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Introduction

Engineering programs often struggle to optimally support and retain promising students. To
attempt to address that issue at a Southwest HSI land-grant university, our interdisciplinary team
of researchers set out to study the impacts of putting learning and success more directly into the
hands of students. We began exploring what we could learn from preparing first-year
engineering students to take more control of and responsibility for their learning and their growth
as learners [1]. With faculty and graduate students from engineering, education, psychology, as
well as rhetoric and professional communication programs, we tapped our diverse backgrounds
and research literature to create materials and opportunities to help students think about if not
improve their own learning.

In this article, we report on preliminary analyses of several aspects of our three-year study
investigating the effects of first-year students’ metacognitive awareness of learning on academic
performance in a college engineering program. Specifically, we focus on information that
students reported in reflective writings on their past and current studying strategies and how we
see their growth in metacognitive awareness as reflected in responses to journal prompts about
their study practices and class performance.

Throughout our 3-year NSF-supported research grant, we have introduced students to the
significance and the potential of metacognitive awareness, defined as the “active monitoring,”
regulating, and orchestrating of activities “in service of some concrete goal or objective” [2]. In
2016 and 2017, we opted for splitting the first-year engineering students' cohort into two groups,
one control and one experimental, so we could note any effects of our interventions. While
students’ grades were not found to vary in statistically significant ways (outside of the exam
results just after our intervention in Fall 2017, where experimental students performed
significantly better), we did see an uptake in the way the experimental students discussed their
metacognitive understandings of their own study strategies and practices. Their reflections on
their learning and intentional approaches gave us hope that our interventions were “taking.” With
our beliefs in the value of attention to metacognition as well as a noted increase in awareness of
effective study strategies, we included all students in our Fall 2018 interventions. The
interventions included:

e A researcher-led in-class workshop on metacognition based on work by leaders in this
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e FEasy-to-use reference materials to serve as reminders of information they were exposed
to in the metacognition workshop

e Students' reflective writings throughout the semester in response to metacognitive journal
prompts about their learning approaches, study practices, and course performances

Our aims included exploring whether our materials and journal prompts could help increase
metacognitive awareness and, if so, to lead students to alter their study practices or thoughts
about learning, thereby ideally improving their performance if not retention [3], [4]. To measure
the impact, if any, of our interventions, we distributed two surveys, one on metacognitive
awareness, the other on study practices at both the beginning of the semester and at the end. In
this article, however, we focus on what we learned from the reflective intervention - the journal
prompts asking students to consider if not work to improve their study practices and effects.
After sharing highlights from relevant research that informed our study, particularly with respect
to metacognition and reflection as well as student outlooks and attitudes toward learning, we
present findings on and discussion of Fall 2018 students’ development of studying behaviors
related to our interventions.

When learners take time to think about what they are doing and how—and with what effects—it
is possible for them to marshal that information to enhance both existing strengths and
weaknesses [5], for instance, by seeking alternative approaches to learning. With so much
attention to content in many fields, we often risk neglecting to help students to process,
understand, and learn course material, particularly in our entry-level courses such as the
engineering seminar we focused on. Our interventions are meant to raise students’ awareness of
how they, not just grades or feedback from instructors, can themselves assess their learning and
ideally make informed decisions on how to proceed and learn. Reflection and reflective writing
have long been valued as paths in support of such learning. Such reflective writing can help
learners not just understand important concepts but engage in thinking about and learning such
concepts [6], [7]. As explained below, as we analyzed data from the journal responses prompting
reflection, we saw an increase in students’ range of study strategies as well as in their use of
study practices that research indicates to be more likely to support learning (i.e., habits invoking
“deep processing” such as relating new information to existing knowledge, according to) and a
decrease in those less effective practices being reported (surface-level learning such as rote
memorizing) [8].

Data Collection

Students enrolled in the first-year engineering seminar were given two surveys at the beginning
and at the end of the semester. The first was a Metacognitive Awareness Inventory [9] that we
had condensed and modified based both on results from our study’s initial two years as well as
on information from [10] on strategies to promote metacognition (such as having students
consider the instructor’s goals for an assignment). This survey asked students to rate the extent to
which they agreed with statements related to thinking about learning, such as “After I have tried
to answer a question or solve a problem, I ask myself if I have considered all possible answers or
solutions” and other statements related to what they think or do before, during, and after studying
or completing homework or exams and how they assess their approaches. The second survey
focused more on study practices, asking students to rate the extent to which they applied specific



study strategies such as “I practice explaining the course material to others” or “I start doing
homework too late.” Such statements were largely based on those from [11] on teaching students
to learn.

Assigned prior to the first exam, the first set of journal prompts asked students to reflect on and
write about aspects related to high school practices, such as how long they tended to study per
week in high school; strategies they used for studying and learning; the best learning strategy
that had worked for them. We then asked them to report on how they were preparing for their
first engineering college exam; to share how confident they felt about performing well on this
exam, and to explain their reported level of confidence.

The next set of journal prompts, assigned prior to the second exam, asked questions about what
students do when they are stuck or struggling in understanding a concept, formula, or idea; how
they were preparing for their upcoming exam; and how they tend to recover or “bounce back”
when they haven’t performed as well as they had wished. The final set of prompts asked students
to address whether they were satisfied with their scores on the second exam and to list strategies
they had used to prepare for the exam that they considered “effective.” As in Journal 2, we asked
which specific strategies they employ when not comprehending a concept or idea and which
specific strategies they planned to draw on for preparing for the third exam. In addition, students
were asked to explain how, if at all, they had applied what they learned from our interventions
(the class workshop and materials on metacognitive and study skill practice), and to explain their
answers. Finally, students were asked to list strategies that they had learned from our
interventions that they intended on using in future semesters. Responses to journal prompts were
collected, prepared for analysis through the qualitative software MAXQDA, and then coded by
pairs of researchers into patterns or themes. Each journal prompt was completed and turned in
the week before the exam, with exams occurring late September, October, and November.

Finally, in addition to demographic information, we collected student performance data on
course exams, data that is currently being analyzed as we further analyze the reflective journals.

Preliminary Findings

Time Spent Studying. We generally believe that zow students study can be more impactful than
the time actually spent studying. Nonetheless, at the start of the semester, we asked students to
report their weekly average studying times in high school to get a comparative sense of the
amount of time they spent later in the semester and after our initial workshop interventions.

Not surprisingly, we learned that students overall reported devoting more time studying in
college (in fact, the time they reported studying for their first-year engineering seminar alone
was not so different from the time they had reported studying for all high school classes put
together). When asked about time spent studying outside of class in high school, most students
(80%) reported spending 4 or fewer hours (see Fig. 1). While 15% reported approximately 6
hours, 5% of students reported spending 8 hours or more studying weekly in high school. We see



these results as supporting the need for our work in helping students, especially those with little
practice studying, to “learn how to learn” by reflecting on their own practices and performances.

Figure 1. Amount of Time Students Reported Studying Weekly Outside of Class in High School
(n=323; Week 3 of 1* Semester).

m Not really at all (2or
fewer hours)

m A little (4 or so hours)

m Some (6 or so hours)

Often (8 hours or more)

In the second journal, we asked students to select average weekly time spent studying based on
four specific time options. Students’ reported study time averages went up, with the most
common response (at 42%) being 4-8 hours on average per week (see Fig. 2).

Figure 2. Amount of Time Students Reported Studying Weekly Outside of Class in College
(n=284); Week 7 of 1*' Semester).

mO0to4 hours
m 4-8 hours
m 8-12 hours

12 hours or more

As displayed in Table 1, whereas 80% of students reported 4 or fewer hours of weekly study
times for high school, just 24% reported that small amount as they approached their second
engineering exam. Moreover, with just 5% of students reporting average weekly study times of 8
hours or more in high school, 34% reported average weekly study times of 8 or more hours as
they approached their second exam.

Table 1. Weekly Average Study Time Reported for High School vs. College.



Hours High School Mid-First College Semester

4 or fewer 80% 24%
More than 4, fewer than 8 15% 42%
8 or more 5% 34%

We cannot attribute the reported increase in study time in comparison to reported times
mentioned for high school directly to our intervention, but we trust that our metacognitive and
study strategy workshop made students aware of the importance of engaging to learn as well as
of being reflective about their approaches to studying, all of which was confirmed to an extent in
our final journal prompt.

Although it was clear students overall reported spending more time studying in college as
opposed to high school, findings from [12] concluded that full-time engineering seniors tend to
spend on average 19 hours preparing for classes on a weekly basis, including projects and
laboratory work. We do not expect first-year, first-semester engineering students to match
reported study time of engineering seniors, but we believe it could be useful to let them know
what to expect as they enter upper-division courses in engineering or other disciplines.

Now that we shared differences in students’ reported study times in high school as opposed to
college, we next report on differences in reported study behaviors in high school and in their 1*
college semester.

Study Strategies. A key message of our effort was that the amount of time one spends studying is
not necessarily as important as Zow one spends that time studying. More than a month after our
intervention workshop as well as at the end of the semester, we noted substantive changes in
students’ reported study practices when compared to those they reported at the beginning of the
semester.

When asked what strategies they used when studying in high school, students listed a range of
practices, but in Journal 1, most of the comments (62% of the 483 comments from 323 students)
mentioned the basic and potentially ineffective strategy of reviewing material, including notes,
course materials, assigned readings, homework, and quizzes [13]. The most common

review strategy (mentioned by 31% of students) was the reviewing of “notes,” a finding

that can be viewed as problematic for a number of reasons. In taking notes, students may not
attend to the most critical information; their understanding of the material they are taking notes
on may also not be accurate. Reviewing notes as the most consistent approach to learning might
lead to missing important information all together or reinforcing any misunderstandings reflected
in their notes. Also of concern, more than one in 10 (13%) students mentioned the approach of
“cramming,” and nearly one in 10 (9%) reported in response to this question that they did not
study in high school.

Our findings do indicate that some students reported employing study strategies with more
likelihood to lead to learning. For instance, 18% of students reported working on practice
problems, an approach that can be particularly valuable for learning in engineering and STEM
courses [13], [14]. Another strategy, rewriting one’s notes, a practice reported by 11% of
students, could also prove valuable but poses the same risks mentioned above that come with



relying on one’s notes; nonetheless, we see rewriting notes as a more active and perhaps more
impactful practice than merely reviewing notes [15]. Studying with a partner was a third
practice we see as promising, but studying with a partner was reported by just 6% of students.

Interestingly, when asked to share the strategy that had proven most effective for them in high
school, the most common response was that completing practice problems (or similarly redoing
homework problems) proved most effective. In other words, although it seems a good share of
students is aware of the value of this practice, students reported being far more likely to rely on
the potentially less promising practice of reviewing notes.

In the end, most strategies that students reported employing in high school would correspond to
study strategies not necessarily leading readily to optimal learning. This result suggests a need
for approaches such as our interventions, designed to make students aware (or reminded)

of (1) study strategies more likely to foster learning and (2) metacognitive approaches prompting
more reflective and intentional “learning to learn.”

In contrast to results on reports of study practices in high school, when asked near the end of the
semester, weeks after our metacognition and study strategies workshop, how they planned to
study or were studying for their third exam, far fewer students—40% in contrast to 62% at the
beginning—reported that they would use the strategy of reviewing. While this statistic suggests
that a number of students changed or added study practices, reviewing still proved at the end of
the semester as the most common “go-to” strategy. However, what they said they were focused
on during the practice of review changed, with just 12% of those who reported they would use or
were using reviewing specifically mentioning reviewing their own notes, in contrast to 31% of
students listing this as a primary strategy at the beginning of the semester. Reviewing materials
tends to have a long history in the life of a student, and it is not necessarily a negative [3], [13].
We see adding a wider range of approaches to their study strategy repertoire, beyond the practice
of review, as potentially valuable.

In contrast, whereas 18% of students at the beginning of the semester reported working practice
problems or reworking prior problems as a strategy they had typically used to prepare for an
exam in high school, at the end of the semester 29% mentioned practicing problems as an
approach they were planning to use or were already using to prepare for the third exam in their
first-year college engineering course. The strategy of doing sample or practice problems as a step
toward learning has been found to be particularly valuable in STEM courses such as engineering
[13].

Education research also lists study groups or partners as a recommended strategy for learning
[3]. At the semester’s beginning, 6% of students mentioned invoking this practice, whereas at the
end of the semester, 16% of students mentioned they were using or planning to use study groups
to prepare for their third exam. We also were somewhat encouraged to see that in preparing for
their third exam, more than 1 in 10 students (12%) listed review sessions as a resource they
would draw from to learn in preparation for their exam. Given that the engineering seminar
offers these sessions to help students prepare for exams, we would expect to see this percentage
to be higher.



Time management, another strategy emphasized in our intervention workshop and materials, was
also listed as an approach that 12% of students specifically reported they planned to take into
account or were already using as they prepared for their third exam. Interestingly, no students at
the outset of the semester mentioned the metacognitive strategy of considering how they would
use their time in preparation for exams. At the end of the semester, however, students listed such
strategies as studying more frequently but in shorter sessions, breaking up their study sessions
with other activities, or preparing in smaller increments.

Effective time management, in fact, was listed as the most popular metacognitive approach
students reported they gained from our intervention, the strategy that about 25% said they would
continue to employ in future semesters. Sub-strategies related to this approach included:
e studying in smaller increments as opposed to lengthy sessions
determining how to organize/optimize the time they had for studying
increasing the amount of time devoted to focused studying
attending to taking breaks from studying
avoiding cramming

When asked if they adjusted the way they study as a result of our interventions, 58% of students
said they had. Among these students, when asked to describe Zow they had changed their study
practices, 39% stated that they had improved their time management (including studying more
efficiently and intentionally scheduling or planning their use of study time). In addition, 36%
stated that they had developed or practiced more effective study strategies, such as reading more
purposefully, focusing on key ideas in taking better notes or asking for help (a practice students
hadn’t mentioned applying at all in high school). Finally, 19% mentioned that they would
mentally adjust their approaches to learning, a real aim of metacognitive approaches to learning.
Among these, students mentioned identifying and focusing more on key material, being more
aware of the need for studying and increasing their motivation or confidence, the latter topics
which we will take up in subsequent analyses.

Conclusions and Implications

One purpose of our study was to try to improve metacognitive awareness and enhance students’
approaches to studying. Although exam grades showed mitigated results, we observed interesting
changes in students’ reported studying strategies and learning mindsets. We also observed how
reflective writing can serve not only as a window into students’ metacognitive awareness (and
more) but also as a valuable means for students themselves to contemplate if not learn from
connections, if any, between their study strategies and learning as well as performance.

To review some key findings from our first pass through the data, we observed a shift in the
number of hours students reported having studied in high school to time reportedly spent
studying near the end of their first college semester. Comparing the data collected within the first
weeks of the fall semester and the mid- and end-of-semester data, we noted many students
developing a better sense of what strategies they use and why. Importantly, we also observed an
increased level of engagement in higher-level study strategies along with improved levels of
metacognitive awareness. For instance, compared to at the start of the semester, at the semester’s
end, many students mentioned employing a much wider range of recommended strategies,



including studying in groups, completing relevant practice problems, intentionally managing
study time to focus on critical information, and seeking help when they did not understand
something.

These preliminary results reinforce to us that our study, designed to introduce students to
metacognitive approaches to learning through minimally intrusive interventions taking little
time, brought promising results for the learners and their approaches to studying and learning.
Specifically, our conclusions about our interventions are as follows:

e Minimal introductions to and prompting toward metacognitive awareness and
effective study skill practices, such as our one-hour workshop coupled with
materials for future use, can support students’ in expanding their study strategy
repertoire in more reflective and intentional ways.

e Even brief reflective writings allowing for students to consider elements of their
study practices, their strengths and weaknesses as learners, their study and
performance aims, and more can instantiate valuable approaches to learning such
as identifying what is working and what is not [1].

e Solely emphasizing content in our courses risks opportunities to help students
“learn to learn” that material.

The study shows promise for instructors across all disciplines interested in improving students’
learning practices and approaches to thinking about learning and performance with minimal
interventions. Based on our review of students’ reflective journals, we conclude with “take-
home” notions that call for us to take time to foster metacognitive awareness, particularly with
respect to reflective writing and thinking [16], [17]:

e Learning in college courses requires time (e.g., senior engineering majors have
been found to spend an average of 19 hours weekly studying), but merely
spending more time studying will not likely improve learning or performance.

e Students can study “smarter”: Not only is there a wide range of studying
strategies available to students but some strategies have been found to be
more/less effective (for individuals or for particular types of learning or course
content). We can help students become aware of varied ways to approach
materials we are teaching in our courses. As [18] Pintrich (2002) reminds us, it is
not surprising that students who are aware of varied strategies for studying and
learning in different contexts and for different tasks are more likely to employ
these strategies.

e Students who focus on planning and managing their time can increase their
efficiency/productivity.

e Although it is important to take notes in class (handwritten has been found to
prove better for learning), relying on one’s own notes exclusively can be
problematic; their own notes may misrepresent or even entirely miss important
information.

e We can do more to encourage students to take advantage of any additional
resources offered through a class (such as a review session by a TA or a study



guide offered by the instructor) as well as through the university at large (e.g.
Academic Tutoring Center, Writing Center, Math Center, and more).

e We can work to foster “growth” mindsets allowing to see that abilities aren’t so
much something with are born with as something we can improve.

In subsequent analyses of students’ reflective writings, we will focus on such aspects as how
students defined success in the course, how they expected to perform on upcoming exams, their
levels of confidence as learners, and the extent to which they seemed to have a growth mindset
(“I can learn and improve”) or a fixed mindset (“I’m not good at math and never will be). We
expect as well to connect what we learn from student reflections to their performance in the
class. Although so far we haven’t identified connections between growth in the metacognition
awareness to actual improvements in grades, we believe that we as instructors can be more
explicit about sharing promising approaches to learning and thinking about how best to learn in
engineering and beyond. Students’ reflective journals allowed us to see that minimally
addressing “thinking about thinking” or “learning to learn” can help expand students’ approaches
to learning if not knowing when to apply a given approach as opposed to others--all putting
learning more squarely into the hands of the learners themselves [19].
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