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Informal science, technology, engineering, and mathematics (STEM) learning 
opportunities offer great potential to position learners as insiders to STEM and 
to foster their positive STEM identity development. Despite their goal to create 
equal insights and access to STEM learning for all, however, these informal STEM 
learning opportunities often fail to reach underserved students, hindering their 
STEM identity development and perpetuating inequity. To address this issue, out-
of-school programs need to be designed with underserved students in mind, and 
concepts, as well as practical approaches that foster STEM identity development, 
need to be  identified. In this article, we  review 13 peer-reviewed publications 
that investigate informal STEM learning opportunities for underserved learners 
at a young age. We  synthesize concepts such as competence, performance, 
recognition, supportive relationships, sense of belonging, agency, interest, 
and attitudes that influence underserved learners’ STEM identity development, 
and corresponding practical approaches such as personal relationships, role 
models, authentic settings, hands-on-activities, and non-stereotypical structures 
fostering agency. We  also discuss theoretical frameworks for underserved 
learners’ STEM identity development. We  suggest that recognition, a sense of 
belonging, supportive relationships, and agency play important roles in fostering 
STEM identity development in underserved students. The paper concludes with 
recommendations to change traditional patterns in informal and formal STEM 
education to empower underserved students to construct their own STEM 
identity as agentic individuals.
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1. Introduction

A wide range of diverse perspectives and skills in science, technology, engineering, and 
mathematics (STEM) are important prerequisites for solving complex global challenges such as 
climate change or the COVID-19 pandemic. STEM activities in out-of-school contexts can 
contribute to the development of these diverse competences as they stimulate learners’ STEM-
related attitudes and interests (Vennix et al., 2018; Baran et al., 2019) whilst fostering STEM 
career aspirations (Dabney et al., 2012; Sahin et al., 2015; Kitchen et al., 2018). They help young 
learners to explore their own identities when navigating STEM fields and to understand their 
positioning within those fields. This development of a positive STEM identity (in other words: 
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to see oneself as a ‘STEM person’) is an essential part of accessing 
STEM fields and becoming a scientifically literate person (Brown 
et  al., 2005). However, historically, STEM learning activities were 
oriented to exclusively facilitate white male learners from higher or 
middle socioeconomic classes. In doing so, many of them reproduced 
an image of STEM which contributes to the marginalization of a 
substantial group of STEM learners, including women and non-binary 
persons, as well as those from lower socioeconomic classes, or diverse 
ethnic backgrounds (Taconis and Kessels, 2009). This contradicts the 
United Nations’ Sustainable Development Goal 4 ensuring inclusive 
and equitable quality education and promoting lifelong learning 
opportunities for all. By underserving specific groups of learners, 
we fail to support the development of these learners’ STEM identities, 
their STEM literacy and linked STEM career aspirations, which are so 
desperately needed to create an equitable and sustainable society.

Although to date, there are STEM interventions and programs 
specifically designed to support underserved learners, evidence for 
effective methods and specific concepts that foster STEM identity 
development in underserved learners is still limited. Thus, this review 
is a meta-synthesis [following the framework of (Gessler and Siemer, 
2020)] which aims at identifying central methods, theories, and 
concepts to foster STEM identity development in underserved 
learners in out-of-school STEM interventions.

2. Underserved learners and STEM 
identity development

2.1. Who is underserved in STEM fields?

The definition of who is underserved always depends on the 
context, the environment, and the specific societal structures. 
Concerning STEM fields, there is unequal access to STEM learning 
opportunities, STEM education, and STEM-related careers for people 
based on gender, ethnicity, and socio-economic class. In other words, 
people can experience structural or cultural barriers to STEM fields 
as well as discrimination and prejudice based on their gender, 
ethnicity, or class. For example, Steegh et al. (2019) found evident 
gender differences in participation and achievements in mathematics 
and science Olympiads. In a broader sense, a literature review by 
Blackburn (2017) revealed that despite increased efforts to promote 
women in STEM education in the U.S., exclusive environments 
characterized by stereotypes, biases, and a lack of sense of belonging 
remain significant barriers for women. This suggests a need for 
continued efforts to address these issues in the field. STEM topics and 
practices often are associated with stereotypically masculine traits 
such as “hard” or “brainy,” which make them more accessible for 
middle-class men (Archer et  al., 2010). As Haynes and Jacobson 
(2015) have shown, stereotypes against certain ethnicities influenced 
an interest in STEM-related careers. Similarly, Dabney et al. (2012) 
reported that female students were less interested in STEM careers 
than male students, which might be due to less inclusive designs of 
STEM learning opportunities for this group of learners as posited by 
the authors. In a study by Archer et al. (2015), students with low 
science capital tended to be female and from lower socio-economic 
backgrounds, showing “that science capital is strongly socially 
patterned, being concentrated in more privileged social groups” 
(Archer et al., 2015, p. 940). Moreover, people can be confronted with 

multiple stereotypes when they are marginalized in more than one 
dimension based on the context, thus experiencing discrimination 
along intersecting axes of oppression (Crenshaw, 1989; Avraamidou, 
2020a,b). An example of this in the context of STEM can be found in 
Bodnar et al. (2020) who showed that while girls, in general, had lower 
science aspiration scores than boys, especially Black girls scored lowest 
in that category.

Hence, people who identify as female or non-binary, have a lower 
socio-economic background, and represent ethnic minorities are 
underserved groups in STEM contexts. However, we are aware that 
the term underserved carries the potential threat of labeling and 
othering certain groups of people. Especially in the context of 
educational research, which focuses on people, we as researchers need 
to be  aware of our own racial and cultural influences that can 
be potential biases for how we conduct research (Milner, 2007). Thus, 
we want to be transparent about our own background as researchers, 
as often made explicit in ethnographic studies but still rather unusual 
in science education publications: We are three people with academic 
degrees in STEM contexts who identify as female and have a high 
socio-economic background. We stem from middle-class as well as 
working-class families without academic backgrounds. Our cultural 
identities are influenced by German, Turkish, and Dutch cultures. 
We see ourselves as privileged and not underserved in STEM contexts. 
It is important for us to emphasize our aim is not to amplify negative 
stereotypes surrounding underserved groups. On the contrary, we aim 
to center underserved groups in STEM learning and reflect on their 
missing representation so far. However, to do so, it is important to talk 
about who is being underserved and why, so that everyone, regardless 
of their gender, ethnicity, or socio-economic class can gain a rightful 
presence in STEM. We are aware of our responsibility when applying 
labels to individuals based on their group identity as this can 
potentially stigmatize people and neglect the unique needs of diverse 
learners. We have carefully debated the terminology used in this paper 
and selected the term “underserved learners” to highlight the barriers 
that these learners encounter in accessing informal STEM 
environments, particularly in the case of young learners. By doing so, 
we aim to underscore the systemic issues at play and the responsibility 
of those in positions of power within the field.

2.2. STEM identity as a prerequisite for 
being an insider in STEM

If we  want people to become insiders to STEM fields, the 
development of a STEM identity needs to be an available option for 
them (Johnson et al., 2011). The concept of STEM identity is what 
we define as the ways in which people navigate the meaning of STEM 
aspects for their everyday lives and how they position themselves in 
STEM fields. Since “the concept is slippery and difficult to 
operationalize in a way that provides solid methodological and 
analytic direction” (Carlone and Johnson, 2007, p. 1,189). Carlone 
and Johnson (2007) developed a model of science identity, as they 
call it, to clarify the construct. According to their model, the science 
or STEM identity of a person can be  explained by the three 
dimensions competence, performance, and recognition. While 
competence refers to the knowledge a person has in STEM, the term 
performance relates to the STEM-specific skills of a person. The 
dimension recognition underlines the importance that for identifying 
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as a STEM person, people have to be  recognized as such by 
meaningful others as well as by themselves (Carlone and 
Johnson, 2007).

Identities are discursive and dynamic concepts which develop 
over time and are influenced by (educational) contexts, societal 
structures, cultural factors, and interactions with others (Holland 
et al., 1998; Brickhouse, 2001; Brown, 2004). Moreover, people can 
negotiate different identities at the same time, which can overlap with 
their STEM identity or conflict with its development (Brickhouse, 
2001; Carlone and Johnson, 2007). Hence, identity development can 
be  understood as a constantly changing process. In educational 
contexts, a person’s identity work might be  influenced by other 
personal identities (Avraamidou, 2020a) as well as by teachers or 
educators (Wade-Jaimes et al., 2022), peers (Leath et al., 2022), and 
home environment (Dou and Cian, 2022). A positive STEM identity 
has been linked to developing scientific literacy (Brown et al., 2005) 
as well as STEM career aspirations and the likelihood of entering a 
STEM career (Carlone and Johnson, 2007; Stets et al., 2017; Bodnar 
et al., 2020), whereas learners with a negative or low STEM identity 
tended to drop STEM and were less interested in STEM careers 
(Archer et al., 2015). Hence, the development of a positive STEM 
identity is needed for people to become insiders to STEM.

2.3. STEM identity development of 
underserved learners

Although STEM education intends to equally position all learners 
as insiders to STEM, barriers for STEM identity development in 
underserved learners have been found in both formal and informal 
STEM learning settings. Informal STEM education institutions such 
as museums, science centers, and other science communication 
formats often do not reach people from low socio-economic 
backgrounds, ethnic minorities, and people from non-academic 
backgrounds due to their non-inclusive designs (Dawson, 2014a,b; 
Schrögel et  al., 2018). Furthermore, various studies have found 
challenges for underserved learners in STEM fields in formal 
education. For example, teachers tended to adapt less to the needs of 
African American female students, expected less academic 
achievement from them, and recognized them less as science learners 
(Pringle et al., 2012). Concerning university STEM education, Black 
undergraduate women (Dortch and Patel, 2017) as well as Hispanic/
Latinx PhD students and post-doctorates (Chakraverty, 2022) in 
predominantly white institutions have reported experiencing 
microaggressions, racism, and sexism, which negatively influenced 
their sense of belonging in STEM (Dortch and Patel, 2017; 
Chakraverty, 2022). Hence, formal and informal institutions create 
barriers to STEM learning opportunities as well as challenges for 
positive STEM identity development in underserved learners. When 
STEM learning opportunities implicitly exclude certain people, they 
narrow the image of who counts as a STEM person. As Brickhouse 
(2001) states, “we know that individuals are not free to be anyone they 
wish. When formal education is required for membership in scientific 
communities, and women do not have access to these institutions, 
they are not free to be these kinds of scientists.” (p. 286). This issue 
does not only concern women but all kinds of marginalized people in 
STEM contexts. As a consequence, underserved learners have fewer 
opportunities to gain scientific literacy and to aspire to STEM careers 

as their images of who can become a scientist do not include 
themselves (DeWitt and Archer, 2015).

2.4. Out-of-school contexts can foster 
STEM identity development

In general, out-of-school contexts can provide excellent 
opportunities to foster STEM identity development in underserved 
learners since they offer the possibility to work in small groups and 
concentrate on specific topics. Moreover, out-of-school programs do 
not need to follow specific curricula and therefore are easy to adapt to 
the learners’ individual interests and needs, which is especially 
important to support underserved groups. As studies have already 
shown, out-of-school programs helped students to connect STEM 
fields, schoolwork, and everyday life (Baran et  al., 2019), hence 
fostering scientific literacy. Furthermore, out-of-school programs 
promoted students’ interest in STEM, their positive attitudes toward 
STEM (e.g., Vennix et al., 2018; Baran et al., 2019) as well as an interest 
in pursuing a career in STEM fields (Dabney et al., 2012; Sahin et al., 
2015; Kitchen et al., 2018). As career aspirations seem to start forming 
during elementary school (Auger et al., 2005), STEM identities might 
be forming at a young age as well. Thus, there is evidence that points 
toward out-of-school programs as good opportunities for fostering 
STEM identity development from a young age. However, these 
programs need to be reimagined “as vehicle for social justice” (Archer 
et al., 2022). To achieve this, out-of-school programs need to explicitly 
make STEM identities available to underserved learners whilst 
preventing identity conflicts or negative ascriptions (Johnson et al., 
2011). This way, out-of-school programs, which are explicitly designed 
to fit the needs of young, underserved learners can be reimagined to 
foster the STEM identity development of underserved groups.

3. Research questions

Although a wide range of STEM intervention projects has been 
specifically designed for under-served learners, most internationally 
published examples focus on college-level students. However, as a 
study by Carlone et al. (2014) showed, STEM identification became 
less in middle school students, declining between fourth and sixth 
grade. Hence, it is important to design programs that specifically fit 
young learners to enhance STEM identity development. As already 
stated, out-of-school programs for young, underserved learners carry 
a high potential to promote positive STEM identity development. 
Consequently, this paper aims to identify and analyze concepts and 
methods to foster STEM identity development in out-of-school 
contexts for young underserved learners. We want to find out how 
we can use STEM identity as a lens for re-imagining out-of-school 
STEM learning opportunities and its connection to STEM education 
in general. Therefore, we analyzed research papers on out-of-school 
STEM interventions for young underserved learners and how these 
interventions contributed to students’ STEM identity work. We sought 
to examine the mechanisms by which these interventions impacted 
students’ STEM identity development. We  aimed to identify the 
underlying theories, concepts, and practical approaches employed by 
such interventions that were effective in fostering positive STEM 
identity development. Ultimately, our goal was to make these findings 
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widely accessible for use in designing future out-of-school STEM 
learning opportunities. The following research questions are addressed 
in this study:

 1. What are superordinate key theories and concepts that 
contribute to underserved students’ STEM identity  
development?

 2. What are related practical approaches that contribute to 
underserved students’ STEM identity development?

 3. Which experiences of underserved students highlight aspects 
for further investigation on STEM identity development?

4. Methods

For answering our research questions, we  looked for relevant 
literature based on specific criteria. We searched for peer-reviewed 
articles which investigated informal STEM programs in an out-of-
school or after-school setting. Common examples of such programs 
are science or STEM clubs as well as summer programs. Moreover, 
we looked for articles which focused on programs for underserved, 
underrepresented, or marginalized students defined by class and/or 
ethnicity. We did not define gender on its own as an indicator of 
underrepresentation and only included studies that focused on gender 
combined with, for example, ethnicity. We decided to do so since 
we  wanted to look at the issue of underrepresentation from an 
intersectional perspective. Further, articles had to investigate aspects 
of students’ STEM identity or STEM capital. Regarding age, 
we  included interventions that focused on school students, e.g., 
middle or high school students.

We excluded papers (1) studying visitors of informal learning 
spaces such as museums without specifically designed intervention 
programs, (2) where the majority of participants were older than high 
school age (e.g., programs for college or university students), and (3) 
describing detailed project guidelines with no investigation of 
participants’ STEM identity. Moreover, we excluded dissertations and 
not peer-reviewed literature such as project evaluation reports from 
our analysis. In some cases, we found publications that belonged to a 
series of papers all investigating the same out-of-school STEM 
program. In those cases, we chose the most recent and most fitting 
paper of that series. One article by Rahm and Ash (2008) combined 
the findings of two programs: one program that focused on 
participants who visited informal learning spaces and one program 
that focused on a specifically designed intervention. We decided to 
focus on the results of the specifically designed program only, since 
the results were reported separately in the article and were important 
for answering our research questions.

As this is a relatively new research field, we decided to follow a 
rapid review approach (see Gessler and Siemer, 2020) and focused on 
literature from the past almost 20 years (2004–2022). Since we also 
had a very specific research purpose, we reviewed relevant literature 
as a starting point for future development instead of giving an 
in-depth overview of the existing literature. A search on Web of 
Science and ERIC gained less than 10 papers relevant to our research 
question. Hence, we started reading relevant papers and used cross-
references as well as looking through articles and their reference lists 
to identify further relevant papers. In the end, we  identified 13 

peer-reviewed articles, which investigated out-of-school STEM 
programs for underserved school children aged 10–17 from 
low-income families, ethnic minorities, or both. We then examined 
these articles through a STEM identity lens, inspired by Carlone and 
Johnson’s (2007) framework, to extract overarching key theories and 
concepts that contribute to the development of students’ STEM 
identities. Throughout this process, we identified concepts that aligned 
with Carlone and Johnson’s framework, as well as additional theories 
and concepts that added to their framework. We then also looked at 
methods used in the programs that were described in the articles as 
well as quotes given by participants in those programs for further 
research on STEM identity development.

5. Results

First, we  will start by describing the identified underlying 
superordinate key theories and concepts that foster positive STEM 
identity development for underserved students. Second, we  will 
synthesize the methods used for fostering STEM identity development. 
Last, we will conclude our findings by looking at selected quotes from 
underserved students, which indicate interesting aspects for future 
investigation on STEM identity development.

An overview of the analyzed studies can be  found in Table 1. 
Overall, the studies were published between 2004 and 2022. Most of 
the studies were from the U.S., except for two from Canada, one from 
the UK, and one from Spain. All studies are peer-reviewed and 
investigated out-of-school programs of varying contexts and 
durations. The research was mostly conducted through qualitative 
research, such as semi-structured interviews or ethnography. Three 
studies used a mixed-methods-approach, while one study used 
quantitative methods only.

5.1. Multiple factors can foster or hinder a 
positive STEM identity development in 
underserved students

In general, it is noteworthy that most of the analyzed studies 
did not refer to a framework for STEM identity development or 
any other theoretical framework for that matter. However, the 
frameworks which were mentioned in the studies are: Yosso’s 
(2005) community culture wealth framework (Lane and Id-Deen, 
2020), Eccles (1994) model of achievement-related choices 
(Fadigan and Hammrich, 2004), an equitable outcomes model 
based on the study’s findings (Archer et al., 2022), an own model 
for STEM identity development in STEM contexts (Burke and 
Navas Iannini, 2021), and a culturally responsive computing 
approach (Scott and White, 2013). Some of the studies did mention 
the science identity model by Carlone and Johnson (2007), 
although they did not state to use it as a definite framework. Since 
there was no overarching STEM identity framework, we were not 
able to examine specific constructs of STEM identity development 
in the articles but had to look for other concepts indicating STEM 
identity development. Hence, we identified implicit indicators for 
STEM identity development, which were investigated in each of 
the articles (see Table  1). Most of the time, STEM identity 
development was measured by looking at interest in STEM, STEM 
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TABLE 1 Reviewed publications.

Publication Name of project
Duration and informal 
learning context

Country Sample

Variables used to 
measure STEM 
identity 
development

Study 
design

Archer et al. (2022) Youth Equity + STEM 

(YESTEM)

Weekly sessions and summer 

program at Digital Arts Center, 

weeklong project at Community 

Zoo, weekly school-based Girls 

STEM club, bi-weekly school-based 

club with trips to Science Center

UK 33 young people from ethnically 

diverse backgrounds, and from 

working as well as middle-class 

backgrounds, aged 11 to 14 years

Equitable youth outcomes 

(own model)

Ethnography

Blanchard et al. (2015) Beyond Blackboards Year-long after-school program led 

by teachers and mentors as well as 

participation in competition 4 month 

after start of the program

US 74 participants from low-income, 

Hispanic community in Texas 

took part in survey, 58 of those at 

two points of time (fall and 

spring) + 19 focus group 

interviews, middle school age

Interest in engineering, 

understanding of engineering, 

career aspirations

Mixed-methods

Burke and Navas 

Iannini (2021)

STEM Academy science 

club program

Weekly sessions on Saturday during 

an academic year in community 

spaces

Canada 202 children from low-income 

neighborhoods answered a survey, 

45 children for focus group 

sessions and 9 club staffers, 

children aged 6 to 14 years

Interest in science, attitudes 

towards science, and emotional 

engagement as indicator for 

self-concept as science person

Mixed-methods

Calabrese Barton et al. 

(2021)

Six different programs: 

STEM club, Coders 

Hangout, STEM Mash-

Up, YAC, Forensics, and 

summer camps

After school clubs, summer camps, 

once-a-month weekend clubs, and 

weeklong all-day club

US 170 youth in total from 6 

programs (mix of programs 

targeting Black youth only and 

programs with equally White 

youth and Youth of Color) and 8 

STEM educators of programs 

involved, students aged 10 to 

16 years

Students’ meaningful 

engagement, moments of 

collaborative critique and 

disrupted practice that 

centered participants’ lives and 

needs

Ethnography

Calabrese Barton and 

Tan (2010)

GET city Weekly after-school program for a 

year at a local community club

US 20 students from low-income 

families of ethnic or racial 

minority, aged 10 to 14 years

Expressions of agency in 

science

Ethnography

Fadigan and 

Hammrich (2004)

Women in Natural 

Sciences (WINS)

7-Week summer program + weekly 

meetings as well as monthly trips 

during academic year, yearlong 

program

US 78 girls from single-parent 

families, low-income homes, and 

ethnic minorities; 12 of those gave 

semi structured interviews, 9th or 

10th grade

Students’ career choices and 

career aspirations

Mixed-methods

Kuchynka et al. (2022) - 4-Week summer program US 97 students from ethnically 

underrepresented groups, mean 

age of 15 years

Changes in implicit and 

explicit science identity, 

attitudes towards science as 

well as social belonging

Longitudinal 

quantitative 

survey

Lane and Id-Deen 

(2020)

- Two summer programs (6 weeks for 

first-year college students and 

4 weeks for high school students)

US 14 Black women and girls from 

low-income or middle-income 

families, aged 15–23 years

STEM capital and STEM 

career aspirations

Semi-structured 

interviews

Pinkard et al. (2017) Digital Youth Divas Weekly 2-h out-of-school program 

over several months

US 17 girls from schools with a 

majority of non-dominant 

students (Latino and African 

American) in underserved 

neighborhoods, middle school age

Interest in STEM activities, 

agency, and identification with 

narrative characters

Ethnography

Rahm and Ash (2008) Scientifines Every day after-school science 

program

Canada Two girls from schools in poor 

and ethnically-diverse 

communities with many first-

generation immigrants, aged 9 to 

10 years

Attitudes towards science, 

skills, and students’ self-

identification as competent 

science insiders

Ethnography

Rahm and Moore 

(2016)

COSMOS 6-Week summer program with 

mentoring, counseling and tutoring 

sessions and field trips

US Four first-generation college-

bound and/or low-income 

students, 13–15 years

Moments of figured worlds, 

positionality, and authoring of 

self as well as educational and 

identity pathways

Ethnography

(Continued)
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capital, or STEM career aspirations. We then looked at the findings 
related to these indicators and synthesized seven overarching 
concepts (competence, performance, recognition, sense of 
belonging, supportive relationships, agency, and interest and 
attitudes) to categorize the findings related to STEM 
identity development.

5.1.1. Competence: knowledge in or about STEM 
topics, STEM fields, and STEM career options

We identified Carlone and Johnson’s (2007) concept of competence 
to emerge in cases where new STEM knowledge (e.g., knowledge in 
or about different STEM topics and fields), knowledge about college 
courses, knowledge about life and work at college or university, or 
knowledge about different STEM career options was gained by 
participants throughout the investigated programs in the articles. This 
competence gain was reported to open up new future options for them 
which indicates that STEM fields became more accessible (see Fadigan 
and Hammrich, 2004; Rahm and Ash, 2008; Blanchard et al., 2015; 
Rahm and Moore, 2016; Burke and Navas Iannini, 2021; Salvadó et al., 
2021; Archer et  al., 2022). After participating in the programs, 
students reported having a wider content knowledge (Rahm and Ash, 
2008; Archer et al., 2022), having more information about possible 
jobs in STEM fields (Salvadó et al., 2021; Archer et al., 2022) and being 
positively influenced by this knowledge in their future options or 
career aspirations (Fadigan and Hammrich, 2004; Blanchard et al., 
2015; Rahm and Moore, 2016). Even students who already considered 
a STEM profession indicated new knowledge about the skills and tasks 
scientists have to perform in their job which Rahm and Moore (2016) 
argue made these students reposition themselves within 
STEM. Nevertheless, we saw that this gain in competence needs to 
be  balanced with gains in terms of performance. As some of the 
studies showed, some students had a missing understanding of 
scientific concepts when programs only focused on performing 
scientific activities without the knowledge of the concepts behind 
those (Rahm and Ash, 2008; Burke and Navas Iannini, 2021), which 
hints at a hindrance of STEM identity development. Through 
participation in out-of-school programs for underserved learners, 
students stated to gain competence and therefore started feeling like 
insiders in STEM fields according to (Rahm and Ash, 2008), which 
shows a strong connection between participation and identity 
development. Also, participation in STEM programs made students 
gain knowledge about the complexity of STEM, the connections 

between various scientific fields, and its usefulness for society (Salvadó 
et al., 2021). Hence, the knowledge gained in the programs seems to 
have positively influenced the scientific literacy of the students.

5.1.2. Performance: executing skills that position 
students as competent STEM persons

Narratives of Carlone and Johnson’s (2007) concept of performance 
occurred in the studies when students gained and applied STEM-
specific skills such as creating hypotheses, collecting data, doing 
interviews, applying lab techniques etc. Performing such skills 
positioned them as people who can do STEM and fostered their STEM 
identity development. However, we saw that the complexity of such 
skills should be carefully balanced with students’ abilities. Findings 
showed that when participants had to perform too challenging skills, 
it made them question their own identities as competent STEM 
persons, indicating possible challenges for positive STEM identity 
development (Rahm and Moore, 2016). A gain in performance and its 
positive effects were identified in multiple papers (Fadigan and 
Hammrich, 2004; Rahm and Ash, 2008; Scott and White, 2013; 
Blanchard et  al., 2015; Rahm and Moore, 2016; Burke and Navas 
Iannini, 2021; Archer et al., 2022), for instance when students executed 
their STEM skills in form of experiments, which was reported to boost 
their confidence and their positive attitudes towards STEM (Burke 
and Navas Iannini, 2021). However, the fun associated with 
performing scientific activities needed to be  “grounded in the 
identities, values and needs of youth from under-served communities” 
(Archer et al., 2022) to promote STEM identity development (Archer 
et al., 2022). This means that conducting STEM-specific activities 
might come with fun, but should also focus on an explicit experience 
of performance or a gain in competence.

5.1.3. Recognition: seeing oneself as a STEM 
person and being seen as a STEM person by 
others

Matters of Carlone and Johnson’s (2007) concept of recognition 
were found in the majority of all analyzed papers in cases where 
participants were recognized and valued as competent STEM persons 
by significant others (Fadigan and Hammrich, 2004; Scott and White, 
2013; Rahm and Moore, 2016; Pinkard et al., 2017; Lane and Id-Deen, 
2020; Burke and Navas Iannini, 2021; Calabrese Barton et al., 2021; 
Archer et al., 2022). Examples of such incidents were cases where staff 
offered participants to work as volunteers in informal STEM learning 

TABLE 1 (Continued)

Publication Name of project
Duration and informal 
learning context

Country Sample

Variables used to 
measure STEM 
identity 
development

Study 
design

Salvadó et al. (2021) --- 7 Scientific out-of-school workshops 

+ visit to institute

Spain 20 girls and boys from 6th grade 

from schools in communities with 

high numbers of low-income 

families and ethnically as well as 

culturally diverse backgrounds, 

aged 11 to 12 years

Students’ science capital and 

science identity dimensions, 

perceptions of science

Semi-structured 

interviews

Scott and White (2013) COMPUGIRLS Weekly 2-year multimedia after-

school program including a 4-day 

summer program for 5 weeks

US 41 African-American and Latino 

girls from economically 

disadvantaged backgrounds, aged 

13 to 18 years

Girls’ self-perception as future 

technologists

Ethnography
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settings (Fadigan and Hammrich, 2004). Also, scientists and 
undergraduate students treated participants as competent and 
valuable contributors to mutual research projects (Rahm and Moore, 
2016). Furthermore, students were seen as competent STEM persons 
by their family, friends, and teachers after participating in out-of-
school interventions (Archer et al., 2022). As Calabrese Barton et al. 
(2021) argue, when educators take the time and space to acknowledge 
participants’ knowledge, their experiences, and listen to possible 
criticism, they become important supportive allies who recognize 
students and position their way of being as deserving in the STEM 
context. Findings in some studies showed that this recognition by 
others helped students to see themselves as STEM person (Rahm and 
Moore, 2016; Archer et  al., 2022) and thus fostered their STEM 
identity development. Participants reported that being recognized by 
other people in the program motivated them to keep on working and 
therefore enhanced their STEM aspirations (Lane and Id-Deen, 2020). 
Fadigan and Hammrich (2004) showed that 64% of participants were 
influenced in their educational and career aspirations because they 
were able to talk to staff all the time and felt like they were treated as 
individuals. This show that these students felt recognized by their 
educators. Findings indicated that this recognition needs to 
be repetitive and constant over a long period of time to influence 
participants’ STEM identity development (Archer et al., 2022).

Another important form of recognition is a recognition of oneself 
as a competent STEM person. An example of this can be found in 
Archer et al. (2022), where a participant reported that by being good 
at performing STEM skills during a project, they recognized 
themselves as competent STEM person. Archer et al. (2022) argue that 
in such cases, STEM programs for underserved students can function 
as spaces to act out already existing STEM identities. This can give 
students a place to be assured of their identity, which they might 
be missing in everyday school contexts. Also, by working on solutions 
for socio-scientific issues, students experienced a confidence boost 
which made them recognize their own performance-skills and 
enhanced their STEM-specific knowledge (Blanchard et al., 2015).

5.1.4. Sense of belonging: countering traditional 
STEM identities to feel valued, accepted, and 
represented in STEM fields

In addition to the framework of Carlone and Johnson (2007), 
we saw the concept of a sense of belonging occur in the articles as a 
further concept for STEM identity development. We saw that students 
in the interventions experienced a sense of belonging when they felt 
valued, accepted, and represented in the professional STEM fields 
when spaces were created with them in mind, and when they 
implemented their own ways of being in the STEM field. The impact 
of the investigated programs on students’ sense of belonging can 
be found in a majority of the papers (Fadigan and Hammrich, 2004; 
Scott and White, 2013; Blanchard et al., 2015; Rahm and Moore, 2016; 
Pinkard et  al., 2017; Lane and Id-Deen, 2020; Burke and Navas 
Iannini, 2021; Calabrese Barton et  al., 2021; Salvadó et  al., 2021; 
Archer et al., 2022; Kuchynka et al., 2022). For instance, locating the 
out-of-school program in the students’ community created a sense of 
belonging as children were offered “something that they could see as 
their own” (Burke and Navas Iannini, 2021). Educators and staff 
valuing the experiences and opinions of underserved youth as rightful 
and valuable furthermore contributed to students feeling a sense of 
belonging. As Calabrese Barton et al. (2021) reported, moments where 

individual students’ lives and experiences in the STEM context were 
seen and heard by educators resulted in a generally enhanced 
engagement of participants as these moments opened alternative ways 
of engaging in the STEM program.

Furthermore, in two cases, a missing representation of women 
from ethnic minorities and people from low-income families in STEM 
was seen as motivation for participating girls to aim for a STEM career 
in the future (Lane and Id-Deen, 2020; Archer et al., 2022). In these 
cases, students interacted with educators and scientists from diverse 
backgrounds, which, according to Archer et al. (2022), underlines how 
these mentors can influence students’ sense of a rightful belonging in 
STEM. Contrary, when participants in the intervention described by 
Salvadó et  al. (2021) were confronted with spaces that reinforced 
traditional ways of being and working in STEM fields, they mentioned 
that they did not feel like a STEM career would match their realities. 
We consider this as an indication that traditional STEM spaces and 
missing mentors of non-traditional, diverse backgrounds might 
hinder STEM identity development. The importance of being aware 
of stereotypes that underserved students might experience in their 
lives and countering those for a positive development of STEM 
identity was also reported by Pinkard et al. (2017).

5.1.5. Supportive relationships: parents, teachers, 
educators, and peers enable STEM access and 
encourage further engagement

A further concept that emerged from the articles was the 
importance of supportive relationships. Supportive relationships for 
underserved students can be  those with parents, teachers, other 
participants, staff, or educators in interventions. Overall, the 
importance of supportive relationships occurred in 10 of the selected 
papers (Fadigan and Hammrich, 2004; Rahm and Ash, 2008; 
Calabrese Barton and Tan, 2010; Scott and White, 2013; Blanchard 
et al., 2015; Lane and Id-Deen, 2020; Burke and Navas Iannini, 2021; 
Calabrese Barton et al., 2021; Salvadó et al., 2021; Kuchynka et al., 
2022). Since family members and friends played a central role as 
enablers who encouraged students to engage in out-of-school 
programs (Rahm and Ash, 2008; Lane and Id-Deen, 2020; Burke and 
Navas Iannini, 2021), they seem essential for enabling students’ STEM 
identity development. In the program reported by Lane and Id-Deen 
(2020), parental support played a positive role as it influenced 
students’ competence as well as their career aspirations. For instance, 
on a cognitive level, parents in this program supported their children 
with different resources, such as toys, for promoting STEM knowledge. 
A connection to aspirations was found when those families supported 
on an emotional level and acted as motivators for further engagement 
in STEM. A strong positive relationship with their families was 
reported to promote students’ STEM career aspirations as the 
participants viewed a STEM career as a way to financially support 
their families in the future. In this program, mothers seemed to play 
a central role in engaging their daughters to continue in STEM as they 
explicitly enabled their daughters’ access to out-of-school programs. 
However, students’ engagement can only be promoted by parental 
encouragement when parents themselves hold positive attitudes 
towards STEM (Burke and Navas Iannini, 2021).

During the out-of-school programs investigated in the articles, 
we  saw that peers became important supportive allies. As some 
students reported in the studies, meeting friends and people who are 
interested in the same things positively affected their career aspirations 
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[55% of students report that friends made in the program influenced 
their STEM career aspirations; (Fadigan and Hammrich, 2004)]. As 
Lane and Id-Deen (2020) showed, these supportive networks can also 
help improve participants’ STEM skills, thus fostering 
their performance.

As a further supportive mechanism, Lane and Id-Deen (2020) 
report that educators and staff built up participants’ cultural capital by 
telling them about the missing representation of Black students in 
STEM. While doing so, they also encouraged students not to 
be  discouraged by this underrepresentation and simultaneously 
informed them about the necessary steps to enter a STEM career 
(Lane and Id-Deen, 2020). Hence, educators and staff supported 
students on a psychological level and helped them become more 
resilient and persistent. This persistence and resilience were further 
promoted through supportive relationships with other participants in 
the program, which also fostered students’ sense of belonging (Lane 
and Id-Deen, 2020). Moreover, findings from some studies showed 
that mentors also encouraged students’ career aspirations and STEM 
identity development (Blanchard et  al., 2015; Lane and Id-Deen, 
2020). Supportive allies such as coaches and mentors enhanced 
students’ competence by being an important source of information 
concerning future STEM opportunities (Blanchard et  al., 2015). 
Kuchynka et  al. (2022) compared different types of supportive 
relationships in STEM programs to investigate their differing 
influential power. Their results showed that near-peer mentors had a 
greater influence on students’ STEM identity development and their 
social belonging than teachers did. They argue that near-peer mentors 
are closer to participants’ lifestyles and hence offer a better opportunity 
to identify with them. Moreover, Pinkard et  al. (2017) argue that 
mentors who come from similar backgrounds as participants can help 
students in finding ways to overcome barriers to STEM by sharing 
their own strategies.

5.1.6. Agency: constructing a self-narrated STEM 
identity

We identified the concept of agency as an additional factor 
contributing to STEM identity development in several of the reviewed 
publications. In these articles, agency was observed when participants 
were given the opportunity to construct their own understanding of 
STEM identity during the program (see Rahm and Ash, 2008; 
Calabrese Barton and Tan, 2010; Scott and White, 2013; Blanchard 
et al., 2015; Rahm and Moore, 2016; Pinkard et al., 2017; Burke and 
Navas Iannini, 2021; Calabrese Barton et al., 2021; Archer et al., 2022). 
For instance, when participants experienced themselves as the owners 
of their projects or were positioned as people with their self-created 
STEM identity (e.g., Rahm and Ash, 2008). For being agent, 
participants needed to realize their own strengths and worth 
(Blanchard et al., 2015). Burke and Navas Iannini (2021) point out that 
the link between activities and students’ agency in STEM needs to 
be made explicit to be influential in STEM identity development. By 
contextualizing STEM programs in students’ own communities and 
criticizing traditional STEM practices, participants were able to 
connect personal or cultural experiences with STEM. Hence, they 
were able to connect their other identities within their STEM 
identities, which prevented identity conflicts (Calabrese Barton and 
Tan, 2010). Apart from this individual focus on agency, Archer et al. 
(2022) emphasize the importance of a collective agency among 
underserved learners, which they argue can be promoted through 

recognition and explicit representation of a rightful presence of 
underserved people in STEM.

5.1.7. Interest and attitudes: a strong interest and 
positive attitudes towards STEM foster further 
engagement

Further adding to the concepts that influence STEM identity 
development, we recognized that some articles showed that engaging 
in STEM interventions maintained an interest in STEM in underserved 
students (Burke and Navas Iannini, 2021) or even led to a higher 
interest (Archer et  al., 2022) and more positive attitudes towards 
STEM (Burke and Navas Iannini, 2021; Archer et al., 2022; Kuchynka 
et al., 2022). However, we also saw that programs for underserved 
students can lead to negative attitudes about STEM and therefore 
hinder STEM identity development when traditional ways of engaging 
in STEM are being transported, as can be seen in Salvadó et al. (2021). 
When students’ views of STEM were changed to more favorable ones, 
they opened up to the possibility of further engagement in STEM, 
which indicates a positive STEM identity development. As mentioned 
by Pinkard et al. (2017), a stronger interest can lead to a stronger 
engagement with the program itself. Students’ attitudes towards STEM 
were positively influenced when significant others, such as teachers, 
students, parents, or community leaders, recognized students’ 
successes (Blanchard et al., 2015).

5.2. Methods to nurture STEM identity 
development in underserved students

Although all of the analyzed programs in the articles aimed to 
nurture STEM identity development in underserved students, they 
used different practical approaches to do so. We conducted a synthesis 
of the practical approaches employed in the programs as detailed in 
the articles and will provide a summary of the most commonly used 
methods. These methods included establishing personal relationships 
and providing role models, utilizing authentic settings, engaging in 
hands-on activities, and implementing non-stereotypical structures 
that promote agency. In the following sections, we will present those 
methods in more detail.

5.2.1. Foster relationships between participants
It is reported that fostering relationships between participants 

positively impacted a group identity and the feeling of wanting 
everyone to succeed, which can further motivate participants to 
engage in the program (Lane and Id-Deen, 2020). Most of the 
programs that have been investigated in the articles explicitly used 
methods to foster a social network and personal relationships between 
participants. For example, many articles reported that programs 
intentionally initiated group work between participants on either 
whole programs or on specific occasions during the programs (Rahm 
and Ash, 2008; Burke and Navas Iannini, 2021; Salvadó et al., 2021; 
Archer et al., 2022; Kuchynka et al., 2022). Further methods to foster 
a social network between participants were: (i) making room for 
discussions and personal conversations (Fadigan and Hammrich, 
2004; Scott and White, 2013), (ii) ensuring that there are no 
competitions between participants in one program (Lane and 
Id-Deen, 2020) by (iii) fostering a group identity through competitions 
against teams from other programs (Blanchard et al., 2015), as well as 
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(iv) implementing group games (Burke and Navas Iannini, 2021), and 
(v) team-building activities (Burke and Navas Iannini, 2021). 
Moreover, some of the programs made sure to accept participants 
from similar family backgrounds only, similar ethnic backgrounds, 
and/or the same gender to create a sense of belonging (Fadigan and 
Hammrich, 2004; Calabrese Barton and Tan, 2010; Scott and White, 
2013; Rahm and Moore, 2016; Pinkard et  al., 2017; Lane and 
Id-Deen, 2020).

5.2.2. Foster relationships between participants 
and staff

In addition to social networks between participants, many 
programs aimed to enhance supportive relationships for students by 
creating personal relationships between participants and program staff 
such as educators, teachers, mentors, or scientists. In order to do so, 
the articles reported that programs made room for discussions as well 
as personal conversations (Fadigan and Hammrich, 2004), and 
implemented group games as well as team-building activities for 
participants and staff (Burke and Navas Iannini, 2021). Furthermore, 
some articles mentioned nurturing a deeper relationship between 
participants and staff by questioning the hierarchical relationships 
between staff and participants by (i) making jokes (Archer et  al., 
2022), (ii) playing music during program sessions and providing 
sweets (Archer et al., 2022) as well as (iii) calling teachers by their first 
name (Calabrese Barton and Tan, 2010).

5.2.3. Provide students with role models
The implementation of mentors in the forms of near-peer mentors 

(Blanchard et al., 2015; Rahm and Moore, 2016; Burke and Navas 
Iannini, 2021; Kuchynka et al., 2022), industry mentors (Blanchard 
et al., 2015), or mentor-teachers (Scott and White, 2013) was another 
method most of the programs used to foster a social network and to 
give students role models as possibilities for identification. Further 
tactics to strengthen a network and opportunities for identification 
were hiring ethnically diverse staff (Pinkard et al., 2017; Lane and 
Id-Deen, 2020) and meeting real scientists from ethnically diverse 
backgrounds (Archer et al., 2022; Kuchynka et al., 2022).

5.2.4. Use student-centered hands-on activities, 
experiments, and authentic scientific contexts

In most of the programs, student-centered hands-on activities 
such as interviewing the public, lab activities, or creating some kind 
of artwork as well as experiments (Fadigan and Hammrich, 2004; 
Rahm and Ash, 2008; Calabrese Barton and Tan, 2010; Rahm and 
Moore, 2016; Pinkard et al., 2017; Burke and Navas Iannini, 2021; 
Salvadó et al., 2021; Kuchynka et al., 2022) were used to bring in fun 
elements for further engagement and to enhance participants’ STEM-
specific skills. Furthermore, many of the programs let students 
experience authentic scientific contexts. Examples of such methods 
were meeting scientists (Fadigan and Hammrich, 2004; Rahm and 
Moore, 2016; Salvadó et  al., 2021), making field trips to different 
informal STEM learning sites and colleges or universities (Fadigan 
and Hammrich, 2004; Calabrese Barton and Tan, 2010; Scott and 
White, 2013; Rahm and Moore, 2016; Kuchynka et  al., 2022), 
conducting hands-on experiments with own hypotheses and authentic 
data collection processes (Calabrese Barton and Tan, 2010), and 
working on projects with practical scientific value (Scott and White, 
2013; Rahm and Moore, 2016).

5.2.5. Foster participants’ autonomy and agency
A central practice in the analyzed programs was to foster 

participants’ autonomy and agency. For instance, participants were 
asked to work on project topics of their own choice (Rahm and 
Ash, 2008; Calabrese Barton and Tan, 2010; Scott and White, 2013; 
Rahm and Moore, 2016). Staff asked the students to bring their 
own ideas into the programs by co-designing project elements 
(Pinkard et  al., 2017) or co-planning activities with teachers 
(Calabrese Barton and Tan, 2010). Participants were positioned as 
responsible and agentic creators of their projects when they were 
enabled to interview members of the public (Calabrese Barton and 
Tan, 2010) and to present their projects to the public as well as 
political representatives (Calabrese Barton and Tan, 2010; Scott 
and White, 2013), for example in forms of self-created 
announcements for local TV channels (Calabrese Barton and Tan, 
2010). Pinkard et al. (2017) also mention an additional online-tool, 
which enabled participants to engage with the program on an 
individual level and to add their own views and experiences to 
the program.

5.2.6. Explicitly foster non-stereotypical ways of 
doing or being in STEM

In some cases, programs used specific methods to explicitly 
foster non-stereotypical ways of doing or being in STEM to make it 
more accessible for students. For instance, in the program 
investigated by Pinkard et al. (2017) program coordinators used a 
narrative storyline with non-stereotypical characters (Black girls 
doing STEM activities) to structure club activities. In another 
program, students were allowed to use informal language and 
abbreviations in power point presentations and videos which would 
be  called informal elsewhere (Calabrese Barton and Tan, 2010). 
Moreover, in some cases, students were encouraged to criticize staff ’s 
practices allowing them to question traditional STEM stereotypes 
and hierarchies in programs to make room for non-traditional ways 
of doing or being in STEM, hence making it more relatable for 
students (Scott and White, 2013; Calabrese Barton et al., 2021; Archer 
et al., 2022).

5.3. Experiences of underserved students 
for further investigation

Although the analysis of the articles resulted in a detailed list of 
superordinate key theories and concepts with factors that can affect 
STEM identity development, we also identified little moments and 
experiences mentioned by underserved students themselves, which 
indicated there might be further influential categories and factors. In 
the following, we  will give some examples of those moments by 
presenting original quotes given by participants of different programs 
and analyzing indications for further investigation.

5.3.1. Role of emotions: having a safe space
Some participants mentioned the personal and emotional value 

of the programs in terms of feeling safe and valued. For example, the 
importance of informal STEM learning settings as safe spaces for 
participants was mentioned by some participants in Fadigan and 
Hammrich’s (2004) research as they talked about their peers in 
the program:
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A lot of them came from similar socio-economic backgrounds 
that I did, similar parts of the city that I did where the crime rate 
tends to be up, violence tends to be a big factor there, single-
parent homes. To be able to have people that understand you in 
that way and to connect with you in that way tends to be very 
helpful, tends to kind of provide a safety net for you to lean back 
on. To have somebody there encouraging you when you kind of 
get discouraged by what you see around you. (p. 851)

Moreover, some students mentioned the setting as their safe space 
in terms of giving them hope and an actual place for safety from harm:

Maureen stated, “it was definitely really helpful in helping me to 
put myself in an ambitious mind set, to know that there’s a lot 
more for me out there than just living in North Philly dodging 
bullets.” Similarly, Arlene commented, “I don’t have to worry 
about a drive-by. That’s always good.” (Fadigan and Hammrich, 
2004, p. 852)

Other students mentioned the feeling of being valued as an 
important factor when interacting in the program. For example, a 
student in the study of Calabrese Barton et al. (2021) said:

When I'm here [at science club] I feel like I can be me. Like, it's 
not judgmental here. We  get to learn and do things and 
experiments and make things that are real, and they help people… 
When people see [my light-up dog leash] and they use it, they'll 
say I did a good job, and I stood up for myself. They'll say I worked 
hard, and I'm really good at science, and like caring for dogs and 
people. It's weird because I didn't even like science, but it felt 
different here to make something for dogs. (p. 1,230)

Or, as another participant stated:

I'm going to explain what STEM Club is to me, and I've heard 
comments like this. STEM Club is a place where I can be me, 
where I can build things, sometimes to help with anger issues. It's 
just a place where I call home, besides my actual house. A place 
where I can go to hang out with my friends, talk a little, enjoy life, 
be young, even though I'm about to be a teenager soon. (Calabrese 
Barton et al., 2021, pp. 1,245–1,246)

These instances give us hints that a focus on emotional factors 
could be key for reaching those underserved students who are affected 
by extreme factors such as missing family support or living in 
extremely dangerous neighborhoods.

5.3.2. “Underserved students need to work 
harder”

Some participants mentioned pressure to do better and work 
harder than not-underserved peers in order to achieve a career in 
STEM fields. For example, one Black girl in a program said that „they 
[teacher and program director] tell us it’s not a lot of Black people that 
are engineers and doctors, so that means we  need to make sure 
we work hard to be one of those. “(Lane and Id-Deen, 2020, p. 13). 
This pressure becomes even more evident in another incident, where 
one participant “signed the reflection statement with the note, ‘Failure 
is NOT an option!’” (Rahm and Moore, 2016), after being asked to 

reflect on the program and its impact on his future. Clearly, this 
pressure could influence the STEM identity development in those 
students as it might create negative attitudes towards STEM careers.

5.3.3. School STEM vs. club STEM
In their article, Burke and Navas Iannini (2021) discuss the fact 

that many of the students in the program viewed ‘club STEM’, as they 
refer to the activities in the program, as something completely 
different and unrelated to school STEM. In those cases, the students 
saw school STEM as rather uninteresting, whereas club activities were 
viewed as ‘real STEM’. For example, one participant answered when 
being asked about his interest in science:

Moderator: Okay, what about you John, were you interested in 
science before the club?

John: Yeah

Moderator: You were?

John: The thing that I didn't want to do when I come is the long 
stuff like what school does! (Burke and Navas Iannini, 2021, 
p. 1,444)

This dialog indicates the structure of school STEM activities might 
hinder STEM identity development for those students. Further, the 
missing connection between club STEM and school STEM might 
hinder future STEM identity development in general. The gap 
participants felt between those two STEM contexts might lead to an 
identity conflict and needs to be  overcome to develop a strong, 
positive STEM identity in the future (Burke and Navas Iannini, 2021). 
On the contrary, when intertwined with each other, school STEM and 
out-of-school programs might be  able to foster STEM identity 
development for underserved students even better. This idea is 
mentioned by another participant in the same study:

STREAM: Say like during a Monday to a Friday you were, like, 
going to school and stuff, say you could like have a project … 
you should be able to, like, come here and they should be able to, 
like, help you with that

Moderator: That's an interesting point STREAM. You think that 
being able to bring your projects from school would make the 
[science club] a little bit better?

STREAM: And they'll be able to like help you …

Moderator: Okay, so kind of like homework that's related to 
the club?

STREAM: Yeah! (p. 1,446)

6. Discussion and implications

This study investigated articles that examined out-of-school 
programs for underserved learners and synthesized key concepts that 
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influence students’ STEM identity development as well as practical 
approaches used to enhance those concepts. Moreover, we shed light 
on the voices of some underserved students themselves, which hint at 
additional concepts for further investigation. In the following, we will 
discuss these findings and give recommendations for practice, 
research, and policy makers.

6.1. A theoretical framework for STEM 
identity development in underserved 
learners

As we  have argued before, there was no consensus on one 
universal framework and definition of STEM identity in the analyzed 
papers. We drew from Carlone and Johnson’s (2007) definition of 
science identity for our analysis and found instances of competence 
(‘knowing science’), performance (‘doing science’), and recognition 
(‘being science’) as the dimensions of STEM identity development 
across the analyzed publications. However, we believe that since the 
marginalization of underserved children in STEM is based on multiple 
factors, fostering a positive STEM identity development in those 
children needs to focus on several overlapping and interconnecting 
factors, especially on systematic issues leading to such marginalization. 
Accordingly, we identified further concepts that occurred across the 
analyzed publications that contributed to students’ STEM identity 
development, namely a sense of belonging, support, agency as well as 
interest and attitudes. In the following, we will compare our findings 
with common frameworks for STEM identity development and 
discuss concepts, which are especially important for fostering 
underserved learners’ STEM identity development.

There are various frameworks for STEM identity. For example, 
there are frameworks for physics identity (Hazari et al., 2020), math 
identity (Steele, 1997), or computing identity (Mahadeo et al., 2020). 
According to our analysis, we find some overlaps with these identity 
frameworks, as, for example, the dimensions of interest and sense of 
belonging can also be found in the frameworks of Hazari et al. (2020) 
and Steele (1997), whilst interest can be found in Mahadeo et al.’s 
(2020) framework as well. The concepts of supportive relationships 
and agency, which we also identified, are no dimensions in any of 
those frameworks. According to Carlone and Johnson (2007), 
however, meaningful others play an important supportive role in 
recognition processes. In addition to that, Avraamidou (2020b) argues 
that the concept of recognition is strongly intertwined with emotions, 
particularly when looking at STEM identity from an intersectional 
lens, which indicates further connections between recognition, 
relationships to supportive others, and underlying emotional 
processes. Griffith et al. (2019) have shown that students who faced 
discrimination along intersecting axes of oppression in educational 
settings felt less recognized and had a low sense of belonging. This 
lower sense of belonging was also found in women as underserved 
group in math by Good et  al. (2012). Moreover, McGee (2016) 
reported identity conflicts in underserved students due to racial 
stereotypes. Those students reported the need for special support 
structures to find coping strategies and overcome identity conflicts 
(McGee, 2016; Griffith et al., 2019). Although it is crucial to establish 
support structures to assist individuals in developing strategies to 
combat racism, sexism, classism, and other types of oppression in our 
current systems, we argue that the real solution is systematic change. 

Our analysis and common STEM identity frameworks suggest that 
recognition, a sense of belonging, and supportive relationships are 
critical concepts in altering current mechanisms and facilitating 
STEM identity development for underserved learners. Due to the lack 
of representation of underserved groups in STEM, these students have 
fewer opportunities for identification and therefore have not been 
encouraged to feel a sense of belonging. Consequently, they have been 
excluded from recognition in STEM fields as those who do not fit the 
standard are not encouraged to become insiders. Furthermore, 
we emphasize the need to prioritize the concept of agency to enable 
students to engage in STEM identity work consistent with their 
current forms of capital and identities.

Our second research question aimed at finding relating practical 
approaches that contribute to underserved students’ STEM identity 
development. An overview of the concepts, the practical approaches 
linked to these, and evidence where they can be found are given in 
Table 2. As Danielsson et al. (2023) claim, “it is noticeable that even 
when research-based instructional strategies have proven to be very 
successful in improving students’ conceptual understanding and their 
reasoning, the adoption of such strategies more broadly is still low” 
(Danielsson et  al., 2023, p.  20). Hence, in Table  2 we  synthesized 
concepts as well as relating practical approaches that can foster 
underserved students’ STEM identity development for educators in 
out-of-school STEM learning contexts to use in designing 
new programs.

6.2. On the role of recognition, sense of 
belonging, supportive relationships, and 
agency to position underserved students as 
insiders in STEM

In the following, we  will elaborate on the significance of 
recognition, a sense of belonging, supportive relationships, and agency 
in the development of underserved students’ STEM identities. We will 
criticize systemic exclusions present in STEM fields that disregard or 
impede these concepts. Our third research objective was to identify 
the experiences of underserved learners in the analyzed STEM 
learning interventions that shed light on aspects for further 
investigations. We  will demonstrate how these experiences are 
connected to the criticized systematic exclusions in STEM fields. 
Furthermore, looking forward, we will discuss how our findings on 
practical approaches can be used to serve underserved students in 
terms of recognition, sense of belonging, supportive relationships, 
and agency.

In general, following Harper and Kayumova’s (2022) 
argumentation, we  claim that deficit-based perspectives on 
underserved learners as well as issues of belonging and representation 
play a problematic role in hindering STEM identity development in 
underserved learners rather than students’ academic skills or interests. 
As argued before, with regard to underserved learners, special 
attention should be given to the role of recognition, sense of belonging, 
supportive relationships as well as agency as a countermeasure. In the 
following, we  will discuss the importance of these concepts for 
underserved learners’ STEM identity development. According to 
Kayumova and Dou (2022), science education is influenced by deficit-
oriented approaches which base on, for example, hierarchical 
structures and neglect the value of non-western ways of being and 

https://doi.org/10.3389/feduc.2023.1082747
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Çolakoğlu et al. 10.3389/feduc.2023.1082747

Frontiers in Education 12 frontiersin.org

knowing in science. As a consequence, STEM learning opportunities 
create barriers and mindsets which exclude and other underserved 
students (Kayumova and Dou, 2022). Combined with the conscious 
experience of racism and stereotypes (McGee, 2016; Griffith et al., 
2019; Burnett et al., 2022), these traditional views lead to a missing 
recognition of underserved students as STEM persons by others e.g., 
teachers, (Pringle et al., 2012) as well as themselves (Kim et al., 2018). 
Thus, underserved learners often feel like they do not belong and 
experience less recognition in STEM fields, as those who deviate from 
established norms are often overlooked. To foster inclusivity and 
recognition, STEM settings must acknowledge and embrace a diverse 
range of identities as legitimate within the field. It is necessary that all 
students, not only those who conform to the norm, are reflected and 
validated as belonging in STEM. As our analysis shows, possible 
practical approaches to do so are to foster social networks between 
participants as well as between participants and staff, to provide 
students with role models, and to foster non-traditional ways of doing 
or being in STEM (Table  2). As Robnett and Leaper (2013) have 
shown, friendship group support led to higher interest in STEM 
careers in ethnically diverse high school students. Moreover, Leath 
et al. (2022) reported in their study on Black undergraduate women 
that friendships between Black female students were seen as 
“homeplaces” (Leath et al., 2022, p. 837) and important factors in their 
identity development. We  also found this emotional value of 
supportive friendships as ‘homeplaces’ or ‘safe spaces’ in the quotes by 
underserved learners. Our analysis shows that apart from parents and 
friends, near-peer mentors and educators of diverse backgrounds were 
frequently used in projects to support students. Following this, other 
studies have shown that such educators or mentors with similar 
backgrounds as participants were important influences for student 
participation (Kricorian et al., 2020), for finding coping strategies 
when being confronted with oppression along intersecting axes of 
power (Griffith et al., 2019), and for enhancing persistence in STEM 
fields (Estrada et al., 2022). Thus, supportive relationships, a sense of 
belonging, and recognition seem to be closely intertwined with each 
other as well as with emotions when it comes to STEM identity 
development in underserved learners.

The traditional power relations in STEM limit learners’ views of 
who can be an insider to STEM and what these insiders have to act 
like (Kayumova and Dou, 2022). This is especially problematic for 
students with identities (such as cultural, ethnic, or religious) that 
might not fit with this narrowed image of who can be an insider to 
STEM (McGee, 2016; Avraamidou, 2020a). Because of this, 
underserved students may feel like they have to work harder than their 
not-underserved peers (Griffith et al., 2019; Burnett et al., 2022) and 
modify their other identities (McGee, 2016) to achieve the goals in 
STEM contexts. This pressure to work harder was also mentioned by 
some of the students in our analyzed study (Rahm and Moore, 2016; 
Lane and Id-Deen, 2020). In our view, these identity conflicts might 
lead to either no STEM identity development or to adapting an 
imposed STEM identity leading to a neglecting of racial or cultural 
identities as was the case in the study of McGee (2016). This might 
lead to less stable STEM identities and alienation from families and 
communities (El-Mafaalani, 2017). Hence, we find it crucial to enable 
underserved students to become agent individuals in building their 
own STEM identities by findings ways in which they can connect their 
STEM identity to their own social and cultural capital (Brickhouse, 
2001; Shanahan, 2009; Morton and Parsons, 2018). To do so, STEM 

fields need to be more open and implement practical approaches in 
out-of-school contexts that foster this agency, such as including role 
models, student-centered hands-on activities, and methods that 
explicitly foster participants’ autonomy and agency (Table  2). 
Furthermore, it takes a will to change and reflect on the part of out-of-
school STEM educators. We  agree with Avraamidou (2021) that 
educators need to reflect on their recognition policies, meaning who 
they recognize as STEM persons and why, for example in 
accompanying training for educators.

6.3. Recommendations for practice

In general, the findings of this study suggest that STEM learning 
settings such as out-of-school contexts need to focus on more than 
just raising participation rates to enhance STEM identity development 
in underserved learners. Instead, educators and educational systems 
should work “toward a pluriverse of multiple identities” (Kayumova 
and Dou, 2022, p. 1) that are possible and have a rightful place in 
STEM fields. As we  have shown, fostering concepts such as 
recognition, supportive relationships, a sense of belonging, and agency 
are needed to position these students as insiders to STEM. One 
possible implication of this is that we  need more long-term 
interventions for underserved learners on a regular basis. Moreover, 
we suggest that the educational perspectives on underserved learners 
should focus on their strengths and needs. To achieve this, educational 
staff could avoid creating predetermined STEM settings that define 
what STEM is, what a STEM person should be  like, and what is 
considered right or wrong in STEM contexts. Rather, educational 
settings should be  more flexible and less rigid, acknowledging 
individuals as they are and recognizing their strengths. The focus 
should be on supporting individuals to achieve their full potential. 
This way, STEM learning settings might be able to truly serve those 
learners and support them in ways they need to find their own ways 
of being in STEM. In order to do so, STEM education settings need to 
change to enhance STEM identity development for all and to ensure 
truly equitable access to STEM for all groups of people. As Kayumova 
and Dou (2022) put it:

If science spaces continue to operate through dominant cultural 
norms and values, merely providing access to materials or 
opportunities to participate in science will not make the kind of 
changes we seek. […] From this perspective, the design of learning 
ecologies must create condi-tions of possibility that center on 
identities, community histories, relations, and experiences of 
racialized youth from nondominant communities rather than 
erase them.” (p. 17)

To implement such changes, educators in informal STEM 
education settings can work with students in community-based 
spaces (Dawson, 2017) and choose projects on socio-scientific issues 
as a way to bridge students’ lives and STEM learning. As Gonsalves 
et al. (2021) have shown, students need peer groups or communities 
in STEM contexts that support each other and give them a sense of 
belonging to persist. Hence, informal STEM programs should not 
only be physically based in the students’ community but also connect 
with its people to build strong relationships. On a practical level, this 
takes regular activities, such as icebreaker activities or games that 
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allow students to get to know each other as well as educators and 
community members on a personal level. Moreover, educators can 
implement arts-based practices to offer alternative ways for students 
to create their own STEM identity. An example can be  found in 
Chappell and Varelas (2020) who used ethnodance as an arts-based 
practice to study STEM identity. The implementation of mentors 
from similar backgrounds as participants can further focus 
participants’ cultural capital in STEM programs. Avraamidou (2021) 
argues that programs on how underserved groups of learners are 
being recognized are needed on a systemic level. Following this 
advice, mentors who are regularly trained on recognition issues seem 
crucial to allow multiple possible student identities to become 
STEM insiders.

Informal spaces such as museums should hire diverse staff and ask 
them to implement their valuable socio-historical experiences and 
cultural values into the design of museum spaces. Further, museums 
could seek collaborations with schools in underserved communities 
and engage in mutual projects. For example, students could work on 
STEM-related arts projects in their schools, which could be displayed 
in  local museums. Strong partnerships between practitioners in 
informal settings and researchers can help to enhance equitable STEM 
education. For example, practitioners and researchers can work 
together in defining key equity research foci and designing 
corresponding activities to foster equitable STEM learning. For more 
details and best-practice examples of such research-practice 
partnerships see (Penuel, 2017). A strong collaboration between 
practitioners and researchers might also help bridge the gap between 

‘school STEM’ and ‘club STEM’ mentioned by some 
underserved students.

In formal education contexts, little “pockets of equitable practice” 
(Dawson, 2017, p. 544) need to be inserted as often as possible. Such 
practices can include, for example, involving students in planning 
activities or decision processes, hence positioning them as valuable 
insiders (Dawson, 2017). Moreover, teachers in schools should reflect 
on their own STEM practices and be trained to observe their own 
values and lessons from an equity-perspective. These reflection 
practices can be  taught in pre-service teacher education as well. 
Further valuable impulses for inserting equitable practices in science 
classrooms can be found in Godec et al. (2017), who offer very detailed 
guidelines for student engagement through a social justice lens in their 
“Science Capital Teaching Approach.” In addition to that, teachers and 
educators in school as well as in tertiary education should become 
aware of their stereotypes and their bias concerning underserved 
students. General guiding principles for re-framing anti-Blackness in 
STEM education can be found in Morton et al. (2022).

6.4. Recommendations for research and 
limitations of the current study

Our analysis offers insights into the STEM identity development 
of underserved learners in out-of-school contexts at the middle and 
high school levels. Still, we cannot fully explain the concepts behind 
the STEM identity development of underserved learners due to 

TABLE 2 Key concepts and corresponding practical approaches for STEM identity development in underserved learners.

Key concepts of STEM 
identity development

Practical approaches Publications

Competence  - Student-centered hands-on activities, experiments, 

and authentic scientific contexts

Archer et al. (2022), Blanchard et al. (2015), Burke and Navas Iannini (2021), 

Fadigan and Hammrich (2004), Rahm and Ash (2008), Rahm and Moore 

(2016), Salvadó et al. (2021)

Performance  - Student-centered hands-on activities, experiments, 

and authentic scientific contexts

Archer et al. (2022), Blanchard et al. (2015), Burke and Navas Iannini (2021), 

Fadigan and Hammrich (2004), Rahm and Ash (2008), Rahm and Moore 

(2016), Scott and White (2013)

Recognition  - Foster relationships between participants Archer et al. (2022), Burke and Navas Iannini (2021), Calabrese Barton et al. 

(2021), Fadigan and Hammrich (2004), Lane and Id-Deen (2020), Pinkard 

et al. (2017), Rahm and Moore (2016), Scott and White (2013)
 - Foster relationships between participants and staff

 - Explicitly foster non-stereotypical ways of doing or 

being in STEM

Sense of belonging  - Foster relationships between participants Archer et al. (2022), Blanchard et al. (2015), Burke and Navas Iannini (2021), 

Calabrese Barton et al. (2021), Fadigan and Hammrich (2004), Kuchynka 

et al. (2022), Lane and Id-Deen (2020), Pinkard et al. (2017), Rahm and 

Moore (2016), Salvadó et al. (2021), Scott and White (2013)

 - Foster relationships between participants and staff

 - Provide students with role models

Supportive relationships  - Foster relationships between participants Blanchard et al. (2015), Burke and Navas Iannini (2021), Calabrese Barton 

et al. (2021), Calabrese Barton and Tan (2010), Fadigan and Hammrich 

(2004), Kuchynka et al. (2022), Lane and Id-Deen (2020), Rahm and Ash 

(2008), Salvadó et al. (2021), Scott and White (2013)

 - Foster relationships between participants and staff

Agency  - Provide students with role models Archer et al. (2022), Blanchard et al. (2015), Burke and Navas Iannini (2021), 

Calabrese Barton et al. (2021), Calabrese Barton and Tan (2010), Pinkard 

et al. (2017), Rahm and Ash (2008), Rahm and Moore (2016), Scott and 

White (2013)

 - Student-centered hands-on activities, experiments, 

and authentic scientific contexts

 - Foster participants’ autonomy and agency

Interest and attitudes  - Student-centered hands-on activities, experiments, 

and authentic scientific contexts

Archer et al. (2022), Blanchard et al. (2015), Burke and Navas Iannini (2021), 

Kuchynka et al. (2022), Pinkard et al. (2017)

https://doi.org/10.3389/feduc.2023.1082747
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Çolakoğlu et al. 10.3389/feduc.2023.1082747

Frontiers in Education 14 frontiersin.org

various limitations. First of all, there might be further concepts and 
factors which stem from school, home, and other social contexts that 
can foster or hinder such a development. Since some of the students 
in our analyzed study mentioned a distinction between STEM in 
school and out-of-school contexts, it might be interesting to investigate 
underserved learners’ STEM identity in school contexts as well. Also, 
this could help to further develop a universal framework for STEM 
identity in general. Since such a framework was missing in most of our 
analyzed studies, we  had to define indicators for STEM identity 
development ourselves, which also limits the findings of our study. 
Further investigation of the concepts found in this study in out-of-
school contexts can help to validate our findings and add to a 
framework. Moreover, most of the studies stem from U.S. contexts. 
Hence, following Danielsson et al. (2023), it might be interesting for 
further research to focus on underserved learners in a European 
context since they might be influenced by different cultural, social, 
historical, and/or religious identities. In this regard, it seems advisable 
to aim at anti-deficit frameworks for research. Harper (2010) gives 
some helpful suggestions for re-framing deficit-oriented questions 
such as “Why do so few Black male students enroll in college?” to an 
anti-deficit question like “How were college aspirations cultivated 
among Black male undergraduates who are currently enrolled?” 
(Harper, 2010, p. 68).

Concerning the concepts influencing STEM identity development 
that were found in this study, it seems especially interesting to examine 
the role of emotions as well as agency in STEM identity development. 
According to Avraamidou (2020b), STEM identity development is 
intersectional and strongly influenced by positive and negative emotions. 
Hence, emotions might influence many of the concepts analyzed, such 
as recognition, supportive relationships, or a sense of belonging. From 
an equity perspective, it could be very useful to have more findings on 
when students adapt to imposed STEM identities (hence neglecting their 
other identities) and how they can create their own authentic identities.

6.5. Recommendations for policies

Policy makers such as politicians and stakeholders from NGOs, 
academics, or others can play a crucial role in supporting underserved 
students through re-imagining STEM education. A reasonable 
approach to tackle this issue might be  to implement referring to 
students’ social, historical, and cultural capital into school science 
curricula. A possible way might be to focus less on field-specific topics, 
but rather make the UN Sustainable Development Goals a central focus 
of those curricula. This enables educators to implement more socio-
scientific issues into science classes and to build on students’ personal 
lives. Moreover, the policy could focus their funding for STEM 
education programs on non-deficit research as well as community-
driven projects. In this regard, underserved students could be served by 

funding additional out-of-school programs and scholarships for them. 
An implemented training on inclusive STEM education and traditional 
power relations in the training of educators and teachers can help to 
create general awareness and create welcoming structures where all 
students feel like they belong. Furthermore, strategies to enhance 
equitable STEM education settings might involve recruiting more 
diverse teaching staff.
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