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FOUNDATIONS - Integrating Evidence-based Teaching and Learning
Practices into the Core Engineering Curriculum: Student Perceptions of the
Instructional Practices

Introduction

Active and collaborative instruction coupled with various means to encourage student engagement
lead to better student learning outcomes irrespective of academic discipline [1],[2]. Despite
decades of research and efforts to change instructional practices, traditional, content-centered,
didactic teaching is still the norm in higher education STEM classrooms especially for large-size
core courses. The purpose of this project is to draw on the significant body of research on teaching
and learning to effect change in teaching practices in all core mathematics, science, and
engineering-science courses taken by students in their first two years, with approximately 600
students entering engineering each year. The project provides support to enable the faculty who
teach these critical core courses to target deep and transferable learning within and across
disciplinary domains, iteratively redesign their courses to move from faculty-led lectures to more
active student engagement, and assess the impact of pedagogical changes on student outcomes.
Strategies to support faculty change include ongoing discussions of the principles of teaching &
learning [3],[4], and discipline-based education research [5],[6]; trained peer assistants to facilitate
active-learning pedagogies in lectures and recitations; midterm course evaluations as formative
feedback; and advocacy with colleagues to catalyze diffusion beyond these early courses.

Approach

The Foundations project has engaged three cohorts of faculty, with each cohort receiving summer
support for three years beginning summer 2016 (N=9), 2017 (N=5), and 2018 (N=5). These are
faculty members who teach the core Calculus, Chemistry, Physics and Biology courses, together
with the foundational computer programming, and engineering science courses in Engineering
Thermodynamics, Engineering Mechanics, and Electrical Circuits. All thirteen of the core courses
have at least one Foundations faculty teaching one or more sections. The faculty engaged to date
are heavily weighted towards teaching faculty, but our theory of action anticipates these being the
champions to effect diffusion through sharing their experiences and successes with the tenured or
tenure-track faculty who tend to teach upper-level courses.

A central goal of the project is to understand student perceptions of the teaching environments that
lead to improved learning. Each semester, student feedback is sought at the midpoint and at the
end of the course. In this paper, we report results of student feedback (midterm and end-of-course)
for all core courses taught by faculty group: Group 1--Those who completed their 3-year
commitment; Group 2--Those who have participated for less than three years; and Group 3--Non
participants. If the project is successful with respect to faculty adopting evidence-based teaching
practices, then we might expect to see differences among the three faculty groups; It is expected
that students of Group 1 faculty will perceive their learning experiences more positively than their
peers taught by Group 2 or Group 3 faculty. Gender differences were also explored. Because
faculty group status changes from year to year, we focus on data collected in the Spring of 2019
when the first cohort of faculty completed their 3-year commitment and Group 2 participating
faculty had completed at least 1 full year of their 3-year commitment.



Results and Discussion

Midterm

At approximately the midpoint of the semester, students were asked, via a five-minute on-line
survey, the extent to which they agree on a scale from 1 (strongly disagree) to 5 (strongly agree)
with statements about professor and course relevance (e.g., It is clear to me how this course is
related to my other courses), active learning opportunities (e.g., Students have opportunities to
work in pairs or groups to solve problems during class), and strategies for help seeking (e.g., Talk

to instructor, look online, talk to my friends).

Table 1. Mean ratings for professor and course relevance by faculty group.

To what extent do you agree or disagree with the following? Faculty | N Mean SD | Sig.
Group

A. The professor is interesting and brings the material to life 1 102 4.17 0.93 *
2 134 4.14 1.09
3 69 3.36 1.29

B. The professor is accessible outside the classroom 1 102 4.12 0.86 *
2 134 410 0.84
3 69 3741 0.87

C. It is clear to me how this course is related to my other courses 1 102 4.03 1.02 ns
2 134 3.92 1.13
3 69 4.03 .92

D. It is clear to me why I need to take this course 1 102 3.90 1.14 ns
2 134 3.90 1.16
3 69 396 | 0.96

*p <0.05; **p <0.01; ***p < 0.001; ns = not significant

On average, students from all faculty groups generally agreed with statements about professor and
course relevance (see Table 1). Results of Faculty Group by Gender two-way ANOVA shows
significant mean differences by faculty group for items A and B. For each of these items, students
of Faculty Group 3 (non participants) gave significantly lower ratings than did students of Faculty
Groups 1 and 2. There was a gender main effect for item B. Females agreed more strongly (mean

=4.02) than did males (mean = 3.93) that “the professor is accessible outside the classroom.”

Table 2. Mean ratings for active learning opportunities by faculty group.

I like/appreciate that students have opportunities during class to...

Faculty
Group

N

Mean

SD

Sig.




A. Explain the course material to other students in the class 1 102 2.67 1.93 ns
2 133 2.81 1.84
3 69 2.65 1.88

B. Work in pairs or groups to solve problems 1 102 3.38 1.64 *
2 132 2.55 1.94
3 69 2.77 1.93

C. Discuss responses to clicker questions with other students 1 102 2.78 1.96 *
2 133 2.07 1.96
3 69 1.81 1.87

D. Ask the in-class student assistant for help to solve problems. 1 102 2.24 2.12 ns
2 133 1.78 1.95
3 69 1.80 1.97

*p <0.05; **p <0.01; ***p < 0.001; ns = not significant

On average, students generally were neutral or disagreed with statements about active learning
opportunities (see Table 2). Large standard deviations (approximately 2 on a 5-point scale)
highlight the variation in student responses within faculty group. Results of Faculty Group by
Gender two-way ANOV A shows significant mean differences by faculty group for items B and C.
For item B (work in pairs to solve problems), students of Faculty Group 1 (completed
commitment) more strongly agreed that they appreciate having these opportunities during class
than did students of Faculty Group 3 (Nonparticipants). There were no significant mean
differences between males and females on any of the items.

When seeking help, students on average agreed that they talked to their friends or talked to others
in the class and disagreed or were neutral (neither agree nor disagree) about seeking help from a
tutor at the academic support center (see Table 3). Mean student responses varied by faculty group
on items A (talk to the course instructor) and F (talk to the course TA or student assistant). On
average, students neither agreed nor disagreed that they sought help from the course instructor.
Responses varied by faculty group. Students of Faculty Group 2 (those who participated in the
project for 1 or 2 years) gave significantly higher ratings on average than did students of Faculty
Group 1 or Faculty Group 3. For item F (talk to the course TA or student assistant), students of
Faculty Group 1 (completed 3-year commitment) provided higher mean ratings than did students
of Faculty Group 2 (those who completed 1 or 2 years). There were no gender differences in ratings
for any of the items.

Table 3. Mean ratings for student help-seeking strategies by faculty group.



When I have trouble understanding the course material, | Faculty N Mean SD Sig.
typically... Group
A. Talk to the course instructor 1 102 3.07 1.23 *
2 134 3.40 1.26
3 69 2.94 1.14
B. Look online for similar courses or content 1 102 4.15 0.76
2 134 | 4.09 0.82 .
3 69| 4.38 0.64
Total 305 4.17 0.78
C. Talk to my friends 1 102 4.02 0.89 ns
2 134 | 4.02 0.91
3 69| 4.22 0.80
D. Talk to others in the course 1 102 3.88 0.97 ns
2 134 3.89 0.94
3 69| 4.04 1.02
E. Meet with a tutor from the academic support center 1 102 2.36 1.11
2 134 | 2.46 1.15 ns
3 68 2.40 1.13
F. Talk to the course TA or student assistant 1 102 3.29 1.21 *
2 133 2.86 1.17
3 69 2.96 1.29

*p <0.05; **p <0.01; ***p < 0.001; ns=not significant

End of Course

Six items were added to the university-administered end-of-course evaluation for each of the core
courses. The items are intended to provide feedback to faculty on student perceptions of the course.
The first four items asked students about their motivation to learn the course material (i.e. Interest,
professor made it interesting, prerequisite, good grade), and the remaining two items asked about
opportunities for active participation and awareness of cross-course connections (a primary focus
of the Foundations project).

Table 4. Mean ratings for end-of-course items by faculty group.



1. I was motivated to learn the course material because: Faculty N Mean SD Sig.
Group

A. T am interested in the subject 1 280 3.68 1.13 ns
2 233 3.68 1.20
3 174 | 3.90 0.95

B. The professor made the subject interesting 1 276 3.95 1.05 *
2 230 | 3.72 1.15
3 173 3.46 1.15

C. This subject is a prerequisite for other courses in my major. 1 277 4.30 0.97 ns
2 233 4.19 1.09
3 173 4.46 0.71

D. I wanted to get a good grade in the class. 1 278 4.58 0.61 *
2 231 4.49 0.67
3 170 | 4.68 0.49

2. Opportunities to actively participate in class (e.g., individual 1 280 3.94 0.97 ns

or group problem solving, polling, peer-to-peer activities)

helped me understand the course material. 2 233 3.89 1.06
3 174 | 3.78 1.02

3. It is clear to me how this course is related to my other courses. 1 280 4.06 0.99 *
2 233 3.83 1.25
3 174 | 4.16 0.89

*p <0.05; **p <0.01; ***p <0.001; ns = not significant

Results of Faculty Group by Gender two-way ANOVA shows significant mean faculty group
differences on items IB, ID, and 3. Students of Faculty Group 1 agreed more strongly that the
professor made the subject interesting than did students of Faculty Group 3. Further, males agreed
more strongly (3.84) than did females (3.66). For item 1D, students of Faculty Group 3 agreed
more strongly that they were motivated to learn the course material because they wanted to get a
good grade in the class than did students of Faculty Group 2. For item 3, Students of Faculty
Groups 1 and 3 more strongly agreed that it is clear how this course is related to my other courses
than did students of Faculty Group 2. There were no gender differences on these items.

Summary and Conclusions

The project’s efforts to change teaching practices and support student-centered learning has been
met with mixed results. Faculty groups, including those involved in the Foundations project, vary
in their use of active learning strategies. For example, those who teach the large lecture core



courses are less likely than those who teach smaller sections (< 55 students) to use peer leaders
and/or to use polling and group discussion to support student learning. Second, some Group 2 and
3 faculty have benefited from mentoring by Group 1 faculty. For example, one faculty coordinates
the efforts of five faculty as part of a large lecture course reorganization. All of these faculty use
peer leaders to promote in class discussion, engage students in problem solving, and provide pre-
class worksheets and weekly quizzes to scaffold learning. Third, gender differences are minimal
which is indeed welcome news on a campus whose student body is less than 30% female. Females
agreed more strongly than did males that “the professor is accessible outside the classroom” and
males agreed more strongly than did females that they were motivated to learn the course material
because “the professor made the subject interesting.” Finally, although there have been important
changes in practice, and students seem to be positive about many of them, it will be important to:
(1) consider additional strategies to increase student response rates across courses/sections and (2)
examine midcourse and end-of-course responses across semesters to provide evidence of the
generalizability of the findings.
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