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ABSTRACT 

This research explores the role of reflection-informed learning and instruction on 
students’ learning in an introductory physics course. Participants of this quasi-
experimental study were 199 engineering and science students (n=105 in the control 
group and n=94 in the intervention group). Students in the intervention group were 
instructed to reflect on their learning experiences after each lecture using the 
CourseMIRROR mobile application, while students in the control group did not. To 
answer our first research question (i.e., Did the students in the intervention group 
perform better than ones in the control condition?), we conducted Kruskal-Wallis 
tests, and results showed that the intervention group showed significantly better 
academic performance than the control group. To answer our second research 
question (i.e., Are the quantity and the quality of student reflection a significant 
predictor of academic performance?), multiple linear regressions were conducted,  
We found that the number of reflections was a significant factor in predicting a 
learner’s academic performance, while specificity of reflections was not. Our study 
extends the existing literature on the impact of prompting student reflection in 
learning to a relatively underexplored context of large-size, lecture-oriented 
classrooms. Also, our study found that intervention in the form of encouraging 
students to reflect more often on their learning experiences can lead to improved 
academic performance. By evaluating reflection quantity and quality, our research 
contributes new insights into how these aspects influence academic performance. 
Lastly, our study adds to previous findings on utilizing mobile applications to support 
reflection activities in large classrooms by investigating their application in a 
traditional, lecture-based physics course. 

 



1 INTRODUCTION   

Reflection is a generic term for “human activities in which people recapture their 
experience, think about it, mull it over, and evaluate it” (Boud, Keogh, and Walker 
1985, 19). Reflection can be classified into reflection-in-action and reflection-on-
action (Schon 1983). Reflection-in-action is metacognitively reflecting on one’s 
learning or behavior during learning, while reflection-on-action happens after learning 
or learning activities are completed (Schon 1983). In the context of undergraduate 
education, many science and engineering courses are taught in lecture-based 
format, especially in introductory courses where hundreds of students enroll (Owens 
et al. 2017). Reflection-in-action tends to be difficult to implement in this course as it 
may require significant changes in existing instructional methods. Reflection-on-
action can be implemented individually outside the classroom after taking a lecture, 
so they seem easier to implement than reflection-in-action. Still, just with traditional 
instruction tools, promoting reflection-on-action in a large classroom can be 
challenging due to the logistics involved in collecting a large number of student 
reflections and assessing the relevance and quality of each reflection in a timely 
manner. By using digital technology accessible to individual students and instructors, 
such as a mobile application, individual reflection activities can be incorporated into a 
course more easily. 

Reflection-informed learning and instruction (RILI) is a pedagogical model that 
encourages students to reflect on their learning in courses using technology and 
uses their reflection-on-action data to improve instructional strategies (Menekse 
2020). The RILI model can be useful in undergraduate education from two 
perspectives: students and educators. Firstly, undergraduate students are given 
more autonomy in their learning, but such autonomy can lead to a lack of self-
regulation of learning. Prompting students to reflect on their learning regularly can 
foster self-regulated learning (Zimmerman and Kitsantas 2005), thus preventing such 
situations. For example, students can review class materials that are particularly 
confusing or search for additional information regarding interesting concepts. 
Secondly, educators can leverage students’ reflections as diagnostic tools to assess 
their understanding of new concepts and identify areas requiring further explanation 
(Menekse 2020). This facilitates the adaptation of instructional strategies and the 
modification of teaching materials to address students’ needs or areas of interest. 
For example, after reviewing student reflection data, instructors may choose to post 
external online resources on a learning management system aimed at clarifying 
concepts that students found confusing. The advantages of the RILI model are 
particularly notable within the realm of engineering college education. This is 
attributed to the prevalent challenge faced in many college-level engineering 
courses, where instruction occurs within large class sizes, making it hard for 
instructors to monitor individual students' learning progress. Several previous works 
in engineering education employed the RILI model in various contexts. They 
investigated its impacts on problem-solving processes in a physics course (De Laet, 
Sijmkens, and De Cock 2021), improvement in the quality of reflection in an 
interdisciplinary engineering program (Wilhelm 2021), engineering teachers’ 
instructional strategies (Eshuis, Mittendorff, and Daggenvoorde-Baarslag 2023), and 
academic performance in an industrial engineering course (Menekse 2020).  

 



2 RELATED WORKS & RESEARCH QUESTIONS  

The impact of reflection after learning on academic performance has been 
extensively studied, with research consistently highlighting its positive effects on 
students' academic performance. For example, a meta-analysis of 45 selected 
studies (Guo 2022) showed that the positive effect of metacognitive prompts on 
learning outcomes was consistent across undergraduate and K-12 students. Such 
studies were all experimental or quasi-experimental research but were limited to 
computer-based learning environments, excluding using digital tools in traditional 
classroom environments. Metacognitive prompts in this meta-analysis study include 
pre-learning (task perception, planning), during-learning (monitoring, control), and 
post-learning (evaluation, reflection). For example, Kauffman et al. (2008) showed 
that reflection prompts (i.e., questions designed to encourage students to reflect on 
how well they have solved problems and to evaluate and revise solutions when 
necessary) positively impacted problem-solving efficiency and writing quality. 
Another study by Wong et al. (2021) explored the impact of self-regulated learning 
(SRL) prompts, including reflection prompts, on students’ engagement in SRL 
behavior and learning outcomes in Massive Open Online Courses. Results showed 
no significant impact on learning outcomes but a positive impact on SRL 
engagement. 

Meanwhile, Menekse et al. (2022) compared the impact of generic and specific 
reflection prompts on engineering students’ academic achievement in a course. 
Results showed that students who received the specific prompts performed 
significantly better on exams and projects than those who received the generic 
prompts. While numerous studies have explored the use of reflective prompts and 
digital tools in various educational settings, applying such methodologies to physics 
courses remains relatively novel. Regarding the impact of the number and quality of 
reflections, few studies have systematically tested these factors using robust models 
and indicators. Previous research (e.g., Menekse et al. (2022)) has examined the 
quality of reflections in general engineering contexts, but few studies applied multiple 
linear regression models to evaluate the predictive power of reflection quantity and 
quality, specifically in physics courses. 

In higher education settings, technology-supported reflection on learning has gained 
significant attention as a means to enhance educational experiences. Various digital 
tools and platforms have been developed to facilitate reflection processes, enabling 
students to engage in metacognitive activities that deepen their understanding of 
course material and foster critical thinking skills. For instance, one design-based 
research by Leinonen et al. (2016) suggested two mobile apps for reflection (i.e., 
ReFlex and TeamUp). It showed their positive impacts on fostering K-12 students’ 
classroom learning through reflective practices. They used the framework suggested 
by Fleck and Fitzpatrick (2010) to include various levels of reflection, from 
descriptive reflection (i.e., a mere description of events without further elaboration) to 
critical reflection (i.e., reflections with consideration of social/ethical issues). Another 
study by Knoth et al. (2020) explored how a mobile app named Reflect.UP promotes 
reflection at irregular intervals and its impact on students’ learning experiences. This 
app was designed particularly to support student engagement during the introductory 
phase of a course by pushing reflective questions that refer to organizational 
knowledge (e.g., Where do I get a library card?), academic knowledge (e.g., How do 
I read a table?) and skills knowledge (e.g., Can I do what is required of me, and does 



what is required fulfill my expectations?). The empirical results showed what skills 
students wanted to improve eventually and how they were satisfied with the app 
usage. Still, the use of mobile applications to support reflection in traditional 
classroom environments, particularly in physics courses, is underexplored. Our study 
is among the first to investigate the impact of reflection prompts delivered via a 
mobile app in an introductory physics course. 

This research aims to explore the role of reflection-informed learning and instruction 
in students’ academic performance in an introductory physics course. We narrowly 
define student reflection as reflections on interesting and confusing concepts that 
students learned in each lecture. We set our first research question as follows: RQ1) 
Did the students in the intervention group perform better than ones in the control 
condition? The intervention for promoting reflection is using a mobile application that 
prompts students to leave reflections after each lecture. Also, to further explore why 
promoting reflection can be helpful for academic performance, we set our second 
research question as follows: RQ2) Are the quantity and the quality of student 
reflection a significant predictor of academic performance? The two research 
questions are answered by employing a quasi-experimental research method where 
we collected and analyzed student reflection data from an actual physics course. 

 

3 METHOD  

3.1 Participant   

Participants of this study were 199 engineering and science students at a public 
university in the Northeastern region of the United States. They were enrolled in the 
introductory physics course for science and engineering. The Institutional Review 
Board (IRB) approved the recruitment of participants. Only students who consented 
to have their grade information were included in the data analysis. There were two 
sections of the same class. Students in one section were assigned as the control 
group (n = 105) as they were not asked to reflect on their learning. In contrast, the 
students in the other section were assigned as the intervention group (n = 94) as 
they were asked to reflect on their learning after each lecture during an academic 
semester. The same instructor taught both sections using the same learning 
materials and assessment items (e.g., homework, exams, etc.)  



3.2 CourseMIRROR App 

 
Figure 1. An example screenshot of the CourseMIRROR app. 

CourseMIRROR (Mobile In-situ Reflections and Review with Optimized Rubrics) is a 
mobile application developed to prompt and collect students’ self-reflection and in-
situ feedback (Fan et al. 2015). This app collects data from student reflections to 
help instructors identify students' difficulties and provide additional feedback and 
support for student learning throughout the semester. Figure 1 shows an example of 
the app's user interface. On the left of this figure, students could choose one of the 
lectures of a course they are taking. After selecting one lecture, they were asked to 
answer two reflection questions, namely, ‘Describe what was confusing or needed 
more details in today’s class?’ and ‘Describe what you found most interesting in 
today’s class?’ Students were given a specified timeframe to submit their reflections 
on each lecture. Students and instructors could see the summarized list of 
responses for both questions, as seen on the right of Figure 1. Data collection 
through the app started after IRB approved the study. Students were encouraged to 
use the app, but it was not mandatory. Reflection data collected via this app was 
tracked only by the researchers, and we used anonymized IDs for each student who 
agreed to participate in the study. The instructor had access only to the summary of 
reflections that is automatically generated from the reflections. 

3.3 Data Collection and Analysis 

To answer RQ1, we compared the academic performances of the control and the 
experimental groups. The assumption tests (i.e., Shapiro test and Levene’s test) 
revealed that both the normal distribution and the Homogeneity of variance 
assumptions were violated. Thus, we used the Kruskal-Wallis Rank-Sum test. The 
dependent variables were set as four measures of academic performance: the 
average of quiz scores, the average of homework scores, the average of exam 
scores, and the final score. The final score was calculated as a weighted average of 
the other variables based on the instructor’s decision. The effect size and magnitude 
for each test were measured using eta-squared based on the H-statistic (Cohen 
2013).To answer RQ2, we set predictors of academic performances as the number 
and the quality of student reflections. To calculate such predictors, we collected 



student reflection data from the CourseMIRROR server. The number of reflections 
for each student was calculated as the average of the total reflections written in the 
entire semester. The quality of the reflections was measured through two variables: 
the specificity score of reflections on interesting concepts and confusing concepts. 
The calculation of the specificity score was based on the coding schema developed 
by the authors’ previous works (Butt 2023, Menekse 2020), where NLP (Natural 
Language Processing) algorithm was used to rate reflection specificity on a 4-point 
scale from 1 to 4. Scores 1, 2, 3, and 4 indicated shallow reflection without a 
statement of confusion or interest, vague reflection, general reflection, and specific 
reflection, respectively.  

For both groups, only students who agreed to share their academic performance 
were included in the data analysis. The reflection data was collected from students in 
the intervention group who agreed to participate in this study. Nine students did not 
leave reflections, so we imputed their reflection count and specificity scores using a 
missing data imputation method called MICE (Multiple Imputation by Chained 
Equations) following the recommendation by Peugh and Craig (2004) and Cheema 
(2014). 

 

4 RESULTS AND DISCUSSION 

4.1 RQ1 

Table 1. Kruskal-Wallis Rank-Sum test results to answer RQ1 

DV Condition Mean SD 𝜒ଶ p-value 
Effect 
size 

Magnitude 

Quizzes 
Control  87.95 11.10 

16.77 < 0.001*** 0.08 Moderate 
Intervention  92.98 3.94 

Home- 

work 

Control 92.81 13.36 
6.45 < 0.05* 0.03 Small 

Intervention  95.22 10.63 

Exams 
Control  62.67 20.69 

57.89 < 0.001*** 0.29 Large 
Intervention  83.11 8.79 

Final  

Score 

Control 77.81 13.43 
33.29 < 0.001*** 0.16 Large 

Intervention  87.28 6.14 

*p<0.05, ***p<0.001 

Table 1 shows the Kruskal-Wallis test results to compare the academic performances 
between the control group (n = 105) and the intervention group (n = 94). Reflections 
were collected from 27 lectures for the intervention group. The average set of 
reflections was 7.43 (SD = 5.80). As one set of reflections means two written 
reflections, one on confusing and the other one on interesting concepts, respectively, 
the average total number of reflections is 14.86 written by 94 students. The 
intervention group showed significantly better academic performance for all four 
dependent variables than the control group, with the significance level being 0.05.  

These results align with the literature reviewed in Section 2 that proved the positive 
impacts of reflection intervention on academic achievement. Our results provide 



experimental evidence on the impacts of mobile-assisted learning, specifically within 
the relatively underexplored context of traditional STEM lecture-based courses, with 
even fewer focusing on physics education. Also, our results show that such impacts 
are effective not only in exam scores but also in ongoing academic performances, 
such as quiz and homework scores, despite the variation in the effect size.  

In addition, the magnitude of effect size was large, particularly in exams, showing that 
reflecting on interesting and confusing concepts after each lecture positively impacted 
exam scores more than homework and quiz scores. Since homework and quizzes 
were conducted more frequently than mid-term and final exams, the positive impact of 
prompting student reflections might accumulate as students repetitively reflect, 
eventually becoming evident in exam scores. Future research may explore different 
measures of learning experiences other than academic performance. 

4.2 RQ2 

Table 2. Multiple linear regression results to answer RQ2 
 (a) Regression Statistics                                    (b) ANOVA statistics (*p<0.05) 

 

  

 

 

                         (c) Coefficient of each predictor (*p<0.05, ***p<0.001) 

 

 𝑑𝑓  𝑆𝑆  𝑀𝑆  𝐹  𝑝 𝑣𝑎𝑙𝑢𝑒  

Number of 
reflections 

1 180.6    180.65 4.91 0.03* 

Specificity of 
reflections on 

interesting concepts 
1 5.8      5.85 0.16 0.69 

Specificity of 
reflections on 

confusing concepts 
1 6.9       6.88  0.19 0.67 

Residual 90 3314.6 36.83    

𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑒 𝑅ଶ 0.06 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅ଶ 0.02 

𝑆𝐸  6.07 

𝐹 1.75 

𝑝 𝑣𝑎𝑙𝑢𝑒 0.16 

Predictors Coefficient 𝑆𝐸  
Standardized 

coefficient 
𝑆𝐸  𝑡  𝑝 𝑣𝑎𝑙𝑢𝑒  

Number of reflections 0.25 0.11  1.46      0.64 2.28 0.02* 

Specificity of reflections on 
interesting concepts 

-0.35            1.33 -0.17 0.66 -0.27 0.79 

Specificity of reflections on 

confusing concepts 
-0.45           1.04 -0.29      0.66 -0.43 0.67  

(Intercept)   88.24 5.13 87.28 0.63 17.19 0.00*** 



Table 2 shows the result of multiple linear regression to explore which aspects of 
student reflections are significant predictors of academic performance. The 
estimated regression equation to predict one student’s total score for the semester is 
as follows: (Total score) = 88.24 + 0.25 (Number of reflections) - 0.35 (Specificity of 
reflections on interesting concepts) - 0.45 (Specificity of reflections on confusing 
concepts). It turns out that the number of reflections was a meaningful variable to 
predict a learner’s academic performance (F(1,180.6) = 4.91, p = 0.03*), despite the 
𝑅ଶ values being small. In contrast, the specificity of reflections was not. Such results 
were consistent for the other three dependent variables, i.e., quiz, homework, and 
exam scores.  

Our analysis found that the more often students engaged in reflection after lectures, 
the more likely their academic performance would be high. This could indicate that 
even though students did not necessarily write high-quality reflections, the fact that 
they had time to reflect on their learning was sufficient for better academic 
performance. However, our result does not necessarily mean that the quality of 
reflections is less important than the number of reflections. Further research might 
investigate whether the specificity of reflections or another measure of the quality of 
reflections significantly impacts academic performances or may impact other parts of 
learning experiences.  

 

5 SUMMARY  

This quasi-experimental research explored the role of reflection-informed learning 
and instruction in students’ academic performance in an introductory physics course. 
Regarding RQ1, results proved the positive impact of prompting reflections on all the 
measures of academic performance. Regarding RQ2, we conducted multiple linear 
regressions to examine whether the number and quality of student reflections are 
significant predictors of academic performance. It turns out that only the number of 
student reflections was a meaningful predictor. Despite our important findings, our 
study has a few limitations. First, as we decided to focus on academic performance 
only, we might have missed the positive impact of prompting student reflections on 
other aspects of learning experiences, such as motivation and engagement. Second, 
since we do not have any classroom observation data, there could be some factors 
that could have influenced students’ reflection behaviors across two different 
sections. Third, as using the CourseMIRROR app was not mandatory, the average 
number of reflections was not high compared to the number of lectures. 

Nevertheless, our study has a three-fold contribution to the engineering education 
community. First, our study extends the existing literature on the positive impact of 
prompting student reflection in learning to a relatively underexplored context of large-
size, lecture-oriented classrooms commonly found in introductory engineering 
courses. Also, our study found that intervention in the form of encouraging students 
to reflect more often on their learning experiences can lead to improved academic 
performance. By evaluating both the quantity and quality of reflections, our research 
contributes new insights into how these aspects influence academic performance. 
Lastly, our study adds to previous findings on how a mobile application can be used 
to support reflection-on-action activities in a large-enrolment STEM course. While 
several studies explored the use of apps for reflection in various educational 



settings, we uniquely investigated their application within a traditional, lecture-based 
physics course. 
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