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Abstract

Remote technology has been widely incorporated into health professions education. For procedural skills training,
effective feedback and reflection processes are required. Consequently, supporting a self-regulated learning (SRL)
approach with learning analytics dashboards (LADs) has proven beneficial in online environments. Despite the
potential of LADs, understanding their design to enhance SRL and provide useful feedback remains a significant
challenge. Focusing on LAD design, implementation, and evaluation, the study followed a mixed-methods two-
phase design-based research approach. The study used a triangulation methodology of qualitative interviews and
SRL and sensemaking questionnaires to comprehensively understand the LAD’s effectiveness and student SRL
and feedback uptake strategies during remote procedural skills training. Initial findings revealed the value students
placed on performance visualization and peer comparison despite some challenges in LAD design and usability.
The study also identified the prominent adoption of SRL strategies such as help-seeking, elaboration, and strategic
planning. Sensemaking results showed the value of personalized performance metrics and planning resources in
the LAD and recommendations to improve reflection and feedback uptake. Subsequent findings suggested that
SRL levels significantly predicted the levels of sensemaking. The students valued the LAD as a tool for supporting
feedback uptake and strategic planning, demonstrating the potential for enhancing procedural skills learning.

Notes for Practice

e The development of learning analytics dashboards (LADs) should consider theoretical aspects during
all its design stages to effectively support feedback uptake and self-requlated strategies for
procedural skills training.

o Astructured design-based research approach allows us to consider both theory and student feedback
throughout the development process of a learning analytics dashboard to support feedback uptake
and self-regulated learning in health professions education.

e To incorporate a learning analytics dashboard in remote procedural skills training, special attention
must be paid to students’ prior self-regulated capacities and sensemaking, as well as the perceived
usefulness of specific indicators and dashboard features.
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1. Introduction

The COVID-19 pandemic made technology-mediated teaching the primary strategy globally (Etoom et al., 2023). In health
professions education, the procedural domain, which refers to the psychomotor abilities needed to perform various healthcare
techniques, such as laparoscopy, manual therapy, and venous punctures, was the most difficult to adapt. Remote training
ensured continued skill development during the pandemic. One remote strategy consisted of video simulations of a procedure
and asynchronous feedback via a web-based platform. Among others, this approach effectively enhanced clinical skills
acquisition for laparoscopy (Gaete et al., 2023), physiotherapy techniques (Villagran et al., 2023), and critical care (Vera et
al., 2021).

With the emergence of new learning opportunities in procedural skills training, the students faced a challenge. They
needed to acquire new skills to effectively utilize these strategies. Self-regulated learning (SRL) is critical to student success
(Zimmerman, 2002). As clinical procedures are sequential, reinforcing SRL during skill training supports students in
reflecting on and improving on their performance (Kitsantas et al., 2004). Specifically, SRL strategies play a relevant role
in the long-term performance of procedural abilities (Brydges et al., 2012; Sliss-Havemann et al., 2020), which is essential
for in situ skills demonstration and optimal performance over time. Furthermore, SRL strategies help students to incorporate
external feedback during deliberate practice and compare performance with expected standards (Wang et al., 2020; Brydges
et al., 2012; Kitsantas et al., 2004; Nicol & Macfarlane-Dick, 2006).

Fortunately, the increased adoption of remote learning technologies during the pandemic presented an opportunity to
leverage these technologies to imbue students with SRL strategies during procedural skills training. In that context, learning
analytics dashboards (LADs) have stood out as a form of feedback that seeks to empower students and improve their SRL
strategies as they progress in their learning process (Nicol & Macfarlane-Dick, 2006; Jivet et al., 2020; Wang & Han, 2021).

This study presents the design, implementation, and evaluation of a LAD to support SRL in the training of a healthcare
procedural skill. According to Schwendimann et al. (2017), learning dashboards provide a single display that aggregates
different indicators about learner(s), learning process(es), and/or learning context(s) into one or multiple visualizations. In
this study, the LAD development followed a design-based research approach consisting of two phases: 1) tool design and
testing and 2) broader implementation and evaluation. Further background information regarding technology-mediated
feedback, SRL, and LAD development is presented in the subsequent sections.

1.1.Procedural Skills Training and Technology-Mediated Feedback

Technology is being considered an integral part of feedback processes in higher education (Deeley, 2018; Wood, 2021).
Institutions use learning management systems (LMSs) to enhance interaction and active learning (Wood, 2021), providing
an opportunity for improved feedback uptake. In technology-mediated learning, feedback is defined as “a process, not an
input, that regulates a system, necessarily influencing the output of that system” (Dawson et al., 2018, p. 3). This definition
emphasizes that feedback is not effective if it does not generate a change, so simply providing students with a comment or
an audio commentary on their performance does not necessarily constitute feedback. Studies support the use of technology
to manage practical aspects of feedback (Dawson et al., 2018; Deeley, 2018; Wood, 2021). It fosters students’ active role and
continuous review and improves participation, feedback acceptance, and feedback literacy (Carless & Boud, 2018; Dawson
etal., 2018).

In procedural skills training, technology could enable the continuous presentation of new opportunities for students to
demonstrate that they have incorporated feedback, fulfilling the process goals. The psychomotor nature of procedural skills
training requires learning activities to practice, repeat, reflect, and improve. Along these lines, technology has become a
promising way to create opportunities for students to perform clinical procedures safely and efficiently.
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However, the availability of feedback-oriented platforms is not enough on its own. To ensure that technology enhances
learning, it is necessary to adopt a theoretical approach that supports SRL (Nussbaumer et al., 2015). Furthermore, feedback
and SRL are intertwined since feedback is a vital component of the SRL phases (Jivet et al., 2020; Matcha et al., 2020). This
is why it is essential to support SRL and feedback uptake, particularly when performing a procedural skill that requires
mastering the technical aspects of a clinical task (Cecilio-Fernandes et al., 2023).

1.2. Self-Regulated Learning for Procedural Skills Training

To explore SRL processes by individual students across different clinical procedural skill tasks, it is crucial to understand
the theoretical models of SRL. So far, different models coexist in the literature, where the most cited are Zimmerman (2000)
and Pintrich (2000; Panadero, 2017). Zimmerman defines SRL as “self-generated thoughts, feelings, and actions that are
planned and cyclically adapted to attaining personal goals” (Zimmerman, 2000, p. 14), while Pintrich places particular
emphasis on metacognition, describing SRL as “an active, constructive process whereby learners set goals for their learning
and then attempt to monitor, regulate, and control their cognition, intentions, and behavior, guided and constrained by their
goals and the contextual features of the environment” (Pintrich, 2000, p. 453). With the interest of considering both
motivational and cognitive factors, Winne and Hadwin (1998) proposed a model that puts the student in an active role in
their learning (Panadero, 2017; Matcha et al., 2020; Greene & Azevedo, 2007), which has been widely used in computer-
supported learning contexts.

Moreover, Winne and Hadwin (1998) highlight that feedback can occur intentionally when the students compare
themselves with a standard. In this context, learning analytics solutions could inform student self-evaluation, thereby
promoting a virtuous cyclical process that improves their performance based on feedback (Lim et al., 2021).

However, the best learning analytics methods for enhancing SRL remain unclear (Heikkinen et al., 2023). Although the
literature indicates that SRL is a focus of LADs, Matcha et al. (2020), through a systematic review, identified a series of
limitations in the relationship between LADs and SRL. Considering limitations applicable to procedural learning, current
LADs struggle with effective feedback paradigms, often being unidirectional rather than dialogic, limiting students from
fully embracing their learning towards an SRL experience (Matcha et al., 2020). More research is required to understand
how LADs can provide applicable and actionable information to improve student learning experiences (Matcha et al., 2020).

1.3.Learning Analytics Dashboards (LADs)

LADs utilize data to provide visual feedback of the student progress, enhancing SRL by allowing self-assessment and
performance improvement (Wang & Han, 2021). Those in charge of designing LADs identify learning data and encode it
into indicators, graphs, numbers, colours, or text, which are then decoded by students, who put the information in context,
evaluate it, and use it to make decisions. This process, on the part of the student, is known as sensemaking (Jivet et al., 2020).

LADs have received particular attention as tools to promote reflection and optimize learning and the quality of the
learner experience (Matcha et al., 2020), becoming a common intervention to support SRL (Heikkinen et al., 2023).
However, implementation alone is insufficient (Heikkinen et al., 2023), so more theoretical emphasis needs to be placed on
how LADs are designed (Heikkinen et al., 2023; Sedrakyan et al., 2020; Matcha et al., 2020).

To meet these needs, the literature describes recommendations to support the development of a learning analytics—based
solution to improve student SRL strategies with a focus on feedback. First, LAD prototypes should follow a framework, like
the Model for User-centred Learning Analytics Systems (MULAS), which considers four dimensions, including theory,
design, feedback, and evaluation (Matcha et al., 2020). Second, the process should prioritize feedback uptake, not just its
provision (Jivet et al., 2020; Matcha et al., 2020). Third, understanding student sensemaking of feedback for SRL decisions
is key (Lim et al., 2021). Finally, evaluations of student sensemaking of LAD indicators in relation to SRL strategies are
needed (Jivet et al., 2020). This study employs a design-based research approach to develop a LAD, aiming to support SRL
strategies and facilitate feedback uptake during procedural skills training for physiotherapy students.

2. Research Question, Study Design, and Context

This study addresses the following research questions:

1. What indicators do students look for in a learning analytics dashboard for improving their self-regulated learning

during procedural skills training?

2. How does the learning analytics dashboard support the feedback uptake and self-regulation strategies from the student

perspective?

To answer these research questions, a design-based research (DBR) approach was followed. DBR is an iterative process
to solve practical problems and improve learning outcomes through a series of interventions grounded in learning theories
(Reimann, 2013). This process was organized into two phases using mixed methods (see Figure 1). The first phase involved
the design and development of the LAD prototype. This step included pilot iterations to gather user feedback, which informed
subsequent improvements to the prototype. The second phase consisted of a broader implementation and evaluation phase,
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collecting information from surveys, logs, and final interviews. Each phase is presented according to the data collected and
their analysis, as shown in Figure 1. Finally, a discussion was conducted with reference to the MULAS (Matcha et al., 2020).

PHASE 1 PHASE 2

Building & Testing Implementation &

Evaluation

+ Building preliminary LAD » SRL survey before

Prototype implementation (n=122
« Cognitive walkthroughs Elcc
(n=8 students) « Analyzing students’
interaction with the LAD
(n=80)

Sense-making survey after
implementation (n=79
students)

Final interviews (n=4
students)

Figure 1. Design-based research approach to develop the LAD

The study was implemented in a physiotherapy degree offered at a large, selective Latin American university. This
degree program spans ten semesters with a combination of science- and practice-based courses to gain health sciences
knowledge and develop skills for clinical practice. Specifically, this study took place during the second semester of 2022,
and students in their sixth and eighth semesters were invited to voluntarily participate. All students were given an informed
consent form approved by the corresponding ethics committee (ID: 220506007). These students were enrolled in clinical
courses that employed a feedback-oriented platform to train some procedural skills with remote and asynchronous feedback,
where the LAD was incorporated (see Appendix A). As part of the teaching strategy, students recorded themselves
performing a procedure, uploaded this video to the feedback-oriented platform, and received an assessment from instructors
who also provided feedback through inputs on the video (e.g., drawings, audio, and written comments). Students then
received and reviewed the feedback directly within the video (Villagran et al., 2023). The training is structured in stages,
with students receiving instructor feedback between each stage that they must incorporate in subsequent stages. The LAD
was developed to complement this platform during the training of procedural skills. The methodology, results, and lessons
learned in each phase are explained separately below, considering qualitative and quantitative aspects.

3. Phase I: Design and Development

3.1.Preliminary LAD prototype

The LAD prototype consisted of two views: the main one and a secondary one. The main view is divided into seven sections
(see Figures 2 and 3), each displaying indicators based on SRL strategies for remote learning (Appendix B) as reported in
the literature (Kizilcec et al., 2017). The secondary view (see Figure 4) displays a collaborative forum where students can
post comments through a text box.

In the main view, there is a selector to choose the course for which you want to review the information, which updates
the data displayed in each one of its seven sections. To support student self-evaluation and goal setting, the first section
provides the students with their overall level of achievement in the course selected. It also presents a percentage of skill
attainment and their rank compared to the course in terms of percentiles, both on average and per stage (see Figure 2A).
Then, the second section shows the scores of specific items that are part of the procedural assessment instrument used for
every training stage so students can see which items have the highest scores (and which ones have lower scores).
Additionally, the course average score for each item is represented in a different colour (see Figure 2B). To complement
these indicators, the third section displays student performance situated within a learning curve that considers all stages of
their procedural skills training so they can easily visualize whether their performance has improved throughout their learning
process (see Figure 2C).

To support strategic planning of their next stage deliverable, the fourth section provides learners with information
regarding course stages and deadlines (see Figure 3D). This is complemented by the fifth section, which shows all the text
feedback inputs in a carousel form for each stage with the intention that students can switch between stages and compare the
feedback provided in a single view (see Figure 3E). This differs from the feedback-oriented platform used in their training,
where students can only review feedback one stage at a time, which is time-consuming and possibly limiting of student

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported
(CC BY-NC-ND 3.0) 141



JOURNAL OF LEARNING ANAEYTICS.

ability to fully understand all the feedback. The sixth section was created so that, after reviewing the feedback, students
could watch the video tutorial demonstrating what they had to deliver in the next stage (see Figure 3F). Finally, the seventh
section was designed for students to close the feedback loop by reflecting on and recording in a self-evaluation box how

they used the feedback received (see Figure 3G).

Neurodynamic evaluation techniques v
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Item D Item B

Item C

Your performance over time

23%

22% A

9%

20%

89%

Level of achievement

88%

87%
Deliver 1

Deliver 2 Deliver 3
Stages

® You

Figure 2. LAD first prototype sections (Part I).
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Planning

Deliver 1 Deliver 2 Deliver 3 Deliver 4

» 87% » 92%

September 12th September 19th October 10th October 3rd

Feedback

Deliver 2 Deliver 3 Deliver 4

Very good Catalina! The elbow
extension was slow and you
were super delicate during the
whole movement. This is
important because this
movement generates a lot of
tension in the nerve.

Tutorials Answers

Remember to watch the video tutorial of the current stage!
Stage: Deliver 3

Upload your video answer below:

4+

Self-evaluation

How did the feedback you received help you?

How did the feedback you received help you?

Figure 3. LAD first prototype sections (Part II).
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Hello, Catalina Pérez ~

Discussion

Which is the appropriate way to treat a patient? See more

hello, | would like to know how to treat a patient, since they always correct me the same thing :(
Pedro Alarcén, 23/08/2021 16:40
15 answers

How many times do you recommend watching a video tutorial? See more

| watch the videos twice and | still get it wrong.
Margarita Toledo, 24/08/2021 1137
01answer

Figure 4. LAD’s first prototype collaborative forum (Part III).

3.2.Phase I: Data Collection, Participants, and Analysis Plan

Considering that the visual attractiveness and usability of the dashboard could significantly affect potential behavioural
changes (Park & Jo, 2019), the level of understanding and perceived usefulness was tested. We chose to employ cognitive
walkthroughs as they have been effectively used in prior LAD testing (Chatti et al., 2020; Vigentini et al., 2017). This
usability assessment technique engages participants as they try to complete tasks using the think-aloud methods, in addition
to asking them questions about the difficulties that might arise from their interaction with the user interface (Wharton et al.,
1994; Rieman et al., 1995). The cognitive walkthroughs consisted of individual interviews with eight fourth-year
physiotherapy students via videoconferencing. Based on Dishman (2003), we followed a protocol that included activities to
be performed, observations, and questions to participants to be answered (Appendix C). The students navigated the LAD,
answered questions, and shared their opinions. The cognitive walkthroughs were recorded and transcribed verbatim. Two
trained researchers analyzed each transcript through content analysis (Mayring, 2019). First, each researcher made an
inductive list of codes that were discussed to reach a consensus list. Codes were then organized into categories and used to
analyze all the cognitive walkthroughs and as a framework to analyze Phase II.

3.3.Phase I: Results

Three main categories were identified in the qualitative analysis (Table 1). The first category refers to student interest in and
relevance of the LAD’s features. Students highlighted functionalities such as visualization of overall performance and
performance by item and over time, as well as understanding how they are doing with respect to the course. During the
cognitive walkthroughs, students made comments such as “I would still be interested in the course average, and if there is a
stage that is more difficult for me, or is difficult for everyone or easier, I would like to know” (P2). They also made
suggestions for improving the visualization of feedback inputs. While they appreciated having all inputs in one location, they
found it challenging to understand the inputs without seeing them on the video, as pointed out by one comment: “I wouldn’t
know what part of my video the feedback is from” (P2). They also questioned the usefulness of the self-assessment mailbox:
“The self-assessment is a good idea, but I don’t think anyone would actually use it, I wouldn’t fill it out” (P4).

The second category is associated with the LAD perceived usefulness, which includes statements of what use they
would make of the presented features of the LAD. This category highlights the importance of seeing a simple learning curve
to be able to reflect and improve over time, as pointed out by one participant: “The performance over time graph is a visual
aid to help us realize that we can improve, if I’m at 87-89% let’s improve, let’s get to 90%” (P6). On the other hand, having
the consolidated information of the stages and delivery dates was also noted as useful for better planning. Regarding
feedback, students emphasize the importance of reflecting on the information provided through the inputs: “Many times you
think you are doing well, but then you review the teacher’s assessment, and you can contrast both views” (P6) and give
meaning to a section for requesting and granting help: “Using the forum is something that is going to help all of us. | would
be willing to respond to my peers” (P6).

The third category groups student comments regarding the global evaluation of the LAD in terms of usability, design,
and suggestions. There is a significant group of opinions regarding the improvement of the colour structure: “It’s very grey,
so maybe it could be other colours. And | would enlarge the lettering a little bit because | had to get very close to the
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computer” (P3). It is also highlighted that the LAD and most of the graphics are easy to navigate since they are all on the
same page: “I find it useful and it’s all like what | need, | don’t need to keep changing windows” (P4). However, the item
graph drew attention for the difficulties it posed in understanding and interpreting indicators, as one student noted: “I don’t
really understand how to extract the information from the items graph” (P1).

Table 1. Results of the Qualitative Analysis of Phase 1 Interviews (n=8)

Number

Category Categ_ory Code Code description of coding N‘“?“'?er of
description participants
references
Relevance of viewing feedback on
the LAD, offering an easier way to
Visualization of access and review feedback.
feedback inputs However, direct links to student
video-assessments on the platform
are recommended.
Perceived value of comparing
Social individu_al perfo_rr_nance yvith the_
. course, internalizing their standing
comparison ;
in terms of performance and areas
of improvement.
This category Visualization of student
refers to the Visualizing performance over time,
student performance highlighting importance of tracking
interest in and progress progress and clarity of the
Il_n;\elgest n :‘Qgttéls?s _ _ Utility of video tutor!als ac_cessible
functionalities including the Seelr_]g video through the LAD, l_)elng this fe_ature
perceived tutorials uger-frlendly, des.plte also having
usefulness videos on the main platform.
and potential Relevance of reviewing individual
areas for Reviewing overall performance, highlighting
Improvement. overall visual display, and understanding
performance where they are standing in the
course.
Reviewing Relevance of item—specific _
performance evaluation. Appreciate
performance .
. having an easy-to-understand
per item

LAD
perceived
usefulness
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This category
is associated
with the
perceived
benefits and
utilities of the
LAD
platform from
the
perspective of
the
participants,

breakdown of their performance.

Answering self-
evaluation box:

Use of a self-evaluation box for
self-reflection, reporting value in
reflecting on their own but also
doubts of propensity to use this
feature.

Improving
performance
over time

How the LAD enables the students
to track their performance

progression over time and identify
consistent issues for improvement.

Planning study
strategies

How LAD assists in visually
planning their study strategies,
keeping track of important dates,
and organizing their progress.

Learning
collaboratively

Potential value of using LAD as a
platform for collaborative learning,
including forums for shared
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Number
Category Categ_ory Code Code description of coding N‘“?“'?er of
description references participants
including understanding and collective
personal problem-solving.
learning, - —
improvement Using feedback How the feedback section in LAD
strategies, for future helps students to reflect and 4 2
feedback performance improve for future performance.
grgrllzn?:\lgnén d Knowing which How LAD supports students to
collabora{tive items to identify specific areas of 3 2
learning improve improvement of their performance
experiences. ;
Knowing my Usefulness of viewing their overall
level of - 1 1
: performance level in the LAD.
achievement
LAD perceived difficulties and
Challenges mlsundgrstandmg_s, mclt_Jdmg
. graphs interpretations, finding 13 6
using the LAD o .
. specific information, and need for
This category assistance.
groups the
user Visual presentation of the LAD.
perceptions, . Some participants found it pleasing
experiences, LAD design while others suggested 10 5
and and appearance im ?
] provements like colour
suggestions adjustments and text enlargement.
Overall LAD concerning
evaluation the LAD, How understandable and user-
including f friendly the LAD is, including user
usability, IIJ‘S'Z‘D ease-of feelings on the dashboard’s 6 4
design, simplicity, clarity, and
functionality, convenience.
and potential - -
enhancements User suggestions for making the
of the LAD. LAD better, including reorganizing
Proposal of elements, improving design, and 4 )
improvement several areas where the LAD could

be more user-friendly and
informative.

3.4.Lessons Learned from Phase |

Qualitative results not only reinforced the usefulness of specific indicators but also revealed key areas for prototype
improvements. The functionalities of the dashboard considered useful by students were reviewing their overall performance,
identifying specific areas for improvement, comparing with the course performance, tracking performance progression,
planning study strategies, accessing feedback inputs conveniently, and promoting collaborative learning experiences.
However, the primary areas identified for improvement included enhancing the visualization of feedback inputs linked to
video assessments, addressing concerns about motivation for using the self-evaluation box, as well as comments regarding
colour and text sizes, and the availability of timely instructions for LAD usage.

In response to these results, the prototype was modified based on the feedback received. First, in terms of LAD
appearance, the size of the titles and the size of the legends of each graph were increased, and the grey background was
removed. The radar graph from the second section was replaced with a new graph that shows students’ best and lowest
scores on the rubric items, as compared to the course average for each item (see Figure 4). This new representation provided
a clearer view than the previous individual performance display. In the fourth section, the due date for each stage was
incorporated into the boxes to enhance the possibility of planning their studies in relation to a deadline (see Figure 5). Also,
a link was added to the fifth section, so students could go to the view of the feedback-oriented platform and see the video
response and the comments simultaneously. Further changes were made to improve the experience and speed when
extracting information from the visualizations.
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Figure 4. Visualization for evaluated items section.
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Figure 5. Planning section with the expected deadline.

4. Phase Il: Broad Implementation and Evaluation

4.1.Phase II: Data Collection, Participants, and Analysis Plan

The improved version of the dashboard was implemented and evaluated for one month, aiming to study how a larger group
of students interacted with the LAD. Prior to LAD implementation, the SRL-questionnaire was applied to 122 students to
measure SRL strategies for online learning environments, as described by Kizilcec et al. (2017), aiming to determine student
SRL strategies before using the LAD. Following implementation, a sensemaking survey based on the format of the scale
proposed by Jivet et al. (2020), but adapted for the LAD indicators, was administered. Additionally, the number of students
who logged on to the LAD, along with the number of visits by each, was obtained. Finally, open-ended interviews were
conducted with students to understand how they perceived the use of the LAD in their decision-making process.

A descriptive analysis of the SRL-questionnaire and the sensemaking survey was performed. For the SRL survey, each
dimension was analyzed in terms of its median and proportions and frequencies for each response option. For the
sensemaking survey, each item was analyzed in terms of proportions and frequencies for each response option and also mean
and standard deviation. To understand the importance students assigned to the LAD, it was analyzed whether the SRL
strategies were related to students’ level of sensemaking of LAD indicators through a multiple regression model, using
sensemaking level as the dependent variable, SRL strategies as the predictor variable, and total number of dashboard visits
as the covariate. All quantitative analyses were conducted using RStudio Software version 1.2 (2019, Boston, MA, USA).
Finally, four final interviews were conducted with students during the second phase to understand their experiences after
using the LAD. Interviewees were those students who voluntarily wanted to participate and who logged on to the dashboard.
Interviews included usability questions guided by an initial cognitive walkthrough and other open-ended questions following
the same protocol used in Phase 1 (Appendix C). Like Phase 1, interviews were recorded and transcribed verbatim, and then
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results were inductively coded by two researchers. The three original categories and codes that emerged from the initial
cognitive walkthroughs (Table 1) were utilized as a framework for the analysis, yet they did not restrict the creation of new
codes or the elimination of existing ones.

4.2.Phase Il: Results

4.2.1. Number of Visits
Out of the 122 students, 79 logged on to the dashboard, each making an average of 7.43 visits. Figure 6 shows a concentration
of students between 1 and 10 visits, with 22 students (27.8%) visiting the dashboard ten or more times.

(.14 -

0.00 f T T T T T T
—-10 0 10 20 3o 40 50

Visits
Figure 6. Distribution of student LAD visits.

4.2.2. SRL Survey Before Implementation

The SRL survey was applied before they used the LAD. This survey was chosen because it has already been used in remote
and asynchronous learning environments. It consists of 24 items within a 5-point Likert scale that goes from “totally agree”
(5) to “strongly disagree” (1). This scale has six dimensions: goal setting (GS), strategic planning (SP), task strategies (TS),
elaboration (E), self-evaluation (SE), and help-seeking (HS).

The results of the descriptive analysis provided an overall picture of each student’s SRL profile (Table 2). The highest
levels of agreement of students employing these strategies (combining “Agree” and “Totally Agree”) were seen in SP
(71.1%), E (72.67%), and HS (76.83%), with the latter showing the highest rate of “Totally Agree” responses. The GS and
TS dimensions also exhibited important levels of agreement, with 63.94% and 60.32%, respectively. The lowest level of
agreement was found in SE (55.45%). Many students selected the neutral option, particularly for SE (30.6%) and GS
(23.77%).

Table 2. Results of the First SRL Survey Applied to Physiotherapy Students (n=122)

S g g T e

GS 2.66% (13)  9.63% (47) 23.77% (116)  39.14% (191)  24.8% (121) 3.75 (3.25-4.44)
SP 2.46% (12)  7.17% (35) 19.26% (94) 34.63% (169)  36.47% (178) 4 (3.75-4.44)
TS 4.92%(36)  11.62% (85)  23.11% (169)  31.46% (230)  28.86% (211)  3.67 (3.17-4.17)
E 0% (0) 6.01% (22) 21.31% (78) 35.24% (129)  37.43% (137) 4 (3.67-4.67)
SE 2.18% (8) 11.74% (43)  30.6% (112) 32.78% (120)  22.67% (83) 3.67 (3-3.25)
HS 2.66% (13)  8.60% (42) 11.88% (58) 26.02% (32) 50.81% (62) 4.25 (4-4.75)
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4.2.3. Sensemaking Survey After Implementation

At the end of the intervention, the students were asked to answer the sensemaking scale (Table 3) based on the prior work of
Jivet et al. (2020). This scale consists of 14 items associated with the indicators of the LAD, with responses ranging from
“extremely irrelevant” (1) to “extremely relevant” (10). Out of the 122 students, 79 students logged into the LAD and also
answered the sensemaking scale, focusing on student perception and reception of each indicator presented in the LAD.

The results in Table 3 show that most students found personal performance indicators extremely relevant, including
their overall course grade (74.7%), their performance relative to the maximum possible (74.7%), and their comparison to
past performance (67.1%). Indicators related to performance overview and progress tracking were also deemed highly
relevant, with 62.0% favouring a performance outline from the start of the course to current progress and 48.1% appreciating
stages information. Recommendations for the following stages or topics to revisit were found extremely relevant by 64.6%
of students. However, the sensemaking survey items related to comparisons with other students were less favourably
received, particularly concerning the poorest-performing item (19.0% found it highly relevant) and the best-performing item
(22.8%).

Table 3. Results of the Sensemaking Scale Applied to Physiotherapy Students After They Saw the LAD

ltem Extremely Not very Slightly Very Extremely Mean
relevant relevant relevant relevant relevant (SD)
(S1) See my overall course grade 0.0% 0.0% 5.1% 20.3% 74.7% 4.70
) 0 (4) (16) (59) (0,56)
(S2) See my performance in comparison to 0.0% 0.0% 7.6% 17.7% 74.7% 4.67
the maximum possible (100%) 0) 0) (6) (14) (59) (0,61)
(S3) See my performance in comparison to 3.8% 8.9% 29.1% 30.4% 27.8% 3.70
other students (3) @) (23) (24) (22) (1,09)
(S4) See my performance compared to my 0.0% 1.3% 7.6% 24.1% 67.1% 457
past performance 0) 1) (6) (19 (53) (0,69)
current progress 0 (@) (%) (24) (49) (0,68)
(S6) Having my information displayed for 0.0% 1.3% 15.2% 35.4% 48.1% 4.30
each topic covered in the course 0) 1) (12) (28) (38) 0,77)
. 1.3% 5.1% 12.7% 31.6% 49.4% 4.23
(S7) Have a consistent use of colours (1) @) (10) (25) (39) (0,95)
S8) Receive information to help me plan m 2.5% 3.8% 10.1% 32.9% 50.6% 4.25
(S8) p me plan my
learning (how to estimate the time needed) 2) ?3) (8) (26) (40) (0,97)
lopie 10 cover 1 the next stage orwhich  0.0% 13%  100%  241%  646% 452
ones to revisit © @ ®) (19) (52) ©.73)
(S10) Receive information on top performing 1.3% 5.1% 17.7% 35.4% 40.5% 4.09
items 1) 4 (14) (28) (32) (0,95)
(S11) Receive feedback on my best- 3.8% 15.2% 36.7% 21.5% 22.8% 3.44
performing item compared to other students (3) (12) (29) a7 (18) (1,12)
(S12) Receive feedback on the worst 3.8% 5.1% 11.4% 27.8% 51.9% 4.19
performing items 3) (4) 9) (22) (41) (1,08)
(S13) Receive feedback on my poorest 8.9% 20.3% 24.1% 27.8% 19.0% 3.28
performing item compared to other students 7 (16) (19) (22) (15) (1,24)
. . 2.5% 3.8% 7.6% 19.0% 67.1% 4.44
(S14) Watch the video tutorial of the next step @) 3) ©) (15) (53) (0,97)
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4.2.4. Student SRL Strategies on LAD Sensemaking

The effect of the level of SRL on sensemaking was analyzed through a multiple regression model (Table 4). It was identified
that the level of SRL significantly predicts the relevance (sensemaking) given by the students to LAD indicators (p<0.01).
This means that for each point of increase in SRL strategies, the relevance given to the dashboard indicators also increases
by 0.29 points, controlling for the total number of logins to the platform.

Table 4. Multiple Linear Regression for the Sensemaking Variable with SRL Strategies
and Number of LAD Visits (Total Visits) as Predictors

B EE t p

Sensemaking Intercept 2.99 0.41 7.24 <0.001
SRL 0.29 0.10 2.82 <0.01
Total visits 0.02 0.01 1.68 0.09

4.3. Students’ Final Interviews
As aresult of the four final interviews (Table 5), a new code was created, termed “Having direct links to the platform,” which
was subsequently added to the “Interest in LAD functionalities” category.

Table 5. Results of the Qualitative Analysis of Phase 2 Interviews (n=4)

Category Code Number of coding references
Social Comparison 6
Answering self-evaluation box 5
Having direct links to the platform 4
Interest in Visualizing performance progress 4

LAD
functionalities Visualizing feedback inputs 4
Seeing video tutorials 2
Reviewing overall performance 2
Reviewing performance per item 1
Learning collaboratively 8
Using feedback for future performance 8
LAD Planning study strategies 6
perceived

usefulness Improving performance over time 5
Knowing which items to improve 1
Knowing my level of achievement 1
LAD design and appearance 7
Overall LAD Proposal for improvement 7
evaluation Challenges using the LAD 7
LAD ease-of-use 3

For the first category, the interest of reviewing the indicators associated with their overall performance, their
performance over time, and comparing themselves with the course performance was confirmed: “Comparing with the course
average is very useful to know how well or poorly | am doing. Because sometimes you think you got a bad grade, but you 're
actually above the majority of the course, and that’s not so bad in the end” (P10). The self-assessment box had the same
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mixed results as on Phase 1. Student comments were found that highlight that it is important to reflect on the feedback and
how to use it, but that overall, they would not complete the box unless it was mandatory to do so. This does not diminish the
importance of individual reflection and reinforces that feedback should be dialogic: “For the self-evaluation mailbox, if | am
asked to do it, I answer it, but not if I am not. But feedback is useful to me. I do my own reflection” (P9), and “I really feel
that it is also important that the feedback is for both sides, because of course, if the teacher gives feedback on what | do,
then I would also like to respond to that feedback and give my own reflection on it” (P12). It is worth noting that student
appreciation for feedback visualization improved, as they now had a direct access button to review their feedback within the
platform’s video component. The above created a new category, “Having direct links to the platform,” which is defined as
the “perceived usefulness of being able to directly access the platform to review instructional material of a stage and also
the feedbacks incorporated in the video assessments.”

For the second category, the high interest in reflecting on their own performance progress is maintained. Also, the
perceived usefulness of how LAD can support planning prior to delivery due dates. Regarding perceived value of feedback
as a tool for improving future performance, interviewee opinions showed a better and clearer assessment of it, highlighting
that it helps them to avoid making the same mistakes in similar future stages and clinical practice. “It is very important to
know what things to improve, what things not to do, what things to do more, what to emphasize more, so it really helps me
a lot when the professors give me written feedback and | always have my own reflection” (P12). One aspect that stood out
in this category was the high appreciation of the community part of the LAD, highlighting its use for sharing tips and
guestions among peers.

For the third category, regarding the design and appearance, although the assessment of the design and the understanding
of the general structure improved, opinions persist regarding the colours and their brightness. “Regarding the design, | would
put more white tones. Although the contrast is useful and not difficult to visualize, | would prefer lighter colours” (P9). In
terms of ease of use, it was noted that extended usage over time can enhance understanding of the LAD. Regarding the
challenges, this time they are focused on making more visible the LAD features, needing short introductions or tutorials
beforehand.

&

4.4, Lessons Learned from Phase 2

The quantitative data from the SRL and sensemaking surveys demonstrated that a student’s level of SRL significantly predicts
the relevance or sensemaking they attribute to the LAD indicators. This was supported by the results of the SRL survey,
which showed that the HS dimension had the highest level of agreement while the SE dimension had the lowest. These
results aligned with the final interview findings, which showed a high interest in the collaborative forum for help-seeking
and low interest in the self-evaluation mailbox if it was not required.

Finally, the interviewed students highlighted three key factors that motivate them to use the LAD. First, the LAD
indicators are simple to understand and allow for quick conclusions about their performance and feedback metrics. Second,
the LAD visualizations streamline some interactions that are more time-consuming within the feedback-oriented platform,
such as visualizing the feedback delivered by the teacher and specific information of a stage. Third, the LAD is more
meaningful when used over an extended period, as it facilitates the observation of performance changes throughout the
course.

5. Discussion and Future Directions

This study reports the results of a design-based research (DBR) approach employed to design, implement, and evaluate a
LAD to support SRL in procedural skills training. The findings offer insights gleaned from incorporating theory and student
perceptions to guide a two-phase DBR approach. The initial phase underscored the significance that students place on
visualizing their overall performance in comparison to their peers, along with the capability to observe the evaluation of their
performance throughout the training. While this phase did reveal students’ diminished motivation for the self-evaluation
features of the LAD, it also demonstrated how providing students with a visualization of feedback inputs could enhance their
uptake for learning improvement. Moreover, students appreciated having information to plan their training with a deadline
in mind. All these lessons were learned in a context where usability and design challenges were still influencing the
understanding and navigation of the LAD. In the second phase, most students reported adopting SRL strategies, particularly
those of help-seeking behaviours, elaboration, and strategic planning. Furthermore, since the association between the use of
more SRL strategies and the perceived relevance of LAD indicators (sensemaking) was statistically significant, students who
report adopting a greater number of SRL strategies are more likely to perceive LAD indicators as relevant. This sentiment
was echoed in the final interviews and sensemaking survey, with reported value not only in making sense of their performance
learning curve but also in reflective practices, feedback uptake, and optimal planning for future training stages.
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5.1. Evaluation of the Design and Implementation Process Using the MULAS Approach

Following the suggestions from various literature, a conceptual framework and a DBR approach were applied to guide the
development of the LAD. Specifically, the MULAS model proposed by Matcha et al. (2020) was used, which suggests
avoiding early design decisions and incorporating design cycles that address theory, design, feedback, and evaluation
dimensions. By applying the MULAS approach, what was done well and what could be improved regarding different LAD
aspects was determined.

(1) “Theory” guided LAD design to reinforce SRL and feedback uptake, acknowledging its influence on performance
and learning curve in procedural skills training. Previous studies also helped to explain the physiotherapy students’ strategies
regarding remote and asynchronous procedural skills training (Villagran et al., 2023).

(2) Concerning “Design”, a general scheme based on theory (i.e., Kizilcec’s approach to Pintrich theory) was used to
guide the LAD prototype. Throughout the DBR approach, this was complemented with cognitive walkthroughs and
qualitative interviews. Considering that both theory and user inputs informed the LAD design, complementing these two
sources throughout the design process is suggested.

(3) “Feedback” is a central part throughout the various stages of the student learning curve. For this, a special focus was
placed on how to support feedback uptake and what opportunities for improvement emerged. Traditionally, feedback has
been understood as information delivered by the teacher or a peer to a student, who acts as a receiver. However, feedback
should be understood as a two-way, student-centred process, with students playing an active role during their learning
(Carless & Boud, 2018; Nash & Winstone, 2017). This study aimed to promote more efforts to encourage the two-way nature
of feedback in procedural skills training, providing students with technology-mediated learning opportunities to improve
their performance (i.e., feedback-oriented platform and an aligned LADSs). In these lines, students valued having feedback
inputs situated in a learning curve logic, reporting the importance of using the feedback to improve their performance through
the stages of their procedural skills training.

(4) Finally, regarding “Evaluation”, MULAS stresses that evaluations of LADs should consider mixed-methods,
experimental or correlational studies complemented by qualitative methods to identify the specific effects of LADs on
learning outcomes. According to Creswell (2010), the nature of mixed methods can be expanded to include different
applications, integrating its procedures into existing research designs. Along these lines, this study used mixed methods in a
DBR approach, a type of study that is not commonly adopted for LAD design (Matcha et al., 2020). In that context, when
learning analytics and learning design are well-aligned, personalized feedback could become meaningful, fostering uptake,
and optimizing SRL strategies (Lim et al., 2021).

5.2. Using LAD to Support Feedback Uptake and SRL Strategies: What Do Students Say?

Concerning the use of the LAD, findings show that students value the fact that they are shown information about the stages
and delivery times, reinforcing their strategic planning strategies. These findings are aligned with Schumacher and Ifenthaler
(2018), who suggest that learning analytics tools should scaffold planning learning activities based on previous learning,
recommendations, and self-assessment. Additionally, the SRL survey indicates that students are willing to use collaborative
learning methods, which is further supported by the qualitative interviews where students expressed their interest in using
LAD community features as a help-seeking strategy, not only for asking and answering questions of peers but also to guide
future cohorts of trainees during their procedural skills training. In the final interviews, some students described feedback as
a dialogic type of process, per the idea that feedback uptake and feedback literacy can be supported through student—teacher
dialogues mediated by technology (Wood, 2021). Thus, results describe the learning benefits of a LAD to support strategic
planning and help-seeking in the procedural domain, where students benefit from not only incorporating instructor feedback
to perform a specific procedure but also from giving feedback to peers or senior students (Zhang et al., 2022; Villagran et
al., 2023). These results go beyond previous studies in remote environments, such as the one led by Kizilcec et al. (2017),
where different sources of evidence indicated that students did not incorporate help-seeking behaviours, including lowest
scores in the “Help Seeking” dimension of their SRL scale, along with little participation in MOOC discussion forums.

The results of the sensemaking survey, cognitive walkthroughs, and final interviews indicate that students value
personalized performance metrics and planning resources in the LAD to help them understand their personal learning
progression and achievements. Additionally, students also found highly relevant feedback inputs as recommendations on
which topics to study next. Conversely, performance comparison with other students had one of the lowest relevance scores,
which may suggest that students are more focused on their procedural skills progress rather than on their peers’ performance.
Lim et al. (2019) describe a similar phenomenon for sensemaking and attribute this behaviour to possible social anxiety that
may be triggered when participants see that peers are doing better.

Still, the LAD may need further improvements to support SE and GS strategies. In this regard, Schumacher and
Ifenthaler (2018) determined that student expectations of learning analytics features are centred on planning and organization
of their learning process by means of self-assessments, adaptive recommendations, and personalized analyses of their
learning activities. During the qualitative interviews of this study, students revealed a sort of rejection towards the self-
evaluation LAD feature, which consisted of a box to write their reflections upon feedback. However, the participants assured
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that they usually self-reflect; they just did not find the motivation to register it in a LAD. Moreover, the hlgh rate of neutral
responses in several categories within the SRL survey, especially in SE and GS, suggests that some students may be uncertain
about using these strategies during their skill development process. In other words, they value having indicators regarding
their performance, but they do not necessarily know how to act upon that feedback to improve their learning. This means
that there are still plenty of opportunities for both instructors and LAD developers to provide students with LAD resources
and clearer guidance about the incorporation of SRL strategies in their studies.

&

5.3. Conclusions and Limitations

This study focuses on the development and application of a LAD aimed at supporting students in SRL strategies, feedback
uptake, and procedural skills training. Improvements to the LAD prototype were made via a two-phase DBR approach,
identifying student adoption of SRL strategies and their understanding of the LAD indicators. The MULAS assessment tool
was used to evaluate the effectiveness of addressing literature-identified gaps in the development process.

This study is not exempt from limitations. First, concerning the login frequency reported in our research, determining
its appropriateness is challenging due to the variability in study contexts that may influence the number of visits (Kim et al.,
2016; Park & Jo, 2019). Nevertheless, it has been recognized as a pertinent metric, directly correlating with other variables.
Kim et al. (2016) analyzed how often each student accessed the LAD during its assessment process, demonstrating that this
indicator is directly related to satisfaction with the LAD. Interestingly, some LADs initially draw interest but eventually lead
to reduced motivation and fewer visits. Moreover, existing literature suggests that various indicators, such as weekly logins,
the number of accessed learning resources, participation records in platform activities, along with factors like student
characteristics and LAD usage patterns, could reflect student engagement levels. These indicators are not only for educators
but also provide additional feedback for students within the LAD (Rets et al., 2021; Susnjak et al., 2022). Although the
frequency of login to the LAD was measured in this study, further research, including new variables such as personal
characteristics and other online learning indicators, may help to better explain user behaviour and engagement. A significant
challenge is integrating the LAD in a manner that students find practical and relevant, encouraging more frequent use. In
our study, students needed to access the LAD on a separate webpage than the feedback-oriented platform, causing extra
effort to enter the LAD. In the final interviews, students confirmed this as one of the reasons for not interacting further with
the LAD. Future work will focus on integrating the LAD into the feedback-oriented platform, potentially improving
interaction rates (Roco, 2015). Second, although the LAD was a useful tool for self-regulated learners, aiding in their
strategic planning, performance tracking, and study planning, it could not be verified that students with lower SRL found
the LAD indicators relevant so they can improve their SRL strategies. This correlation could guide learning platform designs
aiming to support student sensemaking during its use (Lim et al., 2019).

Still, this study expands the current understanding of how LADs can enhance remote learning for health professions
trainees by supplementing the feedback process. Future improvements to the LAD could include diversifying its features,
incorporating Al, and ensuring continuous student engagement. This could help keep the tool up to date with technologies
used in areas such as learning analytics or educational data mining.

Declaration of Conflicting Interest

Julian Varas is the Founder of Training Competence, an official spinoff startup from the Pontificia Universidad Catolica de
Chile. The startup and the Pontificia Universidad Catdlica de Chile are the owners of the rights and distribution of the
feedback-oriented platform used to populate the dashboard. The rest of the authors declared no potential conflicts of interest
with respect to the research, authorship, and/or publication of this article.

Funding

The Department of Health Sciences Pontificia Universidad Catdlica de Chile funded this research. Also, the authors would
like to acknowledge the National Agency for Research and Development (ANID) under the Scholarship Program
DOCTORADO BECAS CHILE/2020 — 21202032 and the National Center for Artificial Intelligence (CENIA), FB210017,
BASAL.

References

Brydges, R., Nair, P., Ma, 1., Shanks, D., & Hatala, R. (2012). Directed self-regulated learning versus instructor-regulated
learning in simulation training. Medical Education, 46(7), 648—656. https://doi.org/10.1111/j.1365-
2923.2012.04268.x

Carless, D., & Boud, D. (2018). The development of student feedback literacy: Enabling uptake of feedback. Assessment &
Evaluation in Higher Education, 43(8), 1315-1325. https://doi.org/10.1080/02602938.2018.1463354

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported

(CC BY-NC-ND 3.0) 153


https://doi.org/10.1111/j.1365-2923.2012.04268.x
https://doi.org/10.1111/j.1365-2923.2012.04268.x
https://doi.org/10.1080/02602938.2018.1463354

JOURNAL OF LEARNINGANAEVTICS o 0 SELAR

ANALYTICS RESEARCH

Cecilio-Fernandes, D., Medina-Ramirez, R., Sandars, J., & Costa, M. J. (2023). Self-regulated learning processes across
different physiotherapy clinical procedural skills and time intervals: A SRL microanalysis study. Medical Teacher,
45(10), 1170-1176. https://doi.org/10.1080/0142159X.2023.2198096

Chatti, M. A., Muslim, A., Guliani, M., & Guesmi, M. (2020). The LAVA model: Learning analytics meets visual analytics.
In D. Ifenthaler & D. Gibson (Eds.), Adoption of data analytics in higher education learning and teaching: Advances
in analytics for learning and teaching (pp. 71-93). Springer, Cham. https://doi.org/10.1007/978-3-030-47392-1_5

Creswell, J. (2010). Mapping the developing landscape of mixed methods research. In A. Tashakkori & C. Teddlie (Eds.),
SAGE handbook of mixed methods in social & behavioral research (pp. 45-68). SAGE Publications.
https://doi.org/10.4135/9781506335193

Dawson, P., Henderson, M., Ryan, T., Mahoney, P., Boud, D., Phillips, M., & Molloy, E. (2018). Technology and feedback
design. In M. Spector, B. Lockee, & M. Childress (Eds.), Learning, design, and technology. Springer, Cham.
https://doi.org/10.1007/978-3-319-17727-4_124-1

Deeley, S. J. (2018). Using technology to facilitate effective assessment for learning and feedback in higher education.
Assessment & Evaluation in Higher Education, 43(3), 439—448. https://doi.org/10.1080/02602938.2017.1356906

Dishman, E. (2003). Designing for the new old: Asking, observing and performing future elders. In B. Laurel (Ed.), Design
research: Methods and perspectives (pp. 41-48). The MIT Press.

Etoom, M., Aldaher, K. N., Abdelhaq, A. A., Alawneh, A., & Alghwiri, A. A. (2023). Distance learning in physiotherapy
education during the COVID-19 pandemic: Students’ satisfaction, perceived quality, and potential predictors of
satisfaction. Physiotherapy Theory and Practice, 39(7), 1513—1518. https://doi.org/10.1080/09593985.2022.2042438

Gaete, M. 1., Belmar, F., Cortés, M., Alseidi, A., Asbun, D., Duran, V., Escalona, G., Achurra, P., Villagran, 1., Crovari, F.,
Pimentel, F., & Varas, J. (2023). Remote and asynchronous training network: From a SAGES grant to an eight-
country remote laparoscopic simulation training program. Surgical Endoscopy, 37(2), 1458—1465.
https://doi.org/10.1007/s00464-022-09386-5

Greene, J. A., & Azevedo, R. (2007). A theoretical review of Winne and Hadwin’s model of self-regulated learning: New
perspectives and directions. Review of Educational Research 77(3), 334-372.
https://doi.org/10.3102/003465430303953

Heikkinen, S., Saqr, M., Malmberg, J., & Tedre, M. (2023). Supporting self-regulated learning with learning analytics
interventions: A systematic literature review. Education and Information Technologies, 28(3), 3059-3088.
https://doi.org/10.1007/s10639-022-11281-4

Jivet, 1., Scheffel, M., Schmitz, M., Robbers, S., Specht, M., & Drachsler, H. (2020). From students with love: An
empirical study on learner goals, self-regulated learning and sense-making of learning analytics in higher education.
The Internet and Higher Education, 47, 100758. https://doi.org/10.1016/j.iheduc.2020.100758

Kim, J., Jo, I.-H., & Park, Y. (2016). Effects of learning analytics dashboard: Analyzing the relations among dashboard
utilization, satisfaction, and learning achievement. 4sia Pacific Education Review, 17(1), 13-24.
https://doi.org/10.1007/s12564-015-9403-8

Kitsantas, A., Robert, A. R., & Doster, J. (2004). Developing self-regulated learners: Goal setting, self-evaluation, and
organizational signals during acquisition of procedural skills. The Journal of Experimental Education, 72(4), 269—
287. https://doi.org/10.3200/JEXE.72.4.269-287

Kizilcec, R. F., Pérez-Sanagustin, M., & Maldonado, J. J. (2017). Self-regulated learning strategies predict learner behavior
and goal attainment in massive open online courses. Computers & Education, 104, 18-33.
https://doi.org/10.1016/j.compedu.2016.10.001

Lim, L., Dawson, S., Joksimovié, S., & Gasevié, D. (2019). Exploring students’ sensemaking of learning analytics
dashboards: Does frame of reference make a difference? Proceedings of the 9th International Conference on
Learning Analytics & Knowledge (LAK ’19), 4-8 March 2019, Tempe, AZ, USA (pp. 250-259). ACM.
https://doi.org/10.1145/3303772.3303804

Lim, L.-A., Gasevi¢, D., Matcha, W., Uzir, N. A., & Dawson, S. (2021). Impact of learning analytics feedback on self-
regulated learning: Triangulating behavioural logs with students’ recall. Proceedings of the 11th International
Conference on Learning Analytics and Knowledge (LAK °21), 12—-16 April 2021, Irvine, CA, USA (pp. 364-374).
ACM Press. https://doi.org/10.1145/3448139.3448174

Matcha, W., Uzir N. A., GaSevi¢, D., & Pardo, A. (2020). A systematic review of empirical studies on learning analytics
dashboards: A self-regulated learning perspective. IEEE Transactions on Learning Technologies, 13(2), 226-245.
https://doi.org/10.1109/TLT.2019.2916802

Mayring, P. (2019). Qualitative content analysis: Demarcation, varieties, developments. Forum Qualitative
Sozialforschung/Forum: Qualitative Social Research, 20(3) https://doi.org/10.17169/fgs-20.3.3343

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported
(CC BY-NC-ND 3.0) 154


https://doi.org/10.1080/0142159X.2023.2198096
https://doi.org/10.1007/978-3-030-47392-1_5
https://doi.org/10.4135/9781506335193
https://doi.org/10.1007/978-3-319-17727-4_124-1
https://doi.org/10.1080/02602938.2017.1356906
https://doi.org/10.1080/09593985.2022.2042438
https://doi.org/10.1007/s00464-022-09386-5
https://doi.org/10.3102/003465430303953
https://doi.org/10.1007/s10639-022-11281-4
https://doi.org/10.1016/j.iheduc.2020.100758
https://doi.org/10.1007/s12564-015-9403-8
https://doi.org/10.3200/JEXE.72.4.269-287
https://doi.org/10.1016/j.compedu.2016.10.001
https://doi.org/10.1145/3303772.3303804
https://doi.org/10.1145/3448139.3448174
https://doi.org/10.1109/TLT.2019.2916802
https://doi.org/10.17169/fqs-20.3.3343

JOURNAL OF LEARNING ANAEYTICS. = o S '—AR

Nash, R. A., & Winstone, N. E. (2017). Responsibility-sharing in the giving and receiving of assessment feedback.
Frontiers in Psychology, 8, 1519. https://doi.org/10.3389/fpsyg.2017.01519

Nicol, D. J., & Macfarlane-Dick, D. (2006). Formative assessment and self-regulated learning: A model and seven
principles of good feedback practice. Studies in Higher Education, 31(2), 199-218.
https://doi.org/10.1080/03075070600572090

Nussbaumer, A., Dahn, 1., Kroop, S., Mikroyannidis, A., & Albert, D. (2015). Supporting self-regulated learning. In S.
Kroop, A. Mikroyannidis, & M. Wolpers (Eds.), Responsive open learning environments (pp. 17-48). Springer,
Cham. https://doi.org/10.1007/978-3-319-02399-1 2

Panadero, E. (2017). A review of self-regulated learning: Six models and four directions for research. Frontiers in
Psychology, 8, 422. https://doi.org/10.3389/fpsyg.2017.00422

Park, Y., & Jo, I.-H. (2019). Factors that affect the success of learning analytics dashboards. Educational Technology
Research and Development, 67(6), 1547-1571. https://doi.org/10.1007/s11423-019-09693-0

Pintrich, P. R. (2000). The role of goal orientation in self-regulated learning. In M. Boekaerts, P. R. Pintrich, & M. Zeidner
(Eds.), Handbook of self-regulation (pp. 451-502). Academic Press. https://doi.org/10.1016/B978-012109890-
2/50043-3

Rets, 1., Herodotou, C., Bayer, V., Hlosta, M., & Rienties, B. (2021). Exploring critical factors of the perceived usefulness
of a learning analytics dashboard for distance university students. International Journal of Educational Technology
in Higher Education, 18, 46. https://doi.org/10.1186/s41239-021-00284-9

Reimann, P. (2013). Design-based research: Designing as research. In S. Puntambekar, P. Goodyear, B. L. H. Grabowski, J.
Underwood, & N. Winters (Eds.), Handbook of design in educational technology (pp. 44-52). Routledge.

Rieman, J., Franzke, M., & Redmiles, D. (1995, May). Usability evaluation with the cognitive walkthrough. Proceedings
of the SIGCHI Conference on Human Factors in Computing Systems (CHI *95), 7-11 May 1995, Denver, CO, USA
(pp- 387-388). ACM Press. https://doi.org/10.1145/223355.223735

Roco, M. C. (2015). Principles and methods that facilitate convergence. In W. Bainbridge & M. Roco (Eds.), Handbook of
science and technology convergence. Springer, Cham. https://doi.org/10.1007/978-3-319-04033-2_2-2

Schumacher, C., & Ifenthaler, D. (2018). Features students really expect from learning analytics. Computers in Human
Behavior, 78, 397-407. https://doi.org/10.1016/j.chb.2017.06.030

Schwendimann, B. A., Rodriguez-Triana, M. J., Vozniuk, A., Prieto, L. P., Boroujeni, M. S., Holzer, A., Gillet, D., &
Dillenbourg, P. (2017). Perceiving learning at a glance: A systematic literature review of learning dashboard
research. IEEE Transactions on Learning Technologies, 10(1), 30—41. https://doi.org/10.1109/TLT.2016.2599522

Sedrakyan, G., Malmberg, J., Verbert, K., Jarveld, S., & Kirschner, P. A. (2020). Linking learning behavior analytics and
learning science concepts: Designing a learning analytics dashboard for feedback to support learning regulation.
Computers in Human Behavior, 107, 105512, https://doi.org/10.1016/j.chb.2018.05.004

Susnjak, T., Ramaswami, G. S., & Mathrani, A. (2022). Learning analytics dashboard: A tool for providing actionable
insights to learners. International Journal of Educational Technology in Higher Education, 19, 12.
https://doi.org/10.1186/s41239-021-00313-7

Siiss-Havemann, C., Kosan, J., Seibold, T., Dibbern, N. M., Daubmann, A., Kubitz, J. C., & Beck, S. (2020).
Implementation of basic life support training in schools: A randomised controlled trial evaluating self-regulated
learning as alternative training concept. BMC Public Health, 20, 50. https://doi.org/10.1186/s12889-020-8161-7

Vera, M., Kattan, E., Cerda, T., Niklitshek, J., Montafia, R., Varas, J., & Corvetto, M. A. (2021). Implementation of
distance-based simulation training programs for healthcare professionals: Breaking barriers during COVID-19
pandemic. Simulation in Healthcare, 16(6), 401-406. https://doi.org/10.1097/SIH.0000000000000550

Vigentini, L., Clayphan, A., Zhang, X., & Chitsaz, M. (2017). Overcoming the MOOC data deluge with learning analytic
dashboards. In A. Pena-Ayala (Ed.) Learning analytics: Fundaments, applications, and trends (pp. 171-198).
Springer, Cham. https://doi.org/10.1007/978-3-319-52977-6_6

Villagran, 1., Rammsy, F., Del Valle, J., Gregorio de las Heras, S., Pozo, L., Garcia, P., Torres, G., Varas, J., Mandrusiak,
A., Corvetto, M., & Fuentes-Cimma, J. (2023). Remote, asynchronous training and feedback enables development of
neurodynamic skills in physiotherapy students. BMC Medical Education, 23, 267. https://doi.org/10.1186/s12909-
023-04229-w

Wang, D., & Han, H. (2021). Applying learning analytics dashboards based on process-oriented feedback to improve
students’ learning effectiveness. Journal of Computer Assisted Learning, 37(2), 487-499.
https://doi.org/10.1111/jcal.12502

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported
(CC BY-NC-ND 3.0) 155


https://doi.org/10.3389/fpsyg.2017.01519
https://doi.org/10.1080/03075070600572090
https://doi.org/10.1007/978-3-319-02399-1_2
https://doi.org/10.3389/fpsyg.2017.00422
https://doi.org/10.1007/s11423-019-09693-0
https://doi.org/10.1016/B978-012109890-2/50043-3
https://doi.org/10.1016/B978-012109890-2/50043-3
https://doi.org/10.1186/s41239-021-00284-9
https://doi.org/10.1145/223355.223735
https://doi.org/10.1007/978-3-319-04033-2_2-2
https://doi.org/10.1016/j.chb.2017.06.030
https://doi.org/10.1109/TLT.2016.2599522
https://doi.org/10.1016/j.chb.2018.05.004
https://doi.org/10.1186/s41239-021-00313-7
https://doi.org/10.1186/s12889-020-8161-7
https://doi.org/10.1097/SIH.0000000000000550
https://doi.org/10.1007/978-3-319-52977-6_6
https://doi.org/10.1186/s12909-023-04229-w
https://doi.org/10.1186/s12909-023-04229-w
https://doi.org/10.1111/jcal.12502

JOURNAL OF LEARNINGANAEYTICS o 0 SL AR

Wang, P. Z. T., Xie, W. Y., Nair, S., Dave, S., Shatzer, J., & Chahine, S. (2020). A comparison of guided video reflection
versus self-regulated learning to teach knot tying to medical students: A pilot randomized controlled trial. Journal of
Surgical Education, 77(4), 805-816. https://doi.org/10.1016/j.jsurg.2020.02.014

Wharton, C., Rieman, J., Lewis, C., & Polson, P. (1994). The cognitive walkthrough method: A practitioner’s guide. In J.
Nielsen & R. L. Mack (Eds.), Usability inspection methods (pp. 105-140). John Wiley & Sons.

Winne, P. H., & Hadwin, A. F. (1998). Studying as self-regulated learning. In D. J. Hacker, J. Dunlosky, & A. C. Graesser
(Eds.), Metacognition in educational theory and practice (pp. 277-305). Routledge.
https://doi.org/10.4324/9781410602350

Wood, J. (2021). A dialogic technology-mediated model of feedback uptake and literacy. Assessment & Evaluation in
Higher Education, 46(8), 1173—1190. https://doi.org/10.1080/02602938.2020.1852174

Zhang, H., Liao, A. W. X., Goh, S. H., Wu, X. V., & Yoong, S. Q. (2022). Effectiveness of peer teaching in health
professions education: A systematic review and meta-analysis. Nurse Education Today, 118, 105499.
https://doi.org/10.1016/j.nedt.2022.105499

Zimmerman, B. J. (2000). Attaining self-regulation: A social cognitive perspective. In M. Boekaerts, P. R. Pintrich, & M.
Zeidner (Eds.), Handbook of self-regulation (pp. 13—40). Academic Press. https://doi.org/10.1016/B978-012109890-
2/50031-7

Zimmerman, B. J. (2002). Becoming a self-regulated learner: An overview. Theory Into Practice, 41(2), 64-70.
https://doi.org/10.1207/s15430421tip4102_2

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported
(CC BY-NC-ND 3.0) 156


https://doi.org/10.1016/j.jsurg.2020.02.014
https://doi.org/10.4324/9781410602350
https://doi.org/10.1080/02602938.2020.1852174
https://doi.org/10.1016/j.nedt.2022.105499
https://doi.org/10.1016/B978-012109890-2/50031-7
https://doi.org/10.1016/B978-012109890-2/50031-7
https://doi.org/10.1207/s15430421tip4102_2

Appendices

Appendix A. Clinical Courses Selected for the Study

“LAR

Y for LEARNING
ALYTICS RESEARCH

Curricular Course Main objectives
level
Musculoskeletal To develop and apply appropriate techniques for musculoskeletal assessment across
assessment various health conditions and analyze the results through clinical reasoning.
Cardiorespiratory To perform and interpret key clinical assessment tests for both adult and pediatric
Sixth assessment cardiovascular and respiratory systems, while developing clinical reasoning skills to
semester identify patient-specific problems.
Neurological To assess pediatric and adult patients with neurological conditions, formulating a process
assessment and employing suitable evaluation strategies. From this process, the student will be able
to interpret results based on each patient’s condition, utilizing clinical reasoning and
critical judgment.
To perform effective treatments for musculoskeletal dysfunctions, using clinical
Musculoskeletal . - : -
g reasoning to select the most appropriate therapeutic tools, and accurately executing all
rehabilitation L
procedures for each health condition.
. - To establish an intervention plan according to the needs of patients, utilizing clinical
. Cardiorespiratory - - - B
Eighth e assessments, pathophysiological reasoning, and a comprehensive health model to
rehabilitation : . . - -
semester contribute to solving the cardiorespiratory problems of the population.
To develop, execute and support a basic neurorehabilitation intervention plan that
A includes the application of physical therapy strategies and maneuvers. This plan involves
Neurorehabilitation - - - - Lo -
selecting appropriate therapeutic tools according to the individual and environmental
characteristics of the adult patient with a neurological condition.
Appendix B. LAD prototype sections
. . . . Supported
LAD section Related question Indicators Figure SRL strategy’
Which is my level of —Pie chart that shows the student’s percentage
achievement of procedural overall performance in the selected course.
skills to date? —Bar chart showing the average performance of Self-

First section students at each stage and at the global level in the Figure 2A  evaluation and
Where do I rank in terms of  selected course, highlighting the percentile in which Goal setting
overall performance the student is, allowing them to compare their
compared to the course? performance.

What are my éest and worst —Radar graph that shows the student the average
performance items? . . : Self-

Second score the students obtained on each item, allowing . .

. . . Figure 2B evaluation and

section . them to observe the differences in performance .
How am I doing compared . Goal setting

between items.
to the course?
—Line graph that shows the student’s performance Self-

Third section  How is my learning curve? at each stage completed, allowing to clearly see Figure 2C  evaluation and

variations from one stage to another. Goal setting
Which stages have I —Timeline where each milestone is a stage of the
completed and how many course represented by a box, containing the name of Strategic
. stages are left? the stage and the performance (%) of the student in . planning

Fourth section that stage. In addition, by clicking on a box, a Figure 3D and

How do I incorporate this window with the description of the stage is Task strategy

information to plan better?

displayed to know the specific contents of it.
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. . . . Supported
LAD section Related question Indicators Figure SRL strategy!
—Indicator that shows the feedback delivered by Strategic
. . . the instructor in text form, at a given stage. Each . planning
2 ]
Fifth section What do I need to improve: comment also has the specific minute of the video Figure 3E and
response to which the comment corresponds. Elaboration
—Video tutorial of the current stage (which has not Elaboration
. . What should I modify to yet expired) to remind the student to watch it. .
Sixth section . . : A . Figure 3F  and
improve in the next stage? —Mailbox to upload their video-response without
havi Task Strategy
aving to leave the page.
. . . . Self-
. - —Mailbox to write and submit a self-reflection on .
Seventh What meaning am I giving . . . . evaluation
) their performance or on the feedback received in the Figure 3G
section to feedback? recently completed stace and
y p £e: Elaboration
How can I enhance my
. learn{ng process through the —Forum to promote student SRL help-seeking
Collaborative  contribution of my peers? . . .
forum strategy by allowing them to ask and answer Figure 4 Help seeking

. i f thei .
How can I contribute to my questions of their peers

peers’ learning process?

' The SRL-supported strategies were established according to definitions provided by Kizilcec et al. (2017, p. 21).

Appendix C. Protocol for Cognitive Walkthroughs

1. Welcome and brief introduction: Researchers introduce themselves, describe the context of the project, and explain the
objectives of the interview.

2. Participant background questions:
e Could you introduce yourself briefly by indicating your name and year of entry?
e Have you used the feedback-oriented platform? In which context? With what learning objective?
3. LAD navigation: The student must perform the following tasks:
a) Log into a feedback-oriented platform and then into the dashboard.
b) Select a course to see the learning information.
c) Make a general free navigation indicating your appreciation with respect to each section.
d) Analyze the percentage of skill attainment and rank compared to the course in terms of percentiles (Figure 2A).

e) See which items of the assessment instrument have the highest and lowest scores per stage and compare to the
course (Figure 2B).

f) Check the curve of your performance across the stages (Figure 2C).

g) See the instructions regarding course stages and deadlines (Figure 3D).
h) Check the text feedback inputs provided for each stage (Figure 3E).

i) Check the video tutorial of the next stage (Figure 3F).

j) See the self-evaluation box section (Figure 3G).

k) See the collaborative forum prototype (Figure 4).

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported
(CC BY-NC-ND 3.0)



JOURNAL OF LEARNING/ANABVFICSI e s SELAR

In each task, researchers take notes while the students are asked to verbalize their understanding of the task performed,
sharing their perception of its usability and usefulness.

4. Usability questions: The group of students must answer the following questions at the end of the cognitive walkthrough
session.

e What use would you make of this LAD after learning about it?

e What indicators or information is most relevant to you?

e What indicators or information do you think is missing from this LAD?
e What indicators or information do you think is unnecessary?

5. Acknowledgments and closing: Students are thanked for their participation, and researchers share some remarks to
finish the session.
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