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Abstract
Introductory STEM courses represent entry points into a major, and student experiences
in these courses can affect both their persistence and success in STEM disciplines.
Identifying course-based student concerns may help instructors detect negative percep-
tions, areas of struggle, and potential barriers to success. Using an open-response
survey question, we identified 13 common concerns expressed by students in intro-
ductory STEM courses. We converted these student-generated concerns into closed-
ended items that were administered at the beginning and middle of the semester to
students in 22 introductory STEM course sections across three different institutions.
Students were asked to reflect on each item on a scale from very concerned to not
concerned. A subset of these concerns was used to create a summary score of course-
based concern for each student. Overall levels of student concern decreased from the
first week to the middle of the semester; however, this pattern varied across different
demographic groups. In particular, when controlling for initial concern and course
grades, female students held higher levels of concern than their peers. Since student
perceptions can impact their experiences, addressing concerns through communication
and instructional practices may improve students’ overall experiences and facilitate
their success.
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Introduction

Undergraduate students’ experiences in introductory gateway science, technology,
engineering, and mathematics (STEM) courses contribute to student retention and
overall persistence in STEM majors and careers (Suresh 2006; Watkins and Mazur
2013). Half of college students who intend to graduate with STEM degrees fail to do so
within six years of starting college (Eagan et al. 2014). The majority of students who
leave STEM majors do not persist past the first year (Seymour and Hewitt 1997).
Increasing student retention in STEM majors has been proposed as a key strategy to
producing the overall number of graduates required to meet the growing need for a
trained workforce (President’s Council of Advisors on Science and Technology 2012).
Improving student retention rates is also necessary to increase diversity in STEM
because retention rates are lower for students from underrepresented groups (Alexander
et al. 2009; Beasley and Fischer 2012; Cataldi et al. 2018; Hughes 2018; Riegle-Crumb
et al. 2019).

Students cite course experiences including their perceptions of classroom climate,
faculty behaviors, and interactions with faculty as reasons to leave STEM majors
(Geisinger and Raman 2013; Seymour and Hewitt 1997; Suresh 2006; Watkins and
Mazur 2013). One challenge for students may be that they can experience significant
shifts in instructional methods between their high school and college STEM courses
(Akiha et al. 2018), and students who are experiencing their first semester in college or are
first generation have different predictions about classroom instruction when compared to
their peers (Brown et al. 2017; Meaders et al. 2019). These factors may contribute to
students having negative experiences in their introductory level courses. Consequently,
identifying the course-related issues about which students perceive and express concern
could lead to ways to improve introductory course experiences for all students.

To date, the undergraduate education literature has largely focused on describing
students’ adverse experiences in course environments through the lens of anxiety (e.g.,
Barrows et al. 2012; Chapell et al. 2005; Foley et al. 2017). Anxiety, which can be
described as a negative, prospective emotion, is associated with lower college exam
grades and retention in STEM courses (Barrows et al. 2012; Bellinger et al. 2015;
Chapell et al. 2005; England et al. 2017; Foley et al. 2017; Pekrun et al. 2007). For
example, England et al. (2017) found that 16% of students (total n = 327) in three
introductory biology sections reported moderately high classroom anxiety, and students
with greater anxiety were more likely to self-report lower grades and intent to leave the
biology major.

One type of anxiety extensively studied in undergraduate education is test anxiety, or
fear of failure during exams, and this research has often included an investigation of
gender differences. Studies frequently report that female students have overall higher
levels of test anxiety than male students (e.g., Chapell et al., 2005; Harris et al. 2019;
Núñez-Peña et al. 2016). With respect to how anxiety relates to performance, there is
often an inverse relationship between test anxiety and exam performance (e.g., Harris
et al. 2019) and between test anxiety and undergraduate GPA (e.g., Chapell et al.,
2005). However, studies show mixed results with respect to how the relationship
between anxiety and performance plays out by gender. While female students have
overall higher levels of test anxiety, some studies find that high test anxiety similarly
affects performance for both male and female students (Chapell et al. 2005; Harris et al.
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2019; Seipp 1991) or negatively influences female student performance alone (Salehi
et al. 2019). In some cases, test anxiety does not impact performance for either gender
(England et al. 2019). These studies highlight the complex interplay between emotional
states, student background characteristics, and course performance.

Instructors’ actions and course design can potentially contribute to anxiety, even in
active learning environments (Eddy et al. 2015; England et al. 2017). An investigation
of specific active learning strategies revealed that practices such as call and response,
worksheets, clicker questions, and peer discussions caused anxiety for some students
(Cooper et al. 2018; England et al. 2017). In addition, a student’s demographic
background can contribute to how they experience different types of instructional
strategies. For example, female students report higher levels of anxiety related to
whole-class discussions, and international students report higher levels of anxiety
regarding peer discussions (Eddy et al. 2015).

While there are many investigations into undergraduate anxiety, other emotions such
as concern are less frequently explored. In this article, we aim to identify the salient
course-based concerns that undergraduate students have about their introductory STEM
courses. We define “concerns” as sources of apprehension, uncertainty, or difficulty that
students perceive to affect their interaction with or success in a course. Concerns can
arise early in the semester and can relate to a variety of in-class or out-of-class
activities. Furthermore, concerns as we have defined them encompass sources of stress
as well as other challenges that do not meet the threshold of anxiety. We focused on
concerns rather than anxiety because we wanted to identify a broad list of issues that
instructors could act on to improve students’ course experiences.

Given the importance of course experiences to student persistence, we sought to
investigate concerns based on their potential to highlight course components and
challenges that could be addressed by the instructor and potentially improve student
outcomes. We focused on introductory courses because these courses have reputations
as “weed-out courses” (Mervis 2011) and include experiences that influence students’
decisions to remain in STEM (Alting and Walser 2007; Chang et al. 2008; Seymour
and Hewitt 1997). Additionally, we explored if any concerns varied between students
with different demographics because certain groups leave STEM majors at higher rates
than others (Alexander et al. 2009; Beasley and Fischer 2012; Cataldi et al. 2018;
Hughes 2018; Riegle-Crumb et al. 2019). Differences in concerns between demograph-
ic groups could reveal specific areas that instructors can address to provide students
with positive experiences. To describe student concerns in introductory STEM courses,
we investigated the following research questions: (1) what concerns do students hold
about their introductory courses, (2) how do students’ concerns in introductory courses
change within a semester, and (3) do concerns differ based on student demographic
characteristics?

Materials and Methods

Identifying the Range of Concerns

To explore course-based concerns, we distributed surveys to undergraduate students in
introductory STEM courses (Table 1). In Fall 2017, we conducted pilot surveys during
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both the first-week and mid-semester in 13 introductory STEM course sections (disci-
plines surveyed included biology, chemistry, and physics) at two public, research-
intensive universities and received 2181 student responses from the first-week and
1920 responses from the mid-semester data collection (Supplemental Table 1). The
courses included in the pilot survey were taught by nine different instructors who
typically used lecture or interactive lecture. For the interactive lecture, the instructors
utilized clicker questions, peer discussion, or small group activities (personal commu-
nication and past observations).

Two open-ended questions were included in the pilot survey: (1) “How do you
expect the use of class time in [course title] to be different from the [subject] course(s)
you took in high school?” and (2) “What concerns, if any, do you have regarding these
differences in how class time is used?” We included the first question to focus student
responses on differences between their high school and college courses. We performed
inductive content analysis on all responses to the second question (Thomas 2006). Two
co-authors (coders) AKL and AIM separately read through 100 responses collected at
one institution during the first week of class. Together, they developed a list of ideas
appearing in those responses, which served as an initial codebook. The coders sepa-
rately tested this codebook on sets of 50–100 responses cycling through both institu-
tions and the first-week and mid-semester datasets. After each iteration, the coders met
to compare results and modify the codebook, and this process continued until the
coders constructed a finalized codebook.

Next, the coders calculated a consensus estimate of interrater reliability to determine
if they held similar understandings of the codes or if any code definitions required
further refinement (Stemler 2004). Each coder independently coded 50 random re-
sponses, which included all combinations of institutions and first-week and mid-
semester surveys. If 90% agreement per code was not reached, the previous steps were
repeated.

A single student response could be coded for more than one concern. Ten
percent of student responses were coded as “other” because their concerns varied
widely from the codes, the responses were challenging to interpret, or the re-
sponses were not on topic (e.g., criticizing the instructor instead of describing a
concern). The coders reviewed all responses coded as “other” together to make
sure no potential codes were overlooked, which resulted in two additional codes
(concerns due to large class sizes and a lack of efficiency in how class time was
used), which were less common ideas but were shared among students. These
responses were coded to consensus by both coders.

Table 1 Overview of data collection

Semester Administration Description

Fall 2017 First-Week and Mid-Semester Pilot survey: Open-ended questions identifying
course-based concerns

Fall 2018 First-Week and Mid-Semester Final survey:
• Closed-ended questions about 13 identified concerns
• Open-ended question identifying top concern
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Final Survey Content

The final codebook included 17 codes, 13 of which we modified to become closed-
ended items for the final survey implemented in Fall 2018 (Supplemental Table 2). The
codes were adapted from their original wording to use language that would be
accessible to students and align with the question format. We excluded codes that
captured student responses that explicitly described their lack of concerns or their
preferences for college courses compared to their high school courses. Consequently,
the final list of 13 items only included student-generated concerns and represented both
common and uncommon ideas from the pilot survey (Supplemental Appendix A).

In the final survey (Table 1), we asked students to indicate their level of concern for
each of the 13 items through a 3-point Likert scale question, with 0 being “Not
Concerned,” 1 being “Somewhat Concerned,” and 2 being “Very Concerned.” The
question layout included three boxes for students to drag and drop each item into the
bin that best captured their level of concern (Supplemental Appendix B). The surveys
were built and distributed using Qualtrics (Provo, UT). Each survey included two
additional short answer questions asking students to identify their top course-based
concern out of the 13 items and explain why it was their top concern. At the end of each
survey, we included seven optional demographic questions (Supplemental Appendix
B).

Final Survey Administration

During Fall 2018, we distributed final surveys online, out-of-class during the first week
and mid-semester to students in 22 introductory STEM course sections at three
research-intensive universities. These courses were taught by faculty participating in
a professional development group that met on a monthly basis to explore ways to help
students with the transition from high school to college STEM courses. Student
responses were voluntary, and faculty varied in their distribution of participation credit
points as incentives for participation. The course subjects in our study broadly covered
STEM disciplines and included biology, chemistry, computer science, earth science,
ecology and environmental science, economics, engineering, forestry, mathematics,
physics, and statistics (National Science Foundation, National Center for Science and
Engineering Statistics 2015). The total course enrollment was 3916 students.

Data Analysis

We received 2436 student responses for the first-week survey and 1671 responses from
the mid-semester survey. We removed student responses from the final dataset accord-
ing to the steps detailed in Supplemental Figure 1. Broadly, for each survey we
removed responses from students that (1) were not complete survey responses; (2)
were responses from students who filled out the survey for a single course multiple
times (after keeping their first response); or (3) did not include responses to all of the
demographic questions. We then matched students’ responses for those who responded
to both the first-week and mid-semester survey by name and student ID. For matched
students who answered both surveys, we removed those who changed their answers for
demographic questions from the first-week to the mid-semester survey from the dataset.
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If a matched student left a demographic question blank on one survey, but answered it
on the other survey, their answer was filled in to match on both surveys. After matching
student responses, we removed student responses who did not rank their level of
concern for all 13 items and did not receive a final course grade. This processing left
650 student responses. Demographic information about student participants is included
in Table 2.

Top Concern Question Analysis

In the final surveys, students were additionally asked to identify their top concern by
submitting a written response. Two authors, AKL and JKS (coders), performed deduc-
tive content analysis using the 13 items as the codebook to characterize students’ top
concern. In cases where responses listed more than one top concern, the response was
deleted from the data set since it did not follow the prompt. Some responses contained
top concerns that were not from the 13 items. These responses were coded as “other.”
After familiarizing themselves with the codebook, the coders independently coded 90
responses (15 per survey per institution) and compared results while discussing any
differences. This process was done iteratively until all codes reached 90% agreement.
JKS coded the remaining responses, consulting with AKL as necessary for unclear
cases. Lastly, JKS and AKL returned to all responses coded as “other” to determine if
there were common ideas; however, any new concern appeared in only 10 or fewer
responses in either the first-week or mid-semester datasets.

Concern Index

To explore general levels of student concern over time, we sought to condense multiple
items into one score representing overall student concern. We calculated the correlation
coefficients between the 13 items during the final first-week and mid-semester surveys
and identified seven items with moderate (r ≧ 0.3) correlations. These seven items also
loaded onto the first component of a Principal Components Analysis (PCA) for the
first-week and mid-semester survey data (Supplemental Appendix C). These items
include (1) knowing what to study, (2) the course being too difficult, (3) the pace of the
course being too fast, (4) being expected to do too much independent learning outside
of class, (5) having the necessary skills/background to succeed in the course, (6)
receiving too few in-depth explanations, and (7) being able to get help. Since student
scores ranged from 0 (not concerned), 1 (somewhat concerned), or 2 (very concerned)
on each of these seven items, we collapsed the seven items into one cumulative score
that had a potential range between 0 and 14. This cumulative raw score represented
their Concern Index, or CI.

We also explored adjusting student responses to each of the seven items by
multiplying each response by its corresponding loading scores onto the first
component (Supplemental Appendix C). We summed these adjusted responses to
create an adjusted Concern Index (Adj.CI). We found strong correlation between
the adjusted and non-adjusted CIs (r = 0.99, Supplemental Appendix C), so for
ease of interpretation, we used the non-adjusted CI values for further analyses.
Finally, we ran reliability analyses of student responses to the seven CI items in R
using the psych package (R Core Team 2019; Revelle 2018). Students responded
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Table 2 Student demographics
from Fall 2018

Total 650

English as first language

Yes 612 (94%)

No 38 (6%)

First Generation status

First Generation 176 (27.1%)

Continuing Generation 474 (72.9%)

First-Semester student

First-Semester 324 (49.8%)

Returning Student 326 (50.2%)

Gender

Male student 285 (43.8%)

Female student 365 (56.2%)

International

Domestic 630 (96.9%)

International 20 (3.1%)

Transfer

Non-Transfer 584 (89.8%)

Transfer 66 (10.2%)

Underrepresented Minority

URM 93 (14.3%)

Non-URM 557 (85.7%)

Course Size

Small 17 (2.6%)

Medium 103 (15.8%)

Large 530 (81.5%)

Discipline

Biology (5 course sections) 193 (29.7%)

Chemistry (2 course sections) 101 (15.5%)

Computer science (4 course sections) 50 (7.7%)

Earth science (1 course section) 11 (1.7%)

Economics (1 course section) 9 (1.4%)

Engineering (1 course section) 5 (0.8%)

Forestry (1 course section) 24 (3.7%)

Mathematics (3 course sections) 28 (4.3%)

Physics (2 course sections) 126 (19.4%)

Statistics (2 course sections) 103 (15.8%)

University

1 285 (43.8%)

2 295 (45.4%)

3 70 (10.8%)

201Journal for STEM Education Research (2020) 3:195–216



consistently across these seven items on both the first-week (Cronbach’s α = 0.76)
and mid-semester surveys (Cronbach’s α = 0.81).

Statistical Analyses and Data Visualization

To assess the impact of demographic characteristics on total levels of student course-
based concern, we followed the recommendations outlined in Theobald (2018) and
used automated model selection to identify separate models for the first week and mid-
semester (Supplemental Appendix D). The demographic variables considered during
model selection were English as a first language, first-generation student status, first-
semester on a college campus status, gender, international student status, transfer
student status, and underrepresented racial/ethnic minority student status.

For the mid-semester model selection, we also tested three additional variables:
students’ first-week CI as a predictor variable to account for baseline levels of student
concern, final standardized course grades as a predictor variable to account for the
impact of performance in the course, and the percentage of female students enrolled in
students’ courses to test for the impact of gender balance within a course. We included
students’ first-week CI as a predictor because first-week CI and mid-semester CI
showed a moderate correlation (r = 0.58). We included final standardized grades
because in our dataset 20 out of 22 course sections (or 638 out of 650 students) had
administered exams by the mid-semester time point and student knowledge of their
course performance could impact student concerns. In order to account for the differ-
ences in how each course weighted mid-semester exams compared to other course
assignments, we included final standardized grades as a predictor variable for overall
course performance. Finally, we included the percentage of female students enrolled in
students’ courses, obtained from each university’s registrar, as a predictor because
gender balance varied across courses, with the percent of female students ranging
between 9% and 64% (Supplemental Figure 2). We also included an interaction
between gender and the percentage of female students enrolled to test for potential
differential impacts of gender balance on male and female students.

Across the three universities in this study, there were two different GPA scales,
with one university using a 4.3 scale and the others using a 4.0 scale. To account
for grading scheme differences across universities, we standardized students’ final
course GPAs using z-scores, which then represented the distance between stu-
dents’ raw final grades and the population mean from each university in units of
standard deviation. We calculated z-scores using the formula z-scores = (X - μ) /
σ, where X is the score of interest, μ is the class mean score, and σ is the standard
deviation.

We compared models with all combinations of fixed effects using the MuMIn R
package, which evaluates models using measures of Akaike’s information criterion
(AIC) (Bartoń 2019). All modeling was conducted using the R statistical software
(v.3.3.1) and the lmer and lmerTest packages (Bates et al. 2015; Kuznetsova et al. 2017;
R Core Team 2019).

We constructed graphs and figures using the ggplot2, Rcolorbrewer, and
ggalluvial packages in R (Brunson 2019; Neuwirth 2014; Wickham 2016). For
construction of the Sankey diagrams, we designated students with final standard-
ized grades (i.e., z-scores) between −0.5 - 0.5 SDs from the mean as receiving
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“medium grades” and students above 0.5 SD or below −0.5 SDs from the mean as
receiving “higher grades” and “lower grades,” respectively. In order to categorize
CI, we split the data into tertiles and designated students with a CI between 0 and
4 as “low concern,” 5–9 as “medium concern,” and 10–14 as “high concern.”

Results

What Are the Types of Course-Based Concerns Students Have?

In the pilot survey, introductory STEM students responded to an open-ended
question during the first week and mid-semester asking them to identify what, if
any, concerns they had regarding the differences in how class time was used in
their high school and college STEM introductory courses. Inductive content
analysis of these answers (first-week n = 2181, mid-semester n = 1920) identified
13 common course-based concerns, which included concerns related to the struc-
ture and content of the course as well as students’ backgrounds and instructional
preferences. Nearly all of the survey responses focused on general course-based
concerns rather than concerns about the difference in class time between high
school and college. The most common course-based concern from the pilot first-
week survey was not getting help or knowing where to get help. Students with this
concern described worry over not having enough personal access to their instruc-
tors, falling behind and not being able to find help, and not getting immediate
feedback. One student responded, “Sometimes I feel that I will get behind in class
and feel that I won’t have anyone to help,” while another wrote that they were
“concerned that we won’t be able to get immediate feedback on practice prob-
lems.” Additional representative student responses are included in Supplemental
Table 2.

The open-response results from the pilot survey helped to identify types of
course-based concerns held by students. However, the open-ended response for-
mat resulted in variation in the types of responses we received from students, with
some students only submitting one response, and some students submitting mul-
tiple concerns. Furthermore, students may have had additional concerns beyond
the 1–2 sentences included in their responses. To compare levels of concern held
by students across all of the identified course-based concerns, we modified the
survey for the Fall 2018 final implementation as described in the methods and in
Supplemental Appendix B. Converting the open-response question to a closed-
response format allowed us to identify which course-based concerns were the most
common and if students changed in their levels of concerns about these items over
the course of the semester.

We used stacked bar charts to display the relative frequency of student levels of
concern for each of the 13 items. Knowing what to study was an item that students
often expressed being “Very Concerned” about, with 34% of students reporting this
level during the first week of the semester and 26% at mid-semester (Fig. 1). In
addition, knowing what to study was also the item that students most frequently cited
as their “top concern” with 10.3% citing it at the start of the semester and 11.1% at the
mid-semester time point (Fig. 2).
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Fig. 1 Percent of student responses at each level of concern for the 13 items, ordered by percent of students
citing each level of concern on the final first-week and mid-semester surveys
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Fig. 2 Top concerns held by students during the final first-week and mid-semester surveys. Percent of student
responses who cited each of the 13 items as their top concern, ordered by percent of students citing each level
of concern during the first-week survey. Students who reported not having any concerns, students who did not
submit a response, students who identified multiple top concerns, and students who wrote responses other than
the 13 categories are excluded from the figure. Concern labels are abbreviated, full labels are provided in
Supplemental Appendix C

204 Journal for STEM Education Research (2020) 3:195–216



How Do Student Course-Based Concerns Change within a Semester?

We explored how student course-based concerns changed over the semester, across
multiple levels of resolution. For approximately half of their selections, students did not
change in their levels of reported concern about individual items during the semester,
but among students who shifted in their levels, more students decreased in their levels
of concern (Table 3). There were two items for which more students reported being
very or somewhat concerned at mid-semester compared to during the first-week: being
able to pay attention in class and having enough practice problems (Fig. 1). While at the
mid-semester time point knowing what to study was still the top concern, being able to
pay attention in class was the second most common concern from students (Fig. 2).

We used the Concern Index (CI, see Methods) as a metric to compare if overall
course-based concern levels change between the first-week and mid-semester surveys.
During the first week, the mean CI reported by students was 6.5 (or 46.4% of total
possible concern; Fig. 3). Overall student concerns decreased between the beginning
and middle of the semester. Mid-way through the semester, the mean CI reported by
students was 5.1 (or 36.5% of total possible concern), which was significantly lower
(p < 0.001) than mean student CI values at the beginning of the semester.

Do Concerns Differ Based on Student Demographic Characteristics?

Given the range of concern levels held by students during the first-week and mid-
semester surveys, we explored if CI findings varied by student-level and course-level
demographic variables (Supplemental Appendix D). The best-fitting model for con-
cerns during the first week included first-generation student status, first-semester on a

Table 3 Percent of students who maintained their levels of concern, increased in their levels of concern, or
decreased in their levels of concern about the 13 items

Item Maintained levels of
concern

Increased in levels of
concern

Decreased in levels of
concern

Study 52% 17% 31%

Speaking 55% 18% 27%

Pace 50% 13% 36%

Difficult 54% 14% 32%

Skills 55% 15% 30%

Independent
Learning

47% 16% 37%

Explanations 52% 16% 33%

Attention 56% 28% 16%

Help 55% 18% 28%

Practice problems 52% 29% 19%

Lecture 65% 14% 21%

Activities 69% 12% 19%

Off-topic 83% 7% 11%
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college campus status, and gender as predictors, and explained 5% of the variation in
the first week CI data (Table 4). While the amount of variation explained by the model
is low, this model was significant, indicating that these variables had a significant
relationship with the CI of the students during the first week of the semester.

According to the model, first-generation, female, first-semester students had a CI of
8.13. This value is the equivalent of reporting “very concerned” for four out of seven
items, or a mix of “somewhat” and “very concerned” for more than four items. The
effects of being continuing-generation, male, and a returning student were all negative

***

Fig. 3 Boxplot showing distribution of student concern index (CI) during the first-week and mid-semester
surveys. Wilcoxon signed rank test for significance with a p value <0.001 indicated by ***. Diamonds
represent mean values and horizontal lines on each bar represent median values

Table 4 Estimated coefficients for variables from the best-fitting linear regression that estimates how different
predictors impact the Concern Index (CI) from the first week of the semester

Predictors Estimate Std. Error t value p valuea Confidence
Interval (CI)

(Mean Intercept) 8.13 0.31 26.18 < 2e-16 *** 7.52–8.74

Continuing-generation student −0.73 0.29 −2.56 0.011 * −1.29 - -0.17

Returning student −0.91 0.26 −3.51 0.00047 *** −1.41 - -0.40

Male student −1.28 0.26 −5.0 9.18e-07 *** −1.79 - -0.77

The intercept represents the CI of a first-generation, female, first-semester student

Residual standard error: 3.22 on 646 degrees of freedom

Multiple R-squared: 0.0556, Adjusted R-squared: 0.0512

F-statistic: 12.66 on 3 and 646 DF, p value: 4.72e-08

Statistical significance is indicated by *, p < 0.05; **, p < 0.01; a and ***, p < 0.001
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and significant, indicating that these demographic groups were associated with a
decrease in first week CI. The best fitting model predicted that a continuing-generation,
male, returning student would report a CI of 5.21.

We also determined if changes in mid-semester CI were similar for students from
different demographic groups. We used model selection to identify if any demographic
variables explained variation in mid-semester student CI and included first-week CI to
control for students’ initial levels of concern (Supplemental Appendix D). Additionally,
we included final standardized grades (z-scores, see Methods) from students as a
predictor for each model to account for differences in course performance.

The best-fitting model for mid-semester CI explained 41% of the variation in student
responses. According to the model, a female, first-generation, domestic student who
grew up speaking English at home, with an average CI from the first week of the
semester, who received the average final grade at their institution, and who was
enrolled in a course with the average percentage of female students (39% female)
would report a CI of 5.84 (Table 5). Although first-semester on a college campus was

Table 5 Estimated coefficients for variables from the best fitting linear regression that estimates how different
predictors impact the Concern Index (CI) mid-way through the semester

Predictors Estimate Std. Error t value p valuea Confidence
Interval (CI)

(Mean Intercept) 5.84 0.24 24.30 < 2e-16 *** 5.36–6.31

Initial CI 0.58 0.03 16.95 < 2e-16 *** 0.51–0.64

Final Standardized
Grade

−0.78 0.11 −7.01 5.91e-12 *** −1.00 - -0.56

Percentage of Female
students in a course

−0.048 0.01 −4.74 2.61e-06 *** −0.07 - -0.28

Male student −0.66 0.24 −2.80 0.00534 ** −1.12 - -0.20

Continuing
Generation student

−0.43 0.25 −1.72 0.086 −0.93 – 0.06

International student 1.15 0.66 1.73 0.085 −0.16 – 2.45

Student who did not
speak English
growing up

−0.74 0.49 −1.52 0.13 −1.71 – 0.22

Male student:
Percentage of Female
students in a course
(Interaction)

0.033 0.013 2.49 0.013 * −1.71 – 0.22

First week CI and the percentage of female students enrolled in their course were included as predictor
variables and were centered. Students’ standardized final course grades were also included. The intercept
represents a female, first-generation, domestic student who spoke English at home growing up enrolled in a
course with the average percentage of female students (39%), with an average CI from the first week of the
semester and who received the average final grade at their university

Residual standard error: 2.767 on 641 degrees of freedom

Multiple R-squared: 0.4155, Adjusted R-squared: 0.4083

F-statistic: 56.97 on 8 and 641 DF, p value: < 2.2e-16

Statistical significance is indicated by *, p < 0.05; **, p < 0.01; and ***, p < 0.001
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significant during the first week, it was not part of the best-fitting model at the mid-
semester point. A one unit increase in initial CI is associated with a higher (0.58 unit)
mid-semester CI, reflecting that while overall student concerns decrease during the
semester, students’ initial levels of concern can predict their levels of concern midway
through the semester. Similarly, a one-standard deviation increase in final grade was
associated with a 0.78 unit decrease in mid-semester CI. In other words, students who
ultimately performed better than their peers in the course were less concerned than their
peers midway through the semester.

Four demographic variables were included in the best-fitting model for the mid-
semester time point after controlling for initial CI and final standardized grades
(Table 5). English spoken at home and international student status were included but
were not significant. The effect of being a student who spoke English at home lowered
CI relative to the intercept, while the effect of being an international student raised CI
relative to the intercept. The low number of students who spoke English at home (n =
38) as well as international students in our sample (n = 20) and large confidence
intervals for these students requires further investigation with a larger sample size.
First-generation status was similarly included in the mid-semester model, but it was
also not a significant predictor of CI. One possible explanation for this result is that the
effect of being a first-generation student was masked by differences in initial concern or
final standardized grades. In our dataset, we found that on average first-generation
students received lower final standardized grades than their peers (Supplemental
Figure 3).

On the other hand, the effect of being a female student was significant after
controlling for higher initial concern, final standardized grades, and percentage of
female students in the course. A female student who had reported the same level of
initial concern as a male peer, received the same final standardized grade, and was
enrolled in a course with the average percentage of female students (39%) reported a
0.66 unit higher level of mid-semester concern than a male peer (Table 5). This
outcome is notable because female students had no significant differences in raw or
standardized final grades from male students (Supplemental Figure 3). Taken together,
the results from these models suggest that initial course-based concern and final course
performance impact mid-semester student course-based concern, but even with con-
trolling for these variables, female students still have significantly more total concern
than their peers mid-way through the semester.

The models identified that gender was the only significant demographic variable
with an effect on mid-semester CI. Therefore, we used Sankey diagrams to provide a
visual representation of students’ changes in initial CI to mid-semester CI disaggre-
gated by gender (Fig. 4a). The Sankey diagrams confirmed that male students hold
consistently lower levels of concern during both the beginning and middle of the
semester than their female peers. While the overall percent of students increasing in
their levels of concern is smaller than the percent of students decreasing in their concern
(indicated by flow size in Fig. 4a), a larger percentage of female students increased in
their concern compared to male students.

The percentage of female students enrolled in a course also affected students’
CI. A 1 % increase in the percentage of female students enrolled in a course was
associated with a − 0.048 unit decrease in CI for female students (Table 5).
However, the interaction of gender with the percentage of female students showed
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that female student concerns decreased more sharply than male student concerns
as the percent of female students in a course increased. The difference in rate is
calculated by starting with the interaction (0.033) and adding the effect of the
percentage of female students enrolled in a course (−0.048), which results in a −
0.015 unit decrease in CI for male students per 1 % increase in female student
enrollment. The model predicts a steeper decrease in CI for female students when
compared to male students, as enrollment of percent female students increases
(Supplemental Figure 4).

Our regressions identified that course performance had a significant effect on mid-
semester CI. The Sankey diagrams also revealed interesting patterns for levels of concern
based on final standardized grades (Fig. 4b). Students who received lower final standard-
ized grades held higher levels of concern at the beginning of the semester, and the majority
of them did not decrease in their levels of concern. On the other hand, students who
received higher final standardized grades in the course were initially less concerned than
their peers and a larger proportion of them decreased in their levels of concern.

We also examined whether any individual concern was more likely to correlate with
course performance, because studies have shown that students’ perceived course
difficulty is inversely related to course performance (England et al. 2019). Each of
the concerns in our study is negatively correlated with final standardized grades but the
overall CI has the strongest correlation (Supplemental Table 3), indicating that no
single concern is driving the connection with course performance in our dataset.
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Fig. 4 Sankey diagrams displaying individual student shifts in CI (low = 0–5, medium = 5–9, high = 10–14),
disaggregated by (a) gender or (b) final grades. The size of each flow is proportional to the percent of students
who reported similar CIs to one another during the first-week and mid-semester surveys
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Discussion

We described concerns held by undergraduate students in introductory STEM courses,
observed if those concerns changed over the course of the semester, and assessed if
there were differences in concerns based on student characteristics such as gender or
course grades. We identified a broad range of course-based issues that may be
leveraged to improve undergraduates’ experiences in introductory STEM courses
(Figs. 1 and 2). Students’ total concern level, measured using the Concern Index
(CI), was used to investigate demographic differences in concern and the relationship
between student concern and course performance (Tables 4 and 5, Fig. 4).

What Concerns Do Students Hold about their Introductory Courses?

Students in introductory STEM courses expressed a variety of course-based concerns,
which we further quantified using closed-ended survey items. For every item, there were
students who reported being concerned indicating that these items resonated with students
across three campuses and in many different introductory STEM courses (Fig. 1). The list
of concerns included topics that may be actionable by the instructor, such as those related
to course structure or pedagogy (e.g., pace of the class). There were also concerns related
to students incoming preparation and skills (e.g., having the necessary skills/background
to succeed in this course), which may indicate areas that could be covered early in the
semester to help students with the transition from high school to college STEM courses or
that could be provided through supplemental instruction programs.

How Do Students’ Concerns in Introductory Courses Change within a Semester?

We used CI as a metric for students’ overall level of concern and found that student
concern went down from the first week to mid-semester (Table 3 and Fig. 3). When
investigating the range of concerns (Fig. 1) and students’ top concerns (Fig. 2), the
highest reported concern during the first week and mid-semester time point was not
knowing what to study. These results may indicate that students were not developing
study skills over the course of the semester. Providing students with study strategies
early in the course as well as directing them towards specific resources to help them
build their study skills may reduce this concern over the semester as well as improve
student grades.

Interestingly, at the mid-semester time point, not being able to pay attention for the
entire class period rose to become a commonly reported concern (Figs. 1 and 2). Given
that undergraduate STEM courses predominantly use lecture (Stains et al. 2018), one
way to increase student attention could be through the introduction of more active
learning (Lane and Harris 2015). Another potential issue related to attention is that
students can use electronic devices for a wide array of non-academic purposes, even
though they report knowing that technology use can distract them from learning
(McCoy 2013; Sana et al. 2013; Tindell and Bohlander 2012). One way to help
students pay attention is to couple the use of technology in the classroom to active
learning strategies, such as discussion boards and online problem solving (e.g., Barak
et al. 2006).
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Do Concerns Differ Based on Student Demographic or Course Characteristics?

Our work adds student concern to the growing list of differences between how female
and male students experience STEM courses. In our study, female students reported
higher levels of concern than male students at the beginning of the semester (Table 4),
and their concerns remained higher than male students at the mid-semester point even
when controlling for initial concerns, course performance, and the percentage of female
students enrolled in their courses (Table 5 and Fig. 4a). This pattern of concern is
consistent with that seen for course-related anxiety as previous work has shown that
female students have increased anxiety and test anxiety (e.g., Chapell et al. 2005; Harris
et al. 2019; Núñez-Peña et al. 2016; Salehi et al. 2019). Additionally, female students
can have lower participation in STEM classes and have different views of success and
failure when compared to male students with comparable grades (e.g., Eddy et al. 2014;
Freedman et al. 2018; Grunspan et al. 2016; Lowe, 2015; Marshman et al. 2018;
Robnett and Thoman 2017). However, our work additionally reveals that as courses
increase in their percentage of female students, levels of mid-semester concern decrease
for all students and at a higher rate for female students (Table 5, Supplemental
Figure 4). This variable was not identified in the first-week model, which could indicate
that as the semester progresses, classroom environments differ in courses based on the
percentages of female students enrolled. Programs designed to aid and increase repre-
sentation of women in STEMmay want to consider measuring concern levels of female
students and ascertain whether targeted interventions can lower female concerns and
impact subsequent performance.

Studying the change in concern across two time points also revealed patterns in the
relationship between students’ final standardized grades and course-based concerns.
Students who ultimately performed below the mean held higher levels of concerns at
the first-week and mid-semester time points (Fig. 4b). Since students with lower
performance enter the course with higher concern, it may be possible to ask students
about their concerns, including the commonly identified concerns in Figs. 1 and 2, and
instructors could talk to their students and make adjustments to alleviate top concerns.
Instructors may also consider using a concern metric similar to a CI for identifying
students who could benefit from early intervention, such as peer tutoring or supple-
mental instruction (e.g., Batz et al. 2015; Deslauriers et al. 2012; Lizzio and Wilson
2013; Stanich et al. 2018). Studies about these kinds of supplemental resources often
report evidence of effectiveness for improving student performance and retention.
However, do such supplemental resources also impact student anxiety and concern?
Combining course performance with anxiety and concern measures may also help
advance research on course interventions for struggling students.

Conclusions and Future Directions

In this study, we measured course-based concerns, but there are many other factors that
may affect students. For example, students likely also hold concerns outside of the
course that have potential to impact their performance, such as those about financial
resources. Furthermore, our work focused on undergraduates at research institutions,
and students at other institution types (e.g., community colleges, regional
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comprehensives, or minority serving) may hold different concerns. It is important for
future work to explore the concerns of students at other institution types to capture the
variety of concerns and assess if different interventions are required to provide those
students with positive course experiences.

Future work should also investigate the concerns of international students and
students who did not speak English at home growing up. While international student
status and growing up speaking English at home were included in the mid-semester
model, they were not significant (Table 5). Low numbers of international students and
students who are non-native English speakers in our sample could be one reason for
this unclear result and indicates that more data are needed to explore these trends.
However, combining these results with Eddy et al.’s (2015) finding that international
students report higher levels of anxiety related to peer discussions, suggests that the
concerns and anxiety of international students is an important future direction.

Further investigation is also required to understand the complex interplay between
student characteristics, concerns, and success. For example, the relationship between
first-generation status, concerns, and grades is complex. First-generation status was
identified in the best-fitting model but was not significant when accounting for final
standardized grades (Fig. 3), which may be because first-generation students had lower
performance than continuing generation students in our sample thereby conflating the
measures of performance and first-generation status (Supplemental Figure 3). More
investigation is required to empirically study first-generation students’ experiences and
disentangle grades and first-generation status when it comes to concerns.

Our work focused on identifying course-based concerns held by students across
STEM disciplines, but future work could compare variation of course-based concerns
within disciplines. To do this, student concern data could be collected across numerous
courses within the same STEM disciplines. In addition, the relationship between gender
and course gender representation with CI in a discipline should also be investigated.
Previous work revealed that female students have lower levels of confidence in their
mathematical abilities than male students in calculus and are 1.5 times more likely to
leave STEM after college calculus (Ellis et al. 2016). Similar trends are seen in physics
and computer science (Marshman et al. 2018).

Taken together, this work focused on identifying student concerns across
several demographic groups. There are many studies that aim to describe
sources of student anxiety or concern, but to date there are few that use
measurements of anxiety or concern to assess the impact of specific interven-
tions. Future investigations of the links between student concerns and instruc-
tional practices would be beneficial for educators. For example, autonomy-
supporting teaching practices such as providing students with decision-making
opportunities related to classroom management, choice in how to present their
ideas, and opportunities to evaluate work (Reeve 2016; Stefanou et al. 2004;
Williams and Deci 1996) aim to provide students with learning environments
that support their daily autonomy. Higher student autonomy support from
teachers is correlated with higher student self-efficacy and lower drop-out
intention among first-year students (Girelli et al. 2018). Interventions that focus
on supporting student self-direction may alleviate a number of course-based
student concerns. While we can speculate on practices that may help lessen
anxiety and concerns for students, their effectiveness would require further
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evidence. When studying these interventions, it will be important to look at any
differing impact based on student demographics, especially gender. Addressing
the concerns of female students in particular could be an important step to
reducing disparities in STEM majors and future careers.
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