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Abstract

Active learning encompasses anything students might be called on to do in class besides
watching and listening to an instructor and taking notes (Felder & Brent, 2016). The purpose of
this study was to incorporate active learning strategies into Mechanics of Materials, a core
engineering course, in order to provide a more meaningful and deeper learning experience for
students.

The active learning strategies incorporated in this case study include individual and group
problem-solving, peer interaction, and live polling with immediate feedback to both the
instructor and the learners. A few problem-based instructional activities were piloted in the Fall
Semester of 2015 with full-scale implementation in the Spring Semester of 2016. After a
successful implementation with increased student scores and positive feedback, the course was
further enhanced and converted into a flipped model in the Spring Semester of 2017. The flipped
model allows for a much greater amount of active learning during class time. Positive results,
both statistically and anecdotally, have warranted to continued use of the active learning
strategies developed within this course.

1-Introduction

A search of active learning on the Internet returns hits on theory, definitions of, strategies,
examples, and activities. In a broad sense, this is a great place for any instructor who is a novice
to active learning to begin when determining what active learning is and which strategies may
work. Active learning, as defined by Felder and Brent, is a teaching approach that encompasses
anything students might be called on to do in class besides watching and listening to an instructor
and taking notes (Felder & Brent, 2016). Many strategies have been developed to promote active
learning in the classroom. A few such strategies include sketches of form, critiques of various
samples, brainstorming activities, and determining calculation errors (Felder & Brent, 2016).
Additionally, student-to-student collaboration or peer instruction (Pl) engages students during
class through activities that require each student to apply the core concepts being presented, and
then to explain those concepts to their fellow students. Unlike the common practice of asking
informal questions during lecture, which typically engages only a few highly motivated students,
the more structured questioning process of Pl involves every student in the class (Crouch &
Mazur, 2001). Even with this enhanced student involvement, however, many instructors in
higher education are reluctant to adopt active learning strategies.

“ Corresponding author: liboren@mst.edu



Dan Berrett (2012) quotes Michael S. Palmer as stating, “The way STEM disciplines are
traditionally taught makes them particularly ripe for change, because of their “long tradition of
very didactic teaching, which involved disseminating content.” The traditional lecture classroom
model focuses the attention of students solely on the instructor (instructor-centered instruction),
in a relatively quiet and controlled environment. Many instructors fear that they may lose control
of the class and/or classroom management issues might arise when students are given the ability
to collaborate and discuss with a less rigid structure, where students have more control over their
own (student-centered) learning environment (Felder & Brent, 2016; Pedersen & Liu, 2003;
Snell & Steinert, 1999).

For those instructors who do adopt an active learning component in their courses, the instructor
role is oftentimes transformed from that of the sole source of information to a learning facilitator
or coach, though the description of the facilitation role may differ widely based on the specific
learning activities (Felder & Brent, 2016; Pedersen & Liu, 2003; Snell & Steinert, 1999). The
role of facilitator is frequently seen in the flipped classroom model where there is pre-work, a
short mini lesson prior to class giving students exposure to material in the form of a short video
or online module, then in-class session that involves students solving conceptual questions using
active learning strategies (McLean, 2017). The “flipped classroom” or “flipping” as it is often
referred to (Barrett, 2012), provides the student with the flexibility to view the pre-work on their
own schedule and at their own pace. Instructors can create these mini lessons sitting in their
office using a webcam and a computer or refer students to already created lessons from various
open education resources. Either way the students receive their first look at the course material
that pertains to a student learning objective prior to coming to class, thus giving the instructor
more valuable time during the class period to use active learning strategies like having students
interact with one another by peer instruction (Crouch & Mazur, 2001), think-pair-share
(McLean, 2017) or problem based learning in most STEM courses. While the active learning is
happening during the class period, the instructor can circulate around the room observing, asking
thought provoking questions, responding to those questions that their peers are unable to answer
and correcting any misconceptions that students may have. The goal is to have students use the
in-class session to increase their skills and deepen their knowledge and understanding of the
course content through practice (Felder & Brent, 2016).

Confucius once said, “I hear and | forget. I see and | remember. | do and | understand.” (Quotes,
2017). In this article, we will discuss one approach to assisting students in a Mechanics of
Materials class to better grasp the concepts and to do so in deeper and more meaningful way. The
study involving engineering students at Missouri University of Science and Technology in a
Mechanics of Materials course assessed the active learning strategies used to better engage
students in discussion, peer instruction and problem solving during class. One strategy in the
study used multiple choice quizzing during class with the goal of helping students to learn by
practicing difficult problem-solving while the instructor and peers were available for assistance.



In addition to having instructor and peer support during the problem-solving process, students
also benefit from answering not just correctly, but also by answering incorrectly - especially
when given the correct answer soon afterward. That is, guessing wrongly increases a person’s
likelihood of nailing that question, or a related one, on a later test (Carey, 2014).

2-Active learning technique using in-class practice problems

The study involves practicing sample problems in a class session and collecting students answers
using Kahoot which is a web based polling system. Once in class, the instructor spent a short
amount of time to expand upon the student learning objectives addressed in the videos and in
demonstration of examples so that students more deeply understood how to apply the concepts.
The rest of class was then structured toward active learning, a teaching approach that
encompasses anything students might be called on to do in class besides watching and listening
to an instructor and taking notes (Felder and Brent, 2016). In this particular course, the active
learning involved student problem-solving practice, both independently and in small groups.

The instructor also facilitated student learning by posting a scenario/problem on the board for
students to solve using the concept covered during the first portion of the class. The students
were given a few minutes to solve the problem independently before they were allowed to work
in small groups to compare their answers with their peers. Real interaction and discussion was
observed during this collaborative learning time. The students discussed, taught, and explained to
one another how the problem was to be solved (Libre, 2017).

Video and lecture content is enhanced using multiple active learning strategies in class. The
collection of active learning strategies leads to greater student success. As shown in Figure 1,
after the brief self-assessment and collaborative learning time, students were then quizzed in a
low-stakes formative assessment using Kahoot, a free, electronic personal response (polling)
system. Personal response systems are helpful in the active learning process because they render
immediate feedback to instructors and students, as well as the ability to provide retrieval
practice, test conceptual understanding, and identify common student misconceptions (Felder
and Brent, 2016). Additionally, Kahoot facilitates simple attendance-taking in large classes as
well as data collection for tailoring subsequent “just in time” videos and class instruction prior to
high-stakes, summative assessments.
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Figure 1- Active learning technique using in-class practice problems



Using this type of software served several pedagogically effective purposes: first, it provided
immediate feedback to students while keeping track of individual performance; second, the
software provided the instructor with instant feedback on how well the class understood previous
concepts as well as new material; third, it provided digital data on which questions were more
difficult for students to grasp so the instructor could focus additional learning events on common
misconceptions tailored to specific learners and/or class sections; and fourth, this method of self-
testing helped students to improve their learning because each test of knowledge served as an
additional study session, which leads to improved retention as described by Roediger &
Karpicke’s testing effect (Carey, 2014). An added benefit in using this software was to track who
was present in class and actively participating, without wasting valuable class time.

This instructional method provides a great distinction from techniques used decades ago. In
Fritschner’s article, she quotes a study conducted in 1976 by Karp and Yoels, where they
investigated the roles of students in the college classroom and reasoned that the educational
system teaches students to passively view instructors as “experts” who impart “truth,”
(Fritschner, 2000). Since that time, more research has been conducted and continues to show that
active learning strategies produce better understanding of course content (Crouch & Mazur,
2001; Klymkowsky, 2014 Lucas, et. al., 2013). Such research provides the basis for increased
adoption of active learning strategies in higher education.

3-Research methodology

The described active learning technique has been incorporated as a part of the CE2210 -
Mechanics of Materials class for three semesters, beginning in the Spring semester of 2016 and
continuing through Spring of 2017. Mechanics of Materials is a core engineering course that is
offered to students from various engineering disciplines including: Civil Engineering,
Mechanical Engineering, Aerospace Engineering, Petroleum Engineering, Nuclear Engineering,
Metallurgical Engineering, Architectural Engineering, Geological Engineering, Environmental
Engineering, and Engineering Management. Enrolled students are mostly sophomores and
juniors who have passed Statics and Calculus 111 as prerequisites. The number of enrolled
students in each semester is summarized in Table 1.

In the pilot semester, e.g. Fall 2015, the active learning technique was tested as a prototype with
just five practice problems, mostly offered in the last quarter of the sixteen week course.
Following the successful pilot of the technique, more in-class practice problems were offered in
subsequent semesters. Table 1 shows the number of in-class practice problems offered to
students in each semester during the research period. In Spring-2017, the curriculum was
redesigned to flip the class, placing a greater emphasis on the problem-solving active learning
strategies. In the flipped approach to teaching, short video lectures are viewed by students at
home before the class session, while in-class time focuses on more difficult skills which require
greater practice, student-to-student collaboration, and discussions. In this pedagogical model, the



in-class practice problems are implemented as a main component of the course curriculum to
facilitate active learning during the class time. In total, 45 questions were offered to students as
practice problems throughout the spring of 2017; averaging 1.8 questions per class session.

Table 1- Enrollment and course data during the research period

Semester Number of Maximum score of Number of
practice problems | practice problems students
Spring 2016 33 50 140
Fall 2016 36 50 135
Spring 2017 45 120 353

The number of in-class practice problems has increased during each semester since implementation of the strategy. The majority of this increase
Ihezeﬁcier?g'd in Spring 2017, when the classroom environment was flipped in order to provide more opportunity for student-centered, active

The in-class practice problems were administered as low-stakes formative assessments. Such
assessments can be used by instructors during the learning process in order to reinforce student
learning and improve achievement of student learning objectives. Formative assessment typically
involves gathering feedback that can be used for improvement in the ongoing teaching and
learning context in contrast to summative assessments, which seek to determine the measure of a
student's learning. As such, formative assessments usually have lower grades compared to
summative assessments that form the majority of the course grade. Based on the author's
experience, using graded formative assessments consisting of relatively low point values, often
even as bonus points, motivates students to get involved in the class activities. Additionally,
according to Felder and Brent, providing a pause in the lecture in order to provide time for
students to work individually or in small groups on a problem related to the lecture content
enhances active learning and prevents cognitive overload by preventing a nonstop flow of
information (Felder and Brent, 2016). In our model, 50 bonus points were considered for all in-
class practice problems, which accounts for 5% of the total course grade. It was found that even
5% of total score provides motivation for students to participate. The student participation rate
was greater than 98% during the research period. In the Spring 2017, the semester in which the
in-class practice problem adopted as a main component of the flipped class, the total score for in-
class practice problems was increased to 120 points, 50 as mandatory points and 70 as bonus
points. It is worth mentioning that the graded components of the course include homework,
quizzes, four midterm exams and the final, cumulative exam, which all accumulate to 1000
points in total. In addition, students had a chance to obtain bonus points by participating in
different activities including answering questions that were asked during class sessions, doing



supplementary homework, and other optional practice work. The bonus points were capped at 70
points in all semesters, no matter what type of extra work a student may have chosen to attempt.

Two scoring systems were used to grade students responses; the Boolean method and the Fuzzy
method. In the Boolean method, the students with the correct answer received 100% of the
question point(s) and students with incorrect answers received zero point. In the Fuzzy method,
points were calculated based on speed of answer and each question’s time limit using the
following equation:

Response Time

Score = <1 - ) X Question Point Value

2 X Question Timer
In this scoring system all correct answers received 100% of question points if students responded
correctly in under 0.5 seconds; the minimum point value for a correct answer was 50% of the
total question points and wrong answers got zero points.

Results and discussion

During the research period, academic learning performance was compared to determine the
learning impact on students when the in-class practice problems were implemented. Students’
knowledge was assessed by weekly assignments and four midterm exams during the semester.
The final examination was conducted at the end of semester (week 16). The final exam questions
were pulled from a database of standard questions that were used several times before the
research period. To prevent students from passing-on exams from one year to the next, students
were not allowed to keep their final exams. The performance of students in the final exam before
the research period is considered as the reference; performance of students during the research
period is compared with the reference to evaluate impact of the active learning on students.
Table 2 shows the performance of students in the final exam during the research period
compared to the reference baseline. A grading scale of 0 to 100 was used for the exams. The
class average of Spring 2016 was 73.8; The average of student’s performance for the same
exams before the research was 74.5. The difference is less than 1% which shows there is not a
significant difference between the test group and reference group in the first semester of
implementing the active learning technique. However, in Fall 2016 that was the second semester
of applying the active learning technique, the test group outperformed the reference group by
2.5%. The improvement in the student's performance was higher in the Spring 2017 semester
when the in-class practice problems were incorporated as a main component in the course
curriculum. The difference between the test group and reference group was 4.8% in the third
semester of applying the proposed active learning strategy. Such an improvement could be
attributed to implementing the active learning technique in the course curriculum which
positively impacted student learning.



Table 2- Academic performance of students during the research period

Semester Reference Test Difference
Spring 2017 715 76.3 4.8
Fall 2016 67.7 70.2 2.5
Spring 2016 74.5 73.8 -0.7

Student academic performance increased 4.8% after the full implementation of the problem-solving active learning strategy in Spring 2017,
which could be attributed to the implementation of the strategy itself.

Student’s engagement in the class activities not only resulted in a better performance in the final
exam, but also reflected in other assessment areas like homework assignments and midterm
exams. Figure 2 demonstrates the course grade distribution for the investigated research period.
Assessment areas of the course grade include homework, quizzes, and four midterm exams, as
mentioned before. The implementation of the active learning technique has shifted the histogram
graph to the right side confirming that the proposed technique not only improved the
performance of students in the final exam but also in the other assessments areas.
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Figure 2- Histogram of course grade distribution during the research period

Overall students performance in the course is strongly related to their performance in the in-class
practice problems during the semester. Such a correlation between in-class practice scores and
the course score are shown in the Figure 3 for Spring 2017. The same trend was observed in the
other studied semester. Such a strong correlation proves that those students who engage more in
the class activities benefited more and learned the concepts better.

Both Boolean and Fuzzy scoring systems were considered in the calculation of scores of in-class
practice problems. No significant difference were observed between two scoring systems
described before. The Boolean system seems to be more practical because of its simplicity
compared to the Fuzzy scoring system. However, this topic needs more study prior to final
conclusion.



Monitoring students performance throughout a semester by observing their engagement in active
learning activities could be used for developing an automated monitoring system for detecting
students who are in danger of failing or need special help to be successful in the course. Sadati
and Libre (2017) used the data collected during the active learning experiments to develop an
early alert system to identify students in academic trouble before failure.
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Figure 3- relation between the in-class practice problems collected during the semester and the
course score determined at the end of semester

Student’s feedback: In addition to the performance measurement two surveys were constructed
to all students of the classes during and at the end of each semester. The mid semester survey
was administered by an independent entity in Spring and Fall of 2016 . To avoid any bias, no
students information was shared with the instructor. The final survey was done on the very last
week of all semesters by the University Committee on Effective Teaching in a blind way. The
instructor was able to see the results only after the course concluded and the final grade had been
submitted.

In the mid-semester survey, there were two questions related to the applied active learning
technique. The first question was about how the in-class practice problems, class discussions and
related activities has facilitated student-to-students interaction in class. The second question was
about what is students opinion about integration of the in-class practice problems with the
Mechanics of Materials course. Figure 4 summarizes students feedback for two questions related
to the implementation of in-class practice problems in the course. The students see the impact of
the active learning as a positive factor on their learning. The results presented in Figure 3 support
this statement. Student’s feedback was mostly positive for both questions. Majority of students
replied Excellent or Good for these two questions. It is worth noting that the student’s opinion
were more positive on the 2nd semester compared to the first semester of the research period.



The change in the students perception on how effective is the active learning technique on their
learning shifted upward toward excellent side of the graph as shown in Figure 4. In the 2nd test
semester none of the students voted fair or poor for the asked questions related to active learning.
It could be attributed to the improvement on implementing the proposed active learning
technique over time as well as better adoption of this technique by the instructor and students.

Question: Facilitation of student to student Question: The integration of in class practice
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Figure 4- Students response to the questions related to the effectiveness of the proposed in-class
practice problems

The improved student’s feeling was also reflected in the overall course evaluation by the end of
semester. As shown in Figure 5, an improving pattern can be seen in the overall teaching
effectiveness. This shows the active learning technique not only improved the students’ overall
performance, but also their perception on how their engagement in class activities are beneficial
for them. Student performance and impressions of teaching effectiveness improved as the active
learning strategy was used more frequently in the class.
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Figure 5- Overall course effectiveness in Fall and Spring 2016



Finally from the attitudinal survey, as a whole, the majority of students seem to have benefitted
from the active learning technique conducted during the semester. Comments like this were
repeated on the student’s feedback:
“The in class problems are the best part of the class™
“In class problems keeps us very involved and provides us with instant feedback on
our understanding of the topics.”
“In-class quizzes-keep you focused in class because you want to understand how to
solve the problem for bonus points.”
“In-class problems has been the best in terms of in class learning. It sticks with me
better than just watching examples and not practicing till | start the homework.”
“The in-class quizzes are great because they allow you to solve a problem and get the
correct answer so you then have a basis on how to approach the hw.”

Conclusion and future work

The research presented and discussed here reveals that using active learning strategies of
discussion, peer instruction and problem-solving in a flipped classroom model provides students
with an essential and engaging learning process that provides a hands on approach, which results
in a deeper learning of the material. Even though the emphases was not on the technology and
more on the strategies used, the flipped classroom model would not be possible without the use
of technology. The student feedback and the exam results indicates that the use of active learning
strategies enhanced by the use of technology in and out of the classroom can be used to engage
students and keep them focused in the learning process.

Considering the significant improvement on students learning as well as positive feedback
received from students it can be determined that the implementation of the proposed active
learning can be effectively used to engage students in their learning process. Also, it reveals that
students not only like the implementation of active learning in their coursework, but also
perceive the value of such technique on their learning.
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