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Using scaffolded exams and post-exam reflection to foster students’
metacognitive regulation of learning in a Mechanics of Materials class

Introduction
Metacognition is the awareness and control of thinking for learning [1]. Strong metacognitive
skills wield significant influence over student learning outcomes and performance [2], [3], [4].
Through practicing metacognitive regulation of learning, students engage in a cycle of planning,
monitoring, evaluating, and adjusting their learning strategies to become more successful in
completing tasks [5]. Effective metacognitive regulation hinges on students' abilities to
accurately understand the required learning outcomes, and thus gauges students’ proficiency in
achieving these outcomes [6].

When learning an engineering topic, there are different levels of learning outcomes to achieve.
One of the most widely used models in higher education for describing the levels of learning is
Bloom’s [7] pyramid of cognitive outcomes. Bloom’s taxonomy classifies learning outcomes into
six levels: remember, understand, apply, analyze, evaluate, and create, ranked from lower to
higher. The lower-level learning outcomes are often a prerequisite to achieving higher-order
learning outcomes. However, when failing to solve a complex problem, students often fail to
precisely evaluate what component knowledge they lack or what skills they need. This can
hinder the student’s metacognitive regulation of their learning progress, lower their self-efficacy,
and stifle their motivation. Learning activities and assessments that explicitly communicate and
scaffold students’ learning progress across the different levels of learning outcomes will provide
students with a better opportunity to plan and adjust their learning plan accordingly.

Scaffolding is the process that aims to deconstruct a complex assignment into smaller, more
manageable tasks that target specific skills or types of knowledge necessary to complete the
larger goal. Afterward, scaffolding typically involves sequencing these tasks into a progressive
order that builds towards accomplishing the ultimate goal of the larger assignment. Not only
does scaffolding and sequencing focus learners on their skills and knowledge development, but it
also encourages their engagement by creating manageable cognitive tasks, which reduces
cognitive load. Participation in scaffolded learning activities prompts clearer and more structured
students' acquisition of skills and knowledge. We propose that scaffolded exams would be
particularly effective because students tend to pay more attention to exams as an indicator of
their learning progress.

In this study, we investigated how scaffolded and sequenced exams impact students'
metacognitive regulation of learning in a Mechanics of Materials class. The scaffolded exam is
designed to be an in-class exam (ICE) followed by a take-home exam (THE). In engineering
education, both exam formats are widely used. Implementations of ICE and THE have received
positive and negative feedback from students and instructors alike. For this study, an ICE is a



30-minute closed-note exam confined to the classroom space. Conversely, during a THE,
students choose their testing environment and the exam is open note with a longer time available.
With day-long time limits for ICEs not feasible, implementation of THEs is being analyzed as a
method to encourage cognitive and metacognitive growth in students. From interviews with
instructors and students in STEM fields, instructors welcome the flexibility THEs provide but
recognize the challenges posed by exam formulation [8]. Similarly, students positively view the
flexibility of the exam environment with THEs [8]. Benefits of THE implementations also
include increased class time for learning material [9]. From a student mentality standpoint, THEs
are shown to reduce anxiety, encourage higher cognitive level questions, and increase the
capacity for meta-reflection within students [9], [10]. However, a general concern for THEs
implementation is cheating among students [9], [10]. Especially for online formats, fairness of
the exam is a point of discussion, where factors such as slow adjustment to the format, setting up
a proper exam environment, and increased anxiety over mistakes also impact equality amongst
students during a THE [11]. To reduce the effects of cheating on THEs, methods such as
proctoring via camera angles and statistical methods in performance analysis are currently being
explored [12].

The assessment of knowledge at a “deep level” (i.e. connects and applies knowledge in new
ways) [13] versus a “surface level” affects how students approach their learning strategies [14].
According to the learning strategies accessed, different assessment formats can be classified
using Bloom’s taxonomy. The types of skills accessed can be broadly divided into LOTS
(lower-order thinking skills) and HOTS (higher-order thinking skills) [15]. Balancing the
categories of questions within examination formats ensures students retain a comprehensive
knowledge base of the subject [15], [16]. Research has also shown that maintaining such a
balance plays a key role in developing a student’s ability to reach a higher level of thinking and
self-reflection in their learning [4]. Within THE testing formats, the questions accessing LOTS of
Bloom’s taxonomy, which include multiple choice and short answer formats, tend to have higher
performance outcomes. In contrast, HOTS question results remain approximately the same
across ICE and THE [17]. Traditional ICEs potentially limit the areas of Bloom’s taxonomy
accessible, as questions primarily test middle-level thinking skills, leaving HOTS underutilized
due to time constraints [18]. Attempts to integrate questions accessing HOTS can be detrimental
to students, where the pressure within an ICE format limits their resulting performance [19].
Failure to properly assess this knowledge at deeper levels of thinking can also disincentivize
students from developing proper mental models of problems, especially in physics courses,
where cheat sheets are used as a crutch for true understanding [20]. Limitations of both ICEs and
THEs could thus potentially lead to underdeveloped skills in students for areas of Bloom’s
taxonomy if only one format is used [15], [18].

To optimize metacognitive development within students, one might then seek to incorporate both
ICEs and THEs within a student’s routine. Implementations of these assessments exist in forms



such as pre-assessments for metacognitive planning and journals for reflection on metacognition
within students [21]. Combining in-class and take-home exam formats addresses metacognitive
skills within students directly, rather than their specific study skills, which has a greater impact
on their overall critical thinking skills [22]. Specifically, the combination ICE and THE format
aims to achieve deeper learning within students [19], where they become adept at identifying
different cognitive processes for studying questions [6]. While inconsistencies remain present in
studies of metacognition and academic performance, negative impacts are found on scores where
exam formats incompatible with a student’s thinking process continue to be used [23].

Thus, the combination of an ICE followed by a THE can test students at multiple learning
outcome levels. In this study, the questions in the ICEs focus on the individual component of
knowledge, aiming to test fluent retrieval of core conceptual and procedural knowledge. The
learning outcomes in the ICEs usually focus on the remembering and understanding level. In the
THE, students must analyze the information given and apply their component knowledge to
solve a real-world problem. The in-class then take-home exam sequence can help students to
understand their proficiency in the various learning outcomes. Students could use their
performance on the ICE to understand which individual component knowledge they need to
polish before tackling the complex application-oriented THE question. Each exam is followed by
a post-exam reflection, which prompts students to reflect on their performance on each part of
the exam and identify learning strategies and patterns that worked or did not work well to
achieve various levels of learning outcomes. For example, a student who relies heavily on rote
memorization may achieve satisfactory performance on ICEs due to the immediate recall of
information, whereas their expected performance would not be met during the THE in which
more critical thinking is required. This can prompt the student to reflect and adjust their learning
strategies for the rest of the course.

The research questions in this study are:
R1. How does the scaffolded exam impact students’ learning performance?
R2. How do the exam components promote students’ metacognitive regulation of learning,
respectively?
R3. What are students’ perceptions towards the scaffolded exams?

Method
In this study, we designed and implemented three scaffolding and sequencing midterm exams in
a Mechanics of Materials class with 119 students in Spring 2023. The three exams were held in
weeks 3, 6, and 9 over a 10-week class term. Each exam had two parts: a timed 30-minute
in-class exam (ICE) that focuses on the individual component of conceptual and procedural
knowledge that students need to master to solve complex problems, and an untimed take-home
exam (THE) that requires students to integrate and apply individual knowledge together to solve
a more complex problem. The timed ICEs were closed-book and closed-note exams administered



during class time, with necessary equations provided to students. The THEs were released one or
two days before the in-class quiz and were open for 4 to 7 days. Students could join the
instructional team’s office hours and ask for clarification questions. The academic integrity of the
THE was enforced through a signature-based honor pledge system, with the reserved right to
conduct one-on-one interviews about the thought processes behind each student’s solutions to
verify that they did not receive outside assistance. There is room for alternative methods to be
explored to further ensure academic integrity is not violated in similar THEs.

To understand the impact of scaffolded exams on students’ learning, we compared the final exam
performance from two cohorts of students: students (N=119) from Spring 2023 in a mechanics of
materials class, to students (N=99) from Spring 2022 for the same class taught by the same
professor. Both classes were taught in person. Lecture sequences and the overall class structure,
including homework, assignments, and other logistics such as class time, had high similarities.
The only difference between the two classes was the midterm exams: the Spring 2023 class used
the scaffolded and sequencing two-part exam structure described in this paper, whereas the
Spring 2022 had two midterms, 80 minutes each, with 3 text-book style full problem-solving
questions. A sample of the Spring 2022 exam question is shown in Box 1.

Box 1. Spring 2022 Midterm Exam sample question



Communication with students to understand learning outcome taxonomy
During the first lecture of the semester, the course instructor introduced Bloom’s Taxonomy of
learning outcomes and helped students understand how it related to their learning and course
assessment. This information was also written into the exam preparation guidance, which was
available well before each exam.

In-class exam in Spring 2023
The in-class exam focuses on the individual component of knowledge, aiming to test fluent
retrieval of core conceptual and procedural knowledge. The level of learning outcomes in the
in-class exams usually focuses on the “remember” and “understand” levels. A sample in-class
exam question for the first exam (at the end of week 3) is shown in box 2.

Box 2. Sample in-class fundamental knowledge exam question

Take-home exam in Spring 2023
In the take-home exam, students must analyze the information given and apply their component
knowledge to solve a real-world problem. A sample take-home exam question for the first exam
(submitted by the end of week 3) is shown in box 3.



Box 3. Sample take-home higher-order problem-solving exam question

Post-exam reflection
The post-exam reflection, often called exam wrapper, is one of the tools used outside the
classroom to intervene and assist metacognitive development within students [24]. The
application of an exam wrapper then potentially increases the students’ metacognition through
awareness of testing oneself as a viable means of studying [25]. The post-exam reflection was
used in Spring 2023 to help students reflect on their performance on each component of the
exam, and think critically about how they can change their learning strategies to perform better
for the following exams.

The questions on the post-exam reflection were:
1. Overall, what did you learn from the In-class quiz?
2. How could you do differently in your exam preparation/ learning process to do better in a

future In-class quiz?
3. What did you learn from the Take-home quiz?
4. How could you do differently in your exam preparation/ learning process to do better in a

future Take-home quiz?
5. How do the in-class quiz and take-home quiz challenge you and help your learning

differently, if any? How does it help you to steer learning strategies differently if
applicable?

6. What learning strategies worked for you well so far? Please be specific and comment on
both the learning method and learning time. For example, a student may say, "For



learning time, I found spacing study instead of cramming works well; in terms of learning
method, doing retrieval practice and testing myself works well”, etc.

7. Do you plan to adjust your learning strategies for the next step if applicable? Comment
how for yes, and why if not.

Final exam
For both cohorts we studied, the final exam was a 3-hour long closed-book and closed-note
exam. An equation sheet was given to the students. Both exams include 4 problems, each with 2
to 3 sub-questions. The topics were similar between the two final exams. The level of difficulty
of the two exams was calibrated.

Results and Discussion
Data used for this study were the in-class and take-home midterm exam scores, final exam
scores, students’ responses to the post-exam reflection questions for the Spring 2023 quarter, and
final exam scores from the compared group in Spring 2022. Students’ open-ended responses to
survey questions were analyzed to understand the different metacognitive strategies they employ
for these two types of assessments. This was done by creating codes in ATLAS.ti, identifying
similarities between themes across student responses.

R1. How does the scaffolded exam impact students’ learning performance?
We compared the students’ final learning outcomes performance in final exams between Spring
2022 (non-scaffolded exams) and Spring 2023 (scaffolded exams). The two final exams were
evaluated to be at the same difficulty level, and both in closed-book format. Descriptive statistics
results are: For Spring 2023, m=73.03%, SD=15.02%, N=119; For Spring 2022, m=66.14%,
SD=19.61%, N=99. Hypothesis testing was performed to investigate if there exists a significant
difference between the performance of the two cohorts. A non-parametric, permutation test was
performed, with the assumption that final grades for the two groups of students are independent,
under the null hypothesis that there isn’t a significant difference between the two groups. With a
95% significance level , we reject the null hypothesis with a p-value of 0.013. The(α = 0. 05) 
student cohort who had scaffolded two-part midterm exams did significantly better than the
students who had the traditional text-book style midterm exams.

R2. How do the ICE and THE exam components promote students’ metacognitive regulation
of learning, respectively?
For the ICE, where students perceive the need to grasp fundamental concepts, metacognition
seems to push them toward a more intensive and thorough study regimen. They recognize the
importance of comprehending and mastering basic concepts, which suggests that they are
engaging in metacognitive monitoring – actively assessing their current knowledge and
identifying gaps. This metacognitive awareness prompts them to invest more time and effort in
practice problems and prepare earlier, as they understand that deepening their understanding of



core concepts is crucial for success on the ICE (44 codes for practice problems, 39 codes for
preparing earlier).

On the other hand, for the THE, where students describe the need for higher-order thinking and
the integration of multiple concepts, metacognition leads them to a different set of strategies. The
emphasis here is on metacognitive control – regulating one's cognitive processes to meet the
demands of the task. Students perceive that they don't need to study more but rather start the
exam earlier. This suggests that they recognize the cognitive load associated with integrating
multiple concepts and the need for time management. Metacognition prompts them to allocate
their resources differently, focusing on temporal aspects such as exam timing (16 codes for
practice problems, 10 codes for preparing earlier, 90 codes for starting the THE earlier).

The preference for utilizing office hours more for THE further illustrates metacognitive control
in adapting their study approaches. Students recognize that they may need additional support or
clarification for complex, integrative tasks. Their metacognitive awareness guides them to seek
help when faced with more challenging cognitive tasks.

R3. What are students’ perceptions towards the scaffolded exams?
Students were surveyed at the end of the quarter regarding their perception of the exam format.
They could choose from the following: a two-part scaffolded exam with the ICE and THE
combination, a traditional exam, no preference, or other. As shown in Figure 1, from the 95
students who responded to the survey, 70 said they preferred the two-part exam model, while 13
preferred the traditional format. 9 had no preference, and 3 preferred other kinds of assessment,
which were not specified. Students' preference for an exam format can be divided into three main
categories: Student well-being, metacognition, and logistics.

Figure 1. Students’ preference for the exam models



The first category, student well-being, encompasses students’ physical, mental, and emotional
health. Students who preferred the two-part exam commented on how this assessment model
endorsed their well-being by lowering their stress levels: “The in-class and take-home combo
was good in making sure that I knew the basics while also providing time to show that I can
apply the basics to a more advanced situation. It alleviates a lot of stress on the student while
still being effective in doing its job.” Students associated stress with not being able to fully
demonstrate their knowledge; since the two-part scaffolded exam was composed of a
combination of a timed lower-order thinking test and a higher-order thinking take-home test, it
was perceived as less stressful, and students, consequently, mentioned they were able to more
accurately represent their knowledge.

On the other hand, three of the students said that the two-part exam format includes a large
amount of assignments — 3 ICEs and 3 THEs in one quarter — whereas traditional assessments
usually consist of one or two timed exams. These students mentioned that the large quantity of
assignments added to their stress levels especially when those overlapped with assignments from
other classes: “... having three quizzes was a lot, considering they all had two parts (in class and
take home). I especially get stressed the last couple weeks of school so the quiz on week 9 plus
the take home due week 10 makes it difficult to start actually studying for the final.” Students
also mentioned that a lot of their weekends were consumed to complete the assignments, and
having less or no free time interfered with their overall well-being.

The second category, metacognition, refers to how the exam format impacts students’ learning
outcome reflection. The two-part exam model consisted of two parts: an in-class exam (ICE)
which tested basic concepts and knowledge, and a take-home exam (THE) which presented
students with a real-life application of those basic concepts and tested students’ higher-order
thinking skills. Students who preferred this assessment model appreciated the explicit separation
of lower and higher-order thinking questions. They mentioned that the exposure to different
question formats and the explicit separation provided for an improved understanding of the class
material, as can be seen in the following comment: “Traditional exams don't promote very much
learning beyond the effort to study for them. The two-part exam model allowed me to prepare
myself with conceptual knowledge and basic problem solving with the in-class quizzes while the
take-home quizzes forced me to think long and hard about the problems and how to solve them. I
think this is a much bigger benefit than traditional exams which just force students to problem
solve under pressure and either you get it or you don't.”

When comparing the two-part scaffolded exam with the traditional exam format, students relate
the latter to be misrepresentative of their knowledge as the exam does not include the class
material entirely and has the pressure of a timed, in-person exam: “I think the traditional exam
can sometimes be misrepresentative because when there is only 3 questions sometimes it does not
allow for the student to demonstrate full knowledge of the course content. Where the take-home



in class combo can allow for a wider expression of knowledge of material and how to use it,” and
“(...) The difference in questions helps me not only maximize my scores, but also think about the
problems differently. A traditional exam (like the final) is exhausting and causes me to forget how
to do some very simple processes that I could do normally and make many mistakes.”

Students also mentioned how the THE builds upon the ICE. After taking the ICE, students are
assured about the background knowledge of which content still needs to be enhanced to perform
better in the take-home portion of the assessment. Such a process consequently improves their
understanding of the class material: “I believe that the in class quiz makes me rethink and see if I
am truly understanding the basics of the course while the take home quiz humbles me. Even if I
did good on the in class quiz the take home quiz makes me think more and sometimes I make
stupid mistakes which could have been avoided if I gave it a deeper thought. This helps me
reflect on what and how I study.” As the ICE assisted students with a reflection on their
comprehension of solid mechanics and informed them about their study needs, the two-part exam
successfully promoted metacognition. Students also commented on how this different assessment
format worked as a motivator to adjust their studying habits not only for the Mechanics of
Materials class but for all other classes they were taking.

Students also mentioned that having 4 days to complete the THE offered them the opportunity to
further validate their answers by revising the solved problems with a fresh perspective. This
opportunity for revision encouraged self-reflection on their learning process, which consequently
deepened their understanding of the class concepts. One student said they “really enjoy having
longer periods of time to work on harder problems like the take-home quizzes. I like the ability to
pace myself and come back to my work with a fresh mind, I tend to get stressed in strictly timed
testing environments and overthink small mistakes or gaps in my understanding, leading me to
do much worse overall that what I think my learning comprehension is at. Having the take home
quizzes was much more enjoyable and accurate representation of my knowledge from class.”

In regards to logistics, a couple of students noted that because the two-part exam is not a
common assessment format, they encountered difficulty in successfully preparing for and
executing the exam, especially the THE portion: “I'm definitely more use to the ‘traditional’
exams so that is what I'm more comfortable but because of this other exam style it made my
studying method different which hurt me academically for a little but I think it helped in the long
run.” From some students’ perspectives, more guidance on how to prepare for THE and greater
exposure to problems like the THE is needed for them to become more comfortable with the
scaffolded exam format. However, testing students with a non-standardized exam was the
objective of the teaching team for applying the ICEs and THEs. Therefore, students’ concerns
were the purpose of adopting the two-part scaffolded exam as an assessment tool. Nonetheless,
for future classes, it could be beneficial to have more transparent communication with students
regarding the exam format and its objective concerning their learning.



Students who had a preference for a traditional exam format mentioned that they had a
preference for exams being held during class periods. Those students encountered difficulty
scheduling a time outside of the class to complete the THE and had to work on it during the
weekends, as can be seen in the following comment: “I liked the in-class quizzes a lot since they
should’ve been easy for the most part, except I just didn’t study as much as I should’ve been.
However, in my opinion I disliked the take-home quizzes because they would open maybe 2 days
before the in-class but I would be studying for the in class quiz, meaning i’d have the weekend to
do it but during the weekend I usually distressed/had other things going on, so it was really
difficult for me to actually do good on them. It felt like there was too much to keep track of for
the actual problem, but that might’ve just been me.”

Within the group of students that either had no preference or preferred a different kind of
assessment (which was not specified), one student noted that they enjoyed having a change in the
exam format as the majority of the classes test students with a more traditional timed format. On
the other hand, a couple of students mentioned that because they were more used to traditional
exams, they would have felt more confident being tested and having their performance reflected
in that way. Once again, the students’ concerns matched with the teaching team’s goal of
promoting metacognition. Some students also mentioned how difficult it was to manage studying
for the ICE and solving the THE in the same week, especially with the additional loads from the
course homework.

After analyzing students' preferences and comments, it can be concluded that most students
preferred the two-part scaffolded exam and metacognition was the aspect that was most taken
into consideration by them. The majority of students who did not prefer the two-part exam model
reasoned their choice on logistics concerns. The main objective of implementing a scaffold exam
model was to promote metacognition, which was successfully attained. Employing more
transparent communication with students about the format and objective of this exam format is a
way to address some of the students’ concerns regarding the exam’s logistics.

Conclusion
In this study, we investigated the impact of a scaffold exam model with the combination of
in-class exams and take-home exams on students’ learning metacognitive regulation and learning
performance. Students under the scaffold exam model performed significantly better than those
who had traditional midterm exams. This may be because the two-part scaffolded exam model
better directs students’ metacognitive regulation of their learning, and adjusts learning strategies
as needed. Students also prefer the scaffolded model as the exam is more helpful in assisting
students understand their learning progress for different levels of learning outcomes, and is less
stressful.
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