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Abstract 

           Purpose: 

Self-regulated learning (SRL) skills have been identified as modifier for flipped 

classroom success. The Foundations course at Harvard Medical School is 13-week long, 

integrated basic science course for first year medical students taught via Case-based 

Collaborative Learning (CBCL). CBCL was specifically developed for medical students and 

incorporates a flipped classroom framework. The aim of this study was to learn what study 

strategies students deploy in interacting with the CBCL instructional design, which strategies are 

most effective for learning, and whether SRL skills play a role in this.  

 Methods: 

This work is a mixed methods quality improvement study. A validated SRL assessment 

tool was combined with newly developed CBCL-specific items into one survey. Students 

(n=169) were asked to complete the survey as part of professional skills development activities 

in week 1 and 10 of the course. Performance on course assessments (4 non-cumulative exams) 

was used as an outcome measure of learning. 

 Results: 

Students widely adapted their SRL skills and study strategies across the 10 weeks. 

Students shifted from rehearsal to prioritizing elaboration, and were found to have increased 

organization and metacognitive awareness over time. Specific study habits like test taking 
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strategies related to low-stakes readiness assessments were associated with significantly 

increased exam performance, while other study habits like preferring videos over readings did 

not affect outcomes. About 10% of the class struggled to adapt to the flipped classroom setting 

throughout the course and performed significantly lower on exams than their peers. This group 

of students used less active study strategies and found it challenging to identify key concepts. 

 Conclusions: 

This study provides a detailed window into how first year medical students adapted study 

habits to a flipped classroom environment. Successful adaptation required students to exhibit 

adaptive SRL expertise and prioritizing elaboration over rehearsal practice consistent with the 

goals of active learning. Students that struggled with the transition to an active learning 

curriculum may benefit from targeted coaching on how to engage with specific instructional 

design elements like formative quizzes as well as more general coaching on SRL domains like 

time and effort management.  
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Chapter 1: Background 

Introduction 

 

The flipped classroom shifts the traditional lecture-style teaching asynchronous pre-class 

assignments and utilizes in-class time for active learning and discussion. The flipped classroom 

approach has gained considerable attention in undergraduate medical education (UME) and 

higher education in general as an innovative instructional method that fosters active learning and 

critical thinking1,2. The flipped classroom model involves two distinct asynchronous phases: first 

preparing for class, and second consolidating learning after class. Both phases demand that 

learners engage with learning materials and tasks independently.  

  

To prepare for class learners are typically assigned a set of resources (readings, videos, 

multimedia modules) to teach themselves a basic understanding of the topic2. In the 

consolidation phase, learners are expected to integrate the knowledge gained during prep and in-

class activities into schema they will commit to long-term memory. Recent studies highlight self-

regulated learning (SRL) skills as important modifier for the success of flipped classroom 

formats3-5. SRL is comprised of various strategies and skills that learners employ as they engage 

in studying, including what study strategies they use, goal-setting, self-monitoring, and self-

evaluation6. In short, SRL is about all the decisions learners make about how to learn.  

  

To date there is limited understanding of whether SRL is developed through flipped 

classroom experiences or if it is a prerequisite for success in this learning environment7. The 

literature suggests that it is likely a combination of both8,9. Researchers argue that educators 
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should not expect students to automatically possess SRL skills; rather, these skills need to be 

explicitly taught and nurtured10,11 e.g. by providing explicit instructions for goal-setting, self-

monitoring, and self-evaluation, as well as teaching students effective study strategies4. 

  

 One factor that is well known to influence what decisions students make while they learn 

is instructional design (ID). ID is the science of how to structure instructions to maximize 

learning. It is grounded in cognitive load and multimedia learning theories12. Cognitive load 

theory (CLT) states that our ability to process novel information is limited by our working 

memory capacity13. Effective ID minimizes extraneous information (e.g. by leaving out content 

that is not related to core concepts) and optimizes intrinsic information (e.g. by carefully 

sequencing the key elements the learner needs to understand to master a new concept)14. 

Together these strategies optimize the use of working memory as the learner process new 

information and facilitate long-term retention12,14. While SRL is all about the decisions learners 

make as they learn, ID is about all the decisions the teacher makes about how to teach. 

 

One of the most challenging tasks for novices is to distinguish core concepts from 

extraneous detail12. This is compounded by the fact that learning strategies widely favoured by 

learners (summarization, highlighting, re-reading) are known to have low utility16. The challenge 

for novices is that most effective learning strategies (practice testing, distributed testing) require 

that you already know what is important16. Active learning in flipped classes can only happen 

when learners know enough to apply their knowledge in a new context as well as decide what 

was most important after the discussion. Therefore, the flipped classroom format raises the 
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stakes for Instructional Design (ID). Yet to date, the ID for the flipped classroom varies widely 

and frameworks to guide implementation of this pedagogy are still lacking18. 

  

Case-Based Collaborative Learning (CBCL) is a flipped classroom approach that 

combines the use of real-world cases with collaborative learning activities, promoting active 

learning and critical thinking among students20. CBCL was specially developed for medical 

students20, and the instructional design has been iteratively refined over the last decade based on 

learner feedback21. CBCL ID features specific elements designed to help novice learners manage 

their cognitive load (CL) in each learning phase, and follows evidence-based principles from 

CLT and multimedia learning theory (MLT)12: 

 

Table 1. CBCL Instructional Design Elements is informed by CLT and MLT  

Preparation: 

Learning guides provide learners with preparatory learning objectives and keywords to 

minimize extraneous cognitive load help learner identify key concepts. 

Executive summary, or short context videos provide learner with an overview of the main 

topics and serve as advanced organizer22. 

Lecture content is offered in a dual format, either as chunked videos (narrated PowerPoint) or 

complementary reading (PowerPoint slides with text). Novices are more likely to learn better 

from videos due to the dual coding principle, while students with more background might 

utilize readings more effectively23,24 . 

Each prep assignment concludes with a short (8-10) question multiple choice quiz (readiness 

assessment exercise, RAE) that students can use to assess their level of preparation. The items 
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on this quiz are aligned with the preparatory learning objectives and contain “answer 

explanation” that serves as worked example. Worked examples are critical for novices to 

learn how experts think about a topic25.   

In-class: 

Summary slides after each discussion provide an opportunity for faculty to summarise key 

points. This avoids learners mistaking tangents of the discussion for the main message 

(minimizing extraneous load). 

Consolidation: 

Consolidation assessment exercises (CAEs) consist of essay-type quizzes that prompt students 

to synthesize the key points from class. Answer explanations again provide students with 

worked examples to check their own thinking against that of the faculty experts. 

  

While all these elements are designed for to aid the novice learner, they will only be as 

effective as the SRL strategies the learner employs. E.g. RAE or CAE not taken from memory, 

may have little utility in fostering deeper understanding and retention, just like being unprepared 

will limit learning from the discussion in class.  

 

This study examined the engagement of students with specific CBCL design elements, such 

as student guides, summary statements, context videos, readiness and consolidation assessment 

exercise (RAEs and CAEs), to determine which study strategies impacted performance and if 

this depended on students’ SRL skills. How students interacted with the CBCL ID was measured 

by multiple choice and open-ended questions specifically designed for this study. SRL skills 

were measured using a validated scale that was slightly adapted for the CBCL context. By 
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investigating the interaction between SRL in CBCL, this study aimed to gain a deeper 

understanding of the decisions learners made at each stage of the learning process, and how these 

decisions impacted their overall learning outcome in a flipped classroom, active learning setting.  

 

Aims and Research Questions 

 

The primary aims of this mixed-methods quality improvement study was to explore the 

interaction between SRL skills with the CBCL instructional design and understand what study 

strategies were most effective for success in the course. This study builds on a prior quality 

improvement study that found that some students generally benefited from SRL skills coaching 

in context of the CBCL curriculum4
. 

 

The specific research questions this study aimed to answer were: 

 

1. What role played specific SRL skills in adapting to CBCL? To what extent was there 

an interaction between SRL skills and performance in the context of a CBCL flipped 

classroom setting?  

2. What study strategies did students deploy as they engaged with specific instructional 

design elements within the context of CBCL learning? Which of these strategies were 

important for learning as measured by exam outcomes vs preferences? 

3. How did students make decisions about what strategies to use over the course of the 

course? What elements of the instructional design were important for students in 

making decision on how to adapt their study strategies? 
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Chapter 2: Methods 

 

Ethics Approval 

 

 This project was reviewed and approved by the Harvard Medical School Program in 

Medical Education Scholarship Review Committee. It did not qualify as human subject research 

and was exempt from formal IRB review. The study involved 169 first year students enrolled in 

the Pathways MD program at Harvard Medical School. 

 

Short Introduction to Methods 

 

To understand the specific strategies involved in this adaptation to CBCL as well as to 

further clarify the role SRL skills may play in this, we developed a study strategies questionnaire 

(Appendix 1). The questionnaire contained 3 parts: 1) 3 open-ended questions asking them to 

reflect on their study strategies, 2) an instrument measuring SRL skills with psychometric 

evidence from various contexts, and 3) specific questions on how students were interreacting 

with elements of the CBCL instructional design.  

 

The study strategies questionnaire was distributed during the first week of the 

Foundations course and towards the end of the course, week 10. The students’ performance on 

the Foundations exams served as outcome measure for academic performance (Figure 1). The 

data were analysed to understand how students adapted their study strategies over time, as they 
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got used to the CBCL instructional design, and which of these adaptations mattered the most for 

performance. 

 

Study Design 

 

 When students enter the Pathways MD Program at Harvard Medical School, they begin 

with the “Foundations” course that provides students a foundation in medical relevant basic 

sciences, including anatomy, genetics, cell biology, biochemistry, immunology, microbiology, 

developmental biology, cancer biology, pharmacology, pathology, and histology. The 

Foundations course is taught entirely in the CBCL pedagogy, consisting of ~100 CBCL sessions 

over 13 weeks. Students meet for case-based discussions every morning (8:00 am – 12:30 pm) in 

4 sections of 42-44 students each. In each section students are working in 11 small groups. 

Students prepare the day before and the come to class to apply what they have learned to case-

based scenarios. CBCL classes are conducted by expert facilitators who coordinate an iterative 

discussion between small groups and a section-wider large group discussion. Each 90 minutes of 

CBCL class requires ~ 2 hours of asynchronous preparatory work20.  

 

The course unfolds in two phases that are characterized by different adaptive challenges. 

During the first month (phase 1), students focus solely only the Foundations course five days a 

week, giving them time to adapt to the CBCL format which presents a new method of learning 

for most students. The month concludes with their first exam. After this first month, students 

begin with their Practice of Medicine (POM) course, that engages students in full day of clinical 
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medicine every Wednesday. For the remaining 2 months, students need to balance the demands 

of both the Foundations and POM courses (phase 2).  

 

The Foundations course is graded on a pass/fail basis. Exams are non-cumulative and occur 

every 3-4 weeks (4 exams total, closed-book). The course grade is based on the average 

performance on all 4 exams accounting for 75% of the grade. The remaining 25% of the grade 

are generated by submission of RAEs and CAEs (open-book, students receive full-credit if 

completed on time and, for RAE only, if > 50% correct). The passing score is 75% or above. The 

frequent assessments via RAEs, CAEs, and exams provides students with continuous feedback 

on their performance and allows students to refine their strategies towards the exams.  

 

 To capture how students were adapting to CBCL and medical school we asked students 

to complete a study strategy questionnaire in week 1 and week 10 of the course.  
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Figure 1. Overview of the study design and the distribution of questionnaire 

 

 

 

Data Collection  

 

First year students enrolled in the Pathways MD program at Harvard Medical School 

(N=169) were invited to participate in this study as part of their regular course work. The course 

enrols ~135 medical students and ~35 dental students that are treated indiscriminately as part of a 

long-standing collaboration between the medical and dental degree programs. The course 

contained a session dedicated to teaching students about study skills in CBCL. To prepare for 

this session students were asked to fill out a study strategy questionnaire. The study strategy 

questionnaire had 3 parts, it started with three open-ended questions asking students to reflect on 

their study strategies (Table 2), following by the modified Motivated Strategies for Learning 

Questionnaire (MSLQ) scale, and ending with the newly developed CBCL scale (Appendix 1). 
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The modified MSLQ measures SRL skills and has been used in various education setting and 

validity evidence has been collected in several educational contexts 26. We selected the two 

domains from the learning strategies section, cognitive and metacognitive strategies, and the 

resource management strategies (Table 3). From the 2 domains, we selected eight subdomains 

and left out the “peer learning subdomain” as the CBCL pedagogy already evolves around 

discussions with peers. Items from the subdomains were then slightly adapted to match the 

CBCL context. The modified MSLQ and the CBCL scale were carefully reviewed by a group of 

students and two CBCL faculty experts to provide validity evidence for the CBCL context. 

(Appendix 1). 

 

Students were given the first questionnaire to complete in the first week of the 

Foundations course as RAE assignment for a professional development session on SRL skills 

development developed by Boyd and colleagues4. While students were encouraged to fill out the 

survey to gain insight into their own self-regulated learning skills, their participation did not 

contribute to the course grade. At week 10, students were then given in-class time to complete 

the same questionnaire a second time (Figure 1). At the end of the course each student received 

an individualized report on how their SRL skills developed over the course as formative 

feedback (Appendix 2). Given the emergence of SRL skills as important factor in flipped 

classroom learning, the idea was that learning more about themselves in this specific domain 

would help students in their professional development.  

 

Table 2. Three open-ended questions for the qualitative data: 

1. When preparing for class, what study strategies or resources are most helpful? Explain why.  
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2. After class, what strategies or resources are most helpful in identifying key ideas? Explain 

why. 

3. How are you assessing your progress and adjusting your study strategies?  

What specific changes have you made to your study strategies during Foundations? (Week 10 

only) 

 

Table 3.  Components of the Modified Strategies for Learning Questionnaire.  

(All the components are under the “Learning Strategies” section of the original modified 

MSLQ.) 

Scales Subscales 

Cognitive and Metacognitive Strategies Rehearsal (Q.1-4) 

 Elaboration (Q.5-8) 

 Organization (Q.9-12) 

 Critical Thinking (Q.13-16) 

 Metacognitive Self-regulation (Q.17-25) 

Resource Management Time Study Management (Q.26-32) 

 Effort Regulation (Q.33-36) 

 Help Seeking (Q.37-40) 

 

Table 4. Modified CBCL survey and the specific Instructional Design Elements 

Part 1: CBCL questions about prep work (Q.41-48) 

Identification of key points (Q.41) 

Active engagement with the given material (Q.42-43) 
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Preference for multimedia learning materials (Q.44) 

Session summaries for orientation (Q.45) 

Thematic overview for contextual understanding (Q.46) 

Usage of the RAE (Q.47-48) 

Part 2: CBCL questions about in class (Q.49-52) 

Identify and follow key points (Q.49) 

Need for individual problem-solving time (Q.50) 

Preference for detailed note-taking versus focus on listening (Q51-52) 

Part 3: CBCL questions about after class consolidation (Q.53-58) 

Key point identification (Q.53)  

Usage of CAE (Q.54-55, 58) 

Usage of answer slides (Q.57) 

 

 

Data Analysis 

Quantitative week 1 and week 10 survey data were analyzed using the statistical software 

STATA Version 17 (Stata Corp, College Station, Texas. StataCorp.2021) and JMP JMP®Pro, 

Version 17 (SAS Institute Inc., Cary, NC, 1989–2023). 

 

The modified MSLQ survey data were collected as a 7-point Likert scale (strongly 

disagree to strongly agree) and the results were converted into numbers (1-7). Some questions 

were reverse coded as noted in (Appendix 1). The scores were aggregated by subgroup domain 

and paired T-test were used for to determine statistical significance of the differences of the 
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students’ SRL skills between week 1 and 10 week of the course. Effect sizes were determined 

from the two SRL mean divided by standard deviation for the data (Cohen’s d = MWeek 10−MWeek 1 

/SD combined). K means clustering on JMP 17 was used to identify sub-groups of students with 

similar SRL subdomain skills profile. Student group clusters were generated independently for 

SRL data collected in week 1 (phase 1, CBCL coursework only) and week 10 (phase 2, CBCL 

and clinical coursework). Paired T-test and Cohen’s d were used to determine the statistical 

significance of the differences in exam scores between the two phases of the course. Student 

group clusters in week 1 were compared based on performance on exam 1. Student group 

clusters in week 10 were compared based on performance on the average performance on exam 

2,3, and 4. A Chi-square test was used to compare how students were distributed between 

clusters in week 1 and week 10.  

 

The CBCL survey results were also collected using the same 7-point Likert scale. Each 

question on the scale asked about a specific CBCL related study strategy. There were 18 

questions in total. Each question on the CBCL part of the questionnaire was treated individually 

as it was not a validated scale with established subdomains. The answers on the Likert scale were 

grouped into three non-parametric categories of agree, neutral, and disagree. The agree group 

was comprised of all strongly agree, agree, and somewhat agree ratings, the disagree group was 

comprised of all strongly disagree, disagree, and somewhat disagree ratings. Neutral was kept 

separate throughout the analysis. A Chi-square analysis was performed to compare changes in 

CBCL study strategies between week 1 and week 10. Paired t-test was used to test if preference 

for a specific CBCL study strategy was associated with a difference in exam performance.  
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Exams performance was analysed by multivariant correlation and linear regression of 

exam 1 against the other 3 exams as well as the aggregate of exams 2, 3, and 4. The Foundations 

course is graded pass/fail. Exams are non-cumulative, and performance is aggregated, weighting 

each exam equally to determine to the passing grade (75% or above). To accurately capture the 

overall performance in phase 2 of the course, the scores of exam 2, 3, and 4 were aggregated. 

 

Qualitative methods were used to gain deeper insights into students' experiences and 

perceptions of the flipped classroom and how they made decisions about study strategies based 

on open-ended questions included in the questionnaire (Table 2). The data obtained from the 

open-ended questions were stored and organized using Dedoose version 9.0.46 (Sociocultural 

research Consultants, Los Angeles, California), a software for analyzing qualitative research. 

Two individuals who did not engage with students in the CBCL session, carried out the 

qualitative analysis. A qualitative descriptive approach was employed for qualitative analysis. 

Descriptions and discrepancies for the codes were discussed during the codebook development. 

All response were coded using the same codebook as a guide. Intercoder reliability was 

established as the same texts were discussed for any differences to reach a consensus. Final 

themes emerged from the iterative process of developing primary and secondary categories from 

the coded data, connecting related categories. Coders met consistently throughout the process to 

address any uncertainty.  

 

 

 

 



15 

 

Chapter 3: Results 

 

Quantitative Findings 

Part 1: Exam Results 

 

Table 5. illustrates the distribution of the four exam scores across the Foundations course. 

The average exam score was the highest for exam 1 and it decreased subsequently. Table 6. 

demonstrates the correlation of all four exams, depicting how performance changed over time 

(pairwise correlations in Appendix 3).  

 

Figure 2. shows the linear regression of Exam 1 against the other 3 exams individually 

and against the average of Exam 2,3, and 4 (Figure 2d). The performance on exam 1 predicted 

the performance of the aggregate of exam 2, 3, and 4 more robustly than and of the individual 

exams.  

 

The exams in the Foundations course were non-cumulative and aggerated to determine 

the pass/fail grade. This allowed students to experiment with study strategies. The aggregate of 

exams 2, 3, and 4 is likely to be more representative of a student’s overall effort in that phase of 

the course than a single exam. Therefore, to look at learning outcomes, survey data collected in 

week 1 were paired with performance on exam 1, corresponding to phase 1 of the course where 

students focused on the CBCL course 5 days a week. Survey data collected in week 10 were 

paired with the aggregate performance on exam 2, 3, and 4, corresponding to phase 2 of the 
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course, where Wednesdays were dedicated to clinical skills learning in addition to the 

Foundations course work.  

 

Table 5. Descriptive statistics for exam scores 

Variable Observations Mean SD Lower 95% Mean Upper 95% Mean 

Exam 1 167 87.67 9.02 86.29 89.05 

Exam 2 167 84.61 10.21 83.05 86.17 

Exam 3 167 81.76 10.66 80.13 83.39 

Exam 4 167 82.86 10.04 81.32 84.39 

 

Table 6. Multivariant Correlation Matrix of the Exam Results (n=167) 

Variable Exam 1 Exam 2 Exam 3 Exam 4 

Exam 1  0.79*** 0.72*** 0.67*** 

Exam 2 0.79***  0.71*** 0.67*** 

Exam 3 0.72*** 0.71***  0.65*** 

Exam 4 0.67*** 0.67*** 0.65***  

*p<0.05, **p<0.01, ***p<0.001 
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Figure 2. Linear regression of Exam 1 Score with Exam 2, 3, 4, and the average of Exam 2,3,4. 

a. Exam 1 and Exam 2 Score      b. Exam 1 and Exam 3 Score 

R2=0.62, p<0.001       R2=0.52, p<0.001 

  

 

c. Exam 1 and Exam 4 Score      d. Exam 1 and Average of Exam 2,3,4, Score 

R2=0.45, p<0.001       R2=0.68, p<0.001 
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Part 2: SRL Survey Results 

 

In total, 167 out of 169 first year students completed both the week 1 and week 10 

surveys, with a response rate of 98.8%. A paired sample t-test was conducted to compare the 

mean SRL scores at week 1 and week 10 time point. The statistical analysis revealed a marginal 

yet statistically significant increase in SRL scores, increasing from a mean of 4.97 (SD = 0.55) in 

week 1 to a mean of 5.05 (SD = 0.54) in week 10; the mean increase being 0.08 (95% CI, -0.15 

to -0.01), t(166) = -2.29, p= 0.02 (Table 8). The effect size for the increase in SRL was d=0.15, 

indicative of a small effect by conventional standards. Despite the small shift in the global SRL 

scores, the analysis indicated that there were significant variances within the SRL subdomains 

over between week 1 and week 10 (Table 9).  

 

Changes in the individual subdomains provided insight into how students adapted to the 

medical school environment. A statistically significant decrease in the rehearsal subdomain was 

observed as students engaged less frequently in rehearsal strategies over time, with the average 

score decline from a mean of 4.02 to 3.70 (p < 0.01, d = 0.30). Conversely, the elaboration 

subdomain increased over time, from a mean of 5.26 to 5.41 (p = 0.02, d = 0.16). Critical 

thinking did not change throughout the course.  

 

Additionally, organization subdomain increased from a mean of 4.63 to 5.01 (p <0.01, 

d=0.31), alongside with the increase in metacognition, from 4.91 to 5.11 (p <0.01, d = 0.28) from 

week 1 to week 10. The SRL subdomain analysis (Table 9), illustrated the trajectory of student 

adaptation to the academic demands of medical school and the CBCL setting. 
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Table 7. Descriptive statistics for average SRL scores for students in week 1 and week 10 

(maximum score = 7, n=167 for both weeks) 

Variable Observations Mean SD Min Max 

Average SRL Week 1 167 4.97 0.55 3.15 6.53 

Average SRL Week 10 167 5.05 0.54 3.78 6.48 

 

Table 8. Paired sample t-test comparing the average SRL scores in week 1 and week 10 (n=167) 

SRL  Week Mean SD Delta P-value Cohen’s d 

SRL Average 1 4.97 0.55 +0.07 0.02 0.15 

10 5.04 0.54 

 

Table 9. Paired sample t-test comparing the SRL subdomain scores in week 1 and week 10 

(n=167) 

SRL Subdomains Week Mean SD Delta P-value Cohen’s d 

Rehearsal Average 1 4.02 1.05 -0.32 <0.01 0.30 

10 3.70 1.14 

Elaboration Average 1 5.26 0.89 +0.15 0.02 0.16 

10 5.41 0.87 

Organisation Average 1 4.63 1.19 +0.38 <0.01 0.31 

10 5.01 1.23 

Critical Thinking Average 1 4.76 1.21 0.00 0.93 0.00 

10 4.76 1.32 

Metacognitive Average 1 4.91 0.73 +0.20 <0.01 0.28 
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10 5.11 0.71 

Time Management Average 1 5.38 0.82 +0.10 0.08 0.12 

10 5.48 0.87 

Effort Management Average 1 5.89 0.83 -0.06 0.35 0.07 

10 5.83 0.85 

Help Seeking Average 1 4.65 1.08 0.00 0.96 0.22 

 

 

10 4.65 1.21 

 

To understand if all students adapted in similar ways, or if there were differences 

between students, we performed K-means clustering to see 1) if students could be grouped into 

discrete “profiles” based on the SRL subdomains; 2) if the profiles different in phase 1 vs phase 

2 of the course when students were responding to different adaptive challenges. 

 

K-means clustering by SRL subdomain in week 1/phase 1 (CBCL course work only) 

revealed 3 groups, cluster 1-3 (Figure 3, 4). Table 10 summarizes the mean differences in SRL 

subdomains scores across clusters and the statistical significance of the comparison between 

cluster 1 and cluster 3 since they represent the most extreme differences. 
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Figure 3. Clustering of students by SRL subdomain profiles in Phase 1 
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Figure 4. Parallel Coordinate Plot of the Clusters in Phase 1. Each line corresponds to the SRL 

subdomain scores of an individual students. The dark line represents the average of all students 

in the cluster. a) Red, Cluster 1 (n =37 ), b) Green, Cluster 2 (n=62), c) Blue, Cluster 3 (n=68, 

d) same coordiante plot as in figure 3. 

 

 

Table 10. Phase 1/Week 1 Average Subdomain Score in Clusters  

 Cluster 1 Cluster 2 Cluster 3 Delta of Cluster 1 & 3 

Rehearsal 4.43 4.05 3.21 0.38, p = 0.05, d = 0.38 
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Elaboration 4.38 5.29 5.83 1.45, p = 0.05, d = 0.52 

Organization 3.94 4.38 5.31 1.37,  p < 0.01, d = 1.27 

Critical Thinking 3.47 5.37 5.10 1.63, p < 0.01, d = 1.55 

Metacognition 4.39 4.37 5.40 1.01, p < 0.01, d = 1.57 

Time 

Management 

5.18 4.91 5.89 0.70, p < 0.01, d = 0.99 

Effort 

Management 

5.67 5.44 6.40 0.73, p < 0.01, d = 1.04 

Help Seeking 4.27 4.37 5.12 0.87, p < 0.01, d = 0.86 

 

K-means clustering by SRL subdomain in week 10/phase 2 (CBCL + clinical course 

work) also revealed 3 groups, clusters 4-6 (Figure 5 and 6).  

Figure 5. Clustering of students by SRL subdomain profiles in Phase 2 

 

1

2

3

4

5

6

7

R
eh

ea
rs

al
 a

vg
 W

10

Ela
bo

ra
tio

n 
av

g 
W

10

O
rg

an
iz

at
io

n 
av

g 
W

10

C
rit

ic
al

 T
hi

nk
in

g 
av

g 
W

10

M
et
ac

og
ni

tio
n 

av
g 

W
10

Tim
e 
M

an
ag

em
en

t a
vg

 W
10

Eff
or

t R
eg

ul
at

io
n 

av
g 

W
10

H
el
p 

See
ki

ng
 a
vg

 W
10

S
R

L
 S

c
o

re
s

SRL Subdomains

Week 10 (Phase 2)

Cluster 4

Cluster 5

Cluster 6



24 

 

Figure 6. Parallel Coordinate Plot of the Clusters in Phase 2. Each line corresponds to the SRL 

subdomain scores of an individual students. The dark line represents the average of all students 

in the cluster. a) Blue, Cluster 4 (n =43 ), b) Green, Cluster 5 (n=38), c) Red, Cluster 6 (n=86), 

d) same coordiante plot as in figure 5. 

 

Table 11. Phase 2/Week 10 Average Subdomain Score in Clusters  

 Cluster 4 Cluster 5 Cluster 6 Delta of Cluster 4 & 6 

Rehearsal 3.60 3.39 3.88 0.28, p = 0.19, d = 0.26 

Elaboration 5.31 4.38 5.92 0.62, p < 0.01, d = 1.02 
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Organization 5.23 3.66 5.51 0.28, p = 0.13, d = 2.24 

Critical Thinking 4.37 4.55 5.07 0.70, p < 0.01, d = 0.54 

Metacognition 4.49 4.95 5.49 1.00, p < 0.01,  d = 1.75 

Time 

Management 

4.55 5.59 5.89 1.34, p < 0.01,  d = 2.08 

Effort 

Management 

4.91 5.85 6.28 1.37, p < 0.01, d = 2.09 

Help Seeking 4.08 3.99 5.22 1.14, p < 0.01, d = 1.13 

 

We wanted to understand if these changes in SRL skills were relevant for performance in 

the course. The global comparison on SRL scores with exam performance showed no significant 

correlation of the two metrics (data not shown). The changes in SRL subdomains over time 

indicated that students were adapting across the course (Table 9). This was reflected in the SRL 

subdomain cluster profiles being substantially different between week 1 and week 10. Since the 

adaptive challenges in phase 1 of the course (getting used to the CBCL pedagogy) may be 

different from phase 2 (balancing workload CBCL and clinical course work), we tested if there 

were differences in students’ exam performance if grouped by clusters in either week 1 or week 

10.  

 

First we tested how students in cluster 1-3 (week 1) performed on exam 1 (Table 13). We 

found that students in cluster 1 performed significantly lower than students in cluster 2 and 3. 

Similarly, the students in cluster 4 (week 10) performed lower on the average of exams 2-4 

compared to students in cluster 5 and 6 (Table 14). To understand the changes between cluster 
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groups over time, we performed a Chi-square test to determine how students were distributed 

across both clusters  (Table 12). Out of the 44 students initially found in cluster 1 (week 1), 

characterised by overall lower SRL skills, 15 were found in cluster 6 (week 10) and 11 in cluster 

5 (week 1), indicating that their SRL skills had improved. 18 students initially found in cluster 1 

(week 1) were found in cluster 4 (week 10). When comparing the performance of these 17 

students (after removing one outlier), on exams to everyone else in the course, they scored 

significantly lower on exams across the course, compared to their peers (Table 15). For other 

students in cluster 4 at week 10, we saw a trend that their exam performance declined over time 

compared to their peers in cluster 5 and 6 (Table 15).  

 

Table 12. Chi-square comparison of student between clusters in week 1 and week 10 of the 

course (χ²(4) = 28.19, p < 0.01) 

Phase 1/Week 1  

Cluster 

Phase 2/Week 10  

Cluster 

 4 5 6 Total 

1 18 11 15 44 

2 18 18 20 56 

3 7 9 51 67 

Total 43 38 86 167 

 

Table 13. Phase 1: Exam performance by Clusters (Paired t-test of the cluster) 

 Cluster 1  Cluster 2  Cluster 3  Delta of 

Cluster 1 & 2 

Delta of 

Cluster 1 & 3 
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Week 1 

 

83.73 (n=44) 88.18 (n=56) 89.75 (n=67) 4.39, p=0.01, 

d=0.45 

6.02, p <0.01, 

d = 0.68 

 

Table 14. Phase 2: Exam performance by Clusters (Paired t-test of the cluster) 

 Cluster 4 Cluster 5 Cluster 6 Delta of 

Cluster 4 & 5 

Delta of 

Cluster 4 & 6 

Week 10 79.43 (n=43) 83.79 (n=38)  84.59 (n=86)  4.37, p=0.03, 

d=0.50 

5.16, p <0.01, 

d = 0.59 

 

Table 15. Comparing exam performance of the students identified in SRL cluster 1 and 4 against 

the rest of the class 

 Exam Score 

 Exam 1 Exam 2 Exam 3 Exam 4 Mean of 

Exam 1-4 

Cluster 1 and 4 

(n=17) 

83.72 78.47 74.30 78.19 78.67 

Everyone else 

(n=149) 

88.04 85.23 82.54 83.29 84.78 

p-value, Cohen’s d p= 0.054, 

d= 0.45 

p= 0.007, 

d= 0.62 

p= 0.001, 

d= 0.81 

p= 0.022,  

d= 0.56 

p= 0.003, 

d= 0.73 

 

Table 16. Comparing exam performance of the students identified in SRL Cluster (2 or 3) and 4 

 against the rest of the class  
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 Exam Score 

 Exam 1 Exam 2 Exam 3 Exam 4 Mean of 

Exam 1-4 

Cluster (2 or 3) and 4 

(n=25) 

87.13 83.52 77.83 80.00 82.12 

Everyone else 

(n=141) 

88.19 85.59 83.50 84.04 85.33 

p-value, Cohen’s d p= 0.589, 

d= 0.12 

p= 0.346, 

d= 0.21 

p= 0.011, 

d= 0.61 

p= 0.062, 

d= 0.42 

p=0.086,   

d= 0.39 

 

Part 3: CBCL Survey Results 

 

 All elements of CBCL instructional design can be aligned with principles from cognitive 

science. The CBCL survey was specifically designed to investigate how students interacted with 

instructional the design. Chi-square analysis was performed to demonstrate changes in study 

strategies between week 1 and week 10 (Table 17.-19). Like the changes in the SRL skills, 

students changed their strategies over time. To understand which of these changes were 

reflecting preferences vs those strategies that might matter for student performance we 

performed paired T-test. Exam 1 data were used to analyse the survey data from week 1, the 

aggregated data from exam 2,3,4 were used to analyse survey data from week 10.  

 

Among the behaviours or strategies that mattered most for performance were: ability to 

identify key points, answering RAE questions from memory, and using RAE or CAE questions 
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to close gaps understanding. Most of the students tended to agree with these questions in both 

week 1 and 10. Out of the minority of students that disagreed with these statements, they tended 

to perform statistically significantly lower on exams (Table 18. and 19.).  

 

Many other reported strategies or behaviours did not influence exam performance and 

students answers varied more widely. For example, students were split on whether they took 

detailed notes in class or focused on listening rather than notetaking but neither preference 

seemed to impact exam performance. Similarly, whether students preferred readings over videos 

for learning did not make a difference. 

 

Our first research question was to learn whether SRL skills mattered for how students 

make decisions in interacting with the instructional design. Table 20. and 21. list the questions 

from the CBCL survey that showed significant differences in SRL scores. Similarly to what was 

found with exam performance, students that struggled to identify key points, also scored lower 

on the SRL skills survey.  

 

Table 17. CBCL Questions. Chi-square analysis of differences in responses between week 1 and 

week 10 

Question Week 1 Week 10  

 Agree Neutral Disagree Agree Neutral Disagree x2, p- 

value 

1. When I 

prepare for class, 

it is easy for me 

to identify key 

points. 

77.2% 

(n=129)  

6.6% 

(n=11) 

16.2% 

(n=27) 

75.4% 

(n=126) 

9.6% 

(n= 16) 

15.0% 

(n=25) 

8.56, 

p=0.073 
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2. When I 

prepare for this 

class, I write 

answers to the 

prep questions 

based on my 

own 

understanding of 

the material.  

68.9% 

(n=115) 

4.8% 

(n= 8) 

26.3% 

(n=44) 

52.7% 

(n=88) 

6.6% 

(n= 11) 

40.7% 

(n=68) 

17.39, 

p<0.001 

3. When I 

prepare for this 

class, I write 

definitions to 

the keywords 

based on my 

own 

understanding of 

the material.  

56.3% 

(n=94) 

9.0% 

(n= 15) 

34.7% 

(n=58) 

30.5% 

(n=51) 

9.0% 

(n= 15) 

60.5% 

(n=101) 

9.38, 

p=0.052 

4. When I 

prepare for this 

class, I prefer 

videos over the 

readings when 

the concepts are 

redundant. 

49.1% 

(n=82) 

9.6% 

(n= 16) 

41.3% 

(n=69) 

57.5% 

(n=96) 

6.6% 

(n= 11) 

35.9% 

(n=60) 

25.75, 

p<0.001 

5. When I 

prepare for this 

class, I read the 

session 

summaries in 

the student 

guides to orient 

myself to the 

topic. 

69.5% 

(n=116) 

9.6% 

(n= 16) 

20.9% 

(n=35) 

49.1% 

(n=82) 

6.6% 

(n= 11) 

44.3% 

(n=74) 

29.60, 

p<0.001 

6. When I 

prepare for this 

class, I 

appreciate when 

faculty first 

provide a bigger 

picture 

overview of the 

topic.  

88% 

(n=147) 

6.6% 

(n= 11) 

5.4% 

(n=9) 

80.8% 

(n=135) 

12.0% 

(n=20 ) 

7.2% 

(n=12) 

7.85, 

p=0.097 

7. When I 

prepare for this 

class, I try to 

answer readiness 

assessment 

(RAE) 

questions from 

memory first. 

85.6% 

(n=143) 

2.4% 

(n= 4) 

12.0% 

(n=20) 

87.4% 

(n=146) 

4.2% 

(n= 7) 

8.4% 

(n=14) 

25.11, 

p<0.001 

8. I use the 

answer 

explanations on 

RAEs to close 

gaps in my own 

90.4% 

(n=151) 

3.0% 

(n= 5) 

6.9% 

(n=11) 

91.6% 

(n=153) 

3.0% 

(n= 5) 

5.4% 

(n=9) 

8.20, 

p=0.084 
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understanding 

before class.  

9. In class, it is 

easy for me to 

follow the key 

points during 

discussions. 

85% 

(n=142) 

5.4% 

(n= 9) 

9.6% 

(n=16) 

86.2% 

(n=144) 

4.2% 

(n= 7) 

9.6% 

(n=16) 

25.46, 

p<0.001 

10. In class, I 

generally would 

like more time 

for working out 

the problem on 

my own in my 

head before 

discussing with 

my peers at the 

table. (reverse) 

49.1% 

(n=82) 

13.2% 

(n= 22) 

37.7% 

(n=63) 

37.7% 

(n=63) 

16.2% 

(n= 27) 

46.1% 

(n=77) 

65.21, 

p<0.001 

11. In class, I try 

to take detailed 

notes on what 

faculty and my 

classmates say. 

(reverse) 

56.9% 

(n=95) 

9.6% 

(n= 16) 

33.5% 

(n=56) 

34.7% 

(n=58) 

12.6% 

(n= 21) 

52.7% 

(n=88) 

33.00, 

p<0.001 

12. In class, I 

mostly focus on 

listening and 

take few notes. 

53.9% 

(n=90) 

8.9% 

(n=15 ) 

37.1% 

(n=62) 

73.7% 

(n=123) 

5.9% 

(n= 10) 

20.4% 

(n=34) 

15.92, 

p<0.003 

13. When I 

consolidate after 

class, I find it 

easy to identify 

the key points. 

81.4% 

(n=136) 

8.4% 

(n= 14) 

10.2% 

(n=17) 

87.4% 

(n=146) 

5.9% 

(n= 10) 

6.6% 

(n=11) 

16.5, 

p=0.002 

14. When I 

consolidate after 

class, I write 

answers to the 

consolidation 

assessments 

(CAE) from 

memory first.  

84.4% 

(n=141) 

3.6% 

(n= 6) 

12.0% 

(n=20) 

83.8% 

(n=140) 

4.8% 

(n= 8) 

11.4% 

(n=19) 

7.41, 

p<0.116 

15. When I 

consolidate after 

class, I use the 

answer 

explanations on 

CAEs to close 

gaps in my own 

understanding.  

94% 

(n=157) 

3.0% 

(n= 5) 

3.0% 

(n=5) 

97% 

(n=162) 

2.4% 

(n= 4) 

0.6% 

(n=1) 

32.81, 

p<0.001 

16. When I 

consolidate after 

class, I use my 

own notes help 

me to 

consolidate the 

key points. 

80.2% 

(n=134) 

3.6% 

(n= 6) 

16.2% 

(n=27) 

56.9% 

(n=95) 

12.6% 

(n= 21) 

30.5% 

(n=51) 

27.68, 

p<0.001 
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17. When I 

consolidate after 

class, I prefer the 

answer slides 

over my own 

notes to 

consolidate the 

key points from 

class. 

68.3% 

(n=114) 

13.7% 

(n= 23) 

18% 

(n=30) 

83.2% 

(n=139) 

6.0% 

(n= 10) 

10.8% 

(n=18) 

37.82, 

p<0.001 

18. When I 

consolidate after 

class, I use the 

CAE questions 

and answers to 

identify the key 

points from 

class.  

92.8% 

(n=155) 

5.4% 

(n= 9) 

1.8% 

(n=3) 

95.2% 

(n=159) 

1.85 

(n= 3) 

3.0% 

(n=5) 

24.84, 

p<0.001 

 

Table 18. Paired sample t-test of  exam 1 outcomes in select CBCL Questions Week 1  

Week 1 - Exam 1: 

CBCL questions Average Exam Score of Week 1  

Agree Neutral  Disagree  p-value Delta, Cohen’s d 

(agree vs disagree) 

CB 7. When I prepare for 

this class, I try to answer 

readiness assessment 

(RAE) questions from 

memory first.  

89.0% 

(n=143) 

80.4% 

(n= 4) 

79.7% 

(n=20) 

<0.01 9.3, d=1.0 

CB 8. I use the answer 

explanations on RAEs to 

close gaps in my own 

understanding before class.  

88.2% 

(n=151) 

78.3% 

(n= 5) 

84.5% 

(n=11) 

0.02 3.7, d=0.39 

CB 9. In class, it is easy 

for me to follow the key 

points during discussions.  

88.6% 

(n=142) 

85.5% 

(n= 9) 

80.6% 

(n=16) 

<0.01 8, d=0.71 

CB 15. When I consolidate 

after class, I use the 

answer explanations on 

CAEs to close gaps in my 

own understanding.  

88.1% 

(n=157) 

86.1% 

(n= 5) 

76.2%    

(n=5) 

0.01 11.9, d=1.20 
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Table 19. Paired sample t-test of  average exam 2, 3, 4 outcomes in select CBCL Questions Week 

10 

Week 10 – Average of Exam 2,3,&4: 

CBCL questions Average Exam Score of Week 

2,3, and 4 

  

Agree Neutral  Disagree  p-value Delta, Cohen’s d 

(agree vs disagree) 

CB 1. When I prepare for 

class, it is easy for me to 

identify key points.  

83.8% 

(n=126) 

76.8% 

(n= 16) 

82.9% 

(n=25) 

0.01 0.9, d=0.10 

CB 2. When I prepare for 

this class, I write answers 

to the prep questions 

based on my own 
understanding of the 

material.  

81.3% 

(n=88) 

79.3% 

(n= 11) 

86.0% 

(n=68) 

<0.01 4.7, d=0.57 

CB 7. When I prepare for 

this class, I try to answer 

readiness assessment 

(RAE) questions from 

memory first.  

83.4% 

(n=146) 

88.2% 

(n= 7) 

77.3% 

(n=14) 

0.02 6.1, d=0.62 

CB 9. In class, it is easy 

for me to follow the key 

points during discussions.  

84.1% 

(n=144) 

76.9% 

(n= 7) 

76.5% 

(n=16) 

<0.01 7.6,  d=0.81 

CB 10. In class, I generally 

would like more time for 

working out the problem 

on my own in my head 

before discussing with my 

peers at the table. (reverse)  

81.5% 

(n=63) 

80.1% 

(n= 27) 

85.4% 

(n=77) 

<0.01 3.9, d=0.44 

CB 13. When I consolidate 

after class, I find it easy to 

identify the key points.  

84.2% 

(n=146) 

73.5% 

(n= 10) 

76.3% 

(n=11) 

<0.01 7.9, d=0.83 

 

Table 20. CBCL questions that showed interactions with the average Week 1 SRL score. 

Week 1      
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CBCL questions: 

Preparation 

Agree Neutral Disagree p-value Delta, Cohen’s d 

(agree vs disagree) 

1. When I prepare for class, 

it is easy for me to identify 

key points. 

5.07 

(n=129)  

4.77 

(n=11) 

4.56 

(n=27) 

<0.01 0.51, d= 0.92 

2. When I prepare for this 

class, I write answers to the 

prep questions based on 

my own understanding of 

the material. 

5.06 

(n=115) 

4.59    

(n= 8) 

4.80 

(n=44) 

<0.01 0.26, d= 0.49 

9. In class, it is easy for me 

to follow the key points 

during discussions. 

5.03 

(n=142) 

4.82    

(n= 9) 

4.51 

(n=16) 

<0.01 0.52, d= 1.07 

13. When I consolidate after 

class, I find it easy to 

identify the key points. 

5.04 

(n=136) 

4.69    

(n= 14) 

4.63 

(n=17) 

<0.01 0.41, d= 0.85 

15. When I consolidate after 

class, I use the answer 

explanations on CAEs to 

close gaps in my own 

understanding.  

5.01 

(n=157) 

4.30    

(n= 5) 

4.16 

(n=5) 

<0.01 0.85, d=1.98 

16. When I consolidate after 

class, I use my own notes 

help me to consolidate the 

key points. 

5.04 

(n=134) 

4.83    

(n= 6) 

4.65 

(n=27) 

<0.01 0.38, d= 0.67 

 

Table 21. CBCL questions that showed interactions with the average Week 10 SRL score. 

Week 10      

Questions Agree Neutral Disagree p-value Delta, Cohen’s d 

(agree vs disagree) 

3. When I prepare for 

this class, I write 

definitions to the 

keywords based on my 

own understanding of 

the material. 

5.17 

(n=51) 

5.17    

(n= 15) 

4.97 

(n=101) 

0.03 0.20, d= 0.38 
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5. When I prepare for 

this class, I read the 

session summaries in 

the student guides to 

orient myself to the 

topic. 

 5.15 

(n=82) 

4.77    

(n= 11) 

 4.97 

(n=74) 

0.02 0.18, d= 0.34 

7. When I prepare for 

this class, I try to answer 

readiness assessment 

(RAE) questions from 

memory first. 

5.09 

(n=146) 

5.01    

(n= 7) 

4.63 

(n=14) 

<0.01 0.46, d= 0.86 

8. I use the answer 

explanations on RAEs 

to close gaps in my own 

understanding before 

class. 

5.08 

(n=153) 

4.85   

(n= 5) 

 4.61 

(n=9) 

0.03 0.47, d=0.90 

9. In class, it is easy for 

me to follow the key 

points during 

discussions. 

5.12 

(n=144) 

4.73    

(n= 7) 

4.51 

(n=16) 

<0.01 0.60, d= 1.14 

13. When I consolidate 

after class, I find it easy 

to identify the key 

points. 

5.09 

(n=146) 

4.63    

(n= 10) 

4.79 

(n=11) 

<0.01 0.30, d= 0.59 

14. When I consolidate 

after class, I write 

answers to the 

consolidation 

assessments (CAE) from 

memory first. 

5.12 

(n=140) 

4.86   

(n= 8) 

 4.54 

(n=19) 

<0.01 0.58, d=1.21 

16. When I consolidate 

after class, I use my own 

notes help me to 

consolidate the key 

points. 

5.18 

(n=95) 

4.95    

(n= 21) 

4.84 

(n=51) 

<0.01 0.34, d= 0.65 

 

 

Qualitative Findings 

 

Qualitative results from the three open-ended questions in the survey were analysed using 

qualitative descriptive approach to gain a deepened understanding of how the students decided 

on their study strategies. 167 out of 169 students completed all three open-ended questions. 
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Thematic analysis identified four major categories 1) effective study strategies, 2) barriers and 

struggles, 3) self-regulation and changes, and 4) assessing progress. 

 

The quantitative analysis of SRL skills and CBCL study strategies demonstrated that 

students adapted their study strategies widely over time. Cluster analysis of SRL skills revealed a 

small group of 18 students that showed evidence of lower SRL skills compared to their peers and  

performed significantly lower on exams throughout the course. In order to understand the 

experience of these students better, we compared the qualitative comments of these 18 students 

(called “Group 1” for the purpose of the qualitative analysis) with students that seemed to adapt 

well based on high SRL (called “Group 2”, comprised of the 51 student identified in cluster 3 in 

week 1 and then in cluster 6 in week 10 (Table 12)). 

 

Table 22. shows the different study practices used by the two groups, such as reading 

slides, highlighting without a deep focus on details, and creating consolidation sheets. While 

overall they sounded similar, Group 1 seemed to have a habit of using past students’ notes. 

Students in Group 2 seemed more focused on drawing out the key points for both preparation 

and consolidation and described that connecting related concepts and creating an overarching 

theme helped with their studies (Table 23.). 

 

Table 22. Quotes illustrating the study strategies deployed by students in Group 1.  

“When preparing for class, I focus on reading the slides without getting too bogged down by 

the details, highlighting as I go. However, I am not sure that this is the most effective strategy. 
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I feel maybe making some notes or trying to integrate the student guide more may be helpful.”-

Week 1 

“I find creating one page‚ Consolidation sheets to be the most helpful because it helps me 

concentrate on the most important information out of the lectures.” -Week 1 

“I find it helpful to review consolidation sheets made by students in past years.”-Week 10 

“I try to make consolidation flow charts for each class when studying for the exam. This is 

time consuming but I find it helpful.” -Week 10 

 

Table 23. Quotes illustrating the study strategies students deployed by students in Group 2. 

“Review of notes and creating hierarchy between ideas. I use Obsidian, a page-based note-

taking app with the ability to create internal links between pages. Creating hierarchy for 

content and relating concepts to one another through the use of internal links is helpful for 

discovering overarching themes and prevalent themes.”-Week 1 

“Making Anki cards on the key points from the consolidation questions, prep questions, and 

in-class lectures has been helpful for my consolidation and making sure I absorb only the key 

details without getting drowned in the extra details.”-Week 10 

 

Table 24. and 25. demonstrate that both groups struggled with information overload. 

Group 1 students found it difficult to discern the required level of detail for exam preparation and 

reported preparatory work as too-time consuming due to excessive note-taking and overly 

detailed consolidation. Students in Group 2 on the other hand tended to use the provided slides 

for class preparation and created their own consolidation notes for efficiency. 
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Table 24. Quotes illustrating the barriers and struggles reported by students in Group 1. 

“I am still struggling to understand the level of detail I am expected to be able to recall for 

exams and how to pull out and memorize that content from the available material.” -Week 1 

“I realized that prep was taking me too long. I recognized that I was taking too many notes. 

Similarly, I was taking too long going through all the details during consolidation. I started 

trying to only take notes on key points in prep.” -Week 1 

“I haven’t left class completely confused as to what is going on, but I often am frustrated that I 

am not able to apply what I read the day before.” -Week 1 

 

Table 25. Quotes illustrating the barriers and struggles reported by students in Group 2. 

“Preparing for class thus far, I have used the prep materials (session slides) provided by 

foundations. I usually do not look at the additional resources, because I find that I often get 

overwhelmed when I do so. While going through the preparation material, I type out my own 

notes that I can go back to when consolidating or reviewing information. An aspect that I 

worry about is that I often am not able to retain much of what I have typed out, but I have 

found that this process is the most efficient in terms of time, which is important due to the fact 

that we have a lot of material to go through every day. I am still struggling to determine what 

information to prioritize, as I do not think it is feasible to retain all the material offered in the 

preparatory material. I hope this will become more clear following the first exam.” -Week 1 

 

Responses from students in Group 1 showed that they acknowledged a need for 

improvement in their after-class study routines, and they expressed difficulty in participating in 

class discussions and in understanding what they should be learning. This suggested a more 
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passive approach to study strategies, potentially contributing to their struggles. On the other 

hand, students in Group 2 took more proactive steps to refine their study approaches. They 

shifted from passive re-reading to active recall methods, seeking to engage more deeply in class 

and utilizing resources like professor consultations. 

 

Table 26. Quotes illustrating the self-regulation process and adjustments of students in Group 1. 

“I think I have room to improve my after-class study habits. Often, I am so focused on 

completing my work for the next day that I do not take much time to reflect.”-Week 1 

“I find that I have a hard time answering questions on my own in class even if it is on a topic I 

understand. Once the answer is discussed in my group, or as a class it makes sense. -Week 1 

“I haven’t really adjusted my study strategies. I am not sure what I am supposed to be 

learning, and thus it makes adjustment hard. Furthermore, I feel like my ability to contribute 

to in-class discussions is slightly worse than most of my peers.” -Week 10 

 

Table 27. Quotes illustrating the self-regulation process and adjustments of students in Group 2. 

“I've definitely stopped re-reading materials and instead worked on more active recall and 

drawing/explaining complex subjects. I try to be more actively engaged with CBCL to have 

better understandings of concepts during class instead of figuring it out on my own later. I 

meet with professors and ask questions when I am confused. I think about which topics I know 

well, and spend more time on subjects I don't. I consider my performance on previous exams 

and level of comfort with the material to adjust.” – Week 10 

“I consider how comfortable I've felt with the RAE and CAE assessments, and what types of 

questions I get wrong, and go back to the course material or session instructor or a friend to 
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ask for help. I have adjusted my study habits to be more tailored towards understanding the 

prep and quiz questions rather than attempting to fully absorb all of the material in-depth, at 

least until after the CBCL session.” -Week 10 

 

Group 1 students were more concerned and expressed a sense of feeling lost during the 

in-class session. Group 2 students had established routines, front-loading work on weekends to 

free up time for consolidation during the week. They set clear time management goals, like 

capping study time to under three hours per class.  

 

Table 28. Quotes illustrating how students in Group 1 assessed their progress. 

“I assess how lost I feel in the CBCL sections and what I did in advance. I generally feel very 

lost. The application of the material to the sessions scares me since I cannot make the 

connection." -Week 1 

“I am adjusting my strategy to include less note taking and more flash cards to try to 

memorize the necessary information beyond understanding the vague concepts. However, I am 

finding it difficult to assess if my strategies are successful. -Week 10 

 

Table 29. Quotes illustrating how students in Group 2 assessed their progress. 

“I am quickly developing a routine for how to study for my classes, and managing to front-

load a lot of the prep work on the weekends, which allows me to have more time during the 

week to consolidate and study generally. -Week 1 

“In terms of assessing my progress, I gauge how well I feel I am understanding the material 

after completing the readiness exercises and consolidation assessments, and also keep track of 
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how long it takes me to feel prepared. I try to stay under three hours per class to make sure I 

am using my time efficiently and that I am able to manage all of my classes evenly.” -Week 1 

“I reflect on the efficiency of my studying through assessments, comparing my performance 

and confidence against the time and effort I spent. If I feel unprepared, then I evaluate where I 

missed content, and how I might better retain that content. This could include missing content 

entirely, in which I re-evaluate how I determine which ideas are important, or inability to 

recall, in which I re-evaluate how I memorize content.” – Week 10 

 

Chapter 4: Discussion and Conclusions 

Discussion 

 

In the first research question, we wanted to understand what role specific SRL skills 

played in adapting to CBCL. The observed dynamics within SRL subdomains suggested that 

students were highly adaptive with their SRL skills and that these skills were critical to navigate 

the transition into CBCL and medical school in general. Considering the binary pass/fail grading 

system implemented during the Foundation course and the increased workload after Exam 1, it is 

important to acknowledge that students were not compelled to compete for score rankings, 

potentially influencing their strategic approaches to learning. The evolution of SRL strategies 

throughout the course was evident in the survey responses compared over time.  

 

The findings from the quantitative analysis of the CBCL survey over 10 weeks indicated 

an alignment with key concepts of instructional design. At the beginning of the course, students 

found RAEs and CAEs to be instrumental in adapting and guiding them into the CBCL format, 
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suggesting that these strategies were foundational for performance. As the course progressed, the 

emphasis shifted towards the development of critical strategies such as the identification of key 

points, a skill that gained prominence by week 10. Students that struggled with identifying key 

points throughout the course were at risk for low performance. This suggest that asking students 

about whether they struggle with identifying key points might serve as a diagnostic question to 

identify students who would benefit from study skills coaching.  

 

In the second research question, we wanted to understand  how students made decisions 

about what study strategies to use over the course. We found that over time, there was a more 

transition towards more efficient study methods once they were used to the CBCL ID.  Overall, 

students adapted their behaviours quite markedly across the 10 weeks of the Foundations course. 

The observed shift from extensive note-taking to an increased emphasis on attentive listening 

suggests that students were moving toward optimizing their cognitive resources and efficiency. 

By reducing the cognitive burden of note-taking, students were able to focus more on 

understanding and processing the information presented. These changes in behaviours may 

indicate that students were becoming more efficient learners as they adapted to the CBCL 

format. These adjustment and adaptations could be the result of the iterative design of the CBCL 

format, which, through its cycle of class preparation, in-class discussion, and post-class 

consolidation allowed students to reflect and refine their learning strategies over time. Further 

studies are needed to understand if in fact the CBCL instructional design may function as a kind 

of scaffold for the SRL process. 
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In the second research question, we were also interested in which of these strategies were 

important for learning vs being mere preferences as measured by exam outcomes. For study 

strategies that mattered for performance, most students reported to adhere to these behaviours: 

identifying key points, taking the RAEs and CAEs relying on memory recall, and valuing the 

thematic overviews provided by the course. From the student’s open-ended responses, CBCL’s 

focus on RAEs and CAEs seemed to play a large role in facilitating the process of actively 

recalling information to enhance long-term retention. Moreover, how the students valued 

thematic overviews further suggested that they benefited from structured content that 

emphasized key themes and concepts, which is a fundamental principle of instructional design. 

This answered our third research question where we wanted to know what elements of the 

instructional design were important for the students in making decision on how to adapt their 

study strategies. We found that differences in behavioural patterns over time included 

preferences for video content as opposed to readings, the utilization of session summaries, and 

the need for extended time to think on their own during class session. Even though there was a 

divide in the preference for videos and readings, this did not affect exam performance indicating 

that the CBCL’s multimedia approach was effective in engaging students and catering to 

different learning preferences. Taking RAEs and CAEs from memory and using answer 

explanations to close gaps stood out as study strategies most critical for exam performance, in 

line with the importance of the test effect in learning12. 

  

Through analyzing students’ SRL skills for patterns using clustering, we identified a 

subset of 18 students (called “Group 1”) exhibiting consistently lower SRL skills relative to their 

peers. Students in Group 1 used comparatively lower levels of elaborations and organization in 
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the early in the course, and struggled time and effort management later in the course. These 

students also underperformed academically, with lower scores on all four exams. This raises the 

possibility that this group of students struggled to adapt to the CBCL setting, or may have 

developed maladaptive strategies over time.  

 

Qualitative analysis of these students’ responses indicated that they struggled with 

information overload and difficulty in identifying key points during preparation compared with 

their peers. This struggle aligns with cognitive load theory which suggests that learners have a 

limited capacity for processing new information, making it crucial to manage the complexity and 

volume of study materials11. Moreover, students in Group 1 also recognised the need to improve 

their post-class consolidation strategies, indicating a possible reliance on rote memorization 

rather than deeper cognitive processing of information. Their somewhat more passive approaches 

to study strategies, characterized by excessive note-taking may have hindered cognitive 

engagement. 

 

Group 2 on the other hand, a group of students characterized by a comparably high SRL 

skills throughout the course, demonstrated generally more strategic and structured approaches to 

studying. They actively used performance on RAEs and assessments to gauge their 

understanding, and they were attentive to being effective with their time, and the balance of their 

workload across classes. This was suggestive of metacognitive awareness which is a crucial 

component of self-regulated learning10. When students in Group 2 identified a gap in 

preparation, they considered the selection of important content, retention methods, sought out 

clarifications when needed, and showed a more reflective and adaptive strategy. Overall, while 
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all students were adapting in some ways, students with the higher SRL score profile were fine-

tuning their already systematic study processes through continuous self-evaluation and 

adjustment, indicating more adaptive capacity in applying self-regulated learning strategies.  

 

The results from this study underline the complexity of learning and the critical need to 

align instructional design with self-regulated learning principles in the flipped classroom setting. 

The differences in student skill profiles across SRL domains such as elaboration, metacognition, 

time management, and effort management highlighted specific areas where some students, may 

benefit from targeted coaching to enhance their SRL skills. SRL skills in these domains were 

associated with better academic performance at different times points across the course, echoing 

the findings of Zimmerman who emphasizes the importance of these skills in academic success6. 

 

 

Limitations 

 

There are several limitations for consideration. Firstly, this was conducted as a quality 

improvement project in a single institution, so the results have limited generalizability to other 

institutions or settings. The students were asked to complete both surveys during an allocated 

time in class. This may have compelled students to give a desirable answer. Another 

confounding factor is the guidance students receive on the CBCL instructional design as part of 

the introduction to the Foundations course. 

 

Future Plans 
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As the field of medical education advances, active learning paradigms like the CBCL 

model are becoming widely used. The analysis of how novice learners, compared to expert 

learners in the utilization of study strategies within CBCL and how varying degrees of content 

familiarity could illuminate how educational interventions can be tailored to different levels of 

expertise. Further research could guide educators in refining instructional approached to meet the 

diverse need of learners and support the ongoing developments of medical professions. 
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Modified MSLQ Questionnaire: 

 

Disclaimer: The modified MSLQ will be used for quality improvement and research purposes 

only. The data collected will be anonymized and confidentiality will be maintained at all times.  

Open-ended questions:  

1. When preparing for class, what study strategies or resources are most helpful? Explain 

why. 

2. After class, what strategies or resources are most helpful in identifying key ideas? 

Explain why. 

3. How are you assessing your progress and adjusting your study strategies? What specific 

changes have you made to your study strategies during Foundations? (Week 10 only) 

  

Likert scale for all items that follow: 

1. Strongly disagree (not at all true of me) 

2. Disagree 

3. Somewhat disagree 

4. Neutral 

5. Somewhat agree 

6. Agree 

7. Strongly agree (very true of me) 

  

The following 40 items comprise a validated scale that measures self-regulated learning. Items 

have been modified slightly for context. 

  

1. When I study for this class, I practice saying the material to myself over and over.  

2. When studying for this class, I read my class notes and the course readings over and over 

again.  

3. I memorize key words to remind me of important concepts in this class.  

4. I make lists of important terms for this course and memorize the lists.  

5. I try to relate ideas in one discipline to those in other disciplines whenever possible.  

6. When studying for this class, I try to relate the material to what I already know.  

7. When I study for this course, I write brief summaries of the main ideas from the prep materials 

and the concepts from the in-class case discussion.  

8. I try to understand the material in this class by making connections between the prep materials 

and the concepts from the in-class case discussion.  

9. When I study for this course, I outline the material to help me organize my thoughts.  

10. When I study for this course, I go through the prep materials and my class notes and try to 

find the most important ideas.  

11. I make simple charts, diagrams, or tables to help me organize course material.  

12. When I study for this course, I go over my notes and make an outline of important concepts.  

13. I often find myself questioning things I hear in this course to decide if I find them 

convincing.  

14. When an interpretation or conclusion is presented in class, I try to decide if there is good 

supporting evidence. 

15. I try to play around with ideas of my own related to what I am learning in this course.  
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16. Whenever I read or hear an assertion or conclusion in this class, I think about possible 

alternatives.  

17. During class time I often miss important points because I am thinking of other things.  

18. When I become confused about something I’m studying for this class, I go back and try to 

figure it out.  

19. If course materials are difficult to understand, I change the way I engage with the material.  

20. Before I study new course material thoroughly, I often skim it to see how it is organized.  

21. I try to change the way I study in order to fit the course requirements and instructor’s 

teaching style.  

22. I often find that I have been preparing for class but don’t know what it was all about.  

23. I try to think through a topic and decide what I am supposed to learn from it rather than just 

reading it over when studying.  

24. When studying for this course I try to determine which concepts I don’t understand well.  

25. If I get confused taking notes in class, I make sure I sort it out afterwards.   

26. I usually study in a place where I can concentrate on my course work.  

27. I make good use of my study time for this course.  

28. I find it hard to stick to a study schedule.  

29. I have a regular place set aside for studying.  

30. I make sure I submit the RAEs and CAEs on time.  

31. I often find that I don’t spend very much time on this course because of other activities.  

32. I rarely find time to review my notes or materials before an exam.   

33. I often feel so lazy or bored when I study for this class that I quit before I finish what I 

planned to do.  

34. I work hard to do well in this class even if I don’t like what we are doing.  

35. When course work is difficult, I give up or only study the easy parts.  

36. Even when the course materials are dull and uninteresting, I manage to keep working until I 

finish.  

  

These last 4 item of the scale refer to things you do outside of class. 

38. I ask the instructor to clarify concepts I don’t understand well.  

39. When I can’t understand the material in this course, I ask another student in this class for 

help.  

40. I try to identify students in this class whom I can ask for help if necessary. 

  

In this last part of the survey, we will ask you some specific questions about the instructional 

design elements of CBCL to help us improve the curriculum going forward. Please answer these 

questions by generalizing across different disciplines, our goal is to get a sense of your overall 

experience. 

  

The following questions will be referring to preparation done before class. 

  

41. When I prepare for class, it is easy for me to identify key points. 

42. When I prepare for this class, I write answers to the prep questions based on my own 

understanding of the material.  

43. When I prepare for this class, I write definitions to the keywords based on my own 

understanding of the material.  
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44. When I prepare for this class, I prefer videos over the readings when the concepts are 

redundant. 

45. When I prepare for this class, I read the session summaries in the student guides to orient 

myself to the topic. 

46. When I prepare for this class, I appreciate when faculty first provide a bigger picture 

overview of the topic.  

47. When I prepare for this class, I try to answer readiness assessment (RAE) questions from 

memory first. 

48. I use the answer explanations on RAEs to close gaps in my own understanding before class. 

  

The following questions will be referring to what you do in class. 

  

49. In class, it is easy for me to follow the key points during discussions. 

50. In class, I generally would like more time for working out the problem on my own in my 

head before discussing with my peers at the table. (reverse) 

51. In class, I try to take detailed notes on what faculty and my classmates say. (reverse) 

52. In class, I mostly focus on listening and take few notes. 

  

The following questions will be referring to what you do after class to consolidate the key points 

of each CBCL session. 

  

53. When I consolidate after class, I find it easy to identify the key points. 

54. When I consolidate after class, I write answers to the consolidation assessments (CAE) from 

memory first.  

55. When I consolidate after class, I use the answer explanations on CAEs to close gaps in my 

own understanding. 

56. When I consolidate after class, I use my own notes help me to consolidate the key points. 

57. When I consolidate after class, I prefer the answer slides over my own notes to consolidate 

the key points from class. 

58. When I consolidate after class, I use the CAE questions and answers to identify the key 

points from class. 

  

 

Appendix 2. Example of the MSLQ Results Feedback: 

  

Motivated Strategies for Learning Questionnaire (MSLQ) Results Feedback 

  

Dear XXX, 

  

We are writing to share your results from the recent Motivated Strategies for Learning 

Questionnaire (MSLQ) you completed. The purpose of this questionnaire was to gather 

information about your study habits and your learning skills in medical school. As promised, we 

are providing you with feedback from the MSLQ on your study habits and learning skills. This 

feedback is meant to help you understand your current learning strategies better, and how you 

might improve them to optimize your learning experience. This handout describes how to 

interpret your scores, so you can figure out what the scores mean. 
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This feedback is intended to help you determine your own strengths and weaknesses as a student. 

Remember, these scores are not indicators of success or failure, but rather benchmarks to assess 

your learning strategies and motivational practices. They are meant to aid you in identifying 

areas where you may want to consider making changes to enhance your learning. 

  

How to interpret your scores 

  

All the scales are based on a seven point scale. Although some items were worded negatively, we 

have reversed these questions so that in general, a higher score such as a 4,5,6, or 7 is better than 

a lower score like a 1,2, or 3. In general, if your scores are above 3, then you are doing well. If 

you are below 3 on more than six of the nine scales, you may want to seek help from your 

instructor. 

  

  

  

 
   

Rehearsal: This scale is a measure of how often you use study strategies such as rereading class 

notes and course readings and memorizing lists of key words and concepts. These strategies are 

best used for simple tasks and activation of information in working memory rather than 

acquisition of new information in long-term memory. These strategies are assumed to influence 

the attention and encoding processes, but they do not appear to help learners construct internal 

connections among the information or integrate the information with prior knowledge. 

  

Elaboration: This scale reflects how often you attempt to summarize or paraphrase the material 

you read in your textbooks, and how often you try to relate the material to what you already 

know or have learned. Elaboration strategies help students store information into long-term 
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memory by building internal connections between items to be learned. These strategies usually 

result in better performance than rehearsal strategies as they help learners integrate and connect 

new information with prior knowledge.  

  

Organization: This scale refers to your ability to select the main ideas from your readings as 

well as your attempts to organize and put together what you need to learn in this course. 

Examples of these strategies include outlining, and selecting and connecting the main ideas in 

readings. Organizing is an active, effortful endeavour, and results in the learner being closely 

involved in the task. 

  

Critical Thinking: This scale refers to your ability to report applying previous knowledge to 

new situations in order to solve problems, reach decisions, or make critical evaluations with 

respect to standards of excellence. 

  

Metacognition: This is a measure of how often you think about what you are reading or 

studying as you do your work. For example, do you monitor your attention while you read or do 

you often find that you have read 10 pages in your textbook and cannot remember anything 

about it? Do you adjust your reading speed if you are reading something difficult in comparison 

to reading the familiar materials? A high score means that you try to plan your work and check 

on whether you understand the course material. 

  

Time and Study Environment: This scale is a measure of how well you manage your time and 

schedule, and your use of a place to study. This includes not only setting aside blocks of time to 

study, but the effective use of that study time, and setting realistic goals. A high score means that 

you have a method for managing your schedule and you try to study somewhere where you can 

finish your work/readings. 

  

Effort Regulation: This scale is a measure of your ability to control your effort and attention in 

the face of distractions and uninteresting tasks. Effort management is self-management, and 

reflects a commitment to completing one’s study goals, even when there are difficulties or 

distractions. Effort management is important to academic success because it not only signifies 

goal commitment, but also regulates the continued use of learning strategies. 

  

Peer Learning: Collaborating with one’s peers has been found to have positive effects on 

achievement. Discussions with peers can help a learner clarify course material and reach insights 

one may not have attained on one’s own. 

  

Help Seeking: This scale is a measure of your ability to identify support from others when you 

are uncertain about the course materials. There is a large body of research that indicates that peer 

help, peer tutoring, and individual teacher assistance facilitate student achievement. 

  

Again, these are suggestions, and we encourage you to reflect on your results and consider these 

recommendations in a way that best aligns with your personal learning style and goals. Below we 

included your own reflections on this topic as an opportunity to think about what you wrote in 

light of your MSLQ results. 
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Thank you for your participation in the MSLQ. We hope this feedback will be helpful in your 

medical school journey and beyond. 

 

Your personal reflections 

  

Questions: Week 1 Week 10 

  

When preparing for class, 

what study strategies or 

resources are most helpful? 

Explain why.  

  

This took some trial and 

error for me to figure out. At 

first, I really enjoyed the 

videos, as I found them 

more easily digestible than a 

90 page slide deck. 

However, I found that my 

retention was worse when I 

watched the videos and took 

notes. Now, I have found 

more success reading the 

slide deck and taking notes, 

albeit this method is slower. 

I try to answer the prep 

questions as I go, which 

keeps me on target and 

prevents me from getting 

too into the weeds of a less 

relevant topic. For histology, 

I enjoy the Articulate 

sessions where we practice 

identifying different tissues.  

 

The readiness assessment is 

mildly helpful and can 

sometimes illuminate a 

concept I didn't understand 

as well as I thought I did.  

I find the reading most 

helpful, as this is how I 

retain information the best. I 

also find it helpful to 

attempt to complete the prep 

questions after I take notes 

along with the reading, as a 

test of my retention. If I do 

not remember, I will go back 

and search for the answer, 

which helps cement it in my 

mind. Additionally, I will 

look over my answers to the 

prep questions right before 

class to jog my memory.  

  

After class, what strategies 

or resources are most 

helpful in identifying key 

ideas? Explain why. 

  

The consolidation 

assessment is helpful for 

going over the big points we 

covered in class, but doesn't 

really help my 

understanding as a whole. I 

haven't figured out yet if it is 

most helpful to do the CAE 

within a day of the lesson or 

a a few days after to help 

with recall.  

 

Right after class when I 

initially consolidate, I reread 

over my notes and bold 

important concepts. I also 

review the slides from class 

and create a section in my 

notes outlining the important 

takeaways.  
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The most helpful thing is 

reading back through my 

original notes/prep questions 

and trying to a) amend my 

answers/make them better or 

more comprehensive b) 

trying to mentally (or on 

paper) diagram how 

concepts are connected both 

within the lesson and to 

other lessons as well. I also 

like to annotate my notes 

after the fact, highlighting or 

commenting on key 

concepts.  

  

How are you assessing your 

progress and adjusting your 

study strategies?  

  

What specific changes have 

you made to your study 

strategies during 

Foundations? (Week 10 

only) 

  

I mainly use the RAE, CAE, 

and most importantly- my 

ability in class to actively 

recall concepts from the 

notes and connect them to 

other concepts. If I am 

unable to do this, or am 

easily forgetting concepts, I 

will go back and restructure 

my notes such that the 

connection is made more 

clear.  

I mainly assess my progress 

and study strategies through: 

1) my ability to recall 

information during class 2) 

the amount of time I spend 

on prep 3) my exam 

performance 4) the amount 

of time I study for the exam.  

 

I think two major changes I 

made were switching to 

doing the reading from 

watching the videos, as I 

found my retention was 

much better. Additionally, 

rereading my notes/going 

over the class slides for the 

consolidation on the same 

day or within 2 days of class 

has also helped my 

retention, as by the time the 

test comes around I have 

read my notes atleast twice 

already.  

 


