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Abstract Approaches to student-centered active learning have evolved. The progression in course-design has led to the
development of new learning paradigms such as collaborative, problem based, and project-based learning. Course-based
undergraduate research experiences (CUREs) are a learning pedagogy that infuses research experiences within the
curriculum. This method of instruction increases opportunities for students to participate in more authentic education
experiences and is especially beneficial in the science education pathway. CURES encourage students to be autonomous and
emphasize teamwork. Our research proposes methodologies that can maximize student performance, particularly benefiting
underrepresented and underprepared female students. Pre- and post- assessments of a CURE classroom were administered to
gauge student engagement and success in a General Chemistry course. Specifically, our research focuses on female
engagement in CURE projects and overall success and retention rates to test if the teaching methods will support increased

gender equity in STEM.
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1. Introduction

Self-efficacy is the measure of one’s ability to complete a
task or a goal. Specifically, academic self-efficacy is one’s
ability to master academic subjects and coursework (Usher,
2008). Students that are confident in their abilities have
shown increased perseverance and persistence, are more goal
oriented, and display more optimism for their subject. This in
turn helps predict a student's path, such as college major and
career choices, by teaching students to be problem solvers
and monitor their own progress (Brown & Lent, 2006).
They also work harder and engage in more self-regulatory
strategies that promote success in school (Schunk & Pajares,
2005). Conversely, students with low self-efficacy prefer
to complete uncomplicated tasks with minimal effort and
persistence. Self-efficacy is a stronger determinant of
academic success than actual skill and it may be the
precursor of self-concept (Bong & Skaalvik, 2003), both
of which are crucial predictors of students' performance
(Choi, 2005). Previous study also suggested that female
self-concept in STEM may be negatively related to gender
stereotypes (Ertl et al., 2017).

In the area of STEM undergraduate education, research
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suggests that gender is a factor affecting the performance and
motivation of students. Self-efficacy with first year students
in various STEM disciplines shows that males hold
higher self-efficacy than women. A study that encompasses
upper-division undergraduates (third and fourth year) STEM
revealed that academic self-efficacy of males is higher than
females beyond first year college courses. Females enrolled
across all STEM disciplines reported significantly lower
academic self-efficacy compared with males in STEM
majors, particularly on study skills, test taking, and coping
with anxiety (MacPhee, 2013). A demand for alternative
teaching pedagogy has placed emphasis on the value of
undergraduate research experience (Weaver, Russell and
Wink 2008). Undergraduate research has been shown to be a
high impact practice that is optimized by early exposure to
research. It has especially shown to be effective in engaging
underrepresented  students in STEM (Ritcher-Egger
et al., 2010). Unfortunately, undergraduate research has
historically only been available and encouraged to
high-performing, elite students (Fakayode, Yakubu and
Pollard 2014).

Gender inequalities serve as a starting point for instructors
and researchers to evaluate the classroom experience for
female students. In many STEM fields, females are
underrepresented at an undergraduate level which is
intensified at a graduate, postdoctoral, and practicing STEM
at a professional level (Wang & Degol 2017). Women who
initially choose majors in engineering are more likely to
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switch out of this major in comparison to their male
counterparts (Dickinson, 2010). Although females persist
through undergraduate programs, men are significantly
overrepresented among doctoral degrees (Gillen, 2014).
In fact, data shows that every ethnicity shows a male
dominance in STEM, even though female students earn
baccalaureate degrees at greater percentage than male
students (Riegle-Crumb & King 2010). Focusing resources
on alleviating gender inequality at an undergraduate level
can increase the number of women in professional STEM
fields. These resources include analyzing teaching practices
and determining effective strategies to increase female
engagement, retention, and success in STEM. These findings
display issues females face across STEM disciplines and
serve as a call for researchers and instructors to evaluate
female experiences at all educational levels to better
understand which gender inequalities exist in the STEM
classroom.

A recent curriculum shift in STEM has been the utilization
of course-based undergraduate research experience (CURES)
that infuse research principles within a STEM course,
allowing access to research experiences to a broader range of
students. This is especially beneficial in community college
settings where over half the students from underrepresented
populations begin their STEM journey (Jackson 2013). The
CURE approach challenges students to work with “real-life”
research topics, pose questions and design an approach to
obtain data. This learning scheme enables students to make
informed decisions and integrate authentic research into
introductory STEM courses, overall enhancing student
engagement and better preparing them for future STEM
coursework.

The traditional and CUREs classrooms coalign within
their material and coursework as the students learn the same
information and are assigned homework, quizzes, midterms,
and finals. The differences are seen in the presentation of the
material and how the students’ processing. With a traditional
classroom, lectures and readings are the main importance
and students are expected to work and complete their own
individual assignments. CUREs prioritizes collaboration,
discussion, and projects. Professors allocate time for
students to develop their own project and facilitate
collaboration; the goal is to create a long-term assignment
instead of individual, short-term work.

The implementation of active learning pedagogy, such as
CUREs, facilitate learners to reconstruct their intellectual
knowledge and build their own knowledge through real-life
experiences. Learners can ask their own questions, plan
research, and analyze their personal findings. This great deal
of interaction between the environment, content, materials
teacher, and learner is common in a research-based
instruction (Orlich, Harder, Callahan and Gibson, 1998) and
has been shown as an effective practice in recruitment of
females into STEM (Falk et al., 2017). The important aspect
of this method allows the instructor and student to inquire
about topics and use unique methods to find solutions.

Understanding if learning pedagogies, such as a
CURE-based model increase self-efficacy in science
education is essential in cultivating environments that
encourage an inclusive environment that focuses on female
students’ assuredness, confidence, and development.

CUREs share the same initiatives as project-based
learning, active learning, and POGIL, as they share student
centered and inquiry-based research projects. However,
CUREs are recognizably different as the curriculum requires
students to address a research question using a specific
approach with an unknown outcome for the instructor and
student. Typically, each topic is initiated and researched over
the course of an academic semester and allows students to
work through the scientific method, question, hypothesize,
collect data, analyze, conclude, and most importantly
reevaluate and redesign the research project, the most
essential aspect of STEM research and enthusiasm towards
STEM.

2. Methodology

2.1. Participants

Introductory general chemistry is a high impact course at
various colleges with high enrollment coupled with low pass
rates. Groups were formed by student’s decision and were
either mixed gender or same gender; this had no effect on
the survey results as students identified their sex on the
questionnaire. Typically, the course is composed of first-year
students that take this course as a gateway to more advanced
science courses. Although this is not the only course that is
challenging in the series, prioritizing the implementation of
strategies early in a STEM students’ academic studies with a
focus on academically underprepared and underrepresented
students can increase their chances of success by providing
an optimal learning environment. Focusing on pedagogical
development, particularly change in curriculum to active
learning CURE classrooms will maximize success and
retention in these early gateway courses.

The sample for this study consisted of undergraduate
students taking a first semester General Chemistry course at
Blinded College, a Hispanic and Minority Serving
Community College. The CURE and traditional classrooms
were dependent on the students as they selected the desired
faculty during the enrollment before the beginning of the
semester. Chem 1A is the first course of the series and is
followed by Chem 1B. A placement test is used to ensure that
students had the same achievement before the beginning of
the semester. If the students did not pass the placement test or
decide to participate, Chem 22 would serve as the foundation
for their chemistry knowledge. Chem 22 is a traditional
classroom that prepares the students for the rigor of Chem
1A so they do not fall behind and are able to achieve
successful results. The data collected and compared spanned
over a four-year period encompassing Fall 2015 to Winter
2019 academic semesters. Results from both CURE and
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non-CURE (traditional) implemented courses were included.
Students” enrolling in introductory general chemistry
courses were not given notice prior to the start of the course.
Furthermore, classes were not advertised or marked as
CURE-based learning pedagogies to maintain anonymity.

The standard general chemistry course emphasizes
quantitative methods analysis using various analytical
instruments and calculations. At Blinded College, General
Chemistry (Chem 1A) and General chemistry (Chem 1B)
offers an integrated view of theories, laboratory techniques
and methods. These courses promote student involvement
in real-world problems in areas such as environmental
control, medical diagnostics, and industrial. Students that are
interested in science and engineering majors are required to
take this course with enroliments of up to 30 students for
laboratories.

2.2. Laboratory Schedule

The laboratory sections met once per week for five hours,
in a room that supplied instruments to complete their
measurements. Student groups ranged anywhere from 2-4
people, dependent on the topics covered. A general scheme
for the topics covered are shown on Table 1.

Table 1. General Lab Schedule for Chem 1A at Blinded College.
A real-life sample that introduced CURE-based learning
Week Subject
1-2 Scientific Method
3 Field Notebook
4 Abstract
5-6 Precision/Accuracy
7 Standard Curve
8 Introduction/Data Collection
9-11 Seawater Salinity and Conductivity
12 Conclusion
13-16 Final Editing Based on Peer Reviews and Instructor
Feedback

For the first few weeks, students were to familiarize
themselves with basic laboratory techniques for proper
data collection, scientific methods, various instruments,
and relevant laboratory techniques. Ideally, these initial
topics would help prepare students to conduct their own
explorations and create research plans to formulate an
abstract. It is important for students to be versed in the
planning for CUREs and that it is introduced early in the
course so students can develop an understanding of the goal
of the project-based learning (Ritcher-Egger 2010). Peer
review is done after a student’s paper has been completed
and feedback is given throughout the rest of the course.
Throughout the semester students were provided feedback
on each aspect of writing a scientific paper. For instance, in
week four students turned in the abstract, week 8 the
introduction and data analysis were reviewed and given
feedback from the instructor, week 12 the conclusion was
completed. Most importantly, during each iteration of the

paper, students edited previous work and continuous
feedback was provided, simulating a more authentic writing
process for science publications. The final paper is turned
in week 16 after several instructor and peer review
opportunities.

2.3. Project Development Utilizing CUREsS

The fundamentals of Chem 1A topics encompass
statistical analysis of data such as creation of standard curve,
making standard solutions, unit conversions, and dilutions.
Another objective is to draw relevance of these chemistry
topics to a range of fields such as real-life applications in
environmental, medical, and industrial chemistry. Specific
applications are exemplified in seawater topics, ref. Table 1.,
in which students were required to analyze seawater samples
for salinity, chlorides, phosphates, magnesium, and calcium
levels.

2.3.1. Formulation of Group Project Plan

Given potential sampling locations and descriptions, such
as tidepools or ports on the Southern California coast,
students organized research groups and drafted research
procedures to determine chemical composition of the
collected seawater samples. Students were encouraged to
devise a study that related the chemical composition of their
seawater to an environmental impact. During the process,
groups interacted with the instructor for feedback on creating
a hypothesis and research methodologies. In the following
weeks, students were to obtain data and present their findings
to the class.

2.3.2. Application of Project

During the first few weeks, students were given specific
instructions on how to conduct research, formal reports, and
grading rubrics. The groups were required to plan their
projects about how to obtain each sample by applying
previous laboratory skill sets and application of theories.
This is followed by creating a standard curve, a quantitative
technique that determines the value of an unknown quantity.
Preparation of serial dilutions are required with a known
salinity with values compared to obtain water samples.
Furthermore, the group of students conducted analysis
utilizing a dissolved oxygen probe and nitrate strips to
determine the presence of these substances in the water.

2.3.3. Presentation

At the end seawater topic in which CUREs was
implemented, the groups were advised to plan their project
using research headings such as: abstract, introduction,
methodology, results/data, conclusions, and references.
Students were to choose data visualization formats such as:
bar graphs, line graphs and scatterplots. Images of the
process were also encouraged. Figure 1 displays the
standard curve a group created. This provided them with an
opportunity to gain experience with the format of technical
writing and proper real-life labs. The submission of their
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final findings through a research paper and poster
presentation allowed students to reflect on how much they
learned and share their insights with the entire class. The
evaluation of the posters was achieved in feedback from
student peers and instructors.
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Figure 1. Standard Curve that students in Chem 001A created

The data obtained from the Blinded College helps
determine the effects of CURE-based methods on students’
academic achievement. Overall success rates for CURE
classrooms in comparison to traditional classrooms showed a
significant increase of 23.2%. For the subcategories, females
in CURE displayed a 92.7% success rate compared to
traditional classroom success rate, 69.4% which is a 23.3%

increase. For male students, the data displays a similar 23.3%
increase in success rates from traditional classroom to CURE.
As for progression rates, the CURE classrooms show a
significant increase of 11.7%. For each subcategory, females
show an increase of 16.4% in progression rate from
traditional to CURE. Respectively, for males there is an
increase of 9.9% in progression rate. (Table 2)

A pre-survey was given to analyze Chem 001A students’
response toward scientific activities using a Likert scale.
Questions include whether they feel confident in making a
poster based on a scientific project, whether they work better
on a project when they are in a group, etc. There is a
discrepancy in the distributions between the females and
males. This survey provides an estimate of how the students
will progress in the STEM field, whether the course caused
a positive influence on the students or invoked new
opportunities, and whether each gender possesses a different
attitude toward scientific activities (Table 3).

The same attitudinal survey was given after students
finished their course-based Chem 1B to analyze the effect
on responses of different genders. The genders reveal
discrepancies largely regarding questions about confidence,
creativity, and leadership for new STEM projects and ideas.
The content of the questions similar to Table 3 and
determines how the Chem 1B influences the students to
continue on to STEM or research. The survey allows a
comparison of the methods between the two courses and
illustrates which style has a smaller difference between
genders (Table 4).

Table 2. Success rate, Progression rates, and Progression Success rates for Traditional versus CURE classrooms. The success of the CURE was measured
in three different categories. The “success rate” are those that completed the course with passing grade or higher (C or higher). “Progression rates” is the
percent of students that enrolled in the next course in the series (Chem 001B). “Progression Success rates” is the percent of students that passed the Chem

001B course

Student Number of Success Progression Progression Success

Classification Students Rates rates Rates

Overall 727 71.1% 47..6% 79.5%

Traditional Female 359 69.4% 52.4% 76.6%

Male 356 72.2% 41.9% 82.6%

Overall 209 94.3% 59.3% 75.0%

CURE Female 96 92.7% 68.8% 74.2%

Male 110 95.5% 51.8% 77.2%

Table 3. Attitudinal survey of students in Chem 1A course. This represents Chem 1A female (n=18) and male (n=13) student responses for the question

posed on the pre-survey and the distribution of responses in percentages utilizing a Likert scale

. Never Rarely Sometimes | Frequently Very
Questions Gender (%) (%) (%) (%) Frequently (%)

Feel confident in making a poster | Female | 556 556 21.78 38.89 222
based on scientific project Male 0 7.69 46.15 30.77 15.38
Itis easy to come up with my own | Female 0 33.33 33.33 22.22 1111
project ideas and procedures Male 0 38.46 15.38 30.77 15.38
I work better on a project when | | Female | 556 1111 22.22 50 e
am in a group Male 0 7.99 46.15 30.77 15.38
Starting a poster at a conference Female 5.56 5.56 16.67 21.18 44.44
is something | want to do Male 0 15.38 23.08 23.08 38.46
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Table 4. Attitudinal Survey of Students in CHEM 001B Course. This represents CHEM 001B female (n=55) and male (n=44) student responses for the
survey after taking the CHEM 001B and the distribution of responses in percentages utilizing a Likert scale

Gender Never Rarely Sometimes | Frequently Very
(%) (%) (%) (%) Frequently (%)

Feel confident in making a poster | Female | 1.82 7.21 41.82 32.73 16.36
based on scientific project Male 2.27 6.82 2955 31.82 29.55
It is easy to come up with my own Female 3.64 23.64 43.64 23.64 5.45
project ideas and procedures Male 455 15.91 36.36 29.55 13.64
I work better on a project when | | Female 0 1.82 30.91 30.91 38.18
am in a group Male 0 4.55 45.45 13.64 36.36
Starting a poster at a conference Female 16.36 16.36 18.18 23.64 25.45
is something I want to do Male | 13.64 9.09 25 29.55 22.73

Table 5. Data analysis between all females and all males in CHEM 1A and CHEM 1B courses. Since a Likert-Scale was used in Table 4 and 5, weighted
mean was determined. T-values and P-values were calculated, and the latter was the primary focus after t-test was done as it helped determine if there was
any significant change between two variants, all females, and all males in CHEM 1A and CHEM 1B courses in this case

Feel confident in It is easy to come up I work better on a Starting a poster at
Questions making a poster based with my own project project when | am a conference is
on scientific project ideas and procedures in a group something | want to do
Weighted Female Male Female Male Female Male Female Male
Mean® 357.53 373.68 305.48 329.82 395.89 375.44 343.84 349.12
T-values® 0.000207 0.000231 0.025037 0.000000
P-values 1.00 1.00 0.97 1.00

® The Likert scale in Table 3 and Table 4 was a 5-point scale. "Never" corresponds to value 1, rarely 2, sometimes 3, frequently 4, and

very frequently 5. The highest value could be 500.

T-values is an intermediate step in t-test to further calculate the P-values. The greater the magnitude of T-value, the more likelihood

of the significant difference.

¢ Only when the p-value is lower than 0.05, the change is significant. Namely, values higher than 0.05 are not considered significant.

The weighted mean values calculated, and a T-test was
done between all females and all males and between the
methods of the course. The t-value is determined first in
a t-test, and p-value further gives strong support for
whether males or females reach gender equity with the
implementation of CURES or if inequity is still taking place
(Table 5).

Based on the Table 2, there is an increase in female
progression rates revealing the potential effects of
course-based curriculum has on students, including
preparing students to use their skills to progress to higher
levels and ultimately setting them up for greater success
and completion in the future. According to the progression
success rates, all three categories show no significant
increase as other factors could contribute to whether students
receive a passing grade or not. It has been demonstrated that
by incorporating CURES into introductory general chemistry
courses, there is an improvement in progression rates
for both female and male students after implementing
CURE-based learning. Most students reported a need for
more research experience at the beginning of Chem 1A and
after completing the course students reported increased
laboratory, research, communication, and analytical skills.

At the start of the Chem 1A course, students were
encouraged to fill out pre-surveys to evaluate their personal
research experience. The survey sections included a Likert
scale for skillsets and free-response section to capture
student opinions. The findings of the pre-surveys ranged

from but are not limited to the need for research experience,
presentations and gaining critical thinking skills. The
findings of the pre-surveys are summarized in Table 3-5 and
BOX 1. In a comparison between Table 3 and Table 4 based
on the percentages, we cannot directly conclude whether
CURE-based classrooms can lead to an increase or decrease
in confidence. For instance, both female and male students
reported having more interest in working in a group for
projects, while they become less willing to share a poster at a
conference. This finding leads to another analysis in Table
5 that the different learning environment will not be the
experimental variable but gender. Table 5 represents the data
for individual questions when students from both Chem1A
and Chem1B are combined. The weighted means reveals that
female and male responses are similar. CURE’s curriculum
facilitates an environment for both genders to learn thus
closing the gender gap. The t-values give a glimpse of how
significant the difference between two data sets is. All the
data values are low and thus not significant. The P-value
which is determined from a t-test is the most important value
in our data. All the p-values are higher than 0.05, not
considered significant values, it is statistically proven that
the success of females is considered the same as that of
males. Consequently, the data suggested that although
CURE-based learning did not have a direct relationship with
students' confidence level toward scientific activities, its
implementation can effectively raise both success rate and
progression rate. The t-test also further reveals that there is
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no difference in the success between different genders
and that students, regardless which gender they are, can
succeed in the STEM field equally. In future experiments,
a larger sample size, such as more classrooms, should be
implemented to provide reliable results and there will be
a buffer in case students drop out due to unexpected
circumstances. Students can experience both methods to be
surveyed and observed to prove consecutively which
approach was better in opinion and statistics. Additionally,
classrooms with the same course should adopt different
methods, CURE, or traditional approach, and be
comparatively analyzed so there is an accurate observation
of which method leads to the best performance.

4. Conclusions

The main purpose of this study is to investigate the effects
CUREs has on a general chemistry course and the positive
effects it has on female students’ motivation in chemical
analysis. To explore our study, we used two different
approaches to assess CURES on students' learning outcomes.
The first approach was quantitative, which offered a direct
comparison between traditional and CURE classroom
success, progression, and progression success rates. These
values were determined over a four-year span. Significant
improvements were found in overall progression rate in
which CUREs was implemented and in subcategory. The
second approach was qualitative, which consisted of a
compilation of surveys pre and post general chemistry
sequence and gender is the major independent factor for
analysis. Our study aims to draw attention to implementing
CUREs at different levels in STEM education and in courses
with higher enrollment rates. In addition, we also hope that
expanding the CUREs curriculum could change introductory
STEM courses as less of a filter to encourage female students
to continue as science majors in the future.

This was a study conducted at the Blinded College, a
community college undergraduate institution. The class size
for traditional and CURE classrooms were relatively small.
The material taught for traditional and CURE classrooms
is not identical so the discrepancies in results can be that
some methods are more suitable for certain lectures and
assignments. The differences in difficulty between the
courses are also a factor of how the students perform within
the class. Students may experience outlying factors that
may not be the result of the traditional or CURE methods
which affects their success rate and progression rate. The
progression rate can also differ based on the required classes
and major of the student which does not relate to classrooms’
approach. Despite these limitations, we feel our study
captures the characteristics of CURE(S) integrated courses
and displays potential solutions to gender inequity in STEM.
These CURE projects are not exclusive to small classroom
settings but can be adapted into infrastructures.

Gender inequality is prevalent today in many different
aspects. This includes the STEM classrooms our students

today are enrolled in. The implementation of CUREs at the
undergraduate level facilitates student learning while also
engaging students in real world-based projects. This aids the
inequity in STEM courses by allowing these individuals
(women, minorities, etc.) to have more control over their
learning and interest. To lead the next generation of STEM
majors to success, CUREs allow for students to be able to
problem solve, take control, and engage with their interest,
and break out of a mold set by prior STEM norms. Everyone
in STEM can build their own journey.
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