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Abstract

This manuscript reflects on the affordances and limitations of methodological approaches
commonly adopted by science education researchers examining learner identities. Our
aims are to unpack the relative strengths and weaknesses of such approaches and note their
respective prevalence. In so doing, we identify and critique studies which we consider
exemplify the different approaches and, in turn, note the direction of fruitful developments
and the nature of key challenges. From our review of the field, we suggest that three dis-
crete methodological approaches can be identified: macro-studies within a psychological
tradition; macro-studies within a sociological tradition; and micro-studies within an inter-
pretive tradition. Our review comprised a critical analysis of papers included in the Web
of Science databases published between 1998 and 2018. A total of 198 papers examin-
ing aspects of learner identity relating to science were identified. Of these, the majority
(146) were categorised as micro-studies within an interpretive tradition. We discuss the
implications of methodological choices for the advancement of understanding and further
note ambiguities in the field particularly in relation to the ways in which learner identity
research is conceived. We also raise questions for the field relating to the ways in which
findings may be scaled, and how the field might develop to allow stronger theoretical and
conceptual coherence.

Keywords Science identities - Learner identities - Review - Methodological approaches -
Science education

Science education research is witnessing a growing interest in issues regarding the inter-
play between agency and structure in young people’s educational choices, achievements,
and aspirations, including how different social categories (such as gender and ethnic-
ity) intersect with students’ experiences of the science disciplines. A notion that is used
as a theoretical construct in researching this interplay, but also increasingly to denote the
field of research, is that of ‘science identities’ (see, for example, Avraamidou 2019). The
construct of science identities has been particularly valuable for exploring inequalities in
science participation, examining why and how it is more difficult for some people to see
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science as being ‘for me’, in relation to both formal (e.g. Calabrese Barton and Tan 2009)
and informal (e.g. Carlone et al. 2015) learning context.

The field of science identities is, as Lucy Avraamidou (2019) notes, broad and growing
rapidly. An illustration of this growth can be found in the instance of the European Science
Education Research Association (ESERA) ‘Special Interest Group (SIG) on Science Iden-
tities’ which, although only established in 2017, is already one of the organisation’s largest
special interest groups. Two recent ESERA conferences have also had keynote speeches
focused on science identity work (Louise Archer in 2013, Angela Calabrese Barton and
Emily Dawson in 2017) and several edited volumes have been published: Avraamidou
(2016); Allison Gonsalves and Anna Danielsson (2020); and Louise Archer and Henriette
Holmegaard (forthcoming).

In an early review of science identities research, Marie-Claire Shanahan (2009) noticed
that most studies up until that point had predominantly focused their gaze on the individ-
ual, with less attention being paid to social structures. Shanahan concluded that this had to
do with the dominance of communities of practice (Lave and Wenger 1991) as a theoretical
perspective within this research, a perspective that does recognise the importance of social
structures, but mostly in terms of how they affect the individual. Hence, methodologically,
this research was dominated by small-scale, qualitative studies. She suggested that science
identities work would benefit from broadened methodological approaches, such as includ-
ing the use of mixed methods. Yew-Jin Lee’s (2012) review of identity-based research in
science education, meanwhile, found a more varied theoretical landscape to that identified
by Shanahan. While community of practice perspectives were still prevalent, other tradi-
tions, such as discursive stances and activity theory, were identified. However, and simi-
lar to Shanahan, Lee concluded that there had been ‘frustratingly little in terms of “hard
data” from longitudinal or large-scale studies to guide change’ (p. 42), stressing the (over)
reliance on sociocultural perspectives, interpretative paradigms and small-scale qualitative
studies.

Almost ten years on since Lee’s review, we argue that a new discussion pertaining to
methodologies in the field of science identities research is needed. As science identity
researchers and teachers who regularly participate in national and international science
education conferences, use science identity scholarship in our teaching and in discussions
with policy and practice, we have observed that scholarship within the realm of ‘science
identities’ utilises several different theoretical perspectives and analytical approaches. The
breadth of perspectives is also evident in the description of the ESERA ‘Special Inter-
est Group on Science Identities’: the field draws ‘on different research frameworks as for
example post-structuralist theories, feminist theories, narrative psychology and Bourdieuw’
(ESERA 2022). Yet, as well as the breadth, we have also noted the dominance of a small
number of approaches. For example, a handful of key articles (among them Carlone and
Johnson 2007 and Brickhouse et al. 2000) are very frequently cited and have thus guided
many subsequent small-scale qualitative studies focusing on the identity formation of a few
students. The dominance of one approach raises the question of the field possibly becom-
ing inward-looking and ignoring approaches that do not fit into what seems to have become
somewhat of the methodological norm. We have also observed the difficulties that educa-
tors and policy-makers experience in making sense of how best to digest and apply the sci-
ence identity research into their work, often citing the challenge of applying insight from a
detailed, contextual case study to their own particular practice or, more broadly, to a wider
policy.
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These reflections motivated us to consider the ways in which identity issues in the sci-
ence education field are theorised and, in turn, affect the design of research approaches
and the nature of the insights that can be generated. Thus, the aim of the present paper
is not to provide a review of the empirical findings pertaining to science identities, but
rather, to critically consider the methodological approaches used in the field, question what
insights these different approaches generate and what insights might be missed, and reflect
on how current scholarship can inform policy and practice. In addition, while our interest
in reviewing the field of science identities work was in part incited by an observation that
some texts in the field are very frequently cited, we do not extend the review to an analysis
of citations.

With a view to unpack both the affordances and limitations of different methodo-
logical choices in the field of learner identities in science, and identify potential ways
forward for this increasingly influential line of research, our research questions are as
follows:

e What are the methodological approaches that can be identified within studies focused
on learner identities in science?
What are the relative strengths and weaknesses of these approaches?
What is the relative prevalence of different methodological approaches?

We also reflect on the following:

What are the implications of current methodological choices for practice?
What are the challenges and potential opportunities for the field of science identity
research?

Materials and methods

To investigate the type and prevalence of methodological approaches currently utilised
in the science learner identity research, we reviewed bodies of literature held in the Web
of Science database published between 1998 and 2018. By investigating the prevalence
of different methodological approaches (including concomitant theoretical traditions), we
seek to critically consider what insights these approaches offer and what the field might
be missing. We do not aim to synthesise empirical findings, but some empirical findings
will be showcased in order to illustrate strengths and weaknesses of various methodologi-
cal approaches identified. The four co-authors have all conducted research on identity as
related to the teaching and learning of science, mostly from qualitative perspectives. The
first three authors are situated within science education research, the fourth author within
child and youth studies, with a background in sociology of education. Authors one and
four have predominantly focused on higher education, whereas authors two and three have
predominantly focused on K-12 (primary and secondary school) and informal science
education.

Inspired by Elizabeth Rushton and Michael Reiss (2021), we employed a four-stage pro-
cess to identify relevant papers and carry out the analysis:
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1. Discussion of review strategy and design of review parameters

2. Identification of literature, using inclusion and exclusion criteria

3. Extraction of key information from the literature

4. Analysis of methodological approaches in the included studies

Review strategy and review parameters

We agreed to focus on learner identities. Since studies of teacher identity make up a
field of their own and also have been reviewed relatively recently (Avraamidou 2014;
Rushton and Reiss 2021), we chose to delineate our review to learner identities, but
with a broad definition of ‘learner’ (thus including studies conducted in formal school
settings, but also in informal or professional settings, and comprising all ages).

We agreed to focus on methodological approaches rather than empirical findings.

We discussed different routes to identify the literature: In order to capture articles pub-
lished in a variety of different sub-fields of education, we chose to employ the multi-
disciplinary Web of Science Core Collection, comprising of six different databases.
Using one website rather than a collection of different routes to identify literature makes
the search easier to repeat at a later stage, in order to capture subsequent trends in the
field. However, we accept that this does not give a comprehensive overview of the field.
Further, we note that our review is limited to papers published in English—the language
that the four authors have in common.

We clarified keywords and search processes, which acknowledge that identity may be
used differently in different research traditions. We did not want to assume a particular
use of the identity, but rather to capture the breadth and variety of the field. Hence, the
starting point was a literature search for the keywords “identity/subjectivity”, thereby
allowing the various authors’ uses of the word to guide our search, rather than being
limited by a specific definition.

We agreed the following keywords to be used in the database searches: identity, sub-
jectivity, science, STEM, biology, chemistry, geology, physics. The search strings we
used are presented in Table 1. Here, it should be noted that in delineating the search to
studies including the terms identity/identities or subjectivity/subjectivities, we are likely
to have excluded studies investigating similar phenomena but using different terms (such
as self-perception).

We agreed on a timeframe for the review. While studies of identity are relatively recent
in science education, we decided not to have a set starting point in time for the review,

Table 1 Strings used in the Web of Science search, utilising Boolean AND and OR operators

Main string Additional strings

identit* OR subjectivit* AND science

AND STEM
AND biology
AND chemistry
AND physics
AND geology
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but rather to let the field delineate itself. As such, we used keyword combinations con-
cerning identity/subjectivity and science (including sub-disciplines of science) within
the field of “Education and educational research” (as defined by Web of Science), pub-
lished from 1900 to 2018. The first papers we found were published in 1998, thereby
delineating the field to a twenty-year period.

Identification of literature

1. We conducted a search of Web of Science for literature published in international, peer-
reviewed journals in science education (in total 14 journals) and general education (in
total 11 journals), listed in Table 2.

2. We used a Boolean search using the search strings in Table 1 as follows. This rendered
591 papers. These papers were entered into an Excel document, listing title, authors,
publication year and journal.

Extraction of key information from the literature

1. Titles and abstracts, and when necessary full-texts, of the 591 papers were then scruti-
nised to find papers that concerned science identities research and specifically learner
identity. Through this review, we developed the following inclusion criteria:

1. Identity/subjectivity as a concept used in the study (excluding studies where identity
was only part of the literature review or in the reference list).

2. Learner identity as the focus of the research (excluding studies of teacher identity).

3. Science as the focus of the research (excluding studies of, e.g. computer science and
social science).

4.  An empirical study (excluding review papers and theoretical papers without any
empirical components).

Table 2 Journals included in the Web of Science search

Thematic area Journals

Science education Chemistry education research and practice; Cultural studies in science educa-
tion; International journal of science and mathematics education; Interna-
tional journal of science education; International journal of science educa-
tion part B; International journal of STEM education; Journal of research
in science teaching; Journal of science education and technology; Journal
of science teacher education; Physical review physics education research;
Physical review special topics physics education research; Research in sci-
ence education; Science education; Studies in science education

General education American educational research journal; British educational research journal;
British journal of sociology of education; Gender and education; Higher
education; Higher education research development; Journal of curriculum
studies; Journal of the learning sciences; Studies in higher education;
Teaching and teacher education; Teaching in higher education
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2. This round of elimination resulted in 198 papers, which were then examined in detail,
to extract key information. The Excel document including the 198 papers was refined
to also include country, method (including number of participants), age of partici-
pants, context (formal, informal, professional) and conceptualisation of identity (see
Appendix 1).

Analysis of methodological approaches

In a first round of analysis, we categorised the papers according to the identity frameworks
presented in The SAGE Handbook of Identities (Wetherell and Mohanty 2010). These are
psychoanalytic perspectives, social psychology perspectives, anthropological perspec-
tives, interactional perspectives, performative perspectives, post-colonial perspectives, and
post-positivist accounts of identity. However, given that the handbook takes a very broad
perspective on identity studies used in the humanities and social sciences, we found that
several of the presented theoretical frameworks were not used within science education
research (and that others, which we would perceive to exist in the multi-disciplinary area of
science education, were not present). Consequently, we decided instead to take a grounded
approach to the categorisation of studies into methodological approaches. Thus, based on
a thematic analysis of the full papers, we firstly made a broad distinction between studies
with micro- and macro-analytical focuses and then iteratively organised the studies into the
following themes.

(A) Macro-studies within a psychological tradition (e.g. Andersen and Ward 2014);
(B) Macro-studies within a sociological tradition (e.g. DeWitt, Archer and Osborne 2014);
(C) Micro-studies within an interpretive tradition:

(C1) Non-interventionist studies (e.g. Holmegaard, Madsen and Ulriksen 2014);
(C2) Interventionist studies (e.g. Calabrese Barton and Tan 2009).

The construction of these themes was mainly carried out by Authors 1 and 2, who
drew on their extensive experience of science education research. However, to assist us
in the process of agreeing which papers should be placed in which theme, we constructed
detailed descriptions of each theme (including commonly used methods, conceptualisa-
tion of identity, and strengths and weaknesses with a particular approach). As more papers
were added, the descriptions of the themes were adjusted and sharpened. For each theme,
we first selected illustrative studies that we were able to place firmly into the particular
themes; we provide an overview of these studies in the early parts of the Results sections.
Next, we chose two papers for each theme that we thought exemplified perspectives that
extend thinking in a fruitful methodological direction. These case study papers are chosen
to represent scholarship across national contexts, educational levels and settings. They are
also chosen to represent somewhat more unusual methodological approached within each
theme, thereby drawing attention to some less cited works.

In conducting the analysis, we allowed for studies to be placed into two themes (in order
to capture the methodological complexity of, for example, mixed-method studies); we later
reviewed these studies to establish whether they were a better fit within one of the themes
than the other(s) and categorised them accordingly. Clearly, our categorisation process
and paper selections may not do full justice to the nuance and unique value of individual
papers, however, we argue that our approach captures the current tone of the wider field.
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Results

There has been a notable growth in the field of science identities research over the recent
years. For example, looking at the papers we identified for this review, 10 papers were
published in the five-year period between 2000 and 2004, while 113 papers were published
between 2014 and 2018. Furthermore, in the period up to 2010, fewer than ten papers on
science identity were published annually. The number of papers nearly tripled in the next
decade with, for instance, 25 papers being published in 2016 alone. While we acknowledge
that the growth is in part aligned with an increase in the numbers of academic papers over-
all (e.g. Van Noorden 2014), we suggest that an increase in the field of science identities
is nonetheless remarkable. Of the 198 English-language papers we considered, two thirds
(n=131; 66%) were from US-based scholars, followed by the UK (n=25; 13%) and the
rest of Europe (n=19; 10%).

Science identities research has used a wide range of qualitative and quantitative data
collection methods. However, the field appears to be dominated by qualitative studies uti-
lising observations and interview methods (see Appendix 1 for details of methods used).
55% of the empirical studies we identified for this review used these methods, often
employing more than one qualitative method, such as for instance the work of Cory Buxton
(2005), Heidi Carlone, Catherine Scott and Cassi Lowder (2014), and Michael Middleton,
Juliann Dupuis and Judy Tang (2013). 17% of the empirical studies used quantitative meth-
ods, such as surveys (e.g. Robnett et al. 2018), and further 9% used mixed methods, i.e.
combining quantitative and qualitative data collection methods (e.g. Gorard and See 2011).
See Table 3 for an overview of the data collection methods used in the studies included in
the review.

Next, we present a more detailed qualitative overview of the four identified methodo-
logical approaches.

For each theme, we begin by describing key characteristics of the approach (illustrated
by examples of studies), then discuss key strengths of the methodological approach and its
limitations. Finally, we focus in greater depth on two papers categorised as belonging to
the theme, but selected to highlight more unusual, or unique approaches to studying sci-
ence identities that we consider interesting and potentially fruitful with regards to extend-
ing thinking underpinning the field. These two papers are juxtapositioned in order to draw
attention to the nuances in the methodological approaches.

Theme A: macro-studies within a psychological tradition

The studies included in this theme conceptualise identity as a trait of an individual, some-
thing that is individually enacted and largely self-constructed. As such, the wider social
setting is taken less into account, and the individual becomes the unit of analysis. It needs
to be noted, however, that a conceptualisation of identity as sense of self or self-perception
does not imply that identity is something completely internal or innate, rather, as Margaret
Wetherell (2010) explains, what emerges from contemporary scholarship is:

‘a more complex notion of the ways in [sic] identity slots might pre-exist the indi-
vidual, so that minds, psychologies and senses of self are formed in dialogue and in
conflict with what is ready-made and handed down.” (pp. 8, 9)

From a methodological point of view, the theme is dominated by large-scale quan-
titative studies that seek to establish patterns across a large number of individuals. The
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Table 3 Number of studies utilising different data collection methods

Primary data collection method Number of studies
Observation-based studies (incl. ethnography, video-recordings, also when comple- 66
mented with, e.g. interviews)
Interview (incl. focus groups) 43
Quantitative studies (survey, evaluations) 34
Mixed method (qualitative and quantitative) 18
Interventions and quasi-experimental studies 25
Other methods (e.g. drawings, auto-ethnography) 14

quantitative approaches take the form of surveys (Seyranian et al. 2018), analysis of sec-
ondary data (such as PISA-tests, Jack, Lin and Yore 2014) or quasi-experimental studies
(Marchand and Taasoobshirazi 2013). There are also some studies where large-scale quan-
titative data are complemented by qualitative data, such as Kuay-keng Yang et al.’s (2015)
mixed method study combining questionnaires and interviews. []

A total of 36 studies (from the total sample of 198) were categorised as belonging to
this theme. Many studies within the theme are grounded in social psychology theories of
self-efficacy (Bandura 1977) and expectancy value (Eccles 2009). An example of the for-
mer is Vashti Sawtelle, Eric Brewe and Laird Kramer (2012), who explore the relationship
between self-efficacy and retention in higher education introductory physics from a gender
perspective, taking the view that ‘self-efficacy is one of the primary dimensions of stu-
dents’ overall science identity’ (p. 1096). They find that predicting the probability of pass-
ing introductory physics courses relies on different sources of self-efficacy for women and
men. An example of the latter theoretical framing is Barbara Means et al. (2016), which
is a quasi-experimental study testing whether attending a STEM-focused high-school
increases students’ readiness for postsecondary STEM studies (in terms of, for example,
involvement in STEM extracurricular activities and their interest in science careers), dis-
cussed further below.

The studies in this theme seek to make universal and generalisable claims, albeit some-
times limited to a select population. However, the value of large-scale studies using com-
prehensive models to study phenomena such as stereotype threat (Marchand and Taasoo-
bshirazi 2013) or the STEM-pipeline (Means et al. 2017) is arguably limited in that they
are unable to take contextual differences into account. A strength with the approach is the
construction of validated methods (such as surveys) that are repeatable. As such, it is possi-
ble to scale studies to new contexts and/or larger groups. An example of this is the study by
Ruurd Taconis and Ursula Kessels (2009), who repeat a study of self-to-prototype match-
ing in a different national context. The large-scale nature of such studies also makes it pos-
sible to make statistical generalisations from their results, a strength when communicating
findings to, for example, policy-makers. Another strength is that research designs which
test a hypothesis create clear-cut and easily communicable results. For example, Means
et al. (2016) used student surveys and the state’s longitudinal student data system to com-
pare students from 12 inclusive STEM high schools (ISHS) and 16 non-STEM comparison
high schools with similar student populations, with regard to STEM attainment, interest,
and aspirations. ISHS are schools offering enhanced STEM courses and experiences for
students who have been traditionally underrepresented in STEM fields and accept students
on the basis of interest rather than competitive examination. Means et al. (2016) found
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that attending an ISHS school increases the likelihood that a student will take chemistry
and calculus or pre-calculus while in secondary school and that attendance also enhances
a student’s identity as a person who does science and mathematics. ‘Science identity’ in
the study is operationalised as ‘one’s identity as a person who does science’ but while
the concept is used rather extensively in the study, it is not explicitly defined. We found a
similar under-conceptualisation of science identity in other studies within this theme (and
other themes, see below), which we considered to be a notable limitation. Other limitations
within this theme include paying little attention to context and a risk of reproducing stereo-
typical notions of groups of individuals.
Below, we select two studies that highlight some of the characteristics of Theme A.

Case studies theme A: psychologically oriented studies designed for accumulating
knowledge

As noted above, common theoretical foundations within Theme A are the social psychol-
ogy theories of self-efficacy (Bandura 1977) and expectancy value (Eccles 2009). How-
ever, for our two case studies, we have chosen to focus on studies that utilise other theoreti-
cal foundations, in order to highlight other possible approaches: self-to-prototype matching
(Taconis and Kessels, 2009) and academic intrinsic motivation (Gottfried et al. 2016).

The studies by Taconis and Kessels (2009) and Adele Gottfried et al. (2016) both con-
cern the issue of understanding students’ entry into science careers, motivated by the dif-
ficulty to attract students to such careers. In the study conducted by Taconis and Kessel
(2009), the issue is approached by testing whether a perceived mismatch between the typi-
cal representation of the science culture and students’ self-image is linked to not choos-
ing to major in science. Gottfried et al. (2016) investigated the role of parental stimula-
tion of children’s curiosity for facilitating their entry into science. Both studies utilise
surveys developed in earlier studies, either repeating an earlier study (Taconis and Kessel)
or combining several different, validated surveys (Gottfried et al.) to capture a complex
phenomenon.

Taconis and Kessel (2009) utilise a questionnaire, answered by 54 Dutch students,
which measures students’ perceptions of typical peers favouring different school subjects
and students’ self-image. In their study, they seek to investigate compatibility of the sci-
ence prototype to the students’ self-identity, which they argue is an important factor influ-
encing whether students wish to specialise in science. In doing so, they repeat an earlier
study by Bettina Hannover and Ursula Kessels (2004) that found that German secondary
school students’ liking of school subjects was stronger the more similar their description
of ‘the prototypical peer favouring a particular subject was to their own self-image’ (p.
1118). The conceptual starting point of the paper is that interest in and decision to special-
ise in science is connected to the enculturation into the specific culture of science, using
self-to-prototype matching theory to construct a hypothesis that educational choice can be
predicted by the perceived distance between self-identity and prototypes. In line with their
expectation, Taconis and Kessels found that students’ academic choices were dependent on
their perception of similarity between themselves and their prototype of a science-liking
peer.

The data for the study by Gottfried et al. come from an ongoing long-term investiga-
tion in the USA where 130 children are followed from infancy into early adulthood. This
study draws on data collected from when the children were eight years old until the last
year of high school, through the use of multiple different surveys. Parental stimulation of

@ Springer



704 A.T. Danielsson et al.

curiosity at eight years was measured using questions which, for example, explored the
impact of exposing children to new experiences and encouraging asking questions. Intrin-
sic motivation was measured at ages 9, 10, and 13 years, and achievement at ages 9, 10,
and 11 years. In the last year of high school, participants’ career interest and skill across
different domains were measured. Conceptually, the study is grounded in an assumption
that curiosity is a foundation of individuals’ science pursuance. The study further draws
on the first author’s previous work regarding academic intrinsic motivation, where they
demonstrated its significance for student achievement. In order to explore the relationship
between parents’ stimulation of curiosity, intrinsic motivation, science accomplishment,
and science career interest and skill, the authors engage in complex statistical and concep-
tual modelling. They conclude that ‘The theoretical connectedness between parents’ stimu-
lation of children’s curiosity and their academic intrinsic motivation and academic achieve-
ment received empirical support.” (p. 1986).

Methodologically, the studies may, at first, seem quite different; Taconis and Kessels
conducted a relatively small-scale quantitative study, utilising one data set, whereas Got-
tfried et al. utilised a complex, longitudinal data set. However, a similarity (and a strength)
of both studies is that they very explicitly state the assumptions they build on and formulate
hypotheses to be tested, the latter providing a clear-cut and easily communicable result. A
weakness is that such a research design limits the scope of the study to already relatively
well-explored phenomena and that negative results are unlikely to be published. Both
studies use the term identity repeatedly; Taconis and Kessels are interested in the meet-
ing between science culture and identity, and Gottfried et al. discuss how parents’ stimula-
tion of children’s curiosity may be of importance for children to develop a science identity.
However, we note that neither of the studies is a study of identity per se. Rather, they inves-
tigate one (or several) aspect that may be conceptualised as components of science identity.
Further, the authors use the term identity in almost an everyday understanding of the word.
Arguably, a more explicit positioning concerning identity would have made it easier for
these studies to contribute to the broader literature on science identity.

Theme B: Macro-studies within a sociological tradition

This theme conceptualises identity as something that is socially produced and, as such,
shaped by social structures. Wetherell (2010) explains that identity studies have, for a long
time, been linked not only to identity as a sense of self, but also linked with group member-
ship. She continues:

For contemporary researchers interested in the representational fields which accom-
pany social classifications and their histories, the study of identity and social location
becomes an investigation of the creations of values and distinction, specifying the
worth as well as the normative content of possible identities linked to social catego-
ries (p. 10).

Methodologically, the most common approach within the theme is large-scale quantita-
tive studies, which seek to establish patterns across large numbers of individuals, often in
relation to social categories (such as social class or gender). Examples of such large-scale
studies are the ASPIRES projects, which track young people’s science and career aspira-
tions, from age 10-19, using surveys and interviews (e.g. Archer et al. 2012a). While quan-
titative research designs are most frequent within Theme B, there are also studies utilising
large-scale collection of qualitative data, such as interviews (Thiry and Laursen 2011).
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A total of 15 studies (from the total sample of 198) were categorised as belonging to
this theme. One recurring theoretical basis within this approach is Pierre Bourdieu’s theory
of practice which, while it does not engage with identity per se, does offer important theo-
retical tools for understanding the reproduction of social inequalities in society. In particu-
lar, by engaging with the interplay between agency and structure, his work provides power-
ful ways of conceptualising how the individual is socially constituted, that is how identity
is shaped by social structures. Examples of studies with a theoretical basis in Bourdieu’s
work are Jennifer DeWitt, Louise Archer and Ada Mau (2016) and Louise Archer et al.
(2017). Further, it is also common for studies within Theme B to draw on theories con-
cerning different social categories and their intersections, such as gender theory and inter-
sectionality (Rainey et al. 2018). It can also be noted that there are studies that draw on
theoretical developments within the field of science identities, such as Louise Archer et al.
(2015), who combine Bourdieu’s theory of practice with Heidi Carlone and Angela John-
son’s (2007) conceptualisation of identity as performance and recognition.

A benefit of adopting a macro-approach in the sociological tradition is that research
studies are able to provide broad overviews, sometimes even on a national scale (by
employing representative samples). An example is Maria Vetleseter Bge (2012), who
investigated the relevant importance of different issues for Norwegian students’ choice
of upper secondary school programme, through a survey of 1,628 students. Bge (2012)
found that students choose science both for identity reasons (such as, interests and self-
realisation) and for strategic utility reasons. Further, because of their large-scale character,
macro-sociological studies can provide powerful ways to gain sight of structural inequali-
ties and, thereby, provide a strong base for social justice work. An example of this is how
the concept of ‘science capital’ (Archer et al. 2015) was conceived to explain the variation
in participation in science: some young people possess knowledge of science and positive
attitude towards it, have contacts with people who work in science, and engage in science-
related activities in their free time. As a result, they are more likely to consider science as
future study or employment. Other students, correlating with those who did not see them-
selves in a science-related future, had less of these forms of (dominantly valued) science-
related capital.

A further strength of adopting this methodological approach is that studies have poten-
tial to provide substantial data sets that allow for multiple different types of analyses, from
which it is possible to make both statistical and analytical generalizations. The ASPIRES
studies (Archer et al. 2012b) are a good example of this; the rich and large-scale mixed-
methods data sets from the project allows both for different methodological approaches
and for different levels of specification in the analyses such that some hone in on gender,
ethnicity, or the cultural characteristics of a certain science discipline.

The large-scale nature of the Theme B approach does, however, mean that studies are
costly and labour-intensive. Many of the limitations of this theme aligns with those we
discussed above for Theme A. Due to the focus on structures, studies employing a macro-
sociological approach will inevitably miss local differences and thus not see potential
advantages or disadvantages afforded in context. In missing the nuance, the significance of
an individual’s actions or particular situations, which do not fit into the standardized pic-
ture, can be lost. There is also a danger that studies reproduce inequalities, by reinforcing
the importance of certain social categories, such as gender or social class.

Below, we select two studies categorised under Theme B and which both approach iden-
tity as a sociological construct.
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Case studies theme B: mixed-method studies as an entryway to science identities

In her review of 2009, Shanahan advocated for an increased use of mixed-methods stud-
ies for understanding the role of identity in science learning. For our exemplars, we have
chosen studies that employ different kinds of mixed-method designs in order to investigate
how identity is socially produced. In addition, the two case studies have in common the
fact that they analytically isolate one factor related to science identity: the focus of Marie-
Claire Shanahan and Martina Nieswandt (2011) is on social structures of school science,
whereas Katherine Rainey et al. (2018) focus on students’ sense of belonging and how this
is related to students’ decisions to major and remain in STEM.

In a study carried out in Canada, Shanahan and Nieswandt (2011) seek to identify social
structures that are specific to school science. Theoretically, the study is positioned within
Personality and Social Structure Perspective (PSSP) (C6té and Levine 2002), a meta-the-
oretical framework that recognises three different levels of analysis (social structure, inter-
action and personality). The research design consists of an explorative qualitative phase
where students’ perceptions of the science student are investigated using interviews, and
a confirmatory quantitative phase where a survey is used to examine whether the expecta-
tions found in the first phase are associated with the science student role rather than a more
generalized student role. They found four groups of expectations that differentiated the sci-
ence student from other expectations at school (intelligence, scientific actions and attrib-
utes, scientific skills, and good behaviour). Rainey et al. (2018) also utilised a mix-method
approach, but in their case, they collected large-scale qualitative data (201 interviews with
US college seniors, who either majored in STEM or started but dropped a STEM major)
that were analysed both qualitatively and quantitatively. The analysis considers the inter-
sections of race and gender with students’ sense of belonging. They found that students
who remain STEM majors report a greater sense of belonging and that students from
under-represented groups are less likely to feel that they belong.

For Shanahan and Nieswandt (2011) and Rainey et al. (2018), identity is a key con-
struct and, in a broad sense, both sets of authors approach it within a sociological tradi-
tion. Shanahan and Nieswandt (2011) present a complex theoretical build that allows for a
nuanced consideration of the relationship between individual and structure and operation-
alise identity processes as being played out on the different levels of personality, interac-
tion, and social structure. In their study, the focus is on social structures of relevance to the
science classroom and herein lies both the methodological strength and weakness of the
work: it develops a complex and coherent theoretical framework, but by utilising only one
aspect of the framework in the actual analysis, it also renders large parts of the framework
somewhat redundant. Rainey et al. (2018) use identity in two different, but related ways:
race and gender are described as ‘axes of identity’ and they also consider ‘science identity’
(that is, science as part of someone’s identity as a person) as one aspect of ‘belonging’. In
Rainey et al. (2018), the looser use of the concept of identity gives rise to less precision in
the analysis, but this is at least partly compensated for by the clarity in the presentation of
the empirical results.

Theme C: micro-studies in an interpretive tradition

The studies included in this theme approach identity as something that is individually
enacted, albeit in relation to wider social structures. Whether positioned within a more
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anthropological or a more linguistic tradition, studies in this theme approach identity as
something that is fluid, contested, and always in process, thereby representing a shift in
how identity is understood. Wetherell (2010) summarises this shift as follows:

The focus was no longer on single individuals or social groups constituting them-
selves ‘as themselves’ through time but on the multiplicity of identity possibilities in
any particular situation or context. It became clear that identity positions appeared in
fragments, not manifested as entire characters, and changed according to context (p.
15).

Methodologically, the theme is characterised by small-scale qualitative studies, involv-
ing detailed examinations of one or a small group of students’ identity work. Some of the
studies investigate a situation/context as it is, others study the implementation of curricular
designs. As such, it is possible to distinguish two sub-themes, where one type of study
intervenes, and the other type does not. However, it is not possible to make an absolute dis-
tinction between the interventionist and non-interventionist studies as what is to be consid-
ered an intervention in one context is deemed everyday practice in another. An example of
a non-interventionist study is Nancy Brickhouse and Jennifer Potter (2001) who describe
the identity formation of two young women of colour in relation to both their participation
and marginalisation in various STEM contexts. Like many studies which adopt a micro-
perspective, Brickhouse and Potter (2001) take an ethnographic approach and combine
several different means of data collection. Thus, they collected empirical data consisting of
classroom observations, interviews, field notes and journals in their three-year longitudinal
study. Other studies utilise interviews (Brown 2006) and video-recordings (Reveles and
Brown 2008). While most studies predominantly rely on researcher-generated data, there
are also studies utilising data generated by the research subjects. For example, Phoebe
Jackson and Gale Seiler (2013) make use of reflective journals and online forums, comple-
mented by interviews.

The intervention studies seek to instigate change and sometimes also evaluate the out-
come of an intervention. Many of the interventions are explicitly designed to strengthen
students’ identification with science, for example, through authentic science experiences
(Chapman and Feldman 2017) or apprenticeships (Richmond and Kurth 1999). They often
seek to bridge students’ experiences and cultural knowledge with school science. An exam-
ple of this is Angela Calabrese Barton and Edna Tan (2009) who investigated students’
funds of knowledge in order to build on these in the design of a unit on food and nutrition
for students in a low-income urban middle school. There are also studies that utilise find-
ings from macro-studies to design interventions, such as Robynne Lock and Zahra Hazari
(2016) who, drawing on a national survey of college students, designed a teaching case
study. In an initial survey study, Hazari et al. (2013) had tested commonly proposed sug-
gestions to positively impact female students’ choice of a physical science career and found
that the only factor that had a positive effect was explicit discussion of women’s under-
representation in physics. In their subsequent study, Lock and Hazari (2016) designed and
implemented lessons discussing women’s under-representation in physics with the aim of
facilitating female students’ physics identity development.

In total, 146 studies out of 198 were categorised as belonging to Theme C, suggesting
it to be the most prevalent methodological approach in the field of science learner iden-
tities. Theoretically, studies adopting this approach draw on practice theory, often build-
ing on the work of Dorothy Holland and colleagues (2001) or the work of Jean Lave and
Etienne Wenger (1991). Joseph Polman and Diane Miller (2010) position their study in a
line of scholarship that considers ‘how identities are dialogically negotiated within cultural
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contexts through interactions between individuals as they carry out actions and position
one another in relation to cultural norms’. Sometimes, such theoretical starting points are
also used in combination with post-structuralist notions of identity as performative (Butler
1993). An example of this is Carlone et al. (2015), who discuss diverse high school youths’
engagement in a herpetology summer enrichment program through the lens of identity
boundary work which in turn helped the researchers to gain a nuanced understanding of
cultural norms, practices and tools. There is also a related, theoretical strand in this wider
category drawing on, for example, James Paul Gee (2005), that approaches identity as a
discursive practice (e.g. Brown 2006).

One strength of the ethnographically inspired methodologies prevalent within theme
C is that they provide very detailed and context-sensitive findings, which enables analyti-
cal generalisation. By conducting small-scale studies of a very limited number of subjects,
studies which adopt this approach are able to provide in-depth understandings of students’
choices, experiences, and aspirations. As such, it is possible to highlight the experiences
of individual students and provide nuanced interpretations of the large-scale patterns. For
example, Spela Godec (2018), through purposeful sampling of informants, was able to
identify discursive strategies that helped working-class girls to identify with science (such
as, reframing “science people” as caring and nurturing). A strength of the interventionist
studies is that they offer ways to afford change that are founded in research, often drawing
on ethnographically inspired studies. For example, in the study by Carlone et al. (2015),
the analytical focus was developed organically during an enrichment program, allowing
the researchers to work in a context-sensitive way. Their initial, broadly explorative ethno-
graphic approach was later focused onto norms, practices, and tools that encouraged iden-
tity boundary work and, finally, a number of ‘insights’ about how to engage diverse and/or
fearful learners in future environmental science initiatives were developed.

Sometimes, researchers also seek to make abstractions from the case studies to develop
more broadly applicable models, i.e. analytical generalisation. An example of this is the
study by Heidi Carlone, Julie Haun-Frank and Angela Webb (2011), which examined case
studies of two carefully chosen classrooms and analysed the normative scientific identity
in each classroom, thereafter developing a number of principles for accessible and equi-
table practice of sharing scientific ideas. A weakness of the methodology in Theme C,
however, is the small-scale nature of these studies, and that outcomes provide little or no
insights into the distribution of a phenomenon (i.e. statistical generalisation). Further, since
findings are often very context-specific, they might not translate easily from one context to
another. The interventionist studies are also often normative in the sense that they strive to
promote, for example, specific ways of engaging with science (such as the importance of
connecting science topics to a school’s local context). This can potentially be a weakness,
in that such studies are most likely to be picked up by teachers, researchers and stakehold-
ers who already share a similar agenda.

Below, we first present two examples of non-interventionist studies within Theme C and
then two interventionist studies.

Case studies theme C1: Interpretive studies with original theoretical vantage points

A common theoretical inspiration among studies in Theme C is practice theory, and meth-
odologically many studies conduct analyses of individual students’ identity work. Here,
we have chosen to showcase two studies that take unusual theoretical or methodological
approaches. Joanna Kidman, Eleanor Abrams and Hiria McRae (2011) is an interview
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study with secondary school Maori students that draws on the work of Basil Bernstein,
while Jenny Arnold (2012) uses video-recordings and video-stimulated interviews to inves-
tigate the classroom discourse in an Australian secondary school science classroom.

The purpose of Kidman, Abrams and McRae (2011) is ‘to identify the ways in which
children from diverse indigenous communities position themselves as learners in rela-
tion to science curricula’. However, in contrast to many other studies in Theme C, Kid-
man, Abrams and McRae (2011) utilise a theoretical framing that brings issues of power
as connected to knowledge to the fore. Drawing on Bernstein (2000), they argue that the
recontextualisation of science knowledge to school science needs to be understood as an
ideological process, and that the interconnection of power and knowledge be carefully ana-
lysed. In particular, they highlight that while many interventions have been concerned with
the cultural micro-level interaction in the classroom, this ‘often comes at the expense of a
close analysis of the classification of knowledge within the curriculum itself’ (p. 204). That
is, interventions seeking to address the disengagement of indigenous students have some-
times resulted in tokenistic activities ‘celebrating’ ethnic diversity (such as food fairs),
rather than politicising knowledge—power relations within the science curriculum. Thus,
Kidman, Abrams and McRae make an interesting methodological contribution in relation
to studies in Theme C, by highlighting how micro-level interactions in the classroom are
connected to more over-arching power relations.

The core interest of Arnold’s (2012) study is how students make meaning in secondary
school science: the study is strongly framed using identity research and seeks to under-
stand how students position themselves as participants in science. Identity is not used as
an analytical approach (or even studied as an empirical phenomenon), instead, the paper
utilises positioning theory (Harré and van Langenhove, 1999) to approach questions of
high relevance to identity research. In particular, the detailed discourse analysis makes a
methodological contribution to the field. At a first glance, both papers look like yet another
small-scale case study, analysing how a particular group of students or a student relate to
science. However, the unusual theoretical and methodological approaches make the stud-
ies stand out. That said, the potential of the theoretical framing in Kidman, Abrams and
McRae (2011) is not really carried through the study as a whole. The young research par-
ticipants obviously find it difficult to talk about science in an interview situation, giving
rise to a not particularly nuanced empirical dataset and an analysis that largely focuses on
the students’ stereotyping of scientists as white men. Nonetheless, we would argue that
with a ‘thicker’, nuance-filled empirical dataset, their theoretical framing is very promising
in terms of highlighting issues of power. In Arnold (2012), the empirical data are rich and
allow for a detailed discourse analysis, but the reader is left with a sense of inconclusive-
ness in terms of interpretation and implications of the analysis. The theoretical framework
is very well-suited in terms of providing a detailed account of the classroom events, but
could have been complemented with a theory that would have provided a stronger inter-
pretative stance—such as the Bersteinian approach used by Kidman, Abrams and McRae
(2011).

Case studies theme C2: utilising identity perspectives to design curricular
interventions

The studies by Katie van Horne and Phillip Bell (2017) and Junjun Chen and Bronwen

Cowie (2013) develop and analyse curricular units based on identity theory, and in doing
so combine a teaching intervention with an ethnographically inspired study. van Horne and
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Bell (2017) is situated in a US secondary school setting and concerned with a genetics
unit about infectious disease, that included working on a computational model of infectious
disease spread. The unit was designed with the explicit aim of developing science identi-
ties, working from an assumption that stabilised identities result from numerous events that
occur over time and space. The authors develop a complex model of ‘disciplinary identi-
fication’ drawing on ecological, sociocultural and social practice theory perspectives on
learning. The design of the genetics course drew analytically on the concept of celebrated
identity positions (i.e. student performances that are valorised in the science classroom),
and sought to promote identity work that challenges typical identity work of school sci-
ence by, for example, leveraging youths’ existing identities. The design principles are built
around different identity resources (material, ideational and relational) from Na’ilah Nasir
and Jamal Cooks (2009). The empirical data consisted of student work and online posts,
lesson plans, class performance data for the students, video-recordings and fieldnotes. The
findings are presented in the form of case studies of two students that illustrate the identity
work taking place during the designed unit.

Chen and Cowie (2013) focused on a butterfly unit in a New Zealand primary class-
room. The teaching unit was designed to allow students to understand and develop an iden-
tity as a citizen scientist. Identity is, following Jay Lemke (2000), understood as encom-
passing how students understand who they are and who they might be as well as how
others think about them. The empirical data consisted of video and audio recordings of les-
sons, field notes, teaching materials and student work, and were collected to provide a rich
description of classroom events. These data were complemented with student interviews,
directly after the teaching unit and six months later. One conclusion proposed by Chen and
Cowie (2013) is that:

The focus on students being and becoming citizen scientists meant the students expe-
rienced that they could make a difference as ‘scientists’ through ‘being there’ experi-
ences in the school grounds, around their homes, at camp and by posting data on a
national website. In this way, students came to see and experience themselves in sci-
ence as making a contribution. (p. 2173).

While van Horne and Bell (2017) and Chen and Cowie (2013) are very similar in terms
of the basic design of the studies and also broadly take a similar theoretical approach to
identity, they are very different in terms of theoretical complexity. van Horne and Bell
(2017) builds a highly complex model of disciplinary identification, in order to concep-
tualise how identities stabilise and destabilise over time and across contexts, that then is
operationalised into a number of design principles. Chen and Cowie (2013) more or less
operate with an everyday understanding of identity. As such, the studies are almost to be
found on the extremes of how identity can be theorised, but the interesting thing is that
both approaches work really well. In the case of Chen and Cowie (2013), the theoretical
simplicity is compensated for with a very precise notion of what identity the unit aims
for the students to develop. As such, identity is less of a theoretical/analytical construct
and more of a way to express an empirical learning goal. Thereby, the study shows that a
concept of identity (and an idea of what identity you would like your students to develop)
can be useful as a design principle, even without all the theoretical bells and whistles. van
Horne and Bell (2017) integrate the teaching design and the theoretical framework in an
excellent manner, but, in their analysis of the empirical data, the consideration of power
relations that ought to be integral to the notion of ‘celebrated identity positions’ is not fol-
lowed through fully. Both students that are chosen as case studies had a strong affiliation
with science and/or technology before the intervention, and the consideration of how to
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support disciplinary interests and identities for students who do not already have a strong
affiliation with STEM is limited.

Taken together, the two studies show the usefulness of identity in constructing design
principles, and that both more and less elaborate theoretical approaches to identity can be
fruitful, as long as the aim of a teaching unit is clearly defined.

Summary of Results

In the analysis of the papers, we identified three main research traditions: psychological
macro-studies (Theme A), sociological macro-studies (Theme B), and interpretive micro-
studies (Theme C). Overall, interpretive micro-studies arguably currently dominate the
science identities field, with 146 of the analysed 198 papers being categorised as such.
Psychological macro-studies amount to 36 studies and sociological macro-studies to 15
studies. Consequently, this field is still dominated by small-scale, qualitative case studies,
in accordance with what has been found in previous reviews. The relative strengths and
limitations of the three themes are summarised in Table 4 as follows.

Discussion

In the main body of this paper, we have categorised research studies into three methodo-
logical approaches and have discussed the affordances and limitations of each. The current
patterns within scholarship have particular implications for educational research, and also
for educational policy and practice. We highlight three such implications below.

Methodological homogeneity and blank spots

During the past twenty years or so, the field of science education research has seen
an increased interest in issues of identity, with influential papers (e.g. Brickhouse et al.
2000) cited in the hundreds. But, while the field of science identities research has grown
considerably since Shanahan’s review in 2009, our analysis suggests that the majority
of studies are still small-scale qualitative ones, drawing on anthropological perspec-
tives of identity (e.g. Holland et al. 2001). As we have demonstrated, research predomi-
nantly involves case studies documenting the identity formation of a few individuals,
and provide detailed accounts of how those individuals are positioning themselves, and
being positioned by others, relative to science. Empirically, research is dominated by
traditional data generation methods (interviews, ethnographic observations, surveys),
although recently, technological developments have afforded new tools for data collec-
tion, for example the use of video-diaries and the use of social media (Hottecke and
Allchin 2020). In generating detailed case studies, few experimental or quasi-experi-
mental studies are conducted, with only one or two notable exceptions (Marchand and
Taasoobshirazi 2013). This preference contrasts starkly with the majority of research in
science education writ large, which includes a larger proportion of quantitative studies
and draws on a wider range of methodological approaches. Science identities work can
thus be regarded as relatively homogeneous, though the lack of studies using detailed
micro-analysis of interactions (inspired by, e.g. conversation analysis or discourse psy-
chology) is somewhat surprising (an example of an exception is Brown 2004).
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The benefit of a methodologically homogeneous approach is that an established struc-
ture and framework is readily available for the design of subsequent studies. However,
homogeneity can also be a disadvantage: if work remains too funneled towards ethno-
graphic and anthropological studies (in the tradition of scholars such as Dorothy Hol-
land and Jean Lave), there is a danger that researchers will not see the affordances offered
by other approaches. The distinction between blank and blind spots in research (Wagner
1993) can help us think about this issue. A blank spot is an area of research where we have
enough knowledge to form the questions, but not yet the answers, whereas blind spots are
‘areas in which existing theories, methods, and perceptions actually keep us from seeing
phenomena as clearly as we might’ (p. 16). In the context of science identities research,
it is useful to consider blank and blind spots across the wider field (i.e. all three identified
approaches) and with particular respect to the dominant approach of micro-studies within
an interpretive tradition (Theme C). As we have argued, the preponderance of case stud-
ies has tended to make the field blind to other approaches. In highlighting a number of
lesser cited papers and methodological outliers, we hope to have reduced the number of
blind spots besetting the field. For example, we have drawn attention to papers that rep-
resent unusual approaches for the field in terms of research paradigm (hypothesis testing
(Taconis and Kessels 2009)); research design (quasi-experimental study (Means et al.
2016); mixed method study (Rainey et al. 2018)); analytical framework (discourse analysis
(Arnold 2012)) and theoretical approach (Bernstein’s research on power relations in educa-
tion (Kidman, Abrams and McRae 2011)).

Important blank spots in the field at large include research addressing social catego-
ries and identities beyond gender, ethnicity and social class. Research from a greater
variety of national contexts (particularly the Global South) may also comprise a blank
spot, but here we again note that our review focused on English-language papers only,
and as a result inevitably omits many, potentially interesting, publications.

In the development of the field, it is important to find a balance between breadth and
depth when approaching blank and blind spots. Identifying blind spots can be highly pro-
ductive for pushing the boundaries of the field, and allowing hitherto unexplored ques-
tions to be approached. Addressing blind spots broadens the field. In contrast, identifying
and investigating questions representing blank spots, which involves building on current
approaches and theoretical frameworks, makes it possible to build a denser state of knowl-
edge, thus deepening the field.

The issue with (under)conceptualisation of science identity.

The concept of identity is used broadly, both in a variety of academic disciplines and in
everyday speech: as Darinka Radovic et al. (2018) have commented, the term can be slip-
pery. It could also be described as somewhat baggy. For example, while identity is often
theorised as a perspective (see for example, Calabrese Barton and Tan’s (2010) use of iden-
tity in a framework drawing on Holland et al.’s (2001) notion of figured worlds), it is fre-
quently also used in a looser sense to describe an empirical phenomenon. For example,
Means et al. (2016) (categorised as Theme A) use ‘science identity’ quite frequently in the
paper, but seem to assume that what it is can be taken for granted, and thus, it is not con-
ceptualised beyond the explanation of being one’s ‘identity as a person who does science’.
Such taken-for-grantedness or under-conceptualisation assumes that identity essentially is
a phenomenon that be captured or measured rather than a perspective that, firstly, can be
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conceptualised in different ways (as, for example, performative or socially constructed),
and, secondly, used to understand events, (for example, inclusionary/exclusionary practices
or aspirations) rather than necessarily being the focus of the investigation in itself.

Clearly, the broad range of studies that we have reviewed—from those that adopt iden-
tity as a perspective to those that view identity as a phenomenon—have value in that they
have made fruitful contributions to scholarship and wider understanding related to the
science education of learners. However, to avoid the impossibility of defining identity as
being two things at once, we would argue that there is need to put looser articulations to
one side. Research needs to move away from the exploratory phase, wherein identity pro-
vides a broad perspective for experimental thinking. Too many papers are proposing new
theoretical frameworks, and too few are empirically justifying and validating such concep-
tualisations. There is now a need to fully operationalise perspectives on identity, and be
clear and definite with respect to our articulations and applications. Precision and clarity in
how ‘identity’ (and related concepts) is operationalized also serve the purpose of not losing
the analytical sharpness of the work, avoiding the danger of turning ‘identity’ into nothing
more than a ‘buzz word’ suggesting no more than a nod to the importance of equity, diver-
sity, and inclusion.

Consequently, we would advocate for keeping an openness to what ‘identity’ can offer
in science education research, but also encourage the inclusion of clear definitions/descrip-
tions of concepts such as identity, structure, agency, and performativity in order for studies
to more easily build on one another. Indeed, a joint frame of reference could be located in a
conceptual core notion of identity as constituting performance and recognition. This could
be further complemented, when necessary, with other theoretical concepts/tools from, for
example, sociology or sociolinguistics. By doing so, the field would establish theoretical
coherence: studies would utilise the same concepts, thereby aiding the building of cumula-
tive knowledge across studies.

Scaling up and scaling down to inform policy and practice

In conducting this review, we analysed 198 studies and found that the large majority
comprised small-scale case studies. Small-scale case studies can provide very detailed
examinations of individual teaching and learning situations, not to mention important
nuancing of generalisations made in large-scale quantitative studies (Gonsalves 2014)
or policy critique (Mendick, Berge and Danielsson 2017). Yet, 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 (Fraser et al. 2014). Furthermore, while qualitative
accounts may allow readers to apply findings to their own contexts, the onus of transfer-
ability still lies with the researcher. To this end, a research design that allows a degree
of scaling up from one’s study is essential. Scaling out and applying insights to neigh-
bouring subfields are also important: Maria Vetleseter Bge, Ellen Karoline Henriksen
and Carl Angell (2018) have shown that students are more likely to adopt innovative
approaches (in this instance in physics), if they resembled what they were used to from
traditional science classrooms. Consequently, we argue that attentiveness to how cur-
riculum and content can be designed in order to adapt to and transform a (local) disci-
plinary culture is key. We also call for greater consideration being paid to how a local
initiative may be developed for a larger group of students and educators, in ways that
allow for adaptation to the contingent aspects of a teaching situation (Wickman 2012).
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Thus, we would argue that the field of science identities research has a lot to gain from
an increased attentiveness to the scaling of findings and the use of conceptual models,
as Cynthia Coburn (2003) has advocated. An example of the development of such a
conceptual model is the work by Johnson (2020) who, in a detailed, ethnographic study,
documented the culture of a physics department and the way it moves between interper-
sonal, cultural, and structural domains, including how different axes of power intersect
with these domains. Johnson’s analysis thus balanced the context-sensitive account of a
particular setting with how these relate to more over-arching domains. However, here,
we note that scaling up is not just about extending findings and models from one teach-
ing and learning context to other contexts of a similar kind, it can also be about using
data, analyses, and models to inform policy. Scaling can also include the application of
findings and theoretical developments to new (national) contexts. Here, the dominance
of US scholars in the field (66% of reviewed papers) presents a challenge to scholars
aiming to extend their citation practices. Given that a strength of the small-scale quali-
tative studies that dominate the field is their sensitivity to situational and contextual cir-
cumstances, it can be tempting to predominantly cite authors in similar contexts. Here
we would argue that both authors and those who cite have a responsibility in consider-
ing what is in fact transferable from a certain study, both in order to avoid routine cita-
tions of U.S. work without considering the applicability to the author’s context and in
order to underscore the applicability (and citability) or work from a variety of national
contexts.

In addition to scaling up, there is also a need for the larger quantitative studies to
scale down: what, for example, do statistical analyses of large populations mean for an
individual teacher in a particular context? This takes transformation work both on the
part of the researcher and the teacher; if a too formulaic approach to implementation
is utilised by researchers, this may lead to the discrete rationale being lost. Conversely,
if researchers do not dare to cross the theory—practice divide, it is arguably a lot to
expect educators to do so. A middle ground may be to develop research findings as an
intellectual guidance for teachers. The science capital teaching approach (Godec, King
and Archer 2017), which grew from the large scale/quantitative study ASPIRES, is one
example. It provides approaches, not instructions. Nonetheless, it requires work on the
part of the teacher to make it their own and can fail to be adopted. Clearly, finding the
balance here is key. Realistically, such a balance will only be achieved following greater
work which seeks to explore the application of theorisations in practice and shares null
findings and failures as well as successes.

Limitations and further research

In 1998—the start of our review period—work on identity was a marginal (and marginal-
ized) part of science education research. In the twenty-year period since, the work has not
only grown, but also become a mainstream part of science education research. In using
Web of Science, our review has been geared towards research that has been published in
mainstream academic journals. However, this has necessarily meant that studies published
in the grey literature of practitioner-oriented publications, blogs, pod casts and zines have
not been reviewed. Here, we accept that the genre of journal publication may be distort-
ing research and scholarship, in that required format for publication essentially encourages
the easily packaged and the un-ambiguous result (see discussion in Ritchie 2022). That
said, our review purposefully sought to take stock of the field of academic science identity
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research which we defined as that being shaped in and by academic journal publications.
The boundaries of our review are consequently set by what is perceived as worthy of pub-
lishing in academic journals. While this could be seen as a limitation, we would also note
that in order to allow for cumulative knowledge production, it is important to stay within a
framework of a common academic language and common theorisations. Nonetheless, we
suggest that a productive future extension of the current research review would be to look
beyond academic publications and explore how identity research is developed and under-
stood by practitioners and activists.

A fundamental limitation of many research reviews, this one included, is that the focus
is on the nature and direction of research, and not what shapes this direction such as fund-
ing streams, institutional resources and individual/institutional politics. Moreover, we fully
accept that researchers may be consciously or unconsciously biased by particular trends
in research directions indeed in conducting our review we were not blind to the relative
frequency of some citations of scholars over others. While beyond the scope of our pre-
sent study, we suggest that a longitudinal network analysis of citations would be useful
in understanding which publications have become nodes in the research community over
time (Smith & Brown 2020). Following this, an analysis of the politics of citation (Delgado
1984) in the field of science identities research could shine light on both whose ideas suc-
ceeded in shaping the field and quite what this dominance has meant for others attempting
to gain a foothold in the field. The canon of science identities research may not be shaped
by white men, but it does not mean that the structure of this field is immune to inequali-
ties. Citing the important players in the field is a way to gain recognition. A potentially
significant extension of this research review would thus be an analysis of citation practices
in the field of science identities research, focused on how such practices accentuate certain
scholars and ways of thinking, and in turn limit the exposure of others. As pointed out by
Ahmed (2013), citations can be seen as ‘a rather successful reproductive technology, a way
of reproducing the world around certain bodies’.

Where next for science identity research?

Considering the findings we discussed in this paper, we offer the following recommenda-
tions for the field:

1) Address the limitations created by a methodological homogeneity, where ethnographi-
cally inspired small-scale case studies have become so abundant that other methodologi-
cal approaches are being missed and may be lost.

We see value in continuing to explore different methodological approaches, includ-
ing those informed by wider identity literature that may not have been adopted in the
science identities research. In selecting less cited and perhaps more unusual studies as
our case studies, we have offered insight into the potential of less common approaches
to studying science identities. Further, we would also urge scholars to engage in wider
conversation, such as across different methodological approaches, in order to better build
on each other’s work. In addition, we would urge scholars to reflect on the existence
of politics of citation and engage in wider conversations—particularly across different
national contexts (given the stark dominance of U.S. scholars in the field).

2) Work towards clearer and more coherent conceptualisations of identity, in order to
contribute to cumulative knowledge.
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3)

Under-conceptualisation of identity not only leads to ambiguity in findings, but also
makes it more difficult for studies to build on one another. We suggest finding a better
balance between exploratory case studies and building on existing work (in terms of, for
example, utilising the same theoretical framework) in order to contribute to cumulative
knowledge.

Pay increased attention to the translation of research into practice, both in terms of
making large-scale quantitative studies useful for teachers, and small-scale qualitative
studies useful for policy-makers.

Increased efforts should be made to translate research for policy and practice, includ-
ing seeking out and learning from accounts published in practitioner literature. Inter-
ventionist studies, in particular, are arguably ripe for informing approaches for better
supporting young people’s identity work more broadly and could lead the way in build-
ing impact.

In this review, we have shown a light on the variety of traditions in play and the strengths

and weaknesses of each. In highlighting the relative prevalence of different methodologies
in our sample, we hope that researchers will have a clearer sense of their place in research
and see how their contributions can enable scholarship to mature, expertise to develop and
specialisms to grow. We also hope that the instigation of greater methodological clarity in
this field will support and foster greater responsibility for application of research ideas into
practice.
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