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ABSTRACT

Embedding active learning is a common mechanism for meeting science, technology,
engineering, and mathematics (STEM) education reform goals. Researchers have iden-
tified student benefits from such strategies, yet these benefits may not be universal for
all students. We sought to identify how students at a nontraditional university perceive
introductory biology and chemistry courses, and whether perceptions relate to course
type, performance, or student status. We surveyed students (n = 601) using open-end-
ed prompts regarding their perceptions of factors that impact their learning and interest,
and about specific learning strategies. Generally, students did not differ in what influenced
their learning or interest in course content, and students mostly perceived active learn-
ing positively. Attitudes toward active learning did not correlate to final course scores.
Despite similar perceptions and attitudes, performance differed significantly among stu-
dent groups—postbaccalaureates outperformed all others, and traditional-age students
outperformed non-traditional-age students. We found that, even with active learning, un-
derrepresented minority students underperformed compared to their peers, yet differen-
tially benefited from nonsummative course factors. Although students generally perceive
classroom environments similarly, undetected factors are influencing performance among
student groups. Gaining a better understanding of how classroom efforts impact all of our
students will be key to moving beyond supposing that active learning simply “works.”

INTRODUCTION

Owing to consistently high attrition rates, efforts are being made to transform intro-
ductory courses in science, technology, engineering, and mathematics (STEM) fields
(National Research Council, 2003; President’s Council of Advisors on Science and
Technology [PCAST], 2012). One such effort to combat the attrition rate and support
undergraduate student interest in STEM is through implementing teaching strategies
such as active-learning activities that are more student centered than instructor cen-
tered (Meyers and Jones, 1993; Michael, 2006; Haak et al., 2011; Freeman et al.,
2014). Active learning has been defined as “instructional activities involving students
in doing things and thinking about what they are doing” (Bonwell and Eison, 1991,
p- 3). Examples of active learning can range from students working collaboratively in
groups (Johnson et al., 1998; Tanner et al., 2003), to embedding engaging activities
during lecture (Prince, 2004), to “flipped” classrooms (Herreid and Schiller, 2013).
Active learning has shown a number of benefits, including increased student perfor-
mance in STEM courses (Prince, 2004; Freeman et al., 2014), improved problem-solv-
ing skills and scientific reasoning (Haak et al., 2011; Jensen and Lawson, 2011), and
a more welcoming introductory science classroom (Watkins and Mazur, 2013). While
there is a general consensus that active learning “works” and instructors ought to be
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using student-centered pedagogy in their college classrooms,
there is some debate about what “works” actually means
(Prince, 2004; Tanner, 2011). Thus, before we assume that our
classroom interventions broadly “work,” it is important to study
when and why efforts meet anticipated outcomes, and whether
the outcomes are equitably demonstrated among different
groups of students (Dolan, 2015).

A basic tenet of good teaching is that the curriculum is acces-
sible by diverse students; this attention to diversity and equity
in the classroom has been a key driver for promoting active
learning (Handelsman et al., 2004; Tanner and Allen, 2004;
Tanner, 2011). Researchers have begun to recognize that there
may be differential outcomes from active-learning pedagogies
for different groups of students in the same classroom. For
example, studies have demonstrated that structuring a course
to include more active learning can help close the achievement
gap for some underrepresented minority (URM) groups (e.g.,
African-American students), but the efforts do not always have
the same magnitude of effect for other URMs (e.g., Latino/a
students; Eddy and Hogan, 2014). Other research has demon-
strated that outcomes from active learning can differ depending
on a student’s gender or socioeconomic status (Haak et al.,
2011; Eddy and Hogan, 2014; Eddy et al., 2014). Active-learn-
ing classrooms can thus have differential impacts, and it would
be irresponsible to assume that the outcomes from an interven-
tion at one institution would be the same for a different
population of students at another institution.

A first step toward understanding the impacts of instruc-
tional practices is to understand how students perceive
classroom environments and the strategies employed in those
classrooms (Ames, 1992). In one study, students’ negative per-
ceptions of course workload, assessment structure, and “bad”
teaching contributed to surface methods of studying (e.g.,
rote memorization), whereas positive perceptions of “good”
teaching and appropriate assessments contributed to students
using deeper methods to understand course material (Lizzio
et al., 2002). Others have found that “buy-in” to course activi-
ties can lead to performance gains (Cavanagh et al., 2016).
Student perceptions about active learning can vary depending
upon their years in their programs (Welsh, 2012) and the
specific strategies, such as formative assessments used by
instructors (Brazeal et al., 2016). Other studies have reported
students valuing both active-learning and traditional lec-
ture-style courses almost equally (Yuretich, 2003; Machemer
and Crawford, 2007). However, most of these studies do not
report on demographic-specific differences in student percep-
tions. Continued efforts need to be made to understand how
classroom transformations are being received by students and
whether they are resulting in equitable outcomes among
diverse student groups.

Although researchers are starting to look at how active
learning may have dissimilar impacts among ethnic and racial
groups, by gender, and/or by socioeconomic status, to date,
much of this research has focused on “traditional” college stu-
dents. Traditional college students have been defined as those
who are 18-22 years old, have full-time status in school, live in
the dormitories, do not work or have extra responsibilities,
and/or tend to have started at the university straight out of
high school (Choy, 2002). However, many colleges and univer-
sities around the nation do not serve only traditional student
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populations; thus, understanding active learning from the per-
spective of all student types, traditional and nontraditional,
should be pursued. The National Center for Education Statistics
(NCES) considers students “nontraditional” if they fall into at
least one of these categories: delayed college enrollment (i.e.,
older), part-time enrollment status, full-time employment,
financially independent (with regard to financial aid status),
with dependents, and/or no high school diploma.

The enrollment of nontraditional and URM students in
degree-granting institutions increased between 2000 and 2015
and is projected to continue to increase over the next 10 years
(NCES, 2017). Many of these nontraditional students attend
open-access institutions, such as public universities and com-
munity colleges (Doyle, 2010); therefore, classrooms in these
institutions have students with wide-ranging life experiences
and characteristics sitting and working side by side. Research-
ers have found evidence that there are differential predictors of
persistence between these groups of students. For example,
one study found that students’ lack of an institutional commit-
ment (e.g., only enrolling for a few credit hours, intent to
leave) and low grade point average (GPA) were top predictors
of attrition for nontraditional students (Metzner and Bean,
1987), while others found that persistence varies significantly
by age: where traditional-age students were strongly influ-
enced by encouragement, support, and academic integration,
and adult students were most influenced by social integration
(Crawford Sorey and Harris Duggan, 2008). Classrooms that
are composed of both traditional and nontraditional students
may introduce unique challenges to the students as well as the
instructors, particularly as we work to adapt our classrooms to
be more student-centered, using group-style, active-learning
strategies. There are a number of frameworks to predict and
describe how an adult learner may differ from younger learn-
ers. For example, andragogy theory, informed by constructivist
and metacognitive lenses, implies that adult learners are more
self-aware of their learning and therefore interact with the
classroom differently than traditional-age college learners
(Kegan, 1994; Mezirow, 2000; Kenner and Weinerman, 2011).
Further, researchers have reported mixed views on adult learn-
ers’ perceptions of their preferred strategies, including a predi-
lection for both instructor-centered and student-centered
learning, depending upon the study (see Ross-Gordon, 2003),
but data are limited on how these students’ performances and/
or perceptions may be similar or different from those of their
peers in introductory STEM courses.

Our institution has a largely nontraditional student popula-
tion that consists of students of a broad range of ages and prior
college experiences, including many postbaccalaureate stu-
dents (postbacs) and URM students. To begin to better under-
stand our students’ experiences, we took a coarse-grained view
of the introductory majors—level biology and chemistry courses
and studied how the students at a nontraditional urban univer-
sity perceived and performed in their courses. Our research
specifically asked,

1. What aspects of their courses do students report as influenc-
ing their learning of the subject matter, and their interest in
the subject matter?

2. How do students perceive specific active-learning strategies
used within a course?
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3. Are there trends in student perceptions that are aligned with
student demographic traits and/or university status (e.g.,
postbac, traditional, or non-traditional-age undergraduate),
and is there a relationship between student course perfor-
mance and student perceptions or traits?

METHODS

Courses Surveyed

This study was conducted at Portland State University (PSU), a
large, urban, commuter university located in downtown Port-
land, OR. Two sections each of 200-level introductory (for sci-
ence majors) biology and chemistry courses were surveyed
during a single term of the 2016-2017 academic year. Table 1
describes courses involved in the study (see Supplemental
Material S5-S8 for syllabi). While the two biology sections were
the same course, their structures differed. Section 1 used multi-
ple active-learning strategies; thus section 1 is deemed Integrat-
ed-AL Biology. Section 2 was taught by a different instructor
and used limited active learning and is deemed Limited-AL
Biology. The chemistry sections (1 and 2) had two different
instructors and were intentionally aligned regarding material
and the use of multiple active-learning strategies, and thus are
considered to be similar chemistry learning environments for
this study and are collectively considered Integrated-AL Chem-
istry. All courses in this study used a classroom response system
(i.e., clickers), although course instructors used the response
systems in varying ways. Limited-AL Biology is deemed “lim-
ited,” because the only active-learning strategy used was the
classroom response system. Here, clickers were used for peri-
odic check-ins, such as recall of recently presented information,
with an average of four clicker questions per 110-minute class
period. Integrated-AL Biology and Integrated-AL Chemistry
also used the response systems for periodic check-ins (with an
average of four to five clicker questions per 65-minute class
period), but also incorporated clickers into various formative
assessments, such as a mechanism to guide group-work activi-
ties and/or to facilitate think—pair—share activities. Additionally,
Integrated-AL Chemistry employed process-oriented guided
inquiry learning (POGIL) group-work activities weekly and out-
of-class online homework. Group-work activities were embed-
ded into Integrated-AL Biology three times per term and
included articles, group deliberation, and out-of-class quizzes
on articles and essay questions; these activities were “Delibera-
tive Democracy” (DD) modules originally developed for
nonmajors biology and are currently being piloted and assessed

TABLE 1. Course descriptions

Student Perceptions of Active Learning

in many STEM courses at our institution (Weasel and Finkel,
2016; Komperda et al., 2018). DD is a novel active-learning
strategy that is intended to connect course material to real-
world policy-related issues.

Survey Item Development

To gain insight into student perceptions regarding what influ-
ences their learning and interest in science, and to understand
their perceptions of the instructional strategies implemented in
their classrooms, we developed a series of open-ended prompts.
The original wording of the prompts was, 1) “What aspects of
your class experience were the most helpful to your learning
and interest in science?” and 2) “How did you feel about
active-learning strategies that your professor used in this class
(i.e., clickers, group-work: POGIL, DD)? Please be specific
about which active-learning strategy you’re giving feedback
on.” These items were piloted in all courses as part of a larger
assessment effort during the 2015-2016 academic year. Read-
ing through and coding responses to these items, our research
team recognized the ambiguity in our prompts (specifically that
influences on learning and interest are separate constructs). We
therefore disaggregated the questions to address learning and
interest in two separate prompts and developed explicit prompts
about the specific active-learning strategies in a given course.
We performed think-aloud interviews on the revised questions
with several students from the target populations. These modi-
fications and interviews resulted in three new items: 1) “What
aspect(s) of this class influenced your learning of the subject?,”
2) “What aspect(s) of this class (if any) influenced your interest
in the subject?,” and 3) “How do you feel about the following
learning strategies used in this class?” Item 3 on each survey
was tailored to include only course-specific prompts for each
strategy used in a given class (noted in Table 1) including:
classroom response systems (clickers); POGIL (chemistry group
work); and DD (biology group work).

To collect data for this study, we added the revised open-
ended items to the end of a postcourse survey administered in
STEM courses at PSU during the last week of the term. Mem-
bers of the research team visited each class to announce the
survey using a script and informed the students that the link to
the survey was available on each course’s online learning man-
agement site. The survey was administered via Qualtrics soft-
ware, and all instructors offered nominal extra credit for
students who accessed it. Student demographic information
was collected at the end of each survey and included gender,

In-class strategies used

Classroom response Group-work type % Final score from
Course Students Room type system (clickers) POGIL DD nonsummative factors?
Integrated-AL Biology N =307 Stadium seating, swivel v v 30
M-W-F mornings Study n =179 chairs, walkable rows
Limited-AL Biology N=187 Fixed-row seating v 10
M-W evenings Study n =79
Integrated-AL Chemistry N=370 Stadium seating, swivel v v 24
M-W-F mornings Study n =199 chairs, walkable rows
Integrated-AL Chemistry N=310 Stadium seating, swivel v 4 24
Tu-Th afternoons Study n =201 chairs, walkable rows

“Nonsummative factors include clicker points, online quizzes, homework, group work, writing assignments, etc.

CBE—Life Sciences Education « 18:ar3, Spring 2019

18:ar3, 3



E. E. Shortlidge et al.

race/ethnicity, university major, age, university status (post-
baccalaureate or undergraduate), and whether students trans-
ferred to PSU from a 2-year college. Complete course grade
records were obtained from the instructors and/or the online
grade platform (Desire2Learn) after the term, and incoming
student GPA was accessed via an institutional database. Owing
to differences in course point allocations and classroom activi-
ties, scores for each student are broken into two categories:
1) final course score is their percent score earned in the course
(0-100+%, as assigned by the instructor); and 2) their non-
summative grade factor, which was calculated as: final course
score — percent of earned summative (e.g., exams and final
exams) points possible. For example, if a student earned 87%
for their summative (exam) points, and their final course score
was 90%, the nonsummative grade factor was 3%, representing
the percentage points gained through nonsummative work.
This grade factor allows for the consistent evaluation of the
influence of nonsummative scores on final course score. Only
students who consented to have their data be used in education
research are represented in this study. The study was approved
by the PSU IRB (#153524).

Focus Groups

We conducted focus groups during the 2016-2017 academic
year to identify whether the open-ended prompts were accu-
rately capturing the spectrum of student perceptions. Students
were recruited from introductory STEM courses via email and
were offered a $10 gift card for their participation in a focus
group. A total of 30 students from five introductory STEM courses
participated in seven focus groups. Each focus group session was
conducted by two researchers (including L.R.-G.) and was video-
and audio-recorded for transcription purposes. Volunteer partici-
pants were informed that the recordings would be destroyed
after transcription and data collection. Focus group transcripts
were open-coded and then compared with the themes arising
from the open-ended survey questions (L.R.-G., E.E.S., J.B.).

Data Analysis
Using content analysis to uncover emergent themes from the
open-ended items, we developed an initial coding rubric based
on the 2015-2016 survey responses. Two researchers docu-
mented recurring themes from the responses (including
L.R.-G.), and three members of the research team discussed the
themes and consolidated them into overarching codes (E.E.S.,
L.R.-G.). Additional themes were added to the rubric as they
arose from the newly worded items administered to students in
the 2016-2017 academic year. Once a comprehensive coding
rubric was iteratively developed (see Supplemental Tables S1
and S2), two researchers coded small batches of student
responses until >80% interrater reliability was consistently
established. Following this, 20% of all responses were coded
with >85% interrater reliability among two researchers (L.R.-G.,
C.S.). One researcher coded the remainder of the student
responses and conferred with the other researcher, coming to
consensus if there were ambiguities regarding specific student
responses (L.R.-G.). Individual student responses often fell into
more than one code category, and were coded as such.

Student responses to the third prompt, asking how they felt
about each specific strategy used in each class, were coded as
positive, negative, both, or neutral. The same iterative coding
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methods were used (L.R.-G., C.S.). As more than one strategy
was used in the Integrated-AL Chemistry and Biology courses,
each student in these courses was assigned a course-specific pos-
itivity score based on the number of possible strategies to which
they were exposed. For example, in the Integrated-AL Biology
course, students were asked about two strategies: clickers, and
DD (biology group work)—if their answers were coded as posi-
tive for both strategies, they would have a positivity score of 2, if
they were coded as making a positive statement about one of the
two strategies, their score would be a 1, and if they made nega-
tive statements about each strategy, they received a score of 0.

Focus group transcripts were analyzed by two researchers
who came to consensus about all themes that arose related to
students’ interest in and learning of course material. These
themes were then compared against the coding rubric devel-
oped from the open-ended questions (L.R.-G., E.E.S., J.B.).

Statistical analyses were performed on statistical software
(SAS JMP Pro 2012, SAS Institute, Cary, NC): Pearson’s chi-
square tests were used when testing for relationships among
categorical variables (contingency tables), t tests or one-way
analysis of variance (ANOVA) were used to compare mean final
course score (%) and GPA among different groups; mixed-
model analyses were used when examining the interaction of
URM and non-URM by student status (traditional/nontradi-
tional age). Tukey’s honestly significant difference (HSD) post
hoc analyses were used to make among-group comparisons. We
used linear regression to investigate correlation between under-
graduate GPA and course scores. All reported significance was
determined by p values < 0.05.

RESULTS
Study Population
In total, 601 individual students are represented in the final
data set. During this term, students could have been enrolled in
both the biology and chemistry courses surveyed, as the courses
are often taken in parallel. Because the surveys were intended
to capture course-level responses, each usable survey response
per course was counted as an individual data point, resulting in
658 accessed surveys. For each counted response, a student
must have 1) consented to have his or her responses to be used
for research and 2) completed at least one of the three open-
ended prompts at the end of the survey. Overall, 57 of the total
responses (9%) were from students represented at two times—
once from a biology course and once from a chemistry course.
We report sample demographics of the 601 individuals in
Table 2 as follows: gender; race/ethnicity as either non-URM
(white/Caucasian and Asian/Pacific Islander) or URM (African
American/Black, Latino/a, Middle Eastern, Native American,
and multiracial); participants self-identified as undergraduate or
postbaccalaureate (postbac) and indicated whether or not they
had transferred to PSU from a 2-year college. We binned stu-
dents as being of “traditional” age (18-22 years old) or “nontra-
ditional” age (23+ years old) per Choy (2002). Student declared
majors were organized into four categories: Biology, Chemistry,
other STEM, and non-STEM. Other STEM majors included gen-
eral science, engineering, computer science, environmental
studies, geology, health studies, mathematics, and physics. Non-
STEM majors included art, business, psychology, sociology, polit-
ical science, geography, economics, and English. More than 70%
of surveyed postbac students who declared their future goals
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TABLE 2. Study sample demographics (n = 601)

Category Percent Category Percent
Gender Major

Female 56 Biology 35
Male 44 Chemistry 7
Other/did not respond 1 Other STEM 49
Race/ethnicity Non-STEM 9
Non-URM 74  University status

URM 26  Postbaccalaureate 13
Did not respond 2 Undergraduate 86
Age bracket (years) Transfer status

18-22 (traditional) 60 Transfer from 2-year college 25

23+ (nontraditional) 40

reported them as being in health and/or science. Aggregate
demographic traits of the study sample are representative of
PSU’s general undergraduate population. We focused statistical
analyses on what may be predicted as salient and broad catego-
ries of student groups at PSU, including age group, student sta-
tus (postbac or undergraduate), transfer (from 2-year college)
or nontransfer, and race/ethnicity (URM or non-URM).

Student Perceptions of Active Learning

Gauging Student Perceptions of What Influenced
Their Learning
The first open-ended prompt addressed student perceptions of
what they perceived influenced their learning of the science in
their courses. The themes, descriptors, and examples of student
quotes that comprised a theme are reported in Table 3, and the
coding rubric can be found in Supplemental Table S1. The
themes reported by > 5% of the study population were: In-Class
Strategies (45%), Outside (course-related) Resources (38%),
Professor (30%), Group Work (17%), Personal Interest/Applica-
tion (9%), Classroom Community (8%), and Labs/Workshops
(7%). Some students made statements that fell into more than
one theme; therefore, the percentages of themes add up to more
than 100%. Disaggregated response themes by course type
(Limited-AL Biology, Integrated-AL Biology, and Integrated-AL
Chemistry) are presented in Table 4. There were significant dif-
ferences among the proportion of responses by course type for
two of the seven themes, as indicated by the asterisks in Table 4.
Overall, postbacs were significantly more likely than under-
graduates of any age to identify Professor as being influential
(n=567; Pearson chi-square = 14.79; p = 0.002). There were no
other significant trends by student group across all courses.
Yet we also looked at student perceptions of what influenced
their learning in the Integrated-AL classrooms (Biology and

TABLE 3. Top student responses regarding “What aspect(s) of this class influenced your learning of the subject?”

Theme (n = 567 responses)

Descriptors

Sample quotes

In-Class Strategies
45%

Outside (course-related)
Resources
38%

Professor
30%

Group Work
17%

Personal Interest/Application
9%

Classroom Community
8%

Laboratories/Workshops
7%

Any strategy used during class
time, including lecture, videos,
classroom response systems
(clickers), slides, etc.

Materials that are provided by the
course/professor that can be
used outside class time

Student refers to the professor’s
teaching style, interest in the
material

Includes mention of POGIL, DD,
other group-work activities,
including worksheets/
discussions

Student holds interest in a topic,
student makes a real-life
connection with the material

Student mentions peers, friends,
and/or study groups

Student refers to the workshop or
lab section of the course

“The lecture itself along with clicker questions supported my learning. It was
a nice break from course materials.” (Biology)

“The clicker questions, good way to see an example question and get an
answer and explanation to how it’s done.” (Chemistry)

“Having the lectures being recorded was very useful in case I didn’t totally
grasp a concept in class, I could easily go back and watch it over again. I
also liked the PowerPoints being available on D2L to look over on my
own and do some more studying accompanying the textbook.” (Biology)

“Mastering chemistry [online homework] was good practice, I used it to
study for tests and it worked great. The book was also good.” (Chemistry)

“The instructor’s enthusiasm!!! Her passion and interest in the subject was of
the highest importance.” (Biology)

“[The professor] does a good job of going through the steps and explaining
each step or concept well. I like [the] worksheets and the fact that [the
professor] posts answers later on D2L.” (Chemistry)

“I think the [DD] are supplemental and are great for applying what I already
know in biology to solving some of the issues the world has today. It’s
also great to discuss topics with peers and obtain additional perspectives.”
(Biology)

“I believe that the group work [POGIL] aspect of the class helped me connect
with my fellow classmates and learn how to do things from others.”
(Chemistry)

“Understanding more about diseases and medicines.” (Biology)

“The chemistry of acids and bases and the cell-batteries.” (Chemistry)

“I also made friends with some fellow classmates, and being able to study
together or ask each other questions was very useful in helping me learn
and understand the material.” (Biology)

“Being able to make friends greatly contributed to my learning. Attending a
class with over 250 students can be lonely if you do not know anyone.”
(Chemistry)

“Hands on in labs helps.” (Biology)

“I really enjoyed the attached Chemistry workshop because the TA provided
a lot of help with working through the tougher problems that we don’t
necessarily have a lot of time to practice during lecture.” (Chemistry)
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TABLE 4. Top student responses regarding: “What aspect(s) of this
class influenced your learning of the subject?” by course type®

Limited-AL Integrated-AL Integrated-AL

Biology %  Biology % Chemistry %
Theme (n=63) (n=152) (n=352)
In-Class Strategies 41 53 43
Outside (course-related) 35 38 40
Resources
Professor 22 30 32
Group Work*** n/a 9 24
Personal Interest/ 19 11 6
Application**
Laboratories/Workshops 10 3 8
Classroom Community 6 5 9

aSignificant differences among responses by course as determined by Pearson’s

chi-square test: **, p <0.001; ***, p < 0.0001. Many students had responses that
fell into more than one theme.

Chemistry) only, as themes such as Group Work were not rep-
resented in the Limited AL Biology classroom (as to be
expected). Upon analysis of the Integrated-AL classrooms, post-
bacs higher likelihood to identify Professor as influential
remained (n = 504; Pearson chi-square = 17.22; p = 0.002), but
there were other intriguing trends that emerged. In-Class Strat-
egies was reported significantly less often by transfer students
than nontransfer students (n = 504; Pearson chi-square = 4.45;
p =0.04). Although nonsignificant, we saw a trend in tradition-
al-age undergraduates being more likely to discuss both Group

Work (p =0.11) and Community (p = 0.06) factors as influenc-
ing their learning in the classroom over either non-traditional-
age undergraduates or postbacs. There were no detected differ-
ences between URM and non-URM students’ perceptions of
learning influences in either all courses combined or the Inte-
grated-AL courses only.

Gauging Student Perceptions of What Influenced

Their Interest

The second open-ended prompt addressed student perceptions
of what they felt influenced their interest in the science in their
courses. The themes, descriptors, and examples of student
quotes are reported in aggregate in Table 5, and the coding
rubric can be found in Supplemental Table S2. The top themes
reported by >5% of the study population were: Specific Sub-
ject/Topic (32%), Subject/Topic Application to Real Life (22%),
Professor (16%), In-Class Strategies (8%), Laboratories/Work-
shops (8%), Group Work (6%), and Relates to Career Goals
(6%). Students may have discussed more than one theme in
their response; thus, theme categories do not sum to 100%.
There were significant differences detected among the propor-
tion of responses by course type for five of the themes, as indi-
cated by asterisks in disaggregated data presented in Table 6.
Undergraduate students (of all ages) were significantly more
likely to state that Specific Subject/Topic influenced their inter-
est in the course material over postbacs (n = 466; Pearson chi-
square = 6.03; p = 0.05). No other differences were detected
among any evaluated student groups regarding self-reported

TABLE 5. Top student responses for “What aspect(s) of this class (if any) influenced your interest in the subject?

Theme (n = 466 responses) Descriptors

Sample quotes

Specific Subject/Topic
32%

Student mentions a particular
topic(s) he or she has interest in

“An aspect of this class that influenced my interest in science, is that I

always had an interest in wanting to learn more about DNA, how life
came to be, and cells.” (Biology)

Subject/Topic Application to
Real Life
22%

Professor
16%

In-Class Strategies
8%

Laboratories/Workshops
8%

Topic Relates to Career Goals
6%

Student mentions real-life
applications for the material

Student refers to the professor’s
teaching style, interest in the
material

Any strategy used during the class
time, including lecture, videos,
classroom response system, etc.

Student refers to the workshop or
lab section of the course

Student mentions subjects/topics
that relate to school/career
goals

“Talking about the atomic spectrum, Lewis structure, and solubility
influenced my interests in science.” (Chemistry)

“Real life applications like gene therapy or saturated fats in foods”
(Biology)

“Real world applications. Chemistry relates directly to the real world and
can be used to explain many interesting phenomena that occur
within it.” (Chemistry)

“Professor’s enthusiasm.” (Biology)

“The teacher makes the class very fun and interesting. [The professor is]
very helpful and supportive and I would love to take another class of
chemistry because of [the professor].” (Chemistry)

“The lectures where we used videos on the topic were helpful and
interesting.” (Biology)

“[The professor] made the lectures somewhat entertaining and not
as intimidating as the stuff [ would read out of the textbook.”
(Chemistry)

“The lab was fun and made me more interested in biology.” (Biology)

“One thing that influenced my interest would be the lab. I enjoy to do
hand-on things so that I can learn and understand why something
will occur.” (Chemistry)

“Learning about molecular structures. Will help a lot with medical
school.”(Chemistry)

“Genetics applies to my career in healthcare.” (Biology)

Group Work POGIL, DD, other group-work activ-  “I thought that [the DD] were good at piquing my interest in specific
6% ities, including worksheets/ fields of biology.” (Biology)
discussions “Having stable groupmates to work with helped me stay focused,
interested, and accountable this term.” (Chemistry)
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TABLE 6. Top student responses (%) for “What aspect(s) of this
class (if any) influenced your interest in the subject?” by course
type?

Limited-AL Integrated-AL Integrated-AL
Biology % Biology %  Chemistry %
Theme (n=63) (n=135) (n=268)
Specific Subject/Topic 33 34 27
Subject/Topic 25 25 20
Application to
Real Life
Professor* 11 11 20
In-Class Strategies™* 0 6 11
Group Work*** n/a 16 2
Laboratories/ 10 4 9
Workshops*
Relates to Career Goals 5 5 7

aSignificant differences among responses by course as determined by Pearson’s chi-
square test: *, p <0.05; **, p <0.001; ***, p <0.0001. Many students had responses
that fell into more than one theme.

influences on interest in the course material, neither in all
courses combined nor in the Integrated-AL courses only.

Student Focus Groups

A total of 30 students participated in focus groups regarding the
learning and interest prompts. Independent open-coding of
focus group responses revealed themes similar to those that
arose from the open-ended prompts administered on the survey.
Specific themes can be found in Supplemental Tables S3 and S4.
While not every theme identified in the survey responses arose
within the focus groups, it is encouraging that no new themes
arose in the group discussions. As open-ended responses can be
seen as taxing to students being surveyed, these data support
the survey responses accurately reflecting student perceptions.

Student Perceptions of Active Learning

The third open-ended prompt addressed student perceptions of
how they felt about the strategies used in their courses (Figure
1). Students in all courses had overwhelmingly positive remarks
about the use of clickers (84%) with only 21% offering negative
comments. In Integrated-AL Chemistry, group work was more
evenly split, with 60% of students speaking positively and 47%
negatively. In Integrated-AL Biology, student comments were
80% positive and 42% negative regarding group work. Some
students made both a positive and a negative comment about

TABLE 7. Student perceptions of learning strategies

Student Perceptions of Active Learning

[ Negative Perceptions
g 75 = Positive Perceptions
£
° 604
2
"
S 45
€
@
5 30+
&
15 l l
Clickers Integrated-AL Biology Integrated-AL Chemistry
all courses group work group work
(n=632) (n=177) (n =380)

FIGURE 1. Students have positive attitudes about the active-learn-
ing strategies used in their courses. Students responded to each
open-ended question regarding specific strategies used in their
courses. Responses that were coded as positive or negative are
represented. In total, 21% of student responses were negative and
84% were positive about clickers. Students had negative comments
about group work in Integrated-AL Biology 42% of the time, and
80% had positive perceptions, while group-work in Integrated-AL
Chemistry was perceived negatively by 47% of the students, and
60% had positive things to say. Totals do not add up to 100%, as
many students had multiple perspectives in each open-ended
response, each of which was coded.

strategy; both were counted. A relatively small number of stu-
dent responses could not be coded as positive or negative, but
were coded as neutral (e.g., “It [strategy] was fine”). We do not
present neutral data; only positive and/or negative examples of
student quotes are provided in Table 7. Disaggregated responses
by course type show the relative percent of positive and nega-
tive perceptions of each strategy by course (Table 8). Limit-
ed-AL Biology students were significantly more likely to say
something negative about clickers (n = 632; Pearson chi-square
=33.0; p<0.0001) and less likely to have something positive to
say about clickers (n = 631; Pearson chi-square = 40.1; p <
0.0001). One significant difference found between groups of
students was that URM students were significantly less likely to
have a positive perception of DD (biology group work; n=177;
Pearson chi-square = 4.71; p = 0.04), and non-traditional-age
students and postbacs were significantly more likely to have
negative perceptions of clickers than traditional-age students (n
= 632; Pearson chi-square = 8.28; p = 0.02). Here we note that
postbacs are mostly of nontraditional age (64%), yet 36% of
non-traditional-age students are not postbacs; therefore, these
specific reported data have the potential to be somewhat

Learning strategy Positive

Negative

Classroom response
system (clickers)

everyone’s name.” (Biology)

“I like the [clickers]. They give the teacher a good
place to see where the class is at and explain
concepts more thoroughly if need be. It’s also a
better way to gauge attendance than calling out

“I just wish the iClickers were cheaper since the course requires
so many different materials, which makes it even more
expensive than it already is. This can be very discouraging
for students who wish to take the class but are very short on
funds (which most of us are).” (Chemistry)

POGIL “I think that this strategy [POGIL] is helpful because I ~ “There wasn’t enough motivation for everyone to participate.”
am able to get help and learn from other people (Chemistry)
along with making friends.” (Chemistry)

DD “They [DD] are really interesting because they make “[DD] Waste of time... Can’t believe we lost class periods that

the topics that we learn in class more relatable to

the real world.” (Biology)

could have been spent covering skipped lecture topics.”
(Biology)
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TABLE 8. Course-specific student attitudes about group work?

Classroom response system (clickers)

Group work

Course n % positive % negative n % positive % negative
Limited-AL Biology® 74 58 46 n/a n/a n/a
Integrated-AL Biology 173 87 17 177 80 42
Integrated-AL Chemistry 385 87 17 380 60 47

2Some students reported both positive and negative feeling about strategies; therefore, response categories total >100%.
bStudents in Limited-AL Biology were significantly more likely to say something negative about clickers and were significantly less likely to say something positive com-

pared with the other two courses (n = 632).

confounded by age. However, with postbac students excluded
from the data, the trend remains the same—non-traditional-age
students are more likely to perceive clickers negatively. We
found no additional correlations or trends in attitudes toward
specific active-learning strategies among groups.

For each student, a “positivity score” was determined based
on their response to each strategy-specific open-ended prompt.
In Integrated-AL Biology and in Integrated-AL Chemistry, a pos-
itivity score could range from O to 2, reflecting the number of
specific strategies used, and Limited-AL Biology students’ scores
could range from O to 1. In Limited-AL Biology (n =79), 46% did
not say anything positive about clickers (therefore a 0), and 54%
had a positive perception (a 1). Of students in Integrated-AL
Biology (n=178), 5% had a score of O (student had zero positive
things to say about active-learning strategies), 28% had a score
of 1 (student had positive things to say about either of the strat-
egies), and 68% had a score of 2 (student had positive things to
say about both strategies). For Integrated-AL Chemistry (n =
400), 21% had a score of 0, 38% had a score of 1, and 52% had
a score of 2. These scores are used as a proxy for attitude toward
classroom strategies in subsequent analyses.

Student Course Performance

In all three course types, current student GPA was a significant
predictor of final course score (Limited-AL Biology, R? = 0.28;
Integrated-AL Biology, R* = 0.61; and Integrated-AL Chemistry,
R?=0.46; all p < 0.0001). There were significant differences in
current GPA among a few student groups. URM student mean
current GPAs (n = 152; x = 3.01, SEM = 0.04) were lower than

a b
107 110+
2 1001 see 1004 _T_
@ 904 90
=X
% 70- 5 70-
g 60- . . 60- J_
O 50+ ) 50+ *
% 40 404
£

non-URM (n = 435; x=3.18, SEM = 0.03; F = 10.0; p = 0.002).
We also detected differences between postbac mean current
GPAs (n = 80; x = 3.37, SEM = 0.06; F = 16.5; p < 0.0001),
and undergraduates (n = 519; x = 3.09, SEM = 0.02). Non-
traditional-age student mean current GPAs (n = 237; x = 3.08,
SEM = 0.04) were lower than traditional-age student GPAs (n =
362; x = 3.16, SEM = 0.03; F = 2.73; p = 0.10), although not
significantly so. Transfer status did not impact GPA.

The highest mean final course score was in Integrated-AL
Biology (x = 86.7%, SEM = 0.01), followed by Integrated-AL
Chemistry mean final course score (x = 77.9%, SEM = 0.00),
and Limited-AL Biology (x = 70.5%, SEM = 0.12). We also cal-
culated and compared separate scores for summative points
and for nonsummative points (nonsummative grade factor).
Summative scores in all courses significantly predicted final
course scores.

Student Attitude Toward AL Does Not Impact Final Course
Score or Summative Grade Factor

No significant differences were detected among average final
course score or summative grade factors and student attitude,
as determined by their positivity scores in any of the courses
(Figure 2).

Student Final Course Scores Differ by Student Status

Postbac students had the highest mean final course scores
across the entire sample (x = 85.8%, SEM = 1.25; n = 94) com-
pared with all undergraduates (x = 78.5%, SEM = 0.53; t =
4.79; n = 563; p < 0.0001). Traditional-age undergraduates

peey
Ax%,

*
2%

*
*

0(n=9) 1(n=49)  2(n=121) 0(n=42)

Number of stategies perceived
positively in Integrated-AL Biology

1(n=152)

Number of stategies perceived
positively in Integrated-AL Chemistry

2 (n = 206) 0(n=36) 1(n=43)

Number of stategies perceived
positively in Limited-AL Biology

FIGURE 2. Student attitudes about active-learning strategies are not correlated to final course grades. (a) Integrated-AL Biology courses
and (b) Integrated-AL Chemistry courses both used two distinct active-learning strategies, while (c) Limited-AL Biology used one distinct
strategy. Box plots compare final course scores of students with varying positivity. Boxes define the data quartiles, and whiskers represent
the 5th and 95th percentiles. Midline represents the median course score, and stars are data points falling outside of the 5th to 95th

percentile.
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FIGURE 3. Postbacs have high final course scores and low nonsummative grade factors
across courses. Box plots compare final course scores of students by age and university
status. (a) Across courses, postbac students have the highest mean final course score, (n =
657; F=11.76; p < 0.0001), and traditional-age undergraduates have higher final course
grades than non-traditional-age students. (b) Postbac students across courses have a
significantly lower nonsummative grade factors than undergraduates of all ages (n = 657;
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(18-22 years) have higher mean final
course scores (n = 362; x = 79.3%, SEM =
0.68; t = 1.8; p = 0.07; Figure 3a) than
non-traditional-age undergraduates (23+
years, nonpostbacs) (n = 201; x = 77%,
SEM = 01.11). Although the differences
between traditional- and non-tradition-
al-age students were not significant within
each course, the trend of traditional stu-
dents outperforming students aged 23+
persists in the Integrated-AL courses, but
not in the Limited-AL course. In each
course, postbacs outperform undergradu-
ates of all ages, significantly so in Integrat-
ed-AL Biology (n = 178; F = 6.07, p =
0.003; Figure 3c) and in Integrated-AL
Chemistry (n =400; F=10.68; p < 0.0001;
Figure 3e), and similarly but nonsignifi-
cant in Limited AL Biology (n = 79; F =
1.17; p = 0.31; Figure 3g). There were no
significant differences in final course
scores among subgroups of postbacs (e.g.,
by age or URM status).

We further analyzed the data without
postbacs to better understand the rest of
the population. Here, we found that URM
students have, on average, significantly
lower final course scores (n = 157; x =
75.0%, SEM = 0.01) than non-URM stu-
dents (n = 395; x = 79.9%, SEM = 0.01; F
=12.04, p=0.0006). There were no signif-
icant differences among age groups,
although traditional-age students had
slightly higher mean final course scores
than non-traditional-age students, as did
non-transfer students over transfer stu-
dents. Because active learning is intended

F=8.36; p=0.0003). (c) Postbacs outper-
form undergraduates in Integrated-AL
Biology final course scores (n =178; F=6.07,
p =0.003). (d) Integrated-AL Biology
postbacs have significantly lower nonsum-
mative grade factors than undergraduates
(n=178; F=3.28; p = 0.04). (e) Postbacs
outperform undergraduates in Integrated-AL
Chemistry final course scores (n=400; F=
10.68; p < 0.0001). (f) Integrated-AL
Chemistry postbacs have nonsignificantly
lower nonsummative grade factors (n = 400;
F=1.9; p=0.15). (g) Postbacs outperform
undergraduates in Limited AL Biology (n =
79; F=1.17; p = 0.31), but not significantly so.
(h) Limited-AL Biology postbacs also had
significantly lower nonsummative grade
factors (n=79; F=4.23; p=0.02). Boxes
define the data quartiles, and whiskers
represent the 5th and 95th percentiles.
Midline represents the median course score,
and stars are data points falling outside of
the 5th to 95th percentile.
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FIGURE 4. URM students have low final course scores but benefit from nonsummative grade factors. Box plots compare final course
scores of students by age and URM status. (a) Final course grades differ significantly among the four student groups (URM traditional age,
URM nontraditional age, non-URM traditional age, non-URM nontraditional age) significantly (n = 552; F= 6.07; p < 0.0005). (b) Final
nonsummative course scores differ significantly among the same student groups (n = 552; F = 2.62; p = 0.05). Boxes define the data
quartiles, and whiskers represent the 5th and 95th percentiles. Midline represents the median course score, and stars are data points falling

outside of the 5th to 95th percentile.

to close the achievement gap between URM students and non-
URM students, we also looked at performance of URM students
in the two age groups (two potential factors in underperfor-
mance) and found significant differences in final course score
means (n = 552; F = 6.07; p = 0.0005). Tukey’s HSD post hoc
analyses reveal that non-traditional-age URM students under-
perform compared with other students, while traditional-age
non-URM students are the top-performing students in all
courses (Figure 4a), once postbacs are excluded. We see the
same trend in each course; however, due to low sample sizes
and the focus of the study, we did not further analyze those
disaggregated data. We did not include undergraduates who
chose not to report race/ethnicity (n = 11).

Nonsummative Grade Factor
The number of total course points possible that were nonsum-
mative differed by class (Table 1), with Limited-AL Biology hav-
ing 10% of the final points coming from nonsummative course
factors, Integrated-AL Biology 30%, and Integrated-AL Chemis-
try 24%. The mean numbers of nonsummative grade factors
earned by students in each course are therefore different. On
average, Limited-AL Biology students’ nonsummative grade fac-
tor was 1%, Integrated-AL Biology was 9%, and Integrated-AL
Chemistry was 6%. This means that, on average, students
earned a 1-9% boost in their final course scores over their sum-
mative (i.e., exams and final) scores alone. Postbac students
across all classes have significantly lower nonsummative grade
factors than undergraduates of all ages (n = 657; F = 8.36; p =
0.0003; Figure 3b). This trend remains for all three courses.
Integrated-AL Biology postbacs have significantly lower non-
summative grade factors (n = 178; F = 3.28; p = 0.04; Figure
3d); the same is true for Limited AL Biology (n = 79; F = 4.23;
p = 0.02; Figure 3h) and Integrated-AL Chemistry, but was not
significant (n = 400; F = 1.9; p = 0.15; Figure 3f).

We also evaluated the undergraduate-only (postbacs
excluded) nonsummative grade factors by disaggregated stu-
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dent groups (age group and URM status) and found that URM
students were earning significantly higher nonsummative grade
factors (on average 7% vs. 6%; n=552; t =1.96; p=0.02); and
when we examined URM status and age status, there was a
small significant difference among means (n = 552; F = 2.62;
p = 0.05). Traditional-age URM students earned the highest
nonsummative grade factors, and non-URM, non-traditional-
age students the lowest (Figure 4b). There were no significant
differences for transfer students, although non-transfer stu-
dents earned slightly higher than average nonsummative grade
factors.

DISCUSSION

What Impacts Student Learning?

We found there was a fairly homogeneous set of factors that
students self-identify as influencing their learning of biology
and chemistry, and these factors deviate little by student group.
Rising to the top of students’ open-ended responses were
In-Class Strategies (45%), which admittedly are variable, and
could range from lecture to clicker questions to videos; yet in
each course, this theme was the most prevalent (Table 4). How-
ever, 2-year college transfer students were significantly less
likely than non-transfer students to cite these influences in our
Integrated-AL classes. We hypothesize that the transfer stu-
dents may see our classrooms differently than non-transfer stu-
dents due to stark environmental differences between commu-
nity college campuses and a large, urban commuter university.
Non-transfer students may have already had one or more
large-capacity lecture courses, in which they were one of hun-
dreds of students sitting in a room, potentially with very little to
no student-centered activities; therefore, in-class strategies may
be perceived differently. Thus, doing group work and using
clickers in the large lecture classroom may have presented an
opportunity for non-transfer students to feel that they could
meaningfully engage with other students and the professor,
building a “sense of belonging” (Hoffman et al., 2002), whereas
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the experience may feel impersonal compared with a more inti-
mate community college environment. Feelings of not belong-
ing at a large university are documented impacts of the transfer
process, leading to elements of “transfer shock” (Hagerty et al.,
1996; Pennington, 2006; Hausmann et al., 2007), although,
contrary to what might be predicted, our transfer students are
doing as well in our classes (performance-wise) as non-transfer
students. We plan to more deeply investigate possible differ-
ences among our transfer and non-transfer students in hopes of
better understanding the challenges these students may face.

Perhaps unsurprisingly, it was the top-achieving students in
the courses, the postbacs (students who already have an
undergraduate degree), who most frequently identified Pro-
fessor as being influential to their learning. Although we do
not count attendance as a factor in our data, these data pro-
vide an argument for encouraging students to come to class,
as it is highly likely that a student who cites professors (often
by name) or specific details on what occurs during class
(in-class strategies) as being most impactful for their learning
is benefiting from being present in class. Outside Resources
were cited by a number of students (38%), and most preva-
lently by students regarding their Integrated-AL Chemistry
courses (Table 4). This higher prevalence in Integrated-AL
Chemistry is likely due to the required use of Mastering Chem-
istry for completing online homework assignments. This type
of outside resource was not required in the biology courses.

Interestingly, the Limited-AL Biology course students were
more likely than Integrated-AL Biology students to cite Labora-
tories/Workshops being important to their learning, even
though the laboratories for both biology courses were identical
and were composed of students from both sections in the same
laboratory classes. It is possible that without active-learning
activities embedded in the lecture classroom, laboratories pres-
ent more of a welcome, hands-on experience, whereas the Inte-
grated-AL Biology students are engaged in the learning process
more frequently, and thus may not think of the labs as readily. A
moderate percentage of Integrated-AL Biology and Integrat-
ed-AL Chemistry student responses were related to Group Work
being influential to their learning of the subject, which is
encouraging, because certain activities are embedded into the
curriculum (such as DD and POGIL) that are meant to enhance
student learning as well as interest in science. Most of the stu-
dents in these classes are biology majors, thus it is not surpris-
ing that the Personal Interest/Application theme was more reg-
ularly cited in both biology courses than in chemistry, as
students likely connect more with intrinsic interest if they are
pursuing biology and/or pre-health than chemistry.

We were surprised that we did not detect differences in
perceptions of the classroom between traditional- and non-
traditional-age students. One study found that younger stu-
dents perceive the classroom differently (Strage, 2008), more
like high school, while other studies, similar to ours, did not
find significant differences in traditional- and non-traditional-
age students’ predictors of their academic goals (Spitzer, 2000).
If there are differences, it seems that a finer-grained study will
be needed to detect those variations in perceptions among our
student groups; however, it may be useful for instructors of var-
ious classrooms, particularly those with student populations
similar to ours, to know how students perceive factors that most
influence their learning.
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What Impacts Student Interest?

Interest in STEM is thought to be a key predictor of persistence
in a STEM major (PCAST, 2012); thus, understanding how stu-
dents conceptualize their own interests deserves attention. In
this study, students report the influence that both similar and
different aspects of their courses have on their interest in science
compared with their learning of science. Many of the students
(32%) indicated that Specific Subjects/Topics from the course
content interested them, and many other students (22%) took
it further, indicating that they felt specific topics from the course
were pertinent to their own lives or could be applied to their
lives (Table 5). We thought that focus groups might elucidate
more themes regarding what influences students’ interest; how-
ever, the focus groups essentially revealed the same broad cate-
gories described by the open-ended survey items, just with
more personal examples (Table 5 and Supplemental Tables SI,
S3, and S4). We did find some course-specific factors that influ-
ence interest (Table 6). Notably, Integrated-AL Biology students
offered that aspects of Group Work influenced their interest,
which is likely due to the nature of the group work itself in Inte-
grated-AL Biology, which was often tied to “real-life” policy and
current issues that directly impact human lives. If we aim to
appeal to our students’ interests, understanding what they per-
ceive as impactful is a key first step.

Student Attitudes Vary Regarding Specific AL Strategies
Students offered quite a bit of positive feedback around the use
of clickers in the classrooms (84%; Figure 1 and Table 7), yet
this positivity was significantly more prevalent in the Integrat-
ed-AL classrooms, where clickers were used with higher fre-
quency in more varied evidence-based ways (e.g., to guide
group-work activities; Table 8). Other than lecture, classroom
response systems are arguably the strategy that students have
the most exposure to (Mayer et al., 2009) and may be used in a
variety of courses given the relative ease with which a professor
can embed clickers into lecture. The other strategies predictably
led to more mixed attitudes, although the majority of students
had positive things to say about all strategies (Figure 1 and
Table 8). Given the more even split in positivity, particularly
regarding the POGIL group work in chemistry, the next steps
will be to further disaggregate the positive and negative
responses and dive deeper into course-level differences and
similarities in the group-work experience (e.g., worksheet for-
mat, relative point allocation) that may influence a student’s
attitude. Work is underway as part of a larger evaluation plan
of the pedagogy to better understand the specific factors that
influence a student’s experience with DD.

Student Attitude about Classroom Strategies Does Not
Impact Performance, Yet Performance Is Highly Divergent
We expected to see that student attitude toward the courses’
strategies (indicated by the positivity score), particularly in the
Integrated-AL courses, would correlate with student grades
(i.e., more positive attitude, better grades, and vice versa), but
we detected no evidence for this relationship (Figure 2). The
lack of correlation, however, does support the stance that, even
if there is student pushback regarding the use of student-cen-
tered strategies in the classroom, our students are not being
negatively impacted (at least in performance) by the use of
strategies they do not necessarily perceive positively.
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Most interesting, and also most disconcerting, is that,
although students generally perceive the classroom environ-
ment similarly regarding influences on their interest and learn-
ing and their attitudes toward the classroom, there are still
significant performance differences among student groups
(Figures 3 and 4). We do not yet have the information needed
to help us better understand why this is occurring. Gaining a
broad view regarding the students in our classes was the first
step in working to build a more equitable classroom. The fact
that incoming GPA is strongly positively correlated with final
course score in all courses, however, confounds the data, as our
non-traditional-age (23+ years) and URM students enter
majors-level introductory science courses with lower GPAs than
their peers. Here, we are not necessarily creating the gap, but
upon a coarse-grained view, we are also not mitigating it—at
least as it relates to final course scores.

When we took a more nuanced view of classroom perfor-
mance, we found that nonsummative grade factors have the
smallest impact on the highest group of performers (postbacs)
and the greatest impact on URM students’ final course scores
compared with their peers. Although URM student final course
scores are significantly lower, looking at performance in this
disaggregated way allowed us to identify that perhaps we are
making incremental steps toward closing the achievement gap.
At the same time, non-traditional-age students showed the least
impact from nonsummative grade factors; again, different stu-
dent groups may be responsive to different classroom strategies
or environments. There are a number of factors that may impact
a student’s performance on a summative assessment, and now
that we have identified gaps, exploring ways to mitigate these
factors, such as exam preparation activities and explicit pro-
grams (Gilmer, 2007; Harackiewicz et al., 2014), would be a
good start. And clearly, building nonsummative course factors
into class structures can be impactful. Now that we have identi-
fied that these performance differences exist, the next steps will
be conducting studies at a finer grain to begin to understand the
unique classroom experiences of these students.

Postbacs Are a Distinctly Different Student Population

in the Classroom

There are clearly two, if not three or four, distinct populations
of students in these introductory courses at our urban, com-
muter university. In many ways, having such diverse students in
the classroom is a positive aspect of any university experience
(Birnbaum, 1983; Gurin et al., 2002). Here, students interact
with others whose lives are not like theirs—which is arguably a
reason to go to college and expand one’s worldview beyond
one’s personal experiences. However, at least in our case, the
postbacs (in aggregate) are outperforming other students, even
though, for the most part, their perceptions of the classroom
environment are indistinguishable from those of their peers.
Postbacs earned significantly fewer nonsummative grade points
than other students, yet continued to outperform across the
board in final course scores. Postbac students will seemingly
succeed regardless of classroom strategies used, which in isola-
tion is certainly not negative; however, it could compound
other student groups’ struggles—particularly in courses that
“curve” grades. There are well-founded arguments for not curv-
ing course grades (e.g., Schinske and Tanner, 2014), and the
data presented here offer yet another.
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Postbac student success makes sense, because these students
have already completed a degree, whereas other students have
not, and they likely are more metacognitive about their learning
and have figured out how to be successful in the college class-
room—as would be predicted by theory on adult learning
(Ross-Gordon, 2003; although not all of our postbacs were
“older,” non-traditional-age students; some were 22 or
younger). There is also the fact that postbacs are not typically
eligible for most funding opportunities; therefore, they may be
highly driven to succeed, as they could be paying out of pocket
and/or adding to their student loan debt. Postbacs are mostly
pre-health at our university and therefore may have more well-
developed goals and motivations as they prepare to apply for
entrance into programs (medical, dental, physical therapy,
etc.).

We acknowledge that our reflections on returning students’
outperformance may not be surprising, but we aim to stress
how important it is to discuss this disparity, particularly at insti-
tutions like ours. Identifying specific factors that motivate and
influence postbac success will be important as we continue
work to unravel the similarities and differences among our
student groups. To our knowledge, there are minimal studies
highlighting this very salient issue in today’s STEM classrooms.
There is much to be understood about how postbac experiences
may differ from their near-peer experiences, perhaps particu-
larly in introductory or “gateway” courses. To uncover these
differences, we believe that more in-depth qualitative work
must be conducted such that we can compare and contrast the
factors that lead to differential student success by age or univer-
sity status. Many instructors may not be aware of the fraction of
students in their classes who have earned a degree already or
even know the ages of their current students. It seems that hav-
ing such institutional knowledge would enable an instructor to
make efforts to modify teaching strategies if he or she found
inequitable outcomes among student groups. Although class-
room strategies were perceived mostly similarly among student
groups at our institution, the outcomes do not reflect equity,
and we presume that other institutions may also reveal dispari-
ties between perceptions or attitudes and course performance
or anticipated outcomes. These data support the need for more
inquiry into how various student groups, namely postbacs,
may impact the classroom learning environment and course
outcomes.

Limitations

These data are self-reported and thus are subject to inflation
and/or understatement of students’ actual experiences (Bow-
man, 2011), yet our focus group data support the open-ended
survey response data, and we felt that allowing students to
respond to open-ended prompts, as opposed to a list of possible
responses, would be more indicative of the most salient influ-
ences and perspectives. We believe that the themes that arose
are robust enough to inform the development of a tool designed
to gauge factors that influence student learning and interest in
their science courses. These data represent students at only one
institution and may not be representative of biology and chem-
istry students elsewhere. In every classroom there are nuances
that may influence student perception and performance. Unfor-
tunately, we did not have the opportunity to use a classroom
observation tool (e.g., the COPUS tool; Smith et al., 2013) that
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would have provided us with a finer-grained view of the various
classroom environments, yet all of the classrooms reported on
were informally observed by the researchers. Finally, while we
agree with arguments that final course score is not the best out-
come measure, in most institutions, this is the measure that
leads to a letter grade, which informs a student’s still-important
GPA. We believe that understanding how a student engages with
and performs on nonsummative activities, and the level to which
those activities are weighted by the instructor, are important fac-
tors to consider as we continue to make efforts to understand
how our classroom efforts impact all of our students.

CONCLUSIONS

We found that there are predictable associations that students
have regarding what influences their learning and interest in
science and that they are generally positive about active-learn-
ing strategies. However, their attitudes about classroom strate-
gies do not relate to their course performance. Importantly,
these data highlight the view that simply adopting and embed-
ding active learning into the classroom will not necessarily
impact all students to the same extent. In particular, at institu-
tions with large nontraditional student populations, it is imper-
ative to begin to disaggregate how students perceive and per-
form in their courses, and then address the factors that may
influence differences.
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