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Abstract 

For university students, self-regulation of study behaviour is important. However, students are not always capable 

of effective self-regulation. Providing study behaviour information via a learning analytics dashboard (LAD) may 

support phases within self-regulated learning (SRL). However, it is unclear what information a LAD should provide, 

how to present information in a usable manner, and what the information’s perceived usefulness is in supporting 

self-regulation of study behaviour. This study entails a sequential mixed design: assessing information needs in 

focus groups (n=7), exploring usability via think-aloud interviews (n=8), assessing usability with the System Usability 

Scale (n=42), and assessing perceived usefulness via interviews (n=16). Results showed that students and tutors 

agreed on the relevance of the constructs chosen from literature but differed in ranking the importance of new 

constructs. Usability exploration led to several design improvements. Perceived usefulness assessment showed 

the LAD supported the appraisal of study behaviour. A need for reference frames to facilitate data interpretation 

was vocalized. Impacts on study behaviour varied, possibly because preparatory activities were not used. Impact 

could be improved by further integrating the LAD into existing learning processes. 

 

Notes for Practice 

• Learning analytics dashboards (LADs) show potential in supporting student self-regulated learning 
(SRL), e.g., supporting the appraisal phase by presenting relevant information. 

• This study details the three-phase development and evaluation process of a LAD to support student 
self-regulation of study behaviour and provides theoretical and practical considerations. 

• Needs assessment, usability testing, and perceived usefulness evaluation are all essential elements 
of a LAD’s final evaluation of effectiveness. 

• This study’s LAD supported student appraisal of study behaviour by presenting relevant information, 
but a lack of actionable feedback uptake led to variance in the subsequent preparatory phase. 
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1. Introduction 

At university, students are required to self-regulate their study behaviour (Broadbent & Poon, 2015), leading to better academic 

performance (Schneider & Preckel, 2017) and higher levels of study satisfaction (Liborius et al., 2019). However, students 

are not always capable of effective self-regulation (Bjork et al., 2013). Offering students information about study behaviour 

can support self-regulated learning (SRL; Marzouk et al., 2016), which can be done via a learning analytics dashboard (LAD). 
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However, it is unclear what information needs to be included in a LAD to support student SRL. Exploring what information 

stakeholders deem necessary to include in a LAD likely benefits the LAD’s potential to support SRL. Furthermore, how to 

present this required information in a usable manner, as well as a LAD’s overall usability is equally important. Finally, the 

extent to which students perceive the presented information to be useful to support their SRL is an indicator of the LAD’s 

potential. This paper describes the development and evaluation of a LAD in terms of needs assessment, usability, and 

perceived usefulness, aimed at supporting student self-regulation of study behaviour. 

1.1. Self-Regulated Learning 

Self-regulating students actively research what they learn and how well goals are achieved by varying approaches to learning 

(Winne, 2010). SRL models are of a cyclical nature and consist of at least three phases with subprocesses (Panadero, 2017). 

In the preparatory phase, processes such as planning (Hadwin et al., 2011), task definition (Winne, 2011), and self-motivation 

(Zimmerman, 2000) take place. In the subsequent performance phase, learners can strive toward achieving goals (Boekaerts 

& Cascallar, 2006), monitor performance (Pintrich, 2000; Hadwin et al., 2011), and apply tactics and strategies (Winne, 2011). 

In the appraisal phase, learners reflect on performance (Pintrich, 2000; Zimmerman, 2000) and receive or generate 

performance feedback (Boekaerts, 2011). 

Monitoring of learning within the appraisal phase requires students to form an understanding of the current status of 

learning related to (personally) set goals. Discrepancies between goals and the current status may suggest actions to be 

undertaken (Marzouk et al., 2016). However, students are not always effective in this process, potentially caused by inabilities 

to manage time and study (Steel, 2007) or not choosing effective learning strategies (Bjork et al., 2013). The appraisal phase 

may also be hindered by learners’ selective and imperfect memories about how they studied (Schunk et al., 2008). Therefore, 

students could benefit from support when self-regulating their learning. 

1.2. Learning Analytics to Support SRL 

Offering information about learning facilitates appraisal within SRL (Marzouk et al., 2016) by supporting, for example, the 

evaluation of performances or strategies (Roll & Winne, 2015). However, simply mirroring data to learners is often not enough 

to support appraisal; instead, it requires visualizing data so that learners can interpret and make sense of it (Marzouk et al., 

2016). This can be done via a LAD, which offers visual displays of data to support learning (van Leeuwen et al., 2022). By 

making key information easily understandable, LADs increase awareness and promote reflection (Uysal & Horzum, 2021). 

Numerous LADs exist with varying purposes (see e.g., Valle et al., 2021). LADs differ in their manner of data visualization 

(Bodily & Verbert, 2017), such as visualization types that only display data, enhanced visualization types that include, for 

example, class averages or interactivity features, and recommender system types that provide recommendations for follow-up 

activities. 

Within learning analytics (LA) literature, multiple LAD design methods exist. There is increasing attention to approaches 

for stakeholder involvement and human-centredness, utilizing relations between learning design, learning analytics, and the 

learning environment (Dimitriadis et al., 2021). This led to Human-Centred Learning Analytics (HCLA), where LA systems 

are designed with “humans” as the focal point (Buckingham Shum et al., 2024). A narrower definition of human-centred 

design (HCD) refers to the inclusion of users, especially during the problem definition and ideation phases of a design process 

(Lang & Davis, 2023). Central to participatory design is mutual learning, collective reflection-in-action, and partnership 

between researchers and stakeholders (Sarmiento & Wise, 2022). Co-design is a highly facilitated team-based process where 

researchers, developers, and teachers collaborate on designing educational innovations, realizing designs in prototypes, and 

evaluating prototype significance for an educational need (Wiley et al., 2024). There is consensus in the literature regarding 

the added value of stakeholder involvement (Lang & Davis, 2023) to incorporate relevant experiences and needs (Dollinger 

et al., 2019). However, relying solely on prospective user preferences is advised against, as users may not be aware of LAD 

possibilities or mechanisms of data collection (Matcha et al., 2019). Alfredo et al. (2024) provide numerous suggestions for 

HCLA, such as actively involving stakeholders (especially students), ensuring that end-user needs are met in the system’s 

outcomes, and addressing students’ passive involvement in design processes. Wiley et al. (2024) argue that expanding HCLA 

design approaches (among other things) positions usability and feasibility as part of the design process instead of as an 

endpoint. 

All in all, when developing a LAD to support learners, determining the type of LAD (e.g., visualization or recommender), 

the phase of learning to support (e.g., goal setting or appraisal), and the target end-user (learner or teacher) should be well 

deliberated and substantiated. Furthermore, inclusion of stakeholder and determining which specific phases of the design 

process require input should be well considered. The present study describes the development of a student-facing visualization 

type LAD aimed at supporting self-regulation of study behaviour. An HCD approach was applied, in which we actively 

involved stakeholders throughout various phases of the design process to ensure that end-user (i.e., student) needs for usability 

and usefulness to support their self-regulation would be reflected. 
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1.3. LAD Design and Evaluation 

In this study, we present a LAD aimed at supporting student appraisal and preparatory phases and helping them to overcome 

issues in self-regulation of study behaviour. The LAD’s effectiveness in doing so depends on 1) whether the presented 

information matches student needs, 2) the perceived usability of the LAD, and 3) the perceived usefulness of the LAD. 

1.3.1. Information needs 

It is unclear what information a LAD requires to support student self-regulation of study behaviour. Determining information 

relevance is ideally based on the needs of stakeholders, including end-users (Alfredo et al., 2024; Ochoa, 2022). The main 

stakeholders in our study were students and tutors since they could provide relevant perspectives on what information is 

needed and useful for student reflection. 

1.3.2. LAD usability 

A LAD’s success depends on its usability. After all, a lack of usability could result in end-users not using the LAD (Bodily & 

Verbert, 2017). Low usability negatively impacts the usefulness assessment, just as perceived ease of use influences perceived 

usefulness and actual system use (Technology Acceptance Model, Davis, 1989). LADs exploit human perceptual capabilities 

and guide decision-making by supporting or directing cognition (Yigitbasioglu & Velcu, 2012). This can be done by using 

graphs and colour (Park & Jo, 2019), but the underlying semantics of colour may differ per person (Al-Ayash et al., 2016). 

Including graphs influences usability as well, as they can lead to efficient perception (Park & Jo, 2019). Even though graphs 

can efficiently depict information to help with interpretation, students are prone to specific errors within each type of graph 

(Lai et al., 2016, p. 668). Several LAD aspects (e.g., colour and graphs) potentially influence usability and subsequent 

usefulness. We, therefore, explored the usability of a LAD prototype and made design improvements before re-evaluating 

usability and usefulness. The goal for usability in this study was to reach a level where users can understand information, can 

interpret scores, can navigate the LAD, and can work with the LAD fluently. 

1.3.3. LAD perceived usefulness 

Examining a LAD’s perceived usefulness is important because these perceptions could lead to an actual effect and influence 

dashboard usage (Bodily & Verbert, 2017). This study’s LAD aims at supporting student appraisal of study behaviour and 

providing preparatory information. Kirkpatrick’s four-level model — Reaction, Learning, Transfer, and Result (Kirkpatrick, 

1996; Kirkpatrick & Kirkpatrick, 2006) — provides a framework to evaluate usefulness sequentially, further specified by Park 

and Jo (2019) to the LAD context. “Reaction” can provide more specific insights into goal-orientation and information 

usefulness, for example. Furthermore, the framework evaluates “information usefulness,” “user friendliness,” and 

“appropriation of visual representation” (level 1, Reaction), which relate to needs assessment and LAD usability. The 

Kirkpatrick framework with Park and Jo (2019) sublevels will, therefore, be used for the overarching evaluation of this study’s 

LAD. 

1.4. Current Study 

This study describes the development of a LAD aimed at supporting student appraisal and preparatory phases in SRL. Our 

aim was to outline the process of development and evaluation of the LAD, exploring information needs, usability, and 

usefulness to examine the LAD’s potential of supporting SRL. This study consists of three design phases with corresponding 

research questions: 

1) What information should a LAD present to support student self-regulation of study behaviour? 

2) How can a LAD visualize information to support student self-regulation of study behaviour in a usable manner? 

3) What is the LAD’s perceived usefulness in supporting student self-regulation of study behaviour? 

2. Methods 

This study employs a sequential mixed design (Teddlie & Tashakkori, 2009), applying both quantitative and qualitative 

methods in accordance with the research questions to explore the design phases of the LAD (i.e., the Thermos dashboard; see 

Figure 1). 

Design phase 1 was focussed on assessing stakeholder needs, resulting in a definitive list of required topics to include in 

the LAD. Based on focus group results, design implications were determined, and a prototype LAD was developed. Design 

phase 2 (academic year 2019–2020) aimed at obtaining a satisfactory level of usability. The LAD prototype’s usability was 

therefore first explored using think-aloud interviews. Based on these results, design adjustments were made and LAD usability 

was then re-assessed. In design phase 3, semi-structured interviews were employed to assess the level of usefulness per 

Kirkpatrick level. 
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2.1. Phase 1: Information Needs 

2.1.1. Participants 

Information needs were explored in two parallel focus groups in academic year 2018–2019. Students (first, second, and third 

year bachelor) of different study programs (e.g., Law and Medicine; total n=4) of a Dutch research university participated as 

future end-users. Tutors (total n=3) participated in a parallel focus group as subject matter experts. Invitations were distributed 

via email and flyers via multiple study programs. Participation was voluntary; all participants provided informed consent. 

2.1.2. Instruments and materials 

The two focus groups were organized to determine stakeholder preferences of what constructs to include in the LAD. A 

Nominal Group Technique (NGT) was used to enhances the value of the focus groups as information sources (Harvey & 

Holmes, 2012). First, participants were shown a predetermined list with potentially relevant constructs, e.g., self-efficacy 

(Bandura, 1997) and intrinsic goal orientation (MSLQ, Pintrich et al., 1991). They individually indicated if they expected and 

if they hoped these constructs would be in the LAD (both on a 7-point Likert scale). The question for students was, “On which 

subjects should the learning analytics dashboard provide you with information and feedback?” For tutors, the question was, 

“On which subjects should the learning analytics dashboard provide student information, so you can offer better guidance 

and support your role of tutor?” New topics could be added during the focus group. 

2.1.3. Procedure 

Participants first filled out the list with predetermined constructs. Next, construct importance — both original and added—

was discussed. Finally, participants were asked to individually make a top five list of constructs they deemed most important 

to include. 

2.1.4. Analysis 

Means and standard deviations were calculated for the two Likert-scale questions to determine what constructs participants 

valued most. Ranking means from both students and tutors were calculated to determine the most important constructs overall. 

Figure 1. Overview of development phases and LAD versions. 
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2.2. Phase 2: Usability 

Prototype LAD usability (Figure 2) was assessed using think-aloud interviews. After design adjustments, usability was 

reassessed using the System Usability Scale (SUS; Brooke, 2013). 

2.2.1. Participants 

For think-aloud interviews, participants (n=8, six master’s students) from different programs (e.g., Educational Sciences and 

Language and Culture) were invited via email. All provided informed consent, and participation was voluntary. Participants 

received no compensation. For the SUS, participants (n=42) from various study programs voluntarily completed the survey in 

the LAD. 

2.2.2. Instruments and materials 

During think-aloud interviews, participants were shown LADs with pre-made user profiles representing various mock students 

(e.g., students with all “good” or all “bad” scores, different surnames, and different programs). Tasks were based on the 

predetermined user journey (Appendix A) and explained one at a time. For example, for the step “interpreting presented 

scores,” a task was to “Please rank [profile name]’s top three skills/attributes, where number 1 is their strongest.” 

The SUS (Brooke, 2013) consisted of ten items on a 5-point Likert scale (1 “strongly disagree” to 5 “strongly agree”; 

Appendix B). Cronbach’s  was .77, indicating acceptable estimated reliability (Nunnally & Bernstein, 1994). For think-

aloud interviews, the LAD presented mock data in several graphs (see results Phase 1). For the SUS, a LAD was used in 

which design adjustments from think-aloud interviews was incorporated (see results Phase 2). 

2.2.3. Procedure 

For think-aloud interviews (cf. Cowan, 2019), participants individually joined an online meeting with the researcher or 

research assistant and repeated informed consent. Participants performed the tasks using the LAD prototype and could ask 

questions afterwards. All meetings were recorded (video and audio) and transcribed. 

For the SUS, users were invited to complete the questionnaire through their study program and could do so via the “give 

feedback about the Thermos tool” option (see Figure 3). 

2.2.4. Analysis 

For think-aloud interviews, content analysis was applied to analyze the data. The first author and a research assistant discussed 

segments to assess the capability of participants to perform the user journey steps. After this deliberation, an individual “yes” 

or “no” judgment was made for each separate step. If the judgments did not align, the segment was discussed until agreement 

was achieved. For the SUS, calculated mean scores were transformed to percentages to use the Bangor et al. (2009) evaluation 

framework, ranging from 0–25 “worst imaginable” to 87–100 “best imaginable.” 

2.3. Phase 3: Perceived Usefulness 

The final LAD’s perceived usefulness was assessed using semi-structured interviews. 

2.3.1. Participants 

Students of cohort 2020–2021 (n=6) and 2021–2022 (n=10) participated from study programs that had implemented the LAD 

into their curriculum. All LAD integrations were aimed at students gaining awareness or insight into their study behaviours. 

Integrations varied from requesting LAD use before peer-to-peer reflection, as a reflection exercise, or as preparation for a 

one-on-one tutor conversation. Participants were required to have used the LAD to participate in the study. Participants (first, 

second, and third year bachelor, and first year master) from different programs (e.g., Psychology and Computer sciences) were 

recruited via email or during LAD explanation in study programs. Participants received €10 as compensation. 

2.3.2. Instruments and materials 

Interview guidelines were based on Kirkpatrick’s framework, consisting of four levels (Reaction, Learning, Behaviour, Result; 

Appendix C). Level 4 (Result) entails changes in behaviour from level 3 (Behaviour). This level was outside of this study’s 

scope. Research assistants trained in using the interview guidelines and procedure conducted the interviews. For usefulness 

assessments, the final LAD version was used (Figure 3; see results section under the design implications of phase 2). 

2.3.3. Procedure 

Two research assistants conducted semi-structured interviews via Microsoft Teams or face to face (whichever participants 

preferred). Participants could talk about their LAD results, or the research assistant could present examples of LAD results 

(depending on participant preference). The available LAD served as a prompt for stimulated recall. First, the researcher 

assistants created rapport (introduction and small talk; Cohen et al., 2018) before starting the interview. Interviews lasted 36 

minutes on average (SD = 6 minutes). For online interviews, audio and video were recorded; for face-to-face interviews, only 

audio was recorded. 
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2.3.4. Analyses 

Usefulness data were analyzed using Reflexive thematic analysis (Braun & Clarke, 2006; 2021). A deductive approach was 

applied, meaning that “existing research and theory provide the lens through which we analyse and interpret data” (Braun & 

Clarke, 2021, p. 331). The theoretical lens for data analysis was the Kirkpatrick framework in order to determine elements of 

the LAD’s usefulness. The goal of this deductive approach was not to explore the underlying rationale but to assess the level 

of usefulness. 

Interviews were first transcribed and pseudonymized. Data was arranged per participant, per interview question, and read 

by the first author and research assistant to get acquainted with the data (step 1: data familiarization). Next, initial codes were 

generated per participant, per interview question by the first author, and discussed with the research assistant. Codes were 

developed semantically, meaning that data as communicated by the participant was used to develop a code (Byrne, 2022; 

step 2: systematic data coding). Codes were then read and categorized in initial themes by the first author, based on their 

shared meaning, per Park and Jo (2019) level (e.g. “Information usefulness”). A miscellaneous category was made for codes 

that did not fit any category, which were discussed with the research assistant (step 3: generating initial themes). Next, the 

first author further developed themes by creating sub-themes that nuanced or provided explanations for the main themes. In 

this step, themes and codes were analyzed per Kirkpatrick level as participant answers were spread over Park and Jo (2019) 

levels to, for example, explain how information presentation (Park & Jo, 2019; Appropriation of visual representation) 

affected their perception of information usefulness (Park & Jo, 2019; Information usefulness; step 4: developing and reviewing 

themes). 

Next, themes were further refined and defined by reviewing codes from all three Kirkpatrick levels, as participants made 

statements about “information interpretation.” The quality and meaning of themes were reviewed in this step. For example, 

nine participants stated that the LAD shows useful information in general. This is relevant in answering the research question 

but does not provide much explanation. Subthemes were created if that theme provided more depth for a main theme (step 5: 

refining, defining, and naming themes). Finally, these results are reported (step 6: writing the report). During this process, 

several discussions and conversations were held among the authors and the research assistant to further understand and explore 

the data and develop themes. The analysis of interview data resulted in 480 codes and 17 main themes, with 63 subthemes. 

3. Results 

3.1. Phase 1: Information Needs 

This phase assessed stakeholder information needs. Focus groups results of scoring predetermined constructs are presented in 

Table 1. Overall, students and tutors rated the importance of constructs similarly, with “fear of failure” showing the biggest 

difference (M=1.54). Perceptions of the importance of constructs did vary within each group. For students, “Time 

Management” (M=6.75) was perceived as more important than “Perception of the teaching-learning environment” (M=4.13). 

For tutors, “Fear of Failure” (M=6.67) was deemed more important than “Self-efficacy” (M=4.33) as a potential construct for 

the LAD. 

 

Table 1. Mean Scores of Tutors and Students on Construct Importance from the Predetermined List 

Constructs: Student Mean 

Score (1–7) 

Student 

SD 

Tutor Mean  

(1–7) 

Tutor 

SD 

M 

Concentration 4.38 0.8 5.50 0.00 1.13 

Fear of failure 5.13 1.5 6.67 0.58 1.54 

Test strategy 5.75 1.2 5.17 2.02 -0.58 

Time management 6.75 0.3 5.67 1.04 -1.08 

Engagement 4.38 1.1 5.50 1.00 1.13 

Academic buoyancy 6.13 0.5 5.50 0.50 -0.63 

Self-efficacy 4.88 1.1 4.33 1.26 -0.54 

Perception of teaching–learning 

environment 4.13 1.7 4.67 1.89 0.54 

Intrinsic goal motivation 5.13 1.7 5.83 0.29 0.71 

 

Student and tutor suggestions for new constructs differed. Students suggested 1) you in relation to others (engagement 

and comparison), 2) mental health, 3) substance abuse, 4) perception of study progress, 5) career orientation/stimulating vision 
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for the future, and 6) cynicism. Tutors suggested different topics: 1) decision-making skills, 2) study skills, 3) home-situation, 

4) social safety net, and 5) extrinsic motivation. Tutors added 6) study strategy as an alternative to “test strategy.” 

Finally, Table 2 shows the ranking of the importance of each construct, with students and tutors selecting different 

constructs as most important. For students, two newly suggested topics made the final list of nine topics. For tutors, two new 

topics made the list as well, out of six topics in total. This suggests that predetermined constructs were often perceived as 

useful, but also shows the added value of allowing new suggestions. 

 

Table 2. Student and Tutor Rankings of the Importance of Each Construct 

 Student   Tutor  

 Mean SD  Mean SD 

Time management* 4.25 0.96  - - 

Intrinsic goal motivation* - -  3.67 2.31 

Mental health - -  3.67 0.58 

Academic buoyancy* 2.50 1.91  - - 

You in relation to others 2.00 2.16  - - 

Test strategy* 1.75 2.06  - - 

Study strategy - -  3.67 1.53 

Concentration* 1.75 2.36  - - 

Mental health/substance abuse 1.75 1.50  - - 

Decision-making skills - -  1.67 1.15 

Fear of failure* - -  1.67 1.53 

Engagement* - -  0.67 1.15 

Perception of study progress 0.50 1.00  - - 

Self-efficacy* 0.25 0.50  - - 

Career orientation/stimulating vision for the future 0.25 0.50  - - 

Note: constructs that were not chosen are not shown;  

an * indicates a construct from the predetermined list. 

 

3.1.1. Phase 1 design implications 

Focus group results led to a LAD prototype (Figure 2). It includes the Motivation and Engagement Wheel (MEW; Martin, 

2007; Figure 2, part 3) as it relates to constructs chosen by students and tutors, such as time management, academic buoyancy, 

and self-efficacy. The Group Work skill graph (GSQ; Cumming et al., 2015; Figure 2, part 2) was included since it entails the 

construct “relation to others,” chosen by students. The Study Progress widget was included since it relates to the “perception 

of study progress” (Figure 2, part 4). MEW and GSQ data are first gathered via a validated self-assessment questionnaire; 

scores per construct are averaged and then presented as percentages in the graphs. Study progress data is gathered from the 

university’s data management system. 
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The LAD aims to support users (i.e., students) to appraise aspects of their study behaviour via the MEW, GSQ, and Study 

Progress graphs, combined with the feedback box. The feedback box explains the meaning and importance of the constructs 

(Figure 2, part 5). Furthermore, the feedback box provides actionable feedback, self-improvement exercises under the 

“Reflect,” “Explore,” and “Get Skilled” buttons, and suggestions for further support (e.g., a workshop) under the “Connect” 

button. By presenting these options to users, the LAD aims to support the preparatory phase in which participants set goals 

and decide upon follow-up activities. Constructs are presented in a generic manner (i.e., not specified to a context), allowing 

for an overarching insight per construct, which users can apply to specific study situations. Finally, the LAD is designed to 

be used by students mostly of their own volition, as they are seen as agents of their own learning process. In practice, this 

means no teacher or tutor can monitor student results; students decide what to work on, what to share with a tutor, etc. 

3.2. Phase 2: Usability 

Think-aloud interviews were used to explore LAD usability, and the SUS was used to assess usability after design adjustments. 

Overall, results from think-aloud interviews (see Appendix D) indicated that some LAD aspects were already sufficiently 

usable, whereas others could be improved. For example, all participants correctly interpreted positive and negative scales (e.g., 

13% is desirable for Anxiety but undesirable for Planning). All but one participant correctly compared positive to negative 

scales (e.g., 13% on Anxiety to 80% on Planning), although three participants had a short learning curve when comparing 

positive and negative scales. Determining an acceptable score was difficult; participants struggled with interpreting “39 on a 

scale of 100,” for example. 

LAD usability could be improved in several ways. For example, in step one (navigating empty LAD) participants mostly 

did not know what to do. This unclarity is undesirable and potentially demotivating, causing users to leave the LAD. 

Furthermore, most participants understood the goals of the exercises, but the organization of functionalities was unclear.  

3.2.1. Research question 2: Design implications 

Based on these findings, design adjustments were made. For example, an introduction video was added, clarifying the 

interpretation of positive and negative scales. Furthermore, the categorization of self-completion exercises was changed, using 

terms that suggest sequential steps (Prepare, Act, Reflect). Also, referrals to workshops and other supports were renamed 

“Additional support,” and visually altered to distinguish them from self-completion exercises. This led to the LAD design, as 

seen in Figure 3, in which usability was assessed with the SUS. 

Figure 2. LAD prototype used with think-aloud usability assessment for research question 2. 
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Figure 3. Final LAD version used in usability assessment (RQ 2) and usefulness assessment (RQ 3). 
 

3.2.2. Usability reassessment 

Usability reassessment with the SUS resulted in a score of M = 4.13 and SD = 0.46. This score equals 78.25%, interpretable 

as good–excellent usability (Bangor et al., 2009). Results showed small variance across items, indicating consistent usability. 

Item 1 (“I think I would like to use the Thermos dashboard frequently”) scored relatively low (M = 3.00). No design 

adjustments were deemed necessary with this level of usability. 

3.3. Phase 3: Perceived Usefulness 

Findings are presented per Kirkpatrick level. The number of participants supporting a theme is presented to reflect its weight. 

3.3.1.  Kirkpatrick Level 1: Reaction 

This level entails information usefulness and appropriation of information visualization. Participants stated that the LAD 

generally shows useful information (9) or potentially useful information (2), as it can provide insight into personal growth (5). 

Participants stated that the LAD may be especially useful for students who don’t reflect much (4), e.g., participant 2 (2021–

2022) stated that the LAD was useful “for students who are not self-reflective when it comes to learning behaviour,” or 

participant 3 (2021–2022), who stated that it was useful “for younger students.” The LAD’s usefulness further depends on 

the effort students put in (4). The potential usefulness is mostly due to the Motivation and Engagement Wheel (MEW; Figure 

3, part 2); for example, participant 5 (2021–2022) mentioned that “Having different characteristics categorized in [the MES 

graph] is nice; big differences provide a clear overview of what strengths and weaknesses are.” The MEW graph presents 

generally useful information (6), provides a good overview (2), is presented in an appropriate way (4), and is divided in a 

useful manner (7). 

Perceived usefulness of the Group Work Skills graph (GWS; Figure 3, part 3) varied, potentially due to it being unclear 

(3). For example, participant 11 (2021–2022) stated that the “GWS is a fun graph and can help a lot … (because) I find it 

difficult to say how I work in groups,” but participant 8 (2021–2022) stated that “For GWS it’s not immediately clear what 

the value [of the information] is.” Although the GWS graph was presented appropriately (4), the MEW presentation was 
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preferred (5), for example participant 10 (2021–2022) mentioned that “It presents it just fine, but the circle graph [MES] is 

clearer.” Study progress information was mostly deemed as not useful (4). For example, participant 11 (2021–2022) argued, 

“I don’t know what the added value of study progress could be. … I think everybody is aware of study progress and knows if 

they need to pass a course or not.” One participant stated that it completes the image of the student in the LAD. The actionable 

feedback was perceived as useful (5), potentially useful (7), or not useful (2). Some participants found the presentation 

appropriate (3), but most found it inappropriate (7) as there was too much text (4) or not motivating to use (3). 

3.3.2. Kirkpatrick Level 2: Learning 

This level entails understanding information and supporting user reflection. Interpreting the visualizations led to recognition 

(4) and insight into the current situation (3). For example, participant 1 said, “I struggle with that, and that showed in the 

dashboard.” Visualizations also provided focus on improvement potential (2). Interpretation took some thought (7), but the 

provided explanatory text per construct made it easier (10). Availability of a guideline or frame of reference could facilitate 

interpretation (9); for example, participant 4 stated, “but I don’t know what 18% means. Perhaps provide some guidelines that 

indicate what’s a good score?” Visualization of growth or change was perceived as positive (3) as it can provide insight into 

progress (4). For example, participant 4 mentioned that “At the start of this year, I scored high on anxiety; now I can see 

growth there; that’s motivating.” Reflection on study behaviour was impacted (10), mainly because new insights or awareness 

was acquired (8). For example, participant 6 said, “It helped by providing a better picture; otherwise, I would underestimate 

myself.” Some participants indicated that their reflection was not impacted (5), as they already actively reflected (5), e.g., 

participant 2, who said, “I already know how to study to be successful […] could potentially have bigger effect in the first 

year.” Other students forgot about the LAD (2) or put no effort into it (3). Finally, the score validity can be context dependent 

(2) or influenced by knowing what survey question relates to a construct (3). Also, score validity was questioned when it was 

100%; e.g., participant 6 explained, “You can never have or do something perfectly” (2). 

3.3.3.  Kirkpatrick Level 3: Behaviour 

This level pertains both to the motivation to change behaviour and actual changes in behaviour. Participants verbalized an 

impact on motivation (5); for example, participant 1 said, “It really helped and was an extra incentive for me.” Impact was 

also due to the mode of information visualization (2) and repeated use of the LAD (3). Study behaviour was impacted to some 

extent for some participants (5), resulting from gaining awareness (3); for example, participant 13 stated, “Awareness has 

positive consequences for study behaviour.” Most participants indicated no impact on study behaviour (11); for example, 

participant 3 said, “I don’t think it did [have an impact], this is just how I study.” Lack of impact was also due to already being 

content with their way of studying (4), already actively reflecting on study behaviour (3), forgetting the LAD (3), or because 

no effort was put in (3). The impact on study behaviour could be increased with external mechanisms (3); for example, 

participant 5 stated, “In my case, for example, to just once a year get an email with a link to remind you … and to see how 

you’ve progressed.” Impact could also be increased by more accessible tips and actions (i.e., the actionable feedback; 3). A 

few participants indicated that the actionable feedback could impact study behaviour (2), but most participants stated that they 

did not use the actionable feedback (11). 

4. Discussion 

This study describes the development and evaluation of a LAD to support student self-regulation of study behaviour. We 

explored what information students and tutors deem most relevant to include in a LAD, its usability, and its perceived 

usefulness. We now describe the lessons learned per design phase and present several associated recommendations. 

The first design phase revolved around assessing information needs. We learned that students and tutors did not differ 

much in scores on predetermined constructs. They did differ in their suggestions for what constructs to include, as well as 

which are most important, more than half of which were from the predetermined list. Even though stakeholder needs are vital 

in determining a LAD’s content (Alfredo et al., 2024), we recommend that developers do not solely rely on stakeholder input. 

Providing potentially relevant information or constructs from literature allows stakeholders to weigh the potentially added 

value of these constructs compared to their own ideas and preferences. This results in better-informed stakeholder preferences. 

The second design phase pertained to exploring and improving the LAD’s usability. We learned that participants were 

unable to perform some steps of the user journey, e.g., navigating an empty LAD. Participants could perform most steps, such 

as interpreting the scales and comparing them. The usability reassessment after design adjustments was good to excellent. 

Interestingly, SUS item 1 (“I think I would like to use the Thermos dashboard frequently”) scored relatively low. This could 

indicate that despite good usability, participants were doubtful about the LAD’s usefulness. The application of think-aloud 

protocols to explore LAD usability provided in-depth insight on these issues. We recommend that LAD developers plan an 

explicit phase of usability exploration and design adjustments before evaluating a LAD’s usefulness. In the development of 

this LAD, our qualitative exploration provided insight into its usability and, most importantly, the reasons for its usability. 

This allowed us to make the necessary adjustments before evaluating its perceived usefulness. 
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The third design phase revolved around the perceived usefulness of the LAD in supporting the self-regulation of study 

behaviour. We learned that the LAD was mostly perceived to support student appraisal of study behaviour, providing new 

insights or awareness. The LAD did not support participants’ preparatory phase, as the actionable feedback to facilitate goal 

setting and selection of follow-up activities were not used. Interestingly, almost all participants stated that the actionable 

feedback could be (potentially) useful. Finally, the perceived impact on study behaviour varied due to being satisfied with 

their way of studying or already actively self-reflecting. To increase a LAD’s impact on learning, we recommend that 

developers deliberately balance the support and guidance from a LAD with integration into existing educational structures. 

The LAD in this study is an “enhanced visualization type” (Bodily & Verbert, 2017) and does not actively recommend 

activities for users to take. Uptake and use of actionable feedback were largely the student’s responsibility and was influenced 

by perceived usefulness and the study program’s integration of the LAD. Participants mentioned the necessity of putting in 

effort, which they may not have done (enough). Participants mentioned the potential added value of external stimuli, such as 

a monthly reminder or integrating LAD use into a reflection exercise. With a LAD design that actively suggests follow-up 

activities (i.e., a recommender type system), students are supported in taking responsibility for their learning process, which 

may lead to more uptake of actionable feedback. This responsibility can also (partially) lie with study advisors within a study 

program, advising students on what steps to take. 

In this design phase, we also learned that participants sometimes struggled with establishing acceptable or passable scores, 

stating, for example, that “39 out of 100 does not mean anything.” Inclusion of a reference frame to support information 

interpretation was suggested during both design phases two and three. We therefore recommend that LAD developers should 

consider including one or multiple reference frame(s) in a LAD. Reference frames facilitate data interpretation (e.g., Wise et 

al., 2016; de Vreugd et al., 2023) but can also elicit negative emotions (Beheshitha et al., 2016). Interestingly, participants 

voiced a positive perception of visualizing growth in the LAD. Long-term capturing and presenting changes in knowledge 

and tasks are suggested for LADs (Matcha et al., 2019), allowing users to gain context-independent insights. This may warrant 

the inclusion of progress reference frames in the LAD, allowing for comparison to an earlier self and evaluation of 

achievements or growth (Jivet et al., 2017). The results history widget (Figure 3, part 5) already serves this purpose but may 

require some (unwanted) additional effort, as users comparing scores requires clicking back and forth. 

An overarching lesson learned was the indispensable value of including stakeholders during all design phases (see 

Figure 1). By doing so, we incorporated their essential perspectives as prospective end-users. This led to a LAD with perceived 

usefulness in supporting student appraisal of study behaviour. We, therefore, recommend LAD developers contemplate how 

to involve relevant stakeholders during each design phase and explicate what the added value of their involvement would be. 

Deliberating between different methods of stakeholder inclusion, such as participatory design or co-design, may add to this 

process. 

5. Future Research 

Future research could investigate the impact of LAD use on Kirkpatrick level 4 (the results from behavioural changes in level 

3) and how LAD design contributes to this level. If a LAD supports the appraisal of study behaviour, this may lead to changes 

in study behaviour, which in turn may result in better academic performance or reduced drop-out. Future research should 

examine this final level via longitudinal studies in authentic educational contexts. 

Future research should also investigate the gap between a LAD’s support of appraisal and lack of impact on study 

behaviour, and how LAD design may mitigate this gap. This may be due to students’ lack of goal setting and intention to 

achieve goals, which is part of the preparatory phase in SRL. This research may reveal explanatory factors between the LAD’s 

support of appraisal and lack of impact on study behaviour. 

6. Conclusion 

The LAD in this study supported student appraisal of study behaviour. The preparatory phase was not supported since LAD 

elements were not used, despite the perceived potential usefulness of those elements. The impact on study behaviour from 

LAD use varied, for which several reasons were given by participants. 
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Appendix A: User Journey Steps for Successful LAD Use 

 

Thermos dashboard 

User Journey 

Foci:  Successful user behaviour: 

0.  Log in with 

University ID 

 N/A 

User is presented 

with a blank 

dashboard, which 

includes instructions 

on how to take the 

survey and how to 

see their scores. 

1. See empty data 

visualization 

Participants know: 

• that taking the survey will provide them insight into 

their motivation, engagement, group work skills, and 

study progress. 

• when they complete the survey that they will obtain 

a data visualization which can be inspected for 

insight how to find the “survey” button. 

User fills out the 

questionnaire. 

2. Fill out survey Participants understand how to complete the survey. 

User receives initial 

feedback in the form 

of a data 

visualization with 

text, thereby gaining 

insight into their 

study-related 

behaviour. 3. See data 

visualized, interpret 

scores, gain insight 

into behaviour, and 

decide what to 

work on 

Participants: 

• can determine how well a student is doing in their 

motivation, engagement, group work skills, and 

study progress. 

• can recognize that there are negatively and positively 

weighted constructs e.g., by pointing out the blue 

and yellow colours, or “positive” and “negative” 

qualifiers. 

• determine if a student needs to improve on anything 

to do better in their study program e.g., they inspect 

their study progress data and compares to the 

construct scores. 

• correctly determine which constructs a student 

should improve on e.g., they understand how to 

interact with the positive and negative weights of the 

groups. 

• correctly determine which constructs a student 

performs best on e.g., they understand how to 

interact with the positive and negative weights of the 

groups. 

User decides, based 

on the text and data 

visualization, if and 

what constructs 

needs to be worked 

on to do better in 

their study program, 

are interesting, or 

important. 

User decides how to 

work on the 

constructs identified 

in step 4. 

4. Using visual or 

textual feedback 

Participants can: 

• explain how a student can improve on a particular 

construct e.g., by referencing the links or text 

suggestions provided in the dashboard. 

• establish a learning strategy for future development 

e.g., listing several suggestions to be followed or an 

order of activities. 

User interacts with 

interface provided 

exercises that 

develop said 

constructs. 

5. Using the 

follow-up exercises 

Participants: 

• access the provided follow-up exercises. 

• understand how the follow-up exercises are 

organized. 

• integrate the provided activities in a learning 

plan/strategy for improvement. 
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Appendix B: System Usability Scale 
  

Item Statement M  SD 

1 I think that I would like to use the Thermos dashboard frequently. 3.00  1.05 

2 I found the Thermos dashboard unnecessarily complex (-). 1.65  0.59 

3 I thought the Thermos dashboard was easy to use. 4.32  0.58 

4 I think that I would need the support of a technical person to use the Thermos 

dashboard. 

1.35  0.48 

5 I found the various functions in the Thermos dashboard were well integrated. 4.05  0.57 

6 I thought there was too much inconsistency in the Thermos dashboard. 2.03  0.60 

7 I would imagine that most people would learn to use the Thermos dashboard very 

quickly. 

4.35  0.54 

8 I found the Thermos dashboard very cumbersome (awkward) to use. 1.65  0.68 

9 I felt very confident using the Thermos dashboard. 3.86  0.67 

10 I needed to learn a lot of things before I could get going with the Thermos dashboard. 1.59  0.69 

 

 

Appendix C: Interview Guideline 

KP1: 

Reaction 

P&J: Information usefulness 

“To what extent did the dashboard show information you wanted to know?”1 

 “To what extent do you feel the visualizations present useful information for you?”2 

 “To what extent do you feel the visualizations present useful information for students in general?”2 

 “To what extent do you feel the content of actionable feedback can help improve study behaviour?”2 

 P&J: Appropriation of visual representation 

 “To what extent do you feel the visualizations are presented in a usable manner for you?”2 

 “To what extent do you feel the visualizations are presented in a usable manner for students in general?”2 

 “To what extent do you feel the presentation of the actionable feedback can help you improve study 

behaviour?”2 

KP2: 

Learning 

P&J: Understanding 

“How did you interpret the visualizations, and can you give an example?”1 

 “To what extent did you think it was easy to understand the visualizations?”1 

 P&J: Reflection 

 “To what extent did the dashboard help to reflect on study behaviour?”1 

 “To what extent did dashboard use change how conscious you are about your study behaviour?”2 

KP3: 

Transfer 

P&J: Learning motivation 

“Did the dashboard motivate you to work on study behaviour? And why?”1 

P&J: Behavioural change 

“Did your study behaviour change from using the dashboard?”1 

 “Did you take subsequent steps after using the dashboard?”1 

 “To what extent did dashboard use change the amount or way of reflecting on your study behaviour?”2 

 “To what extent do you feel using the dashboard changed something in the way you study?”2 

 “To what extent did you use the actionable feedback, and did it change how you study?”2 

Note: Superscript numbers 1 and 2 indicate that the question was asked in the  

2020–2021 or 2021–2022 evaluation, respectively. 
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Appendix D: Overview of Usability Steps and Illustrating Examples 

Analysis questions: No/Yes Example 

User step: Navigate empty dashboard   

1.1 Does this give the user a sense of what the tool is 

about before filling out the questionnaire? 

7 / 1 P3 (No): “What is the next, the, the function of this page… It’s not 

very obvious.” 

1.2 Is it clear that users should take the survey? 4 / 4 P2 (Yes): “I think something needs to be filled out.” 

P7 (No): “The matrix needs information, but I don’t know how.” 

1.3 Is it clear how users can take the survey? 6 / 2 P1 (No): “The current survey link is too inconspicuous, needs to be 

larger.” 

User step: Fill out the survey   

2.1 Do users read the explanatory text for the survey? 1 / 7 P7 (Yes): “This is an explanation for the questions.” 

User step: Interpret data visualizations   

3.1 Are users able to interpret the positive scales 

correctly? 

0 / 8 P6 (Yes) made all correct interpretations and was able to compare 

constructs. 

3.2 Do users favour positive constructs for the first  

task? (Identify profile’s biggest strength) 

4 / 4 P4 (No) compared a positive construct score to a negative construct 

score. 

P5 (Yes) Only considered positive constructs to as strengths. 

3.3 Are users able to interpret the negative scales 

correctly? 

0 / 8 P1 (Yes) “Chunks in yellow on the bottom represent what needs 

improvement.” 

3.4 Are users able to compare positive and negative 

scales like we want them to? 

1 / 7 P3 (Yes) “having a high score on self-belief is better than on 

disengagement.” 

3.5 Were all users able to compare positive and  

negative scales during the first task? 

3 / 5 P3 (No) Consistently compared percentages, regardless of the 

construct being positive or negative. 

P1 (No) interpreted incorrectly during first task, realized the mistake 

during second task. 

3.6 Do users refer to all components of the tool? 0 / 8 P8 (Yes) used all graphs for interpretations and to get an overall idea. 

3.7 Do users have a sense of how well the fictitious 

students are doing? 

1 / 7 P5 (No) does not relate constructs, only focuses on the MES graph. 

P2 (Yes) sees Hakim’s not feeling well at school (high neg. MES 

scores), but no one would see because he has his EC’s and does well 

in groups. 

3.8 Do users establish a “passable” or acceptable score?  
8 / 0 P2 (No) “I don’t know if this is good, 39 on a scale of 100, is that a 

lot? Is that normal in relation to others? When I get this, am I doing 

good or not?” 

User step: Decide what construct to explore and what to work on 

4.1 Do users read the text in the feedback box? 0 / 8 P6 (Yes) Several times, for clarification and to rank constructs. 

4.2 Do users click the links for exercises or additional 

support? 

2 / 6 P3 (No) read the description for Planning, then stated, “So they don’t 

give any tips here.” 

P4 (Yes) said he would use them to advise the student. 

4.3 Do users use information from the dashboard e.g., 

construct text or provided exercises to advise the 

fictitious student? 

2 / 6 P5 (No) based her advice on her personal opinions. 

P1 (Yes) used construct explanations, tips, and activities on how to 

improve. 

User step: Decide how to work on that construct 

5.1 Do users understand how the activities are 

organized? 

8 / 0 P1 (No) “I don’t know which one would help me most of these four 

[buttons].” 

5.2 Do users click on the follow-up exercise links? 2 / 6 P8 (Yes) to explore what is available. 

5.3 Do users reference these activities when 

completing tasks? 

4 / 4 P5 (No) Does not reference these tasks. 

P1 (Yes) knows these are meant as support but doesn’t understand 

which one would be best. 

 

 


