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Abstract 

This study investigates self-regulated learning challenges among students in Heat Transfer, a blended 

learning course offered at the University of Twente, Vrije Universiteit Amsterdam, and RWTH Aachen 

University. Despite its flexible course design, students consistently struggle with low engagement, 

poor exam performance, and a lack of deep conceptual understanding. A design-based research 

approach was employed to investigate the root causes of these challenges through Zimmerman’s 

(2008) cyclical model of self-regulated learning. The results revealed three major challenges: (1) a 

partial implementation of the flipped classroom model that reduces effectiveness due to weak 

integration between online and in-person activities, (2) a bonus point system that promotes 

performance-driven behaviours over deep learning, and (3) a course design that assumes overly high 

levels of self-regulated learning without providing sufficient scaffolding or feedback mechanisms. To 

address these challenges, process worksheets were constructed to scaffold the development of 

complex problem-solving skills by supporting students’ planning, monitoring, and reflection activities 

during their study hours. 

 

Keywords: Blended learning environments, self-regulated learning, metacognitive calibration, flipped 

classroom, mechanical engineering education  
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Initial orientation 

Problem statement 
Since the COVID-19 pandemic, students have requested more freedom in their learning and 

meaningful class interactions (Turner et al., 2023). The annual Heat Transfer course offered at the 

University of Twente, the Vrije Universiteit Amsterdam, and RWTH Aachen University is an example 

of a course that was designed to accommodate this. During the pandemic, the course transitioned to 

a new teaching concept based on a blended learning model called “flipped classroom”. In this 

approach, students are expected to self-responsibly engage with online course content before class 

so that in-class time can be spent on hands-on activities and group discussions (Ashraf et al., 2021). 

For the Heat Transfer students, online learning is facilitated through the provision of self-study 

learning paths with relevant content on the self-developed platform HeatQuiz (www.heatquiz.app). 

The offline component of the course comprises physical lectures where attendance is encouraged 

but optional. 

Unfortunately, despite the increased freedom, course results have shown that many 

students struggle to achieve positive learning outcomes and pass the course successfully. This is 

often paired with poor motivation, ineffective time management, and a reluctance to attend physical 

classes among students (Rohlfs et al., 2023). Blended learning environments (BLE) have been 

associated with similar student challenges (Nikolopoulou & Zacharis, 2023; Muhria et al., 2023). The 

course’s stakeholders hypothesize that this is rooted in students’ lack of self-regulated learning (SRL) 

skills, such as monitoring and self-assessment (Panadero, 2017). This led to the initial problem 

formulation: students’ underdeveloped SRL skills hinder their ability to manage their studies 

effectively, which contributes to counterproductive study behaviour and low exam performance. 

There are currently no mechanisms in place to provide students with the necessary scaffolding to 

gain insight into their performance, which may prevent them from accurately assessing their learning 

gaps and asking for help when needed (Tober & Kapur, 2023). Thus, this study aimed to understand 

what SRL challenges Heat Transfer students face, what causes them, and what potential solutions 

there could be.  

Research context 
The Thermal and Fluid Engineering (TFE) department is part of the Engineering Technology (ET) 

faculty at the University of Twente. The department specializes in research and education related to 

thermodynamics, fluid mechanics, and heat and mass transport. It comprises three research groups: 

Engineering Fluid Dynamics, Thermal Engineering, and Multi-Scale Mechanics. It also offers a 

bachelor’s and master’s program in mechanical engineering of which the Heat Transfer course is a 

part.  

http://www.heatquiz.app/
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The University of Twente, the Vrije Universiteit Amsterdam, and RWTH Aachen University 

organize an annual Heat Transfer course for mechanical engineering bachelor students. The course 

addresses heat transfer mechanisms (conduction, convection, and radiation) through practical 

applications. The intended learning outcome is to equip students with the ability to apply heat 

transfer principles in designing and analysing various engineering systems. There are 250 and 50 

students enrolled in the course during its second and third-year offerings at the University of Twente 

and Vrije Universiteit Amsterdam, respectively. The course at RWTH Aachen University is given in the 

third year of study, with an annual enrolment of more than 1000 students. 

The course is offered in a BLE using a flipped classroom approach. There are between six to 

eight in-person sessions, and they consist of three elements: (1) a summary of the relevant course 

material, (2) a student-driven classroom discussion, and (3) a knowledge quiz for students to earn 

extra credit. The sessions are supplemented by the online platform HeatQuiz (www.heatquiz.app), a 

software application developed by the University of Twente in collaboration with RWTH Aachen 

University (see Figure 1). It was designed as a self-study learning tool for students. The platform 

states to provide a game-based learning experience (Rohlfs et al., 2023). It does so via self-paced, 

linear learning paths that contain video lectures, PowerPoint slides, and quizzes. 

 

Figure 1 

HeatQuiz Website 

 
 

The course also includes a summative assessment in the form of an exam to evaluate the 

learning outcomes. A typical exam would consist of the following elements: questions that assess the 

http://www.heatquiz.app/
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complete problem-solving process using a practical example, questions to calculate the differential 

equation and offer a solution for a given value, and lastly, questions to discuss results based on 

practical scenarios. 

Stakeholders 
This project is spearheaded by Prof. Dr.-Ing. Dr. rer. pol. W. Rohlfs from the TFE department at the 

University of Twente. The project team comprises five members. Noteworthy contributors include 

project partner Dr. P. Wilhelm from University College Twente (UCT), and partners from the 

Behavioural, Management and Social Sciences (BMS) faculty at the University of Twente. These 

experts bring their expertise in online learning environments, SRL, and uncertainty management to 

aid in developing the intervention. The initiative also involves approximately 15 teachers from the 

University of Twente/Vrije Universiteit Amsterdam, any associated teaching assistants (TAs), and 

HeatQuiz users who will directly benefit from the intervention. Furthermore, Heat Transfer students 

are key stakeholders, as the project aims to enhance their SRL capabilities within the course. 

Theoretical framework 

This section defines the main concepts that will guide this study’s research and design processes. 

Relevant theories from the literature related to the research topic are made explicit, as will any 

theoretical assumptions on which this research is based. 

Blended learning environments 
A blended learning environment (BLE) can be defined as an instructional approach that combines in-

person classroom instruction with online learning activities and resources (Güzer & Caner, 2014). The 

most frequently used model to apply blended learning is known as “flipped classroom” (Ashraf et al., 

2021). It comprises three phases: pre-class, in-class, and an optional post-class. During the pre-class 

stage, students use online resources to interact with the course material, which frees up in-class time 

for hands-on learning activities. Durning the post-class stage, teachers evaluate students' 

perspectives and performance. 

Several studies suggest that the flipped classroom model has a positive effect on students' 

metacognitive regulation (Pamuk & Alagözlü, 2024; Du et al., 2023). Others have also suggested that 

blended learning may be more effective in developing SRL skills than traditional instruction (Uz & 

Uzun, 2018; Van Laer & Elen, 2017; Xu et al., 2023). An explanation is that BLEs require students to 

independently engage with online materials and activities outside of class time, which pushes them 

to find their own knowledge gaps and inquire about them with peers and teachers more actively (Uz 

&Uzun, 2018; Rasheed et al., 2020; Bayyat et al., 2021). 
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However, BLEs may also pose challenges for students’ ability to regulate their learning. To 

start, procrastination may occur due to the flexible nature of the online components of blended 

learning courses (Bayyat et al., 2021). Next, students may have difficulties using technological 

interfaces (Muhria et al., 2023; Rasheed et al., 2020). Moreover, BLEs require strong metacognitive 

skills to accurately monitor, evaluate and adapt their learning strategies (Stoten, 2019; Van Laer & 

Elen, 2017). 

Self-regulated learning 
Self-regulated learning (SRL) can be defined as the process by which learners actively control their 

learning behaviour by setting goals, monitoring their progress, and reflecting on their learning 

outcomes (Zimmerman, 2008). In BLEs, high levels of SRL have been associated with higher academic 

achievement (Yu, 2023; Xu et al., 2023), greater intrinsic motivation (Liu et al., 2024), and more 

extensive use of metacognitive strategies such as planning, monitoring, and evaluating their learning 

process (Eggers et al., 2021).  

A widely cited model that may address the challenges a BLE is the cyclical model of 

Zimmerman (2008). It conceptualizes SRL as a cyclical process consisting of three main phases: 

forethought, performance, and self-reflection (see Figure 2). In the forethought phase, learners 

engage in task analysis and self-motivation processes before undertaking a learning task. In the 

performance phase, learners use self-control and self-observation to monitor their progress during a 

learning task. In the self-reflection phase, learners self-evaluate their performance against their goals 

and adjust learning strategies when their approach is ineffective after the learning task. 

 

Figure 2  

Cyclical Model of SRL (Zimmerman, 2008) 
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Various strategies can be taken to improve SRL in a flipped classroom setting. To start, pre-

class assignments, frequent formative assessments, and providing choice in which resources students 

use to study has been associated with improved motivation and self-regulation (Onodipe et al., 

2020). However, it has also been noted that factors like individual student characteristics and prior 

knowledge (Alkhalaf, 2023), or instructional scaffolds (Srivastava et al., 2022) may moderate their 

effectiveness.  

Metacognitive calibration 
Metacognitive calibration can be defined as the degree to which a student’s subjective judgment of 

their performance in or understanding of a particular domain accurately reflects their actual 

performance or understanding level (Alexander, 2013). Students who can accurately judge their 

performance are deemed to possess a high calibration level, while poor levels are often 

characterized by over- or underconfidence in their abilities (Tobler & Kapur, 2023). Empirical 

research by Zhao and Ye (2020) found that higher calibration accuracy resulted in improved 

assignment performance, as well as students spending less time on online assignments. However, 

students may require instructional scaffolding through strategies such as reflective questions and 
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self-assessment prompts to activate their metacognition in a BLE (Anthonysamy, 2021; Tuononen et 

al., 2023; ElSayad, 2024). 

Metacognitive calibration is associated with several SRL processes. Hacker and Bol (2019) 

have based their analysis on the three cyclical phases of Zimmerman’s model of SRL (Zimmerman, 

2008): forethought, performance, and self-reflection. Related to forethought, the associated 

subprocess is task analysis. They state that calibration is a type of task analysis where students are 

asked to predict their performance on a task. In the performance phase, self-observation is most 

closely associated with calibration. Self-observation refers to monitoring the performance of the 

task. And, lastly, in self-reflection, the subprocess most closely related to calibration is self-

evaluation. This provides evidence of how well the student has performed after completing a task.  

Methodology 

Research design 
This study employed a design-based research approach to address the challenges identified in the 

Heat Transfer course. The educational design research (EDR) methodology by McKenney and Reeves 

(2018) was chosen to structure the research process along three phases: Analysis and Exploration, 

Design and Construction, and Evaluation and reflection (see Figure 3). A part of a macro-cycle was 

completed, with only single micro-cycles for the first two phases. In the Design and Construction 

phase, a prototype for an intervention was constructed. Due to the project’s time constraints, an 

evaluation plan was proposed but not executed. The following subsections describe each phase’s 

activities and outputs in more detail. 

Figure 3 

A Generic Model for Conducting Educational Design Research (McKenney & Reeves, 2018) 
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Phase 1: Analysis and Exploration 

In the Analysis stage, field-based investigation was conducted to clarify the SRL challenges of Heat 

Transfer students. Two methods were used: (1) document analysis to analyse course materials 

(Course reader, manual, HeatQuiz, and Canvas) that may identify existing SRL and scaffolding 

mechanisms or a lack thereof, and (2) semi-structured interviews with diverse stakeholders 

(students, teachers, and TAs) to explore SRL challenges from different perspectives.  

In the Exploration stage, similar problems and their solutions were explored to further 

contextualize the issues in the Heat Transfer course. This was done through (1) a regular panel of 

experts from the UT, and (2) interviews with teachers from alternative, but related, course contexts. 

Both sources provided experiences and expertise that developed a more nuanced perspective and 

inspired design ideas. 

The outputs included a revised problem statement, long-range goals, partial design 

requirements, and initial design propositions that informed the Design and Construction phase. 

Phase 2: Design and Construction 

In the Design stage, ideation was performed to generate potential solutions to the challenges 

identified in the previous phase. Solutions were brainstormed, evaluated against partial design 

requirements, and refined with input from the expert panel. Through a weighted ranking matrix and 

SRL analysis, an intervention was selected for construction. Design requirements and propositions 

were refined to better guide construction. 

In the Construction stage, detailed design specifications from the Design stage were used to 

develop a functional prototype of the selected intervention. This ensured that it aligned with SRL 

theory and accurately addressed the identified challenges. 

The outputs included finalized design requirements and propositions, detailed design 

specifications, and a prototype of the intervention. 

Phase 3: Evaluation and Reflection 

Due to time constraints, none of the stages in this phase were conducted. Instead, an evaluation plan 

was proposed. A beta test in the form of a tryout was suggested given to empirically test out the 

prototype in a real-world setting and iteratively refine it based on feedback from student, teacher 

and TA feedback. 

Analysis & Exploration 

The Analysis and Exploration phase used two qualitative research methods to clarify the SRL 

challenges of Heat Transfer students: document analysis and semi-interviews. 
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Document Analysis 
Document analysis was conducted on existing course materials to gain insight into SRL mechanisms 

within the Heat Transfer course. The primary research question was: “To what extent does the Heat 

Transfer curriculum support blended learning, SRL and metacognitive calibration?”. This was 

subdivided into two secondary questions: (1) “How is the current curriculum of the Heat Transfer 

course structured?” and (2) “To what extent do the materials support blended learning, SRL, and 

metacognitive calibration?”. 

Three objectives were defined to guide this document analysis. Firstly, to determine if there 

are existing support mechanisms that facilitate SRL processes such as planning, monitoring, and self-

reflection (Zimmerman, 2008). Secondly, to evaluate if the course design provides students with 

opportunities to engage in metacognitive calibration processes such as task analysis, self-

observation, and self-evaluation (Hacker & Bol, 2019). And lastly, to reveal learning gaps that may 

hinder SRL processes and metacognitive calibration (Van Laer & Elen, 2017).  

Procedure 

The document analysis was conducted following the qualitative content analysis framework by 

Mayring (2014). First, research objectives were defined to guide the analysis process and align with 

the overall study aims. Then, a set of inclusion criteria was formulated to ensure the selection of 

relevant documents. Relevant documents were systematically gathered with support from the Heat 

Transfer project leader. Next, coding schemes were developed iteratively. Initial categories were 

derived from the research objectives and theoretical framework, while additional categories 

emerged from preliminary reviews of the documents. Subsequently, the coding schemes were used 

to carefully analyse and code the documents. Finally, the coded data and emergent themes were 

synthesized to address the research questions. 

Formulation of inclusion criteria 

The following inclusion criteria were formulated to identify relevant documents: (1) directly related 

to the Heat Transfer course, (2) a paper or multimedia (such as a website) source, and (3) no older 

than two years. These criteria ensure that the documents are relevant to the research context and 

can shed light on the potential issues students face in the Heat Transfer course.  

Selection of relevant documents 

The chosen documents (nd = 4) were the Heat Transfer course manual, the course reader, the 

learning management system Canvas, and the HeatQuiz platform. These resources satisfy the 

inclusion criteria and form a coherent picture of the course contents. 

Firstly, the Heat Transfer course manual introduces the course. It describes the course’s 

structure, learning resources, and important procedures students should be aware of at the start of 
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the course. Secondly, the Heat Transfer course reader contains the essential content that students 

are required to learn during the Heat Transfer course. It includes all learning goals, explanatory 

materials, and exercises related to the various components of the course. Thirdly, the Canvas 

environment provides students with communication about the curriculum, assignments, and other 

important events. It includes a forum that students can use to interact with teachers and TAs. Finally, 

the HeatQuiz platform is an online environment that allows students to self-sufficiently navigate the 

course materials. It includes interactive quizzes, micro-lectures, and homework tasks, structured 

along a visualized learning pathway. 

Development of coding scheme 

Coding schemes were developed to align with the analysis objectives and are based on three 

theoretical models. To start, the cyclical model by Zimmerman (2008), insights from Hacker and Bol 

(2019), and the blended learning theory by Van Laer and Elen (2017) were utilized to develop 

categories based on their theoretical components. At times, they were explicitly derived from the 

theoretical models, in others, they were based on the researcher’s interpretation. Afterward, the 

codes were elaborated upon through a formal definition that aligns with its theoretical foundation, 

as well as specifying coding rules that specify when and how to apply each code. 

A two-tiered scheme was developed to separate design analysis and content analysis. The 

scheme for design analysis focused on educational design and how the course is built up, in theory. 

In this case, fragments were selected based on the presence of any educational design principle in 

the document. For example, if there is mention of a design element related to the code “time 

management”, it would suffice for being coded as such.  

The scheme for content analysis, on the other hand, focuses on the implicit design principles 

underlying the educational content and what is present in practice. Here, fragments are selected 

based on whether an element is present and actively stimulates learning behaviour. For example, if a 

“reflective prompt” is included, this would imply the presence of the SRL-related concept of “self-

reflection” and that it serves to stimulate the associated learning behaviour. An overview of the 

design and content coding schemes can be found in Appendix A and B, respectively. 

Document analysis 

The analysis process for each document followed a similar structure. To start, the original purpose of 

the document was described. Next, the document was analysed using the appropriate coding 

scheme. A codebook was developed to document occurrences of codes. Subsequently, results 

derived from analysing the codebook were described. A summary of the codes and their occurrence 

per document can be seen in Table 1. The complete codebook, including codes for each document 

specifically, can be found in Appendix B. 
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Table 1 

Summary of Codes Across All Documents 

Theory Category Code Documents  

 Course 

Manual 

Course 

Reader 

Canvas HeatQuiz Total 

Self-regulated learning Forethought Task prioritization 1 1 - 1 3 

Time management 3 - - - 3 

Concept structuring - 2 - 1 3 

Performance Assessment 3 - - - 3 

Progress tracking 2 - - - 2 

Comprehension checking - 1 1 1 3 

Active engagement - 1 2 1 4 

Self-reflection Error analysis 1 - - - 1 

Self-assessment 1 - - - 1 

Reflective prompts - - - - 0 

Metacognitive calibration Judgment of learning Learning strategy 

evaluation 

2 - - - 2 

Confidence rating - - - - 0 

Pre-task prediction Predicting understanding - - - - 0 

Estimating difficulty - - - - 0 
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Performance feedback Immediate feedback 1 - - - 1 

Detailed feedback 1 - - - 1 

Learning strategy 

adjustment 

Reattempting tasks 1 - - - 1 

Feedback integration 1 - - - 1 

Self-observation Reviewing 

misunderstandings 

- - - - 0 

Post-task reflection Calibration reflection - - - - 0 

Blended learning Online Self-paced learning 2 - - - 1 

Online resources 1 1 1 1 4 

In-person Instructor-led learning 1 - - - 1 

Collaborative learning 1 - - - 1 

Blended Activity integration 1 1 1 - 3 

Cross-modality 

reinforcement 

1 1 - 1 3 
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Document: Course manual 

The Heat Transfer course manual provides an overview of the course components and guides 

students through course materials, assignments, and strategies for engaging with both online and in-

class activities. As this document covers the educational design of the course, it was analysed using 

the coding scheme for design analysis. Text excerpts were taken whenever a coding rule fit the 

description. The results are found in Appendix B1. 

 The manual supports 11 out of the 12 codes, with only no support for the “confidence 

rating” code. This suggests that the educational design, at least in theory, supports SRL, 

metacognitive calibration, and blended learning.  

Three additional observations were made. Firstly, the document presents a comprehensive 

overview of the educational design in a predominantly textual fashion. There is a lot of information 

to take in, which raises the question of to what degree students can fully comprehend its contents 

without additional support. Tracking of usage and perceived clarity could prove insightful. 

A second observation is that the HeatQuiz platform allows students to track their progress if 

they provide their student number whenever using the tool. The manual states that progress will be 

kept track of, but not to what degree students can gain insight into it. This insight could promote SRL 

and metacognitive calibration through performance and progress feedback triggering reflection 

behaviour. 

A last observation is that the manual does not strongly incorporate error analysis or self-

assessment opportunities in its design. These opportunities are important for triggering reflection as 

a key part of metacognitive calibration, and the lack of these components might hinder students 

from effectively improving their learning strategies. 

In sum, the course manual appears to promote SRL, metacognitive calibration, and blended 

learning concepts. However, it does raise the question of to what extent these concepts are 

sufficiently and adequately applied throughout the course, as well as to what extent students read 

the manual and understand it. A general learning strategy is provided. However, this may not be 

supported in practice. 

Document: Course reader 

The Heat Transfer course reader provides an overview of the complete learning content for the Heat 

Transfer course. It details the key concepts, principles, and practical applications of different aspects 

of heat transfer, such as conduction, convection, and radiation. It offers theoretical explanations 

alongside practical exercises to reinforce understanding.  
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As the reader consists of more than 300 pages, the choice was made to analyse two out of 

the five sections (“Part I: Introduction to Heat Transfer” and “Part II: Conduction”). The underlying 

assumption is that the structure and layout of the other sections remain the same. Considering that 

this document communicates primarily theoretical content, the coding scheme for content analysis 

(see Appendix A2) was used. To ensure the analysis captures both explicit and implicit information 

related to the coding scheme, textual, structural, and visual elements are considered. The results are 

described in Appendix B2. 

As seen in Appendix B2, the course reader supports seven out of the 12 codes drawn from 

the SRL, metacognitive calibration, and blended learning theories. They are mainly SRL-related 

elements, like task prioritization and concept structuring, and place emphasis on forethought and 

performance phases of the model by Zimmerman (2008). Elements related to self-reflection, 

however, are missing. 100% of the blended learning-related codes, like activity integration or cross-

modality reinforcement, are supported at a basic level. 

Based on the document analysis, several additional observations can be made. Firstly, there 

are very few exercises mixed in with the content. At the end of most sections, there is a reference to 

a HeatQuiz quiz. There also is an exercises section per topic at the end of the book, however, it is not 

obvious how they would fit into the learning path when using the reader.  

Secondly, there is a noticeable lack of reflective prompts to help students assess their 

understanding. This refers to prompts that both ask students to articulate their thoughts before 

engaging with new material and reflect on their performance after completing an exercise.  

Thirdly, there is limited cross-modality reinforcement within the reader. The integration of 

QR codes for HeatQuiz quizzes, micro-lectures, and slides is there, but it might not always be evident 

what the best order of accessing should be. The title of the learning goals section links to the slides, 

but that is not visually made explicit. The QR codes are placed next to some of the text, but it is not 

made explicit where these will lead or when students should engage with them. 

In sum, the course reader does well in supporting the initial two phases of SRL, through 

concept structuring, task prioritization, and encouraging active engagement. However, the design 

lacks sufficient elements supported by metacognitive calibration concepts to help students monitor 

and adjust their understanding. It also lacks sufficient integration between activities that provide 

cross-modality reinforcement and scaffolding in their learning process. 

Document: Canvas 

The Canvas website is a learning management system that helps students navigate all learning 

activities, materials, and communications about the Heat Transfer course. It also provides them with 

the ability to ask questions or mention any curriculum irregularities in the discussion forums.  
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The relevant sections of the Canvas website that have been analysed were (1) the homepage, 

(2) announcements, (3) modules, and (4) discussion pages. The homepage provides an overview of 

the most important communications necessary to start the course. The announcements page 

includes all teacher-student communication. The modules page comprises all the materials and 

hyperlinks to pages that provide further detail on the curriculum contents. And, lastly, the 

discussions page consists of various threads teachers and students have made regarding technical, 

organizational, and content issues. Screenshots from the Canvas website can be found in Appendix C.  

In Appendix B3, the codebook of the Canvas website is shown. Given that the website mainly 

communicates content, the coding scheme for content analysis (see Appendix A2) was used. To 

ensure the analysis captures both explicit and implicit information related to the coding scheme, 

textual, structural, and visual elements are considered. 

The Canvas website only supports four out of the 12 codes. “Active engagement” through 

HeatQuiz is encouraged, and the website offers a variety of online resources for self-paced learning. 

However, other elements related to SRL, or metacognitive calibration are entirely lacking. This may 

be due to the limitations of the Canvas platform or the function of it might be solely to communicate 

course contents. 

A few other observations were made. To start, the Canvas environment does not seem to 

provide explicit guidance on how to best prioritize tasks and engage with the learning materials. 

Instead, it offers the materials and important communications, with the seemingly implicit 

expectation that students know what to do. This may ask a high level of SRL behaviour from students 

from the start, which risks leaving those who have underdeveloped SRL skills without guidance.  

Next, the “discussion” section is used to clarify understanding about concepts. The pattern of 

communication is “student asks a question, and the TA answers” and then the communication stops. 

From these brief exchanges it is not apparent whether students have improved in their 

understanding, as there is no prompt to review their misunderstandings or reflect on their accurate 

comprehension. 

Last, Canvas has a page that offers practice exams and solutions. The context provided is that 

these exercises represent the exam level, however, the page does not provide further context on 

what learning strategies to employ to make best use of them. Moreover, the solutions provided 

elaborate on the correct answer but do not incorporate prompts to reflect or review 

misunderstandings.  

In sum, it appears that Canvas is used mainly as a centralized location for online sources. It 

inherently does not provide much support for the facilitation of SRL process, which may make 

optimal use of this challenging for those already weak in this area. 
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Document: HeatQuiz 

HeatQuiz is an online platform designed by the University of Twente to provide students with an 

interactive way to learn Heat Transfer concepts. The main feature is the offering of visualized 

learning paths (see Figure 4) that include micro-lectures, interactive quizzes, and PowerPoint slides. 

 

Figure 4 

Conduction Learning Path on HeatQuiz 

 
 

The elements of the platform that have been analysed are (1) the dashboard, (2) the 

visualized learning paths, (3) the popup with links to the quiz, video lecture, and slides, (4) the 

comprehension quizzes and answers, and (5) the time-based quizzes and answers. As the platform 

provides content, the coding scheme for content analysis (see Appendix A2) was used. The results 

from the analysis are found in Appendix B4. Additional screenshots from the HeatQuiz website can 

be found in Appendix D. 
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Based on the results of the document analysis, HeatQuiz supports six out of the 12 codes. 

These are primarily SRL-related, with a focus on the planning and self-reflection phase (Zimmerman, 

2008) through codes like task prioritization and comprehension checking. Two codes are blended 

learning-related, with a focus mainly on online learning. 

Several additional observations can be made. Firstly, the platform does not appear to 

incorporate features that stimulate metacognitive calibration. For example, there are no explicit 

prompts to estimate task difficulty, predict understanding, or reflect on the accuracy of their 

performance after completing tasks. While feedback for incorrect answers is provided, it does not 

guide students in comparing their expectations to their actual outcomes This is an important part in 

supporting students to adapt their learning strategy (Hacker & Bol, 2019). 

Secondly, HeatQuiz offers little regarding blended learning. While digital resources like 

quizzes, micro-lectures, and slides are provided, there are no prompts suggesting that students refer 

to offline materials, like the course reader, or engage in activities that require physical participation. 

As a result, there is no reference to how these online activities may complement or connect with in-

class activities. This raises the question of to what extent this may affect student motivation for 

joining offline sessions. 

 

Figure 5 

Quiz Feedback on HeatQuiz 
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Thirdly, the feedback given after answering quiz questions appears to focus only on 

explaining the correct answer (see Figure 5). It would also be useful to explain incorrect answers, as 

this could help students reflect on their underlying assumptions or misunderstandings of certain 

concepts. Especially when combined with a prompt to self-reflect, this could help students review 

their misunderstandings and improve their mastery of the material. 

In sum, HeatQuiz promotes self-paced learning through visualized learning paths and active 

engagement with interactive quizzes. However, it lacks in promoting self-reflection and providing 

detailed feedback on performance. It also lacks any integration with other materials provided in the 

course, whether that’s the course reader or in-person sessions. 

Addressing the research questions 

RQ1.1: How is the current curriculum of the Heat Transfer course structured? 

The Heat Transfer course curriculum is structured around a blended learning model that 

combines online and in-person components. The course manual describes a flipped classroom design 

that encourages students to engage in online self-paced learning through the course reader and 

HeatQuiz, and in-person sessions through weekly tutorials that reinforce learning. The course reader 

provides theoretical content and exercises at the end of the book to help students study self-

sufficiently. Canvas provides a centralized platform for accessing course materials and a discussion 

forum students can use to ask their questions to teachers and TAs directly. HeatQuiz functions as an 

interactive platform with visualized learning paths, video lectures, and quizzes to reinforce 

understanding.  
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RQ1.2: To what extent do the materials support blended learning, SRL, and metacognitive 

calibration? 

After analysing the documents, it can be said that the course materials provide partial support for 

blended learning and SRL but none for metacognitive calibration. Concerning blended learning, the 

support for online, self-paced learning elements like HeatQuiz, course reader, and Canvas was 

strong. However, there were no documents found describing the content of the offline activities, nor 

any references from the documents to offline activities. Therefore, it was not possible to map out the 

integration between online and offline activities.  

Regarding SRL, the materials focus mainly on the forethought phase. For example, HeatQuiz 

offers visualized learning paths, video lectures, and interactive quizzes that help students structure 

and prioritize their study load. This is complemented by the course reader, which linearly presents 

theoretical content. The performance phase, however, was less supported. For example, the 

exercises in the reader were put at the end, without any guidance on how to best approach them. 

The same could be said of the old exams on Canvas, which were uploaded including the solutions. 

This leads to the SRL aspect that was least supported: self-reflection. This aspect was only mentioned 

briefly in the manual, and in passing through the mention of learning objectives at the beginning of 

each chapter in the course reader. Neither the exercises nor the old exams appear to include 

elements that promote self-reflection. 

Regarding metacognitive calibration, a similar logic as for the self-reflection aspect of the SRL 

could be applied. Although there are some comprehension questions in the course reader, they do 

not sufficiently prompt students to reflect and change their learning strategies based on their current 

understanding. This is exacerbated by the lack of detailed feedback mechanisms. HeatQuiz quizzes 

provide superficial feedback on single-step exercises but do not prompt students to reflect on the 

gap between their perceived and actual understanding. 

Semi-Structured Interviews 
Semi-structured interviews have been conducted to understand students’ SRL behaviors through the 

perspective of various stakeholders' perceptions.  The primary research question was: “To what 

extent do students engage in SRL and metacognitive calibration in the Heat Transfer course?”. 

Procedure 

The interviewing procedure followed several steps. To start, a request for ethical approval from the 

Ethics Committee of Humanities and Social Sciences of Twente University was submitted to ensure 

the protection of respondents’ rights (see Appendix G). After receiving approval, an informed 

consent form with an information sheet describing the study in further detail (see Appendix H), and 
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interview guides for each of the three different stakeholders were produced (see Appendix I) by the 

researcher to ensure that participants were fully informed of the topic of the research study and 

their data privacy rights. After the interviews, three coding schemes were developed (see Appendix 

J). Each scheme is tailored to a particular stakeholder: student, teacher, or TA. This was done to 

capture different perspectives on student challenges with SRL processes in the Heat Transfer within 

the context of the mentioned theoretical models. 

Afterward, the researcher approached potential respondents directly via email, via the 

announcement page in the Canvas platform, and indirectly through members of the project team 

with a request to participate in an interview. An informed consent form was developed to ensure 

that participants were fully aware of the nature of their involvement in this research study. The 

informed consent form and information sheet were attached to these messages. Interested 

participants were followed up with via email to schedule an interview. The interviews were held 

online in a Microsoft Teams environment. These were audio-recorded with permission from the 

participants. After the interviews, the recordings were transcribed and sent to participants for 

verification that any personally identifiable information was removed. 

Respondents 

A stratified purposive sampling technique was used to “capture major variations rather than identify 

a common core, although the latter may also emerge in the analysis” (Palinkas et al., 2015, p. 1). 

Three strata have been identified to be relevant to the study: teachers, TAs, and students. Each can 

provide insight into the learning dynamics within the scope of the Heat Transfer course and shed 

light on the SRL challenges that students may face. 

Teachers were sourced from the University of Twente. To qualify for the interview, teachers 

must have (1) at least one year of experience teaching the Heat Transfer course, (2) six months of 

using the HeatQuiz platform to deliver curriculum materials, and (3) taught at least one complete 

course from start to finish using HeatQuiz as a teaching aid to be included in the sample. 

TAs were sourced from the University of Twente. To qualify for the interview, TAs must have 

(1) at least six months of experience supporting students in the Heat Transfer course and (2) directly 

interacted with students throughout the entire course to be included in the sample. 

Students were sourced from the University of Twente. To qualify, students must (1) have 

taken the Heat Transfer course at least once, (2) have completed at least one semester in a BLE, and 

(3) be willing to reflect on their SRL experiences to be included in the sample. 

A sample size of 11 (n = 11) was reached, spread among teachers (nt = 3), TAs (na = 2), and 

students (ns = 6) to gain insight into the perspectives of various stakeholders, with explicit emphasis 
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on students’ experiences. The inclusion criteria were used in the recruitment process. No distinction 

was made between gender, age, or experience level. 

Instruments 

In preparation for the interviews, interview guides were developed. After transcribing the interviews, 

coding schemes were developed. 

Interview guides 

Interview guides have been developed to address the perspectives of the three identified strata: 

students, teachers, and TAs (see Appendices J1, J2, and J3, respectively). The initial orientation, 

theoretical framework, and document analysis results informed the questions. Each guide follows the 

same structure, with questions adapted to better fit the context of the stratum.  

Four categories of questions have been formulated: current experience, SRL, HeatQuiz, and 

feedback. Each guide begins with questions about current experiences, which provide a baseline 

understanding of the respondents’ experience with the Heat Transfer course. For students, this 

involves their overall experience, including aspects they find challenging. For teachers and TAs, it 

involves how the blended learning model has influenced their roles. This may open further questions 

about perceived obstacles and specific examples of changes in student performance. 

Questions on SRL are included to directly address the research question, based on concepts 

defined in the theoretical framework such as metacognitive calibration and Zimmerman’s cyclical 

model of SRL. Students are asked how they manage their learning processes and assess their 

understanding of the course content. Teachers and TAs are asked about their observations of 

students’ SRL practices, and the strategies used to help students monitor their progress. This may 

shed light on their study habits and the role of self-reflection in adapting learning strategies. 

Questions about HeatQuiz examine its role in supporting learning and teaching. Students are 

asked about the features they find most useful, and uncertainties related to managing their learning 

process and how they address them. Teachers and TAs are asked how they incorporate and engage 

with the platform. This may help identify useful and problematic features. 

Finally, questions about feedback solicit actionable insights for improving both the HeatQuiz 

platform and the Heat Transfer course. These will help during the design and construction phase. 

Coding schemes 

Coding schemes were developed to align with the analysis objectives and are based on three 

theoretical models. Firstly, the cyclical model by Zimmerman (2008) was utilized to develop codes for 

elements related to SRL. Next, the insights by Hacker and Bol (2019) were taken to develop codes for 

metacognitive calibration. Lastly, Van Laer and Elen (2017) on blended learning was used to develop 

codes for the blended learning components. These have been distilled into a category system that 
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includes categories and subcategories, the latter of which will be utilized as the codes during analysis. 

The coding schemes were, like during document analysis, developed using the guidelines posed by 

Mayring (2014). 

Interview analysis 

The analysis process of the transcripts for each stratum (student, teacher, or TA) followed the same 

process. To start, each transcript was analysed using the appropriate coding scheme. A code was 

applied when it fit the associated coding rules. Next, results derived from analysing the codebook 

were described. An overview of the application of the codes per stratum can be seen in Appendix J. 

The complete codebook, including codes for each interview specifically, can be found in Appendix K. 

Interview results 

Students 

A total of six students (ns = 6) were interviewed individually. This was done in an online setting. The 

resulting interview transcripts were analysed with a dedicated coding scheme (see Appendix J1). 

Several insights can be gained from the thematic content analysis. Firstly, five out of six 

students complained about the lack of guidance on how to approach the exercises in the course. 

They found the course materials, including the HeatQuiz platform, lacking in explaining the steps 

involved in handling multi-step problems. For example, one student mentioned how answer keys 

simply provided the final solution, without explaining the reasoning underlying the solutions. 

Similarly, another expressed frustration with the lack of clear steps or a "recipe" for solving 

problems. Also, the course reader was mentioned as something that could benefit more from 

including explanations on the "proper way of thinking" about heat transfer. 

Secondly, four out of six students expressed a preference for a more traditional learning 

format. More specifically, they mentioned a desire for more in-person sessions over self-study with 

the reader or using HeatQuiz. For example, one student argued for the structure and accountability 

that in-person sessions could provide. Another imagined it to be more valuable to observe the 

instructor's problem-solving approach in real-time, rather than watching pre-recorded lectures. 

Making the in-person sessions mandatory was also mentioned so that students would have to work 

on assignments in groups. According to them, this could lead to valuable opportunities for 

interaction and knowledge sharing, 

Thirdly, five out of six students voiced concerns about the bonus point system in facilitating 

meaningful learning. For example, two students argued that the incentive of bonus points 

encourages some students to prioritize memorizing answers over genuinely understanding the 

concepts and should, therefore, be removed from the course. In contrast, two different students 

noted that the bonus points motivated them to attend tutorials and engage with HeatQuiz. However, 
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they did mention that this led to students memorizing HeatQuiz questions and answers, rather than 

deep understanding of the concepts. 

And, lastly, all students found the HeatQuiz platform lacking in one way or another. For 

example, two students explicitly stated they found the platform hard to use, from a usability 

perspective. One felt that the quizzes in HeatQuiz lacked detailed explanations on the correct and 

incorrect answers after each question, as opposed to ThermalQuiz. Two different students primarily 

used HeatQuiz for the bonus points but did not find it particularly helpful for learning. 

In sum, the major themes that emerged from the student interviews are (1) a lack of 

guidance in learning how to approach exercises in the course, (2) a preference for more in-person 

sessions, (3) a general dislike of the bonus point system due to it preventing students from engaging 

in meaningful learning, and (4) various perceived shortcomings of HeatQuiz. 

Teachers 

A total of three teachers (nt = 3) were interviewed individually. This was also done in an online 

setting. The resulting interview transcripts were analysed with a dedicated coding scheme (see 

Appendix J2). 

The following insights were gained from these interviews. Firstly, two out of three teachers 

claim procrastination is a significant factor contributing to poor performance in the course. One 

teacher observed that many students delay studying until just before the exam. Another, similarly, 

observes that students often underestimate the time and effort required to master the concepts and 

attempt to "cram it in the last week". While the last teacher did not mention procrastination, they 

did note that the most successful students consistently engage with the material throughout the 

course. 

Secondly, two out of three teachers expressed concerns about students relying too heavily 

on the knowledge quizzes on HeatQuiz as a measure of exam preparedness. They observed that 

students prioritize memorizing HeatQuiz questions without engaging with more exam-level 

problems. This seems predominantly motivated by the bonus point system. One teacher argued this 

may lead students to develop a false sense of confidence about their level of understanding and 

ability to solve problems. Similarly, another emphasized that HeatQuiz serves best as a 

supplementary tool for reinforcing concepts after engaging with the primary learning materials, 

however, students may not use it as such. 

And lastly, all teachers agree that students often do not focus on complex problem-solving 

tasks that reflect the exam’s demands. Two teachers structure their tutorials to prioritize problem-

solving to provide students with opportunities to practice. However, they mention that attendance is 

often low so many students may miss out on this. Moreover, one teacher adds that some students 
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might still be weak in foundational knowledge like energy balances that are necessary to solve heat 

transfer problems. This widens the gap between student understanding and exam requirements.  

In conclusion, teachers indicate various factors that contribute to a gap between student 

understanding and exam requirements. To start, with the freedom to manage their studies, students 

tend to procrastinate their efforts until the last weeks of the course. Next, students may focus their 

efforts too much on HeatQuiz questions as a measure of exam preparedness. And finally, students 

may not spend enough time developing complex problem-solving skills they need to pass the exam. 

Teaching assistants 

A total of two TAs (nta = 3) were interviewed individually. This was also done in an online setting. The 

resulting interview transcripts were analysed with a dedicated coding scheme (see Appendix J3). 

The following observations were made. Firstly, both TAs reported little student interaction. If 

it did occur, it was mainly during the tutorials and, occasionally, during the online forums on Canvas. 

One TA observed that many students came to the tutorials unprepared but still opted to work 

independently on exercises. When necessary, the minority would ask for help. This was corroborated 

by the other TA, who estimated that only around 10% of students actively reached out for help. 

Interactions focused mainly on clarifying learning tasks or addressing fundamental questions related 

to those tasks. 

Secondly, both TAs observed a significant portion of students delaying their studies until the 

end of the course. One TA noted that students often postpone due to prioritizing other 

commitments. They mentioned that the project, especially, has more immediate deadlines that 

require students to keep up. The other adds that the readily available resources in HeatQuiz may 

cause a false sense of security that students can start learning at any point. As a result, many 

students attempt to catch up on the material in the final weeks. 

Thirdly, both TAs argue that the bonus point system negatively impacts students’ ability to 

master the course content. The first TA suggested that, while the bonus point system could 

encourage participation in the tutorials or using HeatQuiz, students might prioritize memorizing 

answers or completing tasks for the sake of earning bonus points. This is echoed by the second TA, 

who argues that the bonus points focus students’ attention on the smaller exercises in HeatQuiz 

instead of the more complex problems in the course reader. This may lead to students believing that 

the materials on HeatQuiz are sufficient for developing the knowledge and skills to face the exam. 

In summary, the TAs generally noticed an attitude toward learning in students that lowers 

their chances of passing the course. They argue this is, firstly, due to students not asking for help 

during tutorials or outside. Secondly, students postpone their studies due to other commitments or a 

false sense of security through resources being readily available online. Lastly, the bonus point 
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system may direct students to learn more superficially as they focus on memorization of HeatQuiz 

questions rather than developing the ability to do complex problem-solving. 

Addressing the research questions 

RQ2.1: How do students engage in SRL behaviour? 

Regarding the forethought phase, students appeared to face difficulties in effectively planning their 

studies. Teachers and TAs observed that most students tend to procrastinate their studying until the 

final weeks before the exam. Students reflected this indirectly, by mentioned that the study load was 

heavy or that the course lacked guidance. This resulted, in part, in a focus on one specific resource to 

be used as the primary learning tool, such as the reader or HeatQuiz, with the high chance of missing 

out on essential learning gained from other modalities. The bonus point system negatively influenced 

this process, as it pushed students to prioritize earning bonus points in the short-term rather than 

deeply understanding the key concepts and developing multi-step problem-solving skills. This could 

indicate that students are challenged in effectively planning their studying. 

Regarding performance, students appeared to rarely evaluate if their study habits align with 

actual understanding. They frequently used HeatQuiz as their primary tool for measuring their 

understanding, despite its focus on single-step exercises and superficial feedback. Teachers observed 

that this may cause a false sense of mastery and, in turn, reduced engagement more exam-like 

problems found in the reader or old exams. Furthermore, TAs mentioned that only a small 

percentage of students actively asked questions or sought clarification regarding their 

understanding, either during in-person sessions or via the discussion forums. This could indicate that 

many students miss out on opportunities to monitor and adjust their approaches effectively. 

Regarding self-reflection, students appeared to rarely reflect during their studying. There was 

a tendency for students to externalize the blame for the experienced difficulties onto a perceived 

lack of guidance, heavy workload, or unclear resources. In contrast, both teachers and TAs observed 

that students often appeared unprepared and tended to procrastinate their studying until the last 

moment. This could indicate that students are not sufficiently supported in reflecting on their actions 

and how it compares with learning outcomes.  

 

RQ2.2: How do students engage in metacognitive calibration? 

Students very rarely engaged in metacognitive calibration, and this could be due to several reasons. 

Firstly, students mentioned a tendency to procrastinate their studying until the final weeks of the 

course. The TAs believed that readily available online resources gave students a false sense of 

security. However, this behaviour reduced the number of available opportunities for metacognitive 
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calibration and strategy adjustment until it was too late. Teachers mentioned that the low 

attendance to in-person sessions prevented students from receiving feedback on their progress, 

which could have been a trigger for learning strategy adjustment.  

Secondly, students argued they received insufficient detailed feedback and guidance on how 

to solve multi-step problems. This made it challenging for them to know what to change in their 

learning approach. Teachers, however, noted that the lack of engagement with these complex 

problems was the major reason why students didn’t receive the feedback they need to adjust their 

learning strategies. Furthermore, TAs observed that most students came to tutorials unprepared and 

rarely asked for feedback, in favour of working on simpler tasks from previous weeks. Compounded 

with the tendency to procrastinate, students may experience a pressure to catch up rather than 

focusing on learning in the most effective way. 

Lastly, most students admitted to focusing on memorizing answers for bonus points rather 

than analysing their performance and change learning strategies if they were ineffective. Both 

teachers and TAs observed this behaviour and argued that many students perceive HeatQuiz quizzes 

as a valid proxy for exam preparedness, even though they discourage this.  

Exploration 
Alongside the Analysis activities, other perspectives on similar situations have been explored to 

construct a richer understanding of the challenges found in the Heat Transfer course. These 

perspectives came from two sources: (1) a panel of experts from the University of Twente, and (2) 

two teachers who have taught courses with a similar educational design. 

 The researcher met the panel of experts monthly to reflect on the research process. They 

provided their expertise in online learning environments, SRL, and uncertainty management to clarify 

findings from the field-based investigation.  

 Two teachers from alternate, but related course contexts have also been interviews. One 

teacher taught a course with a similar design, but different topic (Thermodynamics). The other 

teacher taught the Heat Transfer course at RWTH Aachen University, in a longer format (one 

semester instead of 10 weeks). 

 Observations from these Exploration activities have been incorporated in the Analysis 

activities and have influenced the synthesis of the Analysis & Exploration phase. 

Synthesis 
The Analysis & Exploration activities have led to four products: a refined problem statement, long-

range goals, partial design requirements, and initial design propositions. These served as inputs for 

the next EDR phase. 
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Revised problem statement 

As mentioned in the initial orientation to the research context, many students in the Heat Transfer 

course faced difficulties passing. Factors such as lack of motivation, ineffective time management, 

and low attendance in in-person classes have been pointed to as the root cause of these challenges. 

It was hypothesized that these behaviours occur due to students' underdeveloped SRL skills, 

particularly in areas such as monitoring and self-assessment.   

Considering the data gathered in the Analysis and Exploration phase, however, this initial 

problem statement is inaccurate and requires revision. What follows are several results that describe 

challenges within the course’s educational design that contribute to the key issue of students having 

difficulty passing the Heat Transfer course. This subsection ends with a revised problem statement.  

Challenge 1: Partial implementation of the flipped classroom model 

The course manual explains that the Heat Transfer course implements a flipped classroom model 

with a balance between self-study and in-class activities. In practice, however, there appears to be a 

partial implementation of the blended learning model, which may pose challenges to students with 

low SRL skills. 

This finding is elaborated through the following observations. The document analysis shows 

that course materials are presented in a way that provides students with complete freedom in their 

preferred study strategy. This is enforced by the policy of in-person sessions being completely 

optional to attend. Therefore, it is possible to take the course up until the exam without ever having 

to step into a lecture hall. It also shows a lack of integration between online and in-class activities. 

For example, the course reader nor HeatQuiz contains any references to in-class activities. The 

teacher interviews indicate that the content for the in-person session may not always be directly 

sourced from the materials. This disconnect may make it difficult for students to estimate the value 

of the sessions and how to best prepare for them. 

On the student level, a desire for more in-person sessions was expressed, while teachers and 

TAs mentioned that attendance rates were often low. When students do attend, they are often 

unprepared and prefer focusing on simpler tasks or revisiting topics from earlier weeks. 

Consequently, they fail to reap the intended benefits of in-person sessions. This indicates various 

SRL-related challenges, such as planning, goal setting, and preparation. 

Challenge 2: Bonus point system leads to superficial learning 

A bonus points system connected to HeatQuiz use was implemented to promote desired learning 

behaviour among students. On the positive end, various students have acknowledged that the bonus 

points were an incentive to engage with HeatQuiz. This helped them stay on track with the course 

schedule, as well as helped them practice with problem sets. However, the bonus point system has 
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mainly led to negative effects on learning. To start, the bonus points led to students being more 

concerned with passing the quizzes to earn points rather than deep understanding. Some students 

mentioned that they felt more encouraged to memorize answers in pursuit of the points.  

Moreover, it was mentioned that it was common for students to pass around answers 

instead of solving questions themselves. This led to students finishing quizzes in a fraction of the time 

it would take if they did it without support. 

Finally, teachers and TAs expressed concerns that the focus on earning bonus points could 

lead to a false sense of mastery and exam preparedness. In their belief, the bonus point system 

encourages students to concentrate on simpler HeatQuiz exercises at the expense of the more 

complex, multi-step problems found in the course reader or in-person sessions. This false sense of 

mastery might especially be true for students who used HeatQuiz as a primary learning tool and did 

not attend any of the in-person sessions.  

Challenge 3: Course design assumes overly high levels of SRL from the start 

The interviews with teachers and TAs indicate a perception of students' SRL skills that does not align 

with students’ SRL skills going into the course. This is also reflected in the course design, as the 

document analysis has shown a lack of built-in SRL support for many elements of the learning 

process. While students with higher levels of SRL skills may face no issues in the Heat Transfer 

course, students with less developed SRL skills may only discover their ineffective learning strategies 

when it is too late. 

The lack of SRL support manifests in several ways. Firstly, students expressed a need for 

more explicit, step-by-step guidance for complex problem-solving. The course reader does describe a 

systematic problem-solving approach throughout the various chapters. However, this could easily be 

missed by students who did not make frequent use of the reader. The only place where students 

could receive this problem-solving guidance was during in-person sessions, which were not attended 

very often. 

Secondly, the course materials lack explicit support for helping students navigate the 

resources and plan their study time. While there are elements (i.e. a checklist per topic in the reader, 

a visualized learning pathway in HeatQuiz) that provide support, they do not help students engage 

deeply enough with the materials to accurately plan, assess, and maintain their learning processes 

(planning, monitoring, self-reflection). Teachers have observed that students procrastinate often and 

spend the final weeks before the exam cramming the materials. TAs mentioned that students often 

struggle with complex problems but did not seek help. Given the course’s low passing rate and the 

accounts of students having difficulties with the course, it can be argued that students require much 

more support to help them regulate their learning. 



   
 

   
 

34 

Finally, the course provides very few feedback mechanisms for students to monitor their 

progress. The two primary mechanisms are quizzes on HeatQuiz and in-person sessions. The quizzes 

on HeatQuiz offer immediate feedback on relatively simple questions but only focus on correctness 

rather than addressing misconceptions or offering strategies for improvement. This prevents 

students from accurately addressing their misunderstanding or changing their learning strategies. 

The in-person sessions provide students with corrective and cognitive feedback. However, the low 

attendance rates suggest that many students miss out on this opportunity. Moreover, TAs mentioned 

that the students who did show up rarely asked them for support and feedback. 

Formulation of a more accurate problem statement 

These insights show a more complete picture of the root causes of students’ underperformance in 

the Heat Transfer course. Initially, factors such as lack of motivation, ineffective time management, 

and low student attendance were thought to be the reasons for students’ underperformance. This 

was attributed to students’ underdeveloped SRL skills. 

However, the results have revealed three different factors associated with student 

underperformance in the course. Firstly, the course design partially implements the flipped 

classroom model and requires a large extent of self-regulation, which may significantly decrease the 

learning effectiveness for students with lower SRL skills. Secondly, the course design incorporates a 

bonus point system that may hinder meaningful learning and incentivize students to learn more 

superficially. Consequently, students gain a false sense of mastery, which may lead to 

underperformance during the exam, especially for students with lower SRL skills. Finally, the course 

design expects a higher level of SRL skills than many students possess coming into the course. This 

was reflected in the attitudes of teachers and TAs, as well as the lack of SRL support built into the 

course design. These three factors contribute to a learning environment where students with low SRL 

skills may face difficulties with engaging effectively with the course materials and, as a result, 

underperform.  

Long-range goals 

A guiding vision for interventions was developed to effectively address the issues mentioned in the 

revised problem statement (see Figure 6). Considering the Heat Transfer course involves various 

challenges, an overarching long-range goal is necessary to capture their essence and ensure 

interventions are designed to follow the same direction. This can then be subdivided into several 

smaller goals that directly address each challenge. It should be noted that the phrasings are 

purposefully kept broad and lacking in measurable criteria to allow for flexibility in the design and 

implementation of various interventions.  
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Figure 6 

Long-Range Goals for the Heat Transfer Course 

 

Partial design requirements  

To operationalize the long-range goals into relevant educational interventions, it is important to 

make explicit what criteria they should abide by based on the freedoms, opportunities, and 

constraints the educational setting of the Heat Transfer course affords. These partial design 

requirements (see Table 2) will guide general design choices and are meant to be refined during the 

design and construction phase.  

 

Table 2 

Partial Design Requirements for Educational Interventions 

Long-range goals 

Primary goal 

“By the end of the Heat Transfer course, students are able to solve complex, multi-step Heat Transfer 

problems through scaffolded SRL support that promotes active engagement with all learning components of 

the course, frequent reflection on feedback, and continuous refinement of their learning strategies to deepen 

understanding and application of complex Heat Transfer concepts and successfully pass the exam.” 

Subgoals per challenge 

Challenge: Partial implementation of the flipped classroom model 

Subgoal 1: “During the Heat Transfer course, students will be able to perceive the value of and effectively 

prepare for in-person sessions through clear guidance on connecting online content and in-person learning 

activities.” 

Challenge: Bonus point system leads to superficial learning 

Subgoal 2: “During the Heat Transfer course, students will be able to progressively develop multi-step 

problem-solving skills that align with exam requirements through scaffolding elements and incentive 

structures that promote a deep understanding of complex concepts and their application.” 

Challenge: Course design assumes overly high levels of SRL 

Subgoal 3: “During the Heat Transfer course, students will be able to frequently identify and reflect on their 

learning gaps and misconceptions after assessments or scaffolded learning activities to adjust their study 

strategies and improve their performance on course assignments and exercises.” 
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These partial design requirements have been formulated to address all the long-range goals. They 

help determine which aspects of the Heat Transfer course can be altered and which cannot. This 

approach ensures that each intervention is developed within the context of student, teacher, TA, and 

university needs. 

Initial design propositions 

Based on the revised problem statement, long-range goals, and partial design requirements, loose 

features of relevant educational interventions can already be offered. These initial design 

propositions seek to make the focus of any interventions more concrete upon which design choices 

can be made during the Design and Construction phase. In Table 3, each partial design requirement is 

translated into a more concrete initial design proposition.  

 

Table 3 

Initial Design Propositions for Educational Interventions 

Freedoms Opportunities Constraints 

Be able to provide multiple 

pathways for learners to engage 

with learning resources. 

Should connect online learning 

content with in-class activities for 

cohesive learning. 

Must progressively reduce 

scaffolding as learners develop 

proficiency by set standards. 

Be able to allow progression 

through problem-solving exercises 

at each student’s own pace. 

Should guide the learning process 

through frequent, detailed, and 

actionable feedback. 

Must align learning activities with 

exam requirements through real-

world scenarios. 

Be able to attempt learning 

activities as many times as needed 

with adequate feedback. 

Should stimulate reflection on 

performance, misconceptions and 

learning strategies. 

Must present a standardized 

approach to scaffolding across all 

learning materials and activities. 

Partial Design Requirement Initial Design Proposition 

DR1: Be able to provide multiple pathways for 

learners to engage with learning resources. 

DP1: The intervention should offer diverse learning 

resources across various modalities to allow learners 

to choose based on their preferences. It should 

provide guidance to ensure all pathways develop the 

necessary knowledge, skills, and attitudes for 

assessment. 

DR2: Be able to allow progression through problem-

solving exercises at each student’s own pace. 

DP2: The intervention should offer self-paced 

problem-solving exercises with progress tracking and 

formative assessments to indicate mastery. It should 

provide adaptive scaffolding (i.e. worked examples) 
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for challenging concepts so learners can focus on 

areas of improvement. 

DR3: Be able to attempt learning activities as many 

times as needed with adequate feedback. 

DP3: The intervention should allow learners to 

attempt learning activities multiple times and 

incorporate formative feedback mechanisms to 

provide actionable guidance to learners. It should 

adapt feedback based on learner performance to 

focus on problem areas.  

DR4: Should connect online learning content with in-

class activities for cohesive learning. 

DP4: The intervention should include resources that 

help learners build a foundation for in-class 

participation, such as providing pre-class readings, 

videos, and practical exercises. It should help 

students see the value and relevancy of attending in-

person sessions and clearly refer or connect to 

those. 

DR5: Should guide the learning process through 

frequent, detailed and actionable feedback. 

DP5: The intervention should provide personalized 

feedback based on performance, with detailed 

explanations of and reasoning behind the correct 

and incorrect answers. It should make explicit 

connections to intended learning outcomes to 

indicate relevancy and importance. 

DR6: Should stimulate reflection on performance, 

misconceptions, and learning strategies. 

DP6: The intervention should stimulate students to 

articulate their thinking to identify misconceptions 

and how to address them. It should include 

reflection prompts or discussion forums to provide 

structured reflection opportunities. 

DR7: Must progressively reduce scaffolding as 

learners develop proficiency by set standards. 

DP7: The intervention offers task types (i.e. worked 

examples, completion, conventional) aligned with 

performance standards transparently communicated 

 via rubrics. It should increase task complexity and 

gradually reduce scaffolding depending on student 

proficiency, with a mechanism for accessing 

additional support when necessary. 

DR8: Must align learning activities with exam 

requirements through real-world scenarios. 

DP8: The intervention should use real-world 

scenarios that mirror professional contexts to 

promote higher-order thinking and be scaffolded 

according to student proficiency levels. It should 
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These initial design propositions were used as a starting point for the design process. They 

aimed to help further focus on improving course materials, feedback mechanisms, and task 

complexity to match students’ proficiency as they go through the Heat Transfer course. 

Design & Construction 

The Design and Construction phase built on the results of the previous phase and aimed to map 

potential solutions to the identified challenges in the Heat Transfer course. This was done in 

collaboration with the project team, mainly the project leader of the Heat Transfer course.  

Design: Exploring solutions 
The following subsections describe the first design process, namely exploring solutions that may 

effectively address the identified challenges in the course.  

Generating ideas 

Various ideas for interventions were generated. The primary method used for generating ideas was 

brainstorming. The researcher did this both alone and in three collaborative sessions with the project 

team. This occurred in various steps. Firstly, the researcher began by generating ideas based on the 

identified challenges, partial design requirements, and initial design propositions. The resulting ideas 

were then brought to the project team in collaborative brainstorming sessions. In each session, the 

researcher presented insights from the Analysis & Exploration phase as well as any generated ideas 

based on them. Project team members provided feedback and suggested alternative ideas when 

relevant. This brainstorming process has led to five ideas that each seek to address one of the three 

identified challenges found in the Heat Transfer course.  

Integrated lesson plans seek to clarify the value of in-person sessions and help students 

better prepare and be able to participate. Incorporating SRL phases into the plans may promote self-

regulation through problem-solving and reflection (Michalsky & Schechter, 2018), especially when 

combined with discovery learning (Sayukti, 2018). This could be in the shape of a standardized 

include reflective prompts, problem-solving 

guidance and detailed feedback. 

DR9: Must present a standardized approach to 

scaffolding across all learning materials and 

activities. 

DP9: The intervention should apply a scaffolding 

framework across all materials and activities that 

clearly defines task types (i.e. analysis, problem-

solving) and levels of support (i.e. worked examples, 

conventional). It should sequence tasks from simple 

to complex and adjust scaffolding levels based on 

formative assessments of student proficiency. 
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document that includes the main takeaways for that week’s material, guiding questions to stimulate 

reflection, details on the session’s content, and how the pre-class materials connect to hands-on 

classwork.  

Guided video walkthroughs help students learn how to solve problems through expert 

demonstrations. Videos that clarify complex concepts and allow for repeated viewing are associated 

with improved motivation and engagement in the learning process (Cheng et al., 2024). They might 

further include guiding questions and reflective prompts to reinforce understanding (Van Alten et al., 

2020). This allows students who do not attend in-person sessions to still benefit from the in-person 

sessions, where teachers often walk through exercises with the class.  

More elaborate feedback would help students more deeply understand their errors and 

associated misconceptions they have about the course content (Enders et al., 2021). When including 

motivational aspects, it may also promote intrinsic motivation (Theobald & Bellhäuser, 2022). 

Feedback could include detailed explanations for both correct and incorrect answers, links to 

relevant resources, and actionable steps to address misconceptions. This can be embedded into 

HeatQuiz’ current quizzes, however, this feedback structure could also be valuable for any other 

assignment students may need to hand in. 

Process worksheets provide a scaffold to stimulate students to actively engage with 

systematic approaches to problem-solving (Widodo et al., 2023). Including prompts in problem-

solving scenarios has been found to effectively develop cognitive structures (Ifenthaler, 2012). These 

could be provided as a tool students can use when doing exercises from the course reader or old 

exam questions. 

Periodic formative assessments seek to provide students with frequent feedback moments 

through low-stakes, mastery-focused exercises. This has been associated with improved 

comprehension and active learning (Aligula, 2024). These assessments would be adapted to students’ 

comprehension level at different points in the course. Students would do these assessments during 

the in-person sessions and discuss their results with peers to discuss problem-solving approaches and 

potential misconceptions. 

Considering ideas 

The five proposed ideas were systematically analysed and compared in a two-step process to 

distinguish their direct value within the Heat Transfer context and select the best fitting. In the first 

step, a weighted ranking matrix was created to evaluate each idea against the nine formulated 

partial design requirements (see Table 4). This was done using a weighted ranking of the ideas by 

partial design requirements. This method was selected to evaluate ideas based on the prioritization 

of certain design requirements by assigning different weights to each.  
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In the previous research phase, the design requirements were categorized into freedoms, 

opportunities, and constraints to reflect their alignment with the Heat Transfer course’s context. 

“Freedoms” are freely alterable aspects, so they were assigned the lowest weight (1 point). 

“Opportunities” and “constraints”, in contrast, are less flexible and were weighted higher (2 and 3 

points, respectively). When the idea met a requirement, it received the corresponding number of 

points assigned. The final column shows the total.
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Table 4 

Weighted Ranking of Generated Ideas by Partial Design Requirements 

 DR1 

Multiple 

engagement 

pathways 

DR2 

Self-

paced 

problem-

solving 

DR3 

Unlimited 

attempts 

with 

feedback 

DR4 

Online-

classroom 

integration 

DR5 

Detailed 

feedback 

DR6 

Stimulate 

learner 

reflection 

DR7 

Progressive 

scaffold 

reduction 

DR8 

Exam-

like 

scenarios 

DR9 

Standardized 

scaffolding 

approach 

Total 

Integrated lesson plans 1 0 0 2 0 0 0 0 3 6 

Guided video walkthroughs 1 1 0 0 0 2 0 3 3 10 

More elaborate feedback 0 0 1 0 2 2 0 0 0 5 

Process worksheets for 

guided problem-solving 

0 0 0 0 0 2 3 3 3 11 

Periodic formative 

assessments 

0 1 0 0 2 2 0 3 0 8 
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The table show that process worksheets for guided problem-solving (11 points) and guided 

problem-solving walkthroughs (10 points) best meet the partial design requirements, such as aligning 

learning activities with exam requirements through real-world scenarios and presenting a 

standardized approach to scaffolding across all learning materials and activities. As such, these two 

ideas were further considered. 

The second step consisted of an analysis of the remaining ideas according to the cyclical 

model of SRL (Zimmerman, 2008). This method was selected to evaluate ideas based on their 

potential to stimulate SRL behaviour to provide theoretical grounding and ensure the ideas had the 

potential to foster the intended behavioural change. The strengths and weaknesses of each idea 

were identified across the three SRL phases: forethought, performance, and self-reflection. An 

overview is found in Table 5. 

Regarding video walkthroughs, providing hints to help students apply SRL strategies may 

make related SRL behaviours more likely (Van Alten et al., 2020; Moos & Bonde, 2016). Next, 

including examples of effective task-selection strategies to assess their own performance and select 

appropriate tasks based on their self-evaluation (Raaijmakers et al., 2017). Conversely, lack of 

feedback may limit the ability to identify and change learning strategies to address knowledge gaps 

(Yu et al., 2024). 

Regarding process worksheets, focused prompts coupled with a single activity may promote 

planning behaviour (Burkholder et a., 2021).  Moreover, guiding questions to select learning goals 

may help with task prioritization and self-reflection (Barak, 2009). However, students lacking in 

monitoring and self-reflection skills may have difficulties using worksheets to accurately calibrate 

their learning strategies (Hačatrjana & Linde, 2023).
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Table 5 

Theoretical Analysis by SRL Phase (Zimmerman, 2008) 

 SRL phase 

Design idea Forethought Performance Self-reflection 

Guided video walkthroughs Strengths:  

• Step-by-step instructions to help 

analyse tasks and set goals 

• Demonstrates systematic problem-

solving to encourage strategic 

planning 

Strengths: 

• Allows students to learn at their 

own pace to help with self-

monitoring 

• Expert-level demonstrations allow 

students to model effective 

strategies 

Strengths: 

• Shows a complete solution students 

can evaluate their own work 

against 

• Can include reflective prompts to 

encourage self-reflection and 

adjusting learning 

Weaknesses: 

• May lead to passive consumption 

and no real planning execution 

• May lead to a focus on procedural 

steps rather than how concepts 

connect to specific actions 

Weaknesses: 

• Fails to provide personalized 

support in real-time 

• May limit opportunities for 

students to experiment with 

problem-solving approaches 

Weaknesses: 

• May lead to a focus on imitation 

rather than a deeper understanding 

• Does not include feedback that 

could address individual 

misconceptions 

Process worksheets for guided problem-

solving 

Strengths: 

• Step-by-step instructions to help 

analyse tasks and set goals per step 

• Guiding questions to help students 

use relevant concepts and plan 

accordingly 

Strengths: 

• Reduces cognitive load through a 

step-by-step structure 

• Breaking down tasks into steps may 

support self-monitoring 

Strengths: 

• Each step may help students 

evaluate their strategies and 

implementation. 

• Helps connect planning to their 

solution and understanding 
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Weaknesses: 

• Simplified structure may reduce 

students’ ability to analyse complex 

scenarios 

• May not be effective for more 

proficient students 

Weaknesses: 

• Students may focus on completing 

steps rather than understanding 

• Breaking down tasks into steps may 

support self-monitoring 

Weaknesses: 

• Does not include feedback that 

could address individual 

misconceptions 

• Usage may not necessarily lead to 

adjustment of learning strategies 
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The table shows that both ideas support SRL behaviours across all phases of the model. 

However, process worksheets appear more effective due to their balance between providing 

guidance and allowing for student agency. To start, process worksheets can help students not only 

actively plan and monitor their learning but also promote reflection and adjustment of strategies 

(Barak, 2009). In contrast, video walkthroughs may be consumed passively, which may lead to a 

dependence on external guidance. Additionally, walkthroughs do not necessarily lead to reflection 

and adjustment of strategies (Yu et al., 2024).  

Moreover, process worksheets can be adapted to varying levels of learner proficiency, while 

video walkthroughs are more static. This adaptability aligns with best practices in SRL support, which 

emphasize the gradual transfer of responsibility from teacher to learner (Sirazieva et al., 2017). In 

contrast, video walkthroughs are more fixed, which may make it more challenging to accommodate 

different proficiency levels (Lange et al., 2022). 

Checking ideas 

The two ideas and their analyses were presented to the project leader by the researcher. After a 

discussion, it was decided upon to move forward with the idea of the process worksheet given its 

many SRL benefits and lower construction costs.  

The next step entailed assessing the internal logic and viability of the process worksheets 

idea. This was done using a logic model, a structured representation of how an intervention is 

expected to function and produce desired outcomes (McKenney & Reeves, 2018). It was selected for 

its efficacy in mapping out the required inputs, processes, outputs, outcomes, and impact of the 

intervention if it were applied to the Heat Transfer course setting. The logic model for the process 

worksheet is found in Table 6. 
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Table 6 

Logic Model of Process Worksheet Intervention Idea 

Inputs 

What is needed 

Processes 

Activities 

Outputs 

Immediate results 

Outcomes 

Effects 

Impact 

Measurable change 

• Step-by-step 

instructions for 

problem-solving tasks 

• Embedded reflection 

prompts to guide self-

reflection 

• Teacher training on how 

to incorporate 

worksheets into in-

person sessions 

• Access to digital and 

paper formats for 

students 

• Worked examples of 

worksheets 

• Distribution through 

Canvas, HeatQuiz or in-

person sessions 

• Teachers use 

worksheets during in-

person sessions 

• Students use 

worksheets to practice 

with exam-like problems 

• Collection of student 

feedback to refine 

worksheets 

 

• Improved performance 

in problem-solving 

exercises 

• Better quality 

participation during in-

person sessions 

• More engagement with 

exercises and old exam 

questions 

• Improved problem-

solving strategies and 

metacognitive 

awareness 

• Higher student 

satisfaction with the 

learning experience 

• Improved SRL skills 

among students 

• Higher exam grades 

• Increased course pass 

rates 

• Decreased course 

dropout rates  
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The logic model for process worksheets shows a viable pathway for improving students’ SRL 

skills. To start, the essential inputs, such as step-by-step instructions, reflection prompts, and teacher 

training support implementation processes like worksheet distribution and integration into in-person 

sessions. Outputs such as improved problem-solving performance and increased engagement with 

exam-like exercises directly contribute to outcomes such as better SRL strategies and metacognitive 

awareness. With measurable impacts like higher exam grades and increased course pass rates, the 

model’s internal logic appears to be strong. 

Design: Mapping solutions 
The following subsections describe the second design process, which mapped solutions to the partial 

design requirements and initial design propositions. 

Refining design requirements and propositions 

Based on the results from exploring solutions, the partial design requirements and initial design 

propositions were refined to better address the challenges found in the Heat Transfer course and 

provide a more concrete plan for the process worksheet. These are shown in Table 7. 
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Table 7 

Refined Design Requirements and Propositions 

Refined Design Requirement Refined Design Proposition 

DR1: Be able to provide multiple pathways for learners 

to engage with learning resources. 

DP1: The intervention should offer diverse learning 

resources and guidance on how to use them across 

various modalities to allow learners to choose based 

on their learning preferences. 

DR2: Be able to allow progression through problem-

solving exercises at each student’s own pace. 

DP2: The intervention should offer self-paced 

problem-solving exercises with progress tracking, 

scaffolding, and feedback to indicate mastery. 

DR3: Should connect online learning content with in-

class activities for cohesive learning. 

DP3: The intervention should link pre-class material to 

in-class tasks to help students see the value and 

relevancy of attending in-person sessions. 

DR4: Should guide the learning process through 

actionable feedback that stimulates reflection on 

performance, misconceptions, and problem-solving 

strategies. 

DP4: The intervention should provide elaborate 

feedback and insights into the reasoning process of 

both correct and incorrect answers, as well as 

reflective prompts based on performance to help 

students address misconceptions and refine problem-

solving strategies. 

DR5: Must progressively reduce scaffolding as learners 

develop proficiency by set standards. 

DP5: The intervention must offer task types (i.e. 

worked examples, completion, conventional) aligned 

with performance standards communicated via 

rubrics, increase task complexity, and gradually reduce 

scaffolding depending on student proficiency. 

DR6: Must align learning activities with exam 

requirements through real-world scenarios. 

DP6: The intervention should use real-world scenarios 

that mirror professional contexts and exam-like 

problems to stimulate the development of complex 

problem-solving skills. 

DR7: Must present a standardized approach to 

scaffolding across all learning materials and activities. 

DP7: The intervention should apply a scaffolding 

framework across all materials and activities that 

clearly defines task types (i.e. analysis, problem-

solving) and levels of support (i.e. worked examples, 

conventional). 
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Various changes have been made to reduce redundancy and clarify the purpose and use of 

each design requirement and proposition. DR5 and DR6 were merged to unify the focus on 

actionable feedback and reflection. DR3 was combined with DR5 to capture the idea of frequent 

reflection opportunities through elaborate feedback. DR9 was completely removed, as it seemed to 

overlap with DR7 and DR4. 

Creating a skeleton design 

The next step was to further specify the features of the intervention by distinguishing core from 

supporting ones. This was done using a skeleton design to help systematically identify components 

that require further specification (see Table 8).  

 

Table 8 

Skeleton Design of All Generated Ideas 

Design task Materials/resources Activities/processes Participation/implementation 

Process worksheets for 

guided problem-

solving 

Core: 

• Step-by-step 

worksheets 

• Worked example 

• Course reader 

• HeatQuiz 

Support: 

• Reflection 

prompts 

• Canvas 

• How-to instruction 

• Supplemental 

resources links 

Core: 

• Gradual reduction 

of scaffolding over 

time 

Support: 

• Collaborative 

problem-solving 

activities 

Core: 

• Teachers or TAs provide 

worksheets in HeatQuiz, 

Canvas, and the course 

reader 

Support: 

• Teachers or TAs use 

worksheets during in-

person sessions 

• Peer review of 

worksheets 
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By clearly distinguishing between core and supportive features, the intervention can 

prioritize and test the essential elements first before gradually introducing additional features. 

Formulating detailed specifications 

The final step consisted of formulating detailed design specifications that flesh out the core features 

identified in the skeleton design. These consist of two aspects that guided the construction effort: 

substantive and procedural specifications. Substantive specifications describe the finished 

intervention in detail, while procedural specifications outline the steps and processes for creating 

and implementing the intervention. They are found in Table 9. 

 

Table 9 

Detailed Specifications of the Process Worksheet Intervention 

Substantive Procedural 

Content and structure 

• Step-by-step problem-solving prompts 

• Sections that provide space to outline answers  

• Guiding questions to stimulate step completion 

Content analysis 

• Analyse materials to identify systematic 

approaches to problem-solving 

• Identify common challenges in problem-solving 

Scaffolding 

• Different versions that support students at 

varying proficiency levels 

• Scaffolding is reduced as students become more 

proficient 

Implementation 

• Highly scaffolded version is introduced first 

• Worksheets to be integrated with the reader, 

Canvas, and HeatQuiz 

• Worksheets to be used by teachers and TAs 

during in-person sessions 

Usability 

• Paper and digital 

• Minimal layout 

Evaluation 

• Student feedback is gathered to refine worksheets 

 

Together with the project leader, the specifications were evaluated against the long-range 

goals, refined design requirements, and propositions. They appeared to be well-aligned except for a 

lack of feedback integration. After discussion, it was agreed by the researcher and project leader that 

the omission was acceptable for now. 

Construction: Building initial prototypes 
The process worksheets for guided problem-solving were constructed in collaboration with the 

project leader. To start, the process began with content analysis of the reader, HeatQuiz, and Canvas 

to identify systematic problem-solving approaches and common challenges faced by students. It was 
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decided to take the five-step structure found in the reader (see Figure 7), found in subsection 3.1, as 

a basis for the worksheet. 

 

Figure 7 

Reader Excerpt from Subsection 3.1 

 

Next, the worksheet was constructed with structured scaffolding to guide students 

progressively through the five steps. Each step includes a clear prompt and reflective question to 

guide students in the right direction. For example, Step 1 prompts students to start the problem-

solving process by setting up the balance with a reflective question that guides them to identify the 

control volume of a given problem scenario. These prompts and questions were derived from the 

theoretical knowledge found in the reader and modified by the project leader for accuracy (see 

Figure 8). 

 

Figure 8 
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First Version of Process Worksheet 

 

In addition, the worksheet was renamed “exercise worksheet” to more clearly indicate to 

students its use, as well as a short description to demonstrate the value. It’s important to note that 

the layout was deliberately kept minimal and intuitive, with separate sections for each step to allow 

students to write their responses. 

Two alternate versions of the worksheet were created to offer different levels of scaffolding. 

First, a high-scaffolded version was constructed to provide more detailed guidance (see Figure 9). 

 

Figure 9 

High-Scaffolded Version of Process Worksheet 



   
 

   
 

53 

 

This version is constructed for students unfamiliar with the problem-solving approach 

recommended in the course or who have difficulties learning how to apply it. Each step includes 

specific actions to take to complete each step. 

Second, a version to be used as a completion task was constructed to prepare students for 

exam-like scenarios with scaffolding (see Figure 10). Students are given a partially completed solution 

and are required to complete the remaining steps using their understanding of the theory and 

problem-solving skills.  

 

Figure 10 

Completion Task Version of Process Worksheet 
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These versions of the worksheet allow students to develop their ability to plan, monitor, and 

reflect on their problem-solving approach. By providing the appropriate version according to their 

proficiency level, students may gradually transition from guided learning to independent problem-

solving. 

Construction: Implementation perspective 
During the construction of the process worksheets, the educational context and the practicalities of 

actual use in the Heat Transfer course were considered. Though not a full-on implementation plan, 

this section addressed various factors that may help or hinder the impact of piloting the worksheets.  

The first consideration was the integration with existing course materials. The worksheets 

were designed to provide students with structured opportunities to practice multi-step problem-

solving independently or to be used in tutorials to more easily follow along with the teacher as they 
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walk through complex problems. The flexibility of the worksheets has also left room for it to be used 

to present exercises in a more scaffolded way, as found in the reader or old exams. 

The second consideration was the iterative nature of the implementation. As worksheets 

haven’t been used before, the initial version was constructed with adaptability in mind. This allowed 

for the structure, the prompts, or guiding questions to be refined based on observed use and student 

feedback.  

The final consideration was accessibility and usability. The worksheets were designed to be 

clear and straightforward to minimize confusion, while also promoting complex problem-solving. It 

also fits a single A4 page, which was made to be available on Canvas, HeatQuiz and in the course 

reader to be downloaded and used digitally or printed.  

Evaluation & Reflection 

The Evaluation and Reflection phase aims to evaluate the process worksheets in the Heat Transfer 

course. Reflections on the evaluation findings are made to iterate development of the intervention 

and develop theoretical understanding. However, given the project’s time constraints, this was out of 

scope. Therefore, an evaluation plan is proposed to guide a micro-cycle of this phase. 

Evaluation: Planning 

Establishing focus 

The focus for this proposed evaluation cycle follows the long-range goal that the intervention should 

be able to help students progressively develop multi-step problem-solving skills through scaffolding 

elements. Considering that the intervention is an untested prototype, it is recommended to do an 

empirical test in the real-world context of a running Heat Transfer course. Relevant foci to consider 

are (1) the local viability to clarify usability and perceived value for all stakeholders, and (2) 

institutionalization to understand if and how teachers and TAs adopt the intervention and to what 

extent it integrates well with the existing course materials.   

Framing questions  

Specific research questions were formulated to guide the evaluation. 

• How accessible are the instructions and prompts in the worksheets for students at 

varying proficiency levels? 

• How well do the worksheets support the existing curriculum and in-person sessions? 

• What factors influence students to use or not use the worksheets during their learning 

process? 

• What changes do students, teachers, and TAs suggest for improving the content or 

structure of the worksheets?  
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Selecting strategies 

A beta test in the form of a tryout is suggested as the evaluation strategy to study the functionality of 

the intervention in-depth, and how students interact with it during a complete Heat Transfer course. 

This is appropriate given how the prototype is complete enough to be used in a naturalistic context. 

Moreover, a tryout during a complete course could reveal different usage patterns during different 

points in the course, as well as implementation issues that could be used to further refine the 

intervention. 

Determining methods 

A qualitative research approach is recommended to better understand how the intervention is 

received during the tryout. Two data collection methods are proposed to facilitate this: observations, 

and semi-structured interviews. 

First, structured observations by teachers and TAs during class sessions are proposed to 

understand how students engage with the worksheets and how it helped them engage with multi-

step problems, such as the exercises in the reader or old exam questions. Teachers and TAs would 

need to be trained on a protocol to learn how to systematically do this. A starting point for what this 

protocol could look like is found in Appendix L1. 

Second, semi-structured interviews are suggested to learn more about how students 

perceive the value of the worksheets and to what extent they engage with them. This may uncover if 

students understand their intended purpose and how to use them. A preliminary interview guide can 

be found in Appendix L2. 

Document plan 

In Table 10, an overview of the activities and timeline for the evaluation of the process worksheets 

during a running Heat Transfer is found. 
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Table 10 

Timeline of Proposed Intervention Evaluation 

 

Phase Timeline Activity 

Preparation Week 0 Create interview guides and informed consent forms 

  Develop protocol for structured observations 

Train teachers and TAs on structured observation 

protocol 

Data collection Week 1 – 9 Conduct structured observations during tutorial 

sessions 

Week 7-9 Conduct semi-structured interviews with students 

Analysis Post-course Compile observation notes, questionnaire responses 

Transcribe interviews 

Perform analyses on the collected data 
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Appendices 

Appendix A: Coding schemes 

Table A1: Design 

Coding Scheme for Design Analysis 

Theory Category Code  Definition Coding rule 

Self-regulated 

learning 

Forethought  Task prioritization  How students organize their tasks in 

order of importance.  

Use when guidance on ordering tasks 

occurs or is mentioned.  

Time management  How students organize their study 

hours.  

Use when time management strategies 

are given.  

Performance Assessment  Tasks that test students’ understanding 

of course content.  

Use when evaluations (i.e. quizzes) are 

mentioned.  

Progress tracking  Tools or methods student use to 

monitor their learning progress.  

Use when monitoring progress methods 

are suggested.  

Self-reflection  Error analysis  How students review their mistakes on 

assessments.  

Use when reflecting on mistakes is 

proposed.  

Self-assessment  How students reflect on their 

knowledge and abilities.  

Use when evaluation of understanding 

is prompted.  

Metacognitive 

calibration 

Judgment of 

learning  

Learning strategy 

evaluation  

How students reflect on their learning 

strategy.  

Use when learning strategy (i.e. tips) is 

mentioned  



   
 

   
 

64 

Confidence rating  How students rate their confidence in 

themselves during or after a task.  

Use when confidence in answers is 

prompted.  

Performance 

feedback  

Immediate feedback  Feedback provided to students right 

after task completion.  

Use when feedback is provided right 

after task completion.  

Detailed feedback  Feedback that includes explanations of 

correct/incorrect answers.  

Use when feedback includes 

explanations of correct/incorrect 

answers.  

Learning strategy 

adjustment  

Reattempting tasks  If students can or attempt to redo tasks 

after receiving feedback.  

Use when task reattempts are possible.  

 Feedback integration  If students integrate feedback into 

future learning activities.  

Use when feedback integration is 

encouraged.  

Blended learning Online Self-paced learning  How students control the pace of their 

learning in an online setting.  

Use when tasks have no fixed timelines 

or deadlines.  

Online resources  Availability of digital tools or content for 

further learning.  

Use when any digital tools or content is 

mentioned.  

In-person Instructor-led 

learning  

In-class or in-person learning led by an 

instructor  

Use when an instructor provides 

explanations or feedback.  

Collaborative learning  If students engage in group work or 

discussions  

Use when peer collaboration is 

mentioned.  

Blended Activity integration  Alignment between online and in-class 

activities.  

Use when online and in-class tasks 

transition into each other.  
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Table A2: Content 

Coding Scheme for Content Analysis 

Cross-modality 

reinforcement  

Reinforced learning using multiple 

educational formats.  

Use when online and in-class tasks are 

repeated.  

Theory Category Code Definition Coding rule 

Self-regulated 

learning 

Forethought Task prioritization How students are guided to focus on specific 

tasks or topics in a recommended order. 

Use when the content suggests the 

order of topics or highlights areas to 

prioritize. 

Concept structuring How concepts are organized to support 

student understanding and learning goals. 

Use when the content presents an 

organized structure of ideas like an 

overview. 

Performance Comprehension 

checking 

Prompts to help students check their 

understanding of theoretical content as they 

progress. 

Use when educational elements 

encourage students to verify their 

understanding. 

Active engagement Activities or tasks that encourage students to 

actively apply theoretical content. 

Use when the content requires students 

to solve problems related to the topic at 

hand. 

Self-reflection Reflective prompts Prompts encouraging students to reflect on 

their learning after engaging with the 

content. 

Use when the content contains 

questions prompting students to reflect 

on the content. 
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Metacognitive 

calibration 

Pre-task 

prediction 

Predicting 

understanding 

Encourages students to estimate how well 

they understand a topic before engaging with 

the topic. 

Use when the content prompts students 

to assess their understanding before 

engaging. 

Estimating difficulty Prompts that ask students to anticipate how 

difficult a particular topic or task may be 

before starting it. 

Use when the content suggests students 

estimate the difficulty of a section. 

Self-

observation 

Reviewing 

misunderstandings 

Prompts students to review their 

misunderstandings after receiving feedback. 

Use when the content prompts students 

to review answers to correct 

misunderstandings. 

Post-task 

reflection 

Calibration reflection Encourages students to compare their 

predicted understanding or performance 

with actual results after task completion. 

Use when students are asked to reflect 

on how their predictions align with 

performance on tasks. 

Blended learning Online Online resources References to supplementary online 

materials to support learning. 

Use when the content mentions online 

resources (such as HeatQuiz or videos) 

students can use. 

Blended Activity integration How online and offline activities are 

connected. 

Use when the content suggests 

integrating online and offline resources 

for learning. 

Cross-modality 

reinforcement 

Reinforces learning by using different types 

of resources, such as text, quizzes, and 

videos. 

Use when the content suggests different 

types of resources to understand the 

material. 
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Appendix B: Document Analysis Codebooks 

Table B1: Course Manual 

Course Manual Codebook 

 Code Excerpt 

Task prioritization “To maximize your learning experience, we recommend completing the assigned micro-lectures, quizzes, and homework from 

HeatQuiz before each lecture.” 

Time management “The reduced number of lectures and exercise sessions in comparison to other courses is intentional, allowing you ample time 

to engage with the provided reader, watch video lectures, and delve into the material at your own pace.”  

“This preparation enables you to participate actively in the exercise sessions, where you can seek clarification and delve deeper 

into specific assignments.”  

“Simulate exam conditions: Time yourself to gauge your efficiency and progress.” 

Assessment “The course culminates in a written exam, where you’ll have the opportunity to demonstrate your understanding of heat 

transfer principles and their applications.” 

“Homework tasks increase in difficulty stepwise and work towards the level required for the exam.” 

“The tasks in the T-blocks are ordered in such a way that the level of difficulty increases stepwise toward the level required for 

the exam.” 

Progress tracking “To accurately track and record your progress, and to qualify for bonus points, it's crucial to enter your student number in the 

provided field.”  

“HeatQuiz automatically transmits your responses to our server, allowing continuous monitoring of your progress.” 

Error analysis “Review your answers critically: After completing an exam, compare your solutions with the provided answers. Writing down 

your solutions is key to effective learning and self-assessment.”  
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Self-assessment “Writing down your solutions is key to effective learning and self-assessment.”  

Learning strategy 

evaluation 

“Set Your Learning Objectives: Before diving into a movie or chapter, take a moment to review the learning goals and 

comprehension questions for that section.”  

“Use the answers from the quizzes and HeatQuiz to adjust your learning strategies for future sections and the exam.”  

Confidence rating - 

Immediate feedback “HeatQuiz provides you with quizzes, allowing you to check your understanding immediately after micro-lectures.” 

Detailed feedback “Feedback includes explanations for incorrect answers in quizzes and assignments.” 

Reattempting tasks “Students are encouraged to reattempt HeatQuiz quizzes to improve their understanding before progressing to T-block 

problems.” 

Feedback integration “Use the answers from the quizzes and HeatQuiz to adjust your learning strategies for future sections and the exam.” 

Self-paced learning “The reduced number of lectures and exercise sessions in comparison to other courses is intentional, allowing you ample time 

to engage with the provided reader, watch video lectures, and delve into the material at your own pace.”  

Online resources “HeatQuiz is a platform with game-based elements for learning heat and mass transfer… you will have access to micro-lectures, 

quizzes, and homework tasks.” 

Instructor-led learning “We will host five lecture sessions focusing on summarizing and synthesizing course content, rather than introducing new 

material.” 

Collaborative learning “Discussion pages are available on Canvas where you can post queries related to Heat Transfer content. Student assistants will 

actively monitor these pages and respond promptly.” 

Activity integration “The homework from each week consists of watching the micro-lectures and solving the corresponding quizzes, which can be 

seen in the so-called L-blocks.” 
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Table B2: Course Reader 

Course Reader Codebook for Part I and Part II 

Cross-modality 

reinforcement 

“The T-blocks denote homework tasks. These tasks increase in difficulty stepwise and work towards the level that is required for 

the exam.” 

 Code Element 

Task prioritization Learning goals at the start of each (sub)section act as guides for prioritizing tasks. 

Concept structuring Hierarchical structuring of concepts, with broad concepts introduced first (i.e. thermodynamics), followed by specific 

concepts (i.e. conduction). 

Sections are numbered with subheadings (i.e. 2.1 Fourier’s law and 2.2 Steady-state temperate profile) to provide a clear 

path. 

Comprehension checking Comprehension questions at the beginning of each (sub)section allow students to check their understanding of key 

concepts 

Active engagement The “Phenomena” elements may prompt engagement as they link theory to real-world scenarios. 

Reflective prompts - 

Predicting understanding - 

Estimating difficulty - 

Reviewing 

misunderstandings 

- 

Calibration reflection - 

Online resources The reader references HeatQuiz at the start and end of certain sections. 
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Table B3: Canvas 

Canvas Codebook 

Activity integration The reader references quizzes via HeatQuiz to reinforce learning. However, it is not always evident to what extent 

activities are integrated. 

Cross-modality 

reinforcement 

The reader offers mainly text-based content, with some integration of micro-lectures, slides, and quizzes via HeatQuiz. 

 Code Element 

Task prioritization - 

Concept structuring - 

Comprehension checking The practice exams and solutions provide exam-level practice material. 

Active engagement The HeatQuiz tool is used to promote active engagement with course materials. 

The “Discussions” section is used to interact with teachers and TAs. 

Reflective prompts - 

Predicting understanding - 

Estimating difficulty - 

Reviewing 

misunderstandings 

- 

Calibration reflection - 

Online resources Various online resources are made available on the “modules” page, under the subheading “Resources”: course manual, 

reader, exercise bundle, book of formularies, solution bundle, and exam bundle) 
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Table B4: HeatQuiz 

HeatQuiz Codebook 

Activity integration There is integration between the downloadable materials (i.e. course manual) and HeatQuiz 

Cross-modality 

reinforcement 

- 

 Code Element 

Task prioritization Learning paths are visually presented in a predetermined order to focus students on specific tasks or topics in a 

recommended order. 

Concept structuring Topics are presented in an organized and sequential format that supports a structured understanding of the concepts. 

Comprehension checking The quiz feature in HeatQuiz helps to assess comprehension. 

Active engagement Interactive quiz features like drawing temperature profiles stimulate engagement. 

Reflective prompts - 

Predicting understanding - 

Estimating difficulty - 

Reviewing misunderstandings - 

Calibration reflection - 

Online resources Micro-lectures and slides are included in the lessons. 

Activity integration - 

Cross-modality reinforcement Micro-lectures, slides, and quizzes are integrated into the lessons (seen in the pop-up menu). 
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Appendix C: Canvas Screenshots 
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Appendix D: HeatQuiz Screenshots 
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Appendix E: Course Manual 
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Appendix F: Course Reader 
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Appendix G: Ethics Approval Request Form 
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Appendix H: Informed Consent Form 

Information Sheet 

“Study Habits in the Heat Transfer Course” 

 

Purpose of the research  

This study investigates how learners within the Heat Transfer course at the University of Twente, 

Vrije Universiteit Amsterdam, and RWTH Aachen University engage with the HeatQuiz platform and 

manage their learning processes. The goal is to better understand their study habits and identify 

potential solutions, such as developing a learning analytics dashboard (LAD), to support students in 

monitoring their progress and improving their learning outcomes.  

 

Benefits and risks of participating  

By participating in this study, you will contribute to developing a tool that may enhance the learning 

experience for future students. Teachers and TAs may also benefit from improved resources and 

insight into how students interact with the course material to better tailor their teaching 

strategies. Additionally, this research study was approved by the BMS ethics committee and poses no 

physical or mental risks of participating. However, you may be asked to reflect on learning challenges 

that may evoke frustration.  

 

Procedures for withdrawal from the study  

You have the right to withdraw from the study at any point, without giving a reason. If you choose to 

withdraw, any data you have provided will be excluded from further analysis, provided you make the 

request before the data is anonymized. After anonymization, withdrawal of data may not be possible 

as it will be impossible to trace the data to individual identities. If you wish to withdraw, please 

contact the researcher, and your participation will be discontinued immediately.  

 



   
 

   
 

114 

Data collection  

The data will be collected through semi-structured interviews, focusing on your experience with the 

Heat Transfer course and student study habits. With your consent, interviews will be audio-recorded, 

transcribed, and analysed. Only relevant researchers will have access to your data, which will be 

securely stored and anonymized before analysis.  

You will always have the right to:  

• Request access to the data collected from you.  

• Rectify any personal data that you believe to be incorrect.  

• Request the erasure of your personal data at any time before anonymization.  

 

Data anonymization process  

The interview and data collection process will be fully anonymized to focus on student experiences 

rather than individual identities. Here’s how it works:   

1. Participate in the audio-recorded interview  

2. The audio recording will be transcribed   

3. The original audio recording will be deleted.   

4. The transcription will be completely anonymized.   

a. The file is renamed (e.g., “Student_1”)  

b. All personal information in the transcript is replaced with “X.”  

c. Metadata is anonymized  

5. Calendar appointments, emails, and other communications will be deleted.   

This data will be managed on the main researcher’s laptop. Once anonymization is complete, the 

transcription will be uploaded to the research team's password-protected systems. This ensures that 

your input remains disconnected from your identity.  

 

Data usage  

Data will be used to analyse students’ study habits in the Heat Transfer course to understand the 

effectiveness of the HeatQuiz platform and the educational format of the Heat Transfer course. 

These insights will inform the design of a student support tool. All data will be anonymized to ensure 

that personal identifiers (e.g., names, student IDs) are removed. Data will be analysed without 

directly linking it to you. Only the research team members will have access to the (anonymized) data, 

which will be stored securely in password-protected systems.   

Anonymized data may be archived for future research purposes. Should this occur, it can 

never be linked to your identity. The anonymized data may be used in part of a publication in 

scientific journals, presented at conferences, or included in reports.  
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Retention period for the research data  

The research data will be retained for a period of 10 years following the conclusion of the study to 

allow for potential publication and review. After this period, all data will be deleted. The retention 

period may be extended if the anonymized data is deemed valuable for future studies.  

 

Contact Information  

If you have any questions or concerns about the study, your participation, or how your data will be 

used, you can contact the researcher and/or the BMS Ethics Committee:  

 

Researcher: Noer Paanakker, n.m.g.paanakker@student.utwente.nl  

BMS Ethics Committee/domain Humanities & Social Sciences: ethicscommittee-hss@utwente.nl   

 

Consent Form for "Study Habits in Heat Transfer Course“ 

mailto:ethicscommittee-hss@utwente.nl
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Please tick the appropriate boxes  Yes  No  

Taking part in the study      

I have read and understood the study information sheet, or it has been read to me. I 

have been able to ask questions about the study and my questions have been 

answered to my satisfaction.  

□  □  

I consent voluntarily to be a participant in this study and understand that I can refuse 

to answer questions. I can withdraw from the study at any time, without having to 

give a reason.   

□  □  

  

I understand that taking part in the study involves audio-recorded interviews that will 

serve to document my experiences of the Heat Transfer course.  

□  □  

Use of the information in the study      

I understand that the information I provide will be used to inform the development of 

an educational intervention that will improve the quality of the Heat Transfer course.  

□  

  

□  

  

I understand that the information I provide can be used to help shape a scientific 

publication.  

    

I understand that personal information collected about me that can identify me will be 

completely removed from any data source related to this study.  

□  

  

□  

  

I agree that my information can be quoted anonymously in research outputs.  □  □  

Future use and reuse of the information by others      

I give permission for the transcripts and audio recordings that I provide to be 

completely anonymized by removing all personally identifiable information and any 

other links to my identity.  

□  □  

I give permission for the transcripts and audio recordings that I provide to be archived 

in the research team’s password-protected systems so they can be used for future 

research and learning.  

□  □  

I agree that my information may be shared with other researchers for future research 

studies that may be similar to this study. The information shared will not include any 

information that can identify me. Researchers will not and cannot contact me for 

additional permission to use this information.   

□  □  

Signatures      
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_____________________                         _____________________

            ________   

Name of participant [printed]  

  

                                                                                   Signature 

                 Date  

    

For participants unable to sign their name, mark the box instead of sign  

  

I have witnessed the accurate reading of the consent form with the potential 

participant and the individual has had the opportunity to ask questions. I confirm that 

the individual has given consent freely.  

__________________________             _______________________    _________  

Name of witness          [printed]               Signature                                     Date  

    

I have accurately read out the information sheet to the potential participant and, to 

the best of my ability, ensured that the participant understands to what they are 

freely consenting.  

________________________  __________________         ________

   

Researcher name [printed]  Signature                 Date  
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Appendix I: Interview Guides 

Interview Guide I1: Student 

Introduction  

Thanks for taking the time to speak with me! My name is Noer, and I’m a master’s student interested 

in understanding how students learn self-sufficiently within the context of the Heat Transfer course. 

More specifically, how self-reflection can help in this process. The goal of this research is to design an 

intervention that will support you in your learning. The purpose of this interview, specifically, is to 

gain insight into your learning experiences and challenges during the Heat Transfer course, with a 

special focus on the HeatQuiz platform. Before we start, I want to assure you that any information 

you provide will only be used for research purposes. Your identity will be kept anonymous, and any 

comments you make will be kept confidential. In addition, this interview will be recorded for further 

analysis. If you wish for the recording or any associated files to be deleted, please tell us, and we will 

do so. Do I have your consent to proceed with the recording? Great, thank you. Now let’s begin.  

Course experience  

• How would you describe your experience of the Heat Transfer course?  

• Can you share any specific aspects of the course that you find particularly challenging?  

• How much time have you roughly spent studying for the course?  

• At what point during the course did you start studying actively?   

• What learning activities did you engage with during the course?  

• What type of learning material was most suitable for you? Why?  

• How was your time distributed among these learning activities?  

• What grade did you obtain for the course?  

• Did you expect this? Why?  

Self-regulated learning  

• How did you manage your learning process for this course?  

• What tools or strategies do you use to organize your study schedule and materials?  

• How did you assess your own understanding and identify areas where you need more help?  

• What methods do you use to test your knowledge and understanding of the course 

material?  

• Do the conclusions ever lead you to change your learning strategy?  

HeatQuiz  

• What role did HeatQuiz play in your studies?  

• How frequently do you use HeatQuiz as part of your study routine?  

• What features of HeatQuiz did you find most useful for your learning?  
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• Can you give an example of a feature that has been particularly beneficial for your learning?  

• If any, can you describe the difficulties you faced in using the HeatQuiz platform?  

• What uncertainties (related to managing your learning process, topic contents, and course) 

have you faced while using the HeatQuiz platform?  

• How do you address them?  

Feedback  

• If you could make 1 improvement to the HeatQuiz platform, what would it be?  

• If you could make 1 improvement to the Heat Transfer course, what would it be?  

• Would you prefer live lectures or self-paced online learning, if they would cover the same 

content? Why?  

Conclusion  

So, those were all my questions! Thank you for sharing your insights. Your contribution will help us 

develop an intervention to better support student learning in the Heat Transfer course. As a next step, 

the data from this and other interviews will be analysed and used to inform our design of the 

intervention. If you have any further questions or thoughts after this interview, feel free to send me 

an email: n.m.g.paanakker@student.utwente.nl. Do you have any final questions or comments before 

we conclude? Alright, thanks again for your time. Have a great day!  

 

Interview Guide I2: Teacher  

Introduction 

Thanks for taking the time to speak with me! My name is Noer, and I’m a master’s student interested 

in understanding how students learn self-sufficiently within the context of the Heat Transfer course. 

More specifically, how self-reflection can help in this process. The goal of this research is to design an 

intervention that will support them in their learning. The purpose of this interview, specifically, is to 

gain insight into your teaching practices and your perceptions of students’ study habits, as related to 

the HeatQuiz platform. Before we start, I want to assure you that any information you provide will 

only be used for research purposes. Your identity will be kept anonymous, and any comments you 

make will be kept confidential. In addition, this interview will be recorded for further analysis. If you 

wish for the recording or any associated files to be deleted, please tell us, and we will do so. Do I have 

your consent to proceed with the recording? Great, thank you. Now let’s begin. 

Course experience 

• Could you describe your teaching experience in general?  

• How would you describe your experience of student performance over time in the Heat 

Transfer course?  

mailto:n.m.g.paanakker@student.utwente.nl
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� Can you provide an example of a decline in student performance?  

� What do you think caused this?  

• How has the transition to a blended learning model impacted student performance?  

o How have students adapted in terms of engagement and participation?  

Self-regulated learning 

• How do you observe students planning and managing their learning for this course?  

o What tools or resources do you see students use to support themselves?  

• What strategies do you use to help students monitor their learning progress?  

o Have you observed any differences in the strategies used by students who perform 

well versus those who struggle?  

• Do students ever engage in self-reflection play during their learning process?  

o Does it ever lead them to changing your learning strategy?  

HeatQuiz 

• How do you incorporate HeatQuiz into your teaching?  

o Can you provide an example of a specific lesson or activity where HeatQuiz usage 

proved to be especially effective?  

• What 2 features of HeatQuiz do you find most useful for supporting your teaching goals?  

o Can you give an example of how the useful features positively impacted student 

learning?  

• If any, can you describe any difficulties you notice students face in using the HeatQuiz 

platform?  

o What kinds of feedback do students communicate about these difficulties?  

• What uncertainties (related to planning, monitoring, and managing the learning process, 

topic contents, and course) do students experience while using the HeatQuiz platform?  

� Can you describe any patterns in the uncertainties students face?  

� How do you address them?  

Feedback 

• If you could make 1 improvement to the HeatQuiz platform, what would it be?  

• If you could make 1 improvement to the Heat Transfer course, what would it be?  

Conclusion 
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So, those were all my questions! Thank you for sharing your insights. Your contribution will help us 

develop an intervention to better support student learning in the Heat Transfer course. As a next step, 

the data from this and other interviews will be analysed and used to inform our design of the 

intervention. If you have any further questions or thoughts after this interview, feel free to send me 

an email: n.m.g.paanakker@student.utwente.nl. Do you have any final questions or comments before 

we conclude? Alright, thanks again for your time. Have a great day! 

 

Interview Guide I3: Teaching Assistant 

Introduction 

Thanks for taking the time to speak with me! My name is Noer, and I’m a master’s student interested 

in understanding how students learn self-sufficiently within the context of the Heat Transfer course. 

More specifically, how self-reflection can help in this process. The goal of this research is to design an 

intervention that will support them in their learning. The purpose of this interview, specifically, is to 

gain insight into your supporting role in facilitating student learning and your perceptions of students’ 

SRL skills, as related to the HeatQuiz platform. Before we start, I want to assure you that any 

information you provide will only be used for research purposes. Your identity will be kept 

anonymous, and any comments you make will be kept confidential. In addition, this interview will be 

recorded for further analysis. If you wish for the recording or any associated files to be deleted, please 

tell us, and we will do so. Do I have your consent to proceed with the recording? Great, thank you. 

Now let’s begin. 

Course experience 

• Why do you think there is a low passing rate in the course?  

• How would you describe your experience of student performance over time in the Heat 

Transfer course?  

� Can you provide an example of a decline in student performance?   

� What do you think caused this?  

• How has the transition to a blended learning model impacted student performance?  

o How have students adapted in terms of engagement and participation?  

• How frequently do you answer questions during tutorials?  

� What kinds of questions do you usually receive?  

� How frequently do you interact outside of the classroom (i.e. email, Canvas)?  

Self-regulated learning 

• How do you observe students planning and managing their learning for this course?  

o What tools or resources do you see students use to support themselves?  

mailto:n.m.g.paanakker@student.utwente.nl


   
 

   
 

122 

• What strategies do you notice students using to monitor their learning progress and 

understanding?  

o Have you observed any differences in the strategies used by students who perform 

well versus those who struggle?  

• Do students ever engage in self-reflection play during their learning process?  

o Does it ever lead them to change their learning strategy?  

HeatQuiz 

• How do you use HeatQuiz in your role as a TA?  

o Can you provide an example of a specific activity where HeatQuiz usage proved to be 

especially effective?  

• What 2 features of HeatQuiz do you find most useful for supporting your teaching goals?  

o Can you give an example of how the useful features positively impacted student 

learning?  

• If any, can you describe any difficulties you notice students face in using the HeatQuiz 

platform?  

o What kinds of feedback do students communicate about these difficulties?  

• What uncertainties (related to planning, monitoring, and managing the learning process, 

topic contents, and course) do students experience while using the HeatQuiz platform?  

� Can you describe any patterns in the uncertainties students face?  

� How do you address them?  

Feedback 

• If you could make 1 improvement to the HeatQuiz platform, what would it be?  

• If you could make 1 improvement to the Heat Transfer course, what would it be?  

Conclusion 

So, those were all my questions! Thank you for sharing your insights. Your contribution will help us 

develop an intervention to better support student learning in the Heat Transfer course. As a next step, 

the data from this and other interviews will be analysed and used to inform our design of the 

intervention. If you have any further questions or thoughts after this interview, feel free to send me 

an email: n.m.g.paanakker@student.utwente.nl. Do you have any final questions or comments before 

we conclude? Alright, thanks again for your time. Have a great day! 

 

mailto:n.m.g.paanakker@student.utwente.nl


   
 

   
 

123 

Appendix J: Coding schemes 

Table J1: Student Coding Scheme 

Coding Scheme for Student Transcripts 

Theory Category Code  Definition Coding rule 

Self-regulated 

learning 

Forethought Task prioritization How students organize their tasks in 

order of importance. 

Use when the student discusses setting 

priorities or allocating resources based on 

task importance. 

Goal setting How students establish specific, 

measurable, and time-bound goals 

for learning. 

Use when the student explicitly mentions 

setting objectives for their learning. 

Monitoring Time management How effectively time is allocated 

time to study. 

Use when the student mentions scheduling 

or time management to balance study and 

other responsibilities. 

Use of study 

resources 

How resources like the reader, 

HeatQuiz, or external resources are 

used during the learning process. 

Use when the student mentions resources 

like books, course readers, or 

supplementary materials as part of their 

study process. 

Reflection Self-evaluation How students assess their 

performance after completing tasks 

or exams. 

Use when the student reflects on their 

learning or assesses their understanding of 

a concept. 
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Table J2: Teacher Coding Scheme 

Coding Scheme for Teacher Transcripts 

Adjusting strategies How learning approaches are 

adjusted based on feedback or 

difficulties. 

Use when the student describes changing 

their study methods or revisiting tasks after 

facing difficulties 

Metacognitive 

calibration 

Judgment of learning Perceived 

understanding 

How level of mastery of a specific 

topic or concept is subjectively 

assessed. 

Use when the student expresses their 

confidence or doubts about mastery of a 

topic or concept. 

Difficulty estimation How the complexity level of a task is 

evaluated. 

Use when the student discusses the 

difficulty or ease of a topic, task, or course 

material. 

Learning strategy 

adjustment 

Feedback integration How feedback from teachers, peers, 

or tools is incorporated into the 

learning process. 

Use when the student describes seeking or 

using feedback to improve their 

performance. 

Blended learning Online HeatQuiz usage How HeatQuiz is used to facilitate 

the learning process. 

Use when the student mentions interacting 

with HeatQuiz to support their studies. 

Blended Cross-modality 

reinforcement 

How multiple formats are used to 

improve understanding of concepts. 

Use when the student describes different 

resources, like slides and tutorials, to 

reinforce learning. 

Theory Category Code  Definition Coding rule 
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Self-regulated 

learning 

Forethought Course goal setting How teachers articulate course objectives 

and encourage students to set goals. 

Use when the teacher discusses course 

goals with students or encourages 

them to set goals. 

Planning support How teachers provide resources or 

guidance to aid students in planning their 

learning. 

Use when the teacher mentions 

providing resources to help students 

organize their studies. 

Performance Scaffolding learning How teachers support the learning 

process to guide students toward 

understanding. 

Use when the teacher discusses 

providing support to learning tasks. 

Monitoring 

engagement 

How teachers track student engagement 

with the course. 

Use when the teacher mentions levels 

of participation in learning activities. 

Reflection Adaptive teaching How teachers adjust their strategies 

based on feedback or observed 

challenges. 

Use when the teacher describes 

changes to teaching approaches in 

response to student feedback. 

Student reflection 

encouragement 

How teachers encourage students to 

evaluate their learning. 

Use when the teacher describes efforts 

to prompt students to reflect on their 

understanding. 

Metacognitive 

calibration 

Judgment of 

learning 

Perception of student 

understanding 

How teachers judge students’ 

comprehension based on observation or 

interaction. 

Use when the teacher evaluates 

student knowledge. 
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Table J3: Teaching Assistant Scheme 

Coding Scheme for TAs Transcripts 

Feedback effectiveness How teacher feedback aids in aligning 

student understanding with course 

expectations. 

Use when the teacher discusses the 

impact of feedback on student 

performance. 

Blended learning Blended Online-offline 

integration 

How teachers combine online and offline 

elements of the course to create a 

blended learning experience. 

Use when the teacher discusses 

integrating online and offline activities. 

Format challenges How technical or pedagogical issues affect 

the use of blended learning materials. 

Use when the teacher discusses 

student difficulties with blended 

learning materials. 

Theory Category Code  Definition Coding rule 

Self-regulated 

learning 

Forethought Planning 

encouragement 

How TAs encourage students to 

organize their learning process. 

Use when the TA mentions advising students 

to organize their learning process. 

Performance Learning support How TAs guide students in solving 

problems and understanding 

concepts. 

Use when the TA describes assisting students 

in problem-solving or understanding 

concepts. 

Engagement 

monitoring 

How TAs evaluate student 

participation in tutorials or online 

activities. 

Use when the TA comments on students’ 

attendance, or interaction with the course. 
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Reflection Self-reflection support How TAs prompt students to reflect 

on their progress or understanding. 

Use when the TA mentions encouraging 

students to evaluate their understanding. 

Metacognitive 

calibration 

Judgment of 

learning 

Gap recognition How TAs identify areas where 

students lack understanding. 

Use when the TA discusses identifying 

misunderstandings or knowledge gaps 

among students. 

Learning strategy 

adjustment 

Feedback integration How TAs help students connect 

learning tasks with exam 

requirements. 

Use when the TA describes explaining the 

relevance of learning tasks to exam 

preparation. 

Blended learning Blended Online-offline 

integration 

How TAs help students integrate 

online and offline learning tasks. 

Use when the TA describes blending 

HeatQuiz with offline learning tasks. 
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Appendix K: Interview Transcript Codebooks 

Table K1: Student Interview Transcripts 

Student Interview 1 Codebook 

Code Excerpt 

Task prioritization “I believe I did mark them with, oh, you have to do this by this stage. You have to do this by this day. You have to do this by this 

way. So, to get a week by week, what do you have to do?” 

“So, there’s a thing that, so there’s, you have to have some exercises ready by a certain date to get bonus points. And the dates 

are a bit skewed within the quartile.” 

“That kind of gives the idea of, ‘Oh, I have a lot of time for part one.’ And then you get really busy for part two and three.” 

Goal setting “And I believe I did mark them with, “Oh, you have to do this by this stage. You have to do this by this day. You have to do this by 

this way.” So, to get a week by week this told me what to do.” 

“Usually, I study from week one quite diligently in general.”  

Time management “Something like 6 to 8 hours maybe. Maybe a little less, depending on what’s the topic.”  

“For some topics, it could be, like, three to four hours, like for the conduction and convection parts.”  

“On average, maybe overall, maybe 5.” 

Use of study 

resources 

“I usually started by skimming the online lectures for stuff I did not understand.” 

“Afterward, I would make the assignments that were in the reader.” 

“I basically used the reader assignments, the reader exercises, to figure out whether I was, well, sufficiently prepared for it.”  

“At some point, I had to backtrack a little. I definitely did not start at the end.” 

“I found that at least the exam was more oriented towards an engineering solution, if that makes sense, in the sense that you 

don’t really need to derive anything.” 
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Self-evaluation “So, like, I basically used the reader assignments, the reader exercises, to figure out whether I was, well, sufficiently prepared for 

it.  And, eventually, there was, I believe, one or maybe two exercise exams. I also used those near the end to find where my weak 

points were.”  

“No, I just went back into the two lectures to see, you know, to get a quick review or look at my notes and try the assignments 

again.” 

“I passed the first one, so I didn’t do the second one.” 

Adjusting strategies “I adjusted something which was already presented to us, which was already given to us. It's yeah, it was, I believe, just a table 

with all the contents of the course for all subjects.” 

“And when I started making mistakes, I did not really understand the topic. I just went back to the lectures.” 

Perceived 

understanding 

“I usually started by skimming the online lectures for stuff I did not understand. And if I found something that I didn't understand 

or for a refresher, I just repeat it or just listen to it and take some notes. And, afterward, I would make the assignments that were 

in the reader. And I believe I did also do most parts of HeatQuiz itself.” 

“And when I started making mistakes, I did not really understand the topic. I just went back to the lectures.” 

Difficulty estimation “And I found that, yeah, a lot of things about that question were a whole lot more time-consuming and, well, on a much more 

advanced level than any radiation question we got during the course from the reader.” 

“You get an incentive to do those exercises for which you get bonus points. You might hyper-focus on those exercises. And then 

you walk into the exam and it's like, "Oh, shit!”.” 

Feedback integration “Well, if you do the HeatQuiz itself, like the questions there, and if you have a wrong answer, there would immediately be an 

answer sheet presented to you with the correct way of thinking. That was usually quite extensive, such that you can really 

understand what you did wrong.” 

“Since you get immediate feedback, there's a lot of different situations for which you can test yourself. So, that's good.” 

HeatQuiz usage “Well, actually always, since I believe I went through the videos through HeatQuiz. At some point, I also just went on YouTube.” 
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Student Interview 2 Codebook 

“I mean they do lead you through the coursework pretty well. So, you basically take the online lecture, you take the quiz or you 

make the questions regarding it. So, yeah, to an extent I definitely did it.” 

“Since you get immediate feedback, there's a lot of different situations for which you can test yourself. So, that's good.” 

Cross-modality 

reinforcement 

“Instead, we, of course, did have HeatQuiz and all the online lectures which were prerecorded and available to us. And of course, 

they are great study material, but again, in my opinion, it should be an addition, and it should not be the core of a course.” 

“I mean, if there were at least tutorials, then you could just sit there and study with like-minded peers. And if you would run across 

a problem and there were problems with the assignments, like annoying small problems which made it basically impossible to 

solve some assignments. But you could very easily just go to a TA and clear it up immediately. 

Code Excerpt 

Task prioritization “You need to effectively disregard the other courses in that module to complete this. So, it's either this or it's the other ones, but 

you can’t do the full module anymore.”  

“If I’m stuck on something for a lot longer, maybe it's that specific topic, so I’ll skip over to the next question and move on with 

that and then circle back and try and solve the question that I was stuck on because maybe I had a light bulb on it.” 

Goal setting “Usually, I try to keep a kind of loose goal, if you will, of ‘in this week’ or ‘in this day’ I want to try and have these questions 

covered.” 

Time management “Depending on the course or how difficult I find the course, I try and set aside in a week a set amount of hours to work through 

them.” 

“Weekends I only use kind of as an escape because I find trying to balance studying and like private life relatively easy to not or 

like important to not to burn out. So I try to keep my weekends free.” 
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Use of study resources “I’ll sit down with a book. I’ll open it up. I’ll go read through it and I’ll try and see if I can understand what’s being said in the 

book.” 

“I use the course reader to kind of like understand the approach of how Wilko or how the professor basically goes with it.”  

“For the pure mathematics of it, I go with the reader or the book.”  

“Throughout the course itself, I’ll go to the books. I’ll try to solve the questions that they asked there.” 

Self-evaluation “I sometimes just run through one of the HeatQuiz things where there is a lot of math involved and I’ll just punch in a wrong 

number or wrong value and just run it through and see the tips that are given afterward.” 

“If I’m right with the units, then I understand that. So if I got the math part of it right, then I assume that I understand the theory 

behind it.” 

Adjusting strategies “I try and see if I can adjust my style of learning to the course to see what I think would be best.” 

“I found that going along with the course doesn’t necessarily help me usually, so I’m already deviating quite a bit, and then I just 

try and add more hours to it or I see that I get some help from somewhere.” 

Perceived 

understanding 

“For me personally, if I were to not pass a course, but I actually understand how it works or like the concept of it, that’s more 

valuable to me.” 

“I explain the topic to them and if they get the idea … then I go off with, ‘OK. I seem to have learned this aspect within the 

course.’” 

Difficulty estimation “To get the general idea of what you need to cover in the course is relatively easy to get it to the level that Wilko expects of you. 

That is the difficult part.” 

“There’s all these tricks or like little, I guess, nuggets that you need to know per content in the course.” 

“I just get too distracted trying to focus on the questions, and if I do, sometimes it's just I go to the tutorial to have a specific 

question that already have answered.” 

Feedback integration - 
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Student Interview 3 Codebook 

HeatQuiz usage I’ve tried to avoid the HeatQuiz thing because I’m just get more annoyed with it.” 

“I sometimes just run through one of the HeatQuiz things where there is a lot of math involved.” 

“For the pure mathematics of it, I avoid the HeatQuiz thing entirely.” 

“Having had those Quizlets, if you pass all of them, which you get infinite amount of tries within a half hour. You can just like 

bash through them quickly.” 

Cross-modality 

reinforcement 

“So, you have the videos, you can have the lecture slides I can refer to. Then you have the little quizzes that you can do in 

individual steps.” 

Code Excerpt 

Task prioritization “I made a list of chapters that we had to read, and I made a list of problems that we had to solve, that was given as homework.” 

“During the day I was watching those lectures, making notes, and then in the evening I was making problems.” 

“But then, still, even writing notes, it's not enough because you have to revisit them. So, I made notes with a lot of colors.” 

Goal setting “I said to myself, ‘Okay, then is the exam. That means I need to, per evening, do so many exercises.’” 

Time management “Normally I spent, one, two, three, four, four… four and a half hours an evening.” 

“I study in the evening, so after dinner, that’s my time, until 11, 11.30, or 12, sometimes I study.” 

“During the day I was watching those lectures, making notes, and then in the evening I was making problems.” 

“When I saw two weeks before the exam that I would not manage doing the, finishing the exercises and doing the mock exam 

before the exam, I had some still leave from work at the back of my hand that I could use.” 

Use of study 

resources 

“I was making a pretty condensed notes. I’m very focused on making notes of things that are being said, putting them, you know, 

in boxes using colors so that it distinguishes itself.” 



   
 

   
 

133 

“Luckily, they were recorded because still it was a lot of information. So I during the lecture I could write less so I still had to consult 

the recording to make the notes and do the notes but even though I still found it that my notes from the first part of lectures that 

were pre-recorded were better than from the second one when they were live because there was really a lot of information on the 

slides as far as I remember.” 

“But then, still, even writing notes, it's not enough because you have to revisit them. So, I made notes with a lot of colors. If you 

want, I can even give you a screenshot or whatever, then you can see how they looked. And it helped me kind of fish out and 

organize it in my brain.” 

Self-evaluation “Whenever I did the exercise, I compared it with the notes or with the solutions that I could either they were provided, or I had to 

find them.” 

Adjusting strategies “So I was comparing the answers, sometimes I redid the exercise once again to get the understanding, and then tick off, cross out, 

next.”  

“When I saw two weeks before the exam that I would not manage doing the, finishing the exercises and doing the mock exam 

before the exam, I had some still leave from work at the back of my hand that I could use.” 

Perceived 

understanding 

“So, it was kind of nice, it was very intense, but I think I learned more from that kind of lectures than when you have live and they 

are very condensed that you are not even able to make notes because it goes so quick.” 

“OK, I found it really horrible when I have a book with answers, there's only answer giving, but there was no way, I mean no recipe 

and no follow up of how you reach that answer because then I cannot check where I made a mistake, and where I have this 

thinking misalignment, let's say.” 

Difficulty estimation “They (the exam questions) were more difficult than those tutorials. But maybe it's also the impression that I had, that's my 

perception because there were also a lot of them.” 

“It was becoming gradually more difficult, but I think also what I experienced was that the most difficult parts were at the very end 

and then you only have this one week overlap before the exam.” 
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Feedback integration “He was kind of asking question he tried to guide me but I'm a person that I learn the best if I have a recipe and I can follow it and I 

can then I start seeing the pattern.” 

“So, it was kind of nice, it was very intense, but I think I learned more from that kind of lectures than when you have live and they 

are very condensed that you are not even able to make notes because it goes so quick.” 

“So, I was learning the most when I had a problem, I could do the problem, I could check the answers immediately. So, if I couldn't 

get to the answers immediately, that was like, oh, wasting time and not so efficient.” 

HeatQuiz usage “With thermodynamics was also the HeatQuiz. And I found it useful because it was developed more. You could answer the 

questions. There were more questions in it. You were when you were giving an answer, and there was a wrong answer, still there 

was answer given about why? I mean, what was the, not like really that, what was the correct answer, well, yes, what was the 

correct answer, but also why your answer was not correct.” 

“And I also found it nice that there was, when you have gone through a list of questions, and I don't remember how many 

questions there were, 'cause in one sitting, you could just, you know, that you wanted to start doing the assignment, that was the 

HeatQuiz, and there were a number of questions. So, you've done those questions, and you could redo the questions, there were 

different questions. So, that was awesome.” 

“So, that's why I used the HeatQuiz to kind of automatize the first multiple choice questions to have more, boom, boom, boom, 

automatic answer to gain time, to have more time for those open questions.” 

Cross-modality 

reinforcement 

“Luckily, they were recorded because still it was a lot of information. So I during the lecture I could write less so I still had to consult 

the recording to make the notes and do the notes but even though I still found it that my notes from the first part of lectures that 

were pre-recorded were better than from the second one when they were live because there was really a lot of information on the 

slides as far as I remember.” 
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Student Interview 4 Codebook 

Code Excerpt 

Task prioritization “I think I was following by the week. So whatever lecture they were doing or like it was being like, um, the lecture we were 

supposed to do for that week or whatever. Then I would just do it the day before.”  

“I always try to keep one lecture ahead. So then if I have questions, then I can ask them.” 

“I just write some notes, what I think is important from the reader. And then I just go to the class the next day where I can just 

listen rather than write.” 

Goal setting - 

Time management “No, slowly built up. Because you can't really be fully like going in the beginning because in the beginning you still have to do 

some, you still have to understand the theory. So, in the beginning it's more like, ”Oh, okay, I'll watch the lectures and then, okay, 

after I watch the lectures, I'll take some notes.” 

“And I did conduction and convection like I was saying quite well, because that was kind of the time I had, and then radiation, I 

kind of not have enough time for, even though of course it's a big part of the whole, of the course in general.” 

“A lot. It was very time-consuming. During this module, we had Fluid Mechanics, Heat Transfer and the Project. And Fluid 

Mechanics was quite easy, I would say. It did not require a lot of time. The project was time-consuming as well as Heat Transfer. 

So, the whole module was just working on Heat Transfer and the Project, and Fluid Mechanics was kind of on the side.” 

“It was the night of the exam and I was trying to do as much as I could, staying till 12 am, just for the exam, the next day, I did not 

have enough time.” 

Use of study 

resources 

“I also remember that the reader was the most beneficial thing for me to study from because I was, I think the reader had a lot of 

questions as well, like to like kind of practice problems at the end.” 
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“I just would have one screen with the lecture on and one screen with the reader on and then my notebook.” 

“If a specific term comes up that I don’t understand and it's not covered well in the lecture, then I would just Google it and kind of 

read something about it very quickly.” 

“I just write some notes, what I think is important from the reader.” 

“And then I had a sub notes kind of only the important stuff that, or for example, stuff that I know are just a pattern that comes in 

every single exam that like, I want to know by heart.” 

“The reader questions were a lot, a lot more representative of what the exam actually looked like.” 

“I would maybe ask a friend. If I still can’t figure it out, then I would either email the professor or go to his office straight away.” 

Self-evaluation “For me, I just go to the lecture, but like I said, I always try to, if there's reported lectures or a reader, I would always like to take 

my notes, to take some notes, like read through the reader, take some notes on what I think is important.” 

“And once I'm, in my opinion, once I'm able to solve all the past papers, or like all like questions, tutorials, past papers, everything 

like that, without struggling at all, like, I'm just going, I should read the question, oh, I know how to solve this exactly, I just solve 

it.” 

Adjusting strategies “And then if a specific term comes up that I don't understand and it's not covered well in the lecture, then I would just Google it 

and kind of read something about it very quickly. Take some notes there. You kind of like also grasp that. So, it all connects at 

least.” 

“And that's why I said radiation, I barely had time to do it. So, I just had to really study very fast. And just kind of try solving some 

quick questions.” 

Perceived 

understanding 

“The exercises were honestly fine. They were not too difficult. I think they were representative of the exam.”  

“I feel like if I didn’t have the reader and the lecture, if I only had the lecture, I would be missing.” 

“Before you can practice, you have to first understand, but after that, that's also kind of in general, how I approach any subject: I 

try to get as much as I can in the beginning of like understanding. I depend on practice and understanding from the practice. So, 
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Student Interview 5 Codebook 

why this happens, why that happens in different questions is, oh, okay. And then I link it back to the theory. And then I write my 

own notes on the side, my new notes of why things happen. 

Difficulty estimation “I think it's quite difficult because it covers, like you said, three different topics, conduction, convection, and radiation. For me, at 

least I did conduction and convection quite well and radiation, I left it until the end. So, I really had to kind of catch up on that very 

fast.” 

“The exercises were honestly fine. They were not too difficult. I think they were representative of the exam.” 

“And that's, I think, what kind of was difficult for me in this subject, specifically, because the material is too much to cover. Yeah, 

so I wasn't able to do that. Yeah, it was too much material to cover.” 

Feedback integration “Because if I have a question, then from solving the questions, it's a lot also nicer if I can just get immediate feedback on it rather 

than having to wait.” 

HeatQuiz usage “Well, we had to use it because it was like there was like a bonus point for, like, solving some quizzes, I think. And so, I kind of just, 

of course did it because bonus points, why not?” 

“The other ones were not, like, because I remember I did not look at the HeatQuiz questions again, after I was done with the bonus 

point. So, after I was done with that, I never looked at it again.” 

Cross-modality 

reinforcement 

“Like, I like to the day before just kind of write down the notes. Even if it's very late at night, I just write down very fast. I just write 

some notes, what I think is important from the reader. And then I just go to the class the next day where I can just listen rather 

than write. And then usually if I have questions that I didn't get from the reader, I have all the time in the world because I'm just 

sitting there listening. And whenever he comes to that specific part, I just raise my hand. I just don't understand this part.” 

Code Excerpt 
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Task prioritization “Almost everything was online. So, it made it easier to just push everything back, you know, through the last week or the last 

two weeks before the exam.” 

Goal setting “I am structured. I am really good at planning. But then, at the same time when it comes to it, then I don’t stick to my planning a 

lot.” 

“I don’t stick to my planning a lot because things come up and then at some point, just at the point, like when it's actually time 

to do it, then I’m not motivated anymore.” 

Time management “It's always more stressful when you get closer to the exam. Yeah. So, yeah, like not that much in the beginning and then more 

towards the end.” 

“It did help. I think if there were no bonus points, then I wouldn’t be that much on track.” 

Use of study resources “I liked it that you could watch back everything. Normally, you only come back into the slides, but not the lectures themselves. 

So that was nice, that if you don’t understand them, you can still watch the videos.” 

“The questions in HeatQuiz, the quiz, like what I said, they are nice, but a lot of people just to pass for the bonus points, they just 

learned how to answer them instead of really understanding the differential equation.” 

Self-evaluation “For the exam specifically, I always look at all the exams and then you know what the type of questions they’re going to ask and 

then you actually have high-level questions that prepare you for the exam.” 

“I think I’m just older now. And in my master’s. So yeah, like in the bachelor’s, it was not difficult to… Now, really, I’m like, ‘OK, in 

two years I’ll be working, and I want to be good.’” 

Adjusting strategies “I just make more questions and see it, check the answers. And revisit the lectures or the lecture slides.” 

Perceived 

understanding 

“The goal is, of course, to understand, but the way that it starts, it's more memorization, I think.” 

“HeatQuiz was not by far not enough, I think, for making the exam.” 

“They go over a lot of different things within Heat Transfer. And basically, you understand everything a bit, but you don't really 

understand anything at all at the same time, even if you've got a good grade on the exam.” 
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Student Interview 6 Codebook 

Difficulty estimation “I think the question was really easy if you made the question in the project. But yeah. And if you did not do it, then it was very 

difficult because the question itself is difficult.” 

 

Feedback integration - 

HeatQuiz usage “The questions in HeatQuiz, the quiz, like what I said, they are nice, but a lot of people just to pass for the bonus points, they just 

learned how to answer them instead of really understanding the differential equation.” 

“Like, yeah, specifically during studying or during like making the quizzes. I don't think I really used it. I don't use the questions 

for actually studying for the exam.” 

Cross-modality 

reinforcement 

“I liked it that you could watch back everything. Normally, you only come back into the slides, but not the lectures themselves.” 

“For the exam specifically, I always look at all the exams and then you know what the type of questions they’re going to ask and 

then you actually have high-level questions that prepare you for the exam.” 

Code Excerpt 

Task prioritization “I had six courses in that quartile. So, I did it in the last two weeks before the… It was one of those, ‘if I can make it, I’ll make it, if I 

can’t make it, then I’ll do it next year kind of things.’” 

Goal setting “Well, my strategy was to pass it. It was to learn the conduction and radiation parts because those were easy and I still know 

those very well, even now.” 

Time management “I had two weeks or so to learn the course, and I thought, well, I’m still going to try.” 

“I honestly don’t know. I think I did the last two, two and a half weeks a few hours a day. I don’t know. So yeah, not as much as I 

should have.” 



   
 

   
 

140 

Use of study 

resources 

So, I have no experience with the lectures or the tutorials. I just know HeatQuiz and I've been to the exam and that's it. 

“Yes, I read the reader, but the reader, the whole reader was, I believe, 70 pages or so. But yeah, but the slides were much more 

detailed. And I think the slides tell you much more and give you also a bit more, yeah, how would you say that, give you, learn you 

how the proper way of thinking of approaching Heat Transfer.” 

Self-evaluation “I haven’t spent… no, I should have definitely spent more time on it because I still did not really understand it by the time I had the 

exam.” 

“I'm glad I passed. That's all I can say. I did not really have any expectations.” 

Adjusting strategies “I just memorized it… But the other parts, I know even now and I… learned those properly, but the convection part I would have to 

do again sometime.” 

Perceived 

understanding 

“Well, usually I understand things. It's rarely that I don't understand something, but I think I understood most of it. I think just it 

was very difficult. But I guess that's just a matter of experience or just, yeah, I should have worked more. I should have put more 

hours in. That's definitely true.” 

Difficulty estimation “But I think that is the most difficult part was the convection part. The others were okay. But yeah, I think perhaps they could have 

given that more attention.” 

Feedback integration “I thought that the timing was off… I completely fail quiz one… I go back to lecture two, then I do quiz one again, and then I have 

everything correct.” 

HeatQuiz usage “I think with the way HeatQuiz presented it, you see just obstacles, and it's not a fun way to learn.” 

“I think they could have postponed [the quizzes] a little bit because I felt that the timing was off.” 

Cross-modality 

reinforcement 

“If it was possible, I would have preferred live lectures. But again, I also do like videos that you can re-watch. I think that this is 

something new since the pandemic.” 

“If I had only the reader, I think I would have done better.” 
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Table K2: Teacher Interview Transcripts 

Teacher Interview 1 Codebook 

Code Excerpt 

Course goal setting “We communicate that during the first lecture. We tell them what to do, what is the purpose of the tutorials.” 

“No, I don’t really mention this, but I think this is something like study skills which is not something that I should teach them in 

the tutorial.” 

“And yeah, but I know there are also students who plan this and who say, ”OK, I have this tutorial, and these questions are 

scheduled so I will make these” and they don't write. And some of them, what I also see, is that if they make a question, I have 

the feeling that they do it for me. And not for themselves.” 

Planning support “We don't use it [HeatQuiz] very explicitly. We mention it. There is nothing that says, ”OK you should do it every week”. We say 

that the module, which is related to that week’s lecture, can help but we also give an explanation during the lecture.” 

“Yeah, actually what would be nice if students do the Heat, the ThermalQuiz, because we divided it in... Yeah, OK. Lecture one, 

lecture two, lecture three. So that after lecture one, they should be able to do all the questions of lecture one and in the ideal 

world they should do that.” 

Scaffolding learning “And in the tutorial, I think we see less students, maybe yeah, we have 300 students in the course, so maybe 50 students are 

there and some of them are really studying, they're asking questions and they try to solve things.” 

“So, this was also a way for us to give the students a platform to practice them. Yeah, because you cannot ask multiple-choice 

questions in the exam if students cannot practice it.” 
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“And they always say, ”yeah, I want to see how you can work it out” and if they try it at home, they kind of manage it. If they 

listen to our explanation, then they should be able to do the others themselves. But then they don't try it at home, so they don't 

learn from it.” 

Monitoring engagement “No, you see that some students when we explain this go there and play a little bit, but what we see in the end is that students 

only use it a few days before the exam. Okay, some of them use it a bit more regularly but most of them go there before the 

exam and not all of them. So, there are some students who never access it, I think.” 

"Yeah, it's difficult to make this comment for all students, but in the tutorials... OK, maybe half of the students comes to the 

lecture, and they sit there." 

"And they don't say that they listen, but some of them are on track, and they can follow it and some others are just there 

because they think they learn something, they just go there because they think they are expected to go." 

“But the ones who do want to be helped are the ones who then show up and who are actively engaged. They will pass the exam 

and get the bonus points.” 

Adaptive teaching “No, and maybe that's something that I can try to change. If I have a way to do that, that they are more familiar with it 

[materials from the reader or HeatQuiz] or that they are more exposed to it. That's maybe important.” 

Student reflection 

encouragement 

- 

Perception of student 

understanding 

“So yeah, I don't talk to them a lot. Yeah, I know that some students are not, what I said, efficient. They are lagging behind and 

they don't stay up to date. And yeah, when you say this, they say ”yeah, I have so many to do, and the exam is so far away." 

“Yeah, and I think a lot of students are just not studying regularly and have to study or start just before the exam and are 

lagging behind.” 

Feedback effectiveness "They never talk about this. But maybe that's also because, yeah, they don't use it. I don't know. I never had any complaints or 

things that they don't know how to use it." 
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Teacher Interview 2 Codebook 

Online-offline 

integration 

“At the end of every lecture, yeah, we pose a tutorial question of which the answer is not published.” 

"And what I do is, actually, that students work on that question at home. And in the tutorial, I will work it out on the blackboard. 

Because students always say 'oh we want to see worked-out questions, that helps us,' blah blah blah." 

"For me, I have mostly multiple-choice questions there, and in the tutorial, I'm more focused on open questions... Because the 

multiple-choice questions are also more focused on understanding and explanation of the theory, while the tutorial questions 

are a little bit more focused on doing a calculation." 

“I have used it now for three years, two or three years. Maybe two, I'm not sure. Yeah, what I experience is that, at least in my 

case, it's a little bit of a side thing. So, it's not fully integrated. I think Wilko has it way more integrated.” 

Format challenges “Yeah, but if you make the tutorials mandatory, you are only busy with administrating who is there, who is not there, and I don't 

want to force students to go to tutorials because it's a university. It's not a middle school or a high school because, yeah, they 

have their own responsibility.” 

Code Excerpt 

Course goal setting “It was the second or third exposure to HeatQuiz. When I did my opening lecture, I said, "OK, well, you're all familiar with 

HeatQuiz?", "OK, so this is the plan. Yeah, this is what we do. But I did not feel any sense of, "Oh, I need to explain what the idea 

is." No, rightly or wrongly, I thought they were all on board. " 

“But sometimes people jump around a bit more and through the syllabus. And I don't want to be too prescriptive in that.” 

Planning support “So, what I think has been very clever is the split between a formal tutorial where we expect you to soon work towards exam-

level. And much, much further down in the learning is the, ”Have you understood the concepts? Have you understood the 

simplest sums?”” 
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Scaffolding learning “With HeatQuiz, you can actually break it down in really bite-sized pieces.” 

“And I think that's because students... I try to give students always a feeling like, ”Yep, this is never a lost course. You can still 

catch up.” Even in the last lecture, I will go slow enough for you to hang onto your fingertips.” 

"And to build confidence for the students, it's nice that they can actually do little practice questions.” 

"Yeah, I think the fact is our very short, simple questions takes the fear factor away for some of the students." 

Monitoring engagement “And students who perform poorly often make that mistake, ”Oh, it's all there anyway. So yeah, I don't need to.” Yeah. ”I don't 

need to follow the lecture now. I can still watch the videos in the last week.” And ”I'll play the videos while I'm actually asleep. 

And then I'll, by osmosis, I'll...“. No.” 

“Because OK, this sounds arrogant, but over the years, students have found it makes sense to follow my lectures.” 

Adaptive teaching “So, I used my time instead to fill in some of the gaps in the understanding by picking up the question triggered by other 

questions. ”Oh, yeah, Johnny asked a question. I've answered John's question, but now Mary asked a follow-up question. This 

goes back to Johnny's first point.”” 

Student reflection 

encouragement 

- 

Perception of student 

understanding 

"Yeah. We marked the first course a few weeks ago, and there was still 20% fail, which actually is not bad for mechanical 

engineering.” 

“I would say that when I mark, because I typically tend to mark my own exams, that the number of spectacular fails is very low.” 

Feedback effectiveness “Yeah, they do let me know. It's typically my answers, but they think the answers are wrong. And sometimes they're right. 

Sometimes that is correct. The answers are indeed wrong and we have to fix them.” 

“But it was reassuring that the students were willing to speak up. I'd like to think I've got a good rapport with them. They're not 

afraid to email me. I say, "Yeah, just contact me” and I'll give them a good... yeah, I'll typically respond to anything.” 
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Teacher Interview 3 Codebook 

Online-offline 

integration 

"I would say for 80% of the students it's practice. It's a bit of benchmarking your rhythm, your discipline. "OK, well, this is the 

number of hours you need to put in." Maybe for the 20% who struggle it could be filling the gaps as in, "Oh, OK, I've really not 

understood the lecture. Let's go through HeatQuiz first. And then, yeah, then I can ask intelligent questions." 

"So, during the tutorials that we had, there were questions about the tutorial sheets that you would expect. But also, questions 

about the HeatQuiz questions where students were talking to each other and me at the same time about particular HeatQuiz 

concepts." 

"Anyway, so on Heat Quiz, what is nice about it, the duality, is I explain stuff in the lecture. It's quite theoretical. And to build 

confidence for the students, it's nice that they can actually do little practice questions." 

Format challenges "The platform is fine. I've not heard anything, complaints about the platform. It's just that the platform has been populated with 

content, and sometimes the content has just not been sanity-checked sufficiently." 

Code Excerpt 

Course goal setting - 

Planning support “Yeah, we are using actually really intensively HeatQuiz in a manner that we are providing the students this learning path and 

telling them, "OK, this week you should have done this stuff," for example.” 

Scaffolding learning “We explain the question to them. We are making a really comfortable exam situation for them in order to let them get rid of 

this stress condition in the exam.”” 

“We are there, but we are not giving them, for example, the end answer to the question. We are guiding them in a way that 

they can proceed step by step to approach the answer at the end. This is the concept that we have in our self-calculating 

task.” 



   
 

   
 

146 

“But the HeatQuiz itself, if you mean only the quizzes that they are solving, these are an extra learning material, which is not 

included in the main learning path. The main learning path is based on the lecture slides and the videos that they are 

watching, and these quizzes are simply helping them to understand better these materials." 

“And we have several things that we are making available for the students. These are, for example, lecture videos, exercise 

sessions and in two different ways we have exercise sessions, where we solve the questions for them. We have another 

exercise session where we give them the question and we ask them to solve it and if they have any problem, they can actually 

ask our colleagues. And we have our lecture videos. It means that they have to look at the videos before the class, come to the 

class and ask their questions and discuss with the lecturers. And at the end, we have also these HeatQuiz stuff where we are 

asking or where we are making quizzes to the students available such that they can actually go to these quizzes after each 

lecture video in order to make their knowledge or in order test themselves in order to see how they are understanding this 

stuff or how good they can actually apply their knowledge to solve the questions. And in addition, we have also provided them 

with these consultation hours at our institute. It means all in all, it requires a really organized participation in the lecture 

stuff.” 

Monitoring engagement “We have actually HeatQuiz in itself, which has statistical analysis, and you can see there whether the students are using it or 

not, anonymously, of course. But it depends at different phases of the semester. You can see that the participation is high, and 

in some phases the participation is low.” 

Adaptive teaching “Some of them, especially the videos, for example, the lecture videos concerning certain topics that are available also in 

YouTube, the lecture videos on the learning paths. I have this feeling that some of the lecture videos are too long, and they are 

transferring too much knowledge to the students within maybe 20 minutes or within maybe 40 minutes. And this should, in 

any case, be improved in the near future.” 

Student reflection 

encouragement 

“We are making quizzes to the students available such that they can actually go to these quizzes after each lecture video in 

order to make their knowledge or in order to test themselves.” 
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Perception of student 

understanding 

“The most important thing is that I realize, most of the time, some missing fundamentals that they had to actually earn during 

their studies.” 

“This missing knowledge makes them a bit nervous, I would say, also in the exam and in the self-calculating tasks that we are 

giving to them in our exercise session. I have this experience that they can't recognize or they can't realize where they should 

do this energy balance or not, or how they should do this. This is one of the main important learning behaviours of them that I 

realized during the last semester.” 

“I'm a bit concerned about it because I had this feeling over the last semester that the students sometimes are overloaded 

with their stuff. We have to find a way that they could have the feeling that they are not overloaded, but all this stuff is 

somehow to help them in order to bring them at a point where they can actually judge and master the course from their 

perspective.” 

Feedback effectiveness “In most cases, I am discussing with them why I am doing my energy balance in that way, where are the balance borders or 

where is my control volume, for example, to do the energy balance and why I choose that in that way.” 

“We are there, but we are not giving them, for example, the end answer to the question. We are guiding them in a way that 

they can proceed step by step to approach the answer at the end. This is the concept that we have in our self-calculating 

task.” 

Online-offline integration “And we have several things that we are making available for the students. These are, for example, lecture videos, exercise 

sessions and in two different ways we have exercise sessions, where we solve the questions for them. We have another 

exercise session where we give them the question and we ask them to solve it and if they have any problem, they can 

actually ask our colleagues. And we have our lecture videos. It means that they have to look at the videos before the class, 

come to the class and ask their questions and discuss with the lecturers. And at the end, we have also these HeatQuiz stuff 

where we are asking or where we are making quizzes to the students available such that they can actually go to these quizzes 

after each lecture video in order to make their knowledge or in order test themselves in order to see how they are 
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Table K3: Teaching Assistant Interview Transcripts 

Teaching Assistant Interview 1 Codebook 

understanding this stuff or how good they can actually apply their knowledge to solve the questions. And in addition, we 

have also provided them with these consultation hours at our institute. It means all in all, it requires a really organized 

participation in the lecture stuff.” 

"Yeah, we are using actually really intensively HeatQuiz in a manner that we are providing the students this learning path and 

telling them, 'OK, this week you should have done this stuff,' for example. But the HeatQuiz itself, if you mean only the 

quizzes that they are solving, these are an extra learning material, which is not included in the main learning path. The main 

learning path is based on the lecture slides and the videos that they are watching, and these quizzes are simply helping them 

to understand better these materials." 

Format challenges “I had this feeling during the last semester that maybe making too much stuff available for the students might overload the 

students.” 

“Some of the lecture videos are too long, and they are transferring too much knowledge to the students within maybe 20 

minutes or within maybe 40 minutes.” 

“And they should know that mastering HeatQuiz app in itself, just, I mean, only solving the quiz questions, is not enough to 

pass the exam.” 

“The negative aspect of the whole idea of a HeatQuiz and learning paths is that the students could stay at home and start 

learning stuff like a virtual university, which has to be prevented somehow.” 

Code Excerpt 
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Planning 

encouragement 

“But on the other side, I mean, they’re bachelor students, they should be able to handle some kind of freedom themselves and 

make their own planning.” 

Learning support “The most interaction with the students that I had was just explaining to them how to solve a specific task.” 

“And then the other part of the students that, well, of the 10% that already attends, the 5% of those students who ask the 

questions, they really have the in-depth questions, and they want to have someone with whom they can discuss on a high level 

about the course material. I think that's your expectation of those students.” 

Engagement 

monitoring 

"I would repeat myself probably, but I think the larger difference is that the students who pass also kept up with the planning of 

the course." 

“We often had a specific set of students who really came to the tutorials to ask questions to the teaching staff. But I think about 

maybe 80, 90% of those students who attended the tutorials just went there to sit and do the exercises.” 

"I feel like maybe the students who do attend the tutorials are also the more serious students, so to say. And I think those who 

don't attend might be the students who like to have freedom, but then they also maybe prioritize things above the course, so to 

say." 

Self-reflection support “Even though you might understand those quizzes, they are only the first step towards getting you to the exam level. And it's 

something that we repeatedly said to them.” 

Gap recognition “I often got questions about tasks that were from one or two weeks ago already. So in the first few weeks, you already saw that 

they were lagging behind.” 

“So from the question that I got during the tutorials, it was already only 10% of the total students, but I think more than half of 

them were lagging behind. So, a really large portion of the total students.” 

Feedback integration “I think it would be really good that the bonus points that the students currently get, that they would also be awarded if they did 

the tutorial exercises so we can push them to doing that as well.” 
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Teaching Assistant Interview 2 Codebook 

“And within the course reader, we have a few paragraphs on demonstration. So, it's simply me picking up such a task, showing 

how I should do it. And then I also apply the systematic problem approach. But also, even within the solutions of the exams.” 

“So, they always have those exams at Newton, I think the study association, but also on campus. We also provide the solutions 

with that approach that we apply for the course.” 

Online-offline 

integration 

“But as I said, these exercises are also available on HeatQuiz. So, it's not that you should go to the tutorials. You can also do the 

tutorial exercises at home with pen and paper. I mean, where you do them is up to you. Yeah. It's not that there is a gap between 

those who attend the tutorials and those who stay at home, they all have the same materials." 

Code Excerpt 

Planning 

encouragement 

“But yeah, I'm sure in the end, right, students know for themselves how they should study.” 

Learning support “I would be explaining it in a way that I think was a very good starting point for them to use, to get a feeling of how to approach 

the problems. I think that the larger assignments are very important as well as you probably heard by now. I also advised them 

not to hang on to these assignments too much. Also, when you feel a little bit confident, try the larger assignments. So, I was 

splitting it up a little bit.” 

“The students that do ask questions, they really do want to fundamentally understand, like, ‘OK, why are we doing this, this and 

this step, right?’ They kind of know when they see it, right? They see the solution and they understand, like, ‘OK, these are the 

steps,’ but why are we taking the steps, right? They want to understand why should we use this approach, but why shouldn’t we 

use this other approach, which we also learn?” (Helping students understand problem-solving approaches.) 
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“Sometimes I just have to walk to the students where I saw like ‘OK, now you filled in the same question five times let me help 

you,’ but they didn’t really reach out themselves.” 

“Well, in the end, like, yeah, I do think there's like the, of course, if the lectures, you have a lot of, like, at least when I was still a 

student, there were a lot of like contact hours. So, you had the lectures, you had the guided tutorials, and then you had the self-

working tutorials as well. And there's plenty of material. So, you have, of course, the HeatQuiz and you have a lot of, like, the 

more general assignments you can make. And there's even, like, the book of formularies, which I think is quite nice. Like 

sometimes, like, often you don't really have a book for a course, but having the book of formularies, which really condenses all 

the equations and things you have to use into a single booklet is very nice. So, I do think that there's like plenty of material and 

support for the students to achieve it." 

Engagement 

monitoring 

“But I think that you only hear from like 10%. And it's not that weird. I’ve been TA for other courses. And for a lot of courses, you 

have a lot of students who just study by themselves.” 

“It's [HeatQuiz] so well laid out that it might make the students a bit lazy that they're just like everything is already there so why 

should they put in the effort to find new material themselves.” 

Self-reflection support “Sometimes I just have to walk to the students where I saw like ”OK, now you filled in the same question five times let me help 

you”, but they didn't really reach out themselves. They were just really staring at HeatQuiz and just going through it over and 

over and over again without really like stepping out of the HeatQuiz environment, I feel.” 

Gap recognition “Sometimes the explanation didn’t really work and then they didn’t sometimes ask questions where I thought like, ‘OK, if you 

now just ask me OK I’ve been looking at this same answer for five times and every time I’m still answering it the wrong way could 

you explain it to me,’ they weren’t really asking it themselves.” 

Feedback integration “If, for example, in the guided tutorials, I think there would always be just one example. And it's a bit tricky because then they, of 

course, made an example which is really easy to solve. But when you get into a real-world example or, right, the exam, the real-

world example isn’t guided.” 
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Online-offline 

integration 

“It's the students who, like, have limited time they want or have to invest in the course. They feel like they'll just start with the 

HeatQuiz. And if you have time over or like the more motivated students, they then only after that go to the assignments. But I 

think that the HeatQuiz can be a good introduction, but you really should keep it to an introduction and move to these more 

elaborate assignments, because these are way more reaective of like the entire set of skills you move out.” 
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Appendix L: Preliminary Evaluation Instruments 

Appendix L1: Structured Observation Protocol 

 

Purpose 

To help teachers and TAs systematically observe how students engage with the process worksheets during in-person sessions. The focus of the observation 

should be on usage patterns, and engagement levels. This may reveal areas for improvement that can be incorporated into the next version of the 

worksheets. 

 

Instructions 

During the session, teachers/TAs should observe and record the following: 

• Engagement 

o Are students actively filling in the worksheets? (Yes/No) 

o Do they reference the worksheets while solving problems? (Frequently, Occasionally, Rarely, Never)  

o Do students collaborate with peers using the worksheets? (Yes/No)  

• Challenges 

o Do students appear confused about any part of the worksheet? (Frequently, Occasionally, Rarely, Never)  

o Are there frequent pauses or requests for clarification? (Yes/No) 

• Alternative Behaviours:  

o Are students relying on other materials (e.g., HeatQuiz, notes, reader) instead of the worksheets?  

o Are they skipping steps or solving problems without using the worksheet?  
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Appendix L2: Interview Guide (Evaluation) 

 
Introduction  

Thank you for participating in this interview. We are gathering feedback on the process worksheets used in the Heat Transfer course to understand how 

they support your learning or how they may be improved. Your insights will help refine the intervention and greatly benefit future Heat Transfer students! 

 

Questions 

• Can you describe how you used the process worksheets during the course, both in and outside of class? 

• How clear and easy-to-follow did you find the instructions and layout of the worksheets?  

o Follow-up: Were there any specific steps or sections you found confusing or difficult to use? 

• How did the worksheets influence your approach to solving the exercises from the reader or old exam questions? 

o Follow-up: Did they help you feel more prepared for similar problems on the exam? 

• Did the guiding questions in the worksheets help you during problem-solving? 

o Follow-up: What would make them more effective? 

• What changes would you suggest to improve the worksheets? 

 

Closing 

Thank you for sharing your experiences and suggestions. Your feedback will directly inform how we improve the worksheets for future students. Have a nice 

day! 


