Impact of informal physics programs on female university students
Jessica Randolph, Emily Hay, Callie Rethman, and Tatiana Erukhimova
Department of Physics & Astronomy, Texas A&M University, College Station, Texas 77843

Jonan Phillip Donaldson
Center for Teaching Excellence, Texas A&M University, College Station, Texas, 77843

Jonathan Perry
Department of Physics, University of Texas at Austin, Austin, Texas, 78712
Informal physics programs can play a vital role in supporting student learning and sense of community beyond
the formal settings of a classroom or laboratory. This work builds on a recent study of the impact of facilitating
informal physics programs on students’ physics identity, sense of belonging, and career skills development by
narrowing the focus to specifically examine effects on female students who are underrepresented in physics.
We found a statistically significant shift in confidence of choice of major when compared prior to and after
facilitating informal physics programs. All female students who were interviewed discussed a positive effect of
participating in informal programs on their interest and motivation with regards to the field of physics and the
development of characteristics indicative of a growth mindset.
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I.

II.

INTRODUCTION

METHODOLOGY

To explore the impact of facilitating informal physics programs on female students, we analyzed a subset of data collected from a previous mixed methods study [21]. This prior
work collected 117 survey responses and conducted 35 interviews with undergraduate and graduate students who facilitated at least one informal physics program between 20132019 at a large land-grant university. The survey consisted
of questions targeting dimensions related to student physics
identity as defined below, sense of belonging to the physics
community [7], and 21st century career skills [22]. The survey incorporated a subset of items motivated by categories
from the Colorado Learning Attitudes about Science Survey
[23] and additional items reflecting on the goals of this project
[21]. The survey was distributed via email in fall 2019. Interviews were conducted with a volunteer pool of respondents
from the survey. Didactic interview questions were developed in collaboration with learning scientists and probed for
more in-depth experiences from facilitating informal physics
programs.
To analyze interviews, we developed a code book based
primarily on the work of Hazari et al. [9] for physics identity.
We also incorporated other themes relevant to female students
in physics such as gender stereotype threat and persistence in
the field [5, 6, 10, 14].
In a previous study [9] physics identity was defined through
the dimensions of belief in ability to understand physics
content, recognition by self and others as being good at
physics, and interest in the field as demonstrated by the desire to understand physics [9]. Additional codes were included by viewing identity through the lens of a Dynamic
Systems Model of Role Identity (DSMRI). This model characterizes identity as context-specific self-perceptions, values,
goals, emotions, and beliefs [24]. We also defined learning
and how learning occurs through the frameworks of Situated Learning Theory and Transformative Learning Theory.
These frameworks incorporate assumptions, beliefs, perspectives, and habits of mind [25–27].
Through these lenses we included growth and fixed
mindset—that is the demonstration of beliefs that intelligence
can grow and change or is immutable [28]—as well as important experiences, accountability, gender stereotype threat, and
worldview. A total of 18 codes were used to categorize statements from the interviews. These codes were organized into
categories of (i) physics identity (e.g. interest and motivation, recognition, performance and competence, confidence
and physics self-efficacy), (ii) persistence (positive or negative), (iii) mindset (growth or fixed), (iv) worldview (cooperative or competitive), (v) important experiences, (vi) accountability (to scientific community, leadership, individual roles),
and (vii) gender stereotype threat. Categories i, ii, iv, and
vii are grounded in DSMRI, categories ii, vi are grounded in
situated learning theory, and categories iii, v are grounded in
transformational learning theory. To code interviews, we split
into three teams with each team coding separately, then all

Underrepresentation of female students in US physics departments has been a long-term recognized problem [1–3].
Female students often find themselves a minority in their
physics classes which aggravates the gender stereotype threat
and cultural biases that so many female students experience
in their physics careers [4]. The gender stereotype threat can
impact female student performance in physics classes [5, 6].
Lack of sense of belonging in physics can be linked to attrition of female students from the field [7]. Other potentially
related factors such as underdeveloped physics self-identity,
low self-efficacy, and low motivation can negatively influence
female student success and retention [8–16]. A vast majority
of prior studies seeking to improve female student representation and retention in physics concentrated on student experiences in formal physics settings such as classrooms and labs
while the impact of informal physics programs on student development as a physicist has been often overlooked [17, 18].
Recent publications indicate an increased interest in understanding how student participation in informal physics programs (also called outreach programs) supports the development of a physics identity, enhances retention and persistence, and aids in building a sense of community [17, 19, 20].
In our recent work, we examined the impact of different
informal physics programs on a large number of graduate
and undergraduate students facilitating these programs [21].
This mixed methods study included five informal physics
programs run by the Department of Physics & Astronomy
at Texas A&M University. The programs differed in scale
and frequency spanning from a large annual physics festival with thousands in attendance to year-round smaller-scale
events [21]. All of these programs provided the university
students with experiential learning, leadership and teamwork,
peer mentoring and peer learning, communication skill development, and networking opportunities. Although female
students were not a focus of analysis [21], we observed that
female students self-reported a positive link between participation in the physics informal programs and their sense of
belonging, a parameter that could be crucial for female student retention in the field [7].
In this current study we hone in on the experience of female students facilitating physics informal programs. To our
best knowledge, there has been no published data on the impact of informal physics programs on university female students specifically. This paper is the first step to addressing
this important question. Using an existing database [21], we
examined how such important factors as formation of female
student physics identity, mindset, and persistence were influenced by their participation in the informal physics programs.
To address issues related to gender stereotype threat and underrepresentation in physics, we believe that it is important
to better understand the experiences of female students in the
field and how these may be improved on through engagement
with informal physics programs.
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FIG. 1. Frequency with which themes appeared in each interview.

The majority of female respondents were from physics majors, though six were engineering majors and two were from
atmospheric and computer science. Interviews were conducted with 35 students, 11 of which were female students.
Of the female interviewees, 6 were undergraduate students
and 5 were graduate students. During interviews students
self-reported on the impacts that their participation in informal physics programs had on their physics identity, values,
abilities, and perceptions.

teams met to discuss and resolve differences. After completing this process for all interviews, we achieved an intercoder
agreement of κ > 0.9. Each interview was coded by four
researchers from this study.
To explore the impacts and connections among the codes
used for this study, we looked at both the frequencies of individual codes as well as the relationships between them. To
understand the relationships between codes we employed a
semantic network map, which provides a visual representation of the significant correlations among multiple ideas, represented as nodes, simultaneously. By creating correlation
matrices and determining the centrality of each idea through
eigenvector centrality measures, a map is produced where
lines between codes indicate statistically significant correlation and colored blocks indicate clusters of codes identified
through Girvan-Newman cluster analysis [29]. Larger nodes
and a higher number of links correspond to the frequency and
centrality of a code [30, 31].

III.

First, we analyzed the results from the survey. Selfreported data showed that male and female students had no
statistically significant differences in their perceptions of the
impact of informal physics programs on themes such as networking within the department, confidence in communication, and sense of belonging within the field. One theme
which showed a statistically significant difference was confidence in choice of major prior to participating in informal
physics programs. Using a Mann-Whitney U test [32], we
found that female students were less confident at the p = 0.01
level, with a medium effect size, using Cohen’s d with a
Hedges’ correction, of d = 0.75. This difference disappeared
after participating in informal physics programs, p = 0.49.

RESULTS

Notable findings from the interviews with female students
are shown in Figs. 1 and 2. The frequencies with which
themes appeared in interviews, with codes counted once per
interview, are shown in Fig. 1. The semantic network map, at
the p < 0.05 level, is shown in Fig. 2. The semantic network
map shows growth mindset to be the central theme and is con-

In this section we present results from a survey and interviews which were completed as part of our prior study
with a particular focus on the experiences of female students
[21]. Our database of 117 completed surveys contained 32 responses from female students, including 20 undergraduate, 11
graduate, and one who was both. Gender was self-reported.
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FIG. 2. Network map which shows the relationships between codes for female students. The colors in the figure represent distinct clusters of
statistically interconnected ideas but have no other significance.

The majority of female students reported a positive impact
on their confidence and self-efficacy. One student said about
her participation in informal physics programs: “it made me
cement my understanding of, ‘Okay, this is who I am. I am
more confident now. This is how I can present myself.”’ This
increase in confidence can potentially lead to a feeling of empowerment. As another student put it: “I’ve definitely been
really reaffirmed that it’s something that I want to do and
something that I can do, something kind of I’m actually able
to do.”
Most female students also reported an increase in their
performance and competency beliefs. Communicating various physics concepts to the general public and applying
their skills to real-world applications through the construction and presentation of physics demonstrations may have
helped them develop a “strong grasp of the material” and “solidify some of the learning learned in a classroom [in] the
real-world setting.” Through their experiences with informal
physics programs, these students came to see themselves as
more expert in the field. From one student’s experience, “[Informal physics programs have] really made me feel like I can
be a part of the physics major... I think going out and teaching other people physics made me feel like I knew what I was
doing, and made me feel like I could keep going on the route
of being a physics major.”
All of the female students reported increases in interest and
motivation, as participation in informal physics programs allowed the students to gain a deeper appreciation of physics
and develop their interests. As one student put it, “You get
more involved in more projects, and that only strengthened
my love for physics. And not really the academic part of
physics, but the actual conceptual part of physics, which is
what I like.”
Persistence in physics was linked to important early experiences, both in high school and in the first two years of

nected to a majority of other nodes in the map. All students
reported characteristics indicative of a growth mindset in regards to challenges they faced or important experiences they
had. The involvement in informal physics programs can help
students “demystify science” and realize that “anyone can do
it”, which can then aid in the formation of a growth mindset,
or the idea that abilities can be developed through dedication
and hard work. We can see this mindset in one student who
said, “Anybody can be a physicist; you just have to be willing
to put in the work to learn the really hard stuff.” Another student expanded on this sentiment by describing their outlook
on scientific ability: “I try to see it as this person is good at
this aspect of physics but they’re not so good at this other aspect of physics. And if I explain it to them, then they’ll get
better at that aspect... it’s just a matter of finding the right
words to explain it.”
The majority of female students also reported on both internal and external recognition. Students discussed external
recognition coming from their peers, faculty, and the general
public for their roles in informal physics programs. As one
student put it, “[informal physics programs] just make you
feel more welcomed into the physics department and into
the physics community in general. And you just feel like
you have a place that you can belong in. You’re contributing something. And I think when you feel like you’re contributing something to a community, you feel more a part of
it.” Recognition from peers, faculty, and knowing that there
are other people like them in the field appears to contribute to
physics identity development in terms of internal recognition.
One student discussed her experience, saying “I will say that
I met a lot of friends through physics outreach. And a lot of
them were girls in physics. And it was kind of cool to meet a
lot of people who were having the same thoughts as me, and
we could just kind of band together and have our own little
community within the physics department.”

362

Kalender et al., who reported that recognition from influential
people such as professors and teaching assistants correlates to
a sense of belonging in the physics classroom for female students [10].
The facilitation of informal physics programs grants students the opportunity to curate their own sense of expertise as
they solidify their understanding to communicate ideas and
teach physics to others. These experiences, which allow students to continually learn, grow, and challenge themselves as
physicists, could assist in the formation of a growth mindset
towards intelligence and scientific ability. As noted by Maries
and colleagues, this process, in addition to the development
of self-efficacy and an increase in sense of belonging, has the
potential to fight gender stereotype threat [6].

undergraduate studies. One student spoke strongly about the
influence of her high school physics teacher who gave her a
“pull you aside talk” and spoke of her talent in the field, encouraging her to “keep going at it”. This event was a significant influence on her choice to pursue physics as a major in
college. Another student discussed her fear and uncertainty
in her freshman year that physics “wasn’t the right major” for
her and that she didn’t fit “the mold of the physics major.” She
goes on to say that participating in informal physics programs
throughout her early undergraduate helped her to realize that
“there’s not a specific mold of physics major” and to feel like
she could “keep going the route of being a physics major”.
Persistence was also related to other key ideas such as external recognition, accountability to leadership, and confidence
and self-efficacy.

V.
IV.

CONCLUSIONS

DISCUSSION

Our mixed method study showed that female students who
facilitated informal physics programs experienced a statistically significant shift in their confidence of choice of major
when comparing between prior to and after participating in
the programs. All female students who were interviewed discussed positive effects of participating in informal programs
on their interest and motivation with regards to the field of
physics and the development of characteristics indicative of
the growth mindset. The majority of female students reported
a positive impact on their confidence and self-efficacy, internal and external recognition, persistence, performance, and
competency beliefs. While we are encouraged by these results, we must note some limitations present in this study.
This study used self-reported data. There was also a selfselection effect as students were volunteers for at least one
informal physics program at a large, land-grant university.
We hope that our results will stimulate more studies of the
effect of informal physics programs on their student facilitators, especially those underrepresented in physics.

These results suggest that participating in informal physics
programs can positively impact female students’ physics
identity. Many female students who facilitated informal
physics programs self-reported increases in both internal and
external recognition since these programs can provide students with opportunities to engage with others in the scientific community and the general public. These interactions
led to the students feeling recognized externally and reinforced their own identity as a physics person. Students also
had the opportunity to dive into various physics concepts as
they applied their knowledge and skills to build and present
physics demonstrations, which in turn potentially fostered a
deeper understanding and appreciation of physics. This could
have led to the increase in students’ performance and competency beliefs, as well as their interest and motivation. In
the framework created by Hazari, recognition, interest and
motivation, and performance and competency beliefs are the
core pillars for the development of one’s physics identity
[9]. Prior research shows that a strong physics identity may
help women’s advancement, persistence, and engagement in
physics [9, 10, 14, 33].
Our findings also suggest a connection between recognition and a sense of belonging, as external recognition from
peers and faculty, alongside meeting other women in the field
of physics and feeling represented within the community, appeared to be related to integration into the physics community for female students. This parallels previous results from
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