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ABSTRACT KEYWORDS

This study addressed the role of the reflection-informed learning and  College students; higher
instruction (RILI) model on students’ academic success by using education; reflective
CourseMIRROR mobile system. We hypothesized that prompting students to  thinking; achievement;
reflect on confusing concepts stimulates their self-monitoring activities Zl:sis::g?nresezaursgt/ion'
according to which students are expectec! to r.eview their upderstanding, m(?b”e tecﬁnobgies '
search for related knowledge, and try to identify the confusing concepts.

With this student-reflection information, instructors can thus address stu-

dents’ difficulties effectively, which can lead to enhanced academic success.

We tested our hypothesis by conducting a semester-long quasi-experimen-

tal study in undergraduate industrial engineering classes (N = 153). The anal-

yses revealed that students in the RILI condition performed significantly

better than students in the control condition (Cohen’s d = .82). In addition,

reflection analysis showed that both quality and quantity of reflections were

significantly associated with exam performance. Surveys indicated users

highly valued the RIFI model; they rated CourseMIRROR favorably and said

they would continue to use it in future classes.

STUDIES HAVE SHOWN that classroom environments that actively involve students in their
learning process and provide opportunities to reflect on their learning experiences have the poten-
tial to enhance students’ academic success (e.g., National Research Council, 2012; Tuckman &
Kennedy, 2011). However, initiating and managing the active involvement of undergraduate stu-
dents in introductory science, technology, engineering, and mathematics (STEM) courses is chal-
lenging, since these courses are generally taught in large lecture halls due to the number of students
enrolled (Mervis, 2013). The sheer size of these lecture classes is often associated with reduced fre-
quency of instructor interaction and feedback to students. Large class sizes also typically result in
traditional lecture-based instruction that hinders learning due to the placing of students in mostly
passive roles (e.g., Cuseo, 2007; Menekse, Stump, Krause, & Chi, 2013; Walker, Cotner, Baepler, &
Decker, 2008). Kokkelenberg and colleagues (Kokkelenberg, Dillon, & Christy, 2008), using a very
large data set (764,000 observations) from 1992 to 2004, empirically showed that large class sizes
have a negative effect on undergraduate students’ academic outcomes. Furthermore, there is an
increasing demand for higher education, and financial troubles within universities (i.e., budget cuts
by states) make it safe to predict that the class size problem will continue to grow. So, how can we
change the passive nature of large-lecture classes to enhance students’ academic success?

To address this problem, we explored the effectiveness of a pedagogical model, called reflec-
tion-informed learning and instruction (RILI), which utilizes core learning sciences concepts.
Also, we developed a mobile learning system by utilizing natural language processing (NLP) to
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implement the RILI more effectively in college classrooms. Drawing from a self-regulated learning
(SRL) perspective (Zimmerman, 2013), we hypothesized that the RILI can potentially enhance
student academic success through multiple pathways. In technology-mediated learning contexts,
agents and artifacts reciprocally shape both learning environment and outcomes (Overdijk, van
Diggelen, Kirschner, & Baker, 2012). For example, students’ reflections on their learning experien-
ces help both students and their instructors to engage in diagnosis and to identify gaps or diffi-
culties in comprehension and/or the application of knowledge and skills. Following diagnosis,
students might independently engage in a variety of strategic responses to improve their learning
such as (a) seeking new information (e.g., identifying supplementary materials/resources); (b)
deploying targeted study strategies, such as explanation, elaboration and integration, or extra
problem solving practice, individually or in study groups; or (c) seeking additional tutoring sup-
port from the instructor, teaching assistants, or peers. Simultaneously, instructors can use diag-
nostic information from student reflections to provide feedback that scaffolds strategic learning
responses (e.g., providing additional information/learning resources, study guides, or targeted
tutoring sessions).

In the current study, we hypothesized that prompting students to reflect on confusing con-
cepts, wherein students are expected to review their understanding, search for related knowledge,
and try to identify the confusing or missing concepts, stimulates students’ self-monitoring activ-
ities. With this student reflection information, instructors can thus address students’ difficulties
effectively, which can lead to enhanced academic success. We tested our hypothesis by conducting
a quasi-experimental study in undergraduate industrial engineering classes. Our specific research
questions in this study were

1. How does the reflection-informed learning and instruction affect students’ academic success?
To what degree do the quality and quantity of reflections relate to students’ aca-
demic success?

3. How do students and the instructor evaluate the reflection-informed learning and instruction
model and the associated mobile learning system?

Literature review
Reflection and learning

A review of the term reflection in the context of educational sciences reveals that there have been
many studies undertaken to explain different ideas about reflection in different domains. Based
on multiple definitions provided by Dewey (1933), Boud, Keogh, and Walker (1985); Von Wright
(1992); Rogers (2001); and Davis (2003), reflection has been defined as a cognitive process that
requires learners to step back from an experience in order to process their existing and new
knowledge and/or experiences. In the current study, we specifically operationalized the reflection
term similar to Boud and colleagues’ (1985) definition in which they described reflection as a
fundamental learning activity in which people “recapture their experience, think about it, mull it
over and evaluate it” (p. 19).

Reflection is listed as a key component of the self-regulated learning (SRL) processes as well
(e.g., Winne, 2001). Zimmerman (1986, 2002) described self-regulated learners as people who are
responsible for their own decision-making processes that regulate the selection and use of various
forms of knowledge. In addition, self-regulated learners set goals, organize and use strategies to
attain these goals, manage and optimize available resources, monitor progress, and continuously
reflect (Zimmerman & Kitsantas, 2005). There are multiple SRL models, such as operant, con-
structivist, or social cognitive, based on different theoretical perspectives. All of these SRL models
include student reflection as a fundamental component.
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Studies have shown that some students intuitively engage in reflection activities; however, the
majority of students need external support to partake in reflection (e.g., Menekse, Stump, Krause,
& Chi, 2011; Quinton, Smallbone, & Zimmerman, 2002). Without some guidance or scaffolding,
reflection can become ineffective, so expected outcomes may not emerge (Boud & Walker, 1998).
Some studies have illustrated the value of learners reflecting on what they have done or engaged
in (e.g., Baird, Fensham, Gunstone, & White, 1991; Davis, 2003; Daumiller & Dresel, 2018; Katz,
O’Donnell, & Kay, 2000; Lee & Hutchison, 1998; Moreno & Mayer, 2005; Murphy, 2004; Peters
& Kitsantas, 2010). In these studies, reflection activities supported students in monitoring their
comprehension, enhancing their performance, and facilitating self-regulated learning. For
example, Gama (2001) tested the effectiveness of self-reflection on students’ knowledge monitor-
ing, evaluation of the learning process, and learning outcomes. She embedded a reflection assist-
ant (RA) into an interactive learning environment (ILE) for algebra word problems. The main
role of the RA was to promote students’ knowledge monitoring during the problem-solving pro-
cess. The hypotheses behind the design of the RA were that reflection enhances student’s aware-
ness of their own abilities to solve problems and that the selection and use of metacognitive
strategies improves as students reflect on their decisions. The experimental group interacted with
ILE to translate problems into equations, and they performed reflective activities before and dur-
ing the problem-solving session. The control group also interacted with ILE but did not perform
reflective activities. Results showed that students in the experimental condition solved more prob-
lems correctly than the control group did. Also, the experimental group spent more time on tasks
and were more persistent when solving problems.

While reflection has been studied in educational psychology literature, a majority of these
studies on reflection have been conducted in laboratory settings (e.g., Lee & Hutchison, 1998;
McGrath, 2014). Also, some studies are conducted with K-12 students (e.g., Peters & Kitsantas,
2010; Veenman, Kok, & Blote, 2005), psychology students (e.g., Berthold, Nuckles, & Renkl,
2007), or business students (e.g., Quinton & Smallbone, 2010). On the other hand, there are rela-
tively few investigations in undergraduate STEM classrooms that have explored the role of reflec-
tion on the learning of fundamental concepts (e.g., Hirsch & McKenna, 2008; Turns et al., 2015).
Recently, the Consortium to Promote Reflection in Engineering Education (CPREE) has drawn
attention to how reflective practices are used in engineering classrooms. The CPREE primarily
studies the basic mechanism and purpose of critical reflection and educators’ roles in developing
students’ reflection skills (e.g., Csavina, Nethken, & Carberry, 2016; Thomas, Orand, Shroyer,
Turns, & Atman, 2016).

To date, the limited reflection studies in STEM education have mostly focused on the nature of
students’ reflective thinking (e.g., Sabag, Trotskovsky, & Waks, 2014), the role of reflective practice
on engineering design (e.g., Adams, Turns, & Atman, 2003; Shekar, 2007), and the reflection activ-
ities, especially the “muddiest points” activity (e.g., Brooks, Gilbuena, Krause, & Koretsky, 2014;
Carberry, Krause, Ankeny, & Waters, 2013; Menekse et al.,, 2011; Mosteller, 1989). For example,
Adams and her colleagues (2003) explored the question, To what extent do engineering students
behave as reflective practitioners? by using Schon’s (1983) theory of the professional as a reflective
practitioner. They identified characteristics of reflective practices by studying freshman and senior
students while they solved a design problem. Brooks and colleagues (2014) studied how to use word
clouds to summarize students’ written explanations and reflections. However, none of these reflec-
tion-focused studies employed experimental or quasi-experimental research design in classrooms to
explore the effectiveness of reflection on students” academic success.

Reflection-informed learning and instruction

Prompting students to reflect on their learning experiences after each class throughout the semes-
ter could enhance students monitoring skills by supporting and encouraging students to



186 M. MENEKSE

systematically monitor their confusions, performance, and progress and to revise their learning
strategies to accomplish their goals (e.g., Carberry, Krause, Ankeny, & Waters, 2013; Zimmerman,
2002). Student reflections can provide diagnostic information to learners and to the instructor
about the students’ current knowledge and skill and about gaps or problems in the understanding
and application of knowledge. This diagnostic information can directly impact students’ strategic
response choices—for example, to seek more background information on the topic, to engage in
extra study, either individually or with peers in study groups, or to seek tutoring help from
instructors. Reflections also provide diagnostic information to the instructor that can be used to
improve teaching and instructor feedback to students. Instructors can use the reflections to pro-
vide more-specific diagnostic feedback (identifying specific sources of learning problems) and to
provide helpful learning strategies (directing students to seek additional relevant information,
seek out tutoring support, or engage in extra study and practice). Instructors can also use the
diagnostic information to directly adapt their teaching, for example, to (a) provide students with
extra background information through instructor notes or other library/online resources, (b)
adapt pacing and spend more time explaining a topic in greater depth or with additional exam-
ples, (c) provide students with extra practice and application problems and give them feedback
on problem solutions to help them achieve mastery, and (d) provide extra tutoring sessions to
individual students or small groups of students with common problems—for example, holding
tutoring sessions to review and discuss annotated, worked solutions to difficult problems. After
students have received a cycle of instructor feedback and have been able to engage in strategic
responses, the recursive process can and should continue. Students might reflect on the impact of
instructor feedback and their engagement in strategic responses, and this information can help
instructors further refine their teaching-related decisions and strategies in future cycles.

To evaluate the effectiveness of the reflection-informed learning and instruction on students’ aca-
demic success in real classroom settings, we conducted a quasi-experimental study with industrial
engineering students and gathered semester-long data by utilizing a mobile learning system that was
developed to support the reflection-informed learning and instruction in college classrooms.

A mobile learning system to support reflection-informed learning and instruction

In a typical large lecture, prompting students to individually reflect on confusing concepts after
each class and summarize these reflections efficiently in a meaningful way is predictably unrealis-
tic. To address this need, we developed a mobile learning system, CourseMIRROR (i.e., mobile
in-situ reflections and review with optimized rubrics), and the server-side infrastructure to effect-
ively implement the RILI in college classrooms (Fan, Luo, Menekse, Litman, & Wang, 2015; Luo,
Fan, Menekse, Wang, & Litman, 2015). The CourseMIRROR system prompts students to write
and submit their reflections on confusing concepts and problems at the end of each class (and/or
after the class) for an entire semester by using their own devices (smart phones, tablets, PCs).
Then, the natural language processing (NLP) algorithm creates relevant summaries of reflections
for each lecture by clustering them based on the common themes. Available to both instructors
and students, these summaries allow users to understand the difficulties and misunderstandings
that their students or peers encountered from the lecture. Figure 1 shows the interfaces of
CourseMIRROR.

Once students log into CourseMIRROR, they can first access their enrolled courses (Figure
la). By clicking a course item, students have access to the corresponding lectures (Figure 1b). In
the lectures list, students can find the lectures for which they can submit reflections. The status
icon on the right side of each lecture item shows the status of the lecture (e.g., open for reflec-
tion, reflection submitted). For lectures that are open for reflection, clicking the lecture item will
lead to the reflection submission page; students can start writing reflections (Figure 1c) using the
CourseMIRROR reflection writing page. At the end of each lecture, students receive notifications
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Figure 1. Primary interfaces of CourseMIRROR, left to right: (a) course list, (b) lecture list, (c) reflection writing page, and (d)
reflection summary and sharing page.

on their mobile devices to remind them to write reflections for the corresponding lecture. After
submission, we leverage the NLP techniques to generate summaries of these reflections. Once the
summaries are ready, they are shared with both instructors and students (Figure 1d).

An example of human-generated versus CourseMIRROR summary

By using student reflections, CourseMIRROR generates its summaries using our NLP summariza-
tion algorithm. Table 1 shows a set of exemplary student reflections for 30 students and Table 2
shows a human-generated summary created by two different human coders and the
CourseMIRROR summary based on the same reflections in Table 1. Human raters were asked to
create summaries by clustering the most common issues based on students’ reflections on confus-
ing concepts, problems, or activities. As Table 2 indicates, the NLP-generated CourseMIRROR
summary includes all the phrases that were included in the human-generated summaries. Prior
studies explored the level of agreement between human coders and automated algorithms to cre-
ate summaries (e.g., Luo & Litman, 2015; Luo, Liu, & Litman, 2016). Luo and colleagues (2016)
studied the NLP algorithm of the CourseMIRROR system and found a good level of agreement
in summaries created by human coders and the CourseMIRROR NLP algorithms.

Methods
Participants

We implemented the RILI in an engineering class for industrial engineering students. This is a
required class for all industrial engineering students, which teaches the fundamentals of statistical
methods for collecting, analyzing, and interpreting data. The main topics covered in this class are
sampling distributions, estimation, hypothesis testing, regression analysis, nonparametric statistics,
application in statistical quality control, and demand forecasting. Also, this is the first engineering
statistics class for regularly admitted engineering students; therefore, for almost all students, this
was the first time they would learn about these statistics concepts at the college level.
Seventy-four sophomore engineering students participated in the study and participation was
voluntary. There were no financial or grade-related incentives to participate. Twenty-three of
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Table 1. Sample student reflections (with no editing).

Prompt: Describe what was confusing or needed more detail in this class.
Student Reflections

S1: Nothing

S2: sampling distribution

S3: Distribution of the sample mean is same as the distribution of population, why?
S4: Last 2 questions of PS

S5: problem solutions

S6: ps question 2 and 5

S7: 1 don't know why, but it was kind of boring and difficult to follow
S8: Problem session

S9: Clt

$10: Not much.

S11:

Sampling distribution but i think it was because i missed the last lecture
S12: The second question of ps

$13: sampling

S14:

Sampling

S15: clt

S16: central limit theorem

S17:

Standard deviation

S18: 30 being the lower limit to convert to clt

S19: Conversion of normal approximation to binomial distribution

S20: all staff. i should work hard.

S21: Ps question 5 was not clearly asked and question 2

$22: sample distributions

S23: we are too slow

S24: Ps questions

S25: the difference between x bar and xi. and the application of central limit theorem using these terms.
S26:

Second question of ps

S27: PS questions

S28: the concept of being greater than 30 for validty of central limit theorem
S29: the difference between x bar and xi.

S30: The difference between x, x(i) and x-bar.

Table 2. Human-generated versus CourseMIRROR summary from the same reflections.

Type of Summarization Corresponding Example

Human-Generated 1 Sampling distribution

Problem session questions (#2, #5)
Central limit theorem

Difference between x-bar and xi

PS questions, especially the 2nd one
Sampling distribution

Concepts related to CLT

Difference between x-bar and x-i
Sampling distribution

Last 2 questions of ps

Central limit theorem

The lower limit to convert to clt
The difference between x x i and x-bar

Human-Generated 2

CourseMIRROR (Phrase-clustering method)

NhWN=pPwNn=hrwNb=

these 74 students were women and 51 were men. In addition, we used baseline data from another
group of students (N=79) that had already taken the same class with the same instructor in the
previous spring semester. Twenty-four of these 79 sophomore students were women and 55 were
men. Students in both semesters were regularly admitted industrial engineering students, and
there were no differences between students across semesters in terms of the number of classes/
credits that they completed or their prior knowledge. There was no significant difference on
students’ college level GPA prior to taking this class, F(1, 145) = .189, p = .66.
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This class is offered only in spring academic semesters and the entire cohort of sophomore
industrial engineering students must take it in order to enroll in some of the upper level courses.
Overall, we had data for 74 students in the intervention group (i.e., the RILI condition) and 79
students for the control condition.

Procedure for the implementation

The instructor included the CourseMIRROR mobile application information in the syllabus and
told students at the beginning of the semester that they will be using this mobile application dur-
ing the semester. Students were asked to install the application into their mobile devices. During
the semester, students were prompted to reflect after each class and there were two classes per
week for this course. Overall, students were prompted to submit reflections for 21 lectures over
12 weeks of an academic semester. There were no reflection submissions on exam days since there
was no instruction on those days. Individual reflections were not shared with the instructor and
reflections’ contributors’ names were unknown to the instructor. Each summary was generated
and made available to all students and the instructor within 36 hours after the associated lecture.

We asked the instructor to remind students to submit their reflections at the end of each class.
Based on our prior studies we found that instructor involvement is critical for students’ participa-
tion throughout the semester (Fan, Luo, Menekse, Litman, & Wang, 2017; Luo et al.,, 2015). Also,
we found that student participation was high when students realized that their instructor paid
attention to reflection summaries (Fan et al., 2017; Luo et al., 2015). Furthermore, the application
has a notification feature, which reminds students to submit their reflections after each class.

We suggested that the instructor read the summaries before each class period and discuss with
the whole class the most common issues at the beginning of the following class period. We also sug-
gested that the instructor provide additional learning resources, study guides, or practice problems
based on student reflections. However, all of these decisions were at the discretion of the instructor,
and the research team had no involvement in making instructional decisions or changes to instruc-
tional resources. There were no classroom observations during the implementation.

Measures

The learning measures included first, second, and final exams for all students. The maximum
score for each exam was 100 and the minimum was zero. All exams were developed, adminis-
tered, and graded by the course instructor and her teaching assistants. The instructor and her
teaching assistants were not part of the research team. Exam 2 and the final exam were identical
for both the RILI and the control groups across two semesters. However, three out of six assess-
ment items on Exam 1 were not identical across two conditions, but they assessed the same stat-
istical concepts. Based on our reliability analysis, the coefficient alpha is (1) .74 for Exam 1 for
RILI condition and .72 for control group; (2) .76 for exam 2 (Exam 2 was identical across
groups); and (3) .69 for the final exam (final exam was identical across groups). These values for
coefficient alphas indicate satisfactory reliability. Reynolds, Livingston, Willson, and Willson
(2010) recommended the reliability estimate of .70 or above for instructor-made class-
room exams.

We also calculated the overall learning score, which resembled the instructor’s method of
course grade calculation. It was computed by adding 30% of Exam 1 score, 30% of Exam 2 score,
and 40% of the final exam score for each individual student.

Each exam included a combination of short answer, multiple-choice, and true-false type ques-
tions. We also conducted a user experience survey at the end of the semester to understand to
what degree students valued engaging with the reflection-informed learning and instruction by
using the CourseMIRROR system. Another survey was given to the instructor to understand how
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she used the CourseMIRROR system, how she modified her teaching practices, and whether she
planned to use the CourseMIRROR system in future classes.

Data analysis
Learning outcomes across conditions

Since our first research question addressed how the RILI affects students’ academic successes, we
compared students’ exam scores across the control and the RILI conditions by conducting three
separate one-way analyses of variances (ANOVAs) for Exam 1, Exam 2, and the final exam. In
addition, we conducted another one-way ANOVA by using the students’ scores on identical
assessment items for Exam 1. Please note that Exam 2 and the final exam were identical for both
conditions. Furthermore, we conducted an additional ANOVA by using the overall learning score
as the dependent variable. Finally, we conducted a mixed-design ANOVA (repeated measures
with a between-subjects factor) to evaluate how students’ performance changed over time. In
these analysis, we used an alpha of 0.05 as the cutoff for statistically detectable findings.

We also conducted a priori power analysis to determine the required sample size for F tests by
using G*Power software (version 3.1). Using effect size of .30, alpha level at .05, and power at
.90, the required sample size for one-way ANOVAs was 120, which is lower than our sample size
of 153. Therefore, the power analysis indicated that we have a high probability of detecting a true
effect by correctly rejecting the null hypothesis.

Table 3. Exemplary reflections for each scoring category for the reflection quality scores.

Reflection Type Reflection Score Exemplary Reflections

Specific reflection 4 The decision of sample size for normal distribution confused me
General reflection Questions about hypothesis testing

Vague reflection Chi-square formulation

No-confusion statement There wasn't a confusing point in this lecture

No-reflection submission N/A

o =NWw

Is there any student reflection?

l

Yes

Does reflection include any statement(s) about the course content
(e.g., lecture slides, in-class activities, in-class discussion)?
No Yes
Does reflection refer to organization of class or any Does reflection include any detailed and
course assignments (i.e., homework, exams)? specific statement(s)?
No Yes No Yes
Does reflection indicate or imply “no confusing issues”? Is reflection simply an exact repetition of a
(i.e., reflections like “nothing”, “none for this class”) conceptual term or a title in slides?
No Yes Yes No
No Submission - 0 Specific - 4

Figure 2. The flowchart for coding students’ reflections for the reflection quality scores.
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Reflection quality and quantity

Students were prompted to submit reflections for 21 lectures over 12weeks of an academic
semester, but not all students submitted all 21 possible reflections, as their participation was vol-
untary so we explored how the number of reflections was related to students’ learning outcomes.
On average, students submitted 12.29 reflections with a standard deviation of 5.89, and the
median was 13. In addition, students’ reflections were substantially varied in terms of quality.
The quality here indicated the completeness and details in one’s reflection. In Menekse et al.
(2011) study, we developed a coding schema to classify reflections, which follows a scale from 1
to 4 to indicate the degree of deepness or quality of reflection (See Table 3 for the examples of
reflections and Figure 2 for the flowchart of the coding schema). We used the same coding
schema to classify reflections in this study.

Two raters individually coded students’ reflections by using the coding schema. The interrater
reliability was calculated and the Cronbach’s alpha value was .95; Cohen’s kappa was .66. Based
on the guidelines from Altman (1990), a kappa of .66 indicates a substantial strength of agree-
ment. Furthermore, since p < .001, our kappa coefficient is statistically significantly different
from zero. The mean quality score was 2.18 with a standard deviation of .50. Table 3 shows

Table 4. Mean, standard deviation, and standard error values across conditions for all exams.

Exams Conditions Mean Standard Deviation Effect Size (Cohen'’s d)
Exam 1* RILI condition 79.88 15.02 .04 (ns)
Control condition 79.27 13.46
Exam 1** RILI condition 39.37 8.85 .09 (ns)
Control condition 38.67 6.52
Exam 2 RILI condition 75.36 15.94 77
Control condition 62.13 18.11
Final exam RILI condition 74.53 12.96 77
Control condition 63.61 15.10

*Indicates data based on all items for Exam 1.
**Indicates data based on the identical items for Exam 1.

Students Exam Scores across Conditions

100

90

si0: I 79.88 75.36 74.53

1
70 79.27

60

50

40

30

20

10

Exam 1 Exam 2 Final Exam

e=(mmR|L| condition «{J=Control condition

Figure 3. Mean scores of each exam for the RILI and control conditions.
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exemplary reflections for different scores. By using the quality of reflections data and number of
reflections that students submitted throughout the semester, we conducted a multiple linear
regression analysis to explore how quality and quantity of reflection predict students’ overall
learning score.

Results
Learning outcomes

We conducted three separate one-way ANOVAs to evaluate whether there was a statistically
detectable difference between the RILI and control conditions on each exam. The results indi-
cated that there was no statistically detectable difference on Exam 1 (based on all items data),
F(1, 149) = .068, p = .79, or based on the identical items data across conditions, F(1, 149) =
317, p = .57. On the other hand, students in the intervention condition performed better than
the students in the control condition on Exam 2 and the final exam; F(1, 146) = 21.93, p < .001
and F(1, 150) = 22.73, p < .001, respectively. The effect size for both Exam 2 and the final exam
is .77 (Cohen’s d). In addition, the ANOVA for the overall learning score was statistically detect-
able, F(1, 142) = 23.88, p < .001, with an effect size of .82 (Cohen’s d). Table 4 shows all the val-
ues for means, standard deviations, and Cohen’s d values across conditions. Figure 3 shows the
means and error bars, and Figure 4 shows the histograms for both conditions across exams. We
also conducted mixed-design ANOVA (repeated measures with a between subject factor) to
evaluate how students’ performance changed over time. Results showed that there was a statistic-
ally detectable exam main effect, Wilks’s lambda = .54, F(2, 141) = 59.87, p < .001; a statistically
detectable difference between conditions, F(1, 142) = 22.31, p < .001; and a statistically detectable
interaction effect for exams and conditions, Wilks’s lambda = .81, F(2, 141) = 16.61, p < .001.

Results for reflection quality and quantity

We conducted a multiple linear regression analysis to evaluate how well the reflection quality and
the number of students’ reflections predicted the students’ overall learning scores. The linear
combination of the reflection quality and quantity was related to students’ overall learning out-
comes, F(2, 58) =10.50, p < .001. The sample multiple correlation coefficient was .52, indicating
that approximately 27% of the variance of the overall learning outcomes can be accounted for by
the linear combinations of the reflection quality and quantity. Table 5 presents the relative
strength of the individual predictors. All the bivariate and partial correlations between the reflec-
tion quality and quantity, and the overall learning outcomes were statistically detectable.

User experience survey results

At the end of the semester we asked students’ opinions on their learning experience with the
CourseMIRROR mobile learning system. The survey included eight items with a 5-point Likert
scale (e.g., 5 indicates strongly agree and 1 indicates strongly disagree). It also included two open-
ended questions asking for the time it takes to write a reflection and whether students think the
benefit of the reflection and feedback is worth the time it takes to use this system. Table 6 shows
the means and standard deviations for each survey item. The majority of the students gave posi-
tive ratings in terms of the usability and effectiveness of the application. Among the students that
chose a negative or a positive option rather than the neutral alternative, 67% of the students indi-
cated that they would like to use the CourseMIRROR in other courses as well; 70% said they had
no problems in writing and submitting reflections, and 63% indicated that they benefitted from
writing reflections. In addition, most students indicated that they could write a reflection within
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Table 5. The bivariate and partial correlations of the predictors with the overall learning score.

Bivariate correlation between each Partial correlation between each predictor
Predictors predictor and the overall learning score and the overall learning score
Reflection Quality .28%* 30%*
Reflection Quantity A A5F*
*p < .05.
*p < .01

Table 6. Students’ ratings on the 5-point Likert scale for usability and effectiveness of the CourseMIRROR system.

Survey ltem Mean Standard Deviation
The CourseMIRROR app is easy to learn and use. 3.90 1.05
I had no trouble in writing and submitting reflections. 3.85 1.07
| wrote and submitted reflections on time. 3.82 1.23
It took me minimal effort to compose and submit reflections. 3.73 .99
| would like to use CourseMIRROR in the future courses. 3.58 1.22
| benefitted from writing reflections. 3.40 1.14
| benefitted from reading the reflection summaries. 3.04 117
| often read reflection summaries generated from the classmates’ reflections. 295 1.23

“2-3 minutes,” and a few of them mentioned they needed “at most 5minutes.” Furthermore, aver-
age ratings for the items “benefitted from reading the reflection summaries” and “often read the
reflection summaries before coming to class” were 2.77 and 2.75, respectively. In addition, the
average rating for the item “benefitted from writing reflections” was 3.28. This difference suggests
that students perceived that generating reflections was more beneficial compared to reading
reflection summaries. Answers to how reflections benefitted students were clustered by research-
ers according to two categories: (a) improved retention by revisiting what students learned in lec-
ture and (b) made possible for students to receive timely and specific feedback on
confusing points.

We asked the instructor to evaluate the CourseMIRROR system and her teaching experiences
with it during the semester. Similarly, there were eight Likert-type items and one open-ended
question asking how she used the reflection summaries to provide feedback. The Likert-type
items included five options and, on average, the instructor rated 4.38 (out of 5) on this survey.
The instructor stated that she read the reflection summaries before each class and that these stu-
dent reflections helped her to improve her teaching strategies. The instructor said that she would
continue to use the CourseMIRROR system.

Discussion

This study explored the effectiveness of the reflection-informed learning and instruction model
on students’ academic success with a quasi-experimental research design. Our findings shed light
on how the integration of innovative technologies can improve teaching and learning. By examin-
ing students’ learning through reflection and feedback loops in a semester-long study, this study
attempted to uncover the factors that contribute to students’ academic success in engineering
classes. How students learn through iterative cycles of reflection and how instructors effectively
utilize this information were not yet well understood or studied. Equally important is how
instructors use the process of reflective practice to inform and transform instruction. Our primary
hypothesis was that prompting students to reflect on confusing concepts stimulates their self-
monitoring activities, wherein students are expected to review their understanding, search for
related knowledge, and try to identify the confusing or missing elements. With this student-reflec-
tion information, instructors can thus address students’ difficulties effectively, which can lead to
enhanced academic success. The results supported our hypothesis by showing that students’ exam
scores were significantly improved in the RILI condition compared to the scores from the control
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condition. Although there was no difference based on the first exam, students in the RILI condi-
tion using the Course MIRROR mobile learning system performed better on Exam 2 and the final
exam than the students in the baseline condition with a moderate to large effect size of .77. This
is an important finding since concepts become more complex over time in this class. While Exam
1 assessed relatively basic concepts such as sampling distributions and data descriptions, Exam 2
and the final exam assessed students’ understanding of more-complex topics such as regression
analysis and nonparametric procedures. Also, data from the control condition indicated that the
students’ scores on the second and final exams were less than their scores on the first exam. On
the other hand, this drop was minimal and insignificant for students in the RILI condition.
Overall, by using the CourseMIRROR learning system as an instructional tool, the course
instructor provided opportunities for her students to reflect on their understandings and class-
room experiences as they proceeded throughout the semester. These reflective practices comple-
mented by reflection-informed instructional strategies promoted the development of deeper
understandings of complex engineering concepts for students.

Furthermore, reflection analysis showed that both the quality and quantity of reflections were
positively associated with students’ exam scores. This finding is also important in the way that it
provides insights and guidelines for future improvements to the CourseMIRROR system. First,
there is room to increase the number of reflections that students submit. In this study, the mean
number of reflections was around 12 (out of 21). Instructors play a critical role in encouraging
students to submit more (quantitatively) and more-timely reflections during the semester. Future
studies will need to further explore the role of instructors for successful classroom implementa-
tion and for increasing the rate of students’ reflection submissions. It could also be helpful to cre-
ate guidelines regarding how instructors can encourage students to submit timely reflections and
how they can utilize the reflection summaries more effectively. Currently, we are in the process
of creating web tools for instructors. These web tools will include instructional strategies and spe-
cific examples, such as using case studies or problem-solving activities to address students’ reflec-
tions concerning confusing concepts. The guidelines will also address the nature of students’
reflective thinking, how to assess the quality of reflections, and contextual influences that can hin-
der or enable the development of reflection and reflective thinking. In addition, the user-friendli-
ness aspects of the mobile app could be improved upon to encourage students to submit more
reflections, which could then lead to further improvement in students’ learning outcomes. User-
friendliness aspects could include improvements for the user interface that could make the app
more intuitive and easy to navigate. Likewise, the mobile app will be improved by including easy
troubleshooting features for users in case something goes wrong with the mobile app.

Furthermore, there is room to improve the quality of reflections. In the current study the
mean reflection quality score was 2.18 (and the maximum score was 4.00). One method could be
to incorporate adaptive questions to encourage students to write more in-depth reflections. Also,
we could provide hints or other scaffolding tools within the mobile system to help students gen-
erate more-detailed reflections. Finally, future studies will be needed to evaluate how these
changes effect students’ reflection behaviors and their learning outcomes.

Survey results indicated that most students and the course instructor considered the
CourseMIRROR technology easy to learn and use. The majority of students indicated that they
would like to use the CourseMIRROR in other courses, that they benefitted from writing reflec-
tions, and that they easily learned the system and had no trouble while writing or submitting
reflections. In addition, students stated that generating reflections was beneficial in encouraging
them to revisit the key concepts of the course and most students found that the instructor feed-
back was very helpful for addressing the most common confusing concepts. Likewise, the course
instructor rated the CourseMIRROR system favorably and expressed interest in continuing to use
it in future classes.
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Limitations and future work

While the results provide generally good evidence of the effectiveness of the RILI on improving
students’ academic success, there are limitations to this study. First, since the research design was
quasi-experimental, there was no random assignment of participants at the student level
However, participants in both control and experimental classes were highly similar based on their
college level GPA. Also, all participants in both groups were regularly admitted industrial engin-
eering students in that university. Furthermore, this specific class was a required course and not
an elective for all industrial engineering majors so there was no possibility of bias for choosing to
enroll in this class in terms of students’ interest in the subject area and the concepts covered in
the class. The second limitation was the relatively small sample size. While a priori power analysis
showed that we had enough statistical power to detect a true effect, future replication studies in
different classes across different institutions are needed to make stronger claims for our findings.
Also, this quasi-experimental study was conducted in two classrooms with one instructor. Further
large-scale studies across different courses and multiple instructors are needed to evaluate the
transferability of the findings. The third limitation was the novelty effect. The novelty of the
mobile application may influence students or instructor’s behaviors. However, since our data col-
lection had been continued across 21 lectures throughout the academic semester, there is a good
chance that the novelty effect diminished as students and instructor become more familiar with
the technology over time. In addition, mobile applications and mobile devices are no longer
“novel” for most college students and instructors. A recent survey indicates that 95% of under-
graduate students own at least one mobile device and the projections imply that ownership levels
will increase steadily (Chen, Seilhamer, Bennett, & Bauer, 2015). Yet, the novelty of the technol-
ogy for teaching a large-lecture class could still play a role in instructors’ teaching behaviors and
strategies and further studies are needed to explore the role of novelty on our findings.
Additionally, there was no classroom observation in this study. Therefore, we don’t have data to
evaluate how summaries affected instructors’ teaching strategies. In our next studies, we plan to
conduct systematic classroom observation to improve understanding of the classroom dynamics
and document how reflection summaries are utilized by instructors. Likewise, we will conduct
interviews with students to understand how constructing reflections and reading reflection sum-
maries are affecting their study strategies.

Conclusion and implications for practice

By conducting a quasi-experimental study in college classrooms, this study investigated how the
reflection-informed learning and instruction affects students’ academic success; the relationship
between the quality and quantity of reflections and academic success; and how students and
instructors value the reflection-informed learning and instruction as a pedagogical model. Our
findings showed that the students in the RILI condition performed better than the students in the
control condition based on exam scores. In addition, we found that the reflection quality and
quantity were significantly related to students’ academic success. Finally, the instructor and the
majority of the students valued generating reflections and reading summaries, and they rated the
mobile learning technology positively in terms of usability and effectiveness. These findings suggest
that the RILI has the quality of being an instructional model that educators can use in their classes
to enhance students’ academic success in lecture-type classes. This instructional model enhances
students’ critical thinking by using reflections as a method for students to make meaning of what
they are learning and what kind of difficulties they are experiencing as they are learning these new
concepts. From the cognitive perspective, the reflection activity not only allows students to retrieve
prior knowledge and recent learning experiences but also lets students reevaluate their initial
understandings. They are better able to differentiate what they already know and what they don’t
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know and to think about their next steps to improve their understanding (Boud, Keogh, &
Walker, 1985). Furthermore, the frequent reflection activity could promote the development of a
habit of using a critical lens throughout the learning process, which can also enhance students’
ability to integrate new understandings with existing knowledge and can transform learners into
reflective practitioners over time (Schon, 1983). We believe the reflection-informed learning and
instruction plays a significant role in fostering reflective thinking, and our results showed that uti-
lizing student reflections to improve teaching strategies throughout the semester is an effective
method of supporting students in achieving a better understanding of fundamental concepts.
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