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Abstract

:

Learning Analytics Dashboards (LADs) can help provide insights and inform pedagogical decisions by supporting the analysis of large amounts of educational data, obtained from sources such as Digital Learning Materials (DLMs). Extracting requirements is a crucial step in developing a LAD, as it helps identify the underlying design problem that needs to be addressed. In fact, determining the problem that requires a solution is one of the primary objectives of requirements extraction. Although there have been studies on the development of LADs for K12 education, these studies have not specifically emphasized the use of a Human-Centered Design (HCD) approach to better comprehend the teachers’ requirements and produce more stimulating insights. In this paper we apply prototyping, which is widely acknowledged as a successful way for rapidly implementing cost-effective designs and efficiently gathering stakeholder feedback, to elicit such requirements. We present a three-step HCD approach, involving a design cycle that employs paper and interactive prototypes to guide the systematic and effective design of LADs that truly meet teacher requirements in primary/secondary education, actively engaging them in the design process. We then conducted interviews and usability testing to co-design and develop a LAD that can be used in classroom’s everyday learning activities. Our results show that the visualizations of the interactive prototype were easily interpreted by the participants, verifying our initial goal of co-developing an easy-to-use LAD.
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1. Introduction


The growing prevalence of digital technology in education has enabled educational institutions and educational technology (EdTech) companies to gather a wide range of educational data about students through Digital Learning Materials (DLMs). This data may include grades, text, quizzes, timestamps, and even behavioral information regarding how students use the DLMs. In this study, DLM refers to all materials that are created for educational purposes, published digitally, and accessible through a computer or a tablet. Because each student may engage in a variety of activities through the DLM over a long period of time, datasets that document such activities are typically high-dimensional, large, and complex. Learning Analytics (LA) was established to aid in the interpretation of educational data [1]. According to Siemens et al. [2] (p.1), LA is “the measurement, collection, analysis and reporting of data about learners and their contexts, for purposes of understanding and optimizing learning and the environments in which it occurs”. Learning Analytics Dashboards (LADs) can provide visual representations of data, aiding teachers and students, but also school principals and EdTech companies, in gaining a more comprehensive understanding of LA [3]. Schwendimann et al. [4] (p. 8) define LAD as “a single display that aggregates different indicators about learner(s), learning process(es), and/or learning context(s) into one or multiple visualizations”. As a result, a LAD can be used to generate a graphical representation of what a teacher or student can do to improve motivation, self-direction, learning effectiveness, student performance, and teacher engagement [5,6].



While research on the use of LADs in the classroom has grown quickly over the last decade, a recent study suggests that incorporating LADs into primary and secondary education is a more challenging task compared to higher education. This is primarily due to concerns regarding data security, privacy, and ethics of minors, as stated by Aguerrebere et al. [7]. What this suggests is that, with this specific group of students and teachers, it is not enough to use an off-the-shelf LAD solution to cover all their contextual requirements. Therefore, the research question that drives our work is formulated as follows: how can teachers in primary and secondary education be involved in the process of co-designing an easy-to-use LAD to meet their initial requirements?



A Human-Centered Design (HCD) approach [8] is one possible solution which involves teachers throughout the design process, grasps their requirements, and helps co-designing and developing a dashboard accordingly. Prioritizing human needs, the goal of HCD is to facilitate a transition from an ad hoc, data-centric approach to indicator design to a structured, people-centric approach [9]. The HCD methodology allows us to develop new theories, artifacts, and practices that can be generalized to other projects [8]. HCD argues that a more effective and long-lasting strategy involves initially understanding users’ inherent behaviors, as well as any limitations affecting their attention, learning, and performance. This enables the creation of interfaces that are inherently intuitive, easier to grasp, and less prone to performance errors. The potential outcome of adopting this approach is a significant enhancement in the commercial potential of next-generation systems across a diverse array of real-world applications [10]. However, there is a lack of research focusing on the design of LADs using HCD in this specific educational context. To bridge this gap, it is important to comprehend the initial requirements of teachers in terms of data-informed education, data analysis, and visualization. Concentrating on teachers as crucial stakeholders and designers of LAD, our investigation examines the potential for LAD to be crafted in a way that empowers teachers to create impactful pedagogical interventions. Therefore, to achieve this methodological objective and answer the research question, a pilot study was conducted employing a three-step HCD approach. This approach leveraged existing insights from the Design and Human-Computer Interaction (HCI) communities [11], emphasizing the integration of theory and practice, as well as active collaboration between researchers and teachers. This study was carried out within primary schools in Sweden.



The rest of the article is organized as follows. Section 2 describes the related work in this field. The methodology is described in Section 3. Section 4 describes the outcomes of our three-step HCD approach. Section 5 provides a discussion of the study result. Section 6 presents the limitations of the study and Section 7 provides our conclusions and presents possible lines of future work.




2. Related Work


2.1. Learning Analytics Dashboards


As per the 2017 Horizon K-12 report [12] (p. 44), the primary and secondary education settings offer significant opportunities for LA to “predict learner outcomes, prompt interventions or curricular adjustments, and even prescribe new pathways or strategies to enhance student success”.



To further aid teachers in their interpretation of LA, and make data-informed decisions about the students, data can be visualized using LADs [3]. Within higher education, there has been a great deal of research into the development of LADs. According to studies by Chen et al. [13] and Verbert et al. [6,14], the primary aim of developing LADs is to enhance students’ motivation, self-directed learning, learning effectiveness, and performance, as well as to promote teacher engagement. Various studies, such as the one by Govaerts et al. [15], demonstrate the potential benefits of visualization tools such as the Student Activity Meter, which helps teachers and students become aware of the time and resources students use on specific activities. Ez-zaouia and Lavoué [16] presented the EMODA dashboard, which enables teachers to track learners’ emotions and gain insights into how emotions change during online learning sessions. LearnerVis, developed by He et al. [17] is a tool that visualizes the temporal aspects of the learning process and helps users analyze students’ learning schedules across multiple courses. Mohseni et al. [5,18] proposed the SBGTool and SBGTool v2.0 to assist teachers in identifying student groups with similar learning outcomes and activities, exploring the relationship between student engagement and achievement, and maximizing the potential for collaborative learning by analyzing students’ responses. Additionally, Mohseni et al. [19] developed a LAD that allows teachers to interact with multiple visualizations of student data to investigate their learning progress and activities. Effective use of LADs such as these can aid teachers in preparing formative feedback, predicting learning paths, and improving student performance. However, it is crucial for instructors to have data literacy skills to utilize these LADs effectively [20]. As already mentioned, the focus of research and development has been mainly within higher education, nonetheless, the contribution of LAD in education is growing. As previously stated in the introduction, Aguerrebere et al. [7] discovered that concerns over ethics, privacy, and data security of children make incorporating LADs into primary and secondary education more challenging than in higher education, resulting in the modest number of LAD development in this segment of education.




2.2. Human-Centered Design


Human centeredness can manifest in various aspects, ranging from the user interface, effects on work routines, changes in user empowerment, and the incorporation of values into data models [21]. In each instance, human centeredness is a quality found in systems meticulously crafted by first identifying key stakeholders, their interconnections, and the environments in which these systems will operate. Subsequently, creative approaches or methodologies are employed to gain insights into the needs, wants, and experiences of these stakeholders [22]. The core principle of embracing a human-centered approach is that the meanings, interaction possibilities, functions, and attributes associated with a system should be shaped by the individuals for whom the system is intended, rather than being dictated by designers or researchers. Consequently, the design of Learning Analytics (LA) should consider the diverse individuals who will engage with them (who), the specific actions these individuals will perform using LA (what), the various contexts in which these interactions will occur (when), the methods through which analytics will integrate with interaction and communication (how), and the significance that these analytics, interactions, and communication will hold for stakeholders (why) [22].



There is in general insufficient research that employs a HCD approach to design LADs that effectively capture primary- and secondary-level teachers’ requirements and develop a dashboard accordingly. Therefore, the focus of this study is to design a LAD more specifically for this user, utilizing a HCD approach to comprehensively understand their needs and involve them throughout the design process. There is a wealth of literature explaining various design study research methodologies in the domains of social science [23,24,25] and HCI [26,27,28,29,30,31]. For instance, Holstein et al. [32] were pioneers in using various generative tools and co-design methods to discover what data teachers require and to design prototypes of awareness and orchestration tools for use with Intelligent Tutoring Systems (ITSs) in classrooms. Sedlmair et al. [33] suggested a method for carrying out design studies, the nine-stage framework, in which visualization researchers investigate a particular real-world problem faced by subject matter experts, design a visualization system to assist in resolving this problem, validate the design, and then consider the lessons learned to improve visualization design guidelines.



Furthermore, numerous studies have explored HCD approaches with LA. For instance, in the research conducted by Buckingham Shum et al. [8], they introduced principles of HCD sourced from relevant domains, which can be integrated and tailored to promote the evolution of human-centered LA. Additionally, Dimitriadis et al. [34] outlined three HCD principles for LA solutions. These principles involve empowering teachers and other stakeholders as active participants, integrating the learning design cycle into the LA design process, and harnessing educational theories to guide the design and implementation of LA solutions. In this article, we propose a HCD workflow which is characterized by three steps [9]: identification of requirements; idea generation and testing; and prototyping and testing. To propose a solution design for an easy-to-use LAD, we incorporated paper and interactive prototypes into our three-step HCD approach.



Paper prototypes, also known as low-fidelity prototypes, which can be made from drawings on paper or other low-fidelity materials, enable designers to quickly and inexpensively explore and fine-tune design concepts by collecting insightful feedback [35]. Interactive prototypes, also known as high-fidelity prototypes, offer a more realistic and immersive experience because they closely resemble the final product in terms of visual design and functionality, engaging the users with the interface [35]. Low-fidelity prototypes facilitate early ideation and concept testing, while high-fidelity prototypes allow for more thorough user testing and validation of design decisions, allowing designers to balance between the quick exploration and in-depth evaluation. In order to make a prototype, test and analysis procedures are carried out in a co-design fashion with the direct participation of the intended users. One of the strengths of HCD is that it utilizes a combination of qualitative and quantitative methodologies.





3. Methodology


In accordance with the HCD methodology, our research incorporated both qualitative (quotes of the statements made by teachers during the interviews) and quantitative approaches (analysis of nominal data gathered from a questionnaire) [36]. Our pilot study is guided by the following three HCD steps (Figure 1): (1) identification of requirements: in this step, we conducted interviews to make observations of teachers and identify the obstacles to their adoption of Learning Analytics (LA) and explore ways to improve their awareness of LA and visualizations; (2) idea generation and testing: building on the insights gained in step one, the second step involved creating a low-fidelity prototype solution (paper prototype) for teachers by investigating a variety of educational data sources, methodologies, and visualizations that could provide insights into students’ learning processes. To accomplish this, a second series of interviews was conducted; and (3) prototyping and testing: this step required developing an actual solution in the form of an interactive prototype based on the data gathered in the previous step. Based on the teachers’ feedback of the interface evaluation, a usability test on the interactive prototype was performed to finalize the design.



Figure 2 represents the project timeline indicating the three steps of our HCD approach and the series of interviews related to each step. As shown in Figure 2, we began preparing for the first step of the HCD approach in September 2021, and we completed it in December 2021. In the meantime, we set the first series of interviews for December 2021. In January 2022, we began the second step of the HCD approach after analyzing the data gathered from the first interviews. The proposed visualizations in the paper prototype were also discussed over two meetings with the co-authors. After completing the development of the paper prototype, we conducted the second interviews in May 2022. We finished analyzing the information gathered during the second interviews in June 2022. From August 2022 to October 2022, we focused on the third step of the HCD approach, and a teacher workshop was set for November 2022. The following sections will provide descriptions of both the three HCD steps and the participants involved in each of these steps.



3.1. Participants


Starting from the fourth grade, many schools in Sweden adhere to a one-to-one policy—every student is provided with a laptop/tablet—employing various DLMs that generate daily digital data. Teachers use DLMs differently, some using them daily, while others sporadically. However, we conducted the first series of interviews with four teachers from two primary/secondary schools in Sweden who were proficient users of a DLM, to capture a richer picture of the usage. At the schools where the participating teachers worked, every student was provided with a tablet, and the teachers used the DLM almost daily in various disciplines such as Mathematics, English, and Swedish. The students were required to complete certain tasks on their tablets or computers via the DLM, and the teachers could monitor their progress by viewing the number of correct/incorrect answers and whether or not they have completed the assigned tasks. Table 1 shows more detailed information about the teachers: subject, gender, teachers’ age group, and the students’ grade level in the first step. The study was conducted online via Zoom, a video-conferencing software, and the group interviews were held in English. All teachers agreed to let the researcher record the Zoom meeting. Participation in this study was completely voluntary; however, as we stated in the interview instructions, the participants remained anonymous.



The paper prototype (the second step of our HCD approach) was evaluated with a total of three teachers from three primary/secondary schools in Sweden. Table 2 shows more detailed information about the teachers.



Before beginning the evaluation, each participant was informed about the project, its goals, and the purpose of the interview. The study was conducted online via Zoom, with the participants and the researchers sitting in separate, silent rooms. This time, the interviews were held in Swedish. All participants agreed to let the experimenters record the Zoom meeting. To enroll the teachers, we enlisted our representative at each school to inform the teachers about the interviews and subsequently furnish us with a list of those willing to participate voluntarily.



To gather evidence on the effectiveness of the interactive prototype, which is the third step in our HCD approach, we carried out a user study within a workshop setting. People with primary–secondary teaching experience in Sweden were our main target group. The technology ecosystems of the schools mentioned in the second and third interviews were similar to those of the schools examined in the first interview. We were able to reach 14 voluntary participants through a 40 min workshop which was open to local teachers in the region. The workshop was held in Swedish. Each participant had his or her own computer to examine the interactive prototype. Since it was an open workshop, we did not collect information about participants.




3.2. Our Three-Step HCD Approach


3.2.1. Identification of Requirements


In the first step, we conducted a series of interviews with four primary/secondary school teachers, as in Table 1. We wanted to observe the teachers and identify their requirements [37] and explore their grasp of data visualization by displaying an example of a dashboard that had previously been developed for other purposes. The DLM in question was a multimodal digital learning tool built around the core curriculum for the school’s grades 4–9. In this DLM, animated topic videos with relatable characters and clear examples demonstrated concepts, facts, and context.



The authors, two researchers in information visualization (one junior and one senior) and one researcher in educational science with expertise in LA, met with two researchers in educational science (one junior and one senior) to prepare the template of the first interview pilot study and questions presented in Table 3.



We asked the participants a week before the interview to prepare by thinking about the following questions and their experiences with EdTech:




	
How do you usually evaluate your students’ data through the DLM or any other EdTech?



	
How do you communicate with your students through the DLM or any other EdTech?



	
Do you evaluate if your students use the DLM?









3.2.2. Idea Generation and Testing


In the second step, a paper prototype was designed while taking into consideration the requirements of the teachers who participated in the first step of the HCD. Figure 3 illustrates the designed paper prototype of the teacher dashboard and its main components. We conducted the second series of interviews with three teachers from three primary/secondary schools in Sweden, as in Table 2. The proposed paper prototype exemplified three views: Class, Student, and Discipline.



The Class view (Figure 3A,B) visualizes the class name, discipline, academic year, and school semester. Moreover, it visualizes the number of students in the class, the high- and low-performing students, the percentages of absent and present students (in the pie chart), the percentages of students’ performance presented in four clusters, and the students’ progress heatmap, which shows the number of scores for each student in the selected semester and the percentage of performance.



The Student view visualizes the students’ learning outcomes individually by selecting the class name, student ID, and discipline. The attendance, motivation, satisfaction, and difficulty percentages are displayed in the four pie charts at the top of Figure 3C,D. Also, this view enables the teacher to see the student’s performance in different sub-areas over time. We also considered a generic note box for the teacher so that he or she may get a general idea of the student’s learning outcomes after reading the text.



Figure 3E,F illustrates a Discipline view that shows the proportion of attendance, motivation, satisfaction, and difficulty for a certain discipline and year, allowing teachers to compare the number of correct and incorrect answers in various disciplines, as well as seeing the learning performance of various disciplines over the period of an academic year. Table 4 presents the protocol of the interview and the interview questions.




3.2.3. Prototyping and Testing


In this third step, we created an actual solution in the form of an interactive prototype based on the data gathered in the previous steps. This means that, upon selecting an icon on the screen, the user could anticipate that windows or operations would launch [38]. Figure 4 presents the interactive prototype we developed for the teacher dashboard. A workshop (user study) lasting 40 min was used as the platform for our final series of interviews with 14 individuals who possessed teaching experience in primary–secondary education in Sweden.



Table 5 presents the instructions for the user study. The data collection was separated into five steps, to which all participants contributed. In the first step, we described the interactive prototype to the teachers by showing its main components and visualizations and how to use it. In the second step, participants were given a URL through which they could later engage with the interactive prototype. In the third step, the participants used the interactive prototype to perform a set of nine tasks. Participants were given a paper sheet with task descriptions and were asked to write their responses to the nine tasks on the paper within 20 min. In the fourth step, the participants were asked to enter their answers into Mentimeter—which is an interactive presentation platform with an easy-to-use online editor—while all could watch the results appearing, together with the researchers. Finally, in the fifth step, the researchers asked the teachers a number of reflection questions and had a short discussion about the dashboard. The participants shared their comments, attitudes, or feelings about it.



As can be seen in Figure 4A, we considered a login system so that different stakeholders could see the relevant dashboard developed based on their needs, but as previously stated, the focus of this study was on the teacher’s dashboard. Similar to the previous paper prototype, this model had three views: Class, Student, and Discipline.



Teachers can use the Class view presented in Figure 4B to compare the outcomes of individual students in a classroom during the first or second semester of an academic year, find the number of students in a classroom, discover the high- and low-performing students in a classroom, categorize students into different groups based on their learning outcomes, discover the weeks when a student has the most and least number of correct answers, and find the percentage of attendance in a classroom.



Using Student view (Figure 4C) allows teachers to obtain the percentages of attendance, difficulty, motivation, and satisfaction for one student in the selected discipline throughout the first or second semester of an academic year, compare the student’s performance in different disciplines by assessing the number of correct and incorrect answers for the chosen student in each discipline, compare the student’s success in multiple disciplines by examining the number of scores over time, and compare the student’s performance to the class’s average performance.



The teacher can use Discipline view (Figure 4D,E) to get more detailed information about a student’s performance in a discipline. This view enables teachers to analyze the student’s performance in different sub-areas of the discipline over time by looking at the number of scores obtained for each sub-area and comparing it with the class’s average performance presented in the line plot and receive a text analysis and recommendations about the student’s performance in the chosen discipline. We considered an extra dropdown component in the top right side of the view (Figure 4E) because there should be many sub-areas in a discipline, so the teacher could select a sub-area and have more comprehensive information about it in the pie charts, line chart, and text analysis.






4. Outcomes


4.1. Outcomes of the First Step of the HCD: Identification of Requirements


Table A1 in Appendix A presents the teachers’ direct responses (quotes) to the questions of the first series of interviews. To the question Can you describe how educational technology in general is part of your teaching? the teachers answered that they used a variety of Google products, including Google Classroom (a free integrated learning platform to make the process of creating, distributing, and grading assignments simpler) and Google Forms (a survey administration software), as well as a number of tools, such as Exit Ticket (a tool for evaluating the lesson with the students) to understand where the students are. They have also used the DLM in addition to the other mentioned technologies for two years. They also tried digital mathematic books as supplements, where students can find new tasks to work on. However, the students were uncomfortable with the digital books, so they stopped using them:




Teacher 2 (school 1): “… we tried digital math books as complements to the stages where the students can find other tasks to work with, but the students were not comfortable with it, so we have given up on them...”.





The teachers also explored some online digital tools such as GeoGebra, an interactive mathematic software for all educational levels that integrates geometry, algebra, spreadsheets, graphing, statistics, and calculus into a single engine, to assist them in balancing the pedagogy. All the answers indicated that the teachers had experience with the use of EdTech (Table A1 in the Appendix A, Answ. Q1).



Furthermore, we were interested in seeing how teachers integrated data analysis from the DLM into their teaching. To the question How do you use the DLM or data analysis from the DLM in your teaching (Student evaluation)? the teachers responded by simply stating that they used the DLM to check whether students watched the videos or completed their homework during the pandemic:




Teacher 1 (school 1): “Well, in our school, teachers use it to check out if students watched the movies or to see if they did their home study during the pandemic…”.





However, when it came to the quiz, the teacher could see how well the students knew the subject, but they noted that the outcome was unreliable because the students may have simply clicked on the response without knowing the right response. The teachers were able to identify which questions were difficult and try to ascertain which students did not understand them by using the DLM.



To determine whether the students needed to complete any more tasks, the teachers may also see a visualization of the class. They also discussed the issue of “taking quiz before watching video,” so teachers should inform students to watch the video in the DLM once or twice before taking the quiz; otherwise, they would be unable to determine whether the students understood the material and would have no data to analyze later. By taking into account the answers, some issues and bugs with the DLM were detected and reported to the EdTech company.



The teachers mentioned that it is encouraging to observe the students’ understanding of the actual word that they must learn in response to the question What do you think should/would be possible to analyze with the data? Additionally, they want to be able to tell if a student misread a word:




Teacher 4 (school 2): “I think the understanding of the actual word that they need to learn. ... also, to see if the students misunderstand a word and where are they …”.





The teachers responded to the question What do you think you can gain or lose from using data analysis in your teaching? by explaining that the teachers should use a variety of tools and cannot rely on just one. They stated that the challenge is that knowledge differs significantly depending on the tool used, and when the DLM reduces knowledge to simply a “click,” the teacher loses the discussion component with the students, which cannot be replaced by a click. In order for students to express their feelings and for teachers to better understand and categorize all of the students in the class, teachers were more interested in “what do you think about...?” questions than quizzes with correct or incorrect answers:




Teacher 3 (school 2): “… I think instead of having quiz which has a right or wrong answer, the DLM should add ‘what do you think about …?’ so students can describe their feelings…”.





In response to the question How do you provide feedback to your students? the teachers mentioned that they gave feedback to the students while the students were working by walking around the room and evaluating their progress. As a result, the students asked many questions and the teachers engaged in a meaningful conversation with the students:




Teacher 1 (school 1): “We do it in the classroom during the work by walking around the classroom and checking the progress, so the students ask a lot of questions and by talking a lot with the students”.





Teachers further noted that they could quickly mark the text when students wrote digitally (Table A1, Answ. Q2.b).



In response to the question If you want to measure student learning or progress, how do you usually do it? the teachers mentioned that they use a variety of quick questions throughout the session to determine how much the students understood, and that they typically concluded each session with a test:




Teacher 4 (school 2): “We use different types of quick questions during the session to check and know how much they understand. We usually end up a session with a test”.





Additionally, the teachers informed the students to write various types of text (either on paper or digitally) so that they could show the teacher how much they had learned from the videos and applied it to the text afterwards, but reading is a process that the teacher could observe during the time (by test and seminars).



In response to the question Can you tell us anything that comes to your mind about the suggested dashboard? the teachers’ reaction indicated that the dashboard was interesting since it enables teachers to evaluate and monitor their students more thoroughly. It was also interesting for them since the teachers could discuss and show the analysis of a large amount of data to their students:




Teacher 1 (school 1): “… There are a lot of data to analyze, and it is so interesting. It is something that you can even discuss with the kids and show them”.





In response to the question Can you be more specific on what kind of visualization that you would need to get a better picture of your students, coming that from educational technologies or other sources? the teachers stated the requirement for a visualization that demonstrates how frequently students used a system to understand how they interacted. Additionally, they wanted to have a visualization for measuring how active students are when watching a video because they may be watching a movie while simultaneously playing a game, making a single click meaningless. According to the responses, it would also be beneficial to have a visualization that tracks students individually to help them feel more confident and to see if they are improving or not:




Teacher 2 (school 1): “… to see if they are getting better, so you can follow students individually and help them increase their confidence”.





We asked teachers Do you want to see individual, collaborative, and group learning processes? and they explained that group-level data activity is more significant to them because teachers do not have enough time to focus on each student individually (group first, then individual students). They also noted that teachers sometimes assign a lot of DLM videos for the students to watch and sometimes they do not, which is why some of them came to the conclusion that having a pie chart is beneficial:




Teacher 3 (school 2): “In some weeks we do not watch the DLM’s videos, but in some weeks, we assign lots of videos to students, so pie chart is more meaningful for me to have a conclusion”.





Additionally, they requested a plot that shows the number of interactions by sub-area, enabling the teacher to find videos on a sub-area where students are having difficulty (Table A1, Answ. Q5).



Analyzing the collected responses from the first interview helped us grasp the fundamental requirements for the second step of our HCD approach, idea generation and testing.




4.2. Outcomes of the Second Step of the HCD: Idea Generation and Testing


The teachers’ direct answers to the questions in the second series of interviews are shown in Table A2 in Appendix A. Due to the fact that interviews were conducted in Swedish, we present here translations of the answers into English performed by a fluent speaker (co-author). An overview of the key points raised in response to the first question How would you interpret what you see? (General impressions) follows (Table A2, Answ. Q1):




	
The design is more appealing to teachers since they do not have to add information to the dashboard.



	
The design is easy, useful, and clear for teachers to obtain results and see how a student’s performance changes over time.



	
The sketch prototype has a good layout.



	
Some of the teachers already have some information about the students from the DLM that they use in their school. When they assign a task, they can see the response frequency for individual students as well as the entire class, and this sketch prototype provides a more comprehensive view of that.








According to the responses to the second question Do the sketches represent the information you needed about the students? the sketch prototype provides all the information that the two teachers needed. One teacher was unsure whether the DLM they use in their school included the “Easy read” option, so that, as a teacher, they know if a student has a reading problem with the assignments, if the student understands the mathematic question, if there is a problem with the solution, or if there is a problem with understanding the text. Also, the number of repetitions in answering a question (how many times students answered a question) was one of the issues raised during the interview, which should be discussed with the EdTech companies that produce the DLMs:




Teacher 3: “One thing that would be interesting is how many times students answered a question, whether they read a lot before or answered right away and got it wrong…”.





The responses to the question Do the visualizations represented by the sketches help you see the student’s needs? were rather broad since the teachers in different schools are dealing with many different issues. As one teacher explained, the answer to this question depends on the assignment provided to the students. Every day the assignment changes and the students do something different. If they have a lot of content to read and then answer many questions or write something, the teacher might be able to notice it by looking at the visualizations. Another teacher explained that, in their school, teachers use the circle approach, in which the entire student group practices together, then in a small group or in pairs, and finally alone. Therefore, if EdTech companies modify their DLMs to accommodate such a teaching approach, teachers may gain valuable data about their students’ progress by using a dashboard. Teachers believed that communication between EdTech companies and teachers is critical since teachers can provide comments/feedback on the DLM assignments. One teacher was happy with the visualizations proposed in the paper prototype:




Teacher 2: “… Me and my colleague work a lot with the circle model, where the whole group practice together, then a small group or in pairs then they work individually. So how can the companies adjust their DLM so that it fits with such a teaching model, if they can, then you would automatically get good data over students’ progress...”.





The following is a summary of the points expressed in response to the last question Are the visualizations represented by the sketches useful or are you missing something? from the three teachers (Table A2, Answ. Q4):




	
The dashboard can provide information regarding class and student variances.



	
View the entire class before entering data for individual students.



	
In the “Discipline” view, the teacher should be able to select both a class and a student.



	
Be able to select a discipline, class, and student under the “Student” view and compare the student’s performance in English, Mathematics, and Swedish. In this way, the teacher can see if one student has problems in one or all the disciplines.



	
Be able to select the class name in the “Discipline” view.



	
Be able to compare student performance across subjects in a discipline and compare students in a class.








By taking into consideration the responses from the group interviews regarding the paper prototype, we developed an interactive prototype.




4.3. Outcomes of the Third Step of the HCD: Prototyping and Testing


Participants were asked one or more questions for each task. Correct answers to the questions indicated that the participants could “read” the interactive prototype’s visualizations. Tasks 1 to 4 were related to the Class view. In Task 1, participants were asked to identify the high- and low-performing students in Class 2A for the Swedish discipline in the year 2021, Spring. The assignment for Task 2 was to analyze the information in the class performance visualization at the top of the Class view, determine how many students have a performance between 25% and 50%, and write down their student IDs. For Task 3, participants had to find the percentages of present and absent students in Class 2A. In Task 4, the participants were asked to find the weeks that the student with the student ID ST1238 had the most correct answers. Tasks 5–6 were associated with the Student View. For Task 5, the participants were asked to estimate the number of incorrect answers for the student with the student ID ST1225 as well as the average incorrect answer in the class for the mathematics discipline. In Task 6, the participants were required to figure out the percentage of difficulty for the student with the student ID ST1225 in the Swedish discipline.



The participants were required to use the Discipline view to answer the questions on Tasks 7–9. Task 7 required participants to identify the English sub-area in which the student with the student ID ST1225 performed the poorest. In Task 8, participants were asked to find the student score in the Noun sub-area on April 15th. In Task 9, participants were asked to discover the percentage of motivation in the Noun sub-area for the student with the student ID ST1225.



Figure 5 illustrates a summary of the data collected throughout the workshop, including the participants’ answers to all questions/tasks. One early observation was that most of the participants were able to effectively complete most of the tasks. Tasks 5 (Q.2) and 8, each with three incorrect answers, Tasks 5 (Q.1) and 9, each with two incorrect answers, and Tasks 3 (Q.1) and 6, each with one incorrect answer, were the questions where the participants answered incorrectly the most. When we checked the incorrect answers, we found that two participants had entered the answers to Task 5 in reverse, which meant they had entered the answers to the first question for the second question and vice versa. On the other hand, one of the main reasons for “No answer” was the time constraints for transferring the answers to Mentimeter.



Following that, we had a brief group discussion on how participants felt about the interactive prototype and asked some reflection questions. According to the teachers’ answers to the question. Is there any value in using the dashboard in the classroom? the proposed interactive prototype can be used to evaluate student performance in a classroom and assist a school principal/teacher in making improvement plans. They also found it helpful to be able to compare student performance in a classroom and concentrate on each student’s progress separately. We received the following responses regarding the second question What could you tell by looking at the visualizations presented in the dashboard?: the possibility of relating students’ performance to their attendance rate, assessing whether or not higher attendance leads to better outcomes, looking at the pie charts in the dashboard to be aware of inaccurate data when the teachers have students who they know are abroad but who have a 65% confirmed attendance in the system represents a good resource for “development plan conversations” with students, and finally, finding patterns over time and being aware of thinking correlation, because the teachers do not know what influences what. Additionally, some teachers noted that the dashboard can be used as a guideline, and they found it fascinating while working with big datasets.





5. Discussion


We conducted research using a HCD approach to answer our research question about the involvement of teachers of primary and secondary education in the process of designing an easy-to-use LAD to meet their initial requirements that addresses educational issues. HCD was explained by Chatti et al. [9] as an interactive framework that encouraged cooperation between participants, designers, and researchers. As a result, the researchers, teachers, and developers actively engaged in this study. Our HCD approach was divided into three steps. In the first step, we determined the obstacles that prevent teachers from adopting LA, as well as the strategies that are currently in use to better understand the teachers’ awareness of LA and visualizations and their initial requirements. The second step involved developing a straightforward paper-prototype solution for teachers using a variety of educational data sources, techniques, and visualizations that might offer insights into students’ learning processes, building on the knowledge gathered in step one. Based on the information obtained in the second step, the third step involved creating an actual solution in the form of an interactive prototype. A usability test was performed with the interactive prototype, and teachers’ feedback was gathered.



The outcomes of the narrative analysis of the interviews, together with the statistical analysis, show that the interactive prototype of the teacher dashboard provides sufficient support to the teachers to analyze and complete educational/administrative tasks. Consequently, visualizations in the interactive prototype can be interpreted as being helpful to teachers who want to group students based on their learning performance, compare students’ performance in a classroom while focusing on each student’s individual progress, and monitor the student’s learning path based on learning outcomes and activities. Teachers’ response to the reflection questions and their feedback shows that we can go one step further and start developing a teacher’s dashboard to implement in iterative steps and with a larger number of teachers to better exploit necessary requirements and changes.



Previous studies [39,40] have indicated that, although there exist LAD solutions in primary and secondary education, the research evidence is scarce about the goal of supporting teachers in adopting visualizations for pedagogical interventions. This study does not reach that goal either. Yet, we have used the HCD methodology to iterate the design, execution, analysis, and redesign of a LAD, which we believe provides researchers with a richer design picture. Research has, for instance, presented the development of WiREAD (a LAD) using a design-based approach that helps students enhance their self-awareness, SRL dispositions, and learning motivation and engagement while fostering connected literacy [41]. According to Ez-Zaouia et al. [42], conducting research considering a design-based approach and developing a LAD for teachers based on the finding could assist them in using an online learning platform that relates to the curriculum and allows them to monitor their students’ activity and progress in French grammar and spelling.



5.1. First Step


The HCD approach used in this pilot study began with identifying the initial requirements of the teachers for data visualizations. According to research, this is a fundamental design assumption [37,43]. The teachers described how they employed a variety of EdTech, online digital tools, and DLMs to assess student progress and to help them balance the pedagogy. The responses showed that the teachers had prior knowledge of using EdTech. McGrath and Kerfeldt [44] claimed that the Nordic countries are well situated to take advantage of cutting-edge EdTech, and in Swedish schools, both teachers and students use digital materials in the classroom on a daily basis.



The teachers noted that, throughout the pandemic, they used the DLM to verify that students had done their assignments, although the results were untrustworthy because of students’ erratic clicking on responses. Research has proved that it is indeed difficult to demonstrate different aspects of student learning, and both quantitative (quiz score) and qualitative (technology portfolios made up of all student’s activities) data are essential to better understand student progress [45]. So DLM co-design needs to take these learning science aspects into consideration. Using the DLM gave the participating teachers a picture of the class to assess whether the students need to complete additional tasks and helped them identify which questions were difficult and which students did not understand them. This is indicative that student progress and performance to teachers using DLMs has a progressive impact on teaching practice [46], even though this was not the focus of this study.



The teachers emphasized that a variety of EdTech and digital tools should be used as part of teaching. As research has proved, a higher use of EdTech among teachers appeared to promote pedagogical diversity and changes in teachers’ behavior [47]. The teachers also claimed that they lose the opportunity for dialogue with the students when the quizzes in the DLM only include correct/incorrect or multiple-choice questions, which prevents the students from expressing their feelings. One possible design and pedagogical solution for this is for EdTech to foster dialog between teachers and students in both directions with added communication features. Research has demonstrated that such dialog improves the learning experience in the classroom [42].



One of the main points the participating teachers made was for teachers to provide feedback to students and assess their progress as they were working. Research has shown that, although face-to-face interactions with students are essential, teachers who use the teacher dashboard more frequently are able to interpret the data using a wider variety of pedagogical knowledge, which led to a wider variety of feedback [46]. This indicates that researchers should promote the use of dashboards to support feedback that could possibly contribute to learning outcomes.



To determine how much the students knew, the teachers indicated that they used a variety of quick questions throughout the lesson, and that they usually ended each session with a test. Teachers’ answers shown that they do not rely on the DLM for evaluating students’ skills. This is a pity since data can be collected and analyzed to provide a quick picture of the learning progress, which should inspire the use of LADs. However, in terms of implementation, research has shown that one of the contributing issues is that DLM companies failed to offer the teachers enough practical support to make the best use of the DLM, or that the teachers did not find it appropriate for the curriculum [48,49].



According to the teachers’ answers, it was interesting for them to be able to discuss and show the analysis of a significant amount of data to their students while also being able to evaluate and monitor their students more thoroughly using different visualizations. This demonstrates that specific visualization features of LADs that cover pedagogical purposes are considered positive factors by the participants, as research has also shown [50]. This is also true for the need to visualize how frequently students use the DLM and how active they are, as stated by the teachers. Again, co-creation of effective LADs becomes important.



Teachers claimed that they do not have enough time to spend on each student individually, therefore they request group-level data activity to be part of LADs, as well as features like pie chart to show weekly progress. These developments are displayed in several LADs [5,39,51], but development is usually not conducted together with teachers to better generate educational value.




5.2. Second Step


In the second step of our HCD approach, we created a paper prototype to test our research question. Research has demonstrated these are inexpensive and effective at identifying usability issues [33,52,53].



Overall, the teachers had positive opinions of the proposed paper prototype, and they liked the simple and practical design that theoretically allowed them to monitor students’ and entire classes’ progress. Those are of course important design features if teachers wish to visualize the monitoring of individual [54] and classroom activities [46]. However, our results also showed that teachers are not always aware of what visualizations could actually be of benefit to them.



The participating teachers suggested that various Swedish schools are dealing with a variety of issues regarding assignments provided to students. In terms of co-design and implementation, the teachers expressed a wish for better collaboration with EdTech companies to match DLMs with teaching approaches. This is a valuable insight for LADs development. As stated by Farjon et al. [55], to establish efficient procedures for integrating EdTech into the classroom, teachers require practical support and instructional content that is pedagogically informed [48,49]. Teachers also provided constructive suggestions to help us improve the prototype that was then used to create the interactive prototype tested in the next step.




5.3. Third Step


In step three, we finally developed an interactive prototype. Research has shown that these can be operated almost as if they were the final product [38].



According to [35], performing a usability test on a high-fidelity prototype is essential to receive final approval on a product design before development begins. Our results of the usability test with a questionnaire with several tasks on the interactive prototype and its resulting statistical analysis imply that the visualizations presented were easily interpreted. This was our initial goal, that is, co-develop an easy-to-use LAD.



To find out how participants felt about the interactive prototype, we also asked them various reflection questions. According to the teachers’ answers, our LAD solution could be used by school principals or teachers for improvement and pedagogical work. Research has shown, for example, that teachers who regularly use LADs have been able to monitor students and plan pedagogical feedback [42]. Another important usability aspect pointed out by the teachers is that they believe they can link students’ success to their rate of attendance visualized on the LAD. Research has shown that, typically, attendance is seen as an indicator of how engaged students are with their courses and as being essential to their success [56]. LAD visualizations could also be a good resource for “development plan conversations” with students, as stated by the teachers. Visualizations could help teachers in finding patterns over time to detect dropout behavior [57]. Additionally, some teachers mentioned that they like using the dashboard when working with large datasets and used it as guidelines, which was also encountered in previous studies [58]. Even though our study focused on the use of the HCD approach to co-design an easy-to-use LAD and test its use, the conversations with our teachers pivoted around possible benefits of the LAD. This is understandable from the teachers’ point of view. In this respect, it is the designers’ role to listen and take into account the requirements of the teachers and their concerns and incorporate those in a sound and valuable LAD.





6. Limitations


One limitation of the study is the low number of participants in the earlier steps of the pilot study. A larger number of users may have provided a more nuanced set of results. However, this is a pilot study, and, as such, we wanted to achieve a quick glimpse of what we can expect and what to look for or avoid when we move forward to conducting a large research project with a number of local schools.



What could be considered another limitation is the lack of results on learning impacts from the student’s perspective. This concern was made apparent in the conversations with the participants. This is also a topic with little research evidence; therefore, we plan to contribute to it with our future research.



While conducting our pilot study, we faced obstacles such as concerns regarding data security, privacy, and ethical considerations raised by the participants. Our hypothesis is that data analysis and literacy is so current that participants struggle to see possibilities while focusing, justly, on concerns. Additionally, following the GDPR and obtaining agreements with EdTech companies, municipalities, students, and parents proved to be a very lengthy process, which hindered our ability to implement our LAD and conduct empirical research on the improvement of students’ performance based on the intervention of teachers’ decision making after consultation with data visualizations. Nevertheless, we maintain that the discovery presented in this article remains a valuable resource for researchers seeking to tailor a LAD using a HCD method to better meet the demands of their users.




7. Conclusions and Future Work


LADs can give insights and inform pedagogical decisions by evaluating large amounts of diverse educational data obtained from digital learning resources. However, LADs have to be co-designed with teachers to become viable and be adopted. There has been insufficient investigation into the creation of a LAD using a HCD methodology, which would effectively capture the needs of teachers and create a suitable dashboard. This study used HCD to understand the initial requirements of teachers regarding data-driven education, data analysis, and visualization. The three-step HCD approach was useful to determine the primary and secondary teachers’ initial requirements for the design of a LAD, include those in visualizations about the learning process to be featured in a LAD, and finally test a simple prototype of the LAD. To answer our initial research question, the results indicate that the HCD approach is a useful iterative process that in co-operation with the intended user can provide valuable design solutions. Moreover, we incorporated both qualitative and quantitative methodologies, encompassing data obtained from interviews (dialogs) and questionnaires. Nonetheless, the design and usability results of our pilot study have to be tested in a real classroom environment with students, so that data generated by the use of DLMs can be analyzed and visualized in our proposed LAD to guide the pedagogical decision making of the teachers. Only then can we also contribute to research on the benefits of LADs for students and teachers in primary and secondary education.
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Table A1. Teachers’ direct responses to the questions in the first series of interviews.
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	Answ. Q1
	Teacher 1 (school 1): We use different things such as google classroom; we do lot of google forms and Exit ticket to understand where the students are. We use the DLM for 2 years as tool beside the other things.

Teacher 2 (school 1): Yes, also, we tried digital math books as complements to the stages where the students can find other tasks to work with, but the students were not comfortable with it, so we have given up on them. We do some amount of GeoGebra online and we try to find online digital materials to help students to balance up the pedagogy. We use whiteboard.fi in the pandemic so we can see the students’ self-writing.

Teacher 3 (school 2): We use different google products but google classroom is the base, the DLM and digital books—they don’t work very well, because students and parents are conservative.

Teacher 4 (school 2): O-hum [murmurs of confirmation].



	Answ. Q1.a
	Teacher 1 (school 1): Well, in our school, teachers use it to check out if students watched the movies or to see if they did their home study during the pandemic, but when it comes to the quiz, the teacher can see somehow how the students understand the subject, but sometimes it is quite difficult, and the students just click on an answer while they don’t know the correct answer. The teachers can see which questions are the difficult ones and try to figure out why and which students did not understand it.

Teacher 2 (school 1): The teachers also can see a picture of the class, so they can see if they need to do something more.

Teacher 3 (school 2): Now the DLM is more like a complement to other stuff (watching movies and nothing more). Same problem of “doing quiz before watching the movie”, so we ask the students to watch the movie ones or twice and later do the quiz, so we can see if we should stop if they don’t understand the subject and then we can use the data. If the students do not follow the steps, we can’t rely on the data.

Teacher 4 (school 2): O-hum [murmurs of confirmation]. Quite often the students do the quiz before watching the movies which is not a good thing…



	Answ. Q2
	Teacher 4 (school 2): I think the understanding of the actual word that they need to learn. Also, to see if the students misunderstand a word and where are they—the usual misconception that the students get when they learn a new word.

Teacher 2 (school 1): O-hum [murmurs of confirmation].



	Answ. Q2.a
	Teacher 2 (school 1): We should use different tools and we cannot be relying on just one. The tough part is that by using different tools, the knowledge is quite different and when we narrow it down to just a click, you lose the discussion part with students and we cannot replace that thing with a click, so they must be complemented.

Teacher 1 (school 1): Yes, it important to talk to students.

Teacher 3 (school 2): Yes, I think instead of having quiz which has a right or wrong answer, the DLM should add “what do you think about …?” so students can describe their feelings (something like Kahoot to check in if the students know a subject), and teachers can have better view about all the students in the class and categories them.



	Answ. Q2.b
	Teacher 1 (school 1): We do it in the classroom during the work by walking around the classroom and checking the progress, so the students ask a lot of questions and by talking a lot with the students.

Teacher 2 (school 1): Yes.

Teacher 3 (school 2): We mark the text immediately when students write in the digital way.

Teacher 4 (school 2): O-hum [murmurs of confirmation].



	Answ. Q2.c
	Teacher 4 (school 2): We use different types of quick questions during the session to check and know how much they understand. We usually end up a session with a test.

Teacher 3 (school 2): Yes, exactly.

Teacher 2 (school 1): The students should write different types of text, so I can see how much they learned from the movies that they apply to the text later. They can write in digital way or on the paper, but for readying, this a process that I can see during the time by test and seminars.



	Answ. Q3
	Teacher 1 (school 1): M-mm [murmurs of thought]. There are a lot of data to analyze, and it is so interesting. It is something that you can even disuses with the kids and show them.

Teacher 2 (school 1): I find it useful too!

Teacher 3 (school 2): It is interesting, and I can evaluate my students on a deeper level and follow they.

Teacher 4 (school 2): That could be absolutely useful!



	Answ. Q4
	Teacher 3 (school 2): The visualization that shows how much a student used a system is the one that I will use to check how they are interacting.

Teacher 1 (school 1): I think having something to show how active students are when they watch a movie is useful because in distance, students play a movie but at the same time play game, so in this way, just one click doesn’t mean anything.

Teacher 4 (school 2): I like to see the progress of students—means how many incorrect answers does the student make and what is the end result.

Teacher 2 (school 1): Yes, exactly, to see if they are getting better, so you can follow students individually and help them increase their confidence.

Teacher 4 (school 2): Definitely!



	Answ. Q5
	Teacher 1 (school 1): Well, the amount of time that we have doesn’t allow us to really focus on students individually, so seeing group-level data activity is more important for me.

Teacher 2 (school 1): I agree, group first and later students individually.

Teacher 3 (school 2): In some weeks we do not watch the DLM’s videos, but in some weeks, we assign lots of videos to students, so pie chart is more meaningful for me to have a conclusion.

Teacher 4 (school 2): I want to have a plot which shows the number of interactions per subject because maybe I can find the videos on a subject that students have problem with them
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	Answ. Q1
	Teacher 1: If teachers don’t have to add information, it’s more appealing to the teacher.

Teacher 2: You can go in and see “wops! I thought this student was further along in their progress!” then I think the design of the dashboard is much easier and useful. it’s much clearer for the teachers then they get results and how a student’s performance is at different times.

Teacher 3: I thought it was easy, good layout. I already have some information on the DLM’s platform. If I assign an assignment, I can see the response frequency for students and the whole class, and this is a more detailed view of that.



	Answ. Q2
	Teacher 1: I think so, I use google in my classroom and then I can get diagrams. I can get an overview too. you must get used to the system. I think all info I need is there in the dashboard. There is nothing I see that should be added or removed.

Teacher 2: I don’t know if the DLM provides data about the option “easy read” they have in their DLM. It would be interesting to see that on a student level. As a teacher you know if a student has a reading problem, it would be nice to see if this “easy read” option had been activated during an assignment. Because that is the first adjustment we make if a student display problem. Would be nice to see if students use text to speech in assignments depending on their needs. You want to know if the student understands the question in math. In a data point, is there a problem with the solution or a problem with understanding the text? is it a mathematical problem or a problem with language?

Teacher 3: One thing that would be interesting is how many times students answered a question, whether they read a lot before or answered right away and got it wrong, there after reading the text quickly, maybe got it wrong again, then read it carefully and got it right. It would be interesting to see the student’s activity in such a way.



	Answ. Q3
	Teacher 1: It depends on the assignment. If there is a heavy text which they should read and then answer a lot of questions or write something, then you might be able to see it using the sketches. Or if you watch a documentary and pick out important thing. The assignment varies each day, they do different things every day. I think it is like that in every subject, for example in Swedish. If they have a writing assignment, then it takes a long time, and they work creatively for a long period in their writing. Then there is the next task which is spelling or grammar and such.

Teacher 2: The data come from the DLM. Then the teachers must feel comfortable with the material. Most teachers work according to some model. Me and my colleague work a lot with the circle model, where the whole group practice together, then a small group or in pairs then they work individually. So how can the companies adjust their DLM so that it fits with such a teaching model, if they can, then you would automatically get good data over students’ progress. Maybe we can contact the Edtech company and ask them and be a part of the technical solutions for the DLM. I think that there is a key in the intersection between the teachers and the DLM companies, if they can find the right way together, if the companies can give encouragement and tips on programs/assignments and if the teachers can try to see possibilities and can communicate. We would need more of these interviews, it is another process in the teaching.

Teacher 3: Yes, absolutely!



	Answ. Q4
	Teacher 1: It feels useful. the dashboard can show information about class and student differences.

Teacher 2: It was just on DISCIPLINE that it would be good to be able to pick both class and student. Under STUDENT I would like to select, subject, class, student there because if I have a student which failing math, I would like to see what it looks like in other subjects. DISCIPLINE must have which class it is displayed.

Teacher 3: Maybe also compare student performance in different subject but also compare with the class.
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Figure 1. Cycle of design presenting our three-step HCD approach. 
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Figure 2. Project timeline indicating the three steps of our HCD approach and the series of interviews. 
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Figure 3. Paper prototype for teacher dashboard. (A) Class view before selecting items from the item lists. (B) Class view after selecting items from the item lists. (C) Student view before selecting items from the item lists. (D) Student view after selecting items from the item lists. (E) Discipline view before selecting items from the item lists. (F) Discipline view after selecting items from the item lists. 
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Figure 4. Interactive prototype for the teacher dashboard. (A) Login. (B) Class view. (C) Student view. (D) Discipline view before selecting items from the sub-area list. (E) Discipline view after selecting items from the sub-area list. 
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Figure 5. Results of the user study: participants’ answers to all the questions/tasks. 
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Table 1. Teachers’ composition during the first series of interviews.
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	Participants
	Subject of Teaching
	Teacher Gender
	Teacher Age Group
	Student Grade





	1
	Mathematics and

natural science
	Female
	40–45
	6–9



	2
	Mathematics and

natural science
	Male
	55–60
	6–9



	3
	Swedish and Swedish as a second language
	Female
	40–45
	6–9



	4
	Mathematics and

chemistry
	Male
	40–45
	6–9










 





Table 2. Teachers’ composition during the second series of interviews.
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	Participants
	Subject of Teaching
	Teacher Gender
	Teacher Age Group
	Student Grade





	1
	Mathematics
	Male
	50–55
	4–6



	2
	History and Civics
	Male
	40–45
	4–6



	3
	Mathematics
	Female
	40–45
	4–6










 





Table 3. Protocol of the first series of interviews.
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	Presentation of the researchers and field of research: 5 min.

Interview guide: 5 min.

Show the visualization tool: 10 min.

Ask the questions below: 40 min.



	Questions:



	
	
Can you describe how educational technology in general is part of your teaching?




	
How do you use the DLM or data analysis from the DLM in your teaching (Student evaluation)?








	
What do you think should/would be possible to analyze with the data?




	
What do you think you can gain or lose from using data analysis in your teaching?



	
How do you provide feedback to your students?



	
If you want to measure student learning or progress, how do you usually do it?








	
Can you tell us anything that comes to your mind about the suggested dashboard?



	
Can you be more specific on what kind of visualization that you would need to get a better picture of your students, coming from educational technologies or other sources?



	
Do you want to see individual, collaborative, and group learning processes?















 





Table 4. Protocol of the second series of interviews with the groups of teachers and researchers.
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	Explain the prototype to the teachers: 5 min.

Ask the questions below: 15 min.



	Questions:



	
	
How would you interpret what you see? (General impressions)



	
Do the sketches represent the information you needed about the students?



	
Do the visualizations represented by the sketches help you see the student’s needs?



	
Are the visualizations represented by the sketches useful or are you missing something?















 





Table 5. Protocol of the third series of interviews with teachers in a workshop (user study).
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	Explain the interactive prototype: 5 min.

Carry out 9 tasks and write the answers on paper: 20 min.

Transfer the answers to Mentimeter: 5 min.

Reflection: 10 min.



	Questions:



	
	Task 1.

	
Who is the high-performing student? Who is the low-performing student?




	Task 2.

	
How many students have a performance between 25% and 50%? Please enter the student IDs for the students who have a performance between 25% and 50%.




	Task 3.

	
What is the percentage of present students in Class 2A? What is the percentage of absent students in Class 2A?




	Task 4.

	
In which weeks does the student with the student ID ST1238 have the most correct answers?




	Task 5.

	
What is the number of incorrect answers for the student with the student ID ST1225 in the class for Mathematics discipline? What is the number of the average wrong answer in the class for Mathematics discipline?




	Task 6.

	
What is the difficulty percentage for the student with the student ID ST1225 in the Swedish discipline?




	Task 7.

	
What English subject does the student with the student ID ST1225 perform the worst in?




	Task 8.

	
What was the student score in Noun subject score on April 15?




	Task 9.

	
What is the percentage of motivation in Noun subject for the student with the student ID ST1225?
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