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Abstract: The concept of physics identity plays an essential role for physics
teacher professionalism. That is why physics identity development has
become a trend of research in West country. Through this study, we aimed to
analyze research related to physics identity development in various
international journals. We reviewed 17 emphirical studies published in 2013-
2023 in reputable journals in context of undergraduate physics. The findings
of the study were discussed based on in what ways student’s physics identity
development, and what factor that influences the development. We indentify
gaps in the existing knowledge base, particularly in Indonesia context, and we
purpose further study directions. This study provides an overview of how
physics identity development in university and give information where is
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Introduction

Over the last few decedes, study on physics identity
has been expanded widely in Western country
(Gonsalves et al., 2022; Gudyanga, 2017; Lock et al., 2013;
Moshfeghyeganeh & Hazari, 2021; Stiles-Clarke &
MacLeod, 2016). The studies have become a topic of
interest since the reserachers and educators in physics
education realize that the importance of addressing
phyiscs identity of student (Irving & Sayre, 2015).
Growing interest in studying physics identity was due
to an increasing recognition to the significant findings.

Physics identity related to how individuals identify
themselves in physcis context (Trujillo & Tanner, 2014).
Its importance to understanding how student’ belief to
their own capabilities that influence to their motivation
which impact in promoting inclusion, diversity, and
equity in the field (Li & Singh, 2022). Physics identity is
an essential context in higher education. The
development of physics identity on college students had
significant impact to their motivation, engagement, and
achievements (Boe, 2023; Lock et al., 2019). However,
there are several factors that influence the development
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of physics identity in university. University is the initial
stage for students to determine their further career.

Physics is a complicated and basic scientific field
that aims to explain the natural world's underlying rules
and events. However, many students see it as a difficult
and challenging subject (Veloo et al., 2015). Negative
perceptions of physics as difficult, abstract, or only
suitable for a selected group might lead to students
having a low physics identity or even feeling excluded
from the discipline (Fisher et al., 2022).

Several prior studies showed that students who has
a strong physics identity are more likely to actively
participate in physics learning, persevere of challeges,
and pursue further career in physics (Bee, 2023).
However, student with weak physics identity tend to
have less motivation, have lower self-efficacy and
confidence, and are more inclined to disengage from
physics-related activities (Fisher et al.,, 2022). This
situation might be different based on gender, ethnicity,
and race (Avraamidou, 2020). Therefore, the study about
physics identity development needs to be explore in
depth because of complexity of identity formation.
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Understanding how and what factors that influence
the development of physics identity on students is
pivotal for physics educators and researchers. In
addition, it is also important for teacher preparation
program to analyse how college student in physics
education develop their identity as future teacher
(Purwaningsih et al., 2020). By synthesizing the existing
literatures, we could gather broaden knowledge and
identify gap.

This study aims to provide a comprehensive
synthesis of research on the development of physics
identities around the world, and determine Indonesia's
position. Indonesia is a multi-cultural and
socioeconomic country that offer unique setting for
investigating the complex interaction of individual,
social, and pedagogical aspects that establish students'
physics identities. This study aims to offer insight on the
problems and possibilities experienced by Indonesian
students on their path to developing a strong physics
identity.

Method

Indentifying journal articles was the first stage of
review study. Indentification started by looking for
articles in database online using term "physics identity"
and “physics identity development". Harzhing’s publish
and perish with Scopus search engine was used as a tool
to search articles. As a result, we identified publications
with various type, including journal article, book
chapter, conference proceeding, review paper, and
letter. Afterwards, we selected only articles published in
scientific journal.

Articles were seletected using following criteria: (1)
article was published around 2013-2023; (2) article was
focused on physics identity development in the
university; and (3) article was published in reputable
journal that provided by https://www.scimagojr.com/.
Consequently, around 17 articles were selected to be
review as shown in Figure 1.

* Recent yeas
+ Explicillym
idenity

* The sample iscollege
udents

T T
I LI 1 1

24 studkies ’ 17 studies

Figure 1. The process of selection the manuscripts
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We recognize that article selection process has
limitation. First, we only selected article that published
in Scopus database, it is likely that we missed out an
important contribution that are excluded in this
database. Second, this study only focused on articles that
published in ten years ago, but did not mean to exclude
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valuable studies before 2013. Last, the study only
focused on studies done at university level, and due that
fails to give broaden knowledge that cut across
education level.

Result and Discussion

About 24 manuscipts were analysed to answer this
question: What do we know about physics identity
development in higher education? The papers were
analysed based on the following criteria: (1) purpose of
the study, research questions, sample studied; (2)
method used; (3) how physics identity was developed;
and (4) findings. The result of the analysis is presented
under the main themes which is in the form of questions
as shows in Table 1.

Table 1. Themes of Reviewed Manuscipts
Themes

In what ways do students
construct their physics
identity?

Literature
Purwaningsih et al., 2020
Close et al., 2016
Fracchiolla et al., 2020
Prefontaine et al., 2021
Randolph et al., 2022
Lock et al., 2019
Hazari et al., 2022
Gonsalves et al., 2022
Wulff et al., 2018
Stump et al., 2023
Munfaridah et al., 2022
Wang et al., 2022
Hazari et al., 2020

Bae, 2023

Bottomley et al., 2023
Hazari et al., 2010
Hazari et al., 2017

What factors does influence
the development of student
physics identity?

In what ways do students construct their physics identity?
Purwaningsih et al. (2020) used case study method
to explore physics identity and physics teacher identity
development of physics-student teacher. The study
conducted in one public university in Indonesia with a
fourth-year student-teacher named Syahrul. Syahrul
carried out an internship program at one of the high
schools in Malang for 6 weeks. In exploring Syahrul’s
identity, the researchers conducted four forms of
interview. The reserachers asked Syahrul four questions
as follows: (1) belief and perception in teaching and
learning physics, (2) past experiences in physics
learning, (3) activity in doing internship program, and
(4) feeling after finished internship program. All
Syahrul’s activities when doing internship program was
documented and observed using field notes and
observation sheets, respectively. From the data obtained,
the construction of Syahrul’s identity included four
compenents, namely discourse identity (implementing
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inquiry learning with rhetoric skills), affinity identity
(positive relation with peers, teachers, and lecturers),
nature identity (positive experiences in high school), and
institution identity (positive effects as being member of
campus organization). However, this study only
involved one participant which mean the findings
cannot be generalized, as well as the instruments used
need to improve.

If Syahrul constructs identity through his
experiences when doing internship program, a study
carried out by Close et al. (2016) provide information
about the impact of physics learning assistant (LA)
program at Texas State University in constructing
physics identity. Around 61 LAs who participate in
Spring 2014 and Fall 2024 involved in this study.
Teaching reflections, program applications, and
interviews were used to collect the data. The LA
program at Texas State was a core faculty program that
emphasized the importance of community and mutual
assistance among physics students and faculty. Texas
State LA program gives valuable experiences for
partisipants in teaching and learning physics, as well as
being recognize by both students and faculty as a
physics person, and develop competences both in
physics and in teaching. The findings of the study
showed that LA program support LAs’” development of
integrated physics identity and let them to be more
productive and enjoy the processes of becoming physics
people.

Another similar program that used to support
physics identity development was informal physics
program. This study conducted by Fracchiolla et al.
(2020) that seek to look at informal physics programs as
sites to explore an individual's physics identity. Two
physics graduate students (named Mike and Cecilia)
involved in this study and adapted Community of
Practice (CoP) framework and narrative inquiry as
method. By using semi-structured interview, Fracchiolla
and friends used several questions to obtain information
about the reasons in involving informal physics
program, what they have learned, what they plan next,
and what motivation they have in choosing physics.
From this study, we know that CoP framework
benefited for Mike and Cecilia’s membership in informal
physics program. They involved in this informal
program to encourage children keen on physics.
Furthermore, negotiated experiences are the most
essential method for both students in identity
construction.

The study carried out by Prefontaine et al., (2021)
was continuation of Fracchiolla et al. (2020) study. In this
study, they continue to explore the impact of informal
physics program to physics identity development.
However, the participant involved was a leader of the
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program (role as facilitators). Adapting CoP framework
and dimension of community, a case study was
conducted to gain an in-depth and contextualized
knowledge of the experiences of facilitators in three
distinct informal physics programs. The result showed
that by involving in informal physics program, the
facilitators have opportunities to develop positive
physics identity. In addition, they feel more engage with
physics and recognize as a member of physics
community. The department or faculty in the university
might be able to utilize these findings to create changes
that promote more positive identity development for all
their physics students.

Another study carried out by Randolph et al. (2022)
also about informal physics program. They explore five
informal physics program that run by the Department of
Physics and Astronomy at Texas A&M University on
female students. Semi-structured interviews were
conducted to ten female students who facilitate the
programs. Students self-reported the effects of their
involvement in the programs on their physics identity,
values, skills, and viewpoints. Focus on physcis identity
development, the result showed that students feel more
confidence with their competence in physics. They also
coveyed both internal and external recognitions. As a
facilitator of the programs, they increased their
performance in physics. They became accustomed to
discussing physics concepts in public, and
demonstrating various physics experiments. In addition,
the improvement of communication skills while
facilitating this program makes it easier to get a job after
graduating from university. More importantly, they felt
they were experts in physics.

Lock et al. (2019) explored the impact of out-of-class
activities to physics identity development and physics
careers intention on college student. Around 6772
students from national colleges and universities in Fall
2011 in the USA involved in this study. The study
performed structural equation modeling (SEM) to
determine the relationship between physics identitiy
dimensions and physics career choice of students who
joined out-of-class science and engineering (OCSE). The
data obtained using questionnaires. The findings
showed that OCSE activities have the greatest impact on
performance/competence of students. Even though
OCSE activities do not really affect the dimensions of
physics identity development, these activities increase
physics career intentions. By taking OCSE students
experience the largest impact on their recognition
beliefs, and this influences the development of a physics
identity. The benefit of emphasizing recognition beliefs
in OCSE activities may be correlated with enhancing
possibilities for students to acquire agency with physics
and get interested in physics career fields. The study
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solely looks at the influence of OCSE activities on college
students' physics identity and career choices, and it may
not be applicable to other STEM field or students at
different levels of education.

The impact of informal science experiences (ISE) to
physics identity development were examined by Hazari
et al. (2022). ISE refer to a set of informal STEM learning
activities that students involved during the K-4 to K-12.
A total of 15,847 college students from 27 colleges and
universtities in the USA were involved in this
quantitative study. According to the study, there are 8
set of ISE that have been grouped, namely (1) settling
down the mechanical and electrical devices, (2) doing
chemistry experiments, (3) involving the STEM groups,
(4) participating in STEM competitions, (5) using STEM
media, (6) talking science to peers and relatives, (7)
observing animals and plants, and (8) observing stars.
From this study, we know that activities (1), (2), 4), and
(8) are positively related to physics identity. However,
activities (7) negatively related to physics identity of
college students. The study failed to give broaden
information about these relationships that categorized
by gender, race, language, and ethnicity.

Another impact of informal activities were studied
by Gonsalves et al. (2022), particularly was informal
physics learning (IPL). A collective case studies were
conducted by the reserachers to explore 6 young women
who were joining the IPL in Sweden. The IPL includes
some activities like internships in university labs,
participation in associations, and summer schools. The
results showed that the IPL might be a valuable resource
for young women working on their identities in physics.
These resources can help them with their continuing
identity work in physics as well as their pathways within
the field. However, there is a report that the IPL is often
inaccessible for most students. For instance, many of the
interviewees reported going to significant frustrates to
get internships, including traveling across the nation to
investigate potential possibilities, or being chosen by
instructors to attend research visits or summer schools
abroad.

A study conducted by Wulff et al. (2018) explored
an impact of Physics Olympiad involvement to support
physics identity development of young women in
German. An intervention was designed by the
researcher in the form of activities namely carrying out
hands-on activity, implementing cooperative method,
and motivating and relevant physics content. All young
women who reached the second round of the 2015
German Physics Olympiad and were eligible to
participate in the next year were involved in this study
(N=31). Before and after the intervention, the
participants completed pre- and post-surveys with all
relevant measures. The results discoved that the

June 2023, Volume 9 Issue 6, 95-103

intervention had significant impact on constructing
physics identity, particularly in interest, recognition,
and competence. Nevertheless, the study had limitation
which was related to the sample size. All in all, the study
provides understanding on how to address issue to
engage young women in physics and improve gender
equity in physics olympiad.

Another experiences of women in undergraduate
was taking on managerial or leadership role in the labs.
Stump et al. (2023) explored the impact of taking these
roles on physics identity development of women. A
mixed-method approach with surveys and interviews
was used in this study. The sample of study was
undergraduate students at Cornell University who
enrolled in a calculus-basd course. Around 14 students
agreed to participate and a half of them interviewed. By
using the practice-linked identity framework, the
physics  identity = develops through students’
engagement in particular practice. The study revealed
that taking on managerial or leadership in labs might
have positive impact on women’s development of
physics identity. They feel more confidence in their
physics abilities. However, taking these roles has
become a challenge, especially for women. Being unable
to do heavy work in the lab is often experienced by
women in labs.

All recent review talking about non-academic
programs that influence the development of physics
identity of students. However, a study of Munfaridah
and friends (2022) was different. She designed course
incorporating the use of multiple representations (MR)
in introductory physics course. This study explored on
how pre-service physics teachers develop their physics
identity as well as physcis teacher identity. The study
employed a quasi-experimental design with pre-test and
post-test. Around 61 of first-year iundergraduate
students in State University of Malang Indonesia were
involved in this study. A modified physics identity
questionnaire, a conceptual understanding test, and a
survey of the use of MR were used to collect data. The
study was conducted during four weeks with 200
minutes per each meeting. The result showed that the
use of MR positively impacts on physics identity
development of students, particular in interest and
competence. The MR used also increase student’s
engagement in physics and improve their
understanding and problem-solving skills. However,
the study failed to provide details of information
whether the differences of physics identity development
before and sfter intervention that are caused by using
MR. The study also suggests to compare control and
experimental group for furher study.

Another ASEAN study about physics identity
development was in China. The study of Wang et al.
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(2022) examined the effect of high-stakes testing (HST)
on physcis identity of Chinese students before and after
the Gaokao. The Gaokao is China's national college
admission examination, and it is one of the most difficult
examinations in the world. Every year, millions of
students take the exam, and the results decide which
colleges and majors the students can apply for. In China,
the Gaokao is seen as an important aspect in deciding a
student's future career and social status. The sample of
this study included high-school and college students in
China. We review only the effect of the HST on college
students, so around 233 undergraduate students of
physics department were volunteered in this study.
According to the study, HST has a detrimental influence
in college student’s physcis identity. The study
discovered that when college students in China
transitioned from an HST-oriented educational setting
to a nearly HST-free one, their physics identity
degraded. In addition, the HST-oriented environment
that the college students established in high school and
took with them to college did not match the HST-free
environment. College students learnt physics less
efficiently and attentively because there was no
substitute motivating force to replace the void left by the
loss of HST.

All in all, the findings of the studies synthesized in
this section provide evidence that informal and formal
programs has powerful impact on student’s physics
identity development. Although not all informal
programs positively increase the development of
physics identity, these programs do have an impact,
although not significant. In addition, most of the study
occurred in the USA and European country, only limited
study had done in ASEAN country, specifically in
Indonesia. For further study, Indonesian researchers can
take part in studying various informal activities that
have succeeded in developing the physics identity of
undergraduate students, where studies on informal
programs in Indonesia remain scarce. Moreover, studies
on the development of physics identity in formal classes
are still relatively rare. This can be an insight for
designing programs in the department to develop
students' physics identities.

What factors does influence the development of student
physics identity?

A study of Hazari et al. (2020) examined the factors
that influences physcis identity of undergraduate
physics students. The sample of this study included
1,422 female undergraduate students in physics
program in the USA and Canada who were participated
in national conferences. Using mixed-method approach,
both quantitative and qualitative were performed. A
large-scale survey was conducted to obtain quantitative
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data. The data obtained were analyze using a Structural
Equation Model (SEM) to examine the relationship
between the factors forming the identity of physics and
then were confirmed wusing Confirmatory Factor
Analysis (CFA). The findings elucidated that interest,
recognition, performance/competence, and sense of
belonging have an impact on physcis identity
development of female undergraduate students.
Eventhough interest did not show direct relation to the
development of physics identity, but recognition and
performance/competence were different. These two
factors have direct effect to the physics identity
formation for both junior and senior female students. In
addition, sense of belonging only have direct effect to the
development of physics identity for senior students.

Boe (2023) identified the factor that influences on
physics identity formation, namely recognition. The
study was conducted over two period of years 2016-2018
on four high-achieving physics students in Oslo
Norway. Data obtained from 12 semi-structure
interviews. The results elucidate that recognizing as
clever students are found difficult for them because this
pushes them to interact with physics in certain ways,
such as emphasizing top grades and getting admit to
reputable university. Having good grade in the test and
examination were important for them, and being high-
achieving in physics give them recognition from peer,
family, and themselves. However, this study only
involved 4 students where the results obtained were
based on the experience they had. The results obtained
may be biased and inconsistent.

Similar findings found in study that carried out by
Bottomley et al. (2023) related to the impact of
recognition on physics identity of students. A total of 449
students (from UK universities) were filled the survey
given, but only 393 partisipants were included in this
study. The study used a longitudinal survey method to
investigate the correlation between gender and
academic performance in undergraduate physics
students. The Mann-Whitney U statistical tests were
employed to investigate gender differences in physics
identity, perceived recognition, and self-efficacy.
Regression analysis was also employed in the study to
figure out if academic achievement influenced students'
attitudes. From this study, there are two factors that
influences the development of physcis identity, namely
self-efficacy, and perceived recognition. Self-efficacy
refers to a student's confidence in their ability to perform
physics-based tasks. Meanwhile, perceived recognition
as a physicist was connected to the students' perceptions
that others regard them as a physicist. The reseachers
acknowledged that the study had limitation, including
small sample used and suggest for further study to
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investigate or design effective interventios to promote
physics identity development.

Another study was carried out by Hazari and
friends (2010) examined the factor that influences the
development of physics identity on college students
who had taken high-school physics course. The study
employed a quantitative method that include examining
survey data. Only 3,829 of the 6,860 students who
completed surveys and had taken high school physics
were included in the analyses. These individuals
attended 34 colleges and universities around the United
States that were chosen randomly. This study found that
high-school experiences and career intentions contribute
to physics identity construction. There are several
physics classroom practices that influence physics
identity development, such as emphasizing on
conceptual understanding, encouraging students, and
asking students to take a role as expert. Teachers need to
provide students with wide opportunities to get
recognition and focus on practices that emphasize in
improving competency.

Another study examined factor that influences
physics identity development of female students was
carried out by Hazari et al. (2017). The survey was
conducted to gather information about undergraduate
femal applicants for the Conferences for Undergraduate
Women in Physics (CUWiP) in fall of 2013. The study
aimed to explore what motivation they had to
participate in this event, and connect it to the physics
identity development. Around 1033 undergraduate
female applicants, only 962 students were completed the
survey. The regression analysis was performed to
analyse the data. From the result, it discovered that there
are two significant factors that predict physics career
intention, such as physics career interest at the high
school and recognition from high school physics
teachers. As a result, the study suggests that recognition
from others, especially high school physics teachers, can
play an essential role in forming female students'
physics identities and attracting them to physics careers.

To sump up, the findings of these five studies
pointed several factors that influences the development
of physics identity on students in overseas, such as
recognition, performance/competence, high school
experiences, career intentions, physics career interest,
and recognition from high school teachers. All in all,
recognition is the most important factor that influence
physics identity development of students.

What do we do next?

In synthesizing the existing studies about physics
identity development, one thing becomes clear that:
physics identity of students might be developed by
involving in informal or formal academic programs.
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Informal programs include out-of-class science
experiences, learning assistant program, physics
community practices, and labs’ assistant or manager
(Close et al., 2016; Fracchiolla et al., 2020; Lock et al.,
2019; Stump et al., 2023). Meanwhile, formal programs
include physics class, physics olympiad, and internship
program (Munfaridah et al., 2022; Purwaningsih et al.,
2020; Wulff et al., 2018). Overall, the outcomes of the
review show that when students involved in one of these
programs, they more engage with physics, and become
interest in physics. Such an intrinsic motivation
increases their performance /competence which was one
of dimensions of physics identity (Guido, 2018).

Indonesia has various informal physics programs,
even though their availability and scope may range
across different locations and educational institutions. In
fact, in Indonesia, participating in this informal program
is considered less attractive to students. There are
several reasons students are not interested in joining this
program, such as limited awareness, perceived
irrelevance or difficulty, limited access and availabitly,
cultural and social factors, and need for academic focus.
This is evidenced by the lack of enthusiasts enrolling in
the Merdeka Campus program sponsored by the
Indonesian government (Ika et al., 2022).

In addition, the formal programs also have
influence to the development of physics identity on
students. In the teacher preparation study program, the
internship program is one of the programs that can
sharpen student identity, especially physics. During the
program students act as teachers, and apply what they
learn at university to the field. Of course, this is
inseparable from the ability to convey physics concepts,
how to engage students to be able to interest in physics.
However, they feel not confidence to be practical teacher
when doing internship program due to the lack of
knowledge (Munfaridah et al., 2022; Purwaningsih et al.,
2020). One of the reviewed studies discovered that
focusing on student’ understanding will impact on
physics identity development (Hazari et al., 2010).
However, there is no clear information what teaching
method that have an impact on physics identity.

Several studies reported that students less interest
to physics. The reasons are negative perception in
physics (Gudyanga et al., 2015), negative experiences in
physics (Fisher et al., 2022; Purwaningsih et al., 2020),
teaching methods (Guido, 2018), and personal
preferences (Hazari et al., 2010). All of these will have an
impact on physics identity development of students.
According to researchers” interview on several students
in physics education program related to their perception
in physics, some of the respons were negative. First,
physics is seen as difficult subject. It has complex
concepts and need advanced mathematical skills.
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Second, then they go to the physics department because
it is a second choice, not the first. Therefore, they have to
deal it.

Then, based on the result of review study, giving
recognition to the students could affect physics identity
development of students. Recognition means
acknowledging or appreciating student’s achievements,
skills, and contributions in physics context (Bee, 2023;
Hazari et al., 2017; Hazari & Cass, 2018). In general,
recognition can come from friends, teachers, and even
family. This recognition plays a role in the validation of
students' skills and abilities. Therefore, students will
increase their motivation and engagement in physics (Li
& Singh, 2022). They have sense of belonging and
community (Avraamidou, 2020). The importance thing
is regcognition contributes to the physics identity
formation of students (Hazari et al., 2017; Lock et al,,
2019).

From the reviewed studies, it clearly can be seen
that study about physics identity in Indonesia remain
scarce. Within 10 years, only a few physics identity
studies have been carried out in Indonesia. This needs to
be a concern for institutions in Indonesia, especially the
teacher preparation program. As a study program that
will produce future teacher candidates, especially pre-
service physics teacher. The physics department needs
to pay attention to the study of physics identity
development on students.

Conclusion

The outcomes of this review study provide
evidence that studies about the importance of physics
identity development on student in university. There
are several ways for students' physics identities to
develop. By involving in informal physics program
and/or in formal program might be impact on physics
identity development. Some obstacles will occur during
the process of the development. This is influenced by
several aspects, including the provision of recognition,
self-efficacy, interest, and performance/competence. In
addition, majority of studies about physics identity
conducted in the USA and Europe countries. Only small
fraction studies were conducted in ASEAN country,
particularly in Indonesia. Moreover, most of the studies
included high-school students, only small number
sample were college students. Therefore, there is a need
in exploring physics identity development among
university students, especially in Indonesia. In
summary, this comprehensive study has significant
implications for educational policymakers, curriculum
designers, physics educators, and researchers in
Indonesia. The study provides evidence-based insights
which improve physics education, engage more
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students, and increase the number of students who
pursue careers in physics.
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