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STUDENTS EVENTUALLY VALUE ACTIVE
LEARNING

Parbeen Sekhon and Eric Onnen

ABSTRACT: This research investigates STEM (Science, Technology, Engineering, and Math)
students’ feelings towards active learning methodologies in foundational physics and mathematics
courses through an analysis of Student Evaluations of Teaching (SET) open-ended questions. Our
findings demonstrate a consistent increase in student appreciation for active learning environments
over the course of three quarters. Additionally, our study explored potential gender biases and
variations in teacher effectiveness over time;, however, data did not support clear findings.
The research highlights that educators who engage with more advanced students/classes of
the introductory physics and math series tend to achieve higher student satisfaction compared
to those teaching newer students, emphasizing that prolonged exposure to active learning
positively correlates with increased student satisfaction. These insights suggest that educational
leaders should consider a broader range of metrics beyond SETs, such as actual test scores and
longitudinal teaching outcomes, when evaluating teacher performance and the impact of teaching

methodologies.

Background and Motivation

Research on SETs began in the early 1900s
with studies of the different elements of
the evaluations [1]. Concerns over the validity
of these evaluations arose in the 1980s [1].
To this day, studies are being conducted to
determine what information from SETs is
valuable, if any, and what can be changed
about the evaluations themselves to make them
more effective or valid in the eyes of those who
administer them [2]. Prior research suggests that
test scores are an effective way to determine
teacher effectiveness, whereas using SETs to
determine teacher effectiveness is a poor use of
the information, and doesn’t reflect anything of
the sort [3].

Studies have found that there are specific
teaching practices that yield higher test scores;
specifically, active learning instruction yields
higher grades and test scores than traditional
lecture instruction [4], [5]. Active learning
instruction refers to any type of instruction
that enlists student participation, for example,
through student-to-student interaction in small
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groups, or through student interaction with the
instructor for the benefit of the entire class.
Some other examples of active learning are:
“group problem-solving, worksheets or tutorials
completed during class, use of personal response
systems with or without peer instruction,
and studio or workshop course designs”
[5]. Unfortunately, despite these teaching
methods yielding higher test scores, students
themselves are sometimes apprehensive about
the techniques and may prefer traditional
lectures [4]. Traditional lecturing refers to
any collegiate instruction that uses little to no
student involvement; the entire class period
consists of the teacher talking to the students as
a group. This is unfortunately the more common
approach to teaching at the undergraduate level,
despite it being proven less effective than
active engagement instruction [4]. Because
we are studying the satisfaction of students in
active engagement classroom environments, we
collected data from specifically teachers that
use the engagement techniques listed above.
Therefore, when a student was satisfied with
the teaching style in a class we were studying,
we interpreted them to be satisfied with active
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learning; when they were unsatisfied with the
class, we interpreted them to be unsatisfied with
active learning.

Our motivation for doing this research
stemmed from our own experiences in college.
Starting the research as 3rd year students,
we already had significant exposure to both
teaching styles over our previous two years of
college, and all our years of schooling prior. We
both had negative experiences with traditional
lecture environments, and positive experiences
with active learning environments by the time
we started this study. We personally connect to
the findings of Deslauriers et al— that students
are less likely to enjoy active learning compared
to lecturing because we remember being nervous
to interact with our peers at first [4]. Our findings
show that students don’t enjoy participating in
active learning at first; our personal experience
suggests that students may be nervous about
being in a big school, not knowing anybody in
their class, being far away from home, or any
number of other factors. We feel that as students’
collegiate career progresses, they become more
comfortable with the classroom environment
and active learning, and are more likely to
want to participate and reap the benefits of the
instruction style. Some of the benefits we have
experienced include working through problems
ourselves or with our peers, creating a memory
of how the problem needed to be solved, or how
the way we tried hadn’t worked. On the other
hand, because lecturing is the predominant
teaching method (and is historically so), many
students are disappointed when they have to
participate in group activities or raise their hand
in class; they wanted the “college experience,”
and having to do active learning activities felt
demeaning to them.

Study Overview

The role of teaching methodology in shaping
student outcomes is pivotal, particularly in
the context of foundational courses that are
both high-stakes and high-risk. Introductory
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courses in algebra-based physics (BPHYS 114
mechanics, BPHYS 115 electromagnetism,
BPHYS 116 optics/waves), calculus-based
physics (BPHYS 121 mechanics, BPHYS
122 electromagnetism, BPHYS 123 optics/
waves), precalculus (BMATH 121, BMATH
122, BMATH 123) and calculus (STMATH
124, STMATH 125, STMATH 126), are
mandatory for a broad spectrum of science and
engineering majors. These courses are often
seen as “gatekeepers,” with a significant impact
on students’ academic trajectories: students
who don’t pass them may lose access to their
intended major. In this evolving landscape
of educational methodologies the shift from
traditional lecture-based teaching to active-
engagement instruction has sparked significant
interest among educators and researchers. This
pedagogical shift, emphasizing interactive,
student-centered learning, enhances student
engagement and academic achievement.

Recognizing the potential of active-
engagement teaching styles to improve student
engagement and understanding, our study seeks
to assess changes in student perceptions of
these methods over three academic quarters.
The extent to which students’ attitudes towards
these teaching styles change during their studies
remains an area ripe for exploration.

The primary research questions guiding this
study are:

1. Do student attitudes about active
engagement instruction improve
throughout the BPHY'S 1XX series,
and if so, how long does it take?

2. Do student attitudes about active
engagement instruction improve
throughout the B/STMATH 12X
series, and if so, how long does it
take?

To gain a comprehensive understanding of
the dynamics at play, this study also explores
several secondary research questions that arose
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during data collection and analysis:

1. Are there differences in student
attitudes across different quarters for
the same professor teaching the same
class?

2. Are students more satisfied with
certain professors?

3. Does a single professor become more
“satisfying” to students over the
years?

4. Is there a difference in student
satisfaction between male and female
professors?

5. Are students more satisfied with
younger professors?

6. Are there notable patterns of student
satisfaction associated with student
attitudes?

7. Are there differences in student
attitudes between BPHYS 11X (intro
physics for life sciences) and BPHY'S
12X (intro physics for engineers)?

8. Are there differences in student
attitudes between BMATH 12X
(pre-calculus) and STMATH 12X
(calculus)?

We claim that students eventually come
to value active learning methods by the end
of their three-quarter course sequence in
introductory physics and mathematics. Below
we substantiate this claim and elucidate the
factors that could potentially modulate this
shift in student attitudes. By exploring both
primary and secondary research questions,
we seek to provide a comprehensive analysis
of how active-engagement teaching styles
influence student perceptions and identify the
variables that might affect this transformation.
This systematic examination is designed to offer
insights that can refine pedagogical strategies,
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enhancing student retention and success in
courses that serve as critical gateways for a
broad spectrum of scientific and engineering
disciplines. The results are intended to inform
educational practices and policies, ultimately
supporting improved engagement and outcomes
in foundational science and mathematics
education, pivotal areas in high-stakes, high-
risk academic settings.

Methods

The general method of analysis for this study
was to code student responses to the open-ended
questions on SETs for student satisfaction.
These open-ended questions are:

1. Was the class intellectually
stimulating? Did it stretch your
thinking? Why or why not?

2. What aspect of this class contributed
most to your learning?

3. What aspect of this class detracted
from your learning?

4. What suggestions do you have for
improving the class?

SETs also include Likert-scale questions
inviting students to agree or disagree with
statements such as “clarity of instructor’s voice
was” or “instructor’s enthusiasm was.” We chose
not to use the Likert scale data in our analysis
based on research indicating that these Likert
scale questions don’t accurately reflect the
teaching environment|[1]. Instead, they primarily
capture students’ subjective opinions about their
liking or disliking of a particular professor [1].
Since our focus was on examining the impact
of teaching methodologies, particularly active
learning, on student perceptions, we opted to
prioritize the qualitative data obtained from the
open-ended questions in the surveys.

The quality of student responses also improves
over time, with fewer neutral responses by the
end of the series. As students advance, their
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feedback becomes more detailed and in-depth
regarding the course content, characterized
by more words and sophisticated language.
This evolution in response quality suggests
that students are becoming more engaged and
thoughtful in their evaluations. As they progress
through their academic journey, their feedback
becomes more targeted and reflective of their
educational experience. This maturation allows
students to provide more constructive and
nuanced insights, which can be invaluable for
educators seeking to refine and enhance their
teaching methods.

Data Collection

The following criteria guided our study
recruitment. First, we focused on high-risk
foundational STEM courses. These courses
are considered pivotal for students pursuing
STEM majors, as they often have a significant
impact on students’ academic trajectories.
These introductory courses in particular present
a higher likelihood of failure, which can prevent
students from progressing into their desired
majors.

Second, we limited our selection to professors
who were recognized for their engagement
in active learning methodologies. This focus
was informed by relevant literature [6], which
highlights the effectiveness of active learning in
enhancing student outcomes and engagement.
Professors known for incorporating these
approaches were prioritized for our study.

Finally, our research was restricted to programs
in physics and mathematics. This decision was
based on the familiarity our research advisor
had with faculty members in these departments,
allowing for more effective collaboration and
insight into the pedagogical practices of the
instructors involved.

Professors who met these criteria were
recruited by our research advisor by individual
email (see Appendix). Those who elected to
participate voluntarily provided electronic
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copies of their SETs, which were redacted by
the research advisor (professor names removed)
before being made available for the study.
Table X gives an overview of the data that was
collected and analyzed.

The research utilized over 5100 responses in
164 classes from a dataset provided by faculty
from the University of Washington Bothell
(UWB) and Seattle (UWS), Cascadia College
(CC) and Western Washington University
(WWU) Physics programs and the University of
Washington Bothell Math programs. Data was
collected from the last ten years, 2014 through
2024. Specifically, the dataset included 100
physics classes taught by 9 different professors
with over 3600 student responses, and 64 math
classes taught by 2 professors with over 1500
responses.

Codebook Development

Responses to open-ended SET questions
were coded based on a carefully constructed
codebook, which converts qualitative data from
student responses into quantifiable categories for
statistical analysis. The coding process classified
responses into three primary categories:
satisfied/happy, neutral, or dissatisfied/unhappy.
Each response was analyzed for sentiments and
content related to the students’ experiences and
perceptions of the teaching methods, classroom
environment, and course content. The codebook
was collaboratively developed and continuously
refined over the quarters of our research. It
outlined specific criteria for categorizing
responses, helping to standardize the coding
process across various raters.

Criteria Included

Additional categories are defined for responses
that do not pertain to the perception of teaching
methods.

Before beginning the coding process, all
researchers involved in the study underwent
training sessions to familiarize themselves with
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Institution Course n:ou’:ses prnfetsors stu:ent
responses
UWB BPHYS 121 10 3 430
UWB BPHYS 122 11 3 338
UWB BPHYS 123 9 3 179
UWB BPHYS 114 B 2 192
UWB BPHYS 115 7 2 124
UWB BPHYS 116 2 1 24
Uws BPHYS 121 10 1 422
Uws BPHYS 122 12 1 581
Uws BPHYS 123 9 1 328
Uws BPHYS 114 B 1 502
Uws BPHYS 115 5 1 327
Uws BPHYS 116 4 1 270
CcC BPHYS 121 2 1 24
CC BPHYS 122 3 1 23
CC BPHYS 123 3 1 18
WWU BPHYS 121 1 1 62
UWB BMATH 121 8 1 168
UWB BMATH 122 3 1 36
UWB BMATH 123 35 2 629
UWB STMATH 124 12 2 302
UWB STMATH 125 2 1 34
UWB STMATH 126 B 2 112
TOTAL - 164 - 5125

Table 1. Study Data

UWB The CROW, 2025

" | N069431.01F

N69431 2025 CROW Journal - Final 2 168pp.pdf

May 19 2025 13:23:55

135



(N
N

N &

Sekhon and Onnen

the codebook. These sessions included practice
coding exercises using a set of sample responses.
After coding independently, we discussed the
results to identify and resolve any discrepancies
in interpretation. This calibration process was
crucial for aligning our understanding and
ensuring consistency across all coders.

We first examined the data from one class,
aligning our efforts with our definition of active
learning. We derived a set of rules organized
into a hierarchy that categorized responses into
satisfied, unsatisfied, and neutral sentiments.
For instance, responses expressing enjoyment
of group work were classified as satisfied, while
those indicating a preference for traditional
lectures were classified as unsatisfied. We
iteratively refined these criteria, adding detailed
guidelines to address different nuances in
student responses. Initially, we coded the same
classes individually and found that our inter-
rater reliability (IRR) rating was less than
40%, indicating significant discrepancies in
our coding interpretations. In response, we
revisited the codebook, enhancing the criteria
and examples to provide clearer guidance for
coding. After these adjustments, we re-coded
the same classes individually, leading to an
increase in our IRR rating to 50%. We continued
this iterative process of refining the codebook
and re-coded the classes until we achieved a
high IRR rating of 95%. To further validate the
reliability of our coding process, we engaged Dr.
Scherr, who was not familiar with our codebook.
After explaining the codebook and our coding
criteria hierarchy, Dr. Scherr coded a few classes
independently. Our joint IRR between our team
and Dr. Scherr was 93%, indicating a high level
of agreement and reinforcing our confidence
in the coding process. As we acquired more
data and introduced a new student researcher,
we encountered a decrease in our IRR rating
to around 80%. In response, we revisited the
codebook, adding more detailed criteria to
differentiate between satisfied, unsatisfied, and
neutral responses. Following these adjustments,
we re-coded the same classes individually,
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leading to an increase in our IRR rating to
85%. We continued this process of refinement
until our IRR rating reached 92%, ensuring the
consistency and reliability of our coding across
different datasets and coders.

In instances where a response could
potentially fit into more than one category, we
used the hierarchy established in the codebook,
where specific codes would supersede others
based on the context of the response. If we were
unsure of how to categorize a response, the case
was brought to a team meeting for discussion
and consensus. As coding progressed, we
regularly revisited and refined the codebook.
This iterative process allowed for adjustments
based on real coding experiences, enhancing the
accuracy and relevance of the coding categories.
Changes to the codebook were documented
into the codebook, and previously coded data
were reviewed to ensure consistency with the
updated standards. Once all responses were
coded, the data were compiled and prepared
for quantitative analysis. This analysis aimed to
identify trends and patterns in student attitudes
toward active learning, correlating these
findings with different variables such as the
course, professor, and time.
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Examples of Coding Responses

Responses Reasons Code
R1: “This class was intellectually [code #4] Expressing support for | Satisfied
stimulating; it offered new concepts and in-class time, whether online or
perspectives on previous content given in | in_person = satisfied
different classes.”
R2: “Textbook, in-class assignments, and [coderti;S] Ex;:ressmg lhek ith
problem sets ” importance of group work, (wi
FPF's, TAs, or classmates) =

R3: “There was no specific aspect that satisfied
detracted from my learning.”

. ) [code #9] Expressing general
R4:" really enjoyed the class as a whole. | opioyment of the entire class, no
| liked the flexibility and accessibility of negatives = satisfied
the class giving people time to NECANEs =
understand the concepts without feeling
overly pressured.”
R1: “l don't like physics as a topic; [code #4] Expressing support for | Satisfied
however the content was good, and | did | in-class time, whether online or
not feel like | was suffering through it." in-person = satisfied
R2: “| liked the group interactions where -
we got to interact with each other and _[codertiéfn] Ex;:ressmg lhek ith
build off each other's knowledge " importance of group work, (wi

PF's, TAs, or classmates) =
R3: “l wish the quizzes were able to give | satisfied
us immediate feedback for each
problem.” [code #9] Expressing general
. : enjoyment of the entire class, no
R4: “Honestly, it was a good class, and | nel z:tives — catisfied T
wouldn't change anything about it.” negatives =
R1: “Nope” [code #12] Poor answers ornot | Neutral
I enough information (see

R2:"N/A example) = neutral
R3: “N/AT
R4: “N/AT

Table 2. Examples of coding student responses in SETs
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Responses

Reasons

Code

R1: “It is simulating because of the
thought process that goes into solving
one question.”

R2: “Might be the homework because it
had explanations afterwards.”

R3: “In-class activities”

R4: “Instead of in-class assignments, it
would be great if you would teach some
important concepts at least for one hour
and then do in-class activities.”

[code #1] 50/50 (see example) =
neutral

Neutral

R1: “Not at all. Wish we had a real
lecture”

R2: “In-class was the only time we had
facilitated leaming”

R3:“NQOT HAVING LECTURE 1"

R4: “Make some time for lecture so this
class doesn't feel like a waste of time.”

[code #2] Any requests for more
traditional lectures = unsatisfied

Unsatisfied

R1: “Yesl A lot of aspects to it require the

needs to be calculated.”
R2: “Expert TA"
R3: “Weekly worksheets/ group work”

R4: “Mo group work”

[code #6] Expressing distaste for
knowledge of actually understanding what | group work, (with PF's, TAs or
classmates) = unsatisfied

Unsatisfied

Table 2 continued. Examples of coding student responses in SETs

Inter-rater Reliability

Inter-rater reliability (IRR) is a measure used
to assess the extent to which different raters (or
observers, coders, etc.) agree in their assessment
decisions when using the same method to assess
the same phenomenon [7]. IRR is crucial
in research settings where data points are
subject to interpretation, such as coding open-
ended survey responses, assessing qualitative
interviews, or any situation where judgments
can vary between different individuals. High
IRR indicates that the method of assessment
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produces consistent results across different
raters, leading to more accurate and reliable
conclusions. It is essential to ensure that the
findings of our study are based on the data and
not on subjective interpretations of individual
raters. Research validity is strengthened by high
IRR, as it suggests that the tools or criteria used
in the research are clear and apply consistently
across different raters. The research validity
makes the research findings more credible
and generalizable. High IRR supports the
replicability of a study. If other researchers use
the same methods and tools, they should be
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able to obtain similar offshoots, reinforcing the
reliability of the original findings. By ensuring
that all raters in our team understand and apply
the assessment criteria similarly, IRR reduces
the potential for bias that can occur when
different raters interpret data differently.

The interpretation of IRR values typically
depends on the percentage agreement among
the raters. Low IRR values, defined as below
50%, indicate poor agreement among raters.
This suggests that the criteria or method of
assessment may be unclear, overly subjective,
or inconsistently applied. Such low levels of
agreement can compromise the reliability and
validity of the study results, as raters may be
using different, and potentially conflicting,
standards.

Moderate IRR values, ranging from 50% to
80%, suggest a reasonable level of agreement
that might be acceptable in certain research
contexts. This is especially true for preliminary
studies or those exploring new domains where
established standards are not yet fully developed.
While not ideal, moderate IRR can still provide
meaningful insights if the context justifies some
variability among raters.

High IRR values, such as those above 80%,
reflect strong agreement among raters. This level
of consistency indicates that the assessment
method is clear, well-defined, and consistently
applied. An IRR of 90% or higher is considered
excellent, ensuring reliable data interpretation
and robust study findings that are less affected
by individual rater variability. In our study, we
achieved an IRR of 92%, which is a testament
to the high level of agreement among us as a
research team.

Limitations

This study, while providing significant insights
into the impact of active-engagement teaching
on student attitudes over several academic
quarters, is subject to several limitations
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that could influence the interpretation and
generalizability of the findings:

Voluntary Data Contribution

The data utilized in this research were provided
voluntarily by professors. Not all instructors
who taught relevant courses were invited into
the study, and not all who were invited chose
to contribute their data. Consequently, the
study may not encompass a full representation
of teaching styles or student experiences
across the different programs. Additionally, the
willingness of professors to share their data
might be influenced by their perception of their
teaching success, potentially introducing a bias
toward more positive student evaluations.

Student Response Rate

The average student response rate is about
60% across our dataset. Student participation in
course evaluations can be influenced by factors
such as the perceived relevance of the feedback
process or students’ engagement with the course
[8]. Low response rates can skew results,
typically in favor of more extreme opinions,
either positive or negative

Potential of Bias

Although the SETs we coded did not include
any identification related to the professors, we
were aware of which class they belonged to
within the STMATH 12X, BMATH 12X, or
BPHYS 1XX series. This knowledge could
have introduced potential bias into our coding
process. Specifically, being aware of the course
series might have subconsciously influenced
our interpretations and evaluations, potentially
skewing the results based on preconceived
notions about the difficulty or reputation of
certain course series. To mitigate this potential
bias, we could have employed a one-way blinded
procedure. In this approach, we would code all
the SETs without any information regarding
the class descriptions. Once the coding was
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complete, we could then return our coded data
to the faculty, who would assign the coding
results to the respective courses. This separation
of duties would help ensure that our coding was
impartial and not influenced by any knowledge
of the course series. Implementing such a
blinded procedure could enhance the objectivity
of our analysis, providing more reliable and
unbiased insights into the effectiveness of the
courses and teaching methods.

Dominance of UW Seattle Data

Significant amounts of the data we gathered
was from 2 UW Seattle professors, equating
to 63% of the total data for both intro physics
series, (36% was from UW Bothell professors,
and 1% from WWU and Cascadia). Despite
this weighting, our first iteration of the research
when we first began the project was simply 5
UW Bothell professors and we found very
similar trends. Both of the UWS professors
we got data from had very strong satisfaction

Intro Physics for Engineers
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Meutral

123
B Satisfied/Happy

Figure 2. Satisfied, Neutral, and Unsatisfied percentages for calculus-based physics intro series

scores compared to their Bothell counterparts,
and weighted the satisfaction numbers in
each class’s total heavily. However, when we
compare the numbers from Seattle and Bothell
professors, we see the same increasing trends of
satisfaction over the course of both series.

Results: Physics
Major trends

Results from our research are shown in
Figures 2 and 3. Figure 2 shows increasing
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satisfaction as the students progress through
the intro calculus-based physics series. Figure
2 shows the same trends for the intro algebra-
based physics series. Specific classes are shown
on the horizontal-axis: BPHYS 121, 122, 123 for
Figure 2, and BPHYS 114, 115, 116 for Figure
3. The vertical-axis in both figures represents
the percentage of student responses that were
determined to be either satisfied (green),
neutral (gray), or unsatisfied (red). We found an
approximately 33% increase in satisfaction over
the course of the intro calculus-based series, and
an approximately 18% increase in satisfaction
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over the course of the algebra-based series.
Increased satisfaction values in these figures
represents a larger value of students that prefer
to engage in class, and a lower value of students
who desire lecturing or other teaching methods
besides active learning.

Students Eventually Value Active Learning

In addition to the increase in satisfaction
through the course of both series, we also found
an increase in response quality from students
in the later courses of the series compared to
those submitted from students in the beginning
classes. We postulate that this is because

Intro Physics for Life Sciences

75%

0%

25%

0%

114

B Unsatisfied/Unhappy

115 e

Meutral [l| SatisfisdiHappy

Figure 3. Satisfied, Neutral, and Unsatisfied percentages for algebra-based physics intro series

students’ understanding of the importance
of SETs increases over time, as well as their
familiarity with the SET format. For example,
when submitting responses to the open-ended
questions for SETs in the 121 class, students
perhaps would be submitting SETs for the first
time, whereas with the 123 class submissions,
they would’ve already submitted responses for
up to three quarters of part time or full time class
loads. Some professors choose to allow students
to dedicate class time to completing these
evaluations, as well as informing their class
as to the purpose and value of their responses,
leading to perhaps higher quality in responses.
With these higher quality responses, we see a
reduction in the percentage of responses that
we determine to be neutral based on our code-
book, for some of our rules required us to make
inferior responses, (all responses simply “NA”,
or heavily opinionated and distasteful comments
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about group-mates with no comments on the
professor or class structure whatsoever).

Significant amounts of the data we gathered
was from 2 UW Seattle professors, equating
to 67% of the total data for both intro physics
series, (30% was from UW Bothell professors,
and 2% from WWU and Cascadia). Despite
this weighting, our first iteration of the research
when we first began the project was simply
5 UW Bothell professors and we found very
similar trends. Both of the UWS professors
we got data from had very strong satisfaction
scores compared to their Bothel counterparts,
and weighted the satisfaction numbers in
each class’s total heavily. However, when we
compare the numbers from Seattle and Bothell
professors, we see the same increasing trends of
satisfaction over the course of the series.

141



(N
N

N &

Sekhon and Onnen

Detailed observations

Algebra-based classes have overall higher
satisfaction ratings than their calculus-based
counterparts. We speculate that this is because
of the lower level of math being done in class/
homework, leading to what can be perceived
as easier classes for the students. In addition,
a large majority of the alegra-based data we
collected was from the professor at UWS (over
80% of the total data) and this professor had
high satisfaction ratings.

BPHYS 122 has arelatively large number of
negative responses. We speculate that because
new undergraduate students are apprehensive
to active learning compared to their 2nd, 3rd,
or 4th year counterparts, we can presume
that 122 would have additional new students,
leading to increased dissatisfaction numbers.
Another possible explanation is that our data
for BPHYS 121 and 123 includes SETs from

WWU and Cascadia professors, whose SETs do
not include the question, “What detracted from
your learning?” and therefore might elicit more
“satisfied” responses., BPHYS 121 has more
neutral responses. We speculate that this is
caused by the different SET format used by
Cascadia College, which is 4% of the BPHYS
121 data. They use hand-written responses to
the questions that yielded very simple answers,
such as smiley-faces or cartoons in place of
meaningful comments about the class structure
or other valuable information. These had to be
labeled as neutral when following our code-
book.

Results: Math
Major trends
Figures 4 and 5 represent the Calculus

(STMATH 124-5-6) and Pre-Calculus (BMATH
121-2-3) series at the University of Washington

Pre-Calculus Series

- -
TH%
50%
25%
0%
121 122
B UnsatisfisdUnhappy Mautral [l Satisflad™Happy

Figure 4 Satisfied, Neutral, and Unsatisfied percentages for precalculus math series
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Bothell, showing how students feel about active
learning across the three-quarter sequence.
The horizontal axis shows the classes and the
vertical axis the percent satisfaction. Across
each series, there is a noticeable increase in
satisfaction among students. Simultaneously,
there is a reduction in unsatisfied and neutral

Students Eventually Value Active Learning

responses throughout both series. This suggests
that students are developing stronger opinions
about the teaching methods as they progress,
possibly due to increased familiarity and
comfort with the active learning environment.
The quality of student responses also improves
over time, with fewer neutral responses by the

Calculus Series

100%

5%

25%

124
B Unsatisfied/Unhappy

125
Meutral [l SatisfiedHappy

Figure 5 Satisfied, Neutral, and Unsatisfied percentages for calculus math series

end of the series as responses get more in depth
regarding the course information with more
words and more sophisticated language. This
could be attributed to students’ maturation and
enhanced understanding of Student Evaluations
of Teaching (SETs) and their role in shaping
educational practices. As students’ progress
through their academic journey, their feedback
becomes more targeted and reflective of their
educational experience.

Additionally, there is an increase of
dissatisfaction in the second course of the
BMATH 12X series. This is likely due to
students’ initial placement in the BMATH
series. UWB has a directed self-placement

UWB The CROW, 2025

(DSP) process where students may place
themselves into BMATH 121, 122, 123 or
STMATH 124, 125, 126’ Students can choose
to skip the first class of the series and be directly
placed in the second course. This process may
lead to some students being less prepared or less
familiar with the active learning methods used
in BMATH 122, thus initially resulting in higher
dissatisfaction.

In summary, both figures indicate a positive
trend in student satisfaction with active learning
across the Precalculus and Calculus series.
As students advance through the courses,
they become more engaged, appreciative,
and decisive in their opinions about the
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teaching methods employed. This highlights
the importance of sustained exposure and
engagement with active learning methodologies
in foundational mathematics courses.

Detailed observations

Although the overall pattern is that satisfaction
increases, there is a rise in dissatisfaction
between the first (121) and second (122) classes.
This could be attributed to the unique dynamics
of placement within the series. The University
of Washington employs a Directed Self-
Placement (DSP) process, allowing students
some autonomy in selecting their entry point in
the math sequence based on self-reflection and
an understanding of their capabilities. Students
can place themselves into either 121 or 122
based on their initial math placement tests, but
all must complete 123 to proceed to Calculus
1. This requirement might lead to increased
challenges or initial dissatisfaction as students
adjust to the rigor and expectations of the course
sequence midway. The sudden introduction
to mid-level pre-calculus in 122, potentially
without gradual exposure from the beginning
of the series, could contribute to the observed
increase in dissatisfaction.

Initially, many students provided neutral
feedback, which significantly decreased by
the end of the series. This shift we speculate
reflects a maturation in students’ ability to
articulate their educational experiences and
a more profound understanding of the active
learning methods being employed. Thus, despite
potential initial challenges associated with DSP
and placement dynamics, the overall trajectory
toward increased satisfaction and decreased
dissatisfaction by the end of the Pre-Calculus
series suggests a successful adaptation and
growing appreciation for active learning among
students.

These patterns underscore several key
points about student engagement with active
learning in foundational mathematics courses.

144

N069431.01F
N69431 2025 CROW Journal - Final 2 168pp.pdf
May 19 2025 13:23:55

First, initial exposure to active learning might
not immediately yield high satisfaction, but
continued experience through successive
courses can lead to increased appreciation and
reduced dissatisfaction. Second, the course
entry point, as influenced by placement tests,
can affect initial student satisfaction levels,
particularly in series where course complexity
and expectations escalate quickly. Lastly,
the maturation of students’ understanding of
their role in feedback mechanisms like SETs
and their ability to evaluate their educational
experiences more critically may also contribute
to the observed trends in student satisfaction
over time. These findings highlight the potential
benefits of active learning methodologies and
suggest that sustained exposure and engagement
with such pedagogical approaches are crucial in
foundational mathematics courses.

Other Investigations
Gender bias

Past studies have shown that gender biases
exist in SETs; primarily that students prefer
male instructors, and leave more positive
feedback on their SETs compared to their
female counterparts [9]. Our study includes
data from 11 total professors: 5 male, 5 female,
and 1 non-binary. To investigate this bias in our
own data, we compared the average satisfaction
percentages amongst all the male professors to
those of the female professors. However, data
from male professors makes up over 90% of
our total data, raising concerns that this data set
does not provide for appropriate comparison.

Additionally, professors who only teach
BPHYS 122 and BPHYS 123 classes experience
higher student satisfaction than those who only
teach BPHYS 121 and BPHYS 122 classes,
which likely confounds any gender effects. To
effectively investigate SET gender biases, one
would have to gather data from an equal number
of classes taught by all genders of professors,
and of all levels of class (BPHYS 121, BPHYS
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122, etc.).

Chronological improvement of teachers

We also attempted to investigate chronological
improvement of teacher effectiveness over
time by graphing all the classes of data for
each professor and determining if there was an
increase or decrease in student satisfaction over
time. However, this would require comparison
of the same course (since different courses tend
to have different satisfaction levels), and no
professors we studied taught any single class
for many terms in a row. For example, Figure
6 shows all the classes that Prof. G taught
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from 2014 through 2023, and the respective
satisfaction/neutral/dissatisfaction values. It
might appear at first glance that there was
significant improvement as time went on,
larger green bars on the right, and small green
bars on the left. However, this change is likely
due to Prof. G having switched from teaching
primarily BPHYS 121 and BPHYS 122, to only
teaching BPHY'S 122 and BPHYS 123, which
tend to elicit higher satisfaction.

Covid-19 “dip”

All levels of classes showed decreased
satisfaction from Winter 2020 to Spring 2021,

Meutral [ Satisfied

'EJ"?":‘.‘! ™)
BT D

Figure 6 Satisfied, Neutral, and Unsatisfied percentages for Prof. G, classes organized chronologically

likely caused by the COVID-19 pandemic. All
classes of all levels had decreased satisfaction
during this time. It was quite heartbreaking to
read through all the SETs from classes during
that period; students complained about being
online and expressed concern about their
relatives being sick. We at first considered
dropping the data from the 3 quarters of 2020,
because the satisfaction values were so low.
But after gathering everything together and
getting our total, the trends were still very clear,
so we decided to keep the data. It’s interesting

UWB The CROW, 2025

N069431.01F

N69431 2025 CROW Journal -

Final 2 168pp.pdf

May 19 2025 13:23:55

to note the slow recovery back to baseline we
see in the data of Prof. B, where they taught
the same level of class, there was still a steady
increase in satisfaction amongst the SETs.
This is most likely because of the familiarity
of everybody with the way things were during
the lockdown and later recovery period, as well
as the professors familiarity with Zoom, online
instruction, and the remote environment as a
whole.
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Figure 7 Satisfied, Neutral, and Unsatisfied percentages for Prof. C, classes organized chronologically

Discussion

Our research aimed to determine if student
attitudes about active engagement instruction
improve throughout a series of BPHYS 1XX
and B/STMATH 12X classes and if so, how long
it takes. We analyzed student responses from
the Student Evaluations of Teaching (SETs)
across both physics and mathematics courses.
Our findings indicated that satisfaction with an
active learning environment indeed increases
over the duration of these class series. Moreover,
our data showed that active learning, which has
been corroborated by multiple studies as more
effective than traditional lecturing in yielding
higher test scores, is also positively received by
students over time.

During our analysis, we observed a consistent
increase in the appreciation for active learning.
While we attempted to study potential gender
biases and teacher improvement over time, no
significant findings emerged in these areas. This
suggests that while SETs are useful for gauging
student satisfaction of teaching methodologies,
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they should not solely influence how professors
are evaluated by educational leaders or
policymakers. Students need to be in an active
learning environment for a sustained period in
order to appreciate its benefits.

Implications

These findings have critical implications for
several key stakeholders in the educational
process:

- For Students: Students should know
that although they might not like active
learning environments at first, they will
come to appreciate it more eventually.
The increase in student satisfaction with
active learning strategies, as revealed by
our research, underscores the importance
of adopting teaching methods that actively
involve students in the learning process.
Active learning environments provide more
than just an understanding of course material;
they equip students with essential life skills
such as critical thinking, problem-solving,

UWB The CROW, 2025



(N
N

N &

and teamwork. These environments also foster
the ability to articulate thoughts clearly and
effectively, preparing students for real-world
challenges where these skills are indispensable.
Such strategies can enhance their understanding
of complex subjects, improve retention rates,
and ultimately lead to more fulfilling educational
experiences.

- For Professors: Understanding the dynamics
of student satisfaction and the effectiveness of
active learning is vital for course and curriculum
planning. Teachers who effectively implement
active engagement strategies may not only
see improved student outcomes but could also
eventually benefit from enhanced evaluations
from students, which can influence their
professional development and advancement
opportunities. Furthermore, our findings suggest
that teachers who engage with both new and
more advanced students can see varied impacts
on satisfaction levels; hence, adapting teaching
strategies to the level of student experience in
the classroom might be necessary.

- For Administrators: These insights are
essential for administrators, such as division
chairs and deans at the School of STEM, who
value both student satisfaction and learning
outcomes. The finding that student satisfaction
increases over time with sustained exposure

to active learning environments suggests
that administrators should support long-
term engagements rather than short-term

interventions. Additionally, administrators who
use SETs as part of faculty evaluation should
proceed with caution. Our findings suggest
that teachers who only teach new students tend
to have lower student satisfaction compared
to those who teach more advanced students.
The longer students remain in active learning
environments, the higher their satisfaction tends
to be, indicating that administrators should
encourage active learning environments in more
courses and across more departments.

UWB The CROW, 2025
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Recommendations

Incorporating these insights into policy
decisions can help create a more responsive and
effective educational system that not only values
but actively enhances student experiences and
outcomes. By acknowledging the nuances in
teaching evaluations and the progressive benefits
of active learning, education leaders can better
support educational institutions in cultivating
environments that are both intellectually
stimulating and beneficial to all stakeholders
involved.

For education professionals looking to apply
these findings, we recommend:

*  Encouraging the adoption of active
learning techniques early, especially
in foundational courses that have
traditionally relied on lecture-based
teaching.

*  Providing ongoing training and
support for teachers to develop and
refine active engagement strategies.

e Evaluating faculty in consideration
of the pattern that student satisfaction
with active learning tends to be lower
at first and increase over 3-6 months
of student experience.

e Implementing longitudinal studies
within their institutions to further
understand the impact of teaching
methodologies over time.

Future Research Suggestions
To build on our work, future research could
focus on:

* Recruiting more professors from more
institutions into the study, to increase
its national significance.

* Hiding course information while
coding, to remove potential coding
bias.
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Investigating the variation in active
learning formats among different
professors, courses and disciplines.

Our analysis of student evaluations in
introductory physics courses, spanning
both calculus-based and algebra-
based series, as well as introductory
math precalculus and calculus series,
illuminates the dynamic evolution of
student appreciation for active learning
environments. Initially, students may
exhibit skepticism or neutrality, but as
they progress through the series, they
tend to develop more appreciation

for active learning strategies. These
findings emphasize the necessity of
early preparation and ongoing support
for students to maximize the benefits
of these innovative educational
approaches.

Glossary

SETs: Student Evaluation of Teaching.

A university form/survey administered to
students at the end of each course to elicit
feedback on their experiences,

DSP: Directed self-placement

UWB has a directed self-placement
(DSP) process where students may place
themselves (with some reflection) into
BMATH 121, 122, 123 or STMATH
124, 125, 126. More information here:
https://www.uwb.edu/premajor/first-year/
placement-tests/math

IRR: Inter-rater reliability.

Measures the degree of consistency or
agreement between two or more raters
or observers when evaluating the same
set of data, ensuring the reliability of the
assessment process.
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4. Active learning

Active learning is an instructional
approach that actively engages students
in the learning process

Student Engagement (at least 50% of class
time) via working in pairs or small groups,
encouraging interaction among students
and between students and instructors.
Students receive immediate feedback
on their activities and are encouraged
to reflect on their learning process and
outcomes. Students apply what they have
learned to new and different contexts,
facilitating a deeper understanding of the
material.

5. Likert Scale

A Likert scale is a psychometric scale
commonly used in questionnaires to
measure people’s attitudes, opinions,
or perceptions. The scale presents a
statement or question to the respondent.
For example, “I am satisfied with the
customer service provided.

Responses: Strongly disagree, disagree,
neutral, agree, strongly agree

6. High-risk courses

High-risk courses refer to academic
courses that have a higher-than-average
rate of students withdrawing or failing.
These courses often serve as prerequisite
courses for advanced study in a particular
major, making their successful completion
critical for academic progression.

UWB The CROW, 2025
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Appendix 1: Codebook

Coding rules to follow: (92% IRR)
(The following is a hierarchy; lower numbers supercede higher numbers)

1. 50/50 (see example) = neutral

Any requests for more traditional lectures = unsatisfied

Any complaint regarding traditional lecturas = satisfied

Expressing supporl for in-class time, whether online or in-person = satisfied
Expressing the importance of group work, (with PF's, TA's, or classmates) = satisfied
Expressing distaste for group work, (with PF's, TA's, or classmates) = unsatisfied

U

B. Expressing distaste of live zoom calls (online-only) = satisfied

9. Expressing general enjoyment of the entire class, no negatives = satisfied
a. Mo recommended changes

10. Expressing general distaste for the entire class, no posilives = unsatisfied

11. Expressing support for live class traditional lecture = unsatisfied

12. Poor answers or not enough information (see example) = neutral

13. Expressing distaste lowards ExpertTA, WebAssign or textbook is irrelevant

14. Expressing distaste towards TAs, professor, or classmates is irrelevant

15. Expressing distaste towards lab and lecture not matching is irmelevant

16. Expressing distaste lowards classroom/online environment is irrelevant

17. Expressing distaste towards timing of class is irmelevant

18. Expressing distaste towards desk in classroom is irrelevant

19. Anything regarding labs is irelevant
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Appendix 2: University of Washington Student Evaluation of Teaching Form

IASVsiemy Form Prevew

¥ - Remote Course Evaluation

SUMMATIVE ITEMS
Excellent WVery Good Good Fair Paar Wery Poar
R e i 0 [ @ " (1
1. The remote earning course as a whole was.
2. The courss conlent was:
3. The nsiructor's contribution to the course was:
4. The nsiructor's effectiveness in teaching the subject matter was:
FORMATIVE ITEMS
Excellent Vary Good Geod Fair Paar WVery Poar
RATING SCALE i " . p i oy
1. Thi effectiveness of this remole course in faclitaling my learming was:
2. Timeliness ol insirucion response 10 assignments was:
3. Qualty/heipiuiness of nstructor leedback was:
4. Clarity of course obpctives was:
5. Clarity of studenl responsibiities and requirements was:
6. Useluingss of reading assignments in understanding course coment was:
7. Usetulness of writhen assignments in undarstanding course conbent was:
8. Uselulness of oning rescurces in understanding course conlent was:
9. Evaluatve and grading lechniques (lesis, papers, projects, olc.) wore:
10. Reascnableness of assigned work was:
11, Organization of materials onfing was:
STUDENT ENGAGEMENT ITEMS
Much Higher Average Much Lower
AT R ALS M L] (L) L) i [ 1k

Relative to other college courses you have taken:

1. Do you expect your grade in this course o be:

2. The ntelectual chaliznge presented was:

3. The amount of alion you put into this course was:

4. The amourt of affort 1o succeed in this course was:

5. Redative 1o simiar courses taught in person, your participation in this courss was:

6. Fedative 1o simidar courses laught in person, your SUCCESS in this course was:
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1. Onaverage, how many hours por week have you spent on this course, including attending classes, deing readings, reviewing notes,
writing papers and any other course related work?

2. From the total average howrs above, how many do you consider wene valuable in atvancing your education?

What grade do you expect in this course?

In regard 10 your academic program, is this course best described as:

OPEN ENDED ITEMS

1. Was this class intelectually stimulating? Did it stretch your thinking? Why or why not?

2. What aspects of this class contributed most 1o your leaming?

3. What aspects of this class deiracted from your leaming?

4. What suggestions do you have for improving this class generally?

5. I this couwrso wora offersd remotely agan, whal SUggestions do you have 10 improve thi Student experence?

151
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Appendix 3: Example of data analysis spreadsheet

Prof C’s Fall ‘21 BPHYS 121 course

| Prof C (F) |

Fall "21 121 Satisifedhappy unsatiunhappy nautral Reason
studant 1 = 4
studant 2 K 2
studant 3 x 1
studant 4 x 4
studant S5 2
studant & X 10
studant 7 x 5
studant & x 5
studant 9 x 4
studant 10 x 5
studant 11 x 1
studant 12 X 12
studant 13 K 11
studant 14 X 2
Etudant 15 K 2
studant 16 X 11
studant 17 K 11
gtudant 18 X 10
gtudant 19 = 4
studant 20 4 5
Eludant 21 = 5
sludant 22 4 - |
Eludant 23 x 4
sludant 24 X 5
sludant 25 X 12
sludant 26 X 2
studant 27 K 10
quant. data (Likert Sp):

tatals: 1" 12 4
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Appendix 4: Study recruitment email

Dear [Name],

I’m writing with a research request/invitation/ask, related to you sometimes teaching PHY'S 1XX lecture
courses. I have three students doing research this quarter to answer the question: “Do student attitudes
about active engagement instruction improve over the course of a year of introductory physics, and if
so, how long does it take?” This is a continuation of a study they did last year, which was limited to
physics courses at UWB. We are studying the lecture course only. What we have learned so far is that it
seems to take students about 6 months (two quarters) of experience with active engagement instruction
to buy in to it (enjoy it, appreciate it, believe they are learning). I’'m attaching the students’ poster that
was presented at the UWB Spring STEM Symposium.

To investigate this question, the student researchers identify themes in free-response student evaluations
of teaching (SETs), such as “The teacher doesn’t teach me, I have to teach myself,” and code for the
frequency of these themes over multiple quarters. Five UWB physics professors have volunteered their
own SETs for this purpose, but their research will be greatly enriched if they can include at least some
of the (comparatively huge) UW-Seattle courses. Are you willing to share your SETs with us for this
purpose?

I understand SETs are normally confidential. I would remove your name from the data before sharing

it with the student researchers; however, they could still guess who it is. The student researchers will
maintain confidentiality and any presentation they make will not identify specific faculty. That said, if
you prefer not to share your SETs, I completely understand.

Please let me know what questions you have. Thanks for considering it,

Rachel
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