas that are not influenced by the LAC_Template. It was then evaluated and refined in phase 3 with the purpose of
validating and extracting features for an LA Cockpit. The results from all three phases were then mapped to a list of final requirements.

performance in learning goal Y, then the conditions to automate the
feedback message would be {After Week 3} AND {Score in Learning
Goal Y < 25%).

3.4 | Procedure and data collection

The interview script followed three phases (see Figure 8). First,
teachers were asked about the challenges they faced in monitoring
students' learning and providing feedback to students. Next, teachers
were introduced to the learning environment of the FA for which an
LA Cockpit should be developed and the data that can be gathered
from it. Teachers were then asked what information an LA Cockpit
should provide them to monitor students' learning progress in the FA
and be able to provide feedback effectively. This was done without
showing teachers the LAC_Template, in order to obtain authentic
requirements from teachers without biassing them towards our own
design proposals in the LAC_Template.

In the final phase of the interview, 3. Evaluation and improvement
of the LAC_Template, the LAC_Template described in Section 3.3 was
introduced to the teachers. The teachers then evaluated the useful-
ness and usability of each of the five widgets (including four views
and a feedback system) of the LAC_Template and suggested improve-
ments. To do so, they were shown each widget individually and asked
to evaluate its usefulness and comprehensibility, and to make sugges-
tions to improve the widget. The LAC_Template was iteratively
refined with the help of ideas for improvements. When a second
teacher requested an improvement, it was incorporated into the
LAC_Template after that interview and the improved version was

used in the subsequent interview. The interview questions can be
found in the interview protocol in Appendix A.

The interviews took place from May to September 2022, and all
teachers were interviewed in a video conference call. One interviewer
conducted all ten interviews, which lasted between 1 and 1.5 h each.
Nine of the ten teachers have experience teaching students ranging
from 5th to 13th grade (approx. 11-18 years old). The participants
(four female, and six male) had an average work experience of 7.15
(SD = 6.27) years. Four participants reported having three to ten
years of teaching experience, and three participants reported having
over ten years of teaching experience. Among the interviewed
teachers, the most taught subjects were physics (by seven teachers),
mathematics (by six teachers), and computer science (by three
teachers), with all teachers teaching multiple subjects. The remaining
STEM subjects, biology, chemistry and geography, are each taught by
one teacher. Moreover, none of the teachers had experience in using
a teacher dashboard.

3.5 | Data analysis

Each interview was audio recorded and then transcribed to a spread-
sheet using Whisper,2 an open-source automatic speech recognition
system. The audio files were deleted afterwards. We divided the tran-
scripts into individual statements for each phase of the interviews:
(1) the challenges teachers face in monitoring learning and providing

feedback to students and the requirements they imply; (2) the

2https://openai.com/research/whisper


https://openai.com/research/whisper
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requirements teachers set for the dashboard without receiving the
LAC_Template as a design suggestion from us; (3) finally, the evalua-
tion results of each widget in the suggested LAC_Template in terms
of its usefulness and teachers' ideas for improvements.

We coded each statement (Rubin & Rubin, 2011) resulting in
92 unique codes. Infrequent codes which only occurred once were
eliminated from the results so that only the codes that occurred in
two interviews were included in the results. This leaves us with
25 codes that were further mapped to their three categories corre-
sponding to the three phases of the interview. The results from these
three phases were then extracted into a list of final requirements (see
Section 4.4).

To verify the trustworthiness of our coding procedure, we conducted
an external validation, as per the method described by O'Connor and Gib-
son (2003). From the pool of 25 codes, we randomly selected 20 codes
and retrieved the relevant statements from the teacher interviews. Subse-
quently, we requested ten external reviewers to associate the randomly
arranged statements with the set of codes. Their connections between
the statements and codes resulted in a 97% accuracy rate, demonstrating
a strong agreement with our coding. This high level of interrater reliability

indicates that our coding process is both reliable and valid.

4 | RESULTS

In this section, we present our findings from the co-design interviews.
In Section 4.1, we discuss the challenges teachers face in monitoring
student learning and providing feedback, labelled as C1, C2, and C3.
From these challenges, corresponding requirements are derived,
labelled RC1, RC2, and RC3. Moving to Section 4.2, we outline the
features for an LA Cockpit that teachers requested during the ideation
phase without prior exposure to the LAC_Template as a design sug-
gestion. These requirements range from RI1 to RI6. Next, in
Section 4.3, we present the outcomes of the evaluation and improve-
ment of the introduced LAC_Template, along with the derived
requirements from that phase, which go from RE1 to RE13. Finally,
the results from all three phases are summarised into 16 final require-
ments from RF1 to RF16 in Section 4.4.

41 | Challenges in monitoring learning and
providing feedback

Following the interviews, we identified three main challenges that
teachers face, the biggest challenge being: C1 Lack of time in manually
assessing learning outcomes on a regular basis, C2 Lack of technology in
assessing learning outcomes, C3 Lack of time to provide individual feed-
back to each student. This section elaborates on each of the three
challenges and presents the requirements they imply (see Table 1).

C1: Lack of time in manually assessing learning outcomes on a regu-
lar basis. Seven teachers reported that they have difficulties evaluating
the task responses of their students in assignments or assessments

due to a lack of time. One teacher stated: “The main challenge from the
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TABLE 1 Teachers' challenges in terms of monitoring learning and
providing feedback.

No. of
teachers
mentioning Requirement derived
Challenges the challenge from that challenge
C1 Lack of time in 7 RC1 Provide up-to-date
manually assessing data

learning outcomes
on a regular basis

C2 Lack of technology 4
in assessing learning
outcomes

C3 Lack of time to 6
provide individual
feedback to each
student

RC2 Capability to assess
(free-text) responses
automatically

RC3 Feedback system
that facilitates the
provision of individual
feedback

teacher's point of view is to monitor the learning progression daily or
weekly. It's difficult to do a detailed analysis on where students are cur-
rently at”. Another teacher mentioned that their limited time makes it
difficult to continuously monitor each of the students. That is simply
not possible in terms of time. This challenge suggests that the dash-
board should provide data on the newest learning statuses of their
students.

C2: Lack of technology in assessing learning outcomes. Furthermore,
four teachers face the challenge of the insufficient use of technology in
assessing their students' learning outcomes. One teacher, for example,
said: “The challenge is that many [assignment] results are not automati-
cally available. You need automatic scoring of student answers to see each
student's learning status regularly.” Another teacher highlighted a limita-
tion with their LMS, which only checks for exact matches with the sam-
ple solution, resulting in spelling errors being marked as incorrect. This
may not provide a complete picture of the student's progress, as it
doesn't account for small variations in the student's response. Another
teacher discussed the limitations of the multiple-choice questions they
use in class, stating that this format is limited when assessing whether
students have truly understood the topic. They also suggested that free-
text questions would be better for assessing student understanding of a
topic but also pointed out that this was technically not possible for them.

C3: Lack of time to provide individual feedback to each student. Six
teachers indicated that due to their limited time resources, they can-
not provide individualised feedback to every student in all perfor-
mance groups. As a result, they focus on giving feedback to weaker
rather than stronger students, even though two teachers mentioned
that high-performing students should also receive feedback that rec-
ognises their efforts. One teacher explained: “All students, no matter
how good or bad they perform, need at least weekly feedback. Unfortu-
nately, there is not enough time for that. | focus most of my time on giv-
ing feedback to struggling students.”

Based on the teachers' challenges in monitoring learning and pro-
viding feedback, we identified the following requirements of an LA

Cockpit for their context:
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e RC1—Provide up-to-date data, which was derived from C1—Lack of
time in manually assessing learning outcomes on a regular basis

e RC2—The capability to assess (free-text) responses automatically,
which was derived from C2—Lack of technology in assessing learning
outcomes and

e RC3—A feedback system that facilitates the provision of individual
feedback, which was derived from C3—Lack of time to provide indi-
vidual feedback to each student. This broad requirement is frag-
mented into more detailed requirements that will be reported in
Section 4.4.

4.2 | Ideation

In the ideation phase, requirements were defined when we asked teachers
to brainstorm about the features for an LA Cockpit in FA, without showing
them the LAC_Template as a design suggestion (see Table 2).

RI1: Simple user interface. Starting with a general unspecific crite-
rion, four teachers stressed the importance of a simple user interface
(Ul) that does not contain too many detailed elements at first glance.
Since teachers have limited time in their daily work, they need to be
able to extract relevant information from the dashboard quickly.

RI2: Problematic learning goals of the whole class. Six teachers found
value in viewing the learning goals that the whole class struggles with. They
emphasised that this understanding can inform lesson planning and enable
the teacher to address these difficulties more effectively in the classroom.
One teacher said: “I would look for the whole class to see which concepts
have already been understood and which concepts need to be revisited.”

RI3: Problematic tasks of the whole class. Furthermore, five educa-
tors mentioned that it is essential for an LA Cockpit to identify tasks
that the majority of the class did wrong. Two teachers also noted that
this information could inform lesson planning and facilitate timely
interventions that prevent students from continuing with subsequent
errors and misconceptions.

RI4: Each student's progress on the learning goals. In addition to global
views on what the class is struggling with, five teachers also requested
to monitor individual students' progress on the learning goals. One
teacher mentioned that such a view could help with personalised feed-

back by stating: “It would be interesting to have a representation of which

TABLE 2
suggestions.

Requirements from phase 2 without providing

No. of teachers who

Requirements from the ideation phase requested it

RI1 Simple user interface 4

RI2 Problematic learning goals of the whole 6
class

RI3 Problematic tasks of the whole class 5

RI4 Each student's progress on the learning 5
goals

RI5 Each student's task scores 4

RI6 Students who struggle

Journal of Computer Assisted Learning_W[]_Eyﬂ

concepts are less clear to a student. This can allow me to provide persona-
lised feedback to him or her.”

RI5 Each student's task scores. Additionally, four teachers expressed
the need to access individual students' task scores to assess correct
and incorrect task completions.

RI6: Struggling students. Five teachers indicated that they need to
know which students have a low overall score on their tasks to talk
to them personally to understand why they are struggling and to keep
their motivation up. A teacher said: “I need an overview of each stu-
dent's overall score to see who is struggling. This way | can personally
approach these students and help them.”

4.3 | Requirements derived from evaluation and
improvement

In phase 3, teachers were asked for each of the five widgets in the
LAC_Template, whether they found it understandable and useful and
whether they had ideas for improving the widget. At the end of the
interviews, teachers were then asked to choose their favourite wid-
gets, selecting a maximum of three widgets. Table 3 shows how many
teachers favoured each widget of the LAC_Template. The three best-
rated widgets were the class progress overview and the feedback sys-
tem, which both were favoured by seven teachers and the goal view
was favoured by five teachers.

The LAC_Template was iteratively refined based on teachers'
ideas for improvements on any of its five widgets. When a second
teacher requested an improvement, it was incorporated into the
LAC_Template after that interview and the improved version was
used in the subsequent interview. The diagram in Figure 9 illus-
trates the navigation structure of the final version of the LAC_Tem-
plate that was continuously refined through the ten co-design
interviews with teachers. At the top level is the class progress over-
view, which displays the scores of the learning goals and tasks for
the class as a whole. From there, users can dive deeper and navi-
gate to the goal- or task view to see each student's scores for each
goal or task or navigate to the distribution view to see how the stu-
dents are distributed among the performance groups regarding
overall scores or the scores in each learning goal. From any of these
three views, teachers can send feedback messages to an individual
or a group of students via the feedback system. Finally, they can
set an automatic reminder to send the same feedback in similar sit-

uations in future.

TABLE 3 Evaluation results of all five widgets of the
LAC_Template.

Widget No. of teachers favouring the widget
Class progress overview 7
Feedback system 7
Goal view 5
Task view 3
2

Distribution view
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Feedback System

Feedback to individual
(based on learning goal score)

Feedback to individual

> Automatic Feedback
(based on task score)

Reminder

Feedback to groups in same
performance quartiles

FIGURE 9 The page navigation structure of the final version of the LAC_Template, which was iteratively improved in ten co-design

interviews.

43.1 | Widgets for monitoring: Evaluation and
requirements

Through the evaluation and improvement of the LAC_Template, we
established requirements that either confirmed those generated
during the ideation phase (where the LAC_Template was not pro-
posed to teachers) or emerged only during the evaluation of the
LAC_Template.

Requirements for monitoring from LAC_Template evaluation that
confirm ideation requirements

RE1: Simple user interface. As mentioned as a key criterion by four
teachers in the ideation phase (RI1), in the evaluation phase, three
teachers also requested a simple user interface, after they perceived
one or multiple widgets as too cluttered. Based on teachers' sugges-
tions to improve the Ul, we fine-tuned the widgets visually by adapt-
ing colour coding, and spacing, and reducing “visual noises”, and
redundant elements in the Ul that do not provide additional informa-
tion. To further enhance the Ul, we adapted the wording in the wid-
gets to those that teachers suggested.

RE2: Problematic learning goals of the whole class. The most popular
widget, the class progress overview, visualises the goal progress of
the entire class and thus also the problematic goals with which the
whole class is struggling (see Figure 10, right). Its popularity led to
the extraction of RE2 in the evaluation phase and confirmed the iden-
tical requirement of RI2 from the ideation phase.

RE3: Problematic tasks of the whole class. Likewise, this requirement is
derived through the popularity of the class progress overview, which
also shows the problematic tasks for the class. RE3 therefore confirms

RI3 to show problematic tasks of the whole class, from the ideation
phase as well.

RE4: Each student's progress in learning goals. Based on the positive
evaluation of the third most favoured widget, the goal view (see
Figure 3), showing each student's scores in each learning goal, RE4 was
extracted. It confirms Rl4, the same requirement extracted in the idea-
tion phase. Four teachers mentioned that the goal view could enable
them to see the strengths and weaknesses of each student. Three
teachers also reported that the goal view could be valuable to grading
students at the end of the semester since it can give teachers profound
reasons for the grades. However, three participants also mentioned that
the goal view is too detailed and time-consuming, which indicates that
the goal view is not suitable for day-to-day use, with one teacher stating.

RE5 Each student's task scores. Based on the positive evaluation of the
task view, which displays each student's task scores and was favoured by
three teachers, RE5 was extracted. It confirms the identical requirement
RI5, which was identified in the ideation phase. The task view is seen by
two teachers as a means to identify tasks that are poorly designed.
According to two teachers as well, the task view provides an opportunity
for teachers to detect struggling students and offer them immediate sup-
port during lessons. Two teachers, however, also commented that it would

take too much time to analyse every single task for every student.

New requirements for monitoring only derived from LAC_Temlpate
evaluation

REé6: Show how learning goals and tasks are connected. When facing the
initial version of the class progress overview (see Figure 10, left), three
teachers mentioned that they would like to see which tasks are linked

to the presented learning goals to understand the scores better. We
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FIGURE 10 The class progress overview from the initial version of the LAC_Template (left) and the improved version improved by the
teachers' suggestions (right). It is the starting point of the dashboard and provides the summed score of the whole class in each learning goal and
allows users to expand the tasks associated with the goals. By clicking on “details”, teachers can dive into details to see the goal- and task view,

which display the progress of each student.

therefore enhanced the class progress overview accordingly (see
Figure 10, right) and concluded RE6: Show how learning goals and tasks
are connected.

RE7: Start from class overview & dive into detailed views. Four teachers
mentioned that they might not have enough time to use detailed
views, such as the goal- or task view, showing individual student
results, in their daily teaching practice. After improving the class pro-
gress overview, three teachers found it useful for a “quick check”
when they do not have much time. They suggested the idea to first
start with a rough overview of the class progress and then, only if they
have time, to zoom into problematic tasks or into detailed views like
the goal- or task view. One teacher said: “A teacher has many things to
do, and it is impossible to have these granular levels of accuracy on each
student every single day but these detailed views [goal- and task view]
could be useful if the teachers have the free time. If there's no free time,
they can use this panorama visualisation [class progress overview]. If they
have more time, they can go into detail.” From this, we can derive RE7,
to start from the class overview and dive into detailed views, which was
implemented within the navigation structure of the final LAC_Tem-
plate version (Figure 9).

RE8: Alerts that highlight problems. Two teachers suggested they
would like to receive alerts when a student or the whole class strug-
gles with a certain task or goal. One teacher said, “it would be nice to
get a warning if something is going wrong, so | do not need to read the
whole dashboard”. The suggested improvement was therefore incor-
porated in the task- and goal view of the LAC_Template (Figure 9) so
that a red warning icon lights up when the overall score of a student
drops below a certain threshold (e.g., below 20%).

The distribution view, which displays how students are distributed

across four achievement levels, was found unhelpful by four teachers

as it did not provide them with sufficient information about individual
students. For these reasons, the distribution view was excluded from
the list of requirements.

43.2 | Feedback system: Evaluation &
requirements

In the ideation phase, no features for the feedback system were
established, as teachers were only asked for requirements for moni-
toring to enable them to provide feedback in that phase. Since select-
ing students for feedback by interacting with the visualisations is a
novel functionality of our feedback system, we explicitly asked
teachers for requirements for the feedback system only after intro-
ducing the LAC_Template in the evaluation & improvement phase.
Besides the class progress overview, the other most favoured widget,
also favoured by seven teachers, is the feedback system with its fol-
lowing components: student selection for feedback via interacting
with the charts; the feedback template split into positive corrective
and recommending feedback; the editable feedback suggestions that
relate to the scores of the selected students; and the automation fea-
ture. In this section, we present requirements driven only from the
stage where the feedback system of the LAC_Template was evaluated

and improved.

Feedback system requirements derived from LAC_Template
evaluation

RE9: Reduce the steps to create feedback. Three teachers emphasised
during the evaluation of the feedback system that the process to cre-
ate feedback should be as quick and easy as possible because of their
limited time resources; as one teacher said: “You have to reduce the

steps to provide feedback to a minimum”. To save time when creating
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feedback, they emphasised that all input fields in the template should
be optional, and teachers should only fill in the fields they want. That
underlines the importance of good usability, which is efficient and

time-saving.

RE10: Don't forget positive feedback. Five of ten teachers liked the idea
that the feedback template asks teachers to give positive feedback, as
this type of feedback is often neglected. One teacher said: “It's good
to be reminded to give positive feedback as well; Most of the time, you
focus on weaknesses and | think it is good to let them know about their
strengths as well.”

RE11: Suggest editable feedback texts. Four teachers found the text
suggestions in the feedback template helpful, appreciating that they
can reduce the workload of writing repetitive feedback messages.
However, two teachers stressed the importance of the texts being
editable to be adjusted depending on the situation as one of them
stated, “Having some feedback already prepared can be useful but with
the possibility to personalise it and select the feedback you want.”

RE12: Facilitate the creation of peer learning groups. Four teachers
mentioned that selecting a performance group for feedback could be
useful in creating smaller learning groups to promote peer learning.
One teacher stated: “Sending feedback to the group could be useful if |
want to organise an extra class just for weaker students on a topic, or |
could suggest a student who performs well to talk to weaker students.

This can be useful to socialise the learning process”.

RE13: Automatic reminder to re-send feedback. The feedback automa-
tion feature (Figure 7) was positively received by four teachers, who
found it convenient for sending repetitive feedback messages. One
teacher said, for instance, “It is convenient that | don't have to copy-
paste the old feedback from somewhere else;”. Three teachers added an
improvement to turn the feedback automation into an automatic
reminder to send feedback which can be adapted to the context if
needed; one teacher said: “The system could automatically remind me,
‘Last time you gave the following feedback to students who behaved sim-
ilarly... would you like to do that again?’ and then | can customise the
feedback if | want and send it”.

These feedback-system-related requirements mentioned above
can address the abstract formulated challenge C3, which is the lack of
time of teachers to provide individual feedback to each student among all
ability levels. C3, therefore, supports all mentioned feedback require-
ments RE9, RE10, RE11, RE12, and RE13, even though they cannot
be derived directly from the abstractly formulated challenge C3.

44 | Final requirements

All interview phases, such as exploring challenges, ideation and LAC_-
Template evaluation and improvement, served to define and validate
requirements for an LA Cockpit for FA in secondary school contexts.

Table 4 presents how the 16 requirements for the design of such a

KARADEMIR ET AL.

tool were derived from the three individual phases of the co-design
process, with some requirements being derived from only one phase,
while others came up repeatedly in multiple phases. They are cate-
gorised into general requirements, requirements for monitoring learn-
ing and for a feedback system. The general ones present the technical
prerequisites that the system needs to fulfil first before the ones spe-
cific to the monitoring of learning for the provision of feedback are
discussed.

5 | DISCUSSION

To answer our first research question regarding the challenges of sec-
ondary school teachers in monitoring students' learning and providing
feedback, we identified three challenges in this study. These include
C1 Lack of time in manually assessing learning outcomes on a regular
basis and C2 Lack of technology in assessing learning outcomes. We
could map these challenges to RF1 to provide teachers with up-to-date
data and RF2 the capability to assess students' (free-text) responses on
FA automatically. Compared to multiple-choice, free-text tasks are
better suited to test students' active knowledge (Livingston, 2009).
The automatic scoring of students' free-text answers can be per-
formed using NLP models, such as the model proposed by Gombert
et al. (2022), with an F1 score above 90% in assessing the correctness
of short answers in formative physics assessments.

A further challenge teachers faced was C3, the lack of time to provide
individual feedback to each student. This challenge has been similarly
explored in several studies. While teachers aim to distribute their atten-
tion evenly among students of all performance/ability levels (CORNO,
2008; Tomlinson et al., 2003), in practice, they often tend to spend more
time supporting low-ability students (Deunk et al., 2015). Knoop-van
Campen et al. (2021) showed that teacher dashboards can counteract
this uneven allocation of feedback across different performance groups
and can have an important equalising effect on teacher feedback
practices.

To answer our second research question regarding the requirements
of a secondary school teacher dashboard to monitor the learning pro-
gress in FA, we identified several monitoring-related requirements: An
LA Cockpit should display problematic learning goals (RF4) and tasks
(RF5) of the whole class. Visualising the progress of each student in
their learning goals (RFé6) and their scores in each task (RF7) were also
seen as relevant. Furthermore, teachers requested RF8, that struggling
students should be represented on the teacher dashboard.

Additional requirements for monitoring, which primarily do not
describe what pieces of information the dashboard should display but
rather how it should function and how its contents should be struc-
tured and highlighted, were discovered. These (RF9, RF10, and RF11)
emerged only during phase 3 of the co-design process when the
LAC_Template was introduced as a suggestion. This indicates that
during co-design processes, incorporating suggestions can help reveal
more specific requirements from teachers that might remain undis-
covered compared to brainstorming sessions without suggestions.

Moreover, by iteratively prototyping and testing the LAC_Template,
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TABLE 4
the requirements were derived.

Final requirements

General Requirements RF1 Provide up-to-date data

RF2 Assess (free-text) responses
automatically

RF3 Simple User Interface

Requirements for
Monitoring

RF4 Problematic learning goals of the
whole class

RF5 Problematic tasks of the whole class

RF6 Each student's progress on the
learning goals

RF7 Each student's task scores
RF8 Students who struggle

RF9 Show how learning goals and tasks
are connected

RF10 Start from class overview & dive
into detailed views

RF11 Alerts that highlight problems

RF12 Reduce the steps to create
feedback

RF13 Don't forget positive feedback
RF14 Suggest editable feedback texts

Requirements for
Feedback System

RF15 Facilitate the creation of peer
learning groups

RF16 Automatic reminder to re-send
feedback
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Final requirements for the monitoring components and feedback system, showing from which phases of the co-design interviews

Derived from...

Phase 1 exploring Phase 2 Phase 3 LAC_Template evaluation
challenges ideation & improvement
RC1
RC2
RI1 RE1
RI2 RE2
RI3 RE3
RI4 RE4
RI5 RE5
RI6
RE6
RE7
RE8
RC3 RE9
RC3 RE10
RC3 RE11
RC3 RE12
RC3 RE13

Note: For each final requirement (RFx), the requirements derived from the challenges (RCx), the ideation phase (RIx) and the evaluation (REx) were marked.
Requirements from phases without the LAC_Template are marked in blue and requirements from the phase including the LAC_Template in purple.

ideas for improvements were directly validated or discarded during
the co-design process. Thus, teachers in later interviews could evalu-
ate an already matured iteration of the prototype and further refine it
from there. One of the more specific requirements is RF10, a naviga-
tion structure that allows teachers to start with an overview and then
drill down into detailed views. A similar “deep dive” feature was also
implemented in a prototype resulting from a co-design study by
Holstein et al. (2019) on developing a teacher-facing classroom
orchestration tool. Including alerts that highlight problems (RF11)
was also implemented in the co-design study by Holstein et al.
(2019). Several dashboard studies highlight teachers' challenges in
determining actionable steps when viewing a dashboard because
teachers lack support in translating the information presented in
dashboards into pedagogical actions (Sergis & Sampson, 2017).
Visual interpretational aid such as alerts can help teachers to focus
on relevant situations and to make effective interventions (van
Leeuwen et al, 2022). Martinez-Maldonado et al. (2015), for
instance, compared the impact of two dashboards, one with infor-
mation only and one with information plus alerts. The study found

that the system with alerts led to more effective teacher

interventions and better student learning outcomes than the sys-
tem with information only.

To answer our third research question, regarding the needed features
of a feedback system in a teacher dashboard to facilitate personalised
feedback in FA, we defined several criteria for the implementation of a
feedback system, which can address challenge C3, the lack of time to
provide individual feedback. Despite evidence that positive feedback
does not directly improve student performance (Parkes et al., 2013;
Prochazka et al., 2020), RF13 to not forget positive feedback is highly val-
ued by teachers in this study. Since positive feedback increases motiva-
tion (Deci, 1971; Mouratidis et al., 2008), the popularity of positive
feedback in this study suggests that student motivation plays an impor-
tant role among secondary school teachers. However, positive feed-
back may also reduce the effectiveness of corrective feedback (V. J.
Shute, 2008), which poses a challenge of finding the optimal balance
between positive and corrective feedback to maintain high motivation
and to ensure that students value corrective feedback.

The literature confirms the requirement RF15 to facilitate the creation
of peer learning groups with an LA Cockpit. Implementing peer instruction

offers several advantages, such as a better understanding of concepts,
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lower failure rates, increased student motivation (Mazur, 1997), and the
opportunity for students to create new knowledge and share skills through
discussions with classmates (Tullis & Goldstone, 2020).

Teachers' emphasis on the importance of editable feedback sug-
gestions (RF14) indicates their intention to be actively engaged in the
feedback process rather than relying solely on automation. The feed-
back template provides a fixed structure with four fields based on
feedback theory so that teachers can freely edit the content in these
fields. However, if teachers unfamiliar with feedback theory exten-
sively modify or delete the suggested feedback, it may compromise
the feedback quality. Therefore, it is important that the system sug-
gests high-quality texts to teachers that are acceptable to teachers.
To implement a system that suggests such editable high-quality feed-
back texts based on students' responses to FA, Large Language
Models such as GPT® or LLaMA? could be used as an assistant to help
teachers write feedback.

In addition to that, the intentionally blank fourth input field in
the feedback system (see Figure 6) enables teachers to input feed-
back freely, without being limited to the text suggestions. These
types of features can provide teachers with control over the feed-
back process, allowing active participation instead of complete reli-
ance on automation.

Still concerning RQ3, adapting the initial automation function to
an automated reminder to re-send feedback (RF16), in which teachers
can review and adjust the feedback suggestions if necessary, indicates
teachers' need for control in teaching. This illustrates, on the one
hand, that feedback should not be sent uncontrolled; on the other
hand, teachers could benefit from the support of the system to effi-
ciently distribute feedback to all students who need it. Therefore, an
automatic reminder for feedback can be a compromise that considers
both factors—teacher control and efficiency. Involving teachers in the
feedback creation process could reduce concerns that technology will
undermine their role in the classroom (van Leeuwen, 2019). The claim
that automated feedback systems such as ITS neglect the role of the
teacher in the feedback process (Pinheiro et al., 2021) and the results
from this study highlight the potential of semi-automated feedback
systems such as an LA Cockpit. These systems could be designed to
act as assistants, empowering teachers with control over the distribu-
tion of feedback and the level of automation involved. Since most of
the feedback systems in digital learning environments are provided
automatically by adaptive learning technologies or ITS, an LA Cockpit
can provide an example of how augmented feedback, proposed by Di
Mitri et al. (2022), can be used to enhance traditional educational
feedback by augmenting it with digital data and artificial intelligence.
However, one challenge for future research could be to find the “right
balance” (if there is one) between automation to leverage the potential
of technology to provide personalised feedback at scale and teacher
control to empower them without undermining their role in schools.

A limitation of this work is that the proposed requirements and

LAC_Template have not been tested and validated in authentic
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classroom situations and therefore may not be fully aligned with
teachers' daily practices. Based on the proposed requirements, a tech-
nically fully functional version of an LA cockpit needs to be implemen-
ted, field-tested, and refined to align it with teachers' daily practice.

Future research should implement and evaluate a fully functional
version of an LA Cockpit in real-world settings and investigate (1) how
it affects teachers' feedback practices, (2) if and how it provides them
with added value, and (3) how they can incorporate it into their daily
work. To conduct these investigations, the dashboard evaluation
framework proposed by van Leeuwen et al. (2019), would be interest-
ing. This framework categorises the support type a teacher dashboard
provides into mirroring, alerting or advising. Future research should
furthermore investigate teachers' feedback practices with an LA Cock-
pit to understand how teachers translate their insights from the dash-
board visualisations into pedagogical actions. However, the design of
the feedback system in this study primarily focused on positive feed-
back, corrective feedback, and recommendations without delving dee-
per into other feedback types. Future research on teachers' feedback
practices with the LA Cockpit should also consider and promote the
use of other types of feedback, such as task-related, process-related
and metacognitive feedback.

Subsequently, a step further should be taken. As the ultimate goal
of LA is to impact students' learning (van Leeuwen et al., 2022), a
future study should investigate whether LA Cockpit-guided feedback
leads to improved student learning outcomes. This could enable the
transfer from LA research into educational practice and empower
teachers to provide informative feedback in their school practice.
Another possible direction for future research is to incorporate Large
Language Models into the feedback system, to scale individualised
feedback suggestions that teachers can use to send students. Efforts
in the direction of automated generation of feedback suggestions,
which teachers only need to review before sending, can cut the
amount of time teachers would spend creating feedback and thus
increase acceptance of such teacher-controlled feedback systems as
an LA Cockpit.

6 | CONCLUSION

The goal of this study was to set requirements for designing an LA
Cockpit, a teacher dashboard with an integrated feedback system to
monitor students' learning and facilitate the provision of feedback
(Karademir et al., 2022), for the specific case of FA in secondary
school. To reach this goal, we conducted ten co-design interviews
with secondary school teachers in which we first explored their chal-
lenges in monitoring students' learning progress and providing feed-
back to students. Then we asked teachers to describe the features of
an LA Cockpit to monitor learning and provide feedback in FA. Next,
the teachers were provided with the LAC_Template, a design tem-
plate which we had prepared in advance to support them in extracting
requirements from it. Teachers were therefore asked to evaluate and
improve the LAC_Template. Based on that, further design require-

ments were derived.
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As a result of this co-design methodology, we identified 3 chal-
lenges that an LA Cockpit should address and 16 final requirements
that it should meet. The teachers' challenges that an LA Cockpit
should address are the lack of time to assess students' learning out-
comes on a regular basis manually (C1), the lack of technology in
assessing learning outcomes (C2) and the lack of time to provide indi-
vidual feedback to each student (C3).

Among the 16 final requirements, 8 were classified as requirements
for monitoring student learning. These include showing alerts that high-
light critical areas that require teacher attention (RF11), problematic
learning goals for the entire class (RF4) and the tasks to which the
learning goals are linked (RF9). In addition, teachers suggested that the
LA Cockpit should start with visualising a broad class overview and pro-
vide the ability to dive deeper into more detailed views (RF10).

Moreover, 5 design requirements for the feedback system were
established. These describe that the feedback system should reduce
the steps for teachers to create feedback (RF12), promote the provi-
sion of positive feedback (RF13), and facilitate the creation of peer
learning groups (RF15). Results from this study can serve as guidelines
for the development of teacher dashboards designed for FA scenarios
with the capability to monitor and provide students with personalised
feedback.

This study exemplifies how an LA Cockpit, functioning as a
teacher dashboard with an integrated feedback system, could address
teachers' main challenges, particularly the time constraints hindering
them from providing individual feedback to students. Features sup-
porting the feedback creation process, like a feedback template and
the automation of steps from this process, could assist teachers in
providing their students with more individual support. However, the
results also highlight that, despite the use of automation in feedback sys-
tems, teachers prefer to remain actively engaged in the feedback process
which leads to the need for features that give teachers the ability to
adapt suggestions given by the system and to control feedback automa-
tion. This allows them to orchestrate feedback automation, ensuring ben-
eficial cooperation between teacher and technology, where the
teacher remains in charge, and technology functions as an assistant.
We hope that this study will help to establish teacher dashboards
and semi-automated feedback systems as an integrated whole in the
form of LA Cockpits in the future. When developing feedback sys-
tems, it is essential to foster a beneficial collaboration between
teachers and automation, leveraging the strengths of humans and
technology in a complementary way.
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