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The Effectiveness of Students’ Daily Reflections on Learning in
Engineering Context
Reflection is a significant cognitive process to enhance students’ learning outcomes and/or
performance. Studies have shown the value of learners reflecting on what they have done,
processed or engaged in so far. 1-8 The use of questions, prompts, or use of reflection as a form of
feedback have been used to advance reflective processes in domains such as nursing education,
teacher education, and science education. 9-11 However, relatively few of the above mentioned
studies investigated the importance of reflecting on confusing points instead of reflecting on
what is understood, and none of the studies were conducted in an engineering context.
This study investigated the relationship between engineering students’ daily reflections about
material they were unclear on and their learning of various introductory materials engineering
science concepts. Materials science engineering students were asked to reflect on the “muddiest
points” of class content at the end of each class for an entire semester. Our primary goal was to
evaluate whether reflection about confusing points supported learning.
We propose that the nature of student reflection in this study is similar to Boud and
Colleagues’ conception, that “reflection is an important human activity in which people
recapture their experience, think about it, mull it over and evaluate it.” 12 In order to reflect on
what was confusing in a lecture, students need to process prior knowledge and experience as well
as new knowledge. In addition to thinking about what they heard or did in class, students need to
critically assess and identify the topics, examples, or concepts that were confusing and those
which were clearly understood. Therefore, when students are truly reflecting, they are
monitoring what they know and do not know. 13
During the monitoring process described above, reflection is also a constructive activity that
utilizes creative cognitive processes such as reorganizing information or integrating new and old
knowledge. These processes need to occur so that students can render judgments about their
understanding. Recently, Chi 14 proposed the active-constructive-interactive hypothesis, which
asserts that different types of overt learning activities have differential learning effectiveness
because they are characteristically different and involve different cognitive processes. A review
by Chi based on experimental studies in the learning literature revealed that although activities
using active, constructive, and interactive modes of learning are better than passive learning,
interactive activities are more likely to be better than constructive activities, which in turn are
better than active activities. In addition, Chi and colleagues describe self-explanation, a process
whereby students comprehend and learn information via the explanations they provide for
themselves while studying it, 15,16 as a type of constructive activity that shows clear learning
outcome advantages when compared to both active and passive learning activities. 14,17 Selfexplanation is likely to be inherent in the process of reflection. We argue that, depending on the
level at which it is conducted, the process of reflection can serve as an active, constructive, or
interactive learning activity that may impact students’ learning.

1

Page 22.1451.2

The purpose of this study was to examine the relationship between student reflections,
categorized by deepness and quality of statements, and their learning outcomes. In the following
section we will describe Chi’s 14 framework of passive, active, constructive and interactive

learning activities and relate it to characteristics of student reflections. The remainder of the
paper will consist of the methods, analysis, results and discussion section of current study.
Being Passive
Being passive refers to a learning situation in which the learner is essentially not engaging in any
overt activity related to the learning task. 14 Some examples of passive activities include listening
to a lecture, watching a video, or reading a text without engaging in any additional observable
activity such as note-taking, highlighting, or pausing and rewinding media. No underlying
cognitive mechanisms are proposed for this level of the taxonomy since it is unclear whether or
not the learner is engaged in the learning task and whether or not learning is occurring. In this
study, we classified the absence of student reflection about their muddiest point as being passive.
Being Active
Being active refers to students’ engagement in overt activities that activate their own knowledge
within, but not beyond, the boundaries of the desired content. 14 Chi defines being active as
doing something overtly rather than passively waiting for information or instruction while
learning or studying. Examples of the active mode include: repeating sentences after hearing
them, underlining or highlighting sentences while reading, pointing at sentences or part of a
solution, copying and pasting text, copying the solution of a problem from the board while the
teacher is solving it, or selecting responses from a list of choices as in matching tasks. In this
study, we classified shallow and vague student reflections as active learning activities.
Being Constructive
Being constructive refers to students’ engagement in activities that develop their knowledge and
understanding of content in new ways, thus extending their knowledge beyond the level of that
being studied. 14 The characteristic difference between the constructive and active mode is that in
the latter case, learners do not produce outputs that go beyond the given information. Some
examples of the constructive mode include drawing a concept map, taking notes in a lecture,
generating self-explanations, comparing and contrasting different circumstances, asking
comprehensive questions, solving a problem that requires constructing knowledge, or justifying
claims with evidence. Accordingly, in this study, we classified deep and novel reflections as
constructive activities.
Being Interactive
Being interactive refers to two or more learners’ engagement in activities that develop
knowledge and understanding that extends beyond the level being studied. This is similar to the
constructive mode, but the interaction of the learners in this situation enables them to creatively
build upon one another's understanding in an innovative way. 14 In this study, there was no
opportunity for students to collaborate during their reflection time; thus this category was not
utilized when classifying student reflections.
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Methods
Participants
The sample for this study included twenty-seven undergraduate engineering students enrolled in
an introductory materials science and engineering class in a large public university located in the
southwestern United States. Twenty-two of the participants were male students and five were
female students. The mean age of the participants was 19 with a range from 18 to 21 years old.
Each student enrolled in the class had already completed a college level general chemistry class
as a prerequisite. Participation in the project was voluntary and students were assured that their
participation would have no effect on their grades.
Procedure / Data Collection
The materials science engineering students were asked to complete the ‘Points of Reflection’
questionnaire at the end of each class during the entire semester (See Appendix A). The analysis
for this study focused only on students’ reflections about their ‘muddiest points,’ or their
responses to the question, “what was confusing or needed more detail” (referring to content
delivered in class on that day). We collected students’ daily reflections along with results of the
pre and post unit concept tests and unit exams that were routinely administered by the course
faculty. We examined data from two units of course content, crystal structures and polymer
structures. Instruction for each unit consisted of four days of classes, giving us a maximum of
four reflections per student for each unit. In total, we had more than 200 hundred student
reflections for the analysis.
Data collected throughout the semester were identified using an anonymous ID that the students
selected; researchers were not able to associate students’ anonymous IDs with their names until
the last day of class. At that time, students were asked to link their name to their anonymous ID
so that the researchers could obtain course exam results from the instructor. The purpose of using
anonymous IDs was to maintain the confidentiality of students’ statements and, accordingly,
maintain student objectivity in their daily reflections. Students used their anonymous IDs for
concept tests, as these scores did not affect their course grade and faculty had no need to know
students’ identity. Unit exam scores however, did affect students’ grades in this class and
therefore could not be anonymous; these results became available to the researchers at the end of
the semester when students matched their anonymous ID with their names.
Measures
Points of Reflection – This questionnaire asked students to reflect on their perceived most
interesting point, their “muddiest,” or most unclear point, their “take away” point, or the one that
would be most valuable to their needs and their future, and a “learning point,” or what they
learned about how they learned (See Appendix A). The analysis for this study focused only on
students’ reflections about their muddiest points, assessed by the question, “what was confusing
or needed more detail.”
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Learning Outcomes - The measures of learning for this study were unit pre and post concept

tests, and unit exams. Both of these measures were regularly used in this class by the instructor.
The crystal structures concept test measured students’ knowledge of the unit cell structure, the
location of atoms in planes, and the close packing crystal structure directions where atoms touch
for Face Centered Cubic (FCC) cell, Body Centered Cubic (BCC) cell, and Simple Cubic (SC)
(See Appendix B for a sample concept test). The polymers concept test measured students’
knowledge of internal structures of polymer objects and their atomic structures. Identical tests
were used as pre and post concept tests for each topic. Both concept tests and unit tests were
graded by the class instructor or teaching assistants and those scores were used for our analysis.
Data Analysis
Students’ daily reflections on their “muddiest points” were coded based on the deepness of their
explanations. Figure 1 shows the flowchart that summarizes our coding schema. Our coding
schema for the reflections followed an ordinal scale of 0-3 to indicate the degree of deepness or
quality of reflections. A score of “0” was given if the student did not write anything as a
muddiest point, or if the student’s reflection was completely irrelevant to any class topic,
discussion and/or assignment. A score of “1” was given to vague reflections, in which the
student addressed course content, but simply restated one of the broad concepts or titles from a
slide. This category also included statements referring to class organization or any course
assignment. For example, the following statement, “the homework - I don't know how to figure it
out because it is not in the book” was placed into this category. A score of “2” was given to
general reflections which were neither deep/detailed statements nor simple repetitions of slide
titles. For example, one student wrote “how to draw unit cells” as a muddiest point; this was not
a simple or broad statement like a repetition of a slide title. However, it was still difficult to
ascertain whether drawing a unit cell statement was actually referring to drawing directions or
planes in a unit cell, or drawing a particular sort of cubic unit cell such as a BCC or a FCC unit
cell. Thus, it was coded as general reflection due to its ambiguity. Finally, a score of “3” in our
coding schema referred to deep/specific reflection statements. An example of a reflection that
was scored in this category was “computing length, edges and atomic packing factor for FCC”
This reflection was very specific about the student’s area of concern.
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We also considered the deepness of students’ reflections to be indicative of the degree to which
the reflections were relatively active or constructive. Using Chi’s 14 framework, student
reflections in our study could be classified as active or constructive processes based on the
details of the reflection and the cognitive processes that could be identified as being utilized. For
example, after the first lecture of a crystal structures class, one student wrote “unit cells” as the
muddiest point, whereas another student from the same class wrote “how type of the crystal
structure affects strength of a material” as the muddiest point. The first reflection is a brief and
shallow statement compared to the second reflection. Also, the first reflection is basically a
restatement of one of the very broad concepts that was already presented in the lecture, which
represents active learning, whereas the second reflection is a unique statement that links a
concept from the lecture (i.e. crystal structure) to another concept that was not presented in that
lecture (i.e. strength of material), which indicates more constructive learning. Overall, our coding
schema with the ordinal scale of 0-3 not only indicated the degree of deepness or quality of
statements but also related to the constructive nature of students’ reflections.

Figure 1: Coding schema used for the analysis of students’ reflections on muddiest points.
After coding each student reflection based on our schema, a total reflection score for each
student was calculated by adding these scores. Then, a mean reflection score for each student
was calculated by dividing the total reflection score for each student by the number of reflections
she made. This averaging was particularly important because some students were absent some
days and/or sometimes left the muddiest point questions blank. Adjusted gain scores were then
calculated for concept tests. Adjusted gain scores (also known as g scores) were computed by
dividing students’ actual gain scores from the concept tests (post concept score minus pre
concept score) by their potential gain scores (maximum score possible minus pre concept test
score). This formula indicates how much students gain relative to the amount possible that they
could have gained from pre to post concept test.
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To answer our research question regarding the relationship between student reflections about
their muddiest points and subsequent learning outcomes, we calculated bivariate correlations
between students’ average reflection scores and their gain scores on the pre-post concept tests, as
well as their unit exam scores. The analysis was completed independently for each content area
(crystal structures and polymers).

Results
Our analysis showed a significant positive correlation between the quality of students’ daily
reflections and adjusted gains scores based on the crystal structures pre and post concept tests,
r(25) = .47, p < .05. In other words, students whose reflections on muddiest points involved more
detailed explanations suggesting more constructive learning also showed greater progress toward
mastery on concept tests than the students whose reflections were more shallow. However, there
was no significant correlation between the quality of students’ daily reflections and the unit exam
scores. For the polymers unit, there was a significant correlation between students’ average
muddiest point scores and their percentage correct of the polymer structures-related questions on
the unit test, r(22) = .54, p < .01. The students who were able to articulate their uncertainties
about course material in more detail were also ones who scored higher on the unit exam in
general. However, there was no significant correlation between students’ average muddiest point
scores and their pre-post concept test gain scores for polymer structures.
Discussion
Our research question concerned the relationship between the deepness and quality of students’
reflections about their muddiest points and their learning outcomes. In other words, did students
whose reflections were more detailed and constructive also do well in measures of performance?
Our results provide some evidence to suggest that this is true. In the crystal structures unit, the
quality of students’ reflections was significantly related to their progress toward mastery on the
concept tests, although it was not significantly related to their scores on the unit test. In the
polymers unit, the quality of students’ reflections was not significantly related to their gain
scores calculated from the pre-post concept tests, although it was significantly related to their
scores on the corresponding unit exam questions. These differences may be explained by
multiple factors, among which are the diversity of content covered per unit, the similarity of prepost concept tests or unit exam questions to the concepts addressed in student reflections, the
amount of student effort expended on evaluation measures, and the phrasing of the question used
to prompt student reflection. If the units that were evaluated contained many diverse concepts, it
is possible that students’ muddiest points and hence their reflections did not match the concepts
that were tested, which might result in the nonsignificant relationship between the two variables
despite the fact that learning may indeed have occurred. Future research might attempt to target
evaluation of students’ learning at the same concepts that were articulated as their muddiest
points. Additionally, as mentioned previously, the pre-post concept tests did not factor into
students’ grades for the course. Students were aware of this and may not have expended their
best effort to do well, particularly for more difficult content areas such as polymers. Lastly, the
question that prompted students to reflect on their muddiest point, “ what was confusing or
needed more detail?” may not have suggested to some students that anything more than a
shallow response was needed. For future data collections, the question has been revised to
“describe what was confusing or needed more detail” to reduce this possibility.
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In conclusion, our study results provided some evidence to support our hypothesis that the
deepness and quality of student reflections about their trouble spots in understanding course
content is related to their learning outcomes as evidenced by course performance. Our results
suggest that this is a viable area for future research. Additional research is needed to further
isolate and describe the relationship between these two variables.
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Appendix A: Sample for Students’ Daily Reflections
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Appendix B: Crystal Structure Pre and Post Concept Test
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