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Abstract

Background: STEM identity has been shown to have a powerful role in an individual’s success in educational
environments, as well as on their career goals and trajectories. Historically, however, STEM identity formation for
underrepresented students has been hampered by the lack of representation of in STEM fields, which
predominantly consist of white males. One educational challenge is diversifying STEM classrooms, both in terms of
the students themselves and also in terms of the science and scientists they learn about.

Methods: We piloted a 4-credit History, Philosophy, and Sociology of Science course at Michigan State University.
Students were tasked with creating exhibits focused on themes of diversity and inclusion in science for a real client.
Using a STEM identity survey, we assessed students’ attitudes towards the sciences, issues of diversity in science,
and their sense of belonging to their educational communities. We also had the students respond to various short-
answer questions throughout the semester to better understand their experiences working on a collaborative
authentic learning task.

Results: Our results suggest that authentic learning experiences based around ideas of diversity and inclusion can
help students develop sense of belonging and positive STEM identities. Students demonstrated shifts in their self-
identities as scientists, focusing more on the intersection between their gender, ethnicity, and self-perception as a
scientist. Through qualitative analysis of short-answer questions, we were able to ascertain that working in groups
in an authentic learning environment helped the students improve their communication and collaboration skills.

Conclusions: Students’ increased focus on gender and ethnicity suggests that they are thinking critically about
how their personal identities intersect with their scientific identities. Additional research would help us better
understand if the coupling of authentic learning and inclusive teaching practices have significant impacts on the
formation of students’ STEM identities.

Keywords: Authentic learning, STEM identity, Sense of belonging, Diversity

Introduction
STEM (science, technology, engineering, and mathemat-
ics) identity has been defined as the way people make
“the concept of fitting in within STEM fields, specifically,
the way individuals make ‘meaning of science experi-
ences and how society structures possible meanings’”

(Carlone and Johnson 2007, Hughes et al. 2013). People
who have developed STEM identities can be described
as those who “think about themselves as science learners
and develop an identity as someone who knows about,
uses, and sometimes contributes to science” (Center for
the Advancement of Informal Science Education 2018).
STEM identity has been shown to have a powerful role
in an individual’s success in educational environments,
as well as on their career goals and trajectories (Chemers
et al. 2011, Perez et al. 2014, Simpson and Bouhafa
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2020). Historically, however, STEM identity formation
for underrepresented students has been hampered by
the lack of representation of in STEM fields, which pre-
dominantly consist of white males (Alegria and Branch
2015, Bernard and Cooperdock 2018). One educational
challenge is diversifying STEM classrooms, both in
terms of the students themselves and also in terms of
the science and scientists they learn about.
Active learning is one strategy that has been shown to

increase exam performance in STEM undergraduate stu-
dents (Freeman et al. 2014) and may also contribute to
the development of more positive STEM identities and
increased retention in STEM majors (Beier et al. 2019).
Authentic learning, a form of active learning in which
students focus on real-world issues over a long period of
time, is a specific approach that may improve both stu-
dent retention and performance (Beier et al. 2019,
Torres et al. 2016). Beier et al. (2019) demonstrated that
authentic learning experiences were correlated with
higher levels of STEM career aspirations, higher levels of
self-efficacy in STEM skills, and higher ratings of the
usefulness of STEM courses in undergraduate education.
However, these results were similar across demograph-
ics, suggesting that authentic learning experiences are
not sufficient to increase underrepresented students’
STEM identities to similar levels as their white male col-
leagues’ (Beier et al. 2019).
Because of the importance of STEM identity formation,

particularly for traditionally underrepresented students,
including women and ethnic and racial minorities, we de-
signed an undergraduate course to encourage and foster
STEM identities through a semester-long authentic learn-
ing project and through teaching about diversity and in-
clusion in the space program. The course was a 100 level
History, Philosophy, and Sociology of Science course
taught in an undergraduate residential college focused on
science and society at Michigan State University. The pri-
mary motivation behind the development of the course
was a desire to create an inclusive learning environment,
both within the classroom—in terms of the course con-
tent, assignments, and pedagogy—and beyond the class-
room by helping to create public spaces on campus
focused on diversity in STEM. A secondary motivation
was to weave content knowledge focused on historical and
contemporary issues of diversity and inclusion in STEM
with transferable skills such as the ability to effectively
work in teams and to generate products in an authentic
environment. As such, the course was designed to be both
deeply relevant (to their major, to their career goals, etc.)
and deeply meaningful (to their sense of identity and sense
of belonging) for each student enrolled in the class.
In this article, we first provide a brief overview of STEM

identity and the strands of STEM identity that we deter-
mined to be particularly important. We then discuss the

course design itself, followed by our assessment methods,
the results, and our conclusions and ideas for future re-
search. This case study demonstrates that authentic learn-
ing experiences based around ideas of diversity and
inclusion can help students develop sense of belonging
and positive STEM identities, and in particular, STEM
identities that are rooted in ethnic and gender identities.
Furthermore, we suggest that combining teaching about
diversity and inclusion with an authentic learning ap-
proach may foster critical self-reflection about issues of
gender and race as they relate to an individual’s perception
of who is a scientist and their own relationship with sci-
ence, though more research needs to be done in this area

STEM identity
To better foster learning and living environments that
help students develop positive STEM identities, it is im-
portant to understand how these identities are developed
and nurtured through institutions of formal education.
We have identified three important contributors to STEM
identity formation: (1) teaching for diversity and inclusion
through exposure to role models (Johnson 2012); (2) an
individual’s sense of belonging to an educational institu-
tion and to the STEM field(s) (Maton et al. 2016, Rainey
et al. 2018); and (3) authentic learning experiences (Beier
et al. 2019, Wallace and Bodzin 2017, Chi et al. 2015).
These different strands are not mutually exclusive, and in
particular, diversity and inclusion is deeply tied to sense of
belonging, particularly for individuals who may not see
their own identities reflected in the dominant STEM de-
pictions or in educational institutions.
For example, Gumpertz, Durodoye, Griffith, and Wilson

(2017) show that tenure-track faculty in STEM disciplines
are far more likely to be white and male than an ethnic or
racial minority, or a female. This imbalance means that
undergraduate students are generally exposed to the dom-
inant white male professor in the course of their STEM
education, limiting their exposure to role models who
may look like themselves. The experiences of black under-
graduate students suggest that being surrounded by pri-
marily white students and instructors contributed to a
feeling of social and intellectual isolation, which in turn
makes it more difficult for them to find study partners
and other students to collaborate with (McClain 2014).
To best foster positive STEM identities at the under-

graduate level, we argue that it requires a focus on both
diversity and sense of belonging, which can be facilitated
through authentic learning experiences. Below, we
briefly explore the literature related to each of these
strands of STEM identity.

Diversity and inclusion
Research suggests that incorporating diversity and inclu-
sion in college courses and campus activities can help

Singer et al. International Journal of STEM Education            (2020) 7:57 Page 2 of 12



students develop sense of belonging, confidence, engage-
ment, and academic achievement (see e.g., Laird 2005,
Zuniga et al. 2005, Puritty et al. 2017). Laird (2005)
found that undergraduate students who interacted with
diverse peers and took classes that emphasized diversity
are more likely to demonstrate self-confidence, critical
thinking skills, and agency. Puritty et al. (2017) argue
that underrepresented students in STEM programs need
to “embrace their identities,” and that institutions and
STEM culture must create ways to foster this.
Emphasizing diversity and inclusion in teaching specific-

ally targets students’ exposure to role models in STEM
fields that are more inclusive and reflective of a diverse
student population. Research has shown that access to
role models—educators, professionals, parents, etc.—that
individuals can relate to can increase the development of a
positive STEM identity (Hughes et al. 2013, Ramsey et al.
2013). Specifically, Ramsey et al. (2013) found that expos-
ure to in-group role models (i.e., role models of the same
gender, race, or ethnicity as an individual) can increase
motivation and persistence in STEM fields and lead to
stronger STEM identities in undergraduate females.
STEM educational environments often foster a sense of

belonging for white males, while tacitly marginalizing
people of color and women (Johnson 2012, Ramsey et al.
2013, Tonso 1999). This privilege of white maleness ex-
tends beyond STEM education; Johnson et al. (2007) dem-
onstrate that students of color often have less of a sense of
belonging to their campus community than do white stu-
dents. Studies show that experiences of racial discrimin-
ation and bias negatively affect students’ sense of belonging,
as well as student retention (Hurtado and Alvarado 2015).
However, even in the face of institutionalized white

male privilege, teaching for diversity and inclusion can
help nurture a STEM identity and a sense of belonging,
particularly for underrepresented minorities. Embracing
multicultural content in STEM classrooms contributes
to a “legacy of competence” by representing the histor-
ical contributions of students’ cultural ancestors
(Hinnant-Crawford 2016). For example, to counter insti-
tutionalized biases, the “stereotype inoculation model”
suggests that women can develop stronger implicit
STEM identities through exposure to positive cues in
their surroundings. Studies have shown that US (United
States) female college students who were exposed to in-
group (female) role models and experts demonstrated
stronger implicit STEM identities, and in turn increased
motivation and persistence in STEM fields. Their per-
ceptions of male-STEM stereotypes stayed the same in
these cases (Dasgupta 2011, Stout et al. 2011).

Sense of belonging
A sense of belonging to a community of peers is import-
ant to both developing a STEM identity and retention in

STEM education programs (Johnson 2012). Strayhorn
(2012) defines a sense of belonging as “students’ per-
ceived social support on campus, a feeling or sensation
of connectedness, and the experience of mattering or
feeling cased about, accepted, respected, valued by, and
important to the … community” (pg. 4). Sense of belong-
ing is scaffolded within a university environment, as
students can feel at home in, for example, their dormi-
tories, their university, their chosen field of study, and
other various communities. As students make the transi-
tion from high school to college, there are several oppor-
tunities to develop a sense of belonging to various
groups and organizations on campus. However, research
shows that it is more difficult for underrepresented stu-
dents, including women and students of color, to de-
velop a sense of belonging within a university setting
(Ramsey et al. 2013). These challenges may be exacer-
bated in the STEM fields, which are dominated by white
males (Hughes et al. 2013, Rainey et al. 2018).
Research shows that underrepresented minorities and

first-generation college students are particularly vulner-
able to dropping out of higher education programs, and
that the lack of a sense of community contributes to this
vulnerability (O’Keefe 2013). In STEM programs in par-
ticular, underrepresented minorities describe stigmas as-
sociated with being an underrepresented individual in
science (Hurtado et al. 2010). McClain (2014) showed
that race can play a significant role in students’ educa-
tion experiences, resulting in less positive identities as
mathematicians. Similarly, Rainey et al. (2018) found
that undergraduate white men in STEM disciplines re-
ported a higher sense of belonging than any other demo-
graphic, and that women of color reported the lowest
sense of belonging. However, there are strategies to in-
crease an individual’s sense of belonging to an educa-
tional community or the STEM fields, particularly for
students who do not identify as white males. For ex-
ample, Walton and Cohen (2011) introduced an inter-
vention design to assuage fears about long-term social
isolation in college, which resulted in improved senses of
well-being and higher grades, particularly for African-
American students. In addition, participating in research
has been correlated with long-term interest in STEM for
underrepresented students (Hernandez et al. 2013).

Authentic learning experiences
Authentic learning experiences are those developed to
align better with the way learning is achieved in real-
world environments (Herrington et al. 2014). Herrington
and Oliver (2000) suggest that authentic learning experi-
ences should be designed around characteristics that
focus on real-world relevance over a long period of time
(Bransford et al. 1990, Reeves and Reeves 1997); the
exposure to and collaborating with multiple roles and
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perspectives; reflection; articulation of knowledge and
learning, particularly through public presentation (Edelson
1996); scaffolding; and authentic assessment. These expe-
riences focus on solving real-world problems through
role-playing, participation in virtual or face-to-face com-
munities of practice, and case studies. Authentic learning
intentionally introduces multiple perspectives and inter-
disciplinarity (Lombardi 2007).
Both students and instructors exhibit preferences for

learning-by-doing as opposed to learning-by-listening,
though implementing authentic learning in a classroom
can prove challenging (Lombardi 2007). In theory, au-
thentic learning can help students better judge the reli-
ability of information, develop and follow longer
arguments, identify patterns, and become more flexible
and dynamic collaborators across disciplines and cultural
boundaries (Lombardi 2007). Studies of undergraduate
students show that authentic learning experiences may
contribute to increased empathy (Donnelly et al. 2019),
increased understanding of the theoretical underpin-
nings of a field (Smith et al. 2015), and the development
of stronger STEM identities (Anthony et al. 2017,
Martin-Hansen 2018, Mraz-Craig et al. 2018). Authentic
learning experiences may also contribute to increased
engagement and self-efficacy measures, particularly for
underrepresented students (Chemers et al. 2011).

Course overview
This case study took place in a 100 level, 4-credit course
called Introduction to History, Philosophy, and Soci-
ology of Science at Michigan State University. The stu-
dents enrolled in the course were freshmen who were
part of a residential learning college (Lyman Briggs Col-
lege) with a focus on science. This specific section of the
course had an emphasis on authentic learning and diver-
sity, as explained below. We used a different section of
the same course, without the focus on authentic learning
and diversity, as a control class.
The treatment course created an authentic learning

experience by creating a semester-long collaboration be-
tween the students and a client, who in this case was the
Director of the Abrams Planetarium. The course was de-
signed with the goal of being focused on skill develop-
ment and student-led research experiences that mirror
real life, with a particular emphasis on diversity in sci-
ence and in the space program in particular. The client
shared her request—the kinds of products desired for
public display—and logistical and budget limitations for
the production of the final products. After hearing the
client’s request, students worked in learning teams of 4–
5 students to develop their initial ideas and then pitched
their proposal to the client using the format of a flash
presentation. At this time, initial feedback was given by
the client, the professor, and by peers in the class

regarding what would work well and areas for improve-
ment or revision. Additional feedback was also given re-
garding feasibility, budgeting concerns, and ways the
proposed project could integrate into other aspects of
the planetarium’s displays and youth programming.
Students continued to develop their ideas and projects

and met with the client at least twice more at the planetar-
ium itself and communicated regularly with the client over
email. Students were responsible for contacting the client
and arranging a meeting for the whole team. The first visit
was shortly after the original pitch to discuss further
changes after initial feedback. Students were also able to
ask questions and ask for more specific feedback as well.
A second meeting was a few weeks later with the intent of
showing initial versions of content and to work through
any additional issues, though most teams had yet to build
or prototype any additional content at this time.
By the end of the semester, each team had physically

built or produced their final product and presented their
exhibit to the professor and the client. It was clear the
students did incorporate many suggestions. The final
products were then given in either digital or physical
form to the client to incorporate into the planetarium’s
public displays and/or for future youth programming.
Running alongside planning, researching, and building

their group final projects, students read about the contribu-
tions of women and other underrepresented groups to
space research and astronomy. Activities included reading
primary sources featured in the Smithsonian Museum’s
digital collection, watching the movie Hidden Figures, read-
ing the book Almost Heaven, and conducting a phone
interview with Nancy Grace Roman. Periodically, students
were prompted to reflect on their learning and the impact
of the class content and assignments on their views of
themselves as scholars and scientists. For example, there
was an in-class identity chart activity and an in-class reflec-
tion activity about how the students identified as a future
STEM professional. Overall, these activities introduced stu-
dents to underrepresented scientists and STEM profes-
sionals, and also encouraged them to reflect upon their
own identities as students, scholars, and scientists.

Student demographics
Both the treatment and the control classes were com-
prised of majority female and majority white students.
The treatment class was more ethnically diverse, with ap-
proximately 40% of the students identifying as non-white,
compared with approximately 25% of the students in the
control class identifying as non-white. Both classes had
between 55 and 60% of the students identify as female.

Methods
To assess how students’ identities developed and changed
throughout the semester, we created a STEM identity
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survey (see Appendix 1) that addresses sense of belonging
(to Lyman Briggs, Michigan State University, and STEM
fields), exposure to diversity, and a student’s sense of iden-
tification as a scientist and as a scholar. Our survey was
compiled from surveys that have already been tested and
validated in the literature, and we adapted questions to
make them specific to the residential college and the Uni-
versity. We specifically adapted survey and interview in-
struments from Hughes et al. (2013), Ramsey et al. (2013),
and Bollen and Hoyle (1990).
We administered the survey both during the first 2

weeks of the semester and during the final 2 weeks of
the semester to assess change. We administered the sur-
vey to the treatment classroom as well as to a control
classroom that did not include an authentic learning
component or a particular emphasis on diversity and in-
clusion. This allowed us to compare the differences in
change in student STEM identities between the class-
rooms. The control classroom had 23 students, and the
treatment classroom had 24 students. Note that in the
beginning of the semester there were a few students in
each class that were not yet 18 years of age, and there-
fore did not take the survey. We performed independent
sample t tests on the pre-surveys to see if there were any
initial significant differences between the classes. To
analyze change over time by classroom, we performed
paired sample t tests on the STEM identity surveys in
both the treatment and control classrooms.
In the treatment classroom, the students also responded

to short-answer questions twice during the semester, once
near the beginning of their exhibit creation and once near
the end (see Appendix 2). They answered questions re-
garding their expectations about the project, their per-
sonal contributions, the challenges of collaboration, and
their client interactions. To analyze these responses, we
used an emergent coding process, modeled on Humble
(2009). This process allowed common themes to emerge
from the student’s responses, which we then categorized
into broader categories. Based on student responses, we
were able to group specific questions together, as the stu-
dent responses were largely similar. We also developed
broad themes for each question group and more specific
sub-themes. We then compared the frequencies of each
category to assess what students were consistently writing
about in their responses.

Results
Comparisons between the control and treatment classes
for the initial survey revealed few significant differences
(nine out of the 58 questions). In general, these differ-
ences reflected that students in the control classroom
had more faith in science and saw more evidence of di-
versity in science in their daily lives than did the stu-
dents in the treatment classroom.

Results of the pre- and post-STEM identity surveys are
shown in Tables 1 and 2. We included only the state-
ments that saw significant change over the semester. We
used a significance threshold of p < 0.1 to account for
the fact that this is exploratory research, and we are in-
terested in trends to look for in future research.
In our qualitative analysis of the open-ended questions

students answered twice during the semester, we identi-
fied two primary emergent themes that the students
focused on: personal development as a student and collab-
oration skills. In addition, we identified sub-themes that
we grouped into these two main categories. Table 3 shows
the number of students who spoke positively about each
of the sub-themes and the main themes. Because the ma-
jority of responses were similar across both times that the
questions were asked, for this analysis, we used only the
responses given during the final part of the project.
Finally, we coded the challenges that the students en-

countered in their authentic learning projects, developing
emergent categories. Table 4 shows the frequency of the
categorized challenges that were mentioned by the
students.

Discussion
STEM identity survey
Our results suggest that authentic learning experiences,
when combined with teaching about diversity and inclu-
sion, may positively influence students’ STEM identities
and prepare them for future coursework and professional
experiences. The survey results highlight the differences
between the control classroom and the treatment class-
room. In the control classroom, the significant changes in
student responses primarily dealt with traditional markers
of academic education, though the change was not neces-
sarily in the expected direction. Students did report feeling
more confident about their math abilities, but they were
less concerned with learning new topics. Students in the
control class also reported an increased sense of belonging
with the scientific community and were more likely to
identify as a scientist.
In the treatment classroom, students exhibited more

change overall. Like the control group, they too were
more likely to identify as a scientist; unlike the control
group, however, they also intertwined their gender and
ethnic identities with their scientific identity, as exhib-
ited through increased agreement with the following
statements: “My gender identity is an important part of
my being a scientist,” and “My ethnic identity is an im-
portant part of my being a scientist.” Previous research
has suggested that active learning environments may
help foster positive STEM identities regardless of stu-
dent demographics (Freeman et al. 2014, Beier et al.
2019, Torres et al. 2016); however, because underrepre-
sented students often have more negative STEM
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identities (including concepts of self-efficacy and sense
of belonging) (Beier et al. 2019, Chemers et al. 2011),
there is a recognized need to develop strategies to pro-
vide learning environments that particularly focus on
these students. Our treatment classroom, which coupled
an authentic learning project with increased exposure to
diversity in STEM, was an attempt to do this. While our
sample size was too small to statistically determine if un-
derrepresented students saw greater increases in their
STEM identities than did other students, the overall in-
creases in the importance of their genders and ethnici-
ties to their self-identities as scientists suggests that this
approach may have been successful.
Additionally, the treatment group showed significant

change in their perceptions of exposure to underrepre-
sented groups in STEM, including women and people of
color. We can hypothesize that the students felt more
exposure to underrepresented groups because of the
focus of the course. In the future, it would be useful to
ask if they also began noticing underrepresented scien-
tists more outside of the course; it may be that their

exposure made them more capable of noticing under-
represented scientists than they were before taking this
course. Alternatively, they may simply have been ex-
posed to these scientists within this course but nowhere
else in their lives.
Compared to the control classroom, the students in

the treatment group showed an increased sense of be-
longing to the residential college community. Research
shows that group collaboration in learning environments
may help foster a sense of community (Manning and
Saddlemire 1996, Salazar et al. 2012), so working closely
with members of the residential college community
throughout the course of a semester may have helped
students feel more integrated into that particular com-
munity. Additionally, creating positive peer interactions
may be particularly useful for underrepresented stu-
dents, contributing to them developing sense of belong-
ing (Johnson et al. 2007). Fostering an inclusive,
collaborative atmosphere in this course may have con-
tributed to the increase in sense of belonging to Lyman
Briggs exhibited by the students.

Table 1 Mean agreement with the survey statement for the control group
Statement Pre-survey mean (SD) Post-survey mean (SD) Direction change P value

I am confident in my ability to succeed in my university math courses. 4.00 (1.00) 4.47 (0.72) Increase 0.09

I have a strong sense of belonging to the scientific community. 3.53 (0.72) 3.88 (0.70) Increase 0.06

I have come to think of myself as a scientist. 3.18 (1.07) 3.88 (0.78) Increase 0.02

It is important to me that I learn a lot of new concepts this year. 4.76 (0.56) 4.47 (0.72) Decrease 0.10

One of my goals in class is to learn as much as I can. 4.71 (0.59) 4.06 (0.83) Decrease 0.00

My chances of succeeding later in life depend on doing well in college. 4.29 (1.05) 4.71 (0.77) Increase 0.07

Students responded on a Likert scale of 1–5, with 1 being strongly disagree and 5 being strongly agree

Table 2 Mean agreement with the survey statement for the treatment group
Statement Pre-survey mean

(SD)
Post-survey mean
(SD)

Direction
change

P value

Being a scientist is an important part of my self-image. 3.17 (0.92) 3.78 (1.11) Increase 0.02

I often see images of high-achieving woman scientists in museums or other
public spaces.

2.72 (0.90) 3.28 (0.96) Increase 0.02

Today’s complex problems require interdisciplinary solutions. 3.82 (0.73) 4.41 (0.80) Increase 0.00

Today’s complex problems require scientists to work effectively in teams. 4.06 (0.90) 4.59 (0.71) Increase 0.02

I often hear or read about high-achieving female scientists. 2.82 (0.95) 3.44 (1.03) Increase 0.06

I have come to think of myself as a scientist. 2.88 (1.05) 3.41 (1.00) Increase 0.05

My ethnic identity is an important part of my being a scientist. 2.24 (0.90) 2.82 (0.95) Increase 0.10

My gender identity is an important part of my being a scientist. 2.59 (1.42) 3.41 (1.28) Increase 0.04

I often see images of high-achieving scientists of color in museums or other
public spaces.

2.47 (0.94) 3.12 (0.49) Increase 0.02

I often see images of or read about high-achieving woman scientists in textbooks. 2.47 (1.07) 3.12 (1.05) Increase 0.03

Often, the people in the Lyman Briggs community trust me with things that are important
to them.

3.06 (0.83) 3.47 (0.72) Increase 0.09

I am a scientist. 3.06 (1.20) 3.71 (1.21) Increase 0.08

People of the Lyman Briggs community count on me to be there in times of need. 2.76 (0.90) 3.35 (1.00) Increase 0.01

My chances of succeeding later in life depend on doing well in college. 4.29 (0.92) 3.65 (1.17) Decrease 0.04

Students responded on a Likert scale of 1–5, with 1 being strongly disagree and 5 being strongly agree
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The students in the treatment course also showed in-
creased agreement that today’s complex problems re-
quire interdisciplinary team science to solve. The
authentic learning experience was designed to mimic
real-world experiences; research shows that science is
becoming more team-based and interdisciplinary (e.g.,
Bozeman and Bozeman 2014, Hazra et al. 2019). These
students worked as part of a small group throughout the
semester, which may contribute to the changes in how
they view the necessity for interdisciplinary and team
science. Salazar et al. (2012) suggest that when scientists
work in interdisciplinary groups they build communica-
tion skills, a shared sense of belonging, and an under-
standing of how their individual knowledge and skills
can contribute to addressing complex problems.
Finally, there were differences in how students changed

their thinking about learning between the two groups. In
the control group, students indicated greater confidence
in their ability to succeed in math courses at the end of
the semester, though this particular course did not deal
with math in any way, so we have no hypothesis as to why
this may have occurred. It is important to note that the p
value here is high, and so this result may not be signifi-
cant, or it may be that students felt more confident over-
all, and this is reflected in their response. In the control
group as well, students were less invested in learning new
things in general. Despite their decrease in interest in

learning new things, the students in the control group
showed an increased belief that their chances of succeed-
ing in life are dependent upon how well they do in school,
though again the significance is marginal.
In the treatment group, however, the only significant

change regarding learning explicitly was a decrease in
the belief that their chances of success in life depend
upon how well they do in school. This was an unex-
pected and interesting result, and we posit that it may
be due to their exposure to underrepresented scientists.
In general, these scientists had to overcome discrimin-
ation, biases, and sometimes outright harassment to suc-
ceed, despite their ambition, hard work, and intellect.
We hypothesize that through learning about these insti-
tutionalized barriers to success, the students may have
developed a richer understanding of how success is
shaped by external as well as internal desires and forces
(e.g., McIntosh 1988, Ong et al. 2018), and therefore be-
came less inclined to believe that hard work and good
grades will allow them to achieve their goals. This is
something that has not been well-studied, and we sug-
gest that further research would be useful here.
It is important to address the initial differences be-

tween the two classes, though our primary goal with this
research was to measure changes over the semester. The
treatment class was more ethnically diverse than the
control class, which may account for the fact that they
initially felt less exposed to scientists of color—their own
ethnicities may have made them more aware of the ab-
sence of scientists of color, while the less diverse class
may have assumed a more diverse representation despite
a lack of evidence. Similarly, the less diverse population
may have exhibited more faith in science because of
their exposure to scientists who reflect their own iden-
tities. More research with larger sample sizes would be
useful to address these questions about diversity and
perceptions of diversity in science.

Short-answer questions: collaboration and development
Throughout all the questions, two primary themes
emerged, dealing with (1) collaboration and (2) personal de-
velopment as a student. In terms of collaboration, students
focused on communication, dynamics of group work, and
having accountability to a group. When they spoke of per-
sonal development as a student, they discussed either trad-
itional educational learning outcomes such as research and
writing skills or softer skills such as confidence.
As shown in Table 3, the students in general focused

more on how they developed teamwork and collabor-
ation skills as opposed to more traditional learning gains
such as research and writing skills. One of the primary
goals of the class was to foster communication and dem-
onstrate how collaborative work and research creates
both challenges and rewards, and so we consider it a

Table 3 Short-answer questions that the students answered
throughout the semester
Collaboration skills developed Student development

What did you get out of and contribute to this project?

Teamwork and communication 17 Research skills 9

Time management 9 Writing skills 6

Personal relationships 3 Project-specific learning and work 18

Encouragement and enthusiasm 4

Accountability to a group 5

How did this class prepare you for future college courses and contribute to your
goals as a Lyman Briggs student?

Teamwork and communication 24 Research skills 3

Community-building 4 Writing skills 7

General personal development 14

This table shows the number of students who discussed the specific themes in
their responses

Table 4 List of challenges that students described in their
responses

What were the biggest challenges you had to overcome?

Teamwork and communication 10

Scheduling 9

Accountability and reliability 6

Giving up control 5

This table shows the number of students who commented on the specific
challenges they had to overcome

Singer et al. International Journal of STEM Education            (2020) 7:57 Page 7 of 12



success that so many students commented about how
their communication and teamwork skills were im-
proved. We also believe that because of the novelty of
the course (i.e., a semester-long, group project for a cli-
ent), students were more likely to emphasize the novel
aspects of the work as opposed to the more expected
learning gains in research and writing.
Similarly, many of the students mentioned that they

developed skills useful for their specific project, but that
may or may not be translatable to other courses or work.
For example, one group created an exhibit that used the
digistar, which is software specific to the planetarium.
Students also often talked about how they had particular
skills that contributed to these very specific aspects of
their exhibit, such as coding, painting, or wood-cutting.
When asked about what skills they had developed, many

students expressed that they had gained general skills that
would help them succeed as a student in the future, such
as confidence in their work or the ability to ask an in-
structor for help. While some of these responses were spe-
cific, many of them simply noted that they felt like they
were better students or better prepared for the future, so
we are unable to interpret those any more specifically,
which is why we created the “general personal develop-
ment” category to encompass these “soft skills” along with
the general statements. In the future it would be useful to
ask for more specific responses to the open-ended ques-
tions. Alternatively, based on the responses from this
study, we could develop a list of specific skills that we ex-
pect students to develop, and frame the questions as yes/
no or on a Likert scale. This would increase our ability to
generalize and compare results, but we would lose some
of the richness of the open-ended responses.

Short-answer questions: challenges
As seen in Table 4, the primary challenges the students
faced in this authentic learning experience were related to
collaboration and communication. Ten students noted that
teamwork and communication were the most challenging
aspects of the work; this category included things like being
open-minded about everyone’s different ideas and the gen-
eral difficulties of interpersonal communication in a group.
Scheduling was a common problem, as the students all had
different schedules and different extra-curricular activities.
Students also highlighted the difficulties of working with
people who procrastinated or missed classes or scheduled
meetings (accountability and reliability).
On a more personal level, several students mentioned

that it was difficult for them to give up control in the
group setting. For example, one student noted that “as
an individual, it is hard for me to trust in a group to do
everything on time,” and another said that “I had to
overcome taking control because I like knowing that I
was able to get a specific thing done.”

As this course was taught primarily to freshmen, it is
likely that this was their first large-scale group project in
which they had to consistently work with a group over
the course of a semester. One of the goals of authentic
learning was to introduce students to collaborative
knowledge construction (Herrington et al. 2014), and
the challenges cited by student suggest that we were
successful in this. Moreover, while collaboration proved
difficult for the students, they largely appeared to
overcome the challenges of teamwork and communica-
tion, as evidenced by their short-answer responses (see
Table 3).

Conclusions
We developed and taught a 4-credit History, Philosophy,
and Sociology of Science course in a residential college
at Michigan State University in fall of 2018. The course
was specifically designed to introduce ideas of diversity
and inclusion in STEM, through various activities and
texts, as well as a semester-long authentic learning
experience. To assess the success of this course, we
developed a STEM identity survey and asked a series of
short-answer questions throughout the semester. We
administered the STEM identity survey to a control
classroom that did not have a focus on diversity and
inclusion or an authentic learning project.
Our results suggest that the focus on diversity and the

authentic learning project helped contribute to the de-
velopment of stronger STEM identities when compared
to the control class. Students in the treatment class con-
sistently showed more change in their STEM identities,
with particular increases around their identities as not
only scientists, but scientists for whom their genders and
ethnicities are an important part of who they are. While
our sample size was too small to evaluate if underrepre-
sented students experienced more or less change in their
STEM identities, the increased focus on gender and
ethnicity suggests that students are at the very least,
thinking critically about how their personal identities
intersect with their scientific identities. Additional re-
search would help us better understand if the coupling
of authentic learning and inclusive teaching practices
have significant impacts on the formation of students’
STEM identities.
Through qualitative analysis of short-answer questions

given to the students in the treatment class, we were
able to ascertain that working in groups in an authentic
learning environment helped the students improve their
communication and collaboration skills. While the
course work presented challenges to the students, they
were largely able to overcome them through teamwork.
The students also improved their research and writing
skills, and learned some specific skills such as particular
technologies and software.
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Appendix 1
Table 5 STEM identity survey

Question Strongly
disagree

Somewhat
disagree

Neutral Somewhat
agree

Strongly
agree

1 Being a scientist is an important part of my self-image. 1 2 3 4 5

2 Having more people with my background in my field makes me feel more like
a scientist.

1 2 3 4 5

3 I have noticed that sometimes the people in the Lyman Briggs community will
inconvenience themselves to help me.

1 2 3 4 5

4 My ethnic identity is an important part of who I am. 1 2 3 4 5

5 I enjoy studying with other students in a group. 1 2 3 4 5

6 I often hear or read about high-achieving scientists of color. 1 2 3 4 5

7 I am a Briggsy. 1 2 3 4 5

8 I often see images of or read about high-achieving scientists of color in
textbooks.

1 2 3 4 5

9 Group projects are valuable. 1 2 3 4 5

10 Thinking of myself as a scientist is compatible with other aspects of my
background.

1 2 3 4 5

11 Other students in class take my suggestions/comments seriously. 1 2 3 4 5

12 I am confident in my ability to succeed in my university humanities courses. 1 2 3 4 5

13 I can effectively be a member of a team to design and build a hands-on
project.

1 2 3 4 5

14 I look forward to my science courses. 1 2 3 4 5

15 I am a Spartan. 1 2 3 4 5

16 I look forward to my math courses. 1 2 3 4 5

17 I often see images of high-achieving woman scientists in museums or other
public spaces.

1 2 3 4 5

18 I intend to complete a degree in science. 1 2 3 4 5

19 I am confident in my ability to succeed in my university math courses. 1 2 3 4 5

20 I have a strong sense of belonging to the scientific community. 1 2 3 4 5

21 It is my choice to study science. 1 2 3 4 5

22 The science courses in Lyman Briggs will prepare me for a job in a scientific
field.

1 2 3 4 5

23 The HPS courses in Lyman Briggs will prepare me for a job in a scientific field. 1 2 3 4 5

24 Today’s complex problems require interdisciplinary solutions. 1 2 3 4 5

25 Today’s complex problems require scientists to work effectively in teams. 1 2 3 4 5

26 I like my current living situation. 1 2 3 4 5

27 I know where I can find the information I need to solve a difficult problem. 1 2 3 4 5

28 More time should be spent on hands-on projects in college. 1 2 3 4 5

29 I can explain science to my friends to help them understand a problem or an
issue.

1 2 3 4 5

30 There are people at Lyman Briggs who care enough about me to criticize me
when I need it.

1 2 3 4 5

31 I often hear or read about high-achieving female scientists. 1 2 3 4 5

32 I look forward to my humanities courses. 1 2 3 4 5

33 I have come to think of myself as a scientist. 1 2 3 4 5

34 My ethnic identity is an important part of my being a scientist. 1 2 3 4 5

35 I am confident in my ability to succeed in my university science courses. 1 2 3 4 5

36 Society values the work that scientists do. 1 2 3 4 5

37 Scientists help to make the world a better place. 1 2 3 4 5

Singer et al. International Journal of STEM Education            (2020) 7:57 Page 9 of 12



Appendix 2
Pre-project interview questions
Q1. What do you hope to get out of this experience?
Q2. Please describe the challenges you foresee from

working in a group.
Q3. What strengths that you have will help you con-

tribute to this project?
Q4. How does this project contribute to your overall

goals as a Lyman Briggs student?
Q5. Are you nervous about working for a client? Why

or why not?
Post-project interview questions
Q6. What did you get out of this experience?
Q7. In what ways did you feel you best contributed to

your group’s success?
Q8. What were the biggest challenges you had to

overcome?
Q9. How did this project contribute to your overall

goals as a Lyman Briggs student?
Q10. As a result of this project, do you feel more pre-

pared for your future college courses? Why or why not?

Q11. How were your expectations met or unmet
throughout this project?
Q12. Has this project made you reconsider any of your

academic or personal goals? Why or why not?

Abbreviations
STEM: Science, technology, engineering, and mathematics; US: United States

Acknowledgements
Not applicable

Authors’ contributions
GM and SS developed the course. SS served as the client for the students.
AS and GM developed the measurement tools. AS conducted the data
analysis. AS was the primary manuscript writer. All authors contributed to
manuscript writing, and read and approved the final manuscript.

Funding
This work was supported by Lyman Briggs College at Michigan State
University (MSU), the Scholarship of Undergraduate Teaching and Learning
program at MSU, and the Abrams Planetarium at MSU.

Availability of data and materials
Datasets are available upon request from the corresponding author.

Table 5 STEM identity survey (Continued)

Question Strongly
disagree

Somewhat
disagree

Neutral Somewhat
agree

Strongly
agree

38 My gender identity is an important part of my being a scientist. 1 2 3 4 5

39 It is important to me that I learn a lot of new concepts this year. 1 2 3 4 5

40 I’m certain I can figure out how to do the most difficult course work. 1 2 3 4 5

41 The people of the Lyman Briggs community tend to rely on me for support. 1 2 3 4 5

42 One of my goals in class is to learn as much as I can. 1 2 3 4 5

43 I prefer to do work as I have always done it, rather than trying something new. 1 2 3 4 5

44 Doing well in school won’t guarantee that I will get a good job later in life. 1 2 3 4 5

45 Being a part of Lyman Briggs is important to me. 1 2 3 4 5

46 I often see images of high-achieving scientists of color in museums or other
public spaces.

1 2 3 4 5

47 I can effectively lead a team to design and build a hands-on project. 1 2 3 4 5

48 Being a scientist is an important reflection of who I am. 1 2 3 4 5

49 I often see images of or read about high-achieving woman scientists in
textbooks.

1 2 3 4 5

50 Sometimes in Lyman Briggs I almost feel as if I am invisible. 1 2 3 4 5

51 Sometimes at MSU I almost feel as if I am invisible. 1 2 3 4 5

52 At Lyman Briggs social gatherings, no one recognizes me. 1 2 3 4 5

53 I feel like I belong in the field of science. 1 2 3 4 5

54 Often, the people in the Lyman Briggs community trust me with things that
are important to them.

1 2 3 4 5

55 I am a scientist. 1 2 3 4 5

56 People of the Lyman Briggs community count on me to be there in times of
need.

1 2 3 4 5

57 My chances of succeeding later in life depend on doing well in college. 1 2 3 4 5

58 People of the Lyman Briggs community tend to not remember my name. 1 2 3 4 5
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